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LETTER 
OF 

THE SECRETARY OF THE TREASURY, 
ACCOMP..L-.,YING 

THE REPORT OF THE SUPERINTENDENT OF THE UNITED STATES COAST SURVEY 
FOR THE YEAR ENDING JUNE 30, 1876. 

DECEMBER 21, 1876.-0rdered to lie on the table and be printed. 

TREASURY DEPARTMENT, December lfl, 1876. 

Sm: I have the honor to present for the information of the Senate a report made to the depart
ment by Carlile P. Patterson, Superintendent of the United States Coast Survey, stating the prog
ress in 'that work during the year ending June 30, 1876. 

Very respectfully, 

Hon. T. w. FERRY, 

PrBBiilet&t of tke United &.ates Senate. 

L. M. MORRILL, 
Secretary of the Treasury. 
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tory, p. 7. 
BA SSRTT, R. T. Tidal ohsvrvationo at Governor's Island, p. 22. 
BASS HARBOR, ME., view of, p. 14 .. 
BA SS RIVER, position of lii<ht determined, p. 18. 
BATON ROUGE (Coast Sun·ey steamer). Use of in S..ction VIII, 

p. 46, 
BATTERY POTNT, PUGET SOUND, W. T., p. 58. 
BAYLOR, .T. B., AID. Services in Section II, pp. 22, 23; in Section 

IY, p. 32 ; in Computing Division, pp. 00, 62. 
BAY RIDGE, NEW YORK HARBOR, p, 21. 
D.A.YS, ETC., OF CO.AST OF CALIFORNIA. Section X, JIJl. 49-

1'/l; of Oregon and Washingron Territory, SPction XI, pp. 57-59; 
and rivers of .Atlantic OO&Bt, Sootion• I, IT, III, pp. 11-31 ; a.nd 
rivers of Gulf coast of Western Louisiana and Texas, Section IX, 
pp. 47-49. 

BEACON HILL, :N. J., p. l; primary station in vicinity of New 
York Harbor, p. 22 ; l&tit.ud.- and a.zimuth at, p. 23. 

BEAUFORT, N. C., p. ~2. 
BELFAST BAY, :MF.. View of, p.14. 
BELKNAP, CAPTAL'I, U. 8. N. Cylinder for deep-oea sounding 

deviaed by, p. 43. 
BERKLE"i", MASS., p. 18. 
BE.RLIN. :Pendulnm-0bservations at, by .Assist.mt C. S, Peirce, 

pp. 6, D ; the oi:-rvatory at, p. 7. 

BESSEL, FRIEDRICH WILHELM. Prussian astronomer, refer
ooee to, pp. 6, 7, 8. 

BIBB (schooner). Uae 9f. in Section VIII, p. 45; in Sootion IX, pp. 
47, !18. 

BIG SARASOTA PASS, FI.A., p. 39. 
BINARY .A.RITHllETIC . .A n6W system of, Appendix No. 6, pp. 

81-82. 
BIOT, JEAN BAPTISTE. Freooh physiolst, reference to, p. 6. 
BISHOP AND CL:JraRS SHOAL, oft' HyM111il!. Position of light 

det.erm ined, p. 18. 
BLACK ISLAND, lllE. P08itlon det~rmined, p. 12. 
BL.AIR, H. W., AID. Services In 8ection V, p. 35. 
BLAKE (ateamer}. Uoe of, in Seetion I, pp. 11, 12, ; in Sootion VIII, 

p.42. 

BL.AKELEY ROCKS, .ADMIR.AL~Y INLET, W. T., p. 58. 
BL.ASKOWITZ, CHARLES. Reference to hia anrvey of Plymouth 

Harbor in 1774, p. 16. 
BLOCK ISLAND. Pcsitioo ofllght<le1.,,.,..ined, p. 18. 
BLOCK ISLAND SOUND. Vieweof, p. 20. 
l!LOOD MOUNTAIN, NO.RTKERN GEORGIA, pp. 34, 61. 
BLUE HILL BAY, KE., p. l; estimate for survey of, p. •; topog. 

ra.phy of, pp. 12, lB; view of, p. 1'. 

BLUE HILL VILLAGE, p. 12. 
BLUE RIDGE, YA. Tifangulatfon near, pp, l, 29, 30, 34, 62; csti· 

mates for said work, 1>. 3; --PENN. Trianj!ulation near, p .. 26 .. 
nLt;FF STATION, FLA. On Saint.John's Hiver, pp. 36, 61. 
BLUNT'S CANAL, p. 2; snrveynear, p. 31. 
BODEGA HEAD, CAL. Triangulstion between Fort Roso and, 

p. 2; estimate, p. 5; coast Wpography north of, p. 55; comparison 
of the methods of deterinining hoigbts by means of leveling, verti
cal a.ngles, and barometric measures, Appendix, No. 16, pp .. aae-
354. 

--· iroDEG A· HILL. Triangulation station, p. 56. 
BODET,I,, W . .T. Tidal observationsatOldPointComfort, Va., p. 28. 
BODIE'S ISLAND 'BASE LINE, p. 32. 
BOGUE SOUND, N. C. Estimate for survey of, p. 3. 
BOHNEN.BERGER. Inventor of the convertible pendulum, p. 7. 
BOND1 W. S., A.ID. Sendces in Section VII1 p. 40. 
BONNET CARRE CREY ASSE, p. 2; survey above ruid through it, 

p. 46. 
BORDA. Reference to, pp. 6, 9. 
HOSTON HARBOR. Publication of 8000nd volu;ne of Atlantic 

Coast Pilot, from New York entrance to, pp. 2, 14, 21. 
HOSTON NAVY YARD. Tid&l observations, pp. 16, 60; heating 

apparatus introduced into tide-house, p. 511. 
BOTTLE CIIANNEL, GEORGETOWN BAR, S. C., p. 33. 
BOUNDARY LINE, between Mal'yland and Virginia, pp. 28, 29. 
BOUTELLE, C. 0., ASSISTANT- Primary triangitlation in South 

Carolina and Georgia, pp. 341 35. 
BOUTELLE, ,J, B., AID. Services in Section V, p. 35. 
BOYIDO, ARM OF IlAF.l<'IN'S BAY, TEX. Ro<:ks reported in, 

1'- 49. 
BOWLEGS POINT, !<'LA.. .. p. 2; trianl!lllation near, p. 40. 
BOWSER, PROFESSOlL E. A. Triangulation in New Jersey, p. 25. 
BOX HI.LL, p. 19. 
ROYD, C. II., ASSISTA:ST. Survey of the Missi>;sippi River, pp. 

46, n 
BRADBURY, BION, AID. SerYice• in Section I, p. 18; in Section 

YTII, p, 46. 
BUADBURY, C. A., f,IEUTENANT, U. S. ~- ServiC€8 on oolMlt 

of Maine, p. 14; in New York Harbor and on the Southern coast, 
p. 20; J1ydrography of Key, Biseayn,. Ra.y, Fla., pp. 37, 38; aid 
rendered the district attorney of southern "district of Florida in se
curing priaoners, p. 38, 

BRADBURY ISLA..ND, ME., p. 13. 
BRADPORD, GERSUOM, ASSIST A.NT. Current" of &I> Frnn

cieco Ba.y, p. 54:. 
BRAD.l''ORD, J. S., ASSISTANT. C<lmpilaticm ofsaillnl!,'-dirootlons 

for seeond volume of Coast :Pilot, pp. H. 2tl, 21 ; "8&igned to ch.,rge 
of Engraving Division, pp. 2l, 63. 

BR.A.ID, .ANDREW, SUB.ASSISTANT. Services in Seeti<>n VIII, 
pp. 44, 45. 

BRANDON STATION, ALA., p. U. 
BRANT POINT. P""ition 1>f light deoonnined, p. 18, 
BRAZOS, TEX., pp. 48. 49. 
BRIGHT, W. T. lD charge of Drawing Division, p. 62. 
BRITISH FOREIGN OFl<'ICE. P<ll'missian to experiment with 

American pendulum apparaiua at Kew Ohaervatory, p. 7. 
BRITISH PENDUL'C:M OBS11:RV A'l'IONS. Reference to. p. 7. 
BRITISH YARD MEAS~S. Comparioon of, by Mr. A.H. 

Scott, p. 31. 
BROAD COVE, p. 18. 
BROAD MOUNTAIN. Roocmn..uaanoo near, p. 26. 
BROOKLYN. Water-frontmapped,p.21; tidalo1-rva.tionaat,p.22. 
BROOKSVILLE, ME., p. 13. 
BROWN'S ISLAND, PLYMOUTH HA.:RBOR, MASS., p.18. 
BUCH.ALON'S BLUFF, S.A.IN'l' JOHN'S RfVEB, FLA., p. 36. 
BUCKSPORT, ME., pp. 1, lll. 
BULL RUN, VA., 1871. Computation and revisioo of tile timea and 

astronomical azlmDLh at, pp. 81, 62. 
BULL'S FERRY, NEW YORK RA.RBOR, pp, 1, 21. 
BURNT COAT HARBOR, XE. View of entrance $o, p. 14. 
BURNT COVE, DEER ISLE, lll!!., p, 13, 
BURROUGH'S STATION, COLUMBIA. ltIVElt, p. s;. 
BUOY RECOlnt:ENDED TO :BE PLACED ON A. W'JmCK 

SUNK ON POLLOCK'S RIP !VINEYARD SOUN:D), p; l'l'c 
BUOYS IN WINY.AH BAY, 8. c., p. 33; ..., ... P-la entrao.oe, 

Fla., p. il. 
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C. 

CALIFORNIA, p. 2: genera,) estimate for work on coMt of, pp. 4, 5; 
estimate for obse.rvations on ocean-currents on coa-st of. 1._ 5: 
estimate for assisting in State survey of. p. 5; foi· extending pri
mary triangulation on the coast of, Section X, p. 40 ; iniUal point 
of base-line for BllTYt:\Y of public lands in. p. !"JO; h~vdrograpby of 
coa-st, of, p. 54; plans for irrigating rleb valleJs of, p. 5..'l. 

C.A.MDE~, ME., pp. 1. 14: tidal bend-marl< a,t, p. 15. 
C.A.~AD.A. HONDA, CAL., p. 53. 
CAPE CAN A VERAL. FLA., p. 2 ; estimate for Bnrvey of, p. 3; 

est,imate for chart, of coast near, p. 4 ; survey north of, p. 37. 
CAPE COD, MASS. Estimate for continuing hy<lrography of, p. 3; 

estimate for drawing chart of, p. 4; sounding!'! at, p. 11 ; proposed 
ship-canal (1860-'61) o.cros•. p. 17. 

CAPE }"EAR. Estimate for continuing hydrography betw-cen Cape 
Henry and, p. 3; h;vdrograpby betwt•en Saint, .r obn 'iii River, Fla ... 
and, p. 3 : estimate for ch1lrt of coast near, pp. 4. 36. 

CAPE JfEAR RIVER. Estimate for continuing hydl'ograpl1y of, 
Jl. 3. 

CAPE FLORIDA. E•timates for Mtronomical and ma11:11etk obsel'· 
vations at, p. 3 ; for additions to chart of ooa.Kt near, Jl. 4; triangu
lation at, pp. 37. 3K 

CAPE FORTUN AS, p. 54. 
CAPE HA.TTERAlS. Estimate for chart of coast near, pp. 4. 3, 9. 
CAPE IIENLOPEN, DEL. Estimate for work near, p. 3. 
CAPE HENRY, VA. •E•timate for •urvey near. p. 3; estimate for 

chiu1; of, p. 4. 
CAPE LOOKOUT. Estimates for mllasuring base-line near, p. 3; 

foT chart of coast neat, p~ 4. 
CAPE MAY. Estimate for drawing and en)!;ra,·ing chart of, p. 4; 

detennjnation of position of life.saving station8 betw~eu Quoddy 
Head and, p. 16. 

CAPE MENDOCINO, CAL. Estimate• for survey near. p. &; for 
dra.wing and engrav-ing chart, p. 5. 

CAPE POGE, MASS. Position of light determined, p. 18. 

CAPE PORPOISE, ME., p. 12. 
CAPERTON, HUGH, AID. Serrices in Section 11, p. W; in Sec· 

tion IX, p. 49. 
CAPE SAINT BLAS. Estimat<i for drawinii 1rnd engraving chart 

of Gulf coast bet.ween Mobile entrance and, pp. 4, 43. 
C.A.l'E SAN M.A.RTlN, Jl. 54. 
CAPE SEBASTIAN. Estimate for survey n<",ar, p. 5. 
CAPITOL HILL, WASHING TON, D. C. Magnetic observations 

a.t station on, p. 29 ; annual determination at, of magnetic declina
tion, dip, and inten•ity, by G. A. Schott, Msistant, p. 61. 

C.A.RMAN"S RIVER, p. 23. 
CARMEL BAY. Topography between Monterey BaJ· and, p. 53. 
CASCADE HEAD. Estimate for drawing and cngra.ving chart of, 

p. 5. 
C.A.SRE'S LEDGE, ME., p. 11. 
CASTINE, ME., p. 1; Mtimate for chart from Bangor to, p. 4. 
CASTLE POINT, NEW YORK HARBOR, pp. 1, 21. 
CASWELL (o<lhooner). Use of, in Section Ill, p. 28. 
CAT.A.LINA HARBOR, GAL. Triangulation of, p. 52. 
CAT.A.LINA ISLAND. Survey of, pp. 2,~2. 
CAT.A.LINA (sloop). Use of, in Section X, p. &2 
CATHLAMET, W. T. Tid&l record at, p. 57. 
CEDAR ISLAND, N. H., p. 14; pooition of light determined, p. 18. 
CEDAR KEYS, FLA. Estimate for survey near, p. 3; to1•ogrnphy 

and hydrogrnphy north of, pp. 39, to. 
CENTENNIAL EXPOSITION. Instruments us.id at Capiwl Hill 

Ohser.,...tory, part of the CoMt Survey exhil>it at the, p. 29; appa· 
ratuo for registering tidal observations exhibit<id at, p. 35. 

CEPREI, 51. Obaerva..tions on, p. 23. 
CHAM.BER OF COMMERCE OF NEW ORLEANS. lllquiries 

relative 1;o etfoot ofllonnet Carre Crevasac, pp. 46, 47. 
CHAMPLAIN, SAMUEL DE, FRENCH NAVAL OFFICER. 

Referllllce to survey of Plymouth Harbor in 1605 by, p. 16. 
CRA.NGES IN THE HARBOR OF PLYMOUTH, MASS., Appen· 

<lix 9, pp. 143-1411. 

CHARACTERISTICS OF THE SO'CTTH PASS OF MISSL<:;SIPPI 
RIVER. Review of, by H. Mitchell, asoiotant, Appendix No. 12, 
pp. 190-191. 

CHARLESTON, S. C. Estimate for detailed ourvey of ialands and 
W'ater-pasaagee ll?"'", pp. a, 87. 

CHARLOTTE HARBOR, FLA. Estimate fOT survey near, pp. 3, 48. 
CH.ARTS. Estimate for dra"'!ni and engraTing .A.tlantici coaat, 

p. 4-; of Pacific r-oast, p. 5; general e.st.ima.te. for expensE-B of, p. 6 (see 
Drawing Division of Coast Survf'y Office, VP· 62, 63 )----eomplrted or 
in prog:rP!iS during the year 187:l-'70. Appemdix ~-0. 4, Pl'· 77-78. 

CHARTS .A.ND INSTRC"MENTS. Dh·i•ion of, Pl'· tra. 64. 
CHA.RT OF THE MAGNETIC 111<X:UN • .\.TIOX lN THE 

l"NITED STATES, b;- J.E. Hilga>d. assistant. Appen<lix Xo. 
21, pp. 400-401. 

CHASE. A.W.,ASSISTANT. 8urve~· of Monica Ba:,-. Cal., pp.50,t>l. 
CHATHAM ISLAND, SO'CTTH PACIFIC OCEAN. p.30: compu. 

tAtion for latitude of station at, JI. 31 : f'.Hmpntati.on of AAh'(momieal 
and magnetic observations of 1874 at, Jl· til. 

CHEEVER, N. Y., 1874-. Astronomical azimuth compuwd, I'· 61. 

CHES.A.PEAKE ll.A.Y. Estimat;, for continuing triangualtion and 
supplementar~,. h;rdrogra,phy of. p. 3; relative to triangulation. pp. 
26, 29. 

CHESTER COUNTY. PA. Reconnaissanc.c tbrongh, p. 26. 
CHESTER, PA., p. l; looge developed between Marcus Hook and, 

J). 27; repairs on the Gedney at, l'· 41. 
CHRISTIAN, J. H., .A.ID. Service• in Section VII, p. 4~. 
CITY POINT, IKDI.A.1' RIVER FLA., l'· 37. 
CITY POINT, JAMES RIVER, VA., p. l; station·ruarks near, de. 

stroJed, J). 29. 
CLARK. JOHN. Di"'\'"iBion of Chart fl and Instrumcnt.s, Coast Surve~v 

Office, p. 64. 
CLARK .MOUN'l'Al.1\. VA., 1871. Azimuth computed. p. lll: also 

astronomicnl latitude of station on, pp. 61, 62. 
C.LERICAL FORCE OF THE COAST SFRVEY OFFICE, p. 64. 
CLIFFORD HOL'SE. PLYMOUTH, MASS, I" 16. 
CLIFTON, ORE&. Tidal ohsen-a.tions at, p. &i. 
CLOVER, RICHAHDSOK LIEt:TEN.A.NT. D.S. N. Sen-ice• in 

Section X, J•· 52. 
COAST IIYDllOH JU.PHY ON TUE A TI.ANTIC. Estimates for, 

Jl. 3. 
COAST PI1,0T, pp. 1, 2, 14, 2U, 21: e•timate for work on thr. Atlantic. 

p. 4; on the Pacific, p. 5: of the Florida R<lefs, p. 38. 
COAST SURVEY. Re.markfi on the progress an<l con<lition of th~, 

for;yeareuding June30, 1876, pp.1.2: its officer!-\ andoftice-work, 
pp. 511-64 (Appendix No. 2, pp. 7::~·74). 

COAST Sl'RVEY OFFICF.. Ollicem and em1>ioyes, pp. 5H-61: in· 
formf\tion furnishe(l from, in rt'pl;\· to special ealls1 .Append.ix. 
No. 3. pp. 71>-76. 

CO.A.ST TOPOGRAPHY, nortl1 of Dodega liead, Cal., J'l" 55, 56: 
nrAr Tillamook Bay, Oreg .. Jl. 57. 

COBB. A.H., E.1\SIGN, U. l'. N. St•r.·ic~• in Section VI, p. 39. 
COEFFICIENT OF REFR.A.CTIOX. Oliserrations at Ragged 

Mountain, near Ca.mdt:n, Me., pp. 14, 15. 
COLONNA. B. A .. SUB.A.SSISTA:l\T. Triangulation west of }'ire 

Island, p. 2.1; triangulation of Barata.ria nay, La., p. 4.5; serrices in 
Comp-uting Division, pp. 60, 62. 

COLORADO RIVER, CAL., p. 50. 
COL UMDIA RIVEll, OREG., p. 2; estimates for snn-ey of, p. & : for 

drawing aml euwavinj!;; chart of, p. 5; triang:ulat.ion 01"1 p. 57; hs· 
drogra11b_y of, p. 57; l"-omputation b~· llt'. Rumpf of triangulation 
ofl8'4 ofth" entranee to, p. 61. 

COMMISSION ROCK. Development. of a danii••rous r<wk, p. !\4. 
COMl'AlUSON O:F THE METHODS OF DETERMINING 

heights bymeansoflen~liug. vertical angles. aucl baromt,,tricrueas· 
ures, b~ Georgf', na.""\""i(hmn ancl C. A. Schott, assista.uts . .Appemlix 
N<l. Ill, pp. 338-354.. 

COMPUTATIONS OF CURRENT, GEODETIC, TRJGOKOMET. 
RIC.AL, AND OTHER OBSEUV A TIONS, pp. 2. 61, 62; estimate 
for, p. 5. 

COMPL"TING DIVISION OF COAST ffCRVEY OF.HCE, p. 60; 
liAt of computers and their work iu the, pp. 60-6'"2. 

CONDITIONS AND CHARACTER OJ<' THE Sl7RF.A.CE OF THE 
COITNTRY. On the ~ulapt.ation of trianhrulations tel, by ..A.RSistant 
C. A. Schott, Appendix No. 20, Pl" 3~1-3911. 

CONKLIN'S POINT, p. 24. 
CO~""EC'fICD"'l'. General estimate for snrt"e.y of coast of, p. 4; esti. 

mate for assisting on St.at-e survey of, p. 5; Atlantic coo.st. sMports 

of, Sect.ion II, p. 18:. 
CONNECTIGCT RIVER, p. l ; AAtimat" for continuing surrey of, 

p. 2: estimate for drawing and engra...ing chart of, p. 4 ; triangnla.. 
t.ion of, p. 18. 

CONSTJ<;LI,.A.TION (U.S. "hip). Survey of Cumberland Shoal Ml'· 

reeponding In position to rook oft' eaat end of·Lo~ Iol&nd, report.ell 
by Captain Breese, on which •hip otrnck, in 1875, p. 19. 
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COOK, P RO~'ESSOR GEORGE H. Statt· Geologist of~ ew J erse~·, 
p. 25. 

COOPER, W.W., ASSISTANT. Iu otfict' of the S111wl'internlent of 
tht> Coast Survey, I~· 64. 

COP.A.XO :BAY, TEX .. p. ~. hydroi..rt·aphy o( pp. 47. 48; survey 
south of, VP· 48, 49. 

CORDELL BANK. p. ,";4. 
CORE ISLAND. JI· 32. 
CORE SOT:rXD, N. C., IL~: h,vdrop:r~l}lh:v of, Ji. ~~2. 

OORONAllOS, CAL. JI· .>o. 
CORPrS CHRISTI. TEX. E~timat4· for triangulation near~ p. 4; 

R-lll'\'P,Y Of. Jl· 48. 
CORPF8 CHRISTI BAY. EstimatP fol' tlrawiug: and eugravin~ 

chart of, p. 4: 8"•UIH1inp;seompl('tt><l i118teamboat channel, p. 47. 
(JOI\"P"CS CIIRIHTJ 1'.ASS, TEX .. JI· ~; soundings cllmpleted in, 

p. 47. 
COeJ:.TEXAY~ EJn,~ AHll H. Cumputin~ Division, Coast- Survey 

Ofth>t\ st>rVfrt•H iu, p. lil. 

l'OrJtTEN..A Y. F . .E11,gnn·iu;: HiYision o.f the Coast 8urYey Offit.·-c, 
1~. u:t 

COL.R'.l'IS. l"RANK. Ln;l'TJ<:NANT, U. S. N. Services in Sec
tirnt X, 11. 5..!. 

uu.r<;HILL, w. I' .. J\-L\,JOH. T:. s. CORPS ()}' ENGINEERS, 
rnt.•mbp1· of<;otnmiR."'.li•'u n·lative to the illlpl"fffem€nt and 1>reMerYa· 
tioll t~f Baltilllor.:• Harbor, p. :?K 

CR"\ WFOHIJ, ,T. :S., COLON EI,, chi•·f engin.,er of Los Angeles 
and I 1HlPpPIHl.,,Jice R::lilroad Company, p. 51. 

CRESCENT <'ll'Y. Estimate f(ff survey at, V· 5. 
CRESCENT CtTY REEF. };stimate for offshore b~·drogrnphy at, 

p. 3. 
CRI8F1ELD. ),JD .. 11Jaet• ofmf'etingof~ommiss10ners on llonndary 

lwtweeu ~faryhmd alHl Yirgh1ia! p. 28. 
l'llOKlll"I' NAltlWWS. l'ENOllSCOT l\IV'ER, ME., Jl· 13. 
ClWYDO!\ ~(H:NT,UN. J>. U. 
(~("'"IL::\.. }~stimatt• for· cont.inuiug: survey in the Gulf Stream between 

1\;'(1\·a S('ofia arnl we~t e1Hl of, p. :J. . 

Cl!Bl'l'T'~ <.:Ar, p. ~; g-a1iging of, pp. 43-45; triangulatfon and 
1011og1nvh~, at, p. 4;). 

Cl'CUMONG-\, CAL., JI· Gil. 
(TMRERLAXD liAP. KY., p. 42. 
cr.MBERLANIJ ISLAND, COAST OJ" FLOHIIlA, p. 36. 
CUMHERLANI> SHOAL. H,vdrography of, p. 19. 
Cl'"UR11JIEE, GA.. Astronomical azimuth eompute1l. pp. 61. 62. 
CCl:J:EXT OHSERYATIONS. On coast of Maine, pp. ll, l~: in 

N e·w York Ha1·lwr, p. 22; coast of 8outh Cnroliua1 1>· 33; -off Pcnsa
l'ula Harbor. Jl. 41; at- Copimu Bay and Saint, Charll'H I~ay, Tex.., 
p. 48; iu ~an :Frm1ciseo Bti;y, Cal., p. 1">4. 

Cr'TTS. ]{. D., A1'SISTA:S-T. Triangulation near caMtern burder 
of :Xew York. Ji. 20: obser\~ations at Mount Rafinesque1 p. 20i 
triaug;ulatiou in "'YiSC(J11~iu. I•· 47. 

CTTTS, R :\f., LIEUT.KN'ANT, U. S. N. St•rvices in Section 
x, y), 52. 

CYCLOXE OFF G.ALYESTON H.AHBOR. TJ<~X .. Se1itmnher 19. 
lf-175, fi•Jwrt hy Lit•utt•nant 'Vainwri~ht., U. S. N., p. 48. 

D. 
DAN A (~cho01wr). Ur!e uf, in Section IV, pp. 31, 32. 
DAJ<TMOFTH COLLR(;E, 1'. lL, l" 15. 
l>.A VlD~ON, GEORG-1<~. AB8ISTANT. Primary triangulation in 

California, Jlp. r-.4. 55; ri•fert.•ncf' to plan for irrigating Ute Yallt•ys of 
Cal., l,· 55; com1larison of the methods of dctcrm:ining hcightH by 
uwam~ of ltfft>linµ:. YPrtical angfos, and haromehic measnrt>s, .A.p
p-endix ]6, PV· !l:J~-354. 

DA YfES, l'JWFESSOR JOHN E. Triangulation in Wi•consiu, 
p. 47. 

llA Y1S, C. II., LU;FTES.ANT (late Admiral), U. S. N. Survlly 
in l>\4-8 11~« p. 11. 

DA \18, "~. IL J~ug1·aviu~ Dfrision, Coast Surn~y Office! p. 63. 
llA WHO RIVER. S. C: .. p. :i;;. 

DEAN. G. W., .A.SSfoTAST. 1'riaugulation neo.r New York City 
]). 2~; httitudt~rulrl azimuth nt Beacon Hill, :K. J., JJ. 23. ~' 

DECJ.IN.A.TION. ::llai!n<'tie, ob...,rvatiow for, pp. 9, JO, 29. 32; on 
a chart, of tlw. hy ,T. E. llilgard, R.ssistant, .Appendix No_ 21, pp. 
4()()..401. 

DEEi' SEA SOrNDINOS. Gulf of Mexico, p. 43. 
DEER ISLE. E•timat<i for engraving chart of, p. 4; ha.ooruf, p. 13. 

llJrnR ISLAND THOROL"GHFARE, ME. V'ie"1rnof, p. H. 
DELA \V AF:E. E8t.iruatc for survey of uuaMt of, IL 4-; Section II, 

pp. 18, 26, 27. 
DELAWARE BAY. Estimate for continuing Rurvey of, p. J; esti. 

mate for new cilllrt of, p. 4. 
DELA W AUE BREAKWATER, I" 27. 
DELAWARE CITY, p. 27. 
DELA WAHE RIVEK Hydro1...,·a1ihy of, l'I" 1, 26, 27; estimate for 

cout.inning work on, p. 3; triangulation pointJ.R, ll· 26; sites for 
rat1ge"l>«>acm1s, p. 27. 

DEL.l W~.\.RE WATER GAP, !" 26. 
DE MOSS. ~u1·vuy of l'J;')·moutb Harbor in 1605 by Champlain an<l, 

JI. }6. 

DEXNIS. W. II .. ASSI8TANT. To11ogra]lhy of Blue Ilill Bay, 
111t->., Jl. 12 ~ triangulati()U of Ual'ataria, Bay, La .. , }). 45. 

D};V .ELOPMENT AND DISCOVERIES, pp. 11, 27, 36. 
DE WOL}~, ,J. St?rYiCt'R in 8e~tion III, p. 29; in SP-ctfon YII, p. 40. 
DICKINS, E. }'., AID. St~rvices in Section X, p. 53. 
DllHITON AND DIGHTON ROCK. Triangulation arnl sm-Y<'Y 

near, I>.18, 

DISCOYERIE8 AND DEVELOPMENTS. p. 11, 27, 36. 
Dli-;C Gl:ii<IOK OF TIDE8 IN NEW YORK HARBOl~, by ho

foasor '\Y. }~errd, p. 2::! (8t•e Heport of 187.J, .Appendix No. 12, 
l'l" 194-~21). 

·DISTRIBUTION 0.1<' SCRYEYING PAUTIES Ul'O~ THE AT· 
LANTIC, GFLJ<', AXD PACIJ!'IC COASTS OF THE UNITED 
Wl'ATI~S DFitING THE Sc-JffEYING SEASON OF 1875-'76, 
-.:\pJ>l·ndix No. 1, pp. 67 72. 

DIVISION OF l'HAitTS ANI> INSTRUMENTS, pp.113, M. 
DOG TSLANIJ, <n-1,v OF J\fEXICO, p. 4:1. 
DOMING l'EZ, C.L\.L. (1870). l'P· 61, 62. 
DO:NN. F. C., AIU. St·rYi<-f"K in Section l, p. 12; in f;.ection II, 

p. 27; in Secti<in Ill. p. 29; instructed iu comput,ing, p. 62. 
DONN, J. W., ARSISTANT. Triangulation and topogra11hy of 

Plact'ntia Bay, Me., pp . .12-27: survey of harbor of Baltimore for 
Connni8sionc:r~. J). 28; triangulation of James HiYcr, Va., p. ~9. 

DOCBLE BL CJ<'F, l'· 58. 
DO\\' NEB. JOHS. Tidal Division, Coast Survey Office, }lp. 501 60. 
HOYI.:K W. ~: Compnting JliviHion, Coast Survey Office, Jl. 60; 

I'Ol'iignation, F'ebn1ary 8r 1876, p. 62. 
DIU. WING IJIYISIOK, COAi'lT S"GRYEY OFl"ICE, J!Jl. 2, 03; 
dJart~ eon1pleted or in pro~•TeRa during the ~.,.ear ending July 1, 
1876. Appendix No. 4, pp. 77-78. 

DREWRY, JAME8 Rl\7ER, VA., p. ~9. 
DRY TOH1'l"BAS, J:'LA. (187ii). Computation of tertiary triangula

tion (18HJ, p. 61. 
J)l'. ~TAN'S :MILL. Coast topography of Bodega Read, Cal., pp. 55, 

56. 
DP¥ .AL, R. :E. Hervic~·s in &~etion III. p. 29. 
1lF"\V'" AMISH B.A .. Y, W, T: Hytlrograph,, from, JJ. 2; ~cirve::;y of, 

p. 58 .: <'oruput.ation of triangulation ll874), p. 61. 
DCXlH'.RY PIEH LIGHT. Soundings near, p. 1. 

E. 

EAGl,E HARBOR. Ilydrog;rapby of Admiralty Inlet, W. T., p. 58. 
EABNEST (ochoouer). Use of, in Se.,tion VI, pp. 3~, 39. 
EAST BANK, FL.A., p. 41. 
J<;AST U.ASE. Trfangulation of 'Viscousin. p. 47; (1875) p. 61. 
EAST CHOI). l)osition of light dete.rmined, JI. 18. 
EASTERN BRANCH. i:iurve.v of Norfolk Ilarhor, Ya., p. 28. 
EASTEUN PEN:SSYLVANIA.. Triangulation in,}). 26. 
EAST LANDING. E<li.st-0 Island, p. 33. 
EASTI'OltT, ME., p. 1; estimate for determining positions oflight· 

hout'let! between :Sew York and, p. 3; work for CoastPilotdirectiona 
in vicinity· of, 11. 14. 

EAST RIVJ<}R, N. Y. Currcnt .. observations, pp. 1, 22; tidal <>bserva. 
tions in, p. 22. 

ECONOMY OF RESEARCH, uot-0 on the theory <>f, hy Assistant 
C. S. Peime, Appendix No. 14, l'P· 193-201. 

EDGARTOWN. Position of light det<>rmincd, p. 18. 
EDISTO llASE LINE. Destruction uf monument at end of, 11· 33. 
EDISTO ISL.AND, Jl· 2; survAy of •ea·water channels aronnd, 

p. 33. 
EDWARDS, W. S., .AID. Services in Section X, 11· 52. 
EGGEl\IOGGIN REACH. Eat.imateforlocalchartof, p. 4; views of 

p. 14. 
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EGYPT. Referenoo to report of ADiat&..t Davidson (S<ee Appendix 
No. 18, 1B75) relative to irrigation mod reclamation of lands as pr!Ml
tiood in, p. 55. 

EICHHOLTZ, H. Drawing Division of Coast Survey Office, p. 63. 
EIMBECK, WILLIAM, ASSIST.A.NT, site for baae-line in Sacra

mento Volley, Cal., p. 55; signals erected, p. 57. 
ELECTROTYPING DIVT8lON, Coast Survey Office, p. 63. 
ELLICOTT, EUGENE; SUBASSISTANT, survey of Monica Bay, 

Cal., p. 50; topography of Puget Sound, W. T., p. 58. 
EMERY, C. E., CONSULTING ENGINEER, U.S. N. Report on 

marine go\"ernor•, pp. 192-196. (See Appendix No. 13.) 
ENDEAVOR (•teamer). Uee of, in Section II, p. 19; Section V, 

p.33. 
ENGINEER DEPARTMENT OF U. S. ARMY. Traeings of snr

veys of Fernandina Harbor, Fla., e-nd Cnmberla.nd Island furnisbt•d 
io the, p. 36; oopies of topographica.! and hydrographic sheets and 
mannscript data. of survey cf the Mi•si88ippi delta furnished th•, 
p. 41!. 

ENGLAND. Pendulum observation~_at Kew Obsen-atory, pp. 7-41. 
F..NGLISHlllAN'S BAY, ME. Viewa of, p.14. 
ENGLISHlPENDULUMS AT KEWi-OBSERV ATORY. pp. 6, 7. 
ENGRAVING DIVISION, Ce>ast Surv<'y Office, estimate for ma.te· 

rials, &c., for1 pp. 4, 5; .A...ssistant Bradford assigned to charge of, 
p. 21; organiza.tion of, p. 63. 

ENTHOFFER, J. Engraving Division, Coast Survey Office, p. 6:!. 
EQUINOX MOUNTAIN. Tria.ngnlation near, p. 20. 
ERICHSEN, P. DN!wing Division, Coaet Survey Office, p. 62. 
ESHLEMAN, E. Dh-i•ion of Charts and Instruments, p. 64. 
ESTIMATES FOR ATLANTIC AND GULF COASTS, pp. 3, 4; 

for general expenses of Coast:Survey1 pp. 5, 6; fo1· ~ffice and field 
wo:rk on the Pacific coast, pp. 4, 5; general expenditn.ree1 p. 6. 

EUROPE AND AMERICA. Determination of longitude between, 
p. 10 (see Report of1846); harbor and river improvements in Asia 
a.nd, reference to report of A88ietont Davidson, p. 55. 

EUROPE. Meaenremonts of gravity at initial stations in Amorica 
and, by .Assistant C. S. Peirce, pp. 7-11. .Appendix No. 15, pp. 2()2-
337, and 410-416. 

EV ANS, D. Captain ttvenue marine steamer Woodbury, p. 14. 
EV ANS, H. C. Engraving Diviaion, Coast Sun-eJ Office, p. 63. 

F. 

F.A.IRFmLD, G. A., .ASSISTANT. Triangulation in Eastern 
Pennsylvania, p. 26. 

FAIRFIELD, W. B., .AID. Servicee in Seetion III, p. 30. 
FALL RIVER, MASS. Topography oolow, p.18. 
F ARALLONES. &tim..00 f-0r <>ha.rt of, p. 5. 
FARQUHAR, G., SUBASSIST.ANT. Servl.cea in Section X, pp. 

!ill, 55. 

J<'ARQUHAR, H. Services with Prof. C. S. Peiroo, pendulum.ob· 
aervati<>nB Mi KeW Observat.>ry, p. 9. 

FAR ROCKA.. WAY. T1iaDgulation near, pp. 1, 23. 
FA.THOMER (steamer). 1Joe of, inSootion II, pp. 26, 27; in Section 

IT,p.32. 
FAULKNER'S ISLA.ND. Determi.uation of poBition of light on, 

p.18. 
FAUNTLEROY (brig). u,,.,of, in Sootlon XI, p. 58. 
FA.UST, G. Tidal observations at New Or16&1111, p. 45. 
Fl:ltN.A.NDINA., FLA. Tidal obsen-ationB at, pp. a5, 411. 
FEltN ANDINA J3AR. Hydrogmphy of, p. 2. 
FERNANDINA HARBOR. Hydrography of, p. 36. 
FERREL, PROFESSOR WILLIAM'. l!.efermtee to disctul81on of 

tWaJ. observ&tions in N1>W York Rarbor, p. 2'i. 
FIELD A.ND OFFICE WORK OF THE U.S. COAST SURVEY. 

Est.imtotM for ecmtlnulng, pp. ~ ; for tbe y<l&r ending December 31, 
1875, Apj>'llldb: N <>. 2, pp. 73-7,. 

FIELD -OPERATIONS lN OOURSE OF FISCAL YEAlt END
ING JUN.Iii 90, Ul76, pp. 1, 2; estimatee f<>r, pp. 3-5. 

FIRE ISLAND INLET. Hy<lrography of, pp. I, 23; views of, p. 21; 
iriangulaticn weat of, p. 28. 

FISH AND F.ISBERIES. Estimate f<>r dredging in oonnootion 
'With Comml88ion on, p.a. 

FITCH, C. H. Clerk in olllce of the aealstant.in.cbarge, p. 64. 
FLB'rCBlUt'S NECK, ME. S..nudinga near, p. 1; hydr<>graphy of, 

p.:11. 
FUINl!r.BR, W. L. Clerk in oftloo of the disbmaing -t of C"""t 

fhu-ffy Oftloo. p. ... . 

FLORIDA. Estimate for oontinuing survey of eruit c~ast of, pp. 3, 
4: survey of .Atlantic and Gulf coasts of, Section VI, pp. 36--3U; sul'
vey of west coast of, Section VII, pp. 39-42. 

FLORIDA REEFS. Sailing.Jines for ehannels aeross. ]>p. 2, 38. 
FI,OeR BLUFF. Coast of 'l'eus, pp. 48, {9. 
J<'OLLEII, ;J. Divi•ion of Charts and Instruments, p. G4. 
1''0.RK, VA. (1874). Primar.v station, p. 61. 
FORNEY, STElUIA:N, ASSISTAN'l'. Survo>- of Catalin" Island, 

p. 52 
FORMCTLlE, HYBSO:METRIC, based upon thermodynamics. bJ 

C. A. Schott, aeeistant, Appendix No. 19, pp. 388-390. 
FORSTER, PROFESSOll; of Berlin, pp. 8, 9. 
FORT LIVINGSTON (1853), p. 61. 
FORT :McHENRY, p. 28. 
FORT PICKEN$, FLA. Tidal <>bservations at, p. 41. 
FORT POINT, t:AL. Tidal observations at, pp. 2, M, 60. 
FORTRESS MONROE. VA. Tid&l observations at, pµ. I, 60. 
FORT ROSS, CAL. Triangulation and topography between Bodega 

Head and, pp. 2, 56. 
FORT WR.ANGEL. ALASKA (1869), p. 61. 
.FOUL'\\'EATHER BI,UFF. Hydrogra1>hy of Admiralt~- Inlet. 

W.T.,p.58. 
FOX ISLAND, PENOBSCOT BAY. Tidal oboervations, p. l4. 
FOX ISLANDS THOROUGHFARE. Refo1·ence to vi .. w ot; l'· 14. 
FRANKLIN, JAM.ES, LIEGTENANT, G. S. N. Sen ices in Sec-

tion I, p.17: life saved by Masters Nye awl Hunsickc1" r. 8. N., 
p.17; Galf hydrogrnphy near Pensacola entrance1 Ji"la., p. 41. 

Fl~ASER, W .. AID. Servioo• in Section II, p. 24. 
FRENCH, W. B., A.ID. Se1·vice• in Section I, p. 18. 
FRENCHM.AN'8 B..A.Y, ME. EstimaW for c11art of, p. 4; view8 

of approaches w, p. 14. 

G. 

GALVESTON. TEX., p. 4; estimate for charfa of coast near, p. 4; 
cyclone at, September 16, 1875, p. 48 i computation of ditfl!'renue of 
longitude between New Orleans and ( 1868), p. 61. 

GALVESTON HARBOR, p. 48. 
GARDINER'S POINT LIGHT-HO-C-SE, p. 19. 
GARDNEH, C. L. 1 .AID. Services in &,ctiou III, p. 3Q: in s~rti011 

VIII, p. 45. 
GAULEY MOUNTAINS. Reconnai0&a.uce in West Yiq,!'.inii~ p. 31. 
GAULEY RIVER, VA., p. 81. 
GA VIOT.A, shore of Santa Ba.hara Channel, l'P· 51, 53. 
GAVIOTA l'ASS,p.52. 
GAY HEAD. Positiun uf li,!!ht lld.f>rmined, p.18. 
GEDGJ<~ SRO.AL. JX.velo11m~ut of the danl'er known as. p. 54. 
GEDNEY (t1teamer). Lseof. in Section I. p. 17; in SecUnu VII. p. 41. 
GENEV .A, SWITZERLA:Nll. Pendulum·observations at, pp. 6, 8, 9. 
GEOG-RAPHICAL ENl'lllERATION OF COA:S1' SUR\'EY 

WORK, pp. l, 2. 
GEOGRAPIDCAL REHISTEHS. Armnged &C<"-0rding t-0 Slat<>s, 

J>. 61. 
GEODETIC OBSERVATIONS, l'- 2; e.st.im>ttes for, p. 4: estimates 

for forming. &c., p. 5: connection Georgia and Alabama, p.4l; field 
methods in India, pp.:;;;, 

GEORGE'S UA:r-."K OFF COAST 0}' MASS.\CHl'SETT8, p. 1; 
soundings across, p. 11. 

GEORGETOWN BAH, N. C., p. 33. 
GEORGETOWN HARBOR, S. C. Estimate for engnn-ing ch><rtof, 

p.4. 
GEORGIA. Triangulat.ion n"3r boundary b<1tween Sout.b Carolina 

and, pp. 2, 3; estimat-e for s.nrvi',y of riYt\rs near ooast of, PJ>.3, 4; 
general eurve-y -0f coast of, &r1,ion Y, p. 33; ]lrimar.v st.lltio1u~ in 
mot1ntains of

1 
p. 34; geod~tk oonnectiou betwe-011 AlaballlJl and, p. 

41. 
GERDES, F. H .• ASSISTANT. lleterminatiou of posit.ions of llfe· 

savin~ at.Rtions hr1 p. 16. 
G EltDES, H. H. Computing Uivifdml~ Coast Snrvey Office, pp. 60, 

62. 
GERMANY. Pe11dulum-0beervati011• by Assistant C. S. J'~.lrce in, 

p.7. 
GIBB'S J•OI],"T, N. C., p. 31. 
GILBERT, J. J., AS."!ISTA NT. Co!lllt topography Mllr Tillamook 

Bay, Oreg., pp. 57, 58. 
GLASS, GEORGE, ACTINH J<:NSIGN, U. S. N. Servie.s in Sec

tion I, p.17; in Sect.ion VI, p. 36. 
GRAND ISLE, LA., base-llne on, p. 45. 
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GRANGER, F. D., SUBASSIST.A.NT. &rvices in Section VIl, 
pp. 41,42. 

GRAY, E. Tidal observation• at Fort Point, Cal., p. f>4. 
GREAT SOUTH BAY, p. l; ourveyof, p. 23; eomputation of trian

~1es near (1874), p. ill. 
GREENPOR'l", N. Y. Determina·tion of light-ltous+> position, pp. 

1, 18. 
GREEN'S LANDING, ME. Current-ohaervations near. p.13. 
G REJ<~NVIL1,E, S. C., goodeti<- stati<>n, 1'· 3:.. 
GREENWELL, W. E., AS.'USTANT. R•coun•sanee from San 

Pedro toward.a San Diego, Cal., pp. 49, 50. 
GREENWICH RII,L, N. Y., p. 20. 
GREYLOCK :MOUNTAIN, primary •tation, p. 20. 
GRIM.ES, J.M., LIEUTENANT, LT. S. N. Hydrogmphy ot Dela

-war-e River, pp. 26, 27; bydrogrn-)lhy of Cort> ~ound. N. C., J•· 32. 
GOLDEN GATE, CAL. Tidal Rncl {IUM"'("llt observations at, J>. 5. 
GOODFELLOW, EDWARD, ASSrnT~tNT. In tb.- office of the 

assistant-in-charge+ Co.Mt Surv•~.v Office, p. 59. 
GOVERNOR'S ISLAND, N. Y. Tidal o!Js<·rvation• at, pp. 22, 59, 00. 
GOW' ANUS BAY, shorn.Jines of New York Harbor, p.21. 
GULCH, RCSSIA.~. CAL., pp. fin, 56. 
GUL1'' COAST OF 1''1.0IUDA, p. 1; estimate for chart of, between 

Cape San :Blas and Mobile entrance, p. 4; general snrvfly of, Section 
VI, p. 36; hyilro,l...Taphy of (near Saral'!oofa Bay, Fla.), p. 38: Section 
·vrr, pp. S9, 40; Gulf hydrograpl1y near l'ensaco-la entf'Snoe, _..~la., 

p.41. 
GULF en;- MAINE. Estimate for eoutinuing ohservations on sea 

and tidal curreut• in, p. :i; bydroW'ltpby of. p. 11. 
ti-TI LJf OF MEXICO. p. 2; estimate for sounding~ and observation-a 

-of st'f1 .. temperat11rc in. p. 3; estimate fo-r continuing hydrography 
-of. p. 4 ; deep-Rea soundings in, pp. 12, 42, 43; soundlngH outside of 
Long Key Heparating Sarasota Bay tron1, pp, 38, 39; hy<lrug1upliy 
of the, Section YIU, pp. (2, 43. 

GULF POINT, p.41. 
GULF STREAM. Estimate for continuing soundings, &c., In, p. 3. 

GULL ISLAND, p. l; sounding nes.r, p.19. 
GUTTENllERG. N. Y.,p.21. 

R. 

HALTER, H. E., .ASSISTA~"'T. Triangulation of Conne<"ticnt 
River1 p. 18; rooonnai.ssanco of Laguna Madre, coast of Texas, pp. 
48, i9. 

Il.AMPDEN t:'PPEH CORNER, pp.13, H. 
HAMPTON ROADS, VA., p. 39. 
lLANDKERCHrnF SHOAL, YINEYARD SOUND, MASS_, p. l; 

h;ydrogra.phy of, p. 17; re.commendation to. pl.a.ce a buoy on wreck 
neat\ p.17. 

HANDY, H. 0., LIEUTENANT, U.S. N. Pbysinalsnrv-0yof New 
York HJ>rbor. p. 22; development of Shrewsbnry Rncks, p. 22. 

HANOVElt OBSERV .A.TORY. Station at, 1>.15. 
HANUS, G. C., MASTER, U.S. N. Services in Section VI, p. :Ill. 
HANUS, G. L., .AJD. Ser..ices in Sootion I, p. la. 
HARBOR ISLAND BAil, hydrography of Coro Soun<l, N. C., p. 32. 
HA.ltBOR OJ!' BALTIMORE, MD. Commis!Oion for pN&erntion 

and improvement of~ p. 28. 
Jl.A.UBOR lUVER, s. c. Sounding• in. p. 34. 
HAUPER'S FERRY, VA. (1846-1871), p. 61. 
HARJ~IS, U. R., LIEUTENANT, U.S. N. Services in Section VI, 

p. 39. 
JIAltRISON, .A.}{., ASSISTANT. Topography ofTaanton Ri.,er, 

111.....,., p.18. 
HARRISON, T. A., AID. Service• in Section III, p. 28; in Section 

VI, J>.37. 
UA RTFORD, p. l; estlm&te for anrvey of CouneotiC11t River"" fur 

as. Jl-. 3; survey of rivBT to, p.19. 
IIASSLER (steamer). U"" of, in Section X, pp. 00--62, 54-
IIA Ul'T, L :M., pr<>f"""6r in Dnhr.,r1<ity of l'ennsylvanla, p. 2G. 
HA VEH.";'l'RA. W, N. Y., p. a. 
HA WK CHAN:!."EL Ol'.lf FLORIDA REEF8, p. 38. 
lIA WKINS, R. L., acoountant and bookkeeper In <>llice of diebnl'8-

ing agont, p. 64. 
HAWK'S },[OlTNT.A.IN IN DALTIMORE, VT., p.15. 
HAWLEY, .J. M., LIEUTENANT, U. S. N. Hydrognophy of)Sle 

an Hant Bay, Me., p.13; of Gulf OOS8tllt\QrSaraootallay, pp. 38, :W; 
of llillshoro' :B&y, J!1a., p. 39. 

BEAU HARBOR ON ISLE AU HAUT. EatimaW> for eliartll of, 
p. 4; ofligbt..bonse at, p. lL 

READ OF THE PASSES,.l.US"'ISSIPPI RIVER, p.45. 
IIEA VYSII}E, CAPTAIN, BRITISH ARMY. Pendulum-ohserva-

tions at Ke-w- Observatory1 Englmd, p. 7. 
HEIN. S.ILMUEL, disbursing agent, Coast Survey Oflice, p. 64. 
HELL GATE ON THE EASr RIVER. N. Y., 1>-22. 
HERBERT, W. A. Clerk in office of disbursing agent, C<>ast Sur

ve~- Office, p. 64-. 
RJ<;RG ESHEnrElt, EDWIN. Resignation of charge of Engraving 

Division owing ro ill llealth, l>P· 21, 63. 
REHGESHEIMER. JOSEPH, SUB.ASSISTANT. Trian~Jation 

of Sarasota Bay, Fla., p.118. 
HEHRICK'S llAY, ME., p.13. 
HIGHLANDS OF NAVESINK. Viowof. p.21. 
HIGH SCHOOL OllSERVATORY, PHILAilELPHIA, p.1-0. 
HILG-ARD, J. E,, ASSISTANT. In charge ofC03'1t Survey Office, 

pp. 11, fi9; resnlta from ma.~1et.ic observati-ons c-0m1mt~ under 
dimeticm of. p. 31: a catalogue of st.a.rs f-01· observations of 1atitu'1-e 
{App1mdtx No. 7), pp. 83-129; on a chart of tbe maguetic doolina· 
tlon in the United States (Ap1•emlix No. 21, pl). 400-401). 

HILLSllOltO' BAY, FL.A., p. 2: topography l>f, p. 38; hydrography 
of. p. 311. 

HILL'S STATION, MD. Primary t.rie.ngnlatiou point, Jl. 29. 
HITCHCOCK, R. ll., LIEUTENAN'l', U.S. N. Hydmgrnphy of 

Hamlkcrchi<f Shoal (Vine~·aul &mnd), p. 17, hydrograpb~· near 
J>ensacola ei.1tranc{"i, Fla., p. 4-L 

HITCHCOCK (ste.smer). u.., of, ill Section VI, p. 30. 
HODGKINS, W. C., AID. Services in Section I, p. 14. 
HONOLULU, SANDWJCH I8LANDS. Tidal ob1<ervations 1Lt, pp. 

2, 58-60. 
HOOVER, D. A. Divis.ion of Charts and Instrnmf',IJts, p. 64-. 

HOOVER, J. T. In eharge of Division of Ch1trtH and Instrnnwnt:R, 
p. 63. 

HORSESHOE llAY, FLA., p. 40. 
HOSMER, CHARLES, ASSIST.A.NT. Survey of Indian River, 

Fla.., p. 37. 
HOWELL'S POINT, GREAT SOUTH llAY, N. Y., p. U. 
HOWLAND, H. Tidal observations at Bosl-0n navy.yanl, p. 16. 
HUBBARD, JOHN, MASTER, U. S. N. Servieee in Section I, 

p. 17; in Sootion VII, p. 41. 
HUDSON, J!'. Law of Computing Division, death reported, pp. 60, 

62. 
HUDSON P.IV}:It, N. Y., pp. l, 2; estimate for e-0ntinuing plane· 

table survey o~ p. 8; notes revising Coa.st Pilot of, 11. 20; -views of, 
p. 21; -phyRical survey of, p. 2'.Z; computations of tertiary triangu
lation of (1815), p. 61. 

HUENEME. CAL., p. 50. 
HUM A NE WCIETY OF MASSACHUSETTS. Silver medalH pr& 

sented to :Mast<>r• Hnnsieker and Nye, U. 8. N., for saving life of 
Lieutenant J!"'rank1in, r. S. N., at the risk of their own lives, p. 1"'7. 

HUMBOLDT BAR, p. 54. 
HUMPBACK MOUNTAIN, VA.. Primary trlangulRt.ion nAAr, p. 211 

118i5), p. 61. 
HUMPHREYS, A. A., GENERAL, CHIEF OF ENGINEER 

CORPS, I:', S. A, On Commi&sion on harbor of BRltimore, :Md., 
I'· 28. 

IIUNSICKEU, J. L., :MASTER, U. S. N. Services in Sectioo I, 
p. 17; presented by Hwuaue Soci4'ty of y_...,husett.s with 8 i). 

ver mtlllal for a.ssist.ing in •aving the life of Lienterumt Frauklin, 
U.S. N., at risk of Illa owe., p. 17: 8"rvi""" iu Seotion VII, p. 41. 

HUNTING IRLAND, S. C., p. 2; ChMlgee owing to sea.-encroach· 
ment1 p. 33; new channel nMor, p. M. 

HURltICANE HARJIO:R IN SOUTH PASS OF THE MISSJS. 
SIPP!, p. 45. 

HUTCRI:NS, C. T., LIEUTENAN'l', U. S. N. Hydrography of 
Oumberland Shoal, p. 19; of Winyah Bay asid its appl."OIM)hes, 
s. c., 1'· 33. 

HY ANNIS, :MASS., p.1; detennination of position or light at, p.18-
HYilROGRAPHIC DIVISION, c-t Surv6y Oill.ce, I'P· 11, 09. 
IIYD.ROGRAPHIC SHEETS, p. 11. 
HYDROGRAPHY, of Gulf of Maine, p. 11: of Isle au Haut J!ay, 

Me., p. 13; approo.ches to Sa.co River, Me., p. 15; near P~•outb. 
:Maas., p. lfl; near llfonomoy Point, .Mu .. , p. 17; of Ba.udkerahief 
Shoala (Vweyard Sound.J,.p. 17; of Cumberland Sh"'"1, p. 191 of 
Jl'ire L<laud·llll<>t, N. Y., p. 23; ofDejaw....., River, p.llll; ¥Pam:p
lieo Sound, N. C., p. 31; of Core S.mad, N. C., p. 32; of Winyah. 
Bay &nd its approacheo, s. c., 11. 33; of North Edllrilo a.nil Soa1ih 
Ediaoo Rivefll, S. C., p. 38; of &int Releu& Sound. & c., p, <131 of 
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Fernandina Harbor, Fla., J>. 36; of Key Biscayne, Fla., p. 37; of the 
Gulf coast near Sarasota Bay, l!~la., pp. 381 39; of Hillsboro' Bay, 
Fla., p. 39; of Appala.chee Bay, !<'la., p. 40; of Gulf of Mexico, p. 42; 
of Copa.no and Saint Charles Eaye. 'l'ex:.~ pp. 47, 4B; near the Sant.a 
Barl>am Islands, p. 51; of Ma,re l"land and Karquines Strait, p. 54; 
of the Columbi& River, p. 57; of Admiralty Inlet, W. T., p. 58. 

HYPROME'l'RIC J<'ORMULA. BASEIJ UPON THERMODY
NAMIC l'RINCIPLES, Appendix: 19, pp. 3~90. 

I. 

!ARDELLA, C. T., .ASSISTANT. Survey of Great South Bay 
pp. 23, 24. 

ILIULIUK, ALASKA. Disc11ssio11 for tidal st.at.ion at,p. 60. 
ILLlN Olli. .Estimate for extending geodet.i-c connection across, p. 5. 
IJllPERIAL COMMISSION O"F WEIGHTS AND MEA.SJ.TRES 

.AT BERLIN. R~ference fo, p. 9. 
INDIA. Usf\ of the pendulum in the trigonometric.al Rllrvey of, pp 

6, 7; reference to r.i_~port of Assistant Gt>.org~ Davidson on irrig-a 
tion it~ and geodetic fidd methods of, p: 55. 

INDIAN KEY RJ.;EFS,' p. 38. 
IND LAN MOUNTAIN, ALA.., p. 41. 
INDIAN RIVER. FLA.. Survl'y of, p. 2; estimate for continuing 

survey of, p. 3; surve;v ot: p. 37. 
INJ<'IERNO, AN ARM Olf BAFJ<'IN'S :BAY, TEX. Rocks reported 

in,p. 49. 
INJ<'ORMA TlON l<'J.TRNI8llEIJ }'ROM THE CO.A.ST Sl"RVEY 

OFFICE in reply to speefal calls during t11e yenr ending July 1 
1876, .A.pJ>endix No. 3, pp. 7;}-76. 

ISLE AU BRETON SOlJND. Estimat<> for chaL"t of, p. 4. 
ISLE AU H.A.ITT,p.1; eatim.at-e for local chart of,p. 4; views of, 

p.14. 
ISI,E AU RALYT BAY, p. 1; estimafo for chart of,!"±; hydrogra 

phy of, p. 13. 
ISI,E DERNIERE, LA. (1853), p. 61. 
ISTHMUS COVl;, SANTA CATA.LINA ISLA.ND. I>angerot1H 

rock reported in, p. 51 : triangulation nea.r, p, 52. 
ITES, C~ A~, ... A.ID. Services in St.~ction 111 P~ 27 i in Section m. p. 28. 

J. 

.J .ACKSONYILLE. ~'L.A. Bceonnaiasanct: ucar, p. 2; aurvc~r abo-vt.\ 
and base-lint) marked out near, pp. 36, 37. 

JA.COlU, W. Division of Ch.a1'ts and Instruments, Coast Surve~· 
Office, p. 64. 

.TA.MES IUVER, VA. Triaugulationof, pp.1, 29; estima.ooforcom· 
pleting survey and cho.rt of, l'P· 3, 4. 

..JAPAN. Reference to serYioos of Assista.nt G. Da.vids.on in, p. 54~ 

.TEJ<'J<'REY'S BANK. .Deep-sea work near, p. 11. 
JEFFREY'S LEI>G E. ])pv .. lop11Hmt of a rock near. p. 1. 
.TEUSEY CITY. Wharf.outlines of, p, 21. 
.JOHN'S :MOUNTAIN. Station in Northern Goorgia. p. 41. 
.TOHNSON'S CREEK. A new eha.nnel developed north of Hunting 

lBlltnd leading into, p. ~. 
.TUNKEN, CH.A.RI.ES, .ASSISTANT. :P<mltion of range-lights on 

the New Jersey 1Sideof Del.a.ware .Rivf'<X, p. 27; spocial services ou 
boo.ndary between Maryla.nd a.ud Virginia, p. 28; services in Draw· 
ing Di vision, Coaat Survey Office, p. 62. 

K. 
KA.NSA.S. Estimate for geodetic connection through, p. 5. 
KARCHER. L. Drawing Division, C<>ast Survey Olllee, p. 62. 
K.ARQUINES STRAIT, CAL. Hydrography vf, pp. 2, M. 
KATER. R.eferonoe to llis experiment.al researches in gravity,.&<;. 1 

p. 6; use of convertible pendulum h~', p. 7. 
KEITH, PROJ<'ESSOR R. Resib'llation of position, Computing J)i. 

visicm, Coast Survey Office, p. ™I. 

KEl!'ESA. W, GA.. (1873), p. 61. 
KENNEBEC RIVER (LITTLE). View of, for Coa"t Pilot, p, !*. 
KENNER, p. 46. 
KENNETT, J.C., LIEUTENANT-COM . .lllA.NDER, U. S. N. Hy

dcography n.,..r Monomoy :Point, Maas.. p. 17; hydrogmphy of 
Fornandino. Harbor, Flo.., p. 36. 

KENT ISLAND RA.SE, HD., p. i!L 
KENTUCKY. Tl'i&ngnla.tion in Southeastern,. pp. 2, 4.2; <>stimate 

for continuing geo<letiecmmoot!ontllroogh, p. 5; triangulation and 
goologica.1 snrvey of, p. 42. 

l'Offi:R:, L. C. Engraving Division, C-t Survey Offi<>e, p. 113. 
KETTLE CREEK, COAST OF :NEW J'lraSll:Y, p. 25. 

KEW OBSERV A.TORY, ENGL.A.ND. Pendulum-observ,.tionR by 
Assistant C. S. Peirce and otht»rs at, pp. 6, 7, 9. 

KEY BISCA.YNJ<; BASE UNE, p. 38. 
KEY Bl!lCA YNJ<: EA. Y, l<'LA. Hydrography of, pp. 2, ~'l. ~8. 

KEY \VEST, ~'LA. Harbor approaehes noted, p. 38; coal shipped 
at, p.39. 

Kl.NCHEI,OE 1harge). Use of, in Section XI, p. 57. 
KLA~fA TH RIVER F,stimat.e for nompleting h~·dro!!raphy near, 

p.5. 
KNIGHT, IL M. EugraviuA" Div~iou, Coast Sm""\vey Ofth:o, p. 63. 
KNIGHT'S KEY. Sailinf!'·lint's for crossing reef at, p. 38. 
K~IGHT, W. If. Late of Engraving Division. Coast Sun,.ey Office, 

notice of de..tl~ p. 63. 
KNOX COUNTY, KY. Site fora base-line examined near Barbour· 

villt", p. 42. 
KOH-KLCX, ALA.SK.A. (1869), p. 61. 
KOOS BA. Y. F;otimate for chart of, p. 5. 
KHt:~m. J. Tidal obsen·atious at Saiut Thomas, We•t Indiea, I•· 49. 
KUIW-SIWO CURitENT. E•tim,.te fortemp~mturn-souudings in, 

p.:-J. 

L. 

I~ACKET', ~'. E. Dizision of(;bartg and Instrnment.g, Coast Survey 
Ollice,p.6-1. 

LA(H"l"XA l-IADRE, TEX., p. 2: rooonnaiseanoo of, pp. 4E, .f.9. 
LAK.E HORGNE. Estimate for trigonometrical 1!.mr't"ey between, 

aud Kew Orleans, p. 3. 
LAKE CllAMl'LA.1N. Estimate fortriang11lation of, p. 3; for chart 

of, p.4. 
LAKE GEORGE, FLA., p. 36. 
LAH E MONROE, FLA., JL ~ .: recrmuaissaneB to J1:nt.erpris(~ ou, µ. 36. 
LAKE I'OXTGHARTRAIN. Estimate for tri&ngulation and sur-

Yt')' of, pp. 3, 4- ; U1quiti~s a:.-1 to ~ffect of Bonn-et Carre Crt!''al:.i~~ ou, 
pp. 46, 47. 

LAMBERT'S POINT LIGHT.HOJ.TSE, p. 28. 
LANE, J. H. l>ivision of \Veighta and Measures, Coast Surny 

Office, service in Computing Dl\ision, pp. 00, 62. 
LAST ISL.A.ND. LA. (1868). Computation of astronomical a.zimuth 

at, p. 61. 
LATI1TllE AND AZnH:TH AT BEACON HILL, N .• J., !'· 23 . 
LAV EN DER MOUNTAIN, GA., p. 4l; com1mtation of astronorni· 

cal azimuth (1874) at, pp. 61, 62. 
LA WSO!f, F. A., A.ID. Serofoes in Section XI1 p. 58 . 
LAWSON, ;J. S. ASSISTANT. Hydrography of Admiralty Julct. 

W. T.,p.58. 
LJ<~FAVOR. F. H.,ENSIGN, U.S. N. ServicesinSectionll,p.2'2; 

in Section IV1 p. 31. 
LEHIGH V A.J,LE\:', P.A. lletermination of triangulation points 

in vicinity of, 1'· 26 . 
LESLEY, PROFESSOR ,J. P. State Geologi•t of Pennsylvania, 

p. 26. 
LEVEJ!.RIER. Assistance rendered Assistant.Pei"''" iu peuduhtw· 
observation~ lty, p. 9 . 

LEVI WOODBURY (mvenue·IWLrine steamer). 1},,e of, in Seetion 
I, p.14. 

LEWES, DEL., p. 41. 
LIRERTY (se.hooner). Employed by district &ttorney of south<Jrn 

district of .Florida, p. 38. 
LIFE-SA YING STATIONS. Estimate for de.tenni11ing l•o•itions 

of, p. 4; ma.rlwd on topographical sheets of the Coast Sur\"e~·. p.16. 
LIGHT· HOLY SE POSITIONS. Estimate for detcrmh1iug, p. 4; de· 

tennined, p. 18. 
LIGIIT·HOUSE BO.A.Rll notilled of clangorous wreck ou Pollock 

Rip
1 

i~. 17; JH>8ition of range-lights at Lit!!t.on's Tref~ .as requt"sted 
bytho, p.27. 

LINDENKOHL, A. llrawing Dhision, Co-aat Sur,-cy Office, p. 6~. 
LINDENXOHL, JI. Drawing Division, Coast Survey Office, p. 62. 
LISTON'S TREE, DELA.WA.RE RIVER, p. l; range· lights at, 

p. 27. 
Ll'fTJ,E KENNEBEC RIVER. View of, p. 14. 
LIVELY (st-m·launcb). Us<> of, in Section XI, p. S8. 
LOLA MOUNTAIN. Heliotropes posted on, p. 55. 
LONG BEACH. Position of'light determined, p. 18. 
Ll)NG BOAT INI.ET, FLA.. Good harbor reporWd inside of, pp. 

38,39. 
LONGFELLOW, A. W., ASSIST.ANT. Topogmpby of the Pea

ob8"0t River, He., pp. 13, 14. 
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LONG ISLAND, N. Y., p. l; estimat.. for hydrograpltic sur,•ey of, 
p. 3; position of light-horuie at Greenport detenninod, p. 18; Con
stellation rock, ea.et end of, p. 19; 4.etailed sut"V&;'I", south coast of, 
p. 23; computation iJf t..rt~· tTiangnlation (1874). Jl. 51; adjuot
ment of old triangulation on, p. 61. 

LONG ISLAND, PLACENTIA BAY, ME., p.12. 
LONG ISLAND SOUND, p. 1; estimate for chart of, p. 4. 
LONGITUDE, p. rn. 
LONG KEY. FLA., p. 38. 
LONG MOUNTAIN, VA. SW.ton on, JlI>. 30, 62. 
LONG SHOAL POINT, N. C., p. 31. 
WS ANGEI.ES, p.49. 
LOS ANGELES COUNTY. Estimate• for ttiangnlAtl-0n A.JKI topog

raphy of, p. 5; data for gt'Ographical positions in, p. 51. 
LOS CERITOS, CAL., p.49. 
LOFISIAN~.\. ERtima.t-eK for triangulation, t-0pography, and hydrog~ 

raphy of, a.nd for general chart, p. 4; Gulf coast of Western (Sect-ion 
IX), p.47. 

LOUISVILLE, KY. CoaBt Survey steamer l3aratarla constructed 
at. Pl•· 45, 46. 

LOW, W. F., MASTER, U.S. N. Sor~ices in S<>ction VII, p. 41. 
LOW HY, 0. W., lt~YSIGN, U.S. N. Services in Section TV, p. 3'2. 
LO,VRY. T. J., AID. Services in Section X. p. 55. 
LL"LL, EDWARD P., COMMANDER. U. S.N. Hytlrngn•pltic Iu

AJ_tt"'Ctor in the Coaat Survey, pp. 11 1 59. 
LYNCHBURG-, VA., p. 2; reconna.issance south of, p. 30; computa

tion of po~iticms of secondary objects near, p. 61. 
I, YO:XS, J. Computing Division, Coast Survey Office, pp. 60, 62. 

M. 

MACHIAS B~.\Y. View of, p.14. 
l'-J A.DISON, WIS. Trian~ulation near, PJ). 2, 47. 
MA.EDEL, A~ ::M:. Eng-raving Didsion, Coast Survey Office, p. 63. 
MAEDEL, E . ..A. Engraving Division, Coast Survey Office, p. 63. 
MAGNETIC D:ECLI:NATION. On a chart of the, by J.E. Hilgard, 

"'ISistant, Appendix No. 21, pJ>. 400-401. 
MAGNETIC OBSERVATIONS at Waobington, pp.1,29; estimate 

f<>r continuing at sundry points the system of, pp. 3-5 ; at Sand Isl
and station, p. 32. 

MAGNETISM, p. 9. 
MAIN, JAMES. Computing Division, Coast Survey Office, p. 61. 
MAINE. Deep·sea. soundings off coast of, p. 1 ; estimates for con-

tinuing soundings on coast of, p. 3; eatimate for chart of coast of, 
p. 4; absT.racta of work on the coast of, pp.11-14, 16, 20. 

MAINE (G'CLF OF). Estimate for co11tinulng sea and tide current 
observations in, p. 3; hydrography of, p. 11. 

MANAN, MASS. Estimate for continuwg hydrogn>phy near, 
p~ -

MANDA1UN POINT, FLA., pp. 2, 36. 
MANHASSET LIGHT. Position determined, p.18. 
MANOMET POINT, MASS. Soun<'lings near, pp. I, 16. • 
MARCUS HOOK. Development of ledge l>etween Ch&Stm:, Pa. and, 

pp. l, 27. 
MARE ISLAND STRAIT, CAL. Hydrography of, pp. 2, M. 
MARIETTA, J>.42. 
M.ARINDIN, H. L., .ASSISTANT. Physical survey of New York 

Harbor, p. 21; survey of Missi88ippi delta, pp. 43, {4, triangulation 
and top"grn.phy at Cubltt's Gap and South,;.est Pa.811, Miludesippi 
delta, p. 45. 

MARINE GOVERNORS. On, by Chai-1.,.. E. Emery, Appendix 
No. n, pp. 1112-1911. 

MARK ISL.AND, ME., l'· 13. 
MARTIN'S LEUGE. Development of thia danger to na.vig&tiffn, 

p. 54. 
MARYLAND, p. l; e81imat.efortrlangulatJonn""r botmd&ryof, pp. 

3, 28; estimate fo1· work on o0"8t of, p. 4; abst.racls of· work on 
coa.st and bays <>f, pp. ~S, 29. · 

MARYLAlt"'D AND VIRGINIA.. Boundary between, pp. !it!, 29. 
MAUYL.~ ND HEIGHTS, MD. (11170), pp. 61, 62. 
MASSACllUSE'l'TS. Triangulation near boundary of, p. 1; eat.I. 

mates for work on eoast of, p. 4-; abatntata of work on cout of, pp. 
1tr-1s. 

MATINICUS ltOCK. Soundinge nMr, p.11. 
MAULDIN, S. C., pp. !It, 35. 
MA.UREP AS (LAKE). Eet!mat.e for hydrographk> eun-.,7,p. 4. 
MAY, S. II., 11'.A.ST.l!R, U.S. N. Servic<ia·in Seott.m ll, p. li. 

McCLINTOCK, W. E., .AID, Services in Section I, p.13; in Section 
VI, p. 37. 

McCORKLE, S.C., ASSISTANT. Reconnaissance·in West Vir
ginia., p. 31; geodetic eonnootionofGoo~ia aD<l Alabama, pp. 41, 42. 

McCRACXIN, ALEXANDER, MASTEU, U. S. N. Sel'Tioes in 
Section VIII, p 46. 

McCREA, lI., ENSIGN, U. S. N. Services in Section IT, p. 20; in 
Section V, p. 33. 

McDONNELL, T. In charge of chart-room, p. 64. 
MEADOW POINT, p. 58. 
MEETING HOUSE HILL. Station-ma.rk (35 yeara old) found, p. 26. 
METEOROLOGICAL BUREAU OF GREAT BRITAIN. Refer. 

ence to, p. 7. 
METEOROLOGICAL OBSERV ATIONSa.t l3oston n"vy-ysrd, p. 16; 

at Fort Point, Cal., p. 54. 
MENDELL, G. H., COLON.EL, U. S . .Engineer. Tidal and meteor. 

ological oliservat.ions a,t Fort Point, Cal., p. fi4; at. Astoria, Oreg., 
p. 58; at P-0rt Townshend, W. T., p. 58. 

MERRYMAN, J. H., CAPTAIN, U. S. REVENUE MARINE. 
Inspector of life-saving stations, p.16. 

METHODS OF REGISTERING TIDAL OBSERVATIONS BY 
R. S. AVERY. •Appendix No. 8, pp. 1~142. 

MEUTH, C. A. Drawing Division, Coast Survey Oftioo, pp. 62, 63. 
MEXICO (Gulf of). Hydrography of ooast of," pp. 2, 3, 8, 89, {(), 42, 

43; estimates for continuin1t hydrography of, p. 4; soundings by 
LieutP-nant.Comm&nder Sigsbee in, pp. 12, 43. 

MIAMI, FLA., p. 38. 
MIAMI RIVER, pp. 37, 88. 
MICHLER, N., GENERAL, U. S. A., p. 5S. 
:MIDDLE BA.SE, ATLANTA, GA. (1873), p. 62. 
MIUDLE ROCK, p. 19: channel between Plum Island and,-<lan. 
g~rous and rocky, p. 19. 

MIDI>L1'J STA TES. C atlines of coast of the, p. 26. 
MILLER-CASELLA THERMOMETER, p. 43. 
MISSISSIPPI. Estimate for work on the coast of, p. 4; abstracts 

of work on coast a.nd t!Ound3 of, pp. 42, 45. 
MISSISSIPPI DELTA, pp. 2, 43; eatimates fortriangul&tion, topog· 

raphy, a.nd hydrography of, p. 4; triangulation and t-Opography at 
Cubitt's Gap and Southwest P"'8s, p. 45; adjustment of old '"'1<'1 
new triangula.tions of, p. 61. 

MISSISSIPPI RIVE:R, p. 2; estimare for continuing trigooometrical 
survey of, pp. 3, 4; e&timate for <:hart of _,.pproach"" and the 
pa.sses of th-0, p. 4; survey of South p....., of, p. 43; of Southw"8t 
PUB of, p. 44.; snrveyoftbe, pp. 46. 47; reviewofthech&racteristics 
of the South P888 of tbe, by Henry Mitchell, 88Sil!te.nt, Appendix 
)fo, 12, pp. 1111l-llll. 

MISSOURI. Eatima.te for geodetic cODDeCtionofthe Atlantic, Gulf, 
an<'! Pacifie ~ through, p. 5. 

MITCHELL, HENRY, ASSIST.ANT. Survey of Plymouth Harbor. 
Maes., pp. 16, 17 (see alt!O Appendix No. 9, pp. 143-1461, phyl!ical 

· ourvey of New York Harbor, pp. 21, 22 (&ee &lae Appendix No. 10, 
pp. 147-185) ; physical survey in channels at Norfolk and Pom. 
mouth, Va., by, p. 28; physical lllll"Vey of MiaoiM!ppi Delta., p. «; 
review of the ehar&eterillt,i"" of the South P""8 of the Millsisaippi 
River hy (J!ee Appendix: Ne. 12;), pp. 190-191. , 

MOBILE BAY. ALA., p. 2; e11timate forengravingchartofentrance 
to, p. 4. 

MOLKOW, E. Engraving Division, Coast Survey Office, p. G3. 
MONICA.. l!A..Y, CAL. Survey of. p. 50. 
MONOMOY POINT, MASS. Hyd:rograpby near, pp. 1, 17; fulal. 

obeervat!ona at, p. 17. 
MONROE, N. R., p. 15. 
MONROE POINT, p. 611. 
XONTAUX. POINT, N. Y., Jl· 21. 
MON'.l'EREY BAY, CAL., p. 2; eatim'""'8 for survey near, p. 5; 

tri&ngulat!on from Point Sur t-0, p. 53. 
MONTICELLO STATION, CAL., p. 55. 
MOORE, FRANK. Dl'Vision of Chana and Inatrumenta, C-i. Sur

vey Ofllee, p. &4. 
MORltlLL, RON. LO'r Jl., l!!ECRE't..ARY OF THE TRltASURY 

Report addl'<Os-1 to, p. 64. . . 
MORRISON, G. A., Clerk to Drawing Division, C-t-8-y Olllce, 

p.Gt. 
MOSER,. J. J'., LDUTEN.&lfT, U. S. N. Hyilmgraplly cf :NDI'tb. 

Edisto and Sou.th Edisto Rivers, s. c ., p. 3li ; hydtograpby 41f Saint 
Helena Sonnd, S. C., pp. ll3, 34; command Of" :tbe ~er&. M;. 
Bache, p. 811. 
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~fOS],f AN, A. T., ASSIST AXT. J-rimaT,\.. triangulation in \irginiaJ 
pp. 20. ~W: rl'COmutiHsance for triauµ:nlation iu Vir·~inrn. ll. :~o. 

lllOSQT'I'I'O COVK N. J .• !'· 2;,. 
MO;;Ql'.ITO JXLET. FLA. E'tima1efur hydI'01?:mph.1· of. JI. 3. 
l\HH'NT CARMEL, CONN .. JI. 1!1. 
~fOP".N''I' DESEHT."EASTEHN J>_\H-S. Yit·w· fakt'11 of, p. 14. 
11-IOFXT I>I~~EJ~'l' I~L-\.KI). EMtimat('R for dwrt of.11. -i: plarn· 

1a11le RllrY-ey in Yi('init~· of. p. 1:!: baTumetric obsPrYntions. at. p. 15. 
J\fOl"XT DL\BLO. C • .\.L.. Jl· GG. 
J\fOT'XT EQfTt\OX. YT., Jl. 20. 
MOT'XT GltEYLOCK. 111MiS .. !'· 20. 
J\f()l");"T HOPE K\ Y . .!11ASS .. Jl· 1. 
J\fOl'XT ~!ITCHELL. Y .\ .. l'· Gl. 
MOFX'l' lL\FlXES(!l -.E. X. Y., Jl. 20. 
MOT'NT llO:"E. N. J., p. 2CJ. 
;\IOUXT SAN lrnltNAIUl!N(I. CAL., J>. 50. 
YIOr'""XT SH_\STA. CAL. 1'.:r("ction of 1•crmanent :;j~nal ou. pp. 2, 

n:~. 56. f17. 
;\IOFXT WAf'HlX(iTOX. N. II. fitati<m" at. JI. 1:-i. 
Ml"RDEN·s C<ffE. p. !i~. 

Ml"R DOCK. J. B., ~L\fiT .ER. r. 8. N. <'<·rTiccK ill Scrtio11 \-, JI· 3·!. 
MFSTAXG, TEX., p. 4F. 

N. 

NANTrCKET LHHIT. Po!o<ltion of, lR 
XAXTr('KET ~or--xn. Uyilrog-raphy of, ]ip. 1. 17. 
XAJ-tRAtlAN~n:TT JL\ Y. Tida1 ohHl-'l'YatiOJH\ in. p. 18. 
NAR!tAGL\C;n; B.\Y, ME .. p. H. 
NA.R!toW:-; (Tlw). X-. Y .. l'J'- I. 21. 22. 
XATIOX.A.L EXHlBlT!OX ~\T PHILADELPITIA. CoaM Sur. 

Yt ... ~· ex:hillit of tWal in~trum1•nts. Jl. 35. 
NA \"EKIXK. Ilighlanclsof. p. ~1. 
XA \·.-Y---YAHD ~LOl~nH, CAL. Sonndingf< near. IL 54. 
NE<;rNTATOGl-E CREEK. p. 24. 
KF-ILU,E:\[ !HYER OHEf; .. pp. 2. ">7. 7.R. 
NELSON cm-xTY, YA., )l. 29. 
NES. :F. }'., AS,SIST ...i_NT. Ilydro.u-ra]lh;'\· of approadH!X tfl Saf'o 

Jth·-er. lie., pp. 15, 1G; hydro_!!rn.ph_,. rn~ar Pl.""nwuth. ~l<tl'li'! .• p. JG: 
hyclrogrn11h,'i.· of Pirf' lslarnl Tnfo-t, K. Y., p. 2~L 

KEK8EL. L. Tidal oh:wrYationR nt Jlort Tcn .. --nsl1NH1. \\. T .. p. :,i:;:. 
NRTHJ<~RLAN])~ (Th(•). l{P}>ort 11.\~ _.:\sRiHtant Ua'"iflson on tlw irri· 

g-ation and T'f'Cfama.tion nf land .... in. p. ,;;-1. 
NEW EXGLA.XD COA~T. I~if("-s:idng: Rtat.innR on tlw. p. 1, 

1ighh=., position~ of, on the·. fl- lR: g-flie1·al trian~ulation of. p. HI. 
NJf:\V" lL\. ~fPSHIJ<:.E. Trjan!.tnl:Ltim1 ill, 11p. 1, Li 6~: P8timate for 

wurk un coa~t of. p. 4: ('~finrnte f,rr ('flllt.inniup: g001lt>-tiC' <"Ollrn-·etion 
tlirnu~h. }L 5; work in, SediQll I, pp. 11. J.j. 

NE\V HA VEX. COXN. ']'()po~rnJJhi<'rtl ~urn·~- north of. p. 19. 
NEW IIA\"EN HARJ10H, p. 1. 
Nl-1~\Y tTER...,ET". Coa..Rt. of. p. 1: raU!;rf'-li~hts on coai;;t, pp. 1. 27: 

f'Rtimatt• for "'urvey of, pp. :l, 4: {'StinrnTP for l·xten<lin;: gc•ocktic 
conrn~ction. p. a: work on coal'\t of, Reetinn n. p11. 18. 2;), 27: tri
an:.rnlation in northern pa-rt of. pp. 2~. 2fi : t.opogra11l1~: of eoas.t of, 
p. ~5. 

.NJ~\\---.- OHl.l:~\NS. Snrv-ey aboYP, pp. 4. 46; tithll ob~t>rrntioua at, 
p. 60: computations of tria11gll'8 of 1874-'71\ 1~. m. 

JO;WJ'ORT, LOS ANGELES COCNTY, C.-1.L., pp. 5. 50. 
NEW SAN MlGT'EL. CAL., pp. Gl. 62. 
NEW 81:'\T~ai OF llINARY ARI'l'H11D<~TIC (A). A1i1wnilix 

No. 6, pp. 81-R2. 
NEWT(H\'N, p. 2G. 
NEWTOWN C1tEEK, N. Y., p. 21. 
NEW YORK (State). Trian~ulatiou ne.."'l.r thf' boundary of, pp. l, 

20, 25; estimate for at'tA•t·millillg positit1Jl of lights 011 t}w eoal"tt of 
pp. 3, 4: g'l'DBral eRtimat<>K for work on ~·rnu~t of. p. 4: for t~xh·rnl
ing geo1letic conncctiou througlJ, p . .5; ah~tra.ct-R of work on <·oast 
of1 Section IT1 pp. 18, 20-25. 

Nl<~W YORK RAY AND TR1Bf'TAHIE8, pp. 2-0, 21. 
NEW YORK CITY. Tria.ngnlation np.a.1\ p. ~2: flstimatt.·~ for 

clutrtl:i lJet,ween Capt~ Henry and, p. 4. 
NI~W YORK JL\_UHOU., p. 1: tidal uhHot•rva-tio11s in. pp. 1. 22: f'Sti

m.att:"~s for Rur'"'Y nnar, p. ·3; work in thr· vi .. init·)- of, 1~p. 14, 20. 21 : 
Ahore.Jines of. p. 21; phy~lca.l surv~y of, pp. !.?1. 22: tnhll'A of TC"Rtdt 

ofphy•ical survey of. liy Assistant H. :Mitchell, ApJwrnlix No. 11. 
Jrp. 186-189. 

~""ICHOLS. ILE .. J,IEl;"TEN ANT, U. 8. N. JtOAAsi,.;n<>rl t.o Hy1lro
gra.phic Division, Coast Snrvt"y Office, p. 11; services in 11. 59. 

S. Ex. 37--iii 

XJLEf-i. KO~SrTU . .:\L\STElt. T" ~- x. IlydrO~!Tapil,Y of ~\.TlllH-

lad1ec Ua.\-", Fl.u .. Jl)l. 40. 41. 
XOBSTL\., ~IE. J>o~iti0l1 of1id1t at, p. ll-. 
XOlt1'YH,I~ JIA.1lROJL Y~-\. Hytlrogrnpli,\ of, pp. l :!.1', '.!'.! 

XI n:TTI BAY. ::\1 E. PoRitiflII ot' light in. p. 1~ 
~Ol{TH r .\HOLl~~\_- Gt•nt•ral «:·stimatc fnr work Hll ('Oa~t of p. --1: 

tl·ia11;rulati~111 iu. l'· :m: ahHtr11t·f . ..:. tif --.nnk i11. ~rdi1n1 lY. PJ•· :;1.:1:.!. 

mountain~ of. Pl 1. :~:\ .t:!. 
XOJtTR }~f)!STO A Xll ,.., WTH En1,.;To HJYER8 ~- ('_ H~-.lr .. g· 

rap11y 11f, p. 3~\. 

XOI:THEH-:" ll.\ \',ME .. fl· l. 
XOUTH ll.\ YE):. 11E. Tidal oh~f'r"V"atiorn"' at. p]L 1. 14, 10. fiD, 60. 
);OHTll\1-EST JI .\Jl]l(lli, 1SLE Ar IL\ rT JU. Y. )JE .. Jl· 13. 
NOTE OX TH1': Tl!E!ll/Y OF E!'OXOC\fY IW l:l·::-;K\I:!'ll hy 

_A};si~tant C. s. l't'iTt't· L\J•JH'lHliX' :Xo. 1-1. pp. Jffi -:!01. 
XOY A HCOTIA. _K..,t imatt·~ for dn·d.dng iJJ ilw G-ulf ~tn·•tm -off 

(•oa,:::;t of, p. :~. 

~\-E, H. C. T .. :\J_\:-:.TJ.:H. 1'. S. X. Ser...-i<'f'sin SHctiou I. p. li, :ind 

in ~eetiflu YII. l'· 41. 

0. 

OAKLA.Xll. MTS,.;., 1'1'· ~' 4-0. 
OBSEH\."l..TIOX>' OF AT)lOSPHEltH' REFHAC'TJOX .-\T 

u_.u~ra.:n ~101-~T~.\. TX. ::\L~IXE. _Ap1wn<H.\. 1-:-. pp. :c.~ ..... :rn7. 
tlB8E:UYATOI:l. . .-\T l'E\Y. K:\<iL\XIJ.pp.6. 7,!J. 
oB,.;EHY .\ TOHY 1CI XL\ J,) _\ T \L\SIIINl<TO~. 11. C .. p. ll>: at 

Jlig-h :-:;ehool. Philacklphia. p. 10. 
OBS!<:!!\" .l..TOl!Y HILL. IL\. );"()\'El:. )L\SS., p.1.: •. 
OCILLA RI \'EH. FLL p.40. 
OCKLOCKO.'\Y B.\ \". FLA .. ii. 4(1. 

OCJ;ACOKE IXL ET, Jl. ~9. 
OFFlL'E "\YOHK. Enmu<·ration of.1). 4: f'i;;timatt· for ~\tlanti(' antl 

U111f i'oasts. v. 4-; l'l"-timatPI"- for Px]wn~ .. ~ of P:witie 4•m•~t, p. 5. 
lffFll"E ·woJtK OF THE 1-:-:1TEll STATES ("(JA:-;T Sl"lt\"E\ 

nrll!Xli THE TEAlt 1'":\IllNG rrnl"E;\lllElt 31. 1H7:;. ""'· 

1h;tin' of fidtl :iml. ~\p1wrn.lix :Ku. 2, pp. 7:1, 74. 
O(~l)E);:, Jr. 1; .. _A:-=.s1:·.:q'_\XT. ~m·vey of Saint .Tolm·t-1 TI.in_·1', J.'la., 

p. :rn. 
Ol~DEX. S. X .. i\ lD. S1•n:i1•c>s in Sp1•tinn I. p.1~: in St•ctitm YIIL 

p. 4.J. 
( )!110 Jn YEI~. H~·1·om1aiss1nwe i11 \Y.,.~r \-irgi11ia necff. p. :n. 
Ol.ll OJ:('!L\ HD Jn:.\( :H. :\TE .. pp. 1. lii. 
OLJ) POIXT COll}'OJ!T, \,:\. Titlal nfo . .;m·y~ition~ at, p. 2~. 
OLE.\ Xlll·:H l'Ol'\"T FLA .. p. ;r;_ 
ox ).1;\ JUX E ti-(n-Eft:'\Ol~S. hY Charle!-\ E. J:mrrs: _.'I,_ }l]l(•Jl(liX :\o. 

1 :3, Pl,· l !l2-HlG. 
OX THlc A PA PT.\ Tl ON OF THIAXCl;"LATlOX:-; To THE 

YA!t!Or,.; ('O'\DlTHlNS AXIi Cll.\J:AC'TEI: OF THE ,.;1·1:. 
:F_\C_E OJ' A COI"'XTI!Y. h:i.· _,\~~i~t:mt ('. _\. ~d1otl: ~\pp·rndi). 
1' o. 20, pp. :w1-;irn~. 

t)l:E(~()~. Topn,~!-raphy and triangulation of coast of. p. !!: 1·R1inrn.k 
for fid<l wnrk iu. pp. 4. f>: ah~traC'tR of work ou ~·oa"t of. ~(·,·ti111t 

XI, pp. :17 ~)R 

OHFHHU UEF:F. CAI •.. p. f1i-. 

01ual\(iTOX. PEKO!lSCOT l~l\"ER 1.ll> .. l'· J:!. 
O~R010~']~·~ H l"'T~. ~tatiou·mark:-i fonrnL p. ::ti. 
0\.-El~, FHAXK. Eleet rotyping- DiviF-ion. ConBt SnP.--t\'-< t ~tifrt· p. 1;.:;_ 

()\\'),',.; llEAJl. Jrnu1w i;!l\\"AX!:<' IL\ Y. ~. \" .. 1'· ~]. 

OTSTE:H CHHEK, N. C'.. 1'· 31. 

I'. 

r .. \CIFIC COA~T. ~Estimall' for .Q"<'llPr:tl ('Xf)Pl18l'8 of tlu-. Pl'· 4,;;: 
for fleltl a11<1 uftin.· work p,i. 4, 5: l'Platiyi• IP ~tTi1·:-i of titbtl oh;..;,~r· 
,-ation~ on th!". p. G!I. 

1'.\C!I>'lC (:(),\ST ()}' THE ,-xn'ED STATE,.; 111·mxc; Tl!E 
Sl"H\"J:YI:\G ~E.-\~O_,,'\ OF 1~7.-._"ffi. 1'!)-oltl'ih11ti1111 of t'1tf'n•.,i11g
partit-i-> upo11 tlw. _._\ppi>Ii•lix_ No. I. pp. 07-7;.!. 

J>.A.-1>IU·~ I~L~\NH. C(L\HT OF TEX.\~. l>e~crjptiou of, 11p. 4-~. 40. 
P_\nE. PHOYESSOR "\\ ... ILLL\~I BYH.n. Tria11g:1tl:4tio-11 in l.Ct:ll 

tuek.\·.11. 4-2. 
l' ... \ Ll'-...HE\-. 1~. B .. _\.ID. ~<'rYin:~ in SPetion II, p. 21. 
I> .. Al.IX1,..Hr:-:I (~drnmwr). l.-~,. of. in f-'edin111, p. 14; :iu :-)ediou 11, 

l'· :!O; i11 ~pt·tion rT, pp. :JI. ;1,i;::. 
I'.\ L)!EH'S I~L.\ ~ D. Bt'torminntion of prn;itiou of lig-ht ou. p. lR 
l' .\.:MPLIC'O lt1YER. Jl. 62. 
P--:\.MJ1 LIC(J ~ol-XIJ, N. c. 11,\"lirO}!l'aphy of. Jl]l. ~. :n, :12; (•!-1ti

mate for 1vork in, p. :1: aud diart, of, Jl. 4: adju~trnt'uf of' triaugu 
lations at. from 18(:i9 f.Q 18iD. }'· 61. 



 

xvm ALPHAilETWAL INDEX. 

l) ARIS. F~UA'KCE. P~~udulnm-oh~e1"'\~atio11s h.\- A.itih1tant C . .8. 
Pt>-hT!!c' at., pp. 6, 8, 9. 

11.A lUS MOC"XTAIX. H. C. P1·hnar_v station, 11p. :~4, :15. 
]l.A_l!~O~~. }'. 11., A1U. St•rviel,1-\ i11 St;>diou I. p.1:?: i11 St·dion II, 

p. <J.7 ~ ill SPdiou III, p. 29; St'l'Ykt>I'< in Tid;il Di,-i...;imt Coa~t Hur
Yt>'S Ottkt•, Ill•· 5!J, OU. 

r_.,\_H.~ONS. J. \.V·., A.ID. Servke8 in Sel'tion II. p. 21. 
P.\.~f; ,\ J,Ot'TRE, llil~~lf;SJPPI ltIYElt. p. +4. 
J> ~\..S.S..d...MAQl~Ol>UY BA¥. .Kstirnnt(•p, fm· ·work in, Jl. :~: ~kct<'hC's 

of. J>. 14. 
PASSES < rF THE ~11SST~SIPPI. Est1ma1t" for duu1 of. l'· 4; ~mr

Yt~~y of, pp. 43-HL 

}lA'J'CHO.(j{TJ1~, I.oxn I~LA~U. p. ::?:J. 
l' XTTERSO:X, C. P., SFl'EHlXTEXI>KXT l~~TTED ST.\. TES 

('().\~T Sl"H\~K\~, s11hrnitting- l'PJIOl't of lK7.--.-'7G. t-o t11t-' Hon. Lot 
M .. Morrill :-00,p<-rt·tary of tlw Tn·a~m·.\·. pp. 1--04: comrniM.sio11f'r ou 
Board ftU' i1lljffon•me111 aml pn·M~l'Yiltion of Baltirnore Uarlim-, p. ~8. 

PECK, It(;., M.-\~TER l'. K X. 81·r•:itTl"i in ~1·dion I. 11. l:!: arnl 
iu S1·diou YIII, p . ..t-::. 

PETlEE Hl\.EJ-:. PP-'..:', :~~L 

PEIRCE, JlEX,J ~Df!K, cox,.;1 LJT'lfl (lEO?tf!-;"I'EH, t". S. COAl·ff 
:··H"H\' .I<:Y (~1·1· .Appt·rnli:\ Xo. HJ. pp. BL H~. 

]
1 EIJ!('E. f'. ~-- .\S~lST~l"KT. l1e>ml11lnrn-oli:--!•rvatiou<-i at .Em·o1wa11 

."!.tation!-1 h.i·, p]1. f)-!i: .\ppt·wli' :Ko. Fl. pp.202-3'.~7: note ou tlu~ 

Tli1•0T',\' of Ecou~im.\ uf l~t·~t·m·.d1 hy, ~\j)]w11dix No. 14, Jlp. l!J7-201. 
l>J·:XI>LETOX .. \. (i., .All>. 8{'1Yit·t·s in :-lf't'tion 111 ll· 25. 
l'EXIWLl";\J oBSElff .ITIOXo-' _\T Icl"ROI'EAX RTATIO:XS, l>~· 

A:-:Hi~ta11t (' S. P1·ire1·. Pl'· ii--H; alHo~.\p]H:udix Ko. J.:J, pp. ~(J'.:?-3~r;·. 

PE)(~·syL\'.\~I.\. Tl'ia11)!Hlation i11 En1,1frn1. pp.], 26; P~timat.t.• 

for· \\"ill'\... in. VP· 4 .. -1: ahstl':.ll'ts of work iu, S··~·tion 11. 1-.p. 1~. :!6. 
PE?'-;~.:\('( Jl..-\. YI .. \. Estimatt'R for wm'k at, p. a; l'Url'(:llt-ohrmr

,·atioJJ;.'\ at. p. 41. 

J>EX~.\( 't H .. \ E.XTH..\X{ '.E. <;ulf h,nlrogra1>li;v ncm-. p. 41. 
PE~~_\('t>L.\ X_\..YY-Y"AlUl TCU HOSE. As:.;ii;;tarn·c J"l'nth·red 

t.1 HIP. , •. 41. 
l' E '.'\'< >B~• 'i >T I>.\ Y . .J-lE. Tidal ol1~rrvatium1 at, pp. J. J4; Pi:..Jtimntt-'.S 

fu1· \\ork iu. I'· :i; 'iPWi"l of rua1:\! uf, p. 14. 

P.EXOBSC 'OT HI \''EH. To1w:-,Taph,Y of~ JIJI. 1. l:J; estinulie of ·duni. 
_of, p. 4: \'il'Wi-; ofT p. 1-1. 

J• E KK I.\":--:. F. ''c .. ~·\.SSIST~\XT. <:0Ptti(·i1•nt of rt•frn..tiou a.t Ha~
;,!'t•d Mom1tr1i11, M!· .. p. 14, ff~; triall,!!Ulathrn i11 Maryland. JJ. 2g; 
topo;.crnphy and h_plrogniph_y uortli uf Ce•lat K-t'.\t-i, Fla., l'· 89. 

l1 ETEI:~E~ .. A .. E11p·ad11~ Dhhliou, ConHt t-;111"Yt',Y Otffre, p. G:L 
PETIT M.\N.AX L-TUll'l'-llf.tCSE .. Estimub•forch:ut,p.4: vi1~w8 

of, I•· 14. 
l'JI I LAIH·:Ll'II L\. Lm1gitu<1t·-ohs1·rvationH at High ~d1oc1l( )h&Pn'a

tory, 11. IV: ( 'oa~t Murn~;v Exhil1it at. Ccntl'nnial Expu::-iitiou JI}'· ~9. 
;3;). 

1'11\"S!(',\.L Hnllto<:Jt.\'l'HY, ::-.u,.;sJS~[J>J>[ J:JYJ•:R, J>]J-H,4•;. 
I'll YSl('.U, Sl' le \'.EL NJ'W liOltK 11.\HHOI(, pp. ~l. 22; tahll'8 of 

n·~ultAof, li_y Jknry~lit.dwll, as~btant. ...:\.ppt•mlix No.I(), }JJl. J47-185-
J'[( 'KE!tl N<i JSL\Nll. ME., p. J:J. 
l'U:l: !LE.I.I> ST.\TIOX, l\LlcSf;., p. Hl. 
l'TL.\TK.\, FL.L, p. 3tL 

l'lLLSJWJt\", ,J. 1.<:., r,a;t'TEN,\NT, D.S. N. S..r..-i«••x i11 St"·· 
tin11 I. JI· 1:?: iI1 St•,(•tiou VIII, p. 4;:1, 

l'!XX.\CLE MOl:XTAIN. S. C. l'rimar.1·station, pp. 34, 3fJ. 
l'L.U'EXTL\ HAY, MB. Trin.nt::nlatiou aml t<>poi.:ruphy of, ]L J2. 
l' L,\XT.I ~f(H'll, PHOFI~SSOR, l'l" 6-8. 
PLATES COMl'l,ETEJI, COXTINCED, OH Hlc<l PN IJ!'H!Ntl 

THE YE.Alt J8i5-'76, J<;ugraving Dlvisiou, App~tulix No. 5, pp. 
7!~0. 

l'L\.TT, HORE RT, ACTING MASTER, tr. S. N. Serviee" in S~«
tion VL p. 3S; in Hydrop:raphk D.ivisiun. Coast Sun·e;'o·(>ffice. p. 5!J. 

l>LE.\SA.:\T8, t;. H.~ AllJ. St·1·vict~8 in Section YIII, p. 4~~; aml i11 
St•(·tion IX. p. 4i'.'. 

l'Ll"M l~LXND, LONG JSL.\Nll ROI'NI>, N. Y. DaugcrR to 
naYi)!:atio11 dvn•loiwd near, pp. 1, Hl. 

PLYMOl"'l'H .. M.\SS.. H.nh·og-1'3.phy 1war, p. 16. 
PLY!t-lOeTH H.AltBOK .MASK Cha.ug(-'."I in, 11~' AH:-1.h~trmt Hf•nry 

M.itd1t·ll, Ap11t:uc1ix No. !l, ]ip. 143-146; re~earcht>s rclath-c tr-0 dl1 .. 

posit8 iu! pp. 1. Jt;, 17. 

POlN'l' AIU•.:N A, C.~L .. pp. ~\ 5fi, 56. 
l'OINT lllTHOX, CAL.. p. r .. 
l'OIN'l' CONCEPCION, CAI,. Triangulation near, pp. 2, 52; esti

mat.t- for zsurv~y near, 11. 51; light·houge ut, p. 53. 

POINT J>T"."ME, C .. A .. L. H,\·dro~Tapl1y ncar1 pp. 2, 50; dangers to 
m1Yig-a.tion devc..,Jored at, p. 51. 

l'OINT ELI.JOT, W. T .. p. 58. 
l'OINT LOMA. CAL., p. 50. 
P01 ~ T ~A I .. , p. 5: prirnary Aignal erected at. Jl. 53. 
POINT SUI~, P· .. 2; ttiangulation from, to Mon1.Pn·,v :Bay, Cal .. PJl. 

5a1 r'4. 
J>OL~\.In:-;. < )i\fWl'vationi; on, pp. 2a~ 30, 32, 47. 
POLLOCK HIP. Light-vt.1s~el at, l•- li: tlanµ-Prons wrer:k on, p. 17. 
POLY CONJ C l'RO.TECTIONS. Heforence to report by .Assi"tant 

Scl1ott, p. 60. 
I'ONJ> HiLA:XlJ, MK, p. 12. 
POHT llL.\.KEI.T, W. T., p. 58. 
POHTL\Nll, :\I.E., J>p. 11-l:l. 
l'OHTLANIJ EXTl:ANCE, MK. p. ·14. 
I'<lltTl,ANI>, OltEG .. J>. 57. 
POUT 1\L\DrnDN, p. 2. 
l'OHT OllFOHD, p. 5. 
1'< HtT ROYAL. S. C. '11idal ohR('T\.~ations at, p. a5. 
POHT~\-IOrTH lIAltJ~Ol!, x. IL 1':Htimatt· fol' HltrYey of, p. 3. 
J>OHTS1tf( >DTII. v A. r11ssicaJ SUTVP.'~ in the channt>l at p. 2fl. 
PORT 'TOWN~1JgND. Tidal ohRC'rvationsa.t, pp.::!. 5tl, 60; estimate 

for cnntinuin~ tlie l'iUrnt-, p. [I. 

"POSITIONS UF' STAHS 'FOR ORSERVATlOXS OF J,ATl· 
TPD.E," by J". E. Ililgard, A8kfatant-iJ1-('hargt'. .App-entlix No. 7, 
Pll. 8a-12H. 

I'OSRESRION f\OFNll, W. T., p. :iR 
J>OTO.M-<\C HIYJ:lt. l:stirnat1· fot· ~iu·ypy, p. :~. 

Jl(>WALKY. C. CnmputinJ! I>iYision, ('mud Snrn·;-.· (}ffiC(', p. 60; 

resi2:nation. JI. 61. 
P<HVD:Elt 1IOLJ.;. Tidal olu;ernrtionl'.!- al, p. 17. 
l>ftAIItTE UC CHIEN. 'J'dangulatio-n ueur, p. 2. 
PRATT, .J. F., A.Ill. S-('l'Vit·el"I in S\•di011 II,]'- 20; and in N__.-ction 

VI. J>. "6. 
PHEL\TOltY NOT'E ON CR"\RT OF MAGNETIC ])ECLT

X_\Tl<fN, hy ,J.E. Hilg-anl, A8io.fa.tant.-hi-char;:?;t. Appmulix. No. 
21, pp. 400-401. 

1'1:IMAllY TRJAXGl'J,ATTOX IN CALIFOJtN!A, PI>· 2, 54, f>5; 
PHtimatt· for, p. :>: iu Virµ;iniR., l'Jl· 29. ;m; in Sontli Carolina arnl 
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REPORT. 

UNITED STATES COAST SFRVEY OFFICE, 

1Vaxli ingt-On, lJe<:ember 2, 1876. 
StR: I have the honor to present this detaileAl report on the progress made in the snr\'e,V or the 

Atlantic, Gulf; and Pacific coasts of the United States during tlie year which ended .Jnne 30, 18iG. 
The report will contain, as usual, sepamte notices of the work done in the loca1ities to which parties 
were assigned, and in J':·eueral the stakments will conform in respect of a.rrangcment with the geo
graphical order observed in the following abstract, a copy of which was tmnsmitt,e<l to the depart
ment in October last. 

Field-opemtions in the course of the fiscal ,year ending .June 30, 1876, have inclmled de,ep-sea 
smmding::; between the coast of Maine and George's Bank; development of a rock near Jeffrey's 
Ledge ; survey of iBlands between Isle au Haut aml Mount Deseet, aJHl of the western shore of Blue 
Hill Ba:r; soundings in fale au Haut Bay; topogmpl1.'· of Nortllern Ba;v near Castine, including the 
head of Bagaduce River; a111l of the Pt>nohscot Rh-er ll-boYe Bucksport; tidal obserrn,tious at Xorth 
Haven, Penobscot llay, Me.; revi::;iou of sailing-directions for OoaRt Pilot, and views for c11arts 
between Eastport and Penobscot entrance; observations for determining the coefficient of refra.ction 
near Camden, Me.; triangulation in New Hampshire; soundings near Fletcher's Neck, off Old 
Orchard Beach, and at Saco River entrance; tidal observations a.t Boston, l\lass.; determination of 
positions of life-saving statiom; along the New England cow,;t; sonnclings near Duxbury Pier Light 
and Manomet Point, Mass. ; research relative to deposits in Plymouth Harbor; hydrography of the 
eastern a11proad1 to Nantucket Sound, aud near Monomoy Point, Mass., also of the southern part of 
Handkerchief Shoal, Vineyard Sound, Mass.·; topography of Taunton River between Mount Hope 
Bay and Weir Village, Mass-; tidal ohser,·atious at Pro\idence, R. I-; determination of light-house 
po::;itions between Hyannis and Greenport, N. Y.; triangulation of Connecticut River up to Hart
ford; fopography adjacent to ~ew Haven Harbor; development of Cumberland Shoal, east end of 
Long Island, and of the passage between Gull and Plum Islands ; triangulation uear the boundary 
between New York and Massachusetts; revision of sailing-directions, and views of harbors and land
ings in Long Islaml Sonml and the Hudson River; shore-line surve,y of New York Haruor from the 
Narrows to Astoria mi<l from Castle Point to Eull'R Ferry; phyRical researches and observations, 
including current observations in Hudson and East Rivers and New York Harbor, and development of 
Shrewsbury Rocks, coaRt of New .Jersey; tidal observations in New York H~uhor; lat1tmle and azi
muth determiuations at Beacon Hill, N. ,J., and connectiou of primary station point with trian~ulation 
of New York Harbor; hydrogra11l1y of Firt1 falaud Inlet, N. Y.; triangulation of south cmu;t of Long 
Island hetwet>n Babylon and Far Rockaway, and topography east and west of the former; also at 
the ea.stern end of Great South Bay; tidal observations at Sandy Hook ; topography of Barnegat 
Bay and vicinity of Tom's RiYer; reconnaissance for triangulation in Northern New .Jerse;r, and in 
the Lehigh VaUey, Pa.; hydrography of the Delaware River and development of a ledge between Mar
cus Hook and Chester, Pa.; location of range-light on the New Jersey side of same riYer above Lis
ton's Tree, and topography of sites for others on the west side of the river near the la.."!t-named 1>oint; 
reconnaissance for triangulation in southeast part of Pennsylvania; physical ll.''drograph;r of Norfolk 
Harbor and adjacent waters; tidal observations at Fortress Monroe, Va.; t()pographJ· of portion of 
Smit.h's Island, on the boundary between Maryland and Virginia; lines of level between Washing
ton and Annapolis; magnetic obse.n"atiorn; at Washington; triangulation of .Jame,s River, Va., from 
Cit;r Point to Richmond, and in the same State southward along tlie Blue Ridge, including deter
minations of latitude and azimuth ; rooonnaissance for triangulation along the Blue Uidge, south 
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and west of Lyncbhnrg, Va., and in West Virginia; hydrography of Pamplico Sound, N. C., along 
tlw wpstern side north to Stumpy Point; sun-ey of Alligator River frnm preYions limits south to 
Blunt'" Canal; latitude, azimuth, and magnetic observations at Sand Island, in the northern part 
of P:tmplieo Sonml; h~·drography of Core Sound, N. C., and of Wiuyah Bay and Georgetown 
Bar, inc1111ling the months of the Pe<lee, vVaccamaw, and Sampit Rivers; soundings near Edisto 
Island and at the north end of Hunting Island, S. C.; triaugulation near the houmlar:y between 
South Carolina and Georgia ; hy<lrography of Fernandina Bar, Fla. ; reconnaissance of Saint 
,John's River, Fla., from Jacksou,·ille to I~ake l\Iouroe, and triangulation aml shore-line survey 
from .Jacki;;onville to Mandarin Point; surrey of Indian Ri\·er, Fla., southward to near Cape Can
averal; l1~·drography of Key Biscayne Ba~-, and sailing-lines for channels across Florida lk~et; 
t.ria11g111ation of Sarmmta Bay, Fla., and topograph;) of Hillsboro' Bay; hydrog·raphy of coast 
near Sarasota Bay, aud of Hillsboro' Bay; detailed snrvf1,y of Hulf coast of Florida, from Suwanee 
Uh-er to Bowlegs Point; hydrogTaphy of Appalachee Bay, east and west of the approaches to 
Saint Mal'l~'s Harbor, aml soundings in Saint .Joseph's Ba,y; h;ydrography of the northern coa8t 
of the Gulf of ::\It>xico between Saint Andrew's Bay aud Mobile Ba,r; tria11guhttiou near tile 
houndary bl-'tween Northern Uc>orgia and Alabama, and reconnaissance in the latter State to cou
timw triang·nlation w<·st of tht> Atlanta base-line; triangulation in Southeast~n1 Kentucky; d1~ep
sea som11li11gs in eastem part aucl across the Gulf of Mexico, with observations on currents and for 
tempemture aud dern<ity; special survey of Cubitt's Gap and Sontllwest Pass (Mississippi delta), 
with eurrent and tidal ohsei·vatious; triangulation and topograph;y of same localities; reconnaistsance 
for sm·\·ey of Barataria Ha~·, La.; tidal ohservations at New Orleans; survey of :Mississippi River 
from Oakland to Heserve Plantation, and special examination of Bonnet Carre crevasse; triangula
tion iu \ViRconsin between Prairie llu Chien and Madison; soundings completed in Copano Bay, 
Saint Charles Bay, Aransas Pass, and Corpus Christ.i Pass, Tex.; reconnaissance for triangulation 
of J,agu11a :Madre, Tex.; tidal ohsen·ations completed at Saint Thomas, West India Islands; recon
naissance for primary triangulation between San Diego and San Pedro, Cal.; survey of the vicinity 
of Santa l\Ionica and of tbe a(~ja~ent coast of Califoruia; soundings in the vicinity of Santa Hosa 
and Sau :l\-lig11el !Rlands; inshore hydrograpl1,y near l'oint Dume, and sirrvey of Santa Monica 
Ba;y; t1·iangulatio11 of the western imrt of Catalina Island; latitude and azimuth determined near 
Point Concepcion, Ca.I.; triangulation across tlie Santa Barbara channel to Santa Cruz Island; 
triangulation mul topogmph,y of coast between Point Sur antl Monterey Bay; tidal observati-0ns at 
:Fort Point, Cal.; tml'l"ent obi;ervations iu San Franei.-co Ba;y; ll;rdro~rraphy of Mare faland Strait 
aml Karqni11es Strait, Cal.; recomiaissance and main tiiangula.tion across the Sacramento Valley, 
hu·lmling- the Helection of the Yolo base-line; triallgnlation aml topography of coast between Bodega 
Head aml Fott Ross, <Jal.; erection of a permanent signal on l\lmmt Shasta, Cal.; topography and 
triangulatiou of the coast of Oregon, above and below the Nehalem RiYer, aml continuation of 
hy1hography of the Columbia River; tidal observations at Astoria, Oreg.; hydrography of Admi
ralty Inlet, W. T., from Duwamish Bay to Port Madison; tidal observations at Port Townshend, 
W. T., antl at Honolulu, Sandwich lslandi;;. 

In the office the work has been kept up to the field-work of the preceding season, the compu
tations of the cnITent, geodetic, trigonometrical, and tidal observations having been duly made, 
inclmliug the 11reparation of records and results for publication; tide-tables for the }lri11ci1ml seaports 
of the "Cnit~d States for tlie year 1877 have been puhlished; the drawing of seventy-se\·en charts 
has been in progTeflH, and of this number twenty-nine have been completed. Twelve new copper
plate clmrt1-1 ba,·e been beguu, one bumlred and two have received additions l1y engraving, and 
twent;y-three have been finished; an aggregate of twelve thousand copies of charts has been issued 
in the course of the year; and a distribution made of upwards of a thousand copies of the annual 
reports for prm·ious years. 

The· prepamtion for publication of the second volume of the Atlantic Coast l'ilot (extending 
from Boston Harhor to New York enti·ance and including the Hudson Rivei·) has been continued 
and will soon be completed. 
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ESTilUTES. 

The estimates for continuing the snrrny of the Atlantic and Gulf coast of the Gnited Stat•\s 
are intell(led to provide for the following progress: 

FIELD-WOI?K.-T(> continue the topography of the western shore and iislauds of Passamaquoddy 
Bay and it.s estnariei,;; of the coast eitstwartl of Penobscot Bay towar<l ::S-arraguagmi Bay; an(l of 
the shores of the Penobscot near Bangor; for the determination of height" at l'<Ome of the priueipal 
trigonometrical points between Ho8ton and the Saint Uroix, and of coefficients of refraction; to 
complet<~ the hydrography of l'cnobiscot Bay and HiYcr, and continue isouudiugis in the coaist
ap1n·oiwhes eastward of l'enol>scot Bay ; to continue a topographical aml l1ydrographic survey of 
Portsmouth Harbor; to make such additional triangulation a:s ma,v be requisite for that and other 
surveys on the eastern coast, antl !letermine the position of uew ligbt-hom;cs between Eastport, l\Je., 
and New York; to continue soundings aloug the coast of l\Iaine, and other oftshore hydrograph;y 
between Uape Uod and l\fauan, autl make speeial examination for the sailing-lines for charts; t-0 
continue the obsen·atiom; of sea aud tidal currents iu the Gulf of J\laiue ; to continue tidal obser
vatious and to make such astronomical and magnetic obserYations as may be required; tu cuutiuue 
such topographical and hyd1'ographic resun·e;rn of the coast between Cape Uod aml ~ew York mi 
may he found uecesisary; to continue t11e s1uvey of the Connecticut Hiver from its mouth to Hart
ford; to make such examination a;; ma;y be required in ::-rew York Harbor and such surYeys in iti; 
vicinity as may be found ucoossary, including a topographical arnl h,nlrographic smTey of the south 
coast of Long Island; tu make at this port observatiom; on tides and curreuts; to extend the plane
table surve,y of the Hudson Hi Yer alJoye H:wer;;traw; to continue the triangulation between the 
Hudson l{iver and Lake Clmmplain; to make the requisite astrnnomical obserYations; to continue 
the topogmpltical and hydrographic suryeys of tlte coast of New Jer8e,y, and of Delaware Ba.y 
aml Uiver; to connect the Atlantic trian~:-ulatiou with that of Chesa11eake Bay, near the bouudaIJ-
line between l\larylaud and Virginia; to complete the detailed surYey of .James UiYer, Ya., includ
ing the hydrography; aud continue the plane-table sun·ey of the Pot-0mac UiYer; to continue ;;outh
ward the main triangulation along the Blue Uidge, parallel with the coast, inclmliug m;trouomical 
and magnetic observatious; to continue the impplemeutar)- hydrography between Cape Henlopen, 
Del., and Cape Henry, Va., and in Chesapeake Bay; and also the tidal obseITatious; to mea1mre a 
base-line of verification aud determine azimuth for the coast-triangulation south of Ca1Je J,ookout; 
to nutke the astronomical anrl magnetic observations requisite.; to continue the off-shore liydrog1·aphy 
between Cape Henr_y and Cape Fear; to continue the hydrography of Pamvlico Sound and its rh-ers, 
aml that of Bogue Sound, and sound the entrance to Cape Fear Rh-er; to extend 11ortl1wm·d the 
primary triangulation along the eastern and southern slo11es of the .A1leghauies in North Carolina 
and Alabama; to continue the topographical and hydrograpltic surve~· of rivers near the coast of 
South Carolina and Georgia ; to determiue azimuth for the triangulation of the coast of South 
Carolina and Georgia; to continue the detailed survey of the sea-islands and water-passages between 
Charleston and Savannah, and to make tidal observations; to continue the off-shore hydrography 
between Cape Fear, N. C., and the Saint .Tolm's l{iver, Fla.; to continue southward from Cape 
Canaveral the triangulation, topograph,y, and hydrography of the eastern coast of Florida, iudud
jng Indian River; to continue the triangulation, topogmphy, and h)·drograpl1,y of the Saint Jo1111 's 
River; to make the requisite astronomical observations; to continue hydrography off the easkrn 
coast of Florida, from Mosquito Inlet to the southward ; to c,'Ontinue soundings and observatious for 
sea-temperatures in such parts of the Gulf Stream as may be deemed ~uh-isahle, between tlie west 
end of Oul>a and Nova Scotia, and dredging along the coast within the same limits, in conjunction 
with the United States Commission on Fish and Fisheries; to continue tltc astronomical and mag
netic observations requisite between Cape Florida and Pensacola; to complete the tria,ugulation, 
topography, and hydrograpby of the western coast of Florida between Cedar Keys and Tampa Ba.r; 
to continue the same classes of work to the southward of Uharlotte Harbor; and to complete the 
coast between Appalachee Bay and Pensacola; to run lines of soundings and make ohseryatio11s of 
sea-temperatures in the Gulf of Mexico, and develop the l1ydrograph.r of the Hnlf Coast included in 
field-0perations; to connect t,he trigonometrical survey of the Mississippi River at New Orleans with 
that of Lake Borgne and Lake Pontchartrain, and continue the trigonometrical, topographical, and 



 

4 REPORT OF THE SUPERINTENDENT OF 

hydrographic survey of J,akes Pontchartrain and Maurepas, and of the Mississippi River aboYe 
New Orleans to the head of sltip-nayigatiou; to detnmine geographical positions, and make tlrn 
astronomical and magwitic ohsen-atiom; reqnisite; to extend the triangulation, t-0pography, and 
hydrograpby of J;ouisiana westward of the Mh:isissippi delta, and continue the hydrograpl1y of the Gulf 
of Mexico between the mouth of the .l\hsRissippi and Galveston, Tex.; to continue the triangulation, 
topography, and hydrography of tbe coast of Texais westward between Sahiue Pm~s and Galvestu11, 
and between Corpus Christi and the Rio Grande; to measure a base-line of Ycrification, and make 
the astronomical and magnetic obsen·ations requisite between Sabine Pass and the Rio Grande; to 
continue the hydrography of the approaches to the coast of Texas ; to continue the determination of 
the positions of new light-houses and lite-sa,·ing stations along the coast between New York and the 
Rio Grande; t-0 continue the fiel<l-work for the description and verification of the work for the Coast 
Pilot; t-0 continue the organized sJ·stem of magnetic obserYations required for a complete magnetic 
survey, and to run line8 of Ie.-els connecting points in the main and geodetic triangulations with tbe 
sea-leYel. 

OFFJCE-WORK.-To compute results from the field-operations made along the Atlantic and Gnlf 
coasts, including astronomical, geodetic, g·eographical, magnetic, aml tidal work; to continue the 
reproduction of the original topographical maps, and to plot the by<lrogra11hic charts; to continue 
the drawing of the general chart of the coast from Quoddy Head to Cape Cod, and of charts Nos. 1 
and 2, showh1g tlie coast of Maine, between Saint Croix River and Petit Manan light-house; to con
tinue the drawing and engTaYiug· of chart No. 3, which inclm1es Frenchman'R BaJ-, Mount Desert 
Island, Blue Hi11 BaJ·, Isle an Haut Ray, and their approaches, also local cha.rts of Mount Desert 
Island, U11ion River, ·Eggemoggin Reach, Deer Isle, Head Harbor on fale au Haut, aml Penobscot 
River from Ca.5tiue t-0 Bangor; t-0 complete the engraving of the chart of Lake Champlain; to con
tinue the drawing and engraYing of charts of Thames River, and of Connecticut River, t-0 the head 
of navigation; to continue a new chart of Long Island Sound; to continue the drawing and engrav
ing of charts No. 22 and No. 23 between Barnegat and Cape May; t.o make additions to the charts 
and sket,ches between New York and Cape Henry; to continue the drawing and engraving of a new 
chart of Helaware Bay and River, and fo complet.e that of James River; to complete the engrming 
of charts No_ 42, No. 43, No. 44, including Pamplico Sound; and continue that of No. 45, No. 46, and 
No. 47, showing parts of the Atlantic coast between Cape Hatt.eras and Cape Lookout; and to con
tiJme the drawing and engraving of charts No. 51 and No. 52, between Cape Fear and "\\"inyah Bay; 
t.o continue the drawing and engraving of a new chart of Georgetown Harbor, S. C., and to make 
additions to the charts between Cape Henry and the Saint Mary's River; to continue the dra,wiug 
and engraving of the general cl1art of the ooa<it from Saint Mar;\·'s Uiver to Cape Canaveral, and of 
charts No. 59, No. HO, and No. fi1 from Saint Augustine to Cape Cauaveral, and to make additions 
to the charts of the coast between Saint Mary's River and Cape Florida; to continue the drawjng 
and engraviug of chart No. 77, Tampa Bay, and of No. 84, No. 85, No. 86, and No. 87, showing the 
Gulf coast between Cape Saint Blas and Mobile entrance; to complete the drawing and engraving 
of charts No. 92 and No. 93, showing Isle au Breton Sound and the Passes of the Mississippi, and 
the general charts Rhowing the sea-approaches to the Mississippi River; to continue the drawing 
and engraving of the general chart of the coast of Louisiana and Texas, from Atchafala.ya Bay to 
Galveston; to continue the drawing and engraving of that between Galveston and the Rio Gmnde, 
and of chart No. 110, showing Corpus Christi Bay; for material for 1h'awing, engraving, map-print
ing, for efoctrotyping and photographing, for instruments and apparatus. 

Total for the Atlantic and Gulf coasts, involving work on the coasts of the following States, viz: 
Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, 
Pennsylvania, Delaware, Maryland, Virginia, North Carolina, South Carolina, Georgia, .l!'lorida., 
Alabama, Mississippi, Louisiana, and Texas, will require $440,000. 

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

FIELD-WORK.-To make the requisite observations for latitude, longitude, azimuth, and the 
magnetic elements at st:atious along the Pacific coa.Ht of the United States; to continue oflshore 
soundings along the coast of California, Oregon, and Washington Territory, and tidal observations 
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at San Francisco, Port Townshend, and such other localities a8 nmy be iieper;sary; to continue thP 
main coar;t triangulation from :Monten'y Bay to the southward, or from Point ConePpciou to tl1t> north
ward, and from San l'l•tlro toward Sau Diego, il1clrnli11µ; tlie islands off that part of the coai-;t; to 
coutimm reconnaisRance for the main triangulation of tlw coast from Sau Pedro to Point Co1wPp
cion, from UnsRiim River to the northward, from Columbia Hin•r north to l'nget Sonud, or south np 
th(~ "\Villamette Valle,Y; tA> complete the reconnaissance arnl continue the primary triangnlation 
through the Sacramento and Sau ,Joaquin Valleys, and measure a base-line; to eoutimw till' cua/'\t 
triangulation and topography from Xewport, Lns Angeles Uounty, toward San Diego, and that of 
tl1c hdarnls off that coa.st; to continue the tertiary triangulation and topograph;y of the coa;.;t uorth 
of Point C1mct'pcion toward Point Sal, or the tertiar:v triaug·nlatimt and topography from Poiut 
Bucl1011 toward San Simeon; to eoutinne the hydrograph_\- hetwPen San Diego and ::\Io11terey Bay; 
t-0 develop the hydrographic changes in San Francitoieo Ba.'- and itis approache8; contimw the tria11-
gnlation and topography of the coa8t hetween Bodega Bay and Point Arella; complete h;nlrograph;v 
between Cape l\Ienduciuo aml the Klamath Hiver; and conti11111• that he-tween Cape Sebastia11 and 
Port Orford, with that north aml south of and in the approaches to the Columbia Uh-er; to ohi,;ern~ 
current;.; along the t~oast, and takP so1mtlings and temperatnn\-ohsetTations in the Califrn·uia lmmch 
of the Kuro-Siwo Current, and execute rmch other l1ydrographie work as local demamls may require; 
to coutinue tidal and cnrreut ohr1f'rnttions at the Golden Gate, aud obse1Tations on tlw ocean-cnr
reuts along the coast of Califomia; to continue the triangulation, topography, and hy<lrography of 
the Columbia Hiver; to complPte the detailed sur\-e;y hetween Cape Sebastian and Cre;;cmtt Cit,\·, 
and ofl't>hore. hydrogrnphy at Cre8cent City Reef; t-0 rnei:tsure a base-line and coutiuue the triangu
lation of the Strait of Fuca and the topography and ltydrograph~- of Puget Sound and iu~jacent 
waters; to eontinne the ri>connaissance of the coasts and i81ands of Alaska, with obsernttiuus for 
tides and current,<;, ancl to make the requisite astronomical and nmgnetie ohse1Tations; to continue 
the :field-work for the description of the coast and ,-eri:ficatiou of the Com.;t Pilot of the coasts of 
California, Oreg·on, and 'Va:sl1ingt.0H TeITitory; to coutinne the orgauizetl f',Yst.em of magnetic ohser
Yatious required for a complete magHetic sun·e.v; and to run lines of levels connecting points iu the 
main aml geodeti<• triangulations with tlrn sea-Jen•!. 

OFFICE-WORK.-To make the computation from the obse1Tations made iu the :fidd, iuclmling 
a;.;trouomical, geodetic, geogra1il1ic~Ll, magnetic, and tidal obse.1Tations; to continue the rl:'pro<luction 
of the original topographical maps, and to plot. the l1ydrographic charts; to draw and engTan• the 
additions on tlie general chart of the Pacific eoast of the United States; to continue the drawing 
aml engraving of the charts of the coast from San Diego to Poiut Concepcion, No. 1 and No. 2; t~> 

continue the engraving of a new chart of S~tn Francisco Bay and Harbor, in three sheets, from 
resnrveyB; to continue the drawing and engra\iug of charts of the coast No. ()and No. 7 from the 
FarallonPs to Cape l\fondocino, of No. 8 from Cape J\Iendociuo to Saint George's Heef, of No. H from 
Saint George's Re.ef to Koos Bay, mul of No. 11 from Cascade Head t-0 Shoal water Bay; to continue 
the drawing and engraYing of the chart of Columbia Hfrer and of the local harbor chart;; of the 
coast, with thoRe of Pugtit and vVashiugtou Sounds, and of the northwestel-01,coast.; for material for 
dra,wing, engraving, map-priutiug, for electrotspiug, photogra11hing, for iustrum.ents aud apparatu;.;. 

Total for the Pacific coast, inYolYing work on the coasts of the States of Gulifornia and Or{~gon, 
and those of Washington Territory and Alaska, will ret111ire $245,000. 

For extending the trian'°rnlat.i011 of thP Coast Survey to form a, geodetic conm•ctiou between tbt> 
system of triangulation along tlie. Atlantic and Gulf aud Pacific coasts of the Unit.e~1 Stauis, aml 
assisting in the State surveys, involving work iu New Hampshire, Vermont, Connecticut, New 
York, Pennsylvania, New Jersey, VirA·iuia, '\Vest Virginia, North Carolina, TenneBsee, Alaharna, 
Missouri, Illinois, Wisconsin, Kentutky, Kansas, California, Nevatla, and lTtah Territor,y, will 
require $90,000. 

For repairs and maintenane,e of the complement of vessels used in the Coast Survey will require 
$55,000. 

For eontinning the 1mblicatiou of the observations made in the progress of the Coa.'lt Survey 
will require $10,000. 
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For general expenses of all the work, rent, fuel; for transportation of instruments, mapR, and 
charts; miscellaueons office-expenses, and for the purchase of new instruments, l>ooks, maps, aml 
charts, will ref]uire $40,000. 

PEJ\i-UFLUM-OBSERYA'l'TONS. 

Ry the meaimrements of arcs of the meridian, the approximate figure and magnitude of the earth 
wm; ascertained at au early periml in the history of geodetic surveys. Thii,; was matter of necessity, 
as nny extended sur\-ey, in respeet of final preciRion, would depend on knowledge of the terrestrial 
outlines. In confirmation of the re81dt from ordinary geodetic processes, the rwerage figure of the 
earth, though not its magnitude, has heen interred also from ohserYations of gra\-ity in various lati
tudes by meams of the i>endulum. Thi:; was the first metlwd emplo,p~d, and tlte one preferred hy 
Newton. Tlw se\'e.ral resultl' so deriYed hfwe been long on record, and although imperfect, as were 
the instruments and metl10ds use<l in a former <la~-, the results are in such g·eneral aecord ais to 
warrant tlw, a11 plication of refinement:-; in a.pparatns atHl improvement in tbe methods of· olmerva
tion that had not been reaclwd in tlte time of Borda and Biot. Natural difficulties that beset the 
early obseryers of course yet interfere. 

In the measurement of arc local deflections of the plumb-line affect the astronomical arnplitndcs, 
arnl the pendulum reyeals deviations iu the force of gravity due to inequality of <leusity in the eartl1's 
strata. Hence it is, notwithstanding· the great precision with which latitudes and long·it111le"1 are 
determined, and the force of graYit;y ascertained at any one point, that Yery sensible residuals or 
apparent t'ITUrs are found when we att~mpt to refer these re.,mlts to any geometrical form. The 
cause of these discrepancie8 or "station errors" being beyond read1 we can only e1HleaYor t-0 infer 
from all attainable sources what, under the denomination of figure of the earth, will best reconcile 
determinations of geog·raphical position. The measure of the force of gravity, commonly denoted by 
the letter y, independently of what ap11Iication is to be m~ule of it, is unh-ersally recognized as one 
of the resnJt.H due iu a geodetic suITey. 

"\Vithin the laRt sixt_y years tlte solution of the problem respecting tlic measure of the force of 
gra\ity and figtll'e of Ute earth as de1luced from such measures ha8 heen aided by the experimental 
researche8 of Kater, Sabine, Plantamonr, and others. Fresh stimulus in the inquiry was manifest 
in 18U2, when the Geodetic Association of Europe, after due examination, recognized the pendulum 
as an irnitrument of great precision, and approved of' its use in geodetic !o\nrveys. Since that yenr it 
bas heen employed in the great trigonometrical surny of India, and in 1865 and 1873 the pendulums 

118e1l in India and in the Russian survey were swung at Kew Observatory, England, so that Urn 
results obtained at wideJy-separated positions on the surface of the earth are now comparable. They 
are also to be svnrng in Berlin. 

With a view of proYiding for a comparison of the pendulum-observations of the Coa.~t Survey 
with European arnl Asiatic systt1ms which have beeu further advanced practically, Assistant Chas. 
S. Peirce was directed early in the SJlring of 1875 to procure apparatus of the invariable and revcrsi
hlll pendulum, awl to observe with them at Paris, Geneva, Berlin, aml Kew. His inquiries ou the 
sul~je.ct in Europe include also tlle detaili; of the most ap1>r0Yetl forms of apparatus anti the best 
methods in use for the improvement of tbe Jlendnlum as an instrument for geodetfo purposes. Theo
retically aml practically the study is sucl1 as to require extreme care and special attention in regard 
to the efficiency of the vacuum-chamber, the elasticit.y of the support, the loss of energy hj' pro1la
gated vibrations in the stand, the real tem1>eratnre of the pendulum-bar, and many other conditions. 
There are several important forms, including that 1iroposed by Bessel, but the two forms of a1>paratus 
8pccially referred to in this notice may be defined as follows : The invariable pendulum is a plain bar 
ha\ring near one of its ends a knife-edge by which it is sus1><mdcd. This form is usually employed as 
a differential instrument, and for general use it therefore requires t-0 be swung at a station where the 
force of gravity has been ascertained. Ent the reversible pendulum carries a knife-edge near each 
of its mul8, and it ma_y be swung from either. By means of mo\rable weights (the use of which has 
been generally abandoned) the reversible llendnlum cau be so adjusted that when swung by either 
knife-utlge the center of oscillation will coincide with the opposite knife-edge. The distance between 
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the knife-edges is then precisely equal to the length of the mathematical or Rimple pendulum 01wil
lati11g in the same time. A chief a<lYantage of the re\'er,.;ible pendulum iR that it eliminates the 
effect of buoyancy and resistm1ce of the air. The axes of suspension being inkrclumgeable, this 
instrunwnt is known also as the convertible pendulum. lf it ot:1cillates in a second of mean timP it 
is known a8 the fieconds pe1ulnlmn, and the force of grayit,y at the llla<~e may bt~ 1lt'dll<'-l~ll from ac<'n
rate measm·t:m1e11ts of iti:; length. If, as usual, it:o; oscillations do not exactly coincide with mean time, 
a small correction i;; applied to its measured length to giYe the true length answt:'ring t{) coi11ci<le111·e, 
and for that purpose a measure of the position of its center of gra\-it;v is requisite. The leug·th of 
the re\·ersible pendulum i8 one meter. 

111 the Appendix (No. lii), a paper by Assi:o;tant Peiree is p;iven descripth·<' of his peudnlnm
observations at European stations, and also a 8cheme for a history aml discussion of the pendulum 
and its relations to gravitation. 

AssiHtaut Peirce sailed from New York 011 thP :l1l of April, l?\7;}, HP pro<'.et'lletl at <mce to 
Bugland, where he a1•mertained that the Kew Ohsenatory is reganle<l as the initial point for British 
penclnlum-work. This ob,.,ervat<ff,\-, which i'I situated in the old deer-park at Hidunoucl, iH tlw prop
erty of the Urown, but the operations coutlt1cted there, wl1ich are dtiefly of a magnetieal arnl mett•<ff
ological description, ha\'e bee11 kept up b,\· tbe Hoyal Socit•ty, through a special comniittee, and also 
IJy the Hoyal l\Ietcorological Office. H. H. Scott, l'Sq., who din•cts tl1e .Meteorological Bureau, is 
also chairman of the Kew committee. The pendulums of the Grnat SurYPY of Iudia W('re 8Wnng- at 
thi8 obHPrnttm·.y, hoth luc'fiire aml aft.Pr the 01wrations in lmlia, the ohsPrYator~- being· oecupit>tl at 
fin;t by Uaptain Basseri dm-ing a year for this purpose, and afterward by Captain Heay_v,.,ide tlnr
iug a ,year and a half. It is believed that the pendulum.-; of l\Iajor-General 8ir Edw:ll'tl Sabine 
were also oscillated here; in any case, all the historical Euglish l•entlulmn8 an• here c<11Ieete(l, mid 
can he iswtrng at any time if nc>cessary. By the action of the Amer:icau minister, General i::khe111'.k, 
an application was made, through the British J<'oreigu.Oftice, for permi88ion to ex11eriment with the 
American apparatus at the Kew ObserYator;\~, and to this request a fayorable responst> was eYentn
all;'I· recwh-ed. Late iu Ma;\', 1875, Assistant Peirce proceeded to Germany, where a Bessel's con
vertible peudulum, having the length of one meter between the knife-edges and bdng a eopy of the 
instrument nse.d in the Prussian survey, had already been ordered of the ~Iessrn. Itepsold. It mn:v 
be mentione<l that the convertihle pendnlnm, which was i1n-ente<l hr Bolrneuberger, had hN•n :first 
serionsl,\- employed hy Kater. Ressel, however, detsC'ribed such an impron~mPnt as to pflf.d tl1e 
complete elimination of all effect of atmospheric resistance and friction. Long· after Besiiel's <h'ath 
this improved instrument was c-0nstrncted by Rcpsold, and wa8 adoptc>d h,r the Swiss snn·e~- and 
first used lw Professor Plantamonr, who developed the method of employing it. It iH now t•xclu
sivc>l~' uised on thP <'.011ti11ent of l~urope, and has recein~cl the unanimous sanction of the l11ternati01ial 
Geodetical A8sociatitm. An instrument of this sort had been ordere<l by the C'oaRt Snn-t>~- at the 
commence-mcnt of the pendnlu111-0perations in 1872, but owing to the Messrs. l{epsold heing then 
occn11iecl with iuepa.rations for the transit ot Yenus, the apparatus was uot complPtc<l nutil the 
spring of 1875. This is not tlte place for a11y rlPscription of thi8 in8trmnent, wl1ich was CX('cnfod 
with the co11summate art and precision for which this celebrated firm of mechanicians is distin
guished. '.L'Jtis instrument having been procured, Assismut Peirce readil;y obtained from Profossor 
Forster, the eminent director of the Berliu Ollsen·atory aml president of tlw Imperial HC'rman Corn· 
mii;11ion of \Yeights aml Measures, the permission to make all necessary experiments in tlw building 
of the Office of \Veights and Measures in Uerlin, upon the ver)· spot whc>re t11e determi11atio11 of 
Bessel had been made. This building has been erected expressly fo1· the purpose of making accu
rate comparisons of staudards of leui:.,rth. It iis built with very thick wallo; of hollow brick, am! the 
comparison chambers are lined with systems of fiues, tl1rongh which, by means of a11 engine in au 
adjoining building, hot air can be COiffeyed from a furnace or cold air from an ice-hou8e. Tl1i8 
building, which will serve as a model for similar huildiugs in other countries (as it already has in 
France-), is the mo8t suit.able possible pla.ce for pendulmn-experimeuts. The building, howeYer, was 
not sufficiently completed in the summer of 1875 to allow of pemlulnm-experiments being made 
there w the greatest advantage. It was thought desirable to make a careful compari80n of the 
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American reversible pendulum with that of Prussia. The celebrated g·eodt>sist, Heutenant-General 
Dr. Baeyer, the director of the Royal Prussian SmTey, who furthered Assistant Peirce's opera
tiomi in the most gratif.ving manner throughout his stay upon the continent, at once placed the 
Prussian instrument at his disposal, and the meter-scale of this apparatus, which had already be,en 
carefully compared with the Prussian uormal meter at different temperatures by Professor Forster, 
was submitted to fifty independent series of comparisons with the similar scale of the American 
standard by Assistant Peirce. Tliese operations, which yielded a Yery satisfactory result, lasted 
until July 7. Assistant Peirce afterward proceeded to GeneYa, where, upon the return of Professor 
Plant,amour (who was at first absent), arrangements were readily made for oscillating the reversible 
pendulum at the observatory of this city. Assistant Peirce had thus, at the outset of his opera
tions with Bt•ssel's 1wudulnm, the sig-11al advantage of receiyiug the counsels of the distinguished 
samnt who first introduced the use of it, and who has studied so carefully the methods of itis manipu
lation. Actual experiments were made u1wn seventeen days, between August 2G and September 
17. The method of making· the experiments, adopted h~· Assistant Peirce, llW;\' her·e he desc1·foe<l. 
It hm; hecu slightly modified from time to time, but its latest form is as follows: On the first day, 
the rigidity of the stand and the position of the center of g-ravity of the pen<lulum arc measured. 
The next day ·is devoted to comparisons of the pendulum and standard. The oscillations are then 
commenced; am] 110 memmres of the pemlnlnm are llllHle upon dayK deYoted to these 1•xpf'.rime11ts. 
During the swiI1ging8 of the pendulum the Hepsolds "firm<t'' is always forward. Hach day the 
pendulum is first swung with the heavy cw1 np, tlien with the lw:iY.Y cud dow11, all(l then with the 
heav;\· end np agai11. Two such sets of experiments are sometimes made in one day, hut this is 
considered rather ol~jectio11ahle. Aftm· four such sets, tlw pemlulum is i·emeasured the nt>xt day. 
A dtLy is then <levoted to remeasuring· the frame of the stand, to interchanging the knife-{'dges, and 
to determining the center of gravit,y before and after this change. In intercl1a11ging tbe knite
edgel'l, they are never nwersed end for end_ A day is then giYen to me;1suring the pendulum. 
Four more 8ets of 8Wingings are theu ma<11:1. The pendulum is then again measm·ed as before, and 
then the detnminations of center of gravity and flexure are repeated. Fifteeu days might be occu
pied hy such a determination, bnt in praetice it is necessary to vary the proceeding more or less. 
The times of mmillation art> tlet.ermiuell by ol1seiTi11g transits of the pendnlmn across the web of a 
telescope and registering the time n11on a chronograph. One hundred transits arc observed each 
time, and in one of the following orders : 

A. 25 transitR from right to left, then r;o from left to right, then 25 from right to left. 
B. iiO transits from left to right, then 50 from right to left. 
U. 50 trausits from right to left, then 50 from left to right. 
D. 2,; transits fi·om left to right, tlwn ;j() from right to left, then 25 from left to right. 
Choice is made between thes•~ methods, so that t]1e sig11als will not iute11'ere with the two-secxmd 

breaks of the chronometer, which affect the same pen. Four sets of transits are so taken tltat at 
tl1eir mean times respectively the oscillations of the pendulum have the halt~amplitudes 2°, li0 , lo, 
and zo. Different eye-pie.<ies are used with magnit~'ing powers nearl;\· iuversely proportional to the 
amplitmlei;, i;o that the apparent velocity shall remain constant. 

The ohserYatory of' Geneva is a small building with one main room, opening b~· large glass 
doors to the north and south. The floor is of asphalt, and the instrument rested upon the floor. 
There was necessarily more or less walking ahont, and several Yisitors each <lay entered at the gfa.'!s 
doors jui;t mentioned. Assistant Peirce received eYery ]Jossible assishtnce and attention from Pro
fessor Plantamour and his assistants, hut it is neces1mry to note the fact that tl}e }>lace was hardl;y 
suitable for such operations. Observations of time were made by the asl'listants of the observatory. 

At Geneva, Assistant Peirce set up a micrometer in front, of the pendulum-stand, and hy means 
of a weight passing over a pulley, whose friction was determined, he measured tlie flexure of the 
support of the Jlemlnlum, and determined the in11>ort.ant correction, amounti11g to onir omm.2, to he 
applied to the length of' the Reconds pendulum on account of the swinging of' the stancl from side 
to side a~ the pendulmn swings. 

Proce-0ding to Paris, Assistant Pefrce had the honor and advantage of attending the sittings of 
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the International Geodetical Association and of its standing committee, which met in September, 
1875, in the palace of the Ministry of Foreign Affairs. The whoh .. suuject of the pernlulum n'cein·1l 
a thorough diiscussiou, aud a resolution was unanimously paisscd expreissiug the 8~YJnpathy and inter
est of the associatiou iu the expedition of Asisistant Peirce. The reYersihle peutlulnm 11ad unfor
tuuately sustained grieYous damage in transportation from Parit:i to Geuc,a. Tims one of the gTea t 
adYautages of thiis iuist.rumfmt reeein~d illut:itratiou; for if it Jiau heen an inYariahle }Jendulum, the 
COllll(;ctiou betweeu lH'lWious and suusequent operations would have been entirely destroyed; whereais, 
with the existing construction, the penduluru had only to be put again in condition in order to gin; 
result is perfectly comparable with those whid1 had goue before. Duriug the iuteiTal created by thil\ 
aceideut the Genent obseryation8 were completely reduced. 

Permission was gnmted by hi1; excellenl'y l\L \Yallou, :'.\Iiuister of Pulilic Instruction, ". orsltip, 
and the Fine Arts, for oscillating tlte American pendulum at the obserYat01·~- at Paris. 11. LeYerrier 
afforded eyer,y assist~mce; aud the uperatiorn; were comlucted iu the great Salle du :'.\Ieridieu, where 
the pendulums of Borda, of Sabiue, aml others had preYiously ueeu swung. The experimeuts were 
comlucted iu the recess at the northern eml of this hall, and were made upon eighteen days, between 
January 18 and February ~H, 1876. The standard dock of the obiserYatory wais made m;e of, and 
its corrections were furnislled by the obiserYatory. ::\I. "' olf, the well-k11ow11 astronomer attached 
to the obiserTatory, to whom the arrangements for the expcriment:s were intrusted by the illustrious 
director, rendered Assistant Peirce in the most gracious manner all the aid that this maguiticeut 
institution could furniish. 

Ou the conclm;iou of the experiments in Paris, Assistant Peirce again repaired to Berlin, and 
as soon as the great comp:iring chamber of the Bureau of "Teights and ~leasures was read,\·, experi· 
ments were commenced there upon a pier }Lt the northern end. ~.\.s before, eYery possiule aissistance 
was received from Professor l<'orster and Lientenant-C'reneral Bae;ver. The experiments wm·e made 
upon twenty-four day8, from April HI to June 6, 1876. A clock was fmnished by the obserYatory, 
which was compared with the normal clock whose corrections were fornished b~· the obserYator~-. 

A istamlar<l meter with 1i11es and also cylinders for comparison with au end rueasurt• was, at a 
subsequent Yisit, furnished to Assistant Peirce by the Imperial Commission of"' eights and l\feasures. 

After the experiments in Bel'lin, a fayorahle response haying· been receiYed to the application of 
As:sistant Peirce for permisision to make his experimeut8 at the Kew Obse1Tatory, he went to En
g-huHl and commenced experiments without delay. The obser\-ations commenced in ,June, and were 
finished in July. The time was observed br l\fr. He11ry Farqnliar, with the transit of the obsernt
tor.r, aml four chronometers were kept ruuning at once. 

l\lr. Peirce aITived at Bosron August :w, 1876. He is at present occupied in completing the con
nection of the determinationis of graYity in Europe and America. 

l\1AG NE'.l'IS~I. 

In the operations of the survey from year to year, determination:-; have been ma1hl of the Yari
ation of the compass or magnetic declination, and also of the dip of the needle and th(' mag1wtic 
intem1ity. Part of theim observations were merely incidental to the prosecution of other branches of 
the work, but in th.at wa~· much informati011 has been gathered, and this from time to time has been 
combined with data from other somces for the.means of marking· our coast charts with the Yariation 
of the compass. To this prime necessity in the interest of navigation han~ been added in later 
years increasing inquiries in regard to the bearing of lines in land-surveys of old date. Xmuerous 
inquiries of this kind haye been answered at the office, but thus far the means for precision ha Ye 
been limited by the scarcity of observations in the interior. In the course of the coming year it is 
proposed to select and occupy such iioint.s as will most eftectually combine with those at whicl1 the 
varia.tion of the compa,ss has been already dckrmined and thus to gain, as early as possible, the 
means of tracing lines for equal magnetic declination from the interior across the coast and with 
assured accuracy to continue them out to sea. On sketch No. 2 all the magnetic stations occupie1l b;r 
Coast Snrvev obsen·ers between 183~~ and 1877 are marked. At all of these the declination, aml at 
most of the~ the magnetic dip and intensity have been determined. Several of the stations have 

S. Ex. 37--2 
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been reoccupied for the Rtudy of the RC(mlar change, and theRe are indicated in the Rketch by a larger 
dot. ln m~- next mmnal report such 1;tations aR it ma;\· ue practical>le to occnp;y in the interior 1lnr
i11g tlie fiscal :rear '77-'78 will he imlicated in a Rimilar sketch. 

LONGI'l'UDE. 

The first notice pulilislie(l by the Com;t SnrvPy in regard to the use of the electric telegraph for 
geodetic pnrpos<>s appears in the Coast Surn•y l~eport for 1846, in which the methml 1leYised l1y 
otlicn,- of th<' ( 1oar;t Snrncy for determining differences of longitude is fully descrihed and where the 
first re8ultware giYen. 

'l'heRe gan\ 1liifore11ce in ti1rn• to the tenth of a i-:econd between the N:wal Observatory at \Vai-:h
ing-ton and the Ilig1t Sehoo] Ohsl'l'Yatory at Philadelphia. Ju the course of a fow years all the detailR 
rPqniRit<> for the nt1110,;t precir;ion \Wrc completed in tliis office, a1Hl all waR iu readineRs when the 
opportunity was afforile<l for d\c'termining hy tllat method the difference in longitude between pointR 
iu Arnnica aud Europe. 

At this day this method e1~joys extreme fayor on account of its simplicity in theory and the grPat 
accnnH\'> iu it,; l'PRnlt,;, iu .Europe aR well as in Amerir'a, as shown by its wide-spread application. 

On sketch Xo. 3 all Rtations of wh iclt the longitncleR han• been determined by thf' snrYey through 
th(; rnPan,; of tilt' Pied ri1· telcgTilpll het\Yee11 the year 1846 and the end of the present year are marke1l 
'fltc co1111eetion hy tel~·g-1·aph between the station . ._ is indicated hy broken lines. 
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PART II. 

The abstracts which follo\Y nuder l'eparate heads are arrm1g<><l ill geoµ:rapl1ica] onkr. l •q:dmiiug· 
with me11tiou of WOI'k done on thP eoast of ~1ai11e, and elo;;iug ·with notiees of work 011 tltt' com;t of Texas. 
For the Pacific coa:o;t, the ahstraet:o; will mention first the 011e1·atim1" near Sau Diego, all(! Jll'Ocet·1li11g· 
uorthward, will clol'e with a descriptio11 of the operations in \\'axl1i11gto11 Territory. .Appeuclix ~o. 
1 shows, in tabular form, the distribution of smTeying; parties in the conTS(' of the fbeal year e11di11g 
June ;m, 187G, arnl sketch So. 1 <ixhihit,.; in a general way the 1uogress so far m:ule i11 the main 
branches of tlw ,.;nrYt>.r. In tlw couclnding chapter of the report will be found a brief f'ltatenwut of 
tlw work <Jf tlw year in the office, of which the dt>tails ltin-t> heen conducted a,; heretofore by As;;istaut 
.T. E. Hilganl. 

The h:·•drographic inRpeetor of the Com;;t Surye_y, Commander Btlwanl P. Lull, r. S. :X., ha,; 
earne,.;tly co-operatc>d in the arrangements necclfnl for :;;ndt of the parties as requirl' n~ssels. \Vithiu 
the :vem· three Rteamers, three ischoo1wrs, a srnall Rteam-cntter, :md two stearn-lanndH•:-: haYc hccu 
complctetl and equipped in aceordauct> with plan,; deyii,iecl to instue tlwir efficieuc.'· in the ;,;erYk(• for 
which each of the Yes:seLs wa,.; desigued. Of the old Ye:o;sel:-: entirely \Yorn out iu the sen·ice, seYen 
Jiave been sold within the rear. 

Lieut. 11. E. :Nichols, U. S. X., remaiiwd ou dut,Y until tl1e 17tlt uf Dl•cember. After performillg 
the special serYice for ·which Le was then detached, Lil·ntemmt :Nichol,; was rcassig1wd to tlw H,'1-dro
graphic Hh·hdou 011 the Hith of ,lmw. All the original h,'l·tlrographie xl1eeto; arP earefllll,\- t,x.amiuPd 
iu thii> Division in ad Yance of heing regfatered and depoRitecl iu tlw archin'R. 

SECTION I. 

ATLA .. ~TIC COAST OF MAINE, NEW HAMPSHIRE, MA88ACHl'SETTS, AND IUIODE ISLAND. INCIXDIXG 
SEAPOHTS, BAYS, A2'1D HIYEHS.-(81rnTCHEt> No,.;. 4 A:'.'W G.) 

lfyilmgrrtphy, Gulf of Jfainc.-TJ1e p:nty in chargt• of Lient. Commander C. n. Sig:-:het>, l'. S. X.~ 
assistant iu tht> Coast Sm·n'y, with tht> ;;foamer Ulakl', was in eff('ctiYe condition 011 the eoa.-.:t of J\Iaiue 
ill Jul.'·, 187ti, and resumed hydrographic work late in that month on Caslie's Ledge. Spt>cial attt•ntion 
was first given to the <len~lopnwnt of the Yicinity of Arnmeu's Hock on this ledge, determined hy Lieut. 
C. H. Ua\is, l'. S. N., assiRtant iu the Coa;;;t SnIT('Y iu 1848, and 11a1-ing as little-\ as twenty-six ti•d 
of water. Another rock was fom1<l hy I~i<•ntenant-CommaJl(ler Sig;,;bee, nml itl" carefully (ktennilwcl 
poi-iition proYed to he about fonr miles Ronthwest of th(' place aRsig·ued to Ammen's Hock. The 
cl('ptli at mean low watt>r 011 tlw 1·ock last fonnd is five fathom:;;. ( ~llITt>llt-ohserYationH wPre l'l'('tmled 
while the pa,rty was eng·aged in this work, -whid1 was prosecuted with freqlwnt iufrrruptim1:-:, the 
W(•ather being geuerall~· either foggy or stormy. Early in Septemlwr, and after riding ont a xen•n• 
gall- of sm'eral days, the steamer returned to Portlancl, ROtmding at iut<>n·al:-: on tht> line lwt\Ye('ll 
that port and Uashe's Ledge. Later in the month Lieutenant-Uommarnler Sigshet' rep:•ated ;;ournl
ings on the same line, passed around the ledge, and eontinued soumliugH toward }latinien:-: H1wk. 
From thence it was intended to extend the deep-sea work by it line acroHs George\; llank, hut tl1e 
weather proved too stormy for coutinuiug below Jeffrey's Hank. Soumliugs were n•pt•ated 011 thi1; 
line on the return to :Matinicus. During a St>vere gale which followed, the steamer n•mai1wtl iu 
n.ockland Harbor, lmt operatiom; were resumed near 1\Iatinicm; ou the 20th of S(•ptemh1•r. A line 
of soundings was extended southwanl aud westward, and then i-iouth wanl and eastward to a position 
on the line which had been prcYiously carried south of Matiuicns, and tllence tmwm·d somuliug;; wen.> 
recorded to the southward of George's Hank, a depth of 1,171 fathoms being- found where tlte work 
was discontinued. There a line waR commenced and continued to Hea~l Harbor ligllt-houi-ic, and 
from the end of this latter line soundings wern carried to Cape Cod. 

Lieutenant-Commander Sigsbee reports that in crossing George's Bank, some of the souudiug,; 
gave as little as 10 fathoms of w~~ter. 

Intending to com1llete the hydrographic stirYey of the vicinity of Cashe's Ledge, the sfoamcr 
was employed early in October in sounding on a course between the ledge and l'roYincetown, to 
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which harbor the vessel had been forced for shelter from a heayy gale. But on the i1ight of the 3d 
the wind and sea having increased so as to make further somulingR impracticable near the ledge, 
the course was changed an<l a deep-sea lim• wm: extended toward Citpe Porpoise. The heavy weather 
which had prevailed almost continuously ha,·ing constrained the postponement of further operations 
in hydrograph;\·, Lienteuant-Commamler Sigsbee proceeded with the steamer to Portland and made 
anangements for completiug the office-work resulting from the service pe1furmed affoat. Snrfa,ce 
eurrents were observed generally at all the positions at which depths were determined. The clevices 
perfected by Lieutenant-Commarnler Sigsbee for soumling· at sea with wire haYe been applied with 
uniform success both in thiR section and i11 the Gnlf of :Mexico. His operations in the laist men· 
tioned quarter will be described under Section ,~III in this report. 

The statistics of work clone by the part.y in the steamer Blake on the coast of Maine, include 
records of temperature at the sea hottom, at the surface of the water, ~md at intermediate depth;;, 
and records of the density corresponding to each of the temperatures thus asceitained. Specimens 
of the water and of the bottom were sealed for future reference or investigation. 

The general hydrogmphic statistics are: 

Tuliles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ , ..... . 
Number of soundings . . . . . . ................................••........••. 
Currents observed (stations)..... . . . . . . . . .. . . ........................... . 

2, 065 
6G4 

65 

J,ieutenant-Commander Sigsbee was assisted in the l1;\·<lrographic operations here noticed b;v 
J;ieut. J. E. Pill!ibnry and W. 0. Sharrer, b;v J.Vfasters R. G. Peck and M. F. 'Vright, and hy Ensign 
,V. E. Sewell, F. S. ~-

Trian!1ulatimz and topography <if Placentia, Bay, ilfe.-In continuation of the plane-table survey 
of the coast of Maine, in the vicinity of Mount Desert Island, Assistant J. ,V. Donn proceedml to 
this section in ,Jul;\· with his part;v in the schooner Scoresby. In orrler to prmitle points for topo
graphical work, several stations were first occupied with the theodolite on Swau Island, and hori· 
zuutal angle;;; were measured t-0 determine b:r triangulation the relatiYe positions of Pond Island, 
Black IshLJl(l, Long Island, and others in that immediate neighlmrhoml. These were all sm\·eyed 
carefull,v with the plane-table in Augm->t and September. aud that work completes the detailt•d 
t,opograpl1.r of the islands of 1\-faine as far eastward as Mount Desert. Fogs prevailed early in 
Augnst, but the latter part of the season was more than usually favorable for progress. Tl1e 
statistics of the work are: 

Stations occn11ied . . . . . . . . . . . ......•.................. , . . . . . . . . . . . . . . . . . 8 
Angles measured . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . 135 
Shore-line surveyed, miles ..........•.... , . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . 109 
Uoads, n1iles . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • 13 
Streams, miles . . . . . . . • • . • • . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 21 
Area of topography, square miles .... __ ........... ...................................... - - .. ... .. ... ~3 

Sixty.eight islands, large and small, are represented on the plane-table sheet and the outlines 
of thirteen ponds. Earlier in the season the party of Assistant Donn was employed in Section II 
a1Hl subsequently in Se.ction III. Messn;. F. C. Donn and F. H. Parsons served as aids in the plane
table partJ·. 

Topogr<1phy of Blue Hill Bay, 1l.fe.-In previous seasons the plane-table suryey had been advanced 
eai;twartl hy AssiRtant W. H. Dennis to the Yiciuity of Blue Hill Bay. Field-work was resumed by 
a party under his charge in the middle of July, 1875, and was continued until the 20th of October. 
The ground mapped by the party include,s a breadth of about two miles along the western shore of 
Blue Hill Bay, and extending northward nearly ten miles or beyond the village known as Blue 

·Hill. 
Au extensh·e salt-pond and several post-towns are among the details represented on the 

topogra.pbical sheet. The roads following the course of the shore-line were traced as in all like 
crn.es, a.'\ were also the outlines of such rocks and ledges as were found bare at low water. Mr. 
Dennis was ai<letl in this section by Snbassistant H. w·. Bache and Mr. S. N. Ogden. Reference 
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will be made uJ1<ler Section Y to the ~nbsequent operations of the party. The statisti('.s of work 
done on the Rhon· of Blue Hill Bay are: 

Shore-line Sllrveyed, mileR. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -!2 
Hoads, rn ile;;; .................. _ . ______ .................... ___ .. ____ ... _ _ -1-:~ 

Area of details, sqnare miles. ____________ ...... _ .... ___ ..... _ .. ______ . . 20 

A1:1Rista11t. Demds found the weather more tha11 commonly fayorahk iu this Rection. 
II.11<lro_qra117ty (~t" I~fr au Hout Bay, Jlc.-Lil•nt .• T. 31. ffawley, r. S. X., assistant in tlH• Coast Sur

n•y, Railed frolll Boston 011 the 12th of .Jul.Y, 187;), with his party, in the schornwr G. M. Baclw. 011 
reacliing Portland tlu~ Rtnan1-la1111d1 Ragatlalwe was repairPcl for senice iu the hydrography, and the 
t,wo vesRelR arri\-etl at their site of work i11 the eastern part of fale au Hant Bay before th<> clos<' of 
the mouth. Stations of the triangulation were soon identified, and signals for tlw work were Het up 
without clelay. Frequent fogs and gales int.errnptetl tlw progre;;;,; of the part,\-, hut :<om11ling,.; 
were rnconled at all fann·altlP intervals 111Ltil the :!0th of Oct nlJPr. The h.nlmgraphic HlH•et rt,sulting 
from the work represents the water spa<w and depths to the westward of Deer J,.;le and between it 
an1l the we;;;tern ernhi of Bradlmry and Pickerillg falaml, and aR far to Routhwanl as l\lark falan<l. 
As mmal, the rockH and ledge;.: w·itbin working limit;;; were careful!.'- <leYeloped. Tidal obsern1tio11s 
were re,corded at, t'Yo Rtatimts for an ent im lunation, and at se.-eral tt•mporar:• r-;tationH a!' t11e work 
advancecl. In reference to the cuneut<' 11ear XorU1weHt Harbor and Green's Landing, Lieuternmt 
Hawley remarks: ''Although the riow and fall of the ti<le rtt theH(• placeH wrts conHiderahl!' there 
seemecl to be but little tidal current, veH;.;eh; ilffarialll.' swinging to the wind. In Rounding, the 
current;; expPrie1wt>cl w·t>re few, and tl1os<> Yery slight.'' 

The uott-om as developed hy the snnmling·s is Yery hregnlar, and wherP rocky is co\-ered with 
kdp. Iu the harhor of Deer fale the bott{)m is soft mnd, and affords excclknt anchorage. Afte1· 
elosiug work for tl1e season the ;;;tt>am-lamwh was lai'l np at Burnt UoYe. The 8chooner waR taken 
to Bitltimore and refittt>d for sen-ice on the southern coast. A synopsis of the statistics of ltydro
grapliic work iis thus giYen in the report of Lie11te1Jant Hawlf\Y: 

Miles run iu somuling;;; __ .. _ ......... ___ .. _ .... _ ... _____ ... _____ ........ _. :!70 
Angle8 measured_ ... _ . __ ...... _ . _____ .... ___ . _ .... __ . __ . __ . __ . __ . _ . . . . . . 1, 1-124 
Nnmher of soundi11gs. _. _ .. _. ___ . _____ .... ____ ....... _ ....... ______ ..... _ 19, 771 

During the wintl°r arnl spring of thP presPnt ti.Heal yPar this party was emplo;rnd on thP Gulf 
coast, as "ill he mentio11ed under the hea<l of 8ection VI. On the eoat1t of Maine, Lieutenant 
Hawley waR assistecl h,\- .!\-faster G. L. Hanus and Bnsign J. ::\I. \Yight, U. S. N. 

Topography <?f Baplldure Rira.-For the com1>letion of thi;;; work As;,dstant Hull AdamR resmned 
operations earl;y in .Jul,\", 187t>, at tl1e limit of hiR HlllTP;y of the preeetli11g ;;eason. After mapping· 
the surface details in the Yicinit.Y of Northern llay and the reet'H and islands adjacent, a s<>cond plane 
table sheet was completed, showing the head of Bagaduce ]{in•r, '\\'alker's Pond, Herrid;:'s Bay
South Bay, the cont-our of inten-eninp: gromul, and the roads that tr:n-erse that quarter. Among
the features represented are the villages of Brook;;yilJe nnd ""est Brooksville and gritnit(~ qnanie;; 
in the neighhorhornl. The tlPtailell smTe,\· was complt>t<·d on the l::>th of Octoher. Mr. "". B. 
McOliutock serYed as aid in tlie field. In statistics the results are: 

Sliore-liue traced, milPs . . . . . . . . . . . . . . . . . . . . .............••..... __ .. _ . _ 32 
l{oacls, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . __ . . . . . . . . . . . . . • . .... - . . . . 50 
Streams, 1uileR . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .........•..... - 51 
.. A .. rea of t-O}lography, square n1iles. . .. .. . .. . .. . .. . . . . .. . . .. . .. ... - ........... - - - .. . .. .. .. .. . . ~8 

The plane-table sheet last referrecl to essentially completes tlw topography of the coast betwem1 
the Penobscot an<l Blue Hill Bay. 

ToprJ,fJraphy ~f I'enoh.~cot River, .ilfe.-The survey of the shon~s of 1he Penobscot was resumed in 
the middle of ,Tuly, 1875, by Assista.nt A. ·w. J,ongfellow at limits near Bucksport and \Yiuterport, 
which had been reached in the work of previous sea8ous. On the west bank the detailed topo
graphieal survey was extended upward;;; to Crosby's Narrows, abon~ tl1e Sow·1ulahscook Branch, 
which euters the rh-ei· about a mile aboYe Hampden Upper Corner. The work 011 the east !Jank was 
carried to a corresponding limit in the town of OITingt-011. On both sides of the Penobscot, a mar-
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gin aYcraging rather more than a mile was mapped in detail, giviug a considerable aggregate of 
emit-Our at the tmvns of "\Yinterport and Hampden, aml also along· tlte east 8ide of the riYer. The 
el1aracter of the topography is diversified; but the prominent featm·ps on the phtne-table slwet sl10w 
arahle and wood larn1 along the valley of tlw Penobscot and the roads, farms, and surface character
istics generally. The sun-ey was contiunell until t.he 4th of Xovember, but with many iuterruptiou:,; 
of bad weather during the latter part of tlte 8ea:,;on. AssiHtant Longfollow was aided hy l\Ir. "\Y. C. 
Hodgkins. The statistic;; of work are: 

Shore-line snryeyed, iuile~ . .. .. . .. .. .. .. . .. ................. - .......... - . .. . . . .. .. .. .. .. ... .. .. .. .. . .. . 25 
S trearn;:;, nliles ... _ . . . ..... _ .. _ .................... __ - •.. - . • . . . . • . •.•.. _ . Ju 
ltoad8, n1iles . __ ...... __ ... _____ .. _____ ..... _ . ___ .. _ . . . . . . . . . _ ...•.. _ ... _ . -13 

An~a of topugraplty, s<11tare miles ............ _ . . . . . . . . . • . . . . . . . . . . . . . . . . • . 18 

Tiifal of)serrntiun11.-At Xorth Han•n, on one of the Fox Islaud8 in l'euobscot Bay, :m exc<'llent 
serie8 of tidal a111l metPorolugi<•al obserYatious hegnn in 1870 has bee11 conti1111ecl through the fiscal 
year hy ~Ir .• J. G. Sp<tulding. The self-reg·ulating gauge there in use i:,; oue of the best, and being 
1n·oyided with mean!' for circulating hot water through the tloat-box, the register has ueyer IJeen 
stopped by freezing. "\Yheu stopped at short interntls occasionally f(1r repairs, the series of obsern1-
tion;; han~ been continued by means of a staff-gauge. EYer.v high watm· arnl low water from the 
begirn1i11g amwart-1 011 the record of this station. 

Coast Pilot.-Tlw work of compiling and Yeri(ying sailing;-directious ltas been continued by 
AHsistant ,J. S . .Bradford with a party in the schooner Palirrnrt18. That Ye&'lel sailed from Norfolk 
011 tlm l:Hh of .Jul,,-, lffl;i, arnl co11ti11ued work i11 the viciuit_v of Xew York until the 4th of Septem
ber, wl1e11 tbl' part;\· war; transferred to the coast of .l\Iaiue, the season being theu favorable for taking 
the 'iews needed for charts. All points of intcrrn;t about l'as8amaquoddy Bay were sketched by the 
draughtHman, l\lr. John R. Barker, previous to the middle of September. At Eastport, where the 
strength of the tidP wa8 such a:,; tu make it doubtful whether the I>aliuurus would be of service, 
Capt. Da,id E,·ans cordially knclered the use of the reYenne marine steamer LeYi "\Voodbur~·. and 
·with that, Yessel the work in the vicinity was well and quickly done. 

Between September 24 and the 20th of October the party was fully occupied in reYising the first 
{~dition of tlw Coast Pilot and making Yiews of the coast between Passamaquoddy and Penobscot 
Ba.rn. Tltirty-seren ,-iews of intervening parts of tlrn coast were completed lolatisfaet.oril_y. 

Broa{l Cove Hock iu Portland entrance was examine(l on the way southward, its crest haying 
bceu report-0d as hare at extreme low water. Careful solllldiugs IJy tile party in the Paliuurus deYel
opell nothing less than se,·en feet at low water. Proceeding direet to .Boston Harbor close inspection 
wa8 made by A8sistaut Bradford of the harbor improYements aml alterations, and c01Tes1>omli11g 
chauges were made iu the manuscript of tlte Uoa:,;t Pilot. At the end of Octobe1· the Yessel left 
B()stou and ret1m1ed to New York. 'York done in the Yicinity of the last-named port will be stated 
undur the head of Section II. 

On the coast of Maine two Yiews were taken of approaches to .Eastport; one showing the 
"-ol\·es (in t11P waters of the British province:,;); two of Little River, Mc.; two of .}Iachias Bay; one 
of the entrance to I..ittlu Kenuelwc Hiver; oae of Englishman's Bay; two of l\IIoose-a-bec lteach; oue 
of thc ap]ll'oaehes to Ilea<l Harbor; two of ~arraguagns Bay; two of Petit Manau Island; two of 
approachct-i to Frenchman's Bay; one of Mount Desert Eastern Pass; two of approaches to Sonth
weHt Harbor; one of Bass Harbor; oue of Blue Hill Bay; one of the entrance to Bm·nt Coat Harbor; 
two of Isle an Haut; two of Eggemoggiu Reach; two of Deer Island Thoroughfare; two showiug 
outl~·iug islands of Penobscot Bay; two of Penobscot entrance; two of Fox Island Thoroughfare; 
one of Belfast Bay; and one of the Penobscot River entrauee. 

Lieut. C. A. Bradbury, 'G. S. X., was attached to the i•arty in the Polinurns, and succeeded to 
the charge of the \'essel in December, as will be referred to nuder the head of Section IL 

Co(ffi<'irnt of rc/racii-On.-Valnaule series of obserTatious were reco1·ded in .Tnly, August, aml 
September, 1874, at Haggml l\Iountain, uear Camden, Me., and of these mention was made iu my last 
anuual re11ort. Assistant .F. vV. Perkins then determined the ele,·atiou of six points b;r running lines 
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with the Rpirit-level from tidal bench-marks in the yicinity of Penol1scot Ba~-. Two of theRe hcightR 
were proYed by the nse of the harorneter arnl by meai'lnremcntR with the Ycrticul l'il'l'i<>. 

In October, 187fi, Assistant Pf'l'kiuR returned to the primary-station point 011 tlw ;.;nmmit of 
Hagged Mountain, and repeiited his meaRm'ement for heig:ht with the i:;pirit-level, extending t1tl' Iiue 
to tht' tidal bench-mark itt Uamdeu. The records of work (lone h:y )fr. Perkin" at that point of thl' 
primary trim1gulation show th<' hourly obi'lerYation of ze11ith dh•tanees a:-i mca1'llrell upo11 ontlyi11g 
Rigual;.;, the height8 of whic11 ahm-e ;;ea had been prl'Yion8ly <letermined. TlteRe nwaBnl'l'lllClltR 
were originally made bl"tween ;i a. m. awl 7 p. m., and another RericR ou 011ly om· object duri11g the 
inten·euiug hours of the night, to give means for iuyestigating the Jaw of Yariatiou in at1110Hphcric 
refraction throughout the twenty-four honns. Series of hourly haroml'tri<· ohsnyations Wl'n· n'conlt·d 
hetweeu Ga. rn. and 6 p. m. at lfag·gwl :\louutaiu, at :\fount l>eRert, au<l al1w at \Yhite Head light
honHe. These am1 th(' data aft(irdell by tile othn ohserYatious lwve hl'en Rul~jected to diseuR<sio11 h;Y 
Assistant C. A. Sl:'hntt. The results fonn<l are give11 iu the Appendix So. 1 j. 

Trim1r1ulatio11 in JYi:;u: Halllj).~/tire.-On the fat of ,Jmw, 187r., J>rof. E.T. Quimby, of Dartmouth 
CollegP, took the :liPld for continuing this work, au<l deYott'd 1'0llW da;.·R to n•cmmai1'1'a11ct,, i11 whieh 
Riguals wen~ ~mt 1111 at 11e\\- secrnulary point,,, a111l snd1 at< ha(l ueeu mo1·L' or J(':-;R tli.-;tnrlie(l hy Uw 
;;tonnH of thP prece(linµ; wi11ter \H'l'l' ruljui-;tetl. Stations \n•n· HlltlP(l to tl1e 1'l'heme at Stowell Hill 
i11 Hockinglrnm, Y t.; Hawk'R :\l01111ta i11, i11 Baltimore, Y t.; .l\lonut \YaRl1i11gton, aml the uunmtaiu 
named 8ta.rr King, iu :Sew Hampshire. The attention aml btbor reqniRite for t·Jeariug- thP liHe8 of 
sight were gin~n at the outsd of the seasou in mh-auce of n·~mmiug augular uwat-lm'ement,,; at eitl1er 
of thP Rtatiowi. These were eomnH'lWe<l at Croytlou :\Iountain earl;y in .luly, and tlw horizontal 
augle;; centering :it that station "·ere completed h;y tlie ~d of .August. The folhrwiug extracts f'ro111 
the report of ProfeRsor Qnimb;y contain a dear statement of tlw progres:-i madP, and a gratifyi11g 
reference to the incidental co-operation of l'rof. C . .A. Young, the able astrouom<>r, also of Dartmoutl1 
College: 

"Besides the nRua.l obRen·ations of direction with the 24-inch theodolite, and measurement of 
vertical ang-les with the vertical circle, seYeral eYellings were employed iu rpcording aRtronomical 
azimuths for which the station on Croydo11 Mountain afforded some peenliar facilities. By the 
courtesy and kindness of Professor Young we wen• enabled to make ou1· station near thP observa
tory iu Hauoyer, an elongation mark, thus gaining adyantage in <liRtmwe, and saving the tiuw of 
observing: au extra point in our day work, On each eveuing on ·which azinrntl1 waR oh;;ern~d Pro
fessor Young- sent the true time for (leterminiug tl1e error of our chronometer, tlnrn saving UR tlw 
troubh• of observations for that 11lupose. The in'ofessor, moreon•r, faYore<l us h~- a personal visit 
one m-eniug, and b;y valuable assiBt.auce in the seriefl of observations then recorded. 

"After the completion of work on Croydon, the ca11111 and instruments ·were immediat(•l.v moved 
and were reset on Bald Ledge, in Monroe, .lS. II. On account of the long lines to be obserwd from 
that station, and the very unfavorable weather, the observatirnrn were not compkted till Sepkm her 
22, when the instnunents were transferred to Observatory Hill for supplementary measm'L'llH'nts 
needful at that station." 

A synopsis appende<l to the field-report gives as statistics of the work: 

Signals, &c., observed on .. _ . _ ... __ ... - ........ - ........ - - .. -.... - ... - .. - - 101 
Number of observations ..... _ .... _ ................ - ......... - - . - ..... - . . . 2, 220 
Observations with vertical circle _ .. _ .................. __ . - .. - ......... - . . 1, r,24 

Twenty points were determined in geographical position in the cour8e of the season. l'rofo,;1;or 
Quimby took the field again in June of the present year and will prosecute triangulation work dtu
ing the summer. 

Tfydrograpliy of the approachf'n~ to Saco Rii~cr, j}[e.-The supplementary soundings m•.eded for com
pleting a chart. of the vicinity ahoYe !Lml below Fletcher's Neck were begun on the 12th of'Octol)er by 
Assistant F. F. Nes, who had preYiously in tlie seaRon worked at two other localitieR between Sew 
York and Boston. Off Olll Orehanl Beach sonH1 of the requisite lines were run, <md at iub,rvals 
pmvious to the eud of the month, the hyllrography waR filled in near Fletcher's Neck and \Ylmle's 
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Rock Ledge. Additional work intended was lai'l a8ide in consequence of the 8f'YN't~ illness wl1ich 
compelled the return of Mr. Nes. Tl1e 8tatistics oftlte wurk done are as follows: 

Miles run in 8om1ding. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
.A.ugles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34i 
N umuer of soundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 328 

Tiila/ obserMtions.-\Vithin the year ending June 30, 18i6, some interruptions and se\·eral sl1ort 
stoppages occurred iu the series of ti<lal ohse1TationR at llostou ua\·y-~·artl, nuder tlie charge of Mr. 
II. Howland. The gauge is one of the old form, aml was furnished with heating app:tratus, but 
tlwngh not loug used at the location, mud Juul accumulated at'Olutd the ffoat-hox, rendering the 
:wtiou of the ffoat uncertain. In NoYember, the ilrntrument was moved to the wharf on which it 
had been rn.;ell formerly. The chang:c proYed a<h·antageous, and further means will be taken to pre
serve the continuity of the series. Meteorological obsern1tions luwe llecn recorded at that station 
as heretofore. 

L(fe-sm·i11g .~tation.~.-The expediency of marking the original topographical sheet;.; of-the Coast 
Survey witl1 tl1e pmdtions of all the lifr-saYing station" haYing been decided upon in eouference 
with foe im;pector, Capt. ,J. H . .:\-I:errymaa, of the Unit.ell States HeYenue J\1arine, direction was giYeu 
to that effect. The details of the .serTice were intrmsted to AHl'istaut P. H. Gerdes, who proceedt><l 
iu the middle of ,July, 187;J, to Hockland, :\fe., accompanied h,\' Mr. C. II. Sinclair, who aided in the 
ob:,.;ernttious requisite. The detenninatiou in position of each of the 94- station!' hetween Qnorld,r 
Hl,ad and Cape :Maj· was made h,r various methods. ''As soon as the general localit.Y wa8 ideu tified 
on the maps, augnlar measurements were taken on pennanent ol\jecti,;, such as light-houseis, old 
buildings, sha111 poi11t1S of topography, aud particularly on stations that had been occupied for tri
augnlatiou in the Coast Sur\-e,\". Linear mPa1Sm·ements were in all cases to ol~jects that were not too 
remote from the life-siwing- station, and the general topography was referre<l to when that on the 
plane-table she{it :showed that no change ltad occurred in natural features." l<'or the present, sta
tionil were pa1-;sed b~- at wliich uo refereuet·-points have b<mn as yet determined ; but these will in 
time be inclu1led, when the po;,;iti011i,; can be ascertained incidentally and without incurring an.r con-
8iderable outla~-. 

Tlte report of Assistant Gerdes at the end of the season was accompanied by two quarto note
book8 containing his field-records aud sketches, and the angular and linear measurements made iu 
the progress of the work. At the office, the note!' were carefull.Y examiue(l "ith respect to the lati
tude and longitude as,.;igned for each of the stations, and the result, when accepted as complete, was 
ap11lietl in Pach case with a note of the date on ·which the determination was made. 

Hyclrogra11hy ·1iear Plymouth, Jfa.~.~.-In tlie Yicinity of Plymouth, J\fass., supplementary soum1-
ings were made hy AsRi.stant P. F. Nes, in September, 187fi. Acmss tlte entrance to Pl;ymouth 
Harbor the h;nlrograpl1y was reYised, and also along tlie eastern side of the spit, between Pier Head 
Station and Clifford Honse. Further eastward, soundings were made along tlte shore from Rocky 
Point southward to Manomet Point, including the Yicinity of vVhite Horse Rock. Five shore-sig
nals we1'e erected for this work, and angles were ouserved on thirty-nine 8tations. The ordinary 
lt;ydrogrtq1hic statistics are: 

Miles run in sounding ................. _ ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
Angles with sextant ......................................... __ . . . . . . . . . . 367 
Number of 80nudings ........... _ ....... _ ..... _ .. _ .......... _ ........ _ . _ _ 4, 413 

\Vhile prosecuting the snpplementa,ry soundii1gs, observations were recorded for determining 
the level of mean high water, and also that of mean low water. 

Assistant Nes was subsequently engaged in similar work on the coast of Maine, as already 
mentioned, and previously on the coast of I .. ong Island, as will he noticed under the head of Sec
tion II. 

Plymouth Harbor, Mass.-Assist.ant Henry Mitchell has pointed out, after comparing old and 
new maps of the vicinity of Plymoutl1, that a very large deposit has taken plaee in the outer road
skad, south of Brown's Island, since the visit of De Mons and Chmnplain in 160.5, and an equally 
remarkable deposit in the main ship-channel since the survey of Charles Blaskowitz in 177 4. 
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Ju Appendix No. 9 is ginm for purposer; of reference hereafter the condition of this port for tl1e 
two early dater;, compared with tl1e condition found b~- tl1e Coar;t Snrvey, allowing 0111~- the limitt•1l 
credit due to old maps in respect of accuracy. The fact that these deposits ha Ye been made il1 tlw 
deepest places without much alreration of shore-line (judging from. the old maps) has led Professor 
Mitchell to coueludc, as may be seen by his paper in the appendix, that part of tlrn mat:<:•rial has 
been bl'Ought into this Yicinity h.r the Bm'ltKtltble Bay cmITcnt, which he diseoYered and r<'portecl on 
when assi:-;tiug the Unired States commisKionem in 1860-'lil ou the propm;ed route for a ship-<'anal 
across Uape Uod. This cunent sweeps around the bay, pressing u11011 the western Rhore, aml from 
its low temperature is belieyed by l\lr. Mitchell to be an outcrop of a stream follmring tlle bottom 
on its way from the ocean. Suell a stream, it is evident, might moYe material along thl' bottom and 
cause a tleposit in any pocket, or re-entrant angle met iu its course. The localities most subjeet to 
cl1ange in the section here umler notice were isurveyed last in 18ri:3. A resnrve.'· not being nePcled 
110w for practical purposes, the ge1wral f'irenmstam~es affl>ctiug tlte Yicinity are put on record for 
action when the matter brought to notioo by Assistant Mitchell can he tested incidentally. 

Hydrography near ,lfo1unnoy Point, 1lla.~x.-\Yith the steameT Bache, a party in cliarge of Lieut. 
Commander J. C. Kennett, U. 8. N., assistant in the Coast Survey, commeuced soundings at the ea;;t€rn 
approach to Nantucket Sound on the :mtlJ of July, 187J. 'l'he hydrograpl1y wa;; extended north 
and south from the l'ollock Hip light-vessel ahont twelYe miles and twenty miles to seaward.. Inshore 
sounding·s were also made along the (~a;;tern side of :l\Ionomo~- Point, the work extending about fiw' 
miles along the beach, above arnl l>elow the light-house. Actiug Eusigu George Glass was attached 
to the party in the steame1· Bache. Hydrographic operations were closed on the 24th of September. 
The following s;rnopsis a.p11ears as stati:stic8 011 the working-8heet: 

J\<Iiles run in sounding. . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224 
Angles n1ea.sured. . . . . . . . . . . . . . . . . . . . . . . . . . . • .. . . . . . . . . . . . . . . . . . . . . . . . . 915 
Number of souuuiugs. . . . . . . . . . .............. _.. . . . . . . . . . . . . . . . . . . . . . . . . 5, 385 

After closing this senice the steamer waR refitted for the performance of duty, which will be 
referred. to in this report under the head of Section V l. 

Hydrography of the Handkerchief Shoal ( ri11e.1Jard Sound).-This work was begun by Lieut. R. 
D. Hitchcock, U.S. N., assistant in the Coast Sun·e~', on the 28th of August, 1875, with his party in 
the steamer Gedue~-, and was close-0 on the !Ith of October, after which <late the vessel was refitted 
for duty, which will be mentioned under the head of Section VII. 

\\T]1ile sounding mi tl1e Handkerchief' the tides were ob1'eryecl at Powder HolP, on the west side 
of Monomoy Point. The space soumled includes a.bout four miles of the south part of the shoal 
adjacent to the light-vessel. East and west the lines run in soundings averaged nearly three 
miles. The general statistics of the work are: 

Miles nm in soundings...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . 74 
Angles mea..surecl . .. .. .. ......................... _ ............ _ . .. .. . ... _.. .. .. .. .. .. .. . .. ... .. .. . .. .. .. .. . . . 270 
Nnn1ber of soundings...... . . . . . . . . . • • . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . 4, 8UO 

Lieut .• James Franklin, U. S. N., assisted in this service, and also iu Section VII. ~fosters 

John Hubbard, H. C. T. Nye, and ,J. L. Hunsicker, U. S. N., were attached t<J the i•art.r in the 
steamer Gedney. 

On the 1st of September liieuteuant Franklin was rescm•1l from imminent peril by Masters Nye 
and Hrinsickn at the risk of their own lives. Becoming· suddenly exha.usted while swimming, the 
lieutenant was swept astern by the tide. The young officers plunged overboard instautly, and 
though much exhausted in the effort, sustained Mr. :F'ranklin, who wa,,; then insensiblf', until all were 
taken from the wa.ter by a boat from the Gedney. 

In recognition of the prom11t gallantry h;\• which the life of their messmate was :saved, the 
Humane Society of Massachusetts issued sih·er medals, properly inscribed, to Master., Nye and 
Hunsicker. 

While sounding on the Handkerchief Lieutenant Hitchcock was iufonned that a wreck bad 
sunk on Pollock Rip in the track of vessels. Pmceeding to tlie place the wreck was found in seven 
fathoms, but dangerous while the spars held. A mark was placed to warn vessels from the wreck, 
aml notfoe was sent to the Light·Ilousc Board with recommendation for the placing of a buoy. 

S.Ex.37-3 
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Topography of Taunton River, ilftuN.-In continnation of this survey ARsistant A. M. Harrison 
resumed fiel<l-work on the 13th of July, 1875, below Fall River, and prosecutecl the topograph;r of 
the banks of Taunton lUver steadily until the close of November. Including the gTmmd mapped 
last year iu the vicinity of Somerset, when the tria,ngnhttion of tlie river was ach-am:ecl from Prudence 
Island to points within three miles of the city of Taunton, the plane-table work has produced seven 
sheels of which the details are full, and the scale ample for any purpose of future local improvement. 
In its pl'Ogreiss up the riYer the surrey included Assonet Ba,\- and Hiver, a tributary of the Taunton, 
tlie wharf' outlines at Fall Uiver, and the villages of Somerset, Dighton, Berkley, and \\reir. The 
inuuediate viciuit,r of Dight()n Hock was also mapped separatdy on a large scale, and such i>articu
lars of interrst coucer11iug it as JVIr. Harrison was able to gather by incidental research were embodied 
in a 8epamfo 11aper aud filed in the office. 

The ground sun-eyed along the hanks of the Taunt-0n presents the usual topographical charac
tmistics peculiar to a long-settled river-district. Contour-lines on the plane-tal>le sheets show suc
cessive elevations of teu foet along the banks as far up as Broad Cove. :Between Broad Cove and 
\Veir Village the lines were traced t-0 show each rise of five feet in ground above the water-line. 

ASRistant IIanison wai; aided in the field by Messrs. J3iou Bradbury and \\r. J3. French. The 
following are statistics of the field-work; 

Shore-line surveyed, miles .. __ .... ___ . _ ..... - ....... _ - ..• - - ... - _ _ .. _ .. _. 56 
.Marsh, creeks, and ponds, miles _ ..... __ . _ . _ . . . _ .... _ ... _ .. _ . . .... - . _ 54 
Roads, miles . _ .... __ ... _ ... __ ... _ ... __ . _ ..... _.. . .. - . - - . - ......... - . . 31 
Area- of t-0pography, square miles . _ ....•... _ ...... _ ... - . . . . . . . . . . . . . . . . . . 12!-

l\fr. Harrison is now engagecl in prosecuting the detailed survey in the vicinity of Taunton. 
Tidal obHermtwnH.-Fmm the self-registering tide-gauge lent to tlte city of Providence, records 

of four corn;eeutivc yeHrs, ending with the year 1875, have been receivell from J. H. Shedd, esq., 
civil engineer. These were accompanied with registers showing the tabulated high waters and low 
waters and tlw hourly ordinates. The series is marked hy frequent interruptions which occurred 
espech1Ily in winter, but will ultimately be useful for discussing the tides of Narragansett Bay. 
The instrnmeut is yet in use at PI'OYidence for surveys relative to a system of sewerage and otlier 
local improvements, and the expense attending the management of the gauge is consequently borne 
!Jy the cit.r authorities. 

Ligl1t-lwuse positions.-In continuation of similar work prosecuted in the preceding fiscal ;year, 
Assistant J. A. SnlliYan took the field at Greenport (Long Island, N. Y.) on the 1st of July, 1875. 
In the conrse of the l«'ason, which was clost>-,d November 8, following, the positions of twenty lights 
were determined between ·wood's Hole, Mass., and Greenport, N. Y. The determinations include 
the lights at Cedar Island, Lo11g Beach, Block Islaml, Faulkner's Island, Maul1asset, Ba.ss niver, 
Hyannis, Nantucket, l~rant Point, South Bay and North Bay, EdgartOwn, Cape Poge, West Chop 
and East Chop, Gay Head, N obska, Palmer's Island, vVing's Neck, and the light on "Bishop aml 
Clerks," a shoal off Hyannis. These are distributed at intervals in a stretch of ahout a hundred 
and forty miles along the south coast of New England. Exclusive of the permanent lights the 
positions of fonr light-ships aml of sixtRen fixed objects on laud were ascertained by observations 
with the the0<lolite. The general statistics of the work are: 

Signals erected ... - ... - - . . . - .... - ....... - ..... - ......... - .... __ . . . . . . . . . . 18 
Stations occupied - ..•............. - . _ ... __ ........ _ ... _ ... _ .... _ . . . . . . . . 2:~ 

Angular measurements with theodolite .. _ ..............•... _ . . . _ .. _ ... _ _ 2, 850 

SECTION II. 

ATLANTIC COAST AND SEAPORTS OF co:NNECTICUT, NEW YORK, NEW JERSEY, PENNS"YLVANIA, AND 
DELAWARE, INCLUDING BAYS AND RIVEHS.-(SKJ;Tc1rns Nos. 6 AXD 7.) 

Triangulation of Ooniieeticut R·i:ver.-In a previous year stations had been determined along the 
lower part of Connectieut .River. For extending the work upward Assistant R E. Halter took the 
fielll at the opening of the present fiscal year. He readily identified the stations at which the oper-
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ations had been discontinued, and selected others as high up as Hartford. Tlrnse in SlwceRsion 'wn•. 
occupied with the theodolite, and from them sul1sidiary points were determinell for use in tlw topo
graphical survey. The triangulation of the· river was connected with the primary work b~- occnpyiug 
Box Hill, a point well detm·miiteAl i11 tlm geneml triangulation of the coa8t of New Englaml. Fiel1l
work waR continued until the middle of Octoher. Mr. Hugh Caperton servtid as aid in tlw tria11gu
lation-Jlarty. The statistics of wmk are: 

Signals erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lG 
Stations occn1)ied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 14 
Sets of observations (six rer>etitiou8 each) ............... - - . _ ... - ...... __ r .............. • _. 5~5 

Number of obserYati011s recorded............ . • . . . . . . . . . . . . . . . . . . . . . . . . . . . G, G98 

Aftt~r completing the records and computations of his work, AsRistant Halter made arrange
ments for field-serdce on the coast of Texas, as will be mentioned under tlw head of Section IX. 

Topo,qt·aphical surre.lf north of ]\,~elf' Haren, ('onn.-Tliis work ha;.: lweu proseeutetl hy .Assi:-;faut IL 
M. Bache, with the aid of gr:uluates from the Sheffield Seieutifie Scl10ol. lu order to eomwet the 
plane-table suryey with the detailed topography of the harhor-8hores, a tertiar,Y triaugnlatim1 was 
matle to indmle the district between 'Voodbridge aud ::S-orth Jfayeu, and extending northward to 
Mount Carmel. Within that region lines were carefully run with tile spirit-leYel to an aggregate of 
twenty-two miles to establish bench-marks for cont-01ll'ing. The topograpl1y is in close <letail, and 
special care has been manifested in the delinea,tion of surface-features. .Assistant Bache took the 
field in Jul.y, 1875, aud prosecuted the sm·yey until the followiug ,January. The party wastliendis
banded, and the maps rmmlting from the field-work were inked and completed by the mid11le of Avril. 
In Ma,Y last Mr. Bache resumed the topographical surYe~-. Mr. Horace Andrews, as heret-0fore, 
served as principal aid, with other members of the Sheffield school, 8elected for their steady interest 
in the work. The details mapped in the course of the ;year make the followiug aggregate in sta
tistics: 

Shore-line of river, creeks, &c., miles...................................... 110 
Roads, iniles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:~8 

Area of topography, square miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Hydrography of C111nberland Slwal.-Betwee.n Septemlier 11 and 25, 1875, the passagl' ht•f.wet~u 
Plum Island and Gull Island, and to the northward aml eastward of it tlie rock,\· bed known as 
Cnmberland Shoal, were !'lounded b;y Lieut. C. T. Hutchins, U.S. N., "ith a party in the Kteamer 
Endeavor. Middle l~ck was plotted in position from angles taken with theodolites ou Little Gull 
light-house and Gardiner's Point light-house, and for verification the rock was occupied with a 
sextant for measuring the angle made there by lines leading to the light-houses. 

"Between 1\fiddle Rock and the ea.stern end of Plum Island lies between two rocks an old boilPr, 
part of the wreck of one of the revenue-cutters. The boiler readily offering for the purpose, its posi
t.ion was accurately determined, and the rocks were located accordingl;y on the ehart. Ju range with 
them, and about three hundred and fifty yards from the beach of Plum Island, a rock was found with 
only six feet of water on it at low tide. The channel between the island and Middle lfock is rock.)' 
and dangerous." 

On Cumberland Shoal the least depth found was 31: fathoms, in a poo;ition corresponding- to that 
assigned by Captain lkeese, U. S. N., when the United States ship Constellation, under hi::-1 com
mand, struck a rock off the east end of Long Island in the preceding year. Because of tlw limit in 
time available for the work near Plum Island, the state of' the tides was not recorded while the 
soundings were in progress; hence the depth here mentioned is to be umlerstood as corresponcliug to 
the reduction called for by applying a prediction for the stateofthe tide when tbat particular sound
ing was recorded. 

The statistics of the work are : 
Miles run in sounding ............................................. - .... - . 51 
Angles measured ................................................ - . . . . . . . 1, 574 
Number of soundings .................................................. - . 3, !!60 

Lieutenant Hutchins was assisted in this section by Master S. II. May and "\V. M. w·ood, and 
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by Ensign H. McCrea, U. S. N. The party ww; snbse,quent,ly in hydrographic ser,·ice, as "-ill be 
seen under t]1e hea~l of Section V. 

Tri,ang1dation.-In continuation of the field-work in this se-Otion, Assistant Richard D. Cutts, 
after nee-0.ful pre1>amtion, occupied .Mount Hafinesqne, near the eastern border of the State of New 
York, early in ,July. The aid in the 11arty, )fr. J. F. Pratt, as soon as practicable, cleared the lines 
of sight on the summits of Mounts Equinox and Greylock, and brought the respective signals into 
view from the theodolite-station. 

The measurement of horizontal and vertical angles was begun at Rafinesque on the 1st of 
August. ·vnwn the rt>cords were complete for that station, the 1mrty wa8 tram;forred to Greenwich 
Hill, a station about twent;\·-fin\ milt>s to tl1e northward, where similar series of measurements were 
recorded b,\- the 7th of October. A few days after the instruments were moved to South Adams, in 
expectation tliat the weather might admit of occupying the primary station Orey lock before closing 
field-work for the season. The summit of Greylock, however, was covered by snow on the 13th of 
October, aud no ready means were at hand for the transfer of instrmnents to the station.. A sug. 
gestion made hy l\fr. Cutts to leading residents in South Adams, in regard to the ad,-isability of 
ba,ing a roatl br which t-Ourists migbt reach the toil of the higliest mountain in the State, wa8 favor
abl;\· receiYed. That station being next iu order in the primar.)· series, the field-work was closed, and 
the part,\· disbamled at South AdamH, to resumP in the summt>I' of 1876. On retmuing to the sta
tion with his party in .Tune of the present year, Assistant Cutts was gratified to find that the prom
ise of the inliabitants had been fulfilled. By a practicable roa<l, constructed during his alJl'.ence, 
the party and instruments were moved fo the summit of Greylock, which is about 3,500 feet above 
tide-water. \Vheu thi8 report closes, Mr. Cutts had all preliminaries arranged for the measurement 
of horizontal and vertical angles. The statistics of work at the 8tatiom; J\iouut Rafiucsque and 
Greenwich Hill, which were occupied in the summer and autumn of 1875, are: 

Horizontal augle8 measured .................. _ - _ ... - __ .................. _ 17 
Number of measurements ........... - .... - . _. _. _ .. _. _ ........ _........... 1, 008 
Vertical angles_ - ..... - .................. - ............. _ ............... _ _ 14 
Number of measurements ................ _. __ . - . __ .. _ ......... _ ......... _ 180 

While personally engaged in the field-work of his own party, Assistant Cutts was in corn~
spondence with &~veral observers who were at the same time 1wosecuting work for the determination 
of points to aid in the geological surveys of several of the seaboard and interior States. The work 
here referred to will be mentioned under separate heads iu this re1>0rt, and iu accordance with the 
geographical positionR of the several localities. 

Coast Pi.lot.-As already stated nuder the head of Section I, the 1mrty of Assistant J. S. Brad
ford, in the schooner J'alinurm;, arrived at New York isoon after the middle of .July, 1875. The 
weather was exceptionally rainy during that mouth and the following, hnt advantage was taken of 
every opportunity for examinations in New York Bay an<l itR tributaries, with reference to notes 
aud revisiom; for the Coast Pilot. The last three weeks in August were s1>ent iu similar service ou 
the Hudson River. l\fr. Bradford then transforred his party to the coast of Maine, but returned to 
this section early in Noyemher. Jn passing Block Islaml Sound, views were taken lJy Mr. J. It 
Barker, the draughtsman attached to the party, and thence on westward to Sandy Hook all points 
of interest were sketched as features for completing the local or general charts within the same 
limits. The artistic skill and faithful accura.ey evidenced by the views are sul\jects of special remark 
in the final repo1·t of' Assistant Bradford. Lieut. C. A. Bradbury, at the outset of tlte season, was 
attached to the party in the Paliunrus, and acted as executive officer anrl Railing-master while the 
vessel was in service on the coast of Maine, and also in this section. He ha<l in the course of the 
seaRon obseITed the methods for procuring and arranging the data intended for the Coast Pilot, and 
with a Yiew to continuing that work he assisted in the details of the service in New York Harbor 
until the 1st of December, when the vessel sailed for Norfolk. ~'\. few days after, the Palinurus was 
transferred to the charge of Lieutenant Bradbury, and was employed subsequently in duty on the 
southern coast, as will be mentioned further on in this report. 

During the winter, Assistant Bradford prepared for publication the manuscript of a second vol-
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ume of the Coast Pilot, to iuclmle ports and harbors between Boston and New York. The series of 
\iews needful for this volume was completed in June of the 1ires1'nt year, by the co-operatiou of 
Cttpt. A. C. Hhiud, U. S. N., liµ;ht-honse inspector of the thirll disfrict. The steamer J>ntnam, com1-
eously tendere<l lly Captain lthind, was at the seiTice of Assh1taut Bradford during four <layx, and 
in that iJ1terntl f'leycu \iewR were drawn by Mr. Harker of poinh; of iutere,;t along the Hudson. 
These, with vre,-ious sketches, make an aggregate of fifty-nine yiews of the Atlantic coast hetwem1 
the northem;tern boundary and New York. Most of them have been etched on copper, arnl tlw 
plah"A'> are ready for iirinting. Those taken in this section eornpriise two Yiewis of :i\Iontauk Point, 
two of Fire Island Inlet, oue of the Highlands of Navesink, aml sixteen Yiews of points on the 
Hudson ltiver. 

\Vheu the faHing health of ~Ir . .Edwi11 Herg·esheimer, in March laRt, rendered him unable to 
conduct the detail!'\ of work ill the .En~raying Division of the office, Assistant Bradford was a"1signed 
to that charge, keeping meanwhile in hand the adjustment of materials for the Coa8t Pilot, iu which 
he has been aided by ::\!Ir. J. -w. Panions. 

Shore-line.~ of Knr York Hn rbor.-\Vith five sheets pr~jected for the Jmqioxe, Asisistaut IL L. 
\Vhiting took the field early i11 .lul.r, 1875, aud by tlw end of Ocfober traced and mapped the shore
liue as it then existed for the greater part. of New York Bay. Oue sheet represents in outline tlle 
Sarrowx as lugh up as Ba,\- H.idge awl Snug Harbor I~audiug; auother contains the shore-line and 
wharf-details from Owl's Head helow Gowauus Bay aml the water-front of Brookl;yn; the ua,-..,--yard; 
the vicinity of Newtown Creek, and features a ho Ye it as far as Astoria. On a thirll sheet, eoutaining 
the wharf-outlines of .Jersey City, the detail('d work wa8 extemled above Castle Point to Guttenberg, 
and was co11tinned ou a f<mrth sheet as far a."i lfall's I~erry. The fifth sheet shows in poRitiou the 
quarantine piers in >ew York Bay. Assistant "\Vhiting was aitle<l in this work by Mr. H. B. 
J>alfrey. 

I'h.l/Rical xuriwy 1~l Xe1r T<Jrk Harbor.-The istudy of the tides, currents, and character of the 
deposits in New York Harbor has been continued by Prof. Henry .l\liteltcll, aud the a<h-ance made 
justifies the publication of 1:mme of the rcsulti11g table;.;, which will lw found in the appenuix (So. 
10), with explanatory remarks by Mr. 1\litchell, who directetl the obse1Tatious. 

Tlte pmctical uses to whieh such tables may be applied for locating harbor-lines, adjn1<tiug 
i·iparian interests, awl aecommodatiug priYate fo public purposeH in the extension of water-frontage 
for commerce, will be obvious on examination. The completion of physical research ·will reveal also 
the mutual relatious of differeut parts of the harbor and its numerous channels, and ti.ms the injury. 
eYeu distant and indire-ct, that. will be likely to result from irregular or excessive encroachment may 
lie predieted with confidence. 

TlliR Rnrn'y has, of neceRsity, been prosecuted at j11terntls, and differing considerably in !latl' the 
ob8ervationis conlll he reconciled 0111..,- by a large amount of office-work. Pointis that lHL\-e relatin1ly 
the least force in the compile~l data are imlicated iu the report, so that reliauce may not lJt! mii,;
plaeed. 

The tables show the tm.n1Jrer11e section.~, the c1tri•e of l'el-0cit.11 from shore to shore, ti.1e points about 
which the areas and volmnes balance each other (mill-area and mid-\'olnme), &c. .From these data 
the relations of the channels to the stniiLms which traverse them may be known in a general wa~-, 
though the din1rsity of mate1·ial of beds and ba.nks in partly allmial, partly rocky ueighborhootls 
somewhat complicates the phenomena. 

The plan for obiservations in ea.cl1 season, after being arranged by 1\lr. Mitchell, is intrusted for 
the prosecution of de.tails to Assistant. H. L. 1\larimlin with a party in the sehooner Itesearch. Mr. 
J. B. ·weir served as aid in tltis section and also in Section VIII, llll(ler wlticlt be™l notice will be 
made of the snhse<1ucnt work of the siune party. 

The statistics of the WOI'k done iu New York Harbor during· .A.ugust, September, and Oetoher, 
1875, are: 

Stations occupied •... _. _ ..........•..... - .. - - .. - . - - . - - - .. - .. - .•. - .. · . - - - 8 
Signals erected .•.•............................ - - - . - . - . - .. - - , . - ..... - .. - . . 10 
Current-observations . . . . .•. _ ......•... - . • . . . • . - •.•....• - ...• - • . . . . . . • . • 4, 7 83 
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Tidal observations were recorded at five stations. Seventeen transverse sections were deter
mined by observations at ninety-six 1>ositions in the sections. Ai,;sistant Mitchell reports that the 
space from the Narrows up to Seventy-11intl1 street, on the Hudson, and to Hell Gate on the East 
River, may now be regarded as gauged in accordance with the plan marked out in the beginning of 
the physical survey. 

After the completion of a local survey, which will be mentioned under the next head, Lieut. H. 
0. Hmuly, U.S. N., a88istant in the Coast Survey, with his party, in the steamer Arago, co-operated 
with A8Ristant Mifohell in regard to details in the physical survey of New York Harbor. During 
September and Octolwr, 1875, the Arago worked in conjunction with the schooner Research in deter
mining currents in Hudson River, in New York Upper Bay, and in the east channel of East River. 
Twenty-three stations were occupied along ten lines. The positions were ascertained by the meas
urement of eight hundred and fifteen angles, and the velocity of the cmTent by fourteen hundred 
and thirty-two observations. V\riiile the Arago was employed on the sections for recording currents, 
tidal observations were simultaneously recorded at Governor's Island, and at two stations in East 
Rirnr. 

Lieutenant Handy was assisted in this service by Master "\Y. P. Ray and Ensign F. H. Lefavor, 
U. S. N. Closing work on the 2d of November, Lieutenant Hand:)-, a few days after, passed the 
steamer through the Delaware and Raritan Canal, and la.id up the vessel at Baltimore. 

Slireu:slmry Rocks.-For develo1>ing by soundings the ·dcinit~· of the rocks off Shrewsbury Inlet, 
south of Sandy Hook, Lieutenant Handy, with a party in the steamer Arago, made preparation 
late in .July, 187:i. As the best ayailable point on shore, the position of the telegraph-station was 
dett>rmined for reference in sounding. "\Vhile the work was in progress the tides were observed at 
the govermnent wharf at Sandy Hook during each five minutes of the day. The hydrography was 
prosecuted at all intervals admitting of work between the 9th aml 30th of August, but the weather 
was generally unfavorable. The statistics of the work are: 

Miles run in sounding ...... ____ ........ _ ... _ . ____ .. ____ .. ________ ..... _ . . 55 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 578 
Number of soundings ...... _ ............ __ . ___ .... _____ ......... _ . . . . . . . . 1, 524 

The subse<1nent work of the party in the .Arago was mentioned under a preceding head, in its 
prOJler geographical order. 

Tidal obsen1atfo·ns.-The series of tidal observations at Govern01"s Island, in New York Harbor, 
has been continued through the year very suecessfully by the observer, Mr. R. T. Bassett. Though of 
the old form, the apparatus, by the experience and eare of Mr. Bassett, was made to work well 
throughout the winter, with the free application of hot water when ice was likely to impede action 
in the float of the gauge. The same observer recorded clay-observations with a hox-gauge at Ham
ilton Avenue Ferry, in Brooklyn, for comparison with the series at Governor's Island. 

In 111~· annual report for the year 1875, a paper was given showing the results of discussion by 
Prof. "\Yilliam Ferrt>l, based OH t11e continuous series of tidal observations which have been main
tained at the permanent station in New York Harbor. 

Tr-io.ngulat·ion near New York City.-As incidental to the determination of latitude and azimuth 
at Bea<~on Hill, N. J., one of the primary stations occupied at an early })eriod in the survey of the 
coast, Assistant G. V\r. Dean, in the course of the summer of 1875, connected that station by angu
lar mea:mrements with the principal points used in the survey of New York Harbor. Careful 
reconnaisAAnce re1:mltecl in the selection of eleven stations, at seven of which signals were set up. 
The (laily Rmoke near the cit.'·, a-s was expected, much delaye,<l the measurement of horizontal angles 
at Beacon Hill, where, however, other work was in progress during the season, as will be stated 
under the next hea<l. The statii,;tics of the triangulation are: 

Signals erected. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Angles measured........................................................ 11 
Nmnher of· observations ................................... _ ..... _ .. __ .... 1, 246 

The angles at Beacon Hill were measured with a 12-inch repeating theodolite. Assistant Dean 
was aided in this serYice, and also in astronomical observations, by Messrs. J.B. Baylor and Charles 
Tappan. · 
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Latitude and aziuwth at Be<WOn Hill, N. J.-The station-marks placed at Beacon IIill in 18S9 
haYing heen identified, as mentioned iu m;r last annual report, and provision ma.!P for mounting thf' 
requisite astronomical instruments, Assistant Dean was there in readiness at the dm;e of .Jul,\-, 187:1. 
for determining azimuth with the 46-ineh transit, No. 5. The instrument was a<\iusted on a brick 
pier, directly over the geO!letie Htatiou. MeaHuremeuts made with the micrometer upon the Htar iJ 
Ursm l\Iinoris near upper, and on 51 Cephei neru· its lower culmination, were referred to a meritlian
mark about eight milcH north of Bea.con Hill. One hundred anu HeYenty-nine observations were 
recorded on six 11ights. The angle between the meridian-mark aml the primary station 011 \\~easel 

Mountain, in the northern 1mrt of the State of New Jersey, was carcfull:v measured with a 12-inch 
theodolite. 

At Beacon Hill, Mr. Baylor, in obsernng for the latitude with zenith-telescope No. 4, recorded 
one hundre(l and eight,'l·-one measurements upon tbirty-two st'ts of stars. For ascertaining the arc
value of the micrometer, one hundre<l aml sixt,\·-fonr ob8€rvations were made upon Polaris near 
eastern elongation. The leYel-scale was lietNmine<l in value in the usual manner from sixty-four 
measurements with the micrometl•r. Local time wa8 outained from flxe hundred and thirty-four 
obserYationR npon thirt,'1--one z:e11it11 and circmnpolar stars with thP transit-instrument No. 5. 

The field-operations here notice<l were elosed in November, 1875. In the course of the wi11t.er 
aml spring the resulting computations were made and sent to the office with the originals and 
duplicafos of the record of obserYations. 

Hydrography of Fire Isfo.nr1 Inlet, 11. Y.-In August, 1875, this inlet was examine,<} hy Assistant 
F. F . .Nes. Considerahle changes in shore-line were ohsen·ed as haYing taken place in the course 
of two yearn on the eastern side of the entrance. The soundings showed, however, no material 
change in the general course of the channel. Mr. Nes erectt>d five signals for this sm·yey, and 
nuder his direction the tides were recorded during nineteen dayH. The general statistics of the 
work are: 

Miles 1·1111 in sounding .......................................... _ ....... . 254 
Angles 1neasured _ ......... _ .... ______ .. _ .... __ ... ___ . __ .... _ ... ________ . 199 
Number of sounding>: ............... _ .... _ .................... __ ......... 1, G73 

vVork done subsequently by Assistant N es has been mentioned under S<>ction I. 
Triangu frltfrm west of Ffre Isfo1id Inlet, N. Y.-In onler to provide for the detailed survey of the 

south coast of Long Island, Subassistant B. A. Colonna was assigned to field-dnty earl~- in ,July, 
1875, to determine stations in position between Fire Island Inlet and lfockawa~·. Two points pre
viously occupied with the theodolite in the vieinity of Bab;ylou having been identified, stations 
visible from them and from each other were selected and connected by angular measurement. 
The scheme, as fa;r as completed, extends westwarcl to Far Rockaway. To connect his series of 
triangleR with the primary work, Mr. Colonna occn1lietl West Hills station and complet<>d ohserva· 
tions there, on the 28th of October. Fifcy- Jloints were determined in position in the course of the 
seaRon. The general statistics of the triangulation are: 

Signals erected ........................ ____ . _ ... _ ....................... . 
Sta.tions occupied ................. _ ....... _ ........................... - .. 
Angles measured ........................ _ .............................. . 
Number of observations ............................................... - .. 

21 
15 

248 
6, 9fl() 

This work was pushed under natural disadYantages in passing from station to station in sum
mer through shallow waters in an open boat, and in which the party sometimes remained all night 
because of the distance from more aooeptallle sleeping-quarters. All positions occu11ied "ith the 
theo<lolite were well secured by surface and underground marks before the party left this section. 
During the winter, Subassistant Colonna was on field-duty in Section VIII. 

Surt'ey of Great South Bay, N. Y.-This survey was resumed 011 tlte 14th of .July, 1875, liy a 
part.y iu charge of Assistant C. T. Iardella. Beginning with the plane-table near Patchogue, the 
details of topography between the shore-line arnl the road running parallel with it were mappe<l as 
far as Carman's River. Farther eastward the work done includes several mileR of the counm of 
that river, the head of Great South Bay as far as Roberts' Dock, and about fiye miles of the barrier 
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whicl1 separates the ba.y from the ocean. Among the details represented are the several small 
islands in the hay opposite to Howell'is Point. 

'Vithiu the shore-liue limitR of the plane-table sheet here noticed, A,.;8iRta11t Iardella complete(l 
soundings in Great South Hay, and then tmnsfelTed his J>art.v to the Yicinity of Bahylon, for con
tinuing- the <letaile<l 1mrve;i.· weRtward. In that quarter the railroa1l wa8 taken as the limit of work. 
Ea11t aml west, the shore-line and surface-featnres were mapped between Conklin's Poiut and K egnn
tatogue Creek. 

ARHistant Iardella was aided in this work hy Mr. ,V. Fraser. The part:;· was disbanded at the 
ernl of Odoht-r. A s:;rnopsis in the field-report giYes as st.ati,..;tics: 

Shore-line. fiUrYeyed, miles_ ................... _ .... _ . . . . . . . . . . . . . . . . . . . . . . 48 
Streams and ponds, miles ......................... ___ .. __ . . . . . . . . . . . . . . . . 18 
Hoads, ntiles ....... _ .................. ___ . ___ ... __ .... __ ... ___ .... _ ... _ . GI 
A1·1:>a of topography, square miles _ .. ___ .. ___ . _ ... __ .. _. _. __ .... ___ ..... . . . 10 
MilPs run in Ronmling .............. __ ... ___ . _. __ ... __ ... _.. . . . . . . . . . . . . . . 13!! 
Angles measured .................................. __ . . . . . . . . . . . . . . . . . . . . 688 
CmstR of the lead ......... _ ..... _ ... __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 670 

Tidal ob.~errations.-As iutimated iu m:;· preYioms report in regar<l to the erection of a tide-gauge 
at Sandy Hook, whe11 the arraugementR needful were complete, Mr. R. S. A Yer:;·, of tlie Tidal DivisioJJ 
of thP Coast Snn·e;r Office, proceeded to the >ieinity early in October, 1875. Under hiR supen-iRion 
a Rtrnctnrp five feet hy eight, for coyeriug the tide-gauge and higl1 enough to stand in, had been 
made in sections and waR forwar<led to tlte place. The self-registering gauge designated for nRe at 
Sandy Hook iR of the best construction and is furnished with a balance-clock, reading-box, aml all 
acc!'sRories requisite for vreserving continuity in the series of ob8er,·ations. \Yith the fianction of 
\\r. S. Snedeu, esq., general manager of the Southern New Jersey Railroad Compau:;·, the tidal 
appuratus was faste11ed securel~- to the middle of a whurf about GO feet. wide, and far enough from 
the outer end of the wharf to be free from tlie jaITing action of the ice of Raritan Bay when it is 
lll·h·eu 11.'- strong wind from t11e weshn1rd. The floa.t-hox of the g-;1ug-I:' was let. down through a 
s<1uare opening· in the (l<•ck of the wharf, and is ]Jrotecre1l on all sides by a great mm1ber of piles 
tlmt stand upright t-0 bear up the wharf and its hnrdenH of freight. At maximum tides the water 
under tlw tide-gauge iA about 20 foet de(>p. After bracing tl1e float-box firmly in its proper i>lace 
the fole-house was set up and fast(med to the wharf by Hcrews pasHed through the sills of the house 
and into the wharf-planks. Part of the roof iA put on with Hcrew8 to admit of taking up, if needful, 
either the inner float-tube, or hoth. The piling that susfainR the wharf will not allow the paRsage 
of cakes of ice greater than four feet in wiclth, but to guard against possible injury to the tloat
box a crib was made around it by spiking 2-inch Virginia pine plank firmly to tliree of the piles 
nearest to tl1e box, whfoh iR nearly 17 feet. long and 6~ inches square. It was con;;;tructed at the 
office, and inside as well as outside is covered with sheet-copper, slips of which 'vere continued over 
the emls. ''lien corroded at the lower end the box can be reversed and continued in use. Inside 
of the float-box was placed a round tube of five inches arnl eight-tenths aperture supported by a 
flange at top an<l terminating at the lower end with a funnel of which the aperture is only three
qmu·ters of au inch to admit the water. The float is a hollow water-tight copper cylinder 5 inches 
in diameter and 4! inches high, and was a(ljnsted 80 as to float erect with the rise and fall of water 
in the cylindrical tube. A plan devised by Mr. A very and applied in the tide-gaug·e set up on 
Sandy Hook will be uwlerRtoo<l by the following extract from his report : 

"Two lines run up from the copper fl.oat, one, a round, well-varnished fish-line, to connect with 
the large wheel of the gauge as usual, but the other is part of' a surveyor's tape-line, t11e chain of 
it being brass or copper wire, and the filling of linen thread. The tape is painted and marked in 
feet. This goes over a pulle;y of 6 inches, having on its axis a11-0ther pulley of 2 inches diameter 
for a connterweight, which is just sufficient to keep the tape-line straig·lJ.t. '.l'liese imlleys run in a 
frame attached to the roof of the tide-house, and are so placed that the line can run down in the 
middle of the float-box, and in so doing pass along the side of' a staff, one foot of' which, at the height 
of the eye, is graduated in tenths and hmt<lre(lths, to serve as a vernier. 'Vhile the water was oscil
lating as much as 2 feet up and down at the plain thle-stafl' (spiked up for the purpose), the height 
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of tide was read to the nearest hundredth on the tape-line, before t11e work about the tide-hom;e \Ya;.; 

completed." 
For bench-marks, Mr. Avery sunk two ceuar posts at the edge of a grove of red cedars, whil'h 

border the marsh at a point nearest t-0 the tide-gang!'. Bach of tlie }lORh; wai-; mark!'d ·with coppt>r 
nailH, and was Ret in ground a fow foet higher than the marsh, wl1ere natural cbangeR will hi~ Vt'IT 

slow and artificial works not likely to be calleu for. By estimation, the bench-mark,,; are about one 
hundred rods northeasterly from the tide-house. 

The gauge at the neck of Sandy Hook was phwed in charge of l\lr .. T. \V. Banford, aver:-- intel
ligent cmploye of the railroad compauy. Since October, 1875, when the apparatnl:' wa,,; put in 
running order, a- very good set of obserYations had been made, though the water is often agitated 
more than is mmal at tidal 8t.atiom;. Nearer to the point of Sa111l.r Hook, where the violent action 
of ice, driven h_y storms in winter, had crushed the oute1· piling of thf• government wharf, it wm; 
deemed inexpedient to establi,,;h the tide-gauge, which, for that reason alo1w, \nts pat iu operation 
at a position more distant from the point of the Hook, where it wonlll lw less eX}lOsed to the vio
lence of the sea. 

Topogra:ph!J, coaM of New Ja.~ey.-For CO!llJlleting the plane-table sun'ey at the north ernl of 
Barnegat Bay, Assistant C. }'.[. Bacht> took the field in the latter part of .Tul:--, 187.>. .Joiuing with 
the limits of his }ll'evions work below Tom's River, that stream was inclntled in the surwy as far 
up as the town so named. The coast-line and shores of the bay were the11 traced, iucluding 011 tht: 
western side Mosquito Cove and Kettle Creek. A short 1liRtance abon• the latter, tlw work wa::; 
joined with the get1eral topographical survey of the coa8t, whicl1 is now continuous from Saml;.- Hook 
to a }lOint seYeral miles below Atlantic Cit:r. The nearest i·oad following the we8tern shore of the 
bay was taken as the limit of the surve;\- inland. Mr. A. G-. Pendl(Jton joined this party as ~tid earl;.· 
in August, and remained in sen·ice till the close of work on the 8th of No\·cmber. The statistics 
are: 

Shore-line sur,·e~·ed, miles _ ....... _____ ... ____ . _ ... ______ .. _ .. __ ...... _ . . . 109 
Roads, miles . _ ...... _ .... __ .. __ .. __ .. __ ... _ .... _ ..... _ .... _ . _ ... _ .... _ . . 11 i 
Area, square miles ................ _ .... __ .. __ . __ .. __ . _ . _ .. _ . ___ .. _ ...... _ 4:1 

After laJ-ing up the barge which had been used by his party in the snrYey of the coast of N cw 
,Ten;ey, l\fr. Bache returned to Philadelphia and there com1ilet,e(l and inkHd the sheet containing· the 
season's work. 

Tria1igulatio1t in New Jersey.-The requirement:;; of the geological Slll'\'e~·, whidt has been some 
time in full activity under the direction of Prof. G. H. Cook, the State geologist, lrnve lleeu met b,y 
Prof. E. A. Bo"rser, who took the field late in June, 187 5, and passed several month;.; in selecting 
11oints 8nitably relat,ell to stations of the Coast Sm·vcy. llis reconuais1-mncc iuchale<l alJout spn•u 
hun!lred square n1ile,;, within which nineteen stations were selected aml marked.. These will he 
hereafter occupied with the the()(lolite for the measurement of horizontal angles. In general, the 
triangle 11i(les will range from six to niuetf\en milf's in length, on•r a region v:Lrying· from four hun
dred to twelve humlrnd fot-1t above tide. As far as now ath·anced, the recouna.i:,;sauee iudmle;.; tlw 
northern inut of New Jer8e:y, aml extends southward from tlw bonmlaQ· ht'hweu that State autl 
New York to Newtown and Mount Hose, where the 8Cheme joius with the Coa;.;t Snrn\Y primary 
tria11gulation. Similar work being now in progruss westward from the Delaware, the reeomiaisi-;:me!· 
on both sides, to be effective for all future purposes, must keep in view the seleetiou of two or more. 
points at which both schemes of triangulation will join. The labor and hardsltip im-okell in the 
sPlection of intervisible points over a wooded country are commonl.Y very considerahlP where tlH~ 
region offers no well-defined elevations. To the Rameness of the hills iu co11tour, antl the conse
quent difficulty of identification, the observer fimls adtled the tlen11e undergrowth through which 
lines of sight must be cut, and which, notwitbstamliug tlte labor, do not in all ease;; aYail in per
fecting the desired scheme of triangulation. 

Closing for the season at the enll of September, 1875, P1·ofo880r Ilowse.r again took the field 
early in March of the present ;year, and has improYed the scheme as firnt marke(l out, by sligl1tlJ-' 
altering the position of some of the stations. He report8 the necessit.r of high scaffolds for the 

S. Ex. 37-4 
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theodolite at Rome of the points which, although favoral1ly situated, cannot be seen from the sta_ 
tiom; a<~jaceut witlwnt lahorioui-; and expensive cutting through the intervening timoer. 

At the end of .lune, when this report was closed, the reconnaissance for station-points was 
still in progTesR, nrnler the general direction of l'rofossor Cook. 

While eomlnding work with hiR own party in the field, as mentioned under a preceding· head 
of thi;; section, Assistant Richard D. Cutts a<lvised by correspondence in regard to the reconnais
saiw(• iu ~PW .TerRl';\-, and also for the examination then in progress iu Eastern Pennsylvania, which 
will lw the next Rnbject of notice. 

Tri a 11gulation in Eastern Penn.~ylvania.-As stated in my report of last year, a1Ta11gements l1ad 
been ma1le for determining points iu the vicinity of the Lehigh Valley by Prof. L. M. Haupt, in 
accm·11aaee with the wishes of Prof. J. l'. Lesley, State geologist of l'ennsylvania. 

J>rofPssor Haupt took the field on the 1st of July, 1875, and, giving attention to the means for 
joiniug· with known points of the primar;y triangulation which passed some years ago along the Del
a ware Hh·er tlu·ough tLe State of New Jersey, stations were selected at S1nith's Gap and Bake-Oven 
11.nob, the lattPr hPiug a cm1.s11icuom; elevation of the Blue Ridge. From that station reconnais
sance wal'l exte mled northward to Broad :Mountain, and in other directions, but under some disad
vantage, as mo,,;t of tlte summits deemeu available, wl1en visited were found to be cumbered with 
undcrhrm;h and tret's that himlered the view. Ultimately, a point was selected on Broad 1\Iountain, 
arnl to the southward anotl1cr near Topton. Other Rtatious to the westward were chosen in succes
sion, and by the 11th of September an acceptable scheme of triangulation had been laid out reach
i11g to points westward of lieauing. A few. preliminary measurements were made, but the purpose 
is tu eomplete the scheme previous to the final measurement of horizontal angles. 

l'rofosisor Han1)t left Philadel11hia 011 the 19th of .June of the prese11t year, and resumed recon-
11aissm1cc for perfecting the connection between hiis own and some geodetic istations wl1ich had been 
i;elt>cted hy another ohsen·er on the east. side of Delaware Hfrer in Xew ,Jersey. Until the close of 
the month the region Routh aud west of the Delaware vYattr Ga1) waR carefolly examined. The 
work is iu Jll'ogre;;;;;; when this report closes, aml the prospect is good for developing be.fore the close 
of tlte St~asou a 8a tisfactory scheme of points to include the ground between the Delaware and the 
Snsqnehamia Hh·ers. 

'For the immPdiate purposes of the geological survey, Professor Haupt measured a short base
line, and rf'corded thC> itpproximate readings of angles at several of the stations. These operations 
will he repeated systematicall;\- when the positions are hereafter occupied with the theodolite. The 
six stationR now marked will form two well-shaped quadrilaterals from which the scheme of triangu
lation mm he readily exttmdcd westward or eastward. The triangle sideH vary from sixteen to thirty 
milep, in lengi:h. On the east and sont11 this triangulation will be pro11erly connected with the chain 
of great triangles that defines the ontline of the coast along the Middle States. 

To furtl1er the meanp, for determining points in :Eastern Pennsylvania, Assistant G. A. Fairfield 
was directed, in the autl1mn of 1875, to seek for the ground-marks which had bet>11 set at the })rimary 
tations Principio and Osborne's Huin when the triangulation of Obesapeake na:y was in progre.ss. 
One of these stations is on the east side of the Susquehanna and the other on the western side. 
J>rincipio had been identified in 186H, and Mr. }'airfield readily found the station-mark. The gronnd 
at Oshorne'.s had not been diHturbed since the station was first occupied. "\Yithiu the limits indi
cated h~- tlte reference-marks the cone was found where it had been first buried. On looking to the 
northward from these two stations no points were in view favornble for extending the triangulation 
in that direl'tion. Procee<ling to the northward and eastward, Mr. Fairfield \'isited the station at 
:Meeting Honse Hill, and there found, without difficulty, the station-mark in the position in which it 
was 11laee<l thirty-iiYe years ago. The)mse being sufficient for the addition of subsidiary points if 
the ground in &mtheastern Pennsylnmia proved favorable for triangulation, Assistant Fairfield 
made a reconnaissance through Chester County and noted such points as might be available for 
extending the triangulation northward. On the approach of severe weather the reconnaissance was 
discontinue<l, hut wi11 be resumed hereafter. 

Hydrography of Delaware River.-With a party organfaed for service on board the steamer Fath
omer, Lieut .• T. M. Grimes, U. S. N., assistant in the Coast Survey, took. charge of that vessel at New 
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York in July, and, after needful repairs, pas;rnd through the Raritan Canal and rea<"hNl Delaware 
City on the 20th of Augu8t, 187;}. The work aRsig·ned in that Yicinit.v was the exteu::;ion of sonnd
ings along both Rides of the main channel between Delaware City an<l t-)hip John Shoa1 Lig-ht. 
EleYen RignalR were erede<l h~- the :part~- in tlie Fathomer, and tl1eir positionR were determi1wd hy 
occupying· thirt.r stations. \Vhile somHli11gs were in progreR,,,, tlw ti<les were obserYed alHl reeor<lPd 
at a wharf in Delaware City and also at l~eedy Isiaml. Cousidemble changes were noticed as hay
ing occurred in the shore-line;;, the river-bank receding in some places au<l adYancing iu other;;. 

In midchannel and S. 25° :~ti' E. (true), distant ~,503 meter!'\ from Heed,\· h;laml light-hou;,;e, 
Lieutenant Grimes developed. a shoal on which the depth is 192- feet at. mean low water. Ha\ing 
filled with soundings the pr~jection sent for this part of the rin~r, the l~athomer Wllkl mfn-ed up tD a 
position between l\Iarcus Hook and Uhester, in which \icinity a ledge waR deYelopeil h;\- careful 
soundings in October. This impediment in naYigation seems to lun·e been causell by a sunken 
schooner or sloop which became imheddeAl in the 8alld;\· bottom hetweeu s<m1e rocks. Hence in 
the notice to mariners, which issued from the Coast Surn'y Office early in ~ovember, the danger is 
named Schooner Leclge. A;; far as pradical ilc with the means at hand, all the rocks in the Yicinity 
of the place were deyeloped and marked on tl1e cl1art. The statistics of h,Ydrographic work in the 
Delaware are: 

Miles run in sounding ....................................... _ .. _ .. _ . . . . . . 315 
Angles meaFmred ..... _ ....... _ .... _ . _ ... _ ..... _ ..... _ .......... __ ..... _ . ~~, GO~ 

Number of soundings .. _ ..... _ .. _ .. _._ .. _ ...... __ ... __ .... _ ..... _ .. _ ..... ::!~>, 101 

Lieutenant Grimes was aided in thi;,; work by l\Ir. C. A. Ives. The steamer Fathomer was 
subsequently employed in serYice which "-ill he noticed under tl1e hettd of Section IY in tlti;,; 
report. 

Liston's Tree ran.Qe-li_qltts.-The expediency of a range on the Xew Jerst'.Y side of the Dehtware, 
in lieu of one of the t,wo ranges ma1'ked la;;t year on the weRt bank of that river, haying bee11 
decided in the Light-House Board in February, the sen-ice was committed to .l\fr. Cliark:s .T1mkell. 
After consultation with General W. F. Raynolds, engineer of the fourth distri<o,t, who had :1rrang:e1.l 
for the purehase of sites, the requisite obserYations were made by l\Ir. ,Junken. The positions of the 
range-point,s were marked on the ground and 011 the original chart of that part of the river, as also 
on a oopy of the original which had heeu made for tlie uRes of the J,ight-Honse Roard. 

Sites for range-boocons, Delaware Rfrer.-Request haYing been made by General Ra~·nolds, 

engineer of the fourth light-house district, for topographical surveys of the two sites .,;elected on the 
west bank of the Delaware, near Liston's Tree, the work was committed earl.v in ,July, ll'll;), to 
:Messr;,;. F. 0. Donn and F. II. Parsons, aidR in the party of A;;siRtant ,J. \Y. Donn, who was then 
completing arrangements for work which has been mentioned nuder the he3.<l of Section I. The 
mapping requisite for the ranges was completed in the :field on the 17th of ,Tuly. Soon after, the 
sheets were forwal'ded to the Light-House Board, and the two aids joined the party t-0 which they 
had been llreYionsly assigned. 

Slwal 1wir De.lau;are Breakwater.-Iu June of the present year my attention was drawn to the 
existence of a shoal, reported by one of the lnty pilots, near the Delaware Breakwater. Ndther of 
the vessels of the survey being immediately available, the needful examination could not he made 
before the close of the fiscal year, at which time this report wa;; closed. Armngemeuts were, how
ever, promptly made for sounding the locality. The resuUs will he stated in my uext annual report, 
in which notice will be taken of all work prosecuted in the survey after the end of June, 1876. 
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SECTIOX III. 

ATLANTIC COAST ANIJ BAYS OF MARYLAND AND VIRGINIA., lNCLUIJING SEAPORTS AND RIVERS. 

(SKETCH No. B.) 

Harbor nf Baltimore, ]lfd.-Local interest as manifested h;\· the city authorities of Baltimore in 
reg·ard to thr preserYation and improYemeut of the harhor, took definite form in May last, when the 
President of the United States anthoriz{•(l a board to eonfpr with the goYernor of the Stat€ of Mary
land, the lf'giRlatnre of the State ha·\ing preyiousl;y apJ>ropriated meanR for a special suryey of the 
harbor. \Yith the (~oncmTcmce of the hoard, the membern of which are General A. A. Humphreys, 
Chief of :F.J11gi11eers, C. P. Patteri"on, Superintendent United States Coast Snrve.v, and l\iaj. \Nilliam 
P. Uraigl1ill, of tl1e Corps of Engineero;, Aio;sistant .T. \Y. noun was detailed in .June, 1876, to make 
the l'urn•;\· which will lw needfol in the deliberations of the hoard for the esta blil'\hment of hulk· 
head lines. Three sltt•ets haYe been im~jeeted to contain the ontline and hydrographic details of 
the inner haroo1· above its l'ntrance at Fort McHenry. \Vi.th an effecth·e party, Assistant Donn is 
uow pro;;e<mting the <lesired 1mrn•y. 

Xmfolk Harbor, ·va.-Ao; a preliminary to action by the harbor commissioners of Norfolk for 
the establishmeut of port.warden lines to restrict encroachments on the harbor, application was 
made in the usual way for an a<ldsoIJ- board. At the first meeting of the members of the board it 
was deemed acldsable to prormre thLt.~t of the kiml whidt i;; very generally in rnqnisitio11 when 
measnres an• pemling for the presernttion of harbor cha11nel11. Fortunatel~', a very careful hydro
gtap11ic HllITt\Y ha<l heeu irnule in 1873. It was needful onl;y for the purposes of the board to deter
mine, iu ml<lition, the d~·namic axh; in each cl1annel, the cnn-e of ...-elocities from shore to shore, arnl 
the volumt• of tlisdiarg<:>, a8 with such elements the prohlenui inYoh-ed in defining between artificial 
and uatnral limits are mnch simplifie<l. 

The requisite phyr;ical surve;-1· in the channel8 at Norfolk and Portsmouth was prosecnte~l un<lm· 
the direction of Assistant Henry Mitchell b,y Messrs. John B. Weir and E. H. Wyvill in May, 1876 
~Iessrs. T. A. llarriAon and C. A. Ive8 were attached to the party as aids, and the schooner CaRweH 
wal'l assigned for nse i11 the work. Tl1e expem;es incident to the special stuYey were met by the 
harbor comrni;,;sioners of Norfolk. 

Oho;ern1tiono; of the character shown in the appended statistics were recorded at numerous sta
tions from thr> Re<·-oml hridge of Eastern Branch and the upper ernl of the navy-yard in the South 
crn Branch downward and beyond the bar to Lambert's Point light-house. The statistics are: 

Angle" 111eastu·ed . _ ... _ . __ . _ ............. - ....... - .... - - ................ . 
Number of ;,;ouncliug8 _ .. _. __ ... _ ....... ___ . __ - ... _ - - . - - .. - .... - ... - - .... . 
Observations for velocity recorded . - ___ ... _ .. - - - - - ....................... . 

6,331 
3,016 
4,506 

The tides were observed at four stations within the working-limits, and twenty-seYen transverse 
sections were traced by an aggregate of two hundred and forty-six points. 

Under Section VIII, notice will be taken of work previously done by Mr. Weir. 
Tidal <>bsert•atfom.-Dlll'ing tllc year, a self-registering tide-gauge, furnished with large inter 

changeable c~'limlerf', rea<ling·box, and a balance-wheel clock, has been kept in operation hy Mr 
"'. J. Bodell at the station on Old Point Comfort, Va. Interruptions in the series of observations 
at tlrii,; station haYe ceased since the pendulum-clock was replac.ed by the one now in use. The 
wharf which ;;npports the apparatus will soon be removed, but arrangements will he made to reoc 
cup;\· the po8ition on the engineer's wharf, at which the series was commenced some years ago. 

Boundary hetwet<n Maryland and Virginia.-Previous to the meeting of the boundary commis-
1:-1io11ers of the two States in Jnne la.st at Crisfield, Md., request had been ma.cle by them for the 
sen·ices of a to1)0grapher of the Coast Survey to work under their immediate direction in mapping 
such ground ao; might be imlicatedJn the course of their deliberations. Mr. Charles Junken, having 
been :tssignecl for the special duty, reported in person to the commissioners at Crisfield, and com
menced work on the 16th of June on Smith's Island. He was there eugaged until the end of the 
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month. AR the fiscal year then cloHPA1, the summar:v of his work will proper!~- appt1ar hi my iwxt 
annual rt"port. 

Triaugulation.-Amoug the comlitions requisifo for final acctuaey in trim1gulatio11 is that tile 
height of each of tlrn primary stations alltn-e the sea-leYel sl1ouh1 lie knowu. Hence verti(•al aui . .rles 
are mcastire<l at the primary :,;tations, and it rcnutins only to refer the heights of a few stations near 
the coast to the level of the sea by running lineH for that JHll"}l08e with the RpiriUevd. For the 
chain of rnaiu triangle is which passe:-; neiu· \Vashingtm1 Cit;-,- arnl follows tl1P BlnP Riilge iu its eomse 
along the Atlantic :seaboard, the pla11e of refe1·e11ce wais ascertaiuetl iu ~o\·emlJer, 1875. Ai-;sh;taut 
F. ~'. l'crkiui-; istarted from a well-tletermiueu bench-mark at the 1\'at-;hingtou na,-~·-yanl with a 
leveling-instrument, followed the line of the Baltimore and Potomac Railroatl to Hs jmwtio11 with 
the Annapolis Hailroad, and thence lHtSRed down the last-me11tio11e(l road to Annapoli,.;, whe1·e he 
established a mark at the leYcl of mean tide. Au offaet was made from \Yilr1011'r1 Station 011 the rail
roall to the J>rimar~- triangulation-point uamed Hills; ancl another ofl':set was nm acl'oss the 8m·ern 
Rh-er at Annapolis to tlw primary station Taylor. 

The main line of leYels was begun at \YaRhingtou on the Uth of X0Yemhe1", and six hundred arnl 
thirty-four stations were nmtle between the 11aYy-yard :md the level of Uhe8aveake Ifa:-.- 11t Annapo
lis. By several well-markeu ohjectR the station then' at whid.l tide8 were recorded for 011e mo11th 
was connectei.l with the liue of levels. All the lines were run twice. making i11 the aggregate eight~-
six miles. Including the two lines of' off>iets, Reven Irnwlred aull Hixt~--two stations were matle. The 
two measurementis for leYel t-iliol\- a close agreement. :.i\lr. ,J. De Wolf joined the part,\- ou the ~9th 
of NoYember. As8istant Perkins vms aidetl throughout by l\lr. lt,. :E. Dtffal. Operatimrn were 
closed on the ~4th of December. The work subsequeut,ly prosecuted by .\Ir. Perkins will be uotiL"t,'<i 
under the head of Section Vil. 

Magnetic obseri,ationi-s.-The usual annual cleterminations of the magnl:'til' de(•linatiou, dip, and 
intern.;ity at the station on Capitol Hill in ·w ashiugton Uity were made b~- Assistant C. A. Schutt in 
April last, aud h,v some weeks earlier than the period at which tlH• ob~mrvatiouis haYe been iLmmall:v 
made during the h18t ten years. The ground occupied being requiretl fur lmildi11g pnrposC8, a uew 
station will be established in the viciuit.Y. 

As the instruments used in tlrn ollservations here noticetl are good specimens of their clasH, they 
were early in the stmuner sent t-0 Jlhila<lelphia to form part of the Coast Suney exhibit in the Cen
tennial Exposition. 

Tricul{J11Jation of Jame,~ Rfra, -i"a.-The schooner 1:koresby1 with tl1e party of A8sistaut .T. ,Y. 
Donn, was at City Point in November, 1875, and it was then hoped that means might hol<l fur 
extentliug the plane-table survey of the bankis of the river as far as Richmond. 

Several of the station-points which had been pre.-iously occupied in the triangulation of the 
main river near City Point coulcl not be found, the marks lrnYing heeu wantonly destroyed. )lr. 
Donn in consequence fouml it necessary to begin hi:s triaugulatiou several miles below. Dnri11g 
December, 1875, and January of the present year, points ·were selected and Rignals imt np bet\nieIL 
Drewry and the approach to the city. Much labor was entluretl in prosecuting· this work, as many 
of the lines of sight required heavy cutting throug·h timber that abounds in the swampi:; bordering 
that part of the ,Jame8 ltiYer. Prelimiuar,y measurements of angles were made at all the stations, 
so that data might be aYailaule for topographical work, but Assit-;hmt Dom1 intended fo make final 
measurements of the horizontal angles if means could he ha(l for continuing tl1e operations of the 
party during the spring. Other requiremeuts of the service, however, made it ueccssar;y tu recall 
the party in the Sooreshy at the end of January, 1irevious to which dat.-' twenty-three signals bad 
been erected. During winter the vessel was docked at Riclunoncl, there lleiug, as against probabil
ities of running ice and freshets, no safe anchorage between the city anu the point at which the 
work wa.s resumed. Mr. Donn had been pre,iousl;y in Section I. On the .Jam es Itiver he was aided 
by Messrs. F. C. Donn and F. H. Parsons. 

Prirnary triangulation in Virg·inia.-.At the opening of the fii>eal ,year 1875-'76 field-work ou the 
seriP~" of quadrilaterals which pa.soos southward 1~loug the e,:tstern sitle of the Blue ltidge bad 
boon extended to Humpback Mountain in Nelson Oouuty, Va., at which station observatiom; were 
closed on the 2d of July, 1875. Assistant A. T. Mosman, as soon as practicable, transferred his 
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party to Spea.r Mountain, and closed the series of measurements requisite there on the 29th of 
1\.ugu>:t. At that Rtation the wf'ather provecl to he umu;1rnlly wet and fogg;y. 

'I'lw Rtation in thr ;;;erif';; of pointR namefl Tohacco Row Monntain was next occuJlied with the 
th<~oclolite, and the a 11g-nlar mea snremPnt.s there re11 nirf'1l were com1lleted on the 22d of Septmn l)('r, 
Sonw of tlw lim•s whil'h cm1Yerge at this station were upward of fiftx mile1' in length. The weather 
wa1' often dondy, but, on days suitable for obseniug, the signal-poles on the longest lines were in 
fall Vif'W, 

Pr('parat.ions were C()mplete on T ... ong Mountain by the 12th of October for astronomical obser
vations and for the measnremcut as mmal of horizontal and vertical angles. 'l'lte geodetic work 
was mneh delayed ll,V the prtwalence of smoke and haze, for some clays in succession the outlying 
sigrn1lR 011 long lines being hid from view. The a.stronomical olmervations were less ltindere<l b;r 
the same cause. A ]amp, set aR an azimuth-mark in the belfry of the court-house at Lynchburg, 
which is about nine miles cliRtant from the station on Long Mountain, coukl he observed on at night, 
although the atmosphere was Yer,\· s<>ltlom suitable for adYancing the triangulation. The latitude 
ohserTatinnio;, complet,ed on the 28tl1 of Oetoher, depend Oil two hundred and twenty-eight results 
found in fonrt~n 11ights witli twent,\- pairR of stars. For value of the micrometer of the zenith
telescope, eighty-two readings wPre recorded, hy obser,ing on two stars. Seventeen nights were 
occupie1l iu the determination of time ''ith the meridian-telescope hy observing on eighty-six Rtars. 
The azimuth was aseertained hy one hundred and eighty-four pointings on Polaris, on seven nights, 
the obseryations being some direct and some reflected in mercury. The measurement of hori
zontal and Yertical angle;;; detained the obsernrs on Long Mountain until the 9th of December. 
In a<ldition to the Reries of exact angular meaRures recorded for the triangulation, Assistant Mosman 
in tlw (•onrKe of the Reaflon obserYccl on twcut;\'-fonr Kulmidiary objects, mostly prominent mountain
pealrn, clmrehes, court-hou8es, &c., arnl besides recorlling· their direction from the several stations 
which h(' occupied, determined the height of the subsidiary points by vertical angles. The statistics 
of the main triangulation are : 

StationB occupied .... _ .... _ ........ ____ . ___ ...... __ .. _ .... _ ..... __ .. _ . _ _ _ 8 
AngleR measured _ .... _ ........ _ ........ _ ... ____ ..... _ .... _ . _ .. _ . _____ .. _ 11 
Number of observatiom;. __ ......... ___ ... __ ... _ .. __ .. _ .... __ . _. _. _ .. ___ .. 2, 978 

For ascert,ainiug the hf'igllt of primary Rtations above the level of the sea, zenith-distances 
were measurctl with the vertical circle, and npward of two thousand observations were thus 
recorded. 

Assistant :Mosman was aided in the field and in office-work lJy Mr. W. B. Fairfield, and by 
Mr. D. S. ''"oleott until the 12th of December. During part of the summer Mr. U. L. Gardner was 
attachefl to the part,\·. The eomp11tations resulting from the triangulation were completed in the 
eourse of the spring of the present year. Aft,er turning in the records Mr. Mosman again took the 
field and is now pushing the triangillatfon acroRs the southern boundary of Virginia, in a pre
arranged 1lirection for joining ]ll'operly with the imnthern part, of the serif\8 of quadrilaterals, of 
which mention will he made further on in this report, under tlie bead of Section V. 

Rcconnai11sance for trfrtllf/U,fr1tion in Yirginia.-After the return of SubaRsistant Edwin Smith 
from Chatham Island, in the South Pacific Ocean, fo which place he had been asRigned with a party 
for obseningthetransit ofYenns, in December, 1874, and when tlie recorcls ofthatwork were com
plete, preparation was made for resuming his usual field-duties. Late in July, 1875, Mr. Smith com
mpnced rPconnaissance for stations to be oeeupied by Assistant Mosman to the southward of Lynch
burg, and in doing so kept in view the necessity of selecting a course the most direct for joining 
with thP chain of triangles which has been pushed north and east from the base-line near Atlanta, 
Ga. Following, in general, along the eastern flank of the Blue Ridge, a scheme for the main trian
gulation waR laid out by Mr. Smith. This proved t-0 be entirely acceptable, and the junction iu 
North Carolina with the southern part of the same chain of triangles is satisfactory. The party in 
reconnaissance ke11t the field until the 3d of NoYember. As he passed from station to station Mr. 
Smith made arrangements at seYeral for subsequent occupation by Assistant Mosman. 

Suhassistant Smith was engaged during part of the present year in Section IV. 
Mr. A. H. Scott, after his return at the end of June, 1875, from Chatham Island, in the South 

Pacific Ocean, where he had been on duty with the part~~ sent to observe the transit of Venus, was 
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engaged, until the. entl of the :year, in comparing with the standard tlw hras8 nwter;; whkh had 
been cmu.itructecl in t.11e office. He m:-Hle at tlie 8l1llle time a111Stracts am1 redud ions of all ilw 
recorded comparisons of the committee meter, aml of the iron aml isteel uwkrs, all of ·whidi are 
used in the final tests of the length-measures issued from the oftke. 

Early in "'.\Ia-rch, )fr. Scott had complded computatiom; for the latitude of the i-;tation on Chatl1am 
Island at which the transit of Venus was ohserve<l. in Decemuer, is; 4. He tlieu took up, under the 
direction of A.ssistant .T. E. Hilganl, the computation of resnlt'l from the record of magnetic ollsernt
tiorns which hacl ueen made within the year. These in graphical form, t~1gether with ot.he.n;, am iu
coq>0rated in the illmstratiou to Appendix No. !.ll, which accompani<'K this report. 

In the latter part of the fiscal year Mr. Seott arr<tnged the detail;.; mul made an iuventory of 
metric weights a,ud measm·e:,; and comparisons of the Briti;.;h ;\''ard-measures. 

Reeo1maissance ill ll'"cst rir[Jinia.-Tlte PX>tmination of the lllOlllltaiJL reg·ioll of \Yest Yirg-h1ia 
with reference to point:,; for primar~- triangulation wa8 contiunetl during the summer of 187;) h~
A.ssistant S. U. :i\IcUorkle. \Ve8t of the Gaule~- Mountains thl> country <ti' far <bK the Ohio prei-;euts 
a succession of peak" awl YP.ry short rillges, ha,·ing" an aYeragt> and nearl:> equal t.'levation of about 
seven hundred feet. Hilly as the region is, it 1n·esents few natm·al faeilities for the p1uposc desiJ:ed, 
the lines of sight being genel'all,Y t-00 short for conformit;\· with the charaet(:'l' of the triang·ulation 
a.lready complet~d to the eastward of Gauley Hiver. 

\Vhile this work was in progress the, iletails of field-work iu KortlH:'J"U Geoq;ia require!l tlw 
recall of :t\Ir. l\foCorkle for ivlditional points there, the triang-ulatiou-party iu Section YII ha.-ing 
oocupicd all the })r™.~ticftl>le points that had been 8elected in preYiout-1 rceonuaii-;t-1a11ce to the ...,,·estward 
of the Atlanta uase-line. The reconuaitisance in \Yest Yirginia will be completed early in the pre,.,ent 
fiscal year. 

SRCTION IY. 

ATLANTIC COAST A...~D SOUNDS OF NORTH CAROLINA, IXCLFDING SEAPORTS AND RffERS. 
(SK~:Tcu No. 9.) 

Hydrograpliy of Pa.inplico 8ound, Jlr. 0.-This work has been further a<lnmced by a part;y in 
charge of Lieut. IUeltard VI'" aiuwrig·ht, U. S. ~., assi,.;tant in the Coast Sm·n,y, with the steamer .. A.rago. 
The part sounded between the 20th of December, 187.i, and the 10th of 1lar following includes rnost 
of the interval between Gibb's Point and Stumpy Point aud the mi<ldle of Pamplieo Sound south
ward i1ud eaRtward of Long Shoal Poiut. Before the work in this quarter had been extended east
ward across the soull(l, the party in the Arago was transferred to Alligator ltiYcr, a snrn•y of which, 
beyond the limits previousl;y reached, was requmited in the interest of pnhlie improYement;-;. I,ieu
tenant 'Vainwright promptl,'1- took in hand the rh·er-SlUTe;\'· and tr<Wl~d the ,;hore-lines soutll\ntrtl as 
far as :tnunt's Canal. The channel was snhsequently l'!oumled b,'1- the party aud the Yicinit.v mappe(l 
on a scale sufficient for the puhlic use,; in dew when the sm·n•y wa.s reques(,(•ll. T,iPut-Pnant 
\Vainwright was assisted in this section by \Y. P. Hay, Master, "L. S. ~., and hy Ensign l'. IL 
Lefavor. Seventeen signals were erected iu the course of the season. The generul 1>tati:;ties of the 
work are: 

Miles run in sounding .. _ . __ ... _ ....... __ . _ . _ . ____ . __ .. _ . _____ ... __ . _ .. _ . _ _ ~00 

Angles measured ...... _ ... _ ........ _ ....... _._._._ ........ _._ ..... __ ._... 4, .317 
Number of soundings .......... _. _ ....... _ .... __ .... _ .. _. _ ... __ .... _ ... - - - ~l5, 6u3 

Earlier in the fiscal year Lieutenant \Vaiuwright conducted hydrographic work on the coast of 
Texas, as will be stated under Section IX. 

Latitnde and azimuth at Roanoke L~ltuid, N. 0.-\\'ith a view of having determinations of lati
tude and azimuth at several stations in this se,ction, Subassistant Bd win Smith was Rent in Decmn
ber, ism, with a party in the schooner Dana to observe at ee.rtain of the stations which had been 
occupied for the triangulation of Pampli<'Al Sound and the at\jacent waters. Bad weather and con
triuy winds delayed the arrival of the vessel until the lath of Jan nary, when the Dana anchored in 
Oyster Creek, near Sand lsland Station, which is ncm· the southeast end of I~oanoke Island. 
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Onl.v a Rmall part of th(• ground near the station waR found to he coYered with sand, and that, 
although the deptl1 of the cove.ring was eighteen inches, yielded sem;ihl,v nuder the presRnre of the 
foot, o;o that dbrations '>Vere sensihle at clistaneei-; of eight or ten feet from the impression. Natural 
cornlitions hPiug unfann·ahle, SnliassiRtant Smith w~1s constrained to put down a founuation of 
wood au<l to er..,ei ou it a platform for tlw meridian-inst.rmnenL 

TllP azi11111tl1 at Sa11rl Tslantl wai-; measnred from the cap of tbe tripod which ball heen used in 
dosiug; t lw triangulation of Pam11lico Sonml. \Vhile azimutli-olisPrvaJious ·were in progTess the 
irn.;tnnnent was eh>n1ted twenty-one foet aliove the gTournl-levd, it condition not favorable for great 
accnrac-_\·, but in this case unavoidable. 1\Ir. Smith and the aid, Mr .• J.B. Ilaylor, completed measure. 
mentR for azimuth hy the 12th of Ji'ebrnary, 18i6, and recorded in the course of the work, for correc. 
tiom~ of foe siderf'al chronometer, fift;\·-six observations on twe11ty-two stars with the meridia11-
t1•le8co1w ~o. 13. 

IJatitud1• Wal' dt>termined at Sand Island Station from six(r-eight observations recorded on six 
faxorable nights 011 fift.eeu pain; of stars. Eighty obserYation8 were made for as{:erfaiuing; the 
value of the micronwter. 

The direction of the azimuth-mark was found from Pighteen sets of ohservations on Polaris, 
ancl the aug:le so determined was rdern~d to the line paKsiug from the obser,·ing station to the south 
cud of the Bodie',,; Island l1a,.,e-line by thirtee11 sets of measurements of the horizontal angle. The 
records of the ~u1tronomical work, original and duplicate, coutainetl in eight volumes, have been 
recei\·ed at the offic.., \Yith the field-reductionR . 

.Magnetic ob8errntion8.-\Vhile the work noticed under the preceding head wm; in 1Hogress, .M:r. 
11aylor recorded at Sand Island a complete set of ohserYations for determining the magnet.ic decli-
11ation, <lip, and horizontal force. 

l\leam.; not being aYaihtble for continuing the operation8 of the astronomical party iu this sec
tion, tlw schooner Dana was dispatched for Norfolk in the middle of .February. Subassistant 
Smith autl l\lr. Baylor then repaired to the office aud took up the computations for latitude aud 
azimuth. 

Hydrograplty of Core Bound, N. C.-For this work, Lieut. J. l\i. Grimes, U. S. N., assistant in 
the CoaRt SurY('y, with hiR party in the Rteanwr Fathomer, reached Beaufort, N. C., on the 26th of 
~ovcmber, 187;"}, Tlw pn~jcction for the bydrograpliy took in the west end of Core Island, aud 
joining with work <lone in a previorn; sea;mn, exten<led southward to include Harbor Island Bar. 

Afkr estahlb;hiug· a tide-gauge in the istrait;;, souudhtgR were ad\'anced by working eastward. 
Some of Ht€' grournl-marks ;;et when the triangulation was prosecuted had been lost by the washing 
nwa;\' of the i-;hore, hut a sufficient number remained of points ;;;uhseqnently marked by the plane
table party for service in tlu· hydrography. 

1,ieuteuant Grim<·R notieetl that during calm weather the rise and fall of tides in the ;;;ounu was 
rt1g111ar, as tthm with the wind southward or eastward; but that the tides became very irregular with 
the wind in an,.,.- other direction. "A northeast wind, or auy wind from northwest to northeast. 
miRes the water in the sound to an;v height from two inches to two feet. Ou the contrary, any 
wind from south-southwest to weRt driveR the water out the sound and lowers the water-level as 
much as two feet, aceor<ling to the titrength of the wind." In the courAe of the season in this sec
tion the hy<lrogra]Jbic party Ret up thirty-four signals additional to field-points, which had been 
identified for use in soundings. The general statistics of the work are : 

::\mes run in ;;;oundiug _ .......... _ ................... - . . . . . . . . . . . . . . . . . . . . 526 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

7 
843 

Numbl:'r of som1ding·s .................................................... 38
1
296 

}faying completed the hydrogr.i.phy of Core Sound, Lieutenant Grimes sailed from :Beaufort 
on the 2/":lth of ~fay, and proceeded with the vessel to Philadelphia. He was aided in the work in 
Core Sound by Master T. G. C. Salt.er and Bnsign 0. '\V. Lowry, U. S. N. 
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SEUTION V. 

ATLANTIC COAST AND SEA-WATER CHANNELS OF SOlJTH CAROLINA AND GEOIWIA, INCLCI•ING 
SOlJNIJS, HARBORS, AND IUVERS.-(SKETCll No. 12.) 

Hy<lrography of ·winyalt Bay rind its approaches, S. C.-For this work two sheets were lH'Q.icctPd, 
one to show the soundings on Georgetown Bar and at the entrance, the secoml to n•present the 
hyclrography of 'Vinyah Ba.rand the mouths of the Pedee, \Yaccarnaw, a11d Satnpit Hin'r8, at tlw 
head of the bay. Both sheets have been completed by Lieut. C. T. Hutchim;, 1-::-. S. N., assi8tant 
in the Coast Survey, with his party in the steamer Endeavor. That Yessel left New York for tllis 
section on the 25th of October, 187i>, and returned t-0 port at the end of :\fay of the present year. 

For the hydrographic survey of 'Vinyah Ba;v, forty-six signals were set up and determined in 
position by occupying- thirty-fh-e stations on the shores. In tile cour:se of tlie seas011 the tides were 
observed at four stations, and au agb'Tegate of nearly seveu thousand obi-;ern1tiom; were recorded 
from the tidfl-staff. Currents were observed in Bottle Channel (G-eorgetown Bar), ancl at the entrance 
to the main channel; also at three stations in \Vinyah Bay. Specimem; of bottom found iu somuliugs 
were taken at each of the curreut-station8. Three wreck8 were determined in po;;itiou imd twel\T~ 
buoys, and these with other customary details appear on the hydrographic sheet8. ~rasters S. II. 
May and ,V. M. \'\7 00<1, 'G. S. N., were attached to the party iu tlu~ Endeavor at foe outset of the 
season. The last-named officer was transferred to another section in January and wa:,; detached 
from Coast Survey service in March. Lieutenant Hutchins wa8 aided in this section by Ensign 
H. McCrea. The h;yclrographic statistics are: 

Miles run in sounding_ ................. _ ........ _ .. __ . _ ..... __________ . . . 49'.! 
Angles measured ___ . _ ..... _ . ___ . _ ..... __ ....... _____ .... _ ..... __ .... _ .. _ 2, 627 
Number of soundings ...... ___ ........ __ .. _ ...... ____ .......... _ . __ .... _ _ 25, 453 

Under Section II reference has been made to work previously doue by the part~- in the steanwr 
Endeavor. 

Hydrography of North Edist-0 a1id South Edisto RiverR, 8. C.-For the purpose of sounding the 
sea-water channels that bound Edisto Island, and which form an illlJHlrtant link of the iulaud naYi
gation along the southern coast, Lieut. J. P. :\foser, 1-::-. S. X., a::;sistant iI1 the Coast Surn~y, t-0ok 
the schooner G. M. Bache into the South Edisto on the 11th of April, after the comp!Htio11 of hyilro
graphic work at a point which will be mentioned under the next heacl. \Yitl10ut delay a tide-sta.ff 
was set up at East Landing, another in North Edisto Uh-er, aml search was made for statiou-markR 
on which to base the hyd.rogra11hy. Stone post:s had heeu buried out of sight some years ago at the 
triaugulation-1>0ints, but as found from time to time hy tbe colored inhabitant;,; the,y were remon~d 
and put to use as anchors for their boats. Houses, too, marked on the hydrogra11hic pn~jectiou had 
been so completely carried away that their sites couhl not be identified. At the ca::;t end of the 
Edisto base-line the monument had been turned <H'er li;y ignorant people in sear<•h for a snpposetl 
treasure, and no trace remained of the side-post:s at the west end of the base. Fortunatdy, the 
monument at that end ha(l not been disturbed, and wa::; made a\'ailahle h~- I.ieutena11t l\Ioser for 
adjusting the hydrographic work in South Edisto RiYer. That i<tream wa:s sounded upwitrd to its 
connection with the Dawho. Saint Pierre Creek wa,s sounded, the upper part of X orth Bdisto, 
Dawho H.iver and its branches, and each of the creeks passable for boats 011 Edisto faland. Lieu
tenant Moser states that the shoals that form in the mi<ltlle of the river;.; are iuYariably of hard 
sand, the banks at the same places beiug soft mud. The statislici; of work are: 

Miles run in soundings ____ . ________________ . _ . _ .. _____ . . .... - ... - .... - - - - ~r;~ 

Angles meas1rred ___________ .. _______ . __ . _ ........ _____ .. _ . _ . __ ........ - - 1, 738 
Number of sou11dings .. _ ..................... ___ ... _ .... ________ . _ ....... - . - - - 22, 477 

Hydrography of &.int Helena 801md, S. C.-Remarkahle short>-line changes caused b,\· sea
encroachment at the north end of Hunting Island were mentionl~(l in my report of last year. In 
onler to ascertain the con'esponding alterations in depth, a prqjeetion waH iutrusted to Lieutenant 

S. Ex. 37--5 
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11-Io,;;rr, who reachr!l tlw locality in the schooner G. M. Bache on the 21st of February, 1876. As 
soon as JHJNKible a few point;; werl' determinell additional to those marked on the pr~jection, and the 
alterP<1 Nltort•-liuc wm; trace(l by the hydrographic party. 

'l'he Ill'''' chmm<•I pal'isiug the north end of Hunting Island aU<l lcading into Johnson's Creek is 
rPJ 1ork<l b:.· Li<·ntcnant 1-loNer as having eight feet at mean low water. A line of sonn<lings was run 
through millchauuel in Harbor River as a means for determining whether or not any alteration had 
been caused in tlw depth of that entrance. The tides were obsenTed and recorded for one lunation 
at t11e light-hon.;,;e wharf, Hunting Islan<l. In the new clrnnuel current-obsen·ations were tried, but 
I,ienknaut ~foHer found that there the current was mainly iuduced by the wind. To his inquiries 
in Teganl to the prohable rate of encroachment the replieH giYen by the nearest resident!> were not con
Histeut. It was, howen>r, ohserYed by the party that at one place on the exposed side thirteen feet 
of the bank \YaHl1ed away iu the conrne of six weeks. The rate of sea-encroachments has seemed to 
<krwml 011 tlw frequeney and Yiolence of easterly storms, but is now so much leRsened that (\ompar
isou of the 011tli11e trace<l early in .lnly, 187fi, with tliat fi:mud in March last by Lieutenant Moser 
show>! Ye1·~- little alteratio11 conesponding to that i11ten-al of time. The statistics of the hydro
graphie work are: 

J\Iiles run in sounding;.; ... _ ................... __ .................... __ .. _ . 
AHgles mea~mred ......... _ ......... __ .. _ ................ _ ........ _ ..... . 
Number of somulings_ ............... _ ...... _ ... _ ...... _ ................ . 

65 
758 

7, i)43 

Li(\ntenant l\foser wa,; assisted in this section by Mastel' .T. B. )furdock, U. S. N. After com
]lleting the work mentioned nuder the prece<ling head, the schooner was returned to Baltimore, and 
was them rPfittetl for seryif'.e in Section II. 

P1·im111·!1 tri1mr1ulntion.-Assistant C. 0. Boutelh» during the course. of the fiscal year occupiell 
and completell ohsen·atiom; at fin· pri1nary stations in the mountain region of South Carolina and 
(frorgia. Of the:-;t> the most southPrn station was occu11ied first. After completing the measure
ment of ang-lel"l at Blood Mountain and Halma in X orthern Georgia, the primary })Oints at Pinnacle, 
Paris, and ::\lauhliu, 8. C., were occupied in succession, field-work for the season dosing at the 
statious laNt named late in December, 1875. 

'l'lw seYeral stations mentioned ahon• are pait of the series of points selected in reconnais
sance for a chain of qnadrilatemlR stretching nort.hward and eastwanl from the base-line near 
Atlanta, arnl to lm ultimately joined with a series of quadrilaterals which has been extended south
ward and westwanl along the Bht(' Ridge through the State of Virginia. (See sketd1es Nos. 10 
aml 11.) Blood MountaiH, 4,4'>8 feet high, was occupied hy Mr. Boutelle late in .Jw1e, aml tlw 
mPasnrenwut of horizontal angles with a 20-ineh theo(lolite was completed by the 15th of July, 
1Slfi. SPven pri111a1·y stations were obsetTed on from Blood Monntah1, and the approximate 
position:,; and elt>vations of twenty-three subsidiary l)Oints were noted in a separate record. 

In the mi!ldle of July the l>arty was transferred to Rabun Mountain, where observations were 
11cgun 011 the 27t11 of .Jul~·. This stat.ion has a height of 4,717 feet, and is nearly fortx miles 
distant from Jnood Mountain. On rea-0hing the st.atio11 at Rabun it was found that the large signal
pole JH'eviou1-1ly 8Ct up in the rcconnaissanc~ hatl been shattered by lightning, and that the signal 
left at Blood )-fountain hiHi tlisappcare<l. Subsequently, it w:is ascertained that two da;vs after the 
part~T left Blood Mountain the signal-pole there had been totally destroyed by lightning, making 
the third iuRtance which had occurred in the operatiom1 of this party in the course of two montlis 
The tlieodolite at ltahun 1"lom1tl1i11 was protected as fa1· a."l practicable by the erection of a lightning
rod, which was transferred after the 13th of Aug·ust, when the party was moYed. Twenty-one 1n'Omi-
11e11t mountains and other objects were obserni<l on from Rabun, exclusive of eight primary signals 
011 which the rneaRnrP.me11tR were repeated, aH mmal, with the utmost accuracy. 

Pi1111ade Mountain, 3,442 feet high, in South Caro1ina, was occu11iecl, and while arrangements 
were iu progre;.;s for adjusting the theodolite there, Mr. Boutelle fouml it practical1le to establish a 
tripod-signal 011 \Yoft'ord College, in Spa.rtaulmrg. Having adjusted a structure for subsequent nse 
on tile college lmiltliug, observations were begun at. Pinna.de on the 2.'ith of August, and were com
}lleted on tlw 8th of September. Six outlying signals were observed on, and thirty-six mountain-
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peaks or other snhRidiary ol~jects, noteR of whieh in rPspeet of dirN·tion, though rnadP incide11tally, 
will be of special Yalue hereafter for correcting the St<lt,(~ map, or in time for the us1•s of the 8tate 
authorities if a survey of the State shonld he i11:,;titute1l h~- them. 

Faxorell thnR fi1r hy good wRatlwr, cormspmuli11g progrel'\R had hee11 made h~- thP parr,,- wlil'll 

the theodolite was movecl to Paris ~1ountain, 2,0.;7 feet in height, and ahont l:'igl1t rnileH north of 
Greeinille, S. C. After tlie middle of September, however, alternating storm;.;, and the srnok,\- or 
hazy weather of autumn imcceetled, and much retanle1l the oh;;ervationR at thiis important .~tatin11. 
Eleven outl~·ing signal:.; W{•rc to be obsen·e1l ou, arnl tluve of tllem were 11torP tha11 Rixt,\- mil1•s diR
taut from the theodolite. \Yhile the geodetic work was delayl-'d, a8tro11omical nhRPlTatio11R were 
recorded for latitude and time with zenith-telei,;cope ~o. Gaud transit :So. 11~ by :\foi,;sn;. H. \\". 
Blair and .T. B. Boutelle, aids in the party. Fort;.·-fom· vain; of st an; wpn• use1l for tletenni11i11g· the 
latitude, each pair heing obsen·ed 011 11ot lrn,;s thau fh-e 11igltts. Iu rderl'11ce to the r1•8ttlt, ~'l.ssir;tant 
Boutelle remarks : 

"Each obsen·er computed the apparent place of the stars he ohsen·ed, and made tlw fidd
re,<luction of his observations \Yhile keeping up with his tield-1lutiP8. l'ariR :\Ionutaiu is IH'aI'l'r tlw 
mass of mountains of Sorth Carolina and Tenuessee than any other astnmomical Rtation ii' in rela
tion to similar masses. But the resulting latitude is :.!".ii greater tliau the geodetic l:nitmlc brong·ht 
forward from tlw 11w~m of f<mr a;;tronomical stations 8outl1west of it, awl farther frl>m the motmt::iin. 
masses, indicating attraetion of the plumb-line in an opposite direction, or toward tide-water, pr1c•
cisely as was found in l\faryland and Virginia." 

V\711ile operations were iu progress at Paris Mountain, Subassi;;tant Edwin Smith was pw;l1i11g
a reconnaissance acro8s the southern houndar.v of Virginia for io;t:ttions to connect proper!;.· with tlw 
triangnlatio11 of Mr. Boutelle. To insure the conditions desired the two obseiTers eonferred at Pari1> 
Mountain in October, and the entire scheme was soon ath~r perfected. 

At the geode.tic station near Greetffille azimntlt wa,s dcterminrnl h;.- ohsm·,-atious n'eonled 011 
twelve nights between October 23 and Xovemher 20, 1875. Owing to frequent iukrYalR of had 
weather the measuremeut of horizontal angles was not concluded until the 1st of December. 
Exceptionally go0<l weather returning some days after, l\'[auldin station was occnpie<l with the 
theodolite, and the horizont:tl angles at that cent~r were measured between tlw Sth and Uth of 
December. Before leaving the field at either of the ;;tations, the point of obst•n-atio11 was st>1·urdy 
marked for ideutification :tt any time hereafter. 'l'he statistics of the triangulation of thi8 ~·ear arc: 

StationR occupied . . __ . __ ....... - . - - - ... - - - - - - - ..... - - - - - . - . - - - . - - - ... - - - - u 
.Angles measured ..... _ ........ - - . - .... - .......... - .. - .... - . - .... - - - . - - - . 33 
Number of observations ______ . _ . __________ ... - - - ..... - - - - . - ............ - . 2, 867 

Mr. Blair, when detached from the party of .. A.ssistant Boutelle, reportl>d at the offict> in \Yaslt
ington, and during the winter tested the graduation of se\·pral of' the theodolites that had lwen in 
use, and also the capacity of the <lividing engine to repeat precisel;1· in commcntin• snh<livisionR of 
the same limb. Huring the remaining part of the fiscal year l\fr. Blair was cng.tged in arrangi11g 
matter for the pnhlication of the tram;atlautic longitude work of the year 1872. At inten·als, how
ever, hf\ was employed in making the e.-0mparisons needful for the a1~justnwut of length-measures 
(meters) constructed in the office, and in computing Rtar-places for use in future obserYations. 

Tidal observation.~.-The need of a full Reries of tidal ohservatimrn at some point on the Atlantic 
coast of the Southern States having been long penrling, proYision hai> heen m:uh~ for reeonliug a 
series either at Port Royal, S. C., or at Fernandina, Fla. As the selection of the station eonld 11ot 
be definit-Oly made previouR to the coming winter, the apparatus intended for it, a111l i11 wlLich are 
combined all the later im1•rovements for registering the tidal action continnmrnly, wa,,-; sent fo the 
National Exhibition at Philadelphia, and there remained during the sumnier of the prexent _ye~tr as 
one of the oqjects in the collection which made up the Coast Survey exhibit in the Ceutenuial Expo
sition. 
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S E C T·I 0 N V I. 

ATLANTIC AND GCLJ.<' COAST OF THE PLORIDA PENINSULA, INCU:DING THE REEFS AND KEY8 AND 
THE SEAPORTS AND RIVERS.-(SKt,TCHES Nos. 13a, 13b, A.'iD 14.) 

Hyilrograph]t of Fernandina Harbor, Fla-.-For the purposf' of facilitating the action of the 
Engineer Department, when qnestionR in regard to the im1n·oyement of the entrance cl1anne1s were 
nncler coni,;ideration, a hydrographic Rnrvey of tl1e har of Fernandina Harbor was directed in 
Non•mllt>r~ l87;i. The work waR hegun 011 the 1st of Uecember, and wai;; prosecuted till the 3d of 
.Jannar.'· following hy Lieut. Commander .J. C. Kem1ett, U. S. N., assiRtant in the Coast Survey, 
with hi8 party, in the steamer nache. 

"Carefu I atte11ti011 waR giren to the cliweloprnent of known and probable clmnnels. Well
marked shoalR and lJl'eakers awl the dePpest wa.ter, as show11 h.Y prt>Yions snrYeys, were not exam
ined. Our work will, I think, show no llecide1l ehnnirt~, except the gradual mo,·emeut of ·the main 
chanmil to the southward.'' 

IAentenant·Commander KmmPtt traced the altered shore-line of Cumberland Island, and 
marked the results on his hydrogrnphie sheet. The statistics of soundings are: 

::\files ruu _ ... _ .. _ .. _ . _ .. __ . __ ... __ ... _ .. _____ .. _ .. __ ... _ . __ .. _ ... _ . _ .. _ . 120 
An~·Jes measured ... __ .... _ ...... __ ....... _ ....... _ - ... ______ .. _ .. ___ .. _ . 1, 024 
Number of sournlingi,; _____ .. _ ... ___ .. _ ..... _. _ .. _. _. _ .. _ .. ___ .. _ .. ____ . _. 10, 056 

For purpose;; of comparison, tracings from the slieets of the la.1;1t and preceding surveys were 
:fhrnished to the E11~".ineer De1iartmeut. 

Lieutenant-Commander Kennett was aided in this section and al."lo in Section I by Acting 
Ensig11 George (}Jass. 

Surre.lf r>ftlre Sa-int.loltn's Rhter, F/a.-Toprovide forextendingthesurveyof'tlte SaintJohn'sRiYer 
ahove .Tacki;onville, a party was organized under the charge of As8istant H. G. Ogden for ser\ice with 
the st:eamcr Hitdrnoek, and that ressel was tlispatched from Baltimort> on the 24th of Octoher, 1875 . 
. Exee1>t. hetween Cape Fear and Saint Helena the southern passage was ma{le entirely through the 
inland waterR. 'l'he steamer reached .facksonYilk on the 12th of November. "W~ithout delay search 
was made for points at which tlie triangulation of the river had ceased when the snrvey in a former 
,vear was cloRe.d near JacksonYille. From U1ence to the Routhward a reconnaissance was conducted 
bJ· Assistant Ogden to EnterpriKe 011 Lake Monroe, which is a hundred and fifty miles by the river
course to the soutl1ward of .Ta.cksmnille. 

On the 1st of .Januar.\·, 1876, the stuvey of the rh-er was taken up at limits wl1ere the work ter
minated some ;1·ears ago. A base-line was marked out near.Jacksonville, aml was carefully measured, 
and from that ¥iciuity a series of triangles was extended to Mandarin Point. This includes about 
fourteen mill's of the course of the river. Azimuth was measured at the station Bluff, by forty-eight 
observations on Polaris near western elongation, on three different nig·hts. The shores of' the river were 
traced by means of the planc·table within the limits of the triangulation, but the funds available for 
the operations of this party did not admit of cxtcn(ling the bydrography above ,Jacksonville.- Tidal 
ohscrvations, however, were made during one lunation. In the reconnaissance soundings were 
carried throug·hout as far as Lake Monroe. Mr. Ogden reports that the channel of the Saint John's 
haR niue foet of water as far as Bnchalon's Blutt; which is nearly eleven miles south of Pilatka, and 
from thence ou a depth of seven feet to Volusia Bar at the Southern end of Lake George. ·The depth 
on that har is only four and a half feet, hut to the south ward, and as far as Lake Monroe, tlie channel 
haH an an•rnge (lepth of seven feet. A bar, however, il'I met where the river passes into the last
mimed lake. The capacity of the channel as here mentioned refers to an average stage of the river. 
During frt•sliet;1 the de1>ths are increased by several feet, but at the lowest stages the water is seldom 
as much as Olli' foot less than tl1e (le1>ths liere reported. 

Suha1-1si1-1t~mt "\V. I. Vinal was attached to the party in the steamer Hitd1cock, and Messrs. F. H. 
;North and J. F. l~ratt sen·ed as aids. Field-work was prosecuted until the 1st of April, when the 
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vessel was laid up at a station in the riYer, alJont two miles a.hon~ .Jackso11Yilh·, in rr•adim•ss for 
resuming the survey hereafter. The follo\\ing arc statistics of the survey ai-; far as it was adYanccd : 

Sigua1s erected ........................................ __ . . . . . . . . . . . . . . . . 1 H 
Stations occupied ......... __ .......... _.............................. l!l 
Angles rncaRured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14H 
Number of obse1Tatio11R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 4,-;s 
Shore-line smTeyed, miles ................................. _ . . . . . . . . . . . . . . 3(j~ 

UoadR, inileR ........................................... _ . . . . . . . . . . . . . . . . 1~ 

Topography, square miles . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .t 
::\files run, reconnaissance _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '.!OJ 

Casts of tlw lead .............. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 'j, 10± 

Twenty-four points were determined in position b~- the triangulation of this year ou the Saint 
,John'l'I. 

Sm·i·ey of India 11 lli!Je1·, F la.-I n co11tiuuation of thii-; work, AsRistaut Charles Hosmer organizetl 
a part;y a.ml reRumecl operatimrn on the 4th of October, 1.-;rn, in the upper pa.rt of luiliau Hirer, 
where he hail clm;ed work at the end of ~fay of the same year. Of the t-lCYeral brauclws of ,:;m'H'.Y 
the triangulation wa,:; puRhed to the Ronthward twenty-six miles, and tlw topograpL,y nt>arly tweuty 
miles. Soundings were completed wit.l1in tlw plane-table limitR. 

The eountry ovPr which the work of this sea.son extendR is similar to tliat passed OYer last .n'ar, 
except that the west side of Indian RiYer, south of Titus\·ille, i,.; dr,Y and sandy, a11d coYered with a 

· denRc growth of 11il1e, palmetto, antl oak. The west hank is abont ten foet ahO\·e ltig-J1 wa1er at 
Titus,rille and gradnall.Y atb1i11s a height. of eighty to one lmndrC'd feet in the Yicinity of City Point 
and Oleander Point. Tlw region is Yery Rparsely inhabited and means of communication arn yet 
wanting. 

Banana Creek, a hrfmch of Indian UiYer aho,·e Cape Cana,·era.I, was included in the smTey of this 
:rear. The sloop Steadfast. was used in this work while means held out for lH'oseeuting the suryey, 
but in t!JP middle of Febrnar~' of the present year the Yessel wal'I lai<l up and the part,\· disha11d<~d. 

As8istant Hrnmrnr wa,.; ai1lt>1l i11 the field h,\' Snbai-;RiRta11 t, Eugene .Ellicott and Ll,\- ::\IPs!"rn. ,Y, E. 
McCiintock and T. A. Harrison. AR yet the detailed l'lttr\"CY of the outer coast n•.,;ts at a I10int 
several miles north of Cape Camweral, hut the survey of Indian Hiver has beell Pxtended as far to 
the southward of the Cape. The Rtatistics of this season nre: 

Signals erecterl ..................................... - .. - - . . . . . . . . . . . . . . . . '.!3 

Stations occupied ........................................ _ . . . . . . . . . . . . . . . 23 
AngleR measured ............... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4(i7 
Number of obsen·ations.................................................. 2, 802 
Shore-line sur\"E\yed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18() 
Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Area of topography, square miles r - - ••• - - - - - - ••••• - - - - - - • - - - - • - • - - - - - ••• - - 100 
Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;)'j!) 

Angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 9(i2 
Ca8ts of the lead _ ....... _ ...................... _ ...... ___ . . . . . . . . . . . . . . . 20, 900 

Twenty-six points were determined in positiou h;y ohserYation8 with the tl1eo<lolite. 
Hydrography qf KmJ Bi~CO}/JW Bay, F7a .. -Umler the hea(l of Section If, in thi1' report, meutiou 

has been made of the associate senice of Lieut. C. A. Bradbury, U. S. X., as8ista11t in the Coast, 
Survey, on board the schooner Palinurus, and of the transfer of that ve,.;sel to hiR charge in Decem her, 
1875. The schooner Wal' refitted at Norfolk ii.nd reacl1ed Charl1•Rtm1, Ei. C., on the ~itJ1 of .Tauuar;r. 
Frequent storms delayed the passage of the party soutl1ward. Off the eoaRt of Plorida the damage 
sustained by the vessel made it necessary fo return t-0 Saiut Augustine for repairs. The Palinurus 
reached Cape Florida on the 19th of March and uext da,y pas!'lt->il up to tht> head of Ke:r Biscayne 
Bay. J,ieutenant B.l'adbury :-;et np a. title-stuff at the month of .Miami HiYer, and identified the 
ground-marks, whicl1 were set in 1855 at the ends of the base-line mca.surml on the shore of the bay. 
Twenty-two signals were set up, and triangulation was carried from the light-house at Uape Florida 
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so a8 to eomwct with the north end of the KeJ- Biscayne base. As soon as practicahle, sonhclings 
were commenced in the ba;v, and by the 13th of l\fay the hydrography was completeu up to the 
mouth of the Miami. Tl1e statistics of this work are: 

Miles run iu soumling _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 172 
Angles measured ________ ... __ . - ... _ . __ . __ ... __ . _ . __ ...... _ . ____ . ______ . _ 1, 152 
Number of soumlings - __ .. __ .. ___ .. ___ .. _____ . ____ . ____ . _____________ . ___ 15, 263 

Lieutenant Bradbury with liis partJ· iu the Palinurns left Key Bhma;n1e Bay on the 16th of May 
aml passit1g 1-1outhward recorded notes for co11111ilatfon ju tl1e Coast Pilot of the Florida Reefs. Sail
ing-lines were run for the Hawk Channel; and for entering Key \Vest Harbor; also fc1r crossing the 
reefs at Kni1d1t's Ke.f, Indian Key, and abreast of the Hagged Keys. Between Virgiuia Key and 
Key \VeRt all the harbor-approaches and the appearance of the land in their vicinity were noted for 
compilation, and the outside sailing-lines were traced from Uape Florida to the Tortugas. This 
ser,ice emplo_ved the YeRsel until the middle of .June, when the party was recalled. Lieutenant Brad
bury then retnrnt_,'<l t-0 New York and laid up the YeHsel. 

In the middle of April, while Lieutenant Bradbur.v was with his ,·essel at Miami in Key Bis
cayne Bay, he was requested by the Unit,ed States district attorney for the southern district of 
Florida W assist in arre;;,ti11g three 1111-m for whom warrant:s bad been iRsued on a charge of m1ll'der. 
After the same reqnet\t hatl been nrgell h_y the deputy United State8 marshal the persons charged 
were arrest.ed, and for security were kept by Lieutenant Bradbury on boaru the Palinurus until the 
schooner Liberty, whicl1 had been sent from Ke.r vVest by the district attorney, was ready to transfer 
the prisoners to that port. 

T1·ian_q1dation of Sam,~ota Bay, Fla.-After the completion of work which will be mentioned 
under the next head, Subassistant .Joseph Herge8heimer transferred his party in February of the 
present year in the schooner Speedwell to Sara,sota Ba,v and selected stations for a triangulation to 
exte]J(l above aml below Long Boat Inlet. Several lines of sight were opened through the growth 
of pine and mangro,~e that abounds aloug the shores, hut, the limited means available for the work 
of this party did not admit of occupying either of the stations with the theodolite. A g·ood harbor 
iis found inside Long Boat Inlet with nine feet of wafor on the bar. .Mr. Hergesheimer reports that 
between that inlet and 'l'ampa Jfay the channel has five and a half feet at low water, and that the 
depth is greate1· to the southward. Several inlets, moreover, with good water on the bars, will 
doubtless he developed when the work is extended to the lower part of Sarasota Bay. Subassistant 
lforg·esheimer was ai<letl in tliis section by Mr. Charles T.tppan. The work was discontinued for the 
season on the 1st of March, but arrangements are now in progress for pushing the triangulation and 
shore-line surve;y during the ensuing winter. 

Topograph,11 of Hill.Yboro' Bny, Fla.-The party of Subassistant Hergeslicimer was in readiness 
in this sedion hefore the close of NoYember, 187i:I, with the schooner Speedwell, but owing to the 
inclemency of the weatller plane-table work was prevented until the 10th of December, 1875. At 
all farnrable iutern1ls Mr. Hergesheimer took the field, and by the end of January had mapped the 
shores of Hillsboro' Bay, essentially completing the survey of Tampa Bay and the adjacent waters. 
The statistics of the work are : 

Shore-line surve;yed, miles ___ . ___ ......... ___ ..... _ . _ .................. _.. 110~ 

J~oads, miles ..... __ ...... _ .. _ . _ ............. _ ..... _ - ... _ ... _ . . . . . . . . . . . . .21~ 

Mr. Tappan sen-ed as aid. Work subsequently done by this party has been noticed under the 
preceding head. 

H,yilro_qraphy of the Gnlf coast near 8nmsof,t:i Bay, F1.a,,-After completing in March the hydro
g-raphJ· of Hillsboro' Bay, mention of which will be made in it;.; proper geogr-a.pbical <>rder under the 
ucxthead, Lieut. J.M. Hawley, U.S. N., assistant in the Coast Survey, with a pa.rtyin the schooner 
Earnest, took up l'lonuding8 outside of Long Key, which in part separates the waters of tile Gulf of 
l\lcxico from Sara.'lota Bay. Above Long Boat Inlet a junction was made with the hydrographic 
work done in a previous sea.'lon hy Acting Master Robert Pfatt, U. S. N., and from that limit the 
hydrography was exteudecI 1muthw1ml to New Pass. Seaward the lines of soundings were carried 
about five mile!:! through the waters of the Gulf. Signals were set up along the shQre of the Key 
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by the middle ot April. The boisterous weather which prwmiled until the l 7tlt of :!\lay, when the 
work was closed, made it impracticable to emplo~- the launch. At iutervalt> when tl1e water wai-; 1wt 
too rough the Earuest left her anchorage in Sarasota Bay aml mlued to tlte record of s011111li11gs. 

"The only antilahle pass, for vessels drawing on•r fin~ feet, into Sarasota Hay, is Big Sarasota 
Pass, antl that is dangerous iu bad we1it.11cr. I,ong Boat Inlet is 8onwtimc8 used in fiue weathe1·.'' 

In addition to the h,nlrographic sheet of Gulf soundings, .Lieutenant Hawley ha" tumed iI1 a 
sheet on a large scale, showing the character of ],011g Hnat Inlet. The statistics of his work iu tlw 
vicinity of Sarasota Bay are: 

J\iiles nm in somuling ... ____ .. ___ . _ . _ ... _ ..... _ .......... ___ . . . . . . . . . . . . . 17:~ 

Angles measured . . . . . . .. _ ....... __ ......... __ .......... - . . . . . . . . . . . . . . . 50!l 
~nmher of soundings ................................. _.................. 2, 647 

vYork was dosed for the Reason in this section hy Lieutenant Jfawh•y ou the 18th of l\Iay, when 
the schooner J<Jaruest returned to the X orth, and, after ref!ttiug at Boston, was employed for oien·ict~ 
in Section I. 

Lieut. U. R. Harris, l\Iastcr G. C. Hanus, and Eusigu A. H. Cohh, TT. S. X., assisted in the Gulf 
hydrography mcutioucd under this and the next head. Pre\ionsl,\·, the party had been emplo~'L'll in 
work wl1ich has been noticed under the head of Section I. 

Hyilrography of Hill8boro' Bay, Fla.-Lientenaut Hawley, haYiug turned oyer the command of 
the schooner G . .l\I. Ba<;he to Lieut .• J. F. ~loser, took charg-c of tlw schooner :Earul'st, and sailed 
from Baltimore on the 17th of Decemher, 1875. Continued rough weather oft" Cape Hatteras made 
it expedient to return to Hampton Roads, from whieh, aftn needful repairs, the Yesse1 was 11assed 
through the Albemarle and Chesapeake Canal and ag·aiu put. to sea tlu-ough Ocr.tcoke Inlet, meet
ing there a fanmible wind on the 11th of .January. At K(•,\· \Vest, coal was sliipped for mw in the 
small steam-launch assigned for se1Tice in the h;nlrograph,v. The schooner reached Tampa ou the 
9th of Felmmry. ·signals were set up immP<liatel~-, and soumling:s wt;re begun iu Hillshorn Ba .... -. 
The steam-launch arrived 011 the 15th, and two days after was in etlective serdee, with a :s01mdi11g
pa1t.y ou board. At the outset, Lieutenant Hawley established a tide-station at Tampa, where da.'t· 
and night ohsen·ations were recorded during forty da~·s. Al.1 intervals of we.athe1· favorallle for 
work were occupied by the two parties iu adyauciug· the hydrography of Hill8boro' Bay, wltieli work 
was completed by the middle of March. 

"The HOlmdings in Hillsboro' Bay tlevelop a. good two-fathom channel to within about two miles 
of Tampa, where the bottom gradually rises an<l becomes hare at low wat{•r, except in the narrow, 
tortuon8 channel, th1·ough which only Hix foet can be carried at mean low ti<lt• int<l llilli,;horo' Hiver. 

"The Rhoals in the hay are all of hard ;;and; the bottom of the channel is eYerywhere of 80ft 
mud, and hence in going up the ba,y soft bottom is an indicatiou of being in the lJest water. 
Anchorage is good about. a mile to the north ward of Balh111t Point for ni:s;;ds clrawiug le:s8 tha.11 t<~n 

feet." 
Tlte statistic,s of' work in Hillsboro' Ba:y are: 

Miles run in sounding_ ... _ .. _ ................ __ ..... _ . ____ . __ . ___ .... _ _ _ _ :~6.'3 

Angle11 measured ................................................. _ . . . . . . 1, 414 
Number of soundings .................................................... 21, Im 

Subsequent work done h.Y the party of Lieutenant Hawley in this sectio11 Im;; hc,(m noticed 
un<ler the preceding head.. 

SECTION "VII. 

GULF COAST AND SOUNDS OF WESTERN FLORIDA, INCLUDING THE PORTS AND RIVERS. 

(SKETCH No. 15.) 

Topography and hydrograpkywwtli of Ced,a,y Keys,Fla.-After the completion of duty which has 
been noticed in this report nuder the head of Sect.ion III, Assistaut Ji'. \V. Perkins organized a part 
for service with the schooner Ready and left Old Point Oomfort on the llth of January, 1876 



 

40 REPORT OF THE SUPERINTENDENT OF 

Light winds and calms delayed the passage, but the party was at work near Cedar Keys by the 
end of that month. The triangulation requisite was pusbed from I3owleg·s Point southward hy 
occupying stations near the Rhore-Iine of the Gulf and observing with the theodolite on signals 
placed s<weral miles out in the Gulf waters. Iu Mamh a hase-line was meai-;nred 3:J:li>.7 meter,; loHA' 
on the coast south of Bowlegs Poiut. 

Follm,·ing the trian~tllation the plane-table survey was advanced from Bowlegs Point south
ward and eastward as far a,., Horse-shoe Bay. The shore-line smTey was contiirned in the same 
llirection to tlit.' month of Suwanee River. Thi,:; part of the cmu;t is skirted with many small 
islands and is marke<l liy well-(lefined 1·eefa running parallel with the shore-Hue. 

\Yithin the limit,; of the completed topograpl1y somuliug·8 were made, tlw lines geuerally run
ning nut to a11 an•rage (listancP of ahont Plen•n mil<·s from the Gnlf coast. 'l'he statistic8 of the 
work are: 

Signah; ereete<L _. _____ . _ . _. ___ . _ . _. _____ . ___________________ . __________ . 
Stations oceupfo<l. __ . _ .. _ . _. _ . ___ . ___ ...... __ . __ . __ . _ ... _____ . __ . ___ .. __ _ 
:N'um lier of ohservatious. _ . ____ . ___ .. __ .. _ .. __ ... _ .. __ . ___ . _ . _ . ____ ... _ . _ . 

Twenty-fotff points were determined h,v tlie triangulation. 

41 
8 

2, 471 

Shore-line .surTC\\·ed, miles ___ . ___ . _ . _ . _ .. _ .. _ . _ .. ___ . _ . ___ ... _ . _ ... ___ . _ . _ 6a 
Creek-liu(~1 1niles . .......... _ ... _ ..... _ ........................ _ ...... _ ......... _ .. . .. . . . . . 02 
ltoads, 1niles _____ . _ ........ _ . _ . __ . _ . _ .. _ .. _ . _ . _ . _ . _ . _ .. _ ... _ . _ . __ . ___ . _ . 5 
Area of topograph~-, square miles __ . _ . _ .. _ . __ . ____ . _ . __ .. ___ ... __ .. __ .. _ _ _ 30 
Miles nm in sounding· __ .... _ . ____ . _ . _____ . _ .. _ . _ .. ___ . _ ... ___ . _ .... __ . _ . _ 557 
Angles mea8urt>d .. _ .. _ .... _ . _____ . ___ .. __ ... __ .. _ . _ . _ .. __ . _ .. _ ..... __ . . . 2, 440 
Number of soundings._ .. _. ___ . __ ....... __ . _ . _. _ .... _ ..... _ ... ___ .. __ .... 30, 707 

Field-work was discontinued earl.r in ,June. The schooner Ueacl,v was soon afterward laid up 
at Apalachicola, where preparations are now in prof,'Tess for resuming the snrve;r neru.· the mouth of 
Suwanee Iaver. l\Ies8rs. ,T. De \Volf awl ~r. S. Bond were in service with the part;rin this section. 

Hydror1raphy of Appa1acliee Bay, Fla..-For reRuming· work in this section the party of Master 
Kossuth Niles, U. S. N., Assii-;tant in tlw Coast Survey, was remganized at Saint Mark's on tbe 23d of 
October, 187•'.i, the ;.;chooner Silliman having heen prmriously laid up in Apalachicola River. In the 
course of a week, day and night observations were commenced with two tide-gauges at Saint Mark's 
Jight-honse arnl the record was coutiuned dnring the month of' November. Five sheetH had been 
lll'(~jt'e.ted at the office, to include the hydrography of the Gnlf coast from Rock Ii;land westward to 
Tnrke._y 1'oint, taking in Appalachee Hay and its several tributaries, among which are Ocilla 
Rh'er, Stou;-.- Bayon, Sa;u'!: Mark's Rfrer, 'Vest Bay, Shallow Ray, Ocklockony nay, and farther 
to the weRtward, Alligator Harbor. These were all developed by soundings in the course of the sea 
son. During tht> winter tlw weather was very unfavorable for service afloat. Near the end of 
Febrna~·, when the wpather somewhat iuq1rn,,ed, )faster Nile;; was joined b,y a steam-launch 
which hatl hePn pro\·i<lod to aid in the hydrography, aud good progress was made in the work until 
the 19th of l\Iarch, whe11 operations on this part of the coast were interrupted by a very heavy gale, 
which blew (lowu ,;ome of the sig1rnls relied ou for continuing the soumlings. By the 29th of April 
all the hydrograph,v int~mded to tlJC eastward of South West Cape was com1}leted. For redueing· 
the soundings afterward macle to the westward of the cape, a tide-gauge was established at the 
wharf at Saint Teresa, and a plane of' reference obtained for it from day and night observations 
during two weeks. Launch and gig being both kept at work during a favorable period, the fourth 
hydrographic sht•et was finished on the 23d of May. The iuten·al between that date and the hit 
of .June was occupied iu making supplementary soundings in Saint Joseph's Bay, north. Master 
NileR took up the general hydrography of Appalachee Bay on the Hth of ,June. As the signals could 
not be seen heyoncl the outer limit of the work already executed, Ma-ster Niles detailed an officer 
from the schooner to occu11y the light-house with a theodolite, and anchored the Silliman in posi
tions most advantageous for the hydI.·01,,T.iphic work. The vessel was held by a short stay with 
mainsail up, and on signal from the launch simultaneous observations were recorded on the launch 
from the light-house and from the rnast-hea.d of the schooner. At the same time an observer on the 
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iaunch measm'ed the anglt' made li,v imaginary lines to tl1e yesse1 aJl(l the• ligl1t-homw m otlwr 
availahle ol!iPct. The fifth ;;}1eet of som11lii1gs was compldt•d 011 the ~lltl1 of .hme. A t~w da,Ys 
after, the :schooner and lam1ch wel'e laid up i11 Saul's Creek ahOYt:' Apalachicola. After tliiseharging· 
the crew, l\lastcr Nileis, assil"'tt'd hy ~la/o\kr8 ,, .. F. Low, H. 0. Hittfl1l10mw, arn1 II. \\'. Hd11wfP1-, l". 
S. N., com1ilett>d the chart<> ret>ulting from the work of tlw l'lt'aso11, and forwarde<l tlwm to tlw offi<"e 
with duplicate re<'OI'(]S of the 1mumli11gs and tidal olHw1Tatfo11s. Tlw st<1tistie" an•: 

Mileo; nm in HOlllHling ....... ___ ...... _ .. _ _ _ __ .. __ ... __ . __ .. 

Angles meat>tll'ed _ .. _ .. _ ... ___ ...... _ .. _ . _ ... _ . _ ............ _ .. _ ..... __ . 
Number of 1'oundiug;; .... __ ....... _ ... _ ...... _ ... _ ..... _ ............. _ .. 

Master Niles i8 now enguged iu h,v<lrog-raphic work in Section YJII. 

1, ~)5:! 
7, fill:! 

JOH, H8.'i 

- Near vVest Pass, OU the 25tli of 1\la;I', when Maio;tt•r :Xiles wai-; OU bis COlll'SI' for hydroi-.rrc1phic· 
work in Saint ,Jo.'leph's Ba~-, the Pensacola naYy-~·anl steam-tug Ho,.;e was seeu aground and to be 
thumping badly on the East Bauk. Aftt'l' taking oft' the passengers, ten in all, a11<l landing tllem 
at Apalachicola, Master Niles returned to tlw tug, the head of wbid1 h.\· the aid of tlH' lanuch ha(l 
been preYiously got to sea, and as the rudder of the tug had heeJJ <lestro;n·d in tl1P lireakPris, tlte 
vesisel wa,.,, towed to the upper anchorage off Apalacl1 ieola. 

Gu(t' hydrograp!ty 11ear Pensacola entran<'e, Flu.-East and west of l'eusacola entra11<·e, u ,.;tret<.:h 
of about sixtr-ih-e miles uf the Gulf coast has heen sounded b~· the party of Lit'nt. I::. n. Hitchcock, 
e. S. N., asi-;istant in the Coa8t Sm·,·ey, workiug with the stpamer c.;.eduer. For that serYke tlle 
yessel left New York ou the 5th of Non>mber, 187.5, hut next da.\·, being di;;ahled in nuwhiner,,·, was 
brought to auchor off Lewe8, and ais i-;oon as practicable, was repaired at C'he8t .. r, I•a. Lt>a\-ing thf' 
Delaware, after dela_y of three weeks in conseque11ce of the accident, the Cedney reached Pensacola 
on the 7th of Dcccm her. 

Tlle h;nlrogaphit· work donf' hf'twet>n that date and thf' end of April, 1871i, is compriHPd 011 three 
slrneti,;. Thirty signals were erected and eight ;;tations ou shore wen• oeeupied in the course of tlw 
season. 'l'hirteeu huors within the working-limits wpre 1ll'tl•r111im•d in poio;ition~ and also tl1.- placeio; 
occupied by three wrecks. 0-enera.lly, the lines of soundings were extended t-en mileis from the coa8t 
into the waters of the Gulf. Upward of fifteen thousand tidal obiserYation8 were Ii'<'•H'ded at a 
Rt.atfon on tlw wharf at Fort Pi<:kens. 

The currents were ohser,·ed off the outer bar of Pensacola Harbor. Other stati8tics of the 
hydrogmphie work are in the following summar~-: 

Miles run in sounding ...................... _ .. _ ...... _ ...... _ .. __ .. _ . . . . . 548 
Angles measured ................ _ ........ - ........... _ ................ _. 747 
Numl>er of soundings ............. _ .. _ ........... _ ......... _ ...... _ . . . . . . 5, 939 

Lieutenant Hitchcock was assisted in this serYice hy Lif'nt .• Jamei-; Franklin, and hy 2\Iastel's 
John Hubbard, H. C. T. Nye, and J. I,. Hunsicker, LI. S. N. The stBnmer Gedne.'· had been preYiously 
employed in Section 1. 

Geod;3fic co11nectio11, Georgia and Alabtwrn.-"'he11 m,Y report of laRt year clos<'d, the party of 
Assistant F. I'. vVebher 11ad COlll]lleted ohsern1tio11s at John's .:\1onntain, a station in .Xortlw111 
Georgia, about twe11t.'·-th-e miles from the boumlary-li1w hetwep11 that Rtatl' :iml Alabama. The 
instrument.<; were transferred to Iudiau Mounta-iu in Alabama earl~- in .July, 11'\iii, arnl on tweuty-isix 
outlying signals the nu~asnrcment of horizontal and n•rtical angles was coutinned uutil the :!Oth of 
Aug-ust. Lavendcl' l\'lonutai11 in Ueorgia was reoccupied at the i-<a.nw tiJJu• for a frw <lay" by Suh
a8sistant F. D. Granger to 1wrfoct its cmmedion witl1 l'tations i-;ele('ted to tlw WP1<twanl ;;ince that 
station was first oecupied hy Assiio;tant 'Vehber. (See Rket-ch No. J 1.) 

Early in Septemher the part.)- was transft•rred to Gulf Point, mul there nwasnrementl"' \Yith the 
tlrnodolite were completed by the 9th of October. Sorne,dela.\· aro8e at thi;; 8tatiou in coni.it>quence 
of the difficulty of i<lcntitYing tl1e signal at a station Homewhat more than forty mile8 to thf' Wf'st
ward. Ml'. 'Vebber fook thf' field for recotmaissance, and had tlw co-openitio11 of Assistant S. ('. 
McCorkle, who had sefocte(l the stations which make up the scheme ot' this triangulation. Pe111ling 
the required modification, Assistant vVebber had his part,\- arnl ini-;trmnenti-; moYPd to Brandon 
Station in Alabama, and by the close of the year completed the angular mea8uremenfa requisite at 

S. Ex. 37--6 
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tlwt poi11t in tlw serit>s. ln tl1f' first wet>k of ,January tlie camp-equipmt>uts wert> stored at Marietta. 
2Vlr. \Yt'l1her and H11hassistm1t (}ra11ger tl1e11 took up the compufat.ious, au<l after completing· them 
:t111I 1Inplicati11g- thP reconls forwarded the data as mmal for deposit iu tl1e office. Tlte general sta
tistic·s of thP tria11g-11latiou an,: 

Htations oceupicd - - . - - - - . - - - - - - -.- - - . - - - - . - . - . - .. - - - . - ... - - . - ............ . 
.A.11glPN !llP:lSlll'tlll ................ _ . _____ . _. __ . ____ ... ____ . _. ____ . _______ . 

Xnmher of ohsP1Tatio11s - . - . - . - - . - __ .. _ ........ _ ............. ____ . _ .. __ .. . 

4 
i8 

1, 9,'{0 

J<'ro111 tlw four primary ::;tations vertical anglPs were mea::;m·ed on tWYenty-six outlying- iiointR, 
jll'i1wipally 11101111tai11-tops or well-Teeognized hill:-; . 

..c\s,;istant \YP111.J1•r waH aided in the tldd hy )fr . .J. H. Chri8tian. 
Ju f'X tPrnli111-r recmmaisHaiwe to tlw 'YPstward for eonti1111i11g tlie triangulatimi here noticPd, 

natural diffi<'nltie:-; interpoHP<l. Stati011H ht tlie direction and at thP distance rpquir<>d W('fe hid fi'on1 
Yi(•w by i11t1·n·p11i11g riclg-('8~ all having 11earl,Y the same ]1eight. Assista11t :McCorkle made a close 
1·xamiw1tio11 of th<• regim1, :m11 nltimatf'l.Y fomul statiom; for a quadrilatt>ral westward of the statiom; 
at "·Jiid1 ;mgnlar m1·aHun'rnt-nts had hee11 1~ompleted b,Y AfiisiHtant VI <•bl.wr. As, l1mn-n-er, it is kuowu 
tliat similar obstacles to progTeHH will iut\'fpoHe in proceeding in the same direction, l\Ir. \Vehber lias 
heC'll <lin·1·tPd to perfrct, hy meom111isf'la1tce, a 8Chc'111e for continuiug the triangulation weHtward 
pr<wious to the <'ornpl1•tion of augulnr mea!'lurenwut,.; at tl1e wei-;;teru border of the scheUH' which now 
rp:,;t,.; 11ear tlw !'astern llourulary-line of :X orthern .c\..labama. 

Trian11ulatio11 i11 J{entucky.-Iu <·011formit.Y with the reqne8t of Prof. N. S. Shaler, dirf'ctor of 
tl11• Stat.> (i1·ologi1·al Surn'y of Rentuek~-, field-work was conrn1erwed hy Prof. \Villiam B;rrd Page 
JJpar ( 'nmhprlarnl Gap, 011 tlw ith of ,July, 18iti, aud operatio11H were co11timH•<l nntil the 4th of 
::-lovPmher. Tlw t'.01111tr,v waH cxamil!C'd in a 110rt1Jwe.~terly dir<·ction ahout Hixty miles, toward LiY. 
in1rsto11. .AH reporkd at tlw eml of the seasoll, the 1110\·ements in recomiaiHsance were great.I,v 
r<•tarded hy rai11H arnl fog. Thf' rnonutnin-raug·e:,; of the regi<m are lwayily timbered and the roa<lR 
1m<l. 

So far as laid ont, the Hehenw for triangi1latio11 eousists of one quadrilateral and an additional 
triauglt>, witl1 8ideH frorn twe11ty to tliirty-uirn' mile:,; in length. 'l'l1e eh•vatious of the principal sta
tiow; ahove ticlc vary from l,~>vO to ;J,4fi;I fo<•t. 

\''ithi11 th<• JimitH of tht' ,;chemt' two 1'itp:-; W(']'(' examined for a base-Jim·, 011e iu the Yalle.r of 
Yellow ( 'ret·k. 1w::u· ( 'm111tt•l'laml Gap, arnl tlt(' othn on the flat8 11par BarbomTille, in Knox County. 
l~t·<·au,;e of tlw difficulty of leading hy tria11,(.,'1.datio11 out of the narrow yalJey of Cumberland UiYer, 
tlu· Hite 011 Y t'llow Cn'<'k iH rPpmted as bdug- ,;omewhat le;;s oltjectional>le, hut the difficulties to be 
PJH·m111tere(l in tltc lJl(•asureml'JJt are snt'l1 ai< haYe not hee11 undertaken elsewl1el't'. Preliminary 
11u•ai<m'P11H·11t g'tl\"l' for tlw le111-.rtlt of tlw Jim• :!.!)4 mile,.;, au<l with the usual angular measurement::;, 
rh•((•rmint'll the approximatt> leugth of triangle sides. ThP11e, when locat(•d by J>rofessor Page 
twem·t!iu; .. :- to tl1P topog"I·apli_v aH l:licl down ou the lat('Ht existing map of the State, strongly reYeal its 
rliserepaueies all(] proy1• tlw lll'Cl'SHity of tlw work now in hand. 

Jn all dirP<'tio11H from the Yfrinity iI1 which tLe recomia.isHauce was Ht:uted, tl1e country is 
n'JJOrtcd aH fann·ahlP for Pxtt>mling· tht' o;cheme of t1iang·nlation. The mmmtains of .North (Jarolina 
an• plaiuly YiHil•le from Ho111p of the station;.: .~(·h•cted h;r ProfeHHor Page, an<l poi11ts on thf'm will 
admit of caH.'' gt•o<letic i'onuection in tl!P future. 

Ji'ield·operati<mH were resumed in Sontheastern Kentnck.v early in .June, 18i6, and the work is 
11ow in proi..tJ·esH. The atlYance made this HeaH011 will })(' stated iu my 1wxt tHrnnaJ report. 

SECTION YJJI. 

GCLF COAST AND BAY!' OF ALABAMA, AND THE SOCNDS OF MISSISSIPPI AND 01<' LOUISIANA TO 
YEIDULTON HAY, INCLUDING THE POHTS A.,,,-D RIVER8.-(8u~TCH No. 16.) 

lf!fdmgraph!f, au{f of ~lfodco.-J,ient. Comma11tler C. D. Sigsbee, U.S. N., assi8tant in the Coast 
flnrvey, with Jiis party on hoard the Kt,eanwr Ulake, after the completi<m of Rervk-e which hall heen 
1iotk1'd under a !wad of Section J iu this repmt, 1.miletl from New York au<l aITi\re<l at Tauqia, Fla., 
at tlH· end of 1'.'m·cmht>r, lt!iii. \Vith ample preparation and outfit for deep-sea soundings, the ves-
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sel wa1-1 started at Tampa P11tra1we arnl rm1 westward 011 a liue ('Xtl:'11ding- a lrnmht·11 a111l >W\'('J tt.\· 
miles, the record of somuling,.; krmi11atiug in the dt'ep-basi11 of tlw (;ulf of ::\lPxi<'o. ()ff ( 'ltarlotw 
Harbor, and hetwee11 t.lmt entrance and the Tortngas, similar Iine1-1 wen· nm; a11d ti\ P lirn•1-> for tlit· 
samP pnrpose were ext.ended we1-1tward at i11ten·als uorth of Tampa. ( )11 tl1t•st·, whit'h mak .. i11 tilt' 
aggreg·ate 11early twelYe lnuu]n~d mile1->, oh11erYatiorn; w1·n· re1·onlt•tl for tPlllIJeratllrl' at and hl'lmY tlw 
imrtiwe of the \nlter. Before leayi11g the em;teru part of the Gulf four li11e11 of so111uli11g·s. a\'1•rag·i11g· 
iLhont fifty miles i11 length, were run iu diredi0111-1 u01·111a1 to th1• <'oast hetwee11 Dog· lslawl arnl (\lp1· 
San Blas. At the end of ,Jamutry, Lieutenant-CommandPr Sig·1-1l1(•e 1-1oumled 011 a line, guiug: about 
::;eyeuty-.fin· rnili>s soutl11ntrd from ~ontl1west Pa,.;s, :\li1-11-1issippi <lelta, a11tlrPt·orded som11li11g,.; 011 tli1· 
return to tl1P ~muw statio11. \Yest of the delta, a liue wa,.; extelllled from Timbalier Isla ml 1-11 mtl1 "·;ml 
iuto deep wakr. 011 tlw ~Ith of :\fay, the stl'amer was ,.;tiu'!Nl iu tw»nt,\'-tin• fatl101us about six 
miles off the South Pass, mHl i;ou11di11gK Wl'l'e (·ontiuued due Koutl1 to the Yueatau Hank. Knhst'
qnently, sonndi11gs were begau ue.a.r till' southeast i>oint of Alac:ra11 8hoal and wen· t•xt1•111led a,; 
nearly aK po:-;sihle in lL dired line 011 the eounw to tlw Toi·tngas. Tliis lhw was t'OlllJllt'tNl 011 thl' 
20th of .May. JHeauK not lleiug· ltYaila hie for retainiug· the si>1Tiee:; of the steamer in this secti011, 
Lientt>1m11t-Connna11der Sig:sbee retnrued with his party to X<•w York. 

'\\'ith tlw deep-sea solmding·8 pre,iou,.;Jy made ill thi> Gulf of ::\lcxit·o, tlw dat<t g·athered tllis 
season may afforll mPa11s for deYelo11ing the ruaill peeuliaritiP,.; of this laq.w body of water. C'ha11gt~s 

of temperaturt> iu rdation to tht' dt>pth of w<Lter, and the charaeter of tlw hottom at Yar,\'iug 
lleptl1s, will at au early da;v ht>eome sul~iects of i11Yei.;tigatio11. 

lu the Gulf, soundiugs ·were made hy Lieutenaut-Coummudt•r Sig,.;b1•P witlt tlw liI11• and lead ia 
clepth8 of less thm1 200 fath<m1s. t':lrnall spt'l'i111Pu1< of bottom wen· ,.;eenretl with tlie ::;tt'llwag·e11 
cup, lmt for larger speeimeu:-; takt•JL from greatPr dPpth,.; thP P,'l·lindt'r <leYised hy Captain BdkrntJ•, 
V. S. :N., was use<l. For deep som1diug·s the wire sonudiui.:--maehine 1:0H:.;trndetl h,:1- Lienteuaut
Commauder Sigshee 011 tlw prillci}Jll' snggested h,'I· Sir \'l-illiam Tbornsou wa,.; employc•d in the Unlf 
with illYariahle 1mceess. Its importance in deep-sea work is uwutioued iu the rPport as amply illll8· 

trated by tht> efledh-e control of tl1e motion of tl1e reel iu paying out the ,.;ounding-\Yire. lu depths 
not greater than 1,000 fatl10m,.; a weight of twPllt,'1--fiye to thirty pom1ds is attadwd to the win·; hat 
heavier weights, detachable on the hottom, are m;etl for somaling iu greater depths. 

A water-cup th·,-ist'd h;v Lieute11ant-Conmia1Hh•r Sig·shee wa!-l used for taking s11eeime11i-; of 
water at various de1)ths. This iis so co11strneted tliat l'itoppag·e:s, for all,\- JHU'post' whilt• somHling" 
do not aflect the valvPs of the cup. At the surface, at the bottom, and at i11t1·rnwtliatP <lPptlis, t{'lll-

1•eratures were recorded with the .Miller-Casella thermomdPr. The greakl'it dith•rPJWl' iu tempera
ture at equal depths was found in sounding between Yucatan and the Tortugas. \Yheu pra<'tinlblt·, 
the currents were observed while somulings Wf'I'P iu prngre1>s. 

Lieutenant-Commauder Sigsbee was assisted i11 thii:; work hy LiPnts. ,J. R PillKhlll',\. an<l ,Y. 0. 
Sharrer, U. S. N.; lly .Masters R G. Peck and :M. :F. ·wright, U. S. X; and by Eusigu \\'. E. 
Sewtill, U. S. N. 

The general statistics of the work are : 
Miles run ill sounding·_ . _ ... _ .............. _ .. _ ........ ___ ............. _ . . ~~ 8.S\J 
Position::; determined ............ _ ......... _ ............... _.............. 180 
Number of sonudiugs ..... _. __ ...... _ ........ _ .. _ .............. __ ,....... 84~ 

Sun1ey of tlw .lllii;sisxippi delta.-Tn c011formit,y with an act of Congress approved :\far1·1! :~, J ~/.) 

a special 8tll've:y of the Sontl1 Pa,.;s and ifa approaches was mad!' in }la;v, .Tune. aml .Tnly, following-. 
arnlcaref'ully-tr:wP<l copies of the topographical and h:nlrogrphical sheet1< arnl the 111<mnsc•ript data 
pertaiuing thereto were furnished to the Engineer Department for special 1mrpost•,.; which an, ,.;ped
fied in the act. The general results of tbe work wer..,. stated iu Ill,\' last annual rPJ•Ort. ~\rno11g· 

details thelJ, referrp<l fo was tlie mc:>mmrement of tlw flow of water thn111~.d1 Cnl1itt'K <Tap, an opP11iug 
in the left bank of the Mis8issippi, a tew miles above the hmd of ~outl1 1'as1-1. 'fhrough that g·ap a 
discharge tak('S place whid1 former].'- pas1-1ed through the main i;tream of tlJe rivt>r and tlw onth•t,.; 
below. Hence the gauging of that gap, in com1ectio11 with similar work i11 8outli Pas,,, bc·1:amt• 
interesting for several rea..'lon:;. The re:;ult found in tl1e ,;mumer of 1875 11ot prm'ing eutirl'l,'I· 8atis-
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factor,\·, ARsiRtant H. L Marindill was instrneted to make another gauging with his party in the 
srhomwr Hei-;t:>arcl1. A general plan for the work was included in my directions to AssiRtant Henry 
Mitchell for eoutilmiug the plt,rnical 1mrn·~· of the clelta, which hai-; ooen clecidt>d upon becani-;e of 
th1• many quei-;ti011s ari,;iug ont of the 1lifti<'nlti1•s of navigation that have heen referred to thi:,; 
office. 

H11ha;;;;istai1t Braid rna1le a tria11gnlatio11 of the vici11ity of Cuhitt':,; Ha]) and its hranchPs arnl 
fnntiRhed pointK for tht> hyd.rographic :surn•y. The :sclwont>r· HeRearch, after a tedious 11a.f\Rag·e from 
~ orfolk, arri n•1l 011 tlte !!Htlt of Deeember at l'al'ls a I .. ontre, aucl as Roon afterward as ]JORRible eom
me11c·ed the detailed smTe~- of tbe Gap. 

The dett'rminatiou made, ai-; the result of work done ht ,January a1Hl Pebruary laRt, was proRP
cnted ,;ouw <liRtam•p RPawar<l of the crevaRse it;;elf Ro aH to a.void irregularities of section and all 
<·orrc<·tiouH for cliagonal ffow. After es1·api11g from tht> cre,~asse tlw stream diYide:,; iuto five sl10ale<l 
pa1.;se" between 8lllall island;;, an<l in tl1cse passes sections and tnt11sn'r8P curTes of Yelocity were 
ohscrYed almol'lt simultancouRly. 'l'hc gr<>atcHt intern11 between ohsc1Tation8 in difforeut pai-;se8 was 
leHi-; than one hour. Summing up the 1li1-wharges throngl1 these five paRSeR, just as they occurred, 
without correcti011 for titlal slopei", g·in>;; for tlie total disclrnrge lwtween 4 p. m. aml (i JI. 111. of ]•'eb
rnary 'i of the prei-;ent year, 4-48,HOO,OOO <'nhie feet per hour, or about. 5 pt'l' cent. leHs than the 
smalle:st amount compnte1l from tlie data of tbe previouR ,vear. 

Of conr;.:e, no \·ery cloHe agr<>ement bt•tween the gauging,; of the diftt>rent 8ea,;on8 ca11 bP expect.eel 
howen·r perfect may be the uwthod employed, unless conectimtH are introduced reduciug the data 
to the same slope and eleYatim1 of water-1-mrface. .For ;;uch correctionH the coefficients ha<l not been 
determiiw!l, and Rnhs!c'!fllent work in tlw Sontlrwei-;t Pass was performe1l with a ·dew to dt>termiuiug 
tht'i-;t•; with wlmt 81t1·cesH 11a,; yd to bt• learned, tlw computation heing still in progre8s. Southwest 
PasR was chosen ai-; tlH• Hcem• of tltis work, because considerable variations of slope, due to the tides, 
could then:• be fonml. 

In this paHs, ahoYe the l't'ach of tltt• tlnod tidal emTeuti-;, the di:scharge Y<1l'ie:s as the title rises 
or fall:s. 'l'heHe variationi-; complete themselve8 iu one 1la;r, so that they are conveuieutly observed, 
and the~· disappear once in a fortuight, when the Gulf is ti<leleHH, so that we ma~· h;y careful ;;elec
tion of 1la h•i-i t'.Ompare l'l:locitie.~ for diffeJ"eut slope.~ in a readt of tlw Ti\'el' where section and perimeter 
remain the l'iHlllt' (that is, art' cor:rt'spornling for the moments of observation). Could our obHeITa
tion8 be snff:kiPntl;r extt>U<le<l, we i-;l10nl<l probahly ht~ able, in tlw same reacheR of tl1e river, ttl so 
group results that turn b,y turu Wt' l'lhonld determine variable;; iu pa.irs, with all else constant. 

Tlw work iu tlw Southwest Pa:-;s lmH hl"len referred to only from 011e J)Oint of' view; there are, 
lwwever, mau.v uonti11gent. featureH exclusive of dynamic element;; in the 11ropm· gauging of thi;; an cl 
other pa.--se:s that are 11ot to ht> omitted. A re;;urvey, both topographical and lty<lrogra1ihical, of the 
tleUa, is in progTe1'R, aml as far as mea11:s will allow the work will lie proi-;ecutetl witl1 a view of deter
mini11g- for tlw o;ame period at lea8t the depth on the bar of each of the passes, arnl representiug 
them contemporaneously ou a chart for mwigation. 

The f<1Ilowing .'1tatistfos show the work performed by the part,y at the delta during the season 

Triangulation. 

Signals erected. _ .... __ .... _____ ............. ______ ... _ . ___ .. ____ . _ .. __ . _ 
AngleH observed .... ____ - _ .. ______ .. _ - . ___ ... _. ____ .. _ .. __ ... ____ . _ ... __ _ 
Observations . ___ ... ___ .... _ .... _ .... - . ___ . ______ - - . - - .. _ .... - .. __ .. ____ _ 

Topography. 

21 
126 

1,~60 

Miles of shore-line run . _ - - - - - - - - - - ...... - - .... - - - - - . - - .... - - .. - - _ . _ .. _ _ _ _ 26 

Physical hydrograplty. 

Soundings . _ . _. __ .. _ .. __________ ...... _ ..... ________ . __ ........ ____ . ___ _ 
Angles of posit.ion ...... _ ... _____ ..... ____ ..... ____ . _ . _ ........... _ .. _ . __ 
Miles sounding-lines . ____ . _ . _ . _ ... _ .. _ ................ _ . . . . . . . . . . . . . . . . 

9,387 
2,780 

101 
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'l'idP-gangPH pnt np .... __ ............................. - - .... - . - . . .. - - -
()roisH-Hedionis for n 1lm1w ................ - - - - - .. - . - - - - . - - ... - - - . - . - - . - -
Statiom; 01·-«npi<>d 011 HeC'tio1rn ....................... - - - - - . - ..... - - - - - - - - - -
Current ol1isPrn1tio11,; _____ ... __ _ 
AngleH of poHition _ . __ .. _ ... _ .. _______ .. _ ..... ____ .................. - .. - - 1 !I-! 
Milt'!' of len'l-li11f'1S nrn _ _ _ _____ . ____________ .... ___ . . . !I~ 

Levt'l-readiug·i< _. _ ........ - - . - - - - ..... - ....... - . - .. - - - - - - - - - ... - - - - - - - - - rn;;) 

"'.\fr •• l. B. \Vt'ir aidt>d i11 tht' operati011i< at Cnhitt'i< f+ap, arnl i<11bReq1w11tly 1·01t11H1·tl'd tllt' d..taib 
of a is1wcial ismTt\\" i11 S:•l'tio11 1 ll urnlter tl1t> g1•11pral <lil'f'<'tiou of Assi:-<t:rnt l\1 it<'lu•ll. 

Trirrn,r1ul11tion all'l fup1111rnphy a-1 Cuhitt'.~ (fap nwl 8m1thwc~t !'11.~s, Jfi.~-~i-~-~i11pi delta.-For HPrYil-1• 
in the ,;cJ10onPr Bihh, ,yhieh wais recalled from (;ah·psto11 and rPpain•<I nt XPw Orh•a11s. Snha:-.;isi:,;ta11t 
Amlrew Braid orga11ize1l a partr early i11 Dect•mlwr, 187;), <tJl(l 1n·o(•t•t•d1•d at OJH'P to ('11hitt'x <•ap. 
Signab werP erl'ctcd and tht' triangnlatio11 was Pxtf~ndo1l from the Ht'ad of th1· Passe:-< to tht• (fop to 
furnish point;; for tlw 1kta-iled to11ograph~- and for Romuling,-,, wltil-lI WPl'P to hP pro;;pc·ntP!l hy ,\,.;si:-.;t 
ant )iariudin. ThP 11laue-tahlt-' limit,; were not large, but i11CPsr;a11t fog·s tliat pn·Yailt>d rt'tnn ll'd tl11· 
completion of tlw dP,;irPd work. Aftpr fm·1Ii>-1liing 1lata ,;11ftiei1•nt for tlIP h~·drogrnpl1~-. ~i1ha:-.;,;istm1t 
Braid 1111n-(•d l1is part~- to Ronthwe,.;t Pas;., nrnlPr din•<·tionx to co-opPnttt' with ..-\s;;ista111 :\lari111li11, 
who was to ;,elect ;;;eetions of tlH' Pass at which hoth partiei;: wer<' to ohsern• thP em·et of titles and 
cm-reuts. Ead1 party Pmplo.n'll two folt'-gaugex, aml oh;;enati011;, 011 all fonr WPl'P rt>1·1n·dp1l :-;irn11l
taupomd~- with th1° <·11ne11t-ob:-.;ervafo111:-.; during· twent~·-f'ix <'OHHPcntiYP lwm·,.;. ~\llditional to tl1t· 
work dmw for thP h~-<lrog-raphi<' snn·py, ;\Ir. Hrai<l 1lPtt•rmi11Nl sp\·eral points h~- tria11g11lati011 al011g· 
the Rhore;, of Sonthwe:-<t I'af',;. Tht> :-;tntistic;; of tield-work are: 

Signalis erech'd . __ . _ _ _ _ ........... _ . _ .... _ ... ___ ............ _ .. _ ... __ . _ 31 
8tatiom; O(•envi1•1l ___ ... ___ ..................... __ ......... _ . _ . _ ....... _ _ _ 1 O 
Angular measurement.;; ..... ___ ... __ .............. _ ........ _____ ... _ _ _ ±, 110 
Sl101·e-li1w Slll'n~;n·d, mil('S ........... - . - - - ........ - - . - - - - - ... - - .... - - - - . a~ 
Area, i11 :-;11mu·p milt~s _. ____ . ___ ........... ____ .. __ .... 10 

::\ll'ISHI"S. c. L. n:irllll(•J' mu] <'. H. Ri11elair aitlPd in thl· "·ork 1lo11e h.Y tl1e party ill thP Hd}()OJJ(']' 

13ibh. .:\:leans not being· a\·ai!ahle for eonti1rni11g tlw H1l1Tt·~- a1-1 iutt>rnlcd i11 >-'ontlnn·st Pass, 1l1e 
party was di;;eharg1•d at the e11tl oJ Fl•lirmu·~-. Thi• \'e:-.;:-.;pl wa;, lai<l up at Ilnrriea1w 1Iarl101·. i11 
South PaH;;. 

_Tria.ngulatiou t!t" !Jarntaria Bay, J.a.-To proYidl' fo1- thi,.; arnl simihu· work i11 tl1c isame 8c1·tio11 
of the Onlf Ooaist, the sh·arnt'r Barataria waH em1stnwfrd at Loui>'Yillt·. K>·., in tl11• antnm11 of 11'7:1, 
arnl wa;;; lleliYere1l to Ax,.;i:-;t:mt ""· H. 1Jp1mix 011 tlu• 1 !ith of l>e<·<·rnlwr. Early in ,l anuary of Ow 
present ~-ea1·, tht· yp:-.;:-.;1•1 wa:-.; litktl out at XP\\. OrlPm1s, arnl b>- t}1p dosp of that 111011th was at tl1P 
intl-mled workh1g-gronrnl i11 Barataria Bay. :\Ir. Dt>1111i;; tir1-1t xelel'tt'd a 8itt· for a ha1-1e-1i11e 011 Hra111l 
lisle, a-ntl in cm11wcti011 wit11 it Rtati011;, for tri:mgnlathm :wro:-;s tlw ha~-. Hix tripod-Rig11a1s \Yen~ 
crceted and re~:omtais;,a.iw1• was coutimwd for 1•xtt·mli11g thf' triangulation from tlu Yidnity of tlic 
base. A preliminar~- measurement of the lint' gan' for jt:-.; l(•ngtlI :u;.) mih•1-1. 'l'he c•a,.;tern c11d of 
Cra.nd Isle, wl1ich iuclmle:-.; tlw i-;ite of tlw ha;,e-lint•, wax mappPd to a distanep of about :-;ix mill"'-

Suba . ..,:-;iistant U. A. f'olo11m1 wa;, att:whP1l to this party, and "'.\leRRrs. K X. Og-<1e11 awl E. J:. 
Pleasai1tR Hern·ll a;; ai(l:-;. The pa.rty was in eft'ecth·e opm·a.tion in tl1<• middh· of FPhrnar.\·, whPu 
pre-sising rcquireme11t:-.; of tlu· x<irYiee in otlwr quartc>rx madP it m'<·essary 11_.,- reason of tl1f' IPsH!'flP(l 
means fo recall the Barat-aria. Tlw part,v wais in COlllSPfjUl'llCP dii,;ba1ul<•<l mt tl11· :!->tl1 of Ft·l m1ary, 
and tlie Yessel wal'i laid U]l for the sea.;;on at .Algiers. A1-1sist:wt Dt>1111i;; h:Hl h1•1•JI 1n·pdonl'iI,\- em
ployed in Section I. 

Tidal ob.~ervnti.ons.-At .New Orlearns, ticlal olmen·atio11:-;, with a staft~gang-1·, li:n-P heen eontinnP!l 
by Mr. G-. Fau;;t, who not••s tlrn height of the water at iutcn-alH of Rix hom·;;. eornmenei11g at rnicl
uight, tht- mmal daily tluctuations heiug i'!mall, and for that r1%..;011 (}isreg:mled. Tlw leYcl of tlw 
riYcr in front of tl1e cit~- is chan~·f',d elt•Yen or twelY(' fe(•t hy tlw mmnal tloodio;. Sornt' appmad1 to 
regularity of chaHge with the seasons is indicated h~- tl1e tidal sPri<•s, which has lwPu 111ai11taiJH•d 
since January, 1872. Further extension of the series may be expected to give llll'llH1' for 1m·dkting 
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approximatd.v what the stag·e of water ma,Y he in the }Iississi11pi at auy g'iven time in tbe same 
8-easou. 

81u·1•ey I!( tltf? .lli8si.~.~ipp1'. Rfrer.-Iu co11ti1111atiou of the snTvey of the river ahoYe New Orl•~a11s, 
Aisl'listant C. H. Boytl was at hil'I working-grnund on the 9th of Dl::'cember. 1875, with the new 
steamer Hatou Hougt>, oue of two ,-e;;sels whic11 lrnd hPell spPdally planued for service in the 8ec
tion. }fr. Ho~·(l took cliarge of the n•ssPl at LonisYille, Ky., early in No\·emlwr, a.ml completed the 
equipment itn<l part>· onttit at Xe"- Orleau1'. Thi:' smTey of tlit• :}foo;sissippi '-Ya8 resumed on the 
17th of December, an•l field-work wa,; ste~ulil,v prosecuted until the middle of April following, when 
tlH• h:uuls WPI'P discharg·ed and thl' Ye!->sel was laid up at Ali.riers. 

ThP trim1g-11la.tio11 of tl1e 1\[i,;si8sippi Wal-> extewled hy J\Ir. Boyd upward from Oakla11d, 0111' nr 
the statiorn; at which the work terminatt·d ou tlw preYions seasou, and by a system of quadrilate
ral!->, waH adnt111•etl aliout tinty-fivp miles fo l{t>se1Te. Phwtatio11, in Saint .John's Parish. The usual 
diftieulties nu•t in a fiat com1tr,Y WPre <ffereome hy monnting thP theodolite ahout twenty ftet at 
ea!'h 8tation_ I 11 the li11es of I-light JH'•!kcte<l hy tlie rei·omiaissanee, thf' numeroul-l lmildings arnl 
a1~jace11t gToves of fruit itnd sha,•le treel-l that iutervem·<l adde•l 1mH·h iu the lahor needful for avoid
ing 1lamag-1' to valnahlP prin~t<' c>HtatPs, which are 1·omuwnly se11arated from each other by timber 
hor•lers. Sonw entting· iu theHe '\nt;; indil-lpeusable for lines of sight, hut the interest for the Knn·e;v 
manifested h~- tlw owners aml their frieudly n•lations ha n~ hee11 sud1 as to prompt them to tledine 
an,\- re1umtt•ration for the dama.g-t• eftused 011 their plantations. 

'l'he topography was resumed uear Kenner, where the work wa.-; cloSt>(l la<'t ,\·ear, aud by two 
ad<litioual slwets the smTey was advauce<l weKtwanl to a point above the Bmmet Carre Creva8se. 
Ou liot!t hall ks the ground is n•preseut.ptl in <letail. excl'pt the part. "Which is now covered lJy creYasse 
water. )lastPr Alex . .2\I('Craekc11, F. R. X., wa.~ attached to the party iu the steamer Baton Hougt>, 
and cfti:•<"tiw•l,v coudnete<l tlw h:nh'ograph,Y of tlte Missis,;ippi from thl' limit previon,;ly reaclw<l to a 
point about twent;1·-thmP mile." ahoyp )frw Orlpa11s. Further progTPl's in ;,;onndings wa8 preve11t<><l 
h)- tlH\ aet'.PlPratio11 of ('.lUTe11t1< chw to the nn111'm1lly earl,\· risP of tl1e rin~r. Eveu when not som1d
ing, the ahlest l1oafs crew were nuahle to skill the current of the riYer. Jn the middfo of Mardi 
somHliugs we1·e rnadP through thP Bomwt Carre\ CreYasse, and also for a mile or more in the riYer 
n(•ar tltat opP11i11g. Tlw gTc•at,pst depth fournl in the river 1vithiu the working-limits of this year 
was forty t'atlioms, but l'!Ome of the lines acrosl'! the river show uo l'!onnding,; ahon~ tweln• fathom8. 

In prosecuting tlw triaui.,,.nlatiou eighteen of the line;.; required entting, iu m'ller to make the 
p11ds intt'l'Yisihlt> for oh;;1>n·i11g \\ith tlw theo•lolite. Fift,Y-oue g<0 ographical positions were rletermined 
11~- tlw angular ml•asnreme11t,.. Tlw general statistics of the work are: 

Signals and scaffolds erected ....... _____ ..... __ ..... ___ ... __ . _ ... _ .. _ ... - . 
Statimrn oc<'11piecl ... __ . __ , .... _ ........ _ .. ____ . _ . _ . _ . _ .. _ .. _ .... _ . __ .. __ _ 
~~ngles ntt•asuretl .. _ ... _ .... _ . _ .... __ . _ . _____ ..... _ ............ ____ . _ . __ _ 
Nn111ll1°r of ohst•.1Tatio11s. _ ..... , ..... , .. , ... _____ ... _ ..... ____ ...... _ .... . 
Shon .. liue smTeyed, miles .. _ .. _ ...... ___ ... _______ ....... _ . _ .... _ ..... _ .. 
Roads, utiles ... _ .... _ . _ ...... __ .... __ .. _ . ___ . __ ... _ ....... ___ ........ _ . _ 
( !ana1s alltl leY1W8, miles_ ..... __ ...... ____ . _____ .. __ .... __ ... - ...... _ .... . 
Area of topop·apl1,Y, s•pia.n• 111il1•s ..... ____ . ________ . __ ........ - .. _. _ .. _ .. _ 
}lile1< nm in !->Om1di11g. __ .... _ .. _ .... _ .... ____ .... _ ...... - - _ ..... - . - . _ ... . 
Ang-Je,., with sextant .... - - - .... _ ..... - - .. - .. - - . - - . - - - .. - .... - . - ..... - . - .. -

lG 
20 

211 
4,404 

55 
506 

69 
80 

108 
H25 

}.;umher of soundings ... - . _ .. __ . - - .. - . _ .... - . - - . - . - ........ - .... - - .. _. - . . 2, 900 

The cnrr<•nts were observed at ten stations while Aotmdings were in progresl'I, and careful obser
Yatimtl-> of the titles were reeor<led during the entire season. 

Messrt-1. C. H. Yau Ordcn and Bion Bradbury served as aidi;. At the close of work the vessel 
was left in charge of Mast;er l\lcCra(~ken who8e c.o-opera.tion and inte1·e8t i11 the 8er\'ice are specially 
mentioued in tlw concluding report from the fielll. The 1-1ame part.): iN about to be reorganized for 
continuing tlw ,;nrn~y of t.lie l\Iissii-1sippi ahoYe tlw limit reached in April la8t. Tlte Chamber ol 
Commerce of :N'ew Orleaus, desiring t-0 know how tile .Bl)lmet Carre Cre\Tasse hail affecte,c.l l,ake 
Po11tcbartrai11, Mr. Boyd waited a week at New Orleam; aft.~r the dischar·ge of his own party for 
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want of means for keeping tlie field, and in hope that means of transportation might lH' proYidPd h~
the city. Timel,Y efforts to that end Hot being· suecesstitl, Assistant Ho~·(l rehH'ta11tly J1otitied tlH· 
chamber of hiR iuabilit,v to meet tlrnir wii-;h without a i-;mall ni,.;sel a11d "·orking--crew. au•l at th<> 
eml of April pasi'it'"ll 011 to report at "\Yashin~rto11 Cit,Y. 

Tria,nf!ulatfon in n-ili('Oll-Hin.-This work has lweu i;ystematieaIJ;y laid ont. and, as far as nwa11s 
would allow, has hf'en snccesRfull~- JH'OSPcute(l hy Prof .• Toh11 E. I>a dPs. Tltt> hase-li11e 11utrk1•<l out 
i11 Spring Gr<•en Valley between Prairie dn Chien and ~Iiulison, after 1·011frre11ee with Assistant H. 
D. Cntts, lmi; bet"n mea:mrNl arnl fonn<l to be approximate]~- 4,fi24.;)7 mlc'ters in leugth. ThP t•Hds 
were Reenred by .-;tmw prn.;tR a:o; nsnal. Hereafter. the prel'.i:s1• diRtance behn~en marks 011 tlw t"-o 
po8tl' will Im determiru'd b~- a filial measm·emPnt with apparatui; dp\·is(•(l for the lmrpo,;P. From the 
Yicinity of tlw hast• tlte triang-ulation was laid out to pruet•1•d ea,;I \\ardl,\ io;o as to t'Ollllt'l'I as :-;0011 

as pos,,.;ihle with t.he :rntro11omical 8tation at .:\ladis011, tl1e longitmk of whieh was carefnll~- det.>r
miuecl se•-eral ypar;; ago h~- tl1e tPleg-raphie metll•ul. \Yith tliat point inl'hHlPd, tlw d.-tPrminatiou 
of azirnnth adjusts the sd1eme of trianp;les in it,; true ~·eog-raphi<'al position, a11d so far tl1P work 
has he-en ach-anertl hy Profes,,;or na,-ie,;. In referem·t• to the plan arnl (letaiJ,., of fip](l-\York. _,\s,.,ist
ant Cutts remarks, after a perRmia I examiuation : "All t1H· fig-m·p;; are qmulrilatt-rals aJHl wPIJ l'rn1di
ti011ed. 'l'lw exactness of thP ohse1Tatious for horizontal and n•rtieal ang·lp" aud for azimuth <·an 
be dt'termined only b;.· the usual examinatioll arnl n•port by the Computing Didsio11 of the ofti(•e." 
Profet>sm· DaYies rt'port:s that hi;; ohsernttions for azimuth at th<' ea,.;t t'Hd of tlw bas(• WPl'<'- nrnd1 
broken hy the difficult~- of seeing the meridian-mark, 011 :weonut of h('ay~- fop: in tlw Ya.llPy. Ou 
ren<·wing the effort at Quarry llluff, two hmulrt'd and forty-four St'Jiarafr oh:sernttiolls weri· Ratis
fiwtoril~- recordt'd. F'iYP nights were thus O(~<·npied with au aYt'rag·e of tlnrty :set,; of Pight puiutiug:s 
l'ac11 ou Polari,; and the meridian-mark. Of the \York reconlt'd wit lr tlw t hPrnlolite at East lhtsP, 
Professor D:n-ies sa~-s: "This station being a low point in a bend in the 'Yiseousiu Hi.-er, offer«i>d 
mneh rnm·e.difticulty in measnril1g horizontal :mgles than hail h1~e11 m1ti<'ipatP'l from want of dearness 
in the atmosphere and con&t'4111e11t discordance in the r<:'snlts. During· most of the tiuw pa,;,;e,1 there 
a cloud of finf' sand kept a c0118tant deposit on the theodolite, in spit~· of the prott•ction affonl<'d h~
tlre little wooden buihling· in which the instrument stood.'' The report notes al,;o tl1at tlw mea,;urP
ment of Yertical m1gle,; was made unc<'rh1iu hy uui;uitahlt> atmoHJlhl•rie eo11<1itio11s. 

Profl•:ssor lh1Yies kept Iii,; part.\· at work ill the fil:'ld until il1P 20th of OetHher, arnl thus n•ports 
the aggregate statit;ties of progress : 

Signals erected ...... _ ..... _ ... _ ............. _ ......... _ . . . . . . . . . . . . . . . . . 18 
Stations ocmq1ied ... _ ...... _ . __ . _ ........ _ .. __ . ___ .. __ . _ 8 
A ugles measured .................. _ .. __ .. _ .. _ ......................... _ . ~13 

Number of observations _ _ _ _ _ _ ____ . _ .. __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ n, ~l84 
This triangulation includes sixteen tmvnships, within an area of tin' hundred and 8e,·e11t~·-six 

sq iutre miles. 
l'rofessor Davie8 rPsnmed work in fop field in .J nne of the pmsent ;.-ear, and with his party is 

:tctivel;.- Pngag('d when this report closp;;, The dPtails 11ow in JH'ogn\,;s will ht> llll'ntio11e(l ill rny 1wxt 

annual report. 

SBCTION IX. 

GlcLF COAST OF WESTERN LOUISIANA AND OF TEXAS, INCL17DING BAYS AND RIYJ:HS.-(ShETl'II :\o. 17.) 

Hyflrograplty of Copano and f{a-i11t Chnrlcs B1ly1;, Tc.r.-Lieut. Hicltanl \Yainwrig·ht, r. S. N., 
assiRtant in the Coast Survey, remai11ecl <luring the Rnmmer of 187."i ill this sedion "ith liiR part~- in 
the schooner Bihh. Soundings were, complete,tl in Aransa8 l>a,ss and Corpus Chri,;ti Pass, awl iu tilt• 
stearnl)Oat-channel from Aransas Pass to 0011ms Christi Bay. The liability of the pal'Res to changt\ 
unde1· the action of a gale at any time is a snl~ject of remark in the 1'1'port of l,ieutenant "\Vain
~Tight. In reference to Uor1m1' Christi Pass he Rtates that t.he il•w pointis found 1·ould he reco~"I1ized 
witl~ difficulty, -being merely the sites of houses that had been movetl hecau:s~• of the encroadu11m1t, 
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of the watPr of the Gulf. Tliat pa;.;;.; 11ow open" at a new point and the ol<l chauuPl i;.; clo;.;e<l h,\- a 
hulkhea(l. 

The ;.;lwn'-line,.; of Aran;;a;.; J>a;;;.; \Vere trace<1 and g-reat alten1tion ;.;J1owed at the entrance; tlw 
point i,.; making from Haint ,Jo;.;Ppl1',; Islarnl, and that from ::\<h1,;taug- i,; "-p~uiui.r awa;L 

B,Y t·onti111ti11g· ,,·ork at all fayorahle iuten·al,; the hy(lrog-raph,\- of ( '.01ia.110 Hay aud Saint 
Charh•,; Bay was emHplt"tPd eal'ly i11 Sl:'ptemher. ( ~lllTPllt8 \H~1·p 01J,.;p1-rptl at au<l nmler tliP surfa<'t' 
at timl:'H mo,;t fayorahlP in reforenc·e to tlw 1'ftt•ct of wiJl(l;;, hnt tlu• n·snlt,; Wf're irregular antl imd1 
a,; to ,\'il:'lll uo cmwl11,;im1 from tlie ;.;hmf Hfl'ie1' ohi'iern•(l. Tlit' sWtistics of work art' as follow;.;: 

Mill:'s nrn in souuclillµ: ___ .. _ . _ .. ___ .. ________ ... ____ - __ ... - ___ . . . - . - __ -
A 11g·le,.; rnPa :mrell _ ... _ - __ ... __ . - - . __ - - - - .. - . - - . - - - - .. - - .. - - - - _ . - - . - . - - - .. 
Nnmher of 0<01111di11g-;; . ___ .. __ ..... _. _ .... ________ .. ____ .. ___________ . __ . 

'if)() 

•>, 848 
71". 401 

011 th(' 111or11iug of tlw 1:ah of Sc•.ptemhf!1', Lie11tp11aut '\\'ainwrig·llt <~ro,.,,.,e<l tlw liar of Aransas 
l'a,.;;.; with tl1P ;whrnmPl' Hihh, arnl Kt(•ered for Galye;;toH, with a light wiml, whicl1 ;;0011 tell aud wai,; 
followPd hy a treuw11tlon,; gale of four days' duration that "nhmerge<l part;; of the eoast of Texa;.;. 
B:y tl1t' able ,,;ennum,.,hip of her cornmawll'l', tlw littlP "'-'°'"el kept the sea arnl was satt>ly a1wh01•p11 iii 
(~ah·pston Harbor 011 tlw :!;)d of KPph•mher. Of the iIH'i!1P11ts of the Hith tlw report 11ofps: "Tl1i;; 
PYPHing tlw haromt•kr l'Pad1ed it;; lowest poiut, tht' wind corniug iu tiemeudous pn1fa, tlw 1-iea Yery 
irregular arnl hoanling ns from all i1oints. " "' " Ac('onliug· to thP commouly-receiYed theor,Y 
of crclo11t.·s WP wert> i11 tht> forward semici1de a11d to 1he left of the path, hnt the eeuter ;;honld Jmye 
left us to the .-.outh ware! 011 \\' Pdlle,.,!luy ui ght, tlwng·h the wiud,.; coutinnc!l t{• shift more to west
war<l. Tlw lowe:-;t harouwter, .~trongest wind, a 11d heaYy co11fn1:4ed Hea wert• experieneed during 
Thm·K<la~- night, 8Pptemhl'r lli. At <iah·e,;to11 the wind Hhifteu Y(:'ry i-;udtle11J~-, and that poiut wal' 
prohahl,\· 1war thP et·mt()r of tlw cyclmw. It is '1 ell h.11ow11 that the risiug water,.; caused near].'- all 
tlie destrnctiou. Both the ontl:'r a11d illHPr hars at Gah-e:;tou were cliauged hy the g-a1e, the elrnuuel 
on•r the outPr liar heing fart lier to the wPst \nlnl t11:m it was hl•ti.irl'i witl1 fourtel:'IJ feet of water. 
Tl1l' eul'l'e11t swept tht• hnoys frolll tlw i1111pr har, au<l threw them on either sidP of tht• chamwl o\·pr 
tlu' outer liar. \\'hell the schooner Bibb left (on tl1e ::l:1d) tht- currt-ut was still rmmiug ont, rapidly, 
aud there wa,.; a strong emTt•nt pat-1sing· dowu t11P eoast." 

J,iputenaut \Vaimnight wai-; ai<lc'l in this l'Pdion hy :\h•;.;;;rs. E. H. \VyYill and E. B. Pleasants. 
The part~· of Lit'ntenant \Vaiuwright, witl1 tlw steanwr Arago, wa;.; snhi,;equently employe!l iu 

8t·ction 1Y. 
Re<"o11nai>1x•111<·e <~l Lagu1w "llwfre, coa.~t <!l 'Te.ms.-'With a YiPw of PXtf!uding the Hlll'H\Y south 

of Corpm; Cl1riKti Hay, A,.;sistant H. E. H:Llter wai,; a"signed to sen-ice in this sectiou, and l'Padie!l 
Corpus Christi 011 tlw '.!!1 of ])pcemher, 1 i-17;i. ThP reg'iou hclow was knowu to he without i11hahit
a11tK ex<"q1t ,;uch as ron• for plnmler or resort to it to eReape from tlw laws. Le,.;0< than twenty 111ilc0< 
below the 1101tl1 end of Pa(lre Island l\fr. HaUeT pal'!st••l the last dwelling-house beyond which tlw 
stn•tch of ,,oa:-;t is nni11]1ahited 1rntil withiu a few miles of Brazos. Ha.-iug somuled through the 
J,aguna to the .-kiuity of the hou,.;t> just referred to, A;.;,.;j,o;tant Ha.lter there diH-\rg·erl to the westwarcl 
aud exarni11ed tlw i-;Jwres of Baffin's Jfay, which i,.; the only eo11siderahle branch of tlrn Laguna 
::Ha<lre. In rcfon•11c(• to tht• entin· regiou he remark" as follows : 

"Padre Island ii-; a long, narrow strip Yarying iu width from mie to two milel'i, and is partly cov
ered \\'ith sand-hills or dnw·" ten to fifteen ti.•1\t high. Tlw g·p11pral character i;.; like tha.t of t11e imme
diate com;t tliat borders tlH• Southern States 011 the Atlantic. '\Yestward, the l .. agmm l\1a.dre is 
bomided hy uninhabited prairie, the general leYel of which is about tiYP feet abo\'e the water. At 
places tlw prairit• is m1dnlatiug, but more commtmly is flat a111l den1id of any Yegetation except 
gTa,.,. a11tl occasio11al 1wtehel' of low, i-;cragg~- lmsht•s. These, at a placp about eight. miles from 
Jqom· Bluff~ grow to a lwight of tf'n ff.et, and nothing else in the shape of trees was to Le fouml in 
the region. 

'' '\Yorki11g rnuthward from Corpus Christi wit11 two men in a small scow, the Laguna was 
sonmled to a point abont t"·o miles below Flour Bluft: '.I'heucp on in the same dirnction the channel 
for fiYe miles has it dt•pth of only eighteen incheR, hut it then deepens all<l widens and has plenty of 
heatiug:-romn in fonr and tin· fl~<·t as far l'\Ontl1 a;.: the entrm1ee to llaffiu's Ba~·. Hc•low that entrance 
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the chaunel, aYerag'iug about thrPe f(•et i11 depth, 11ar1·ow,; ag·ain, and 11nrn~· ,;unke11 rod;::-; Wl'l't' found 
on the west side. 

'' Baftin'H Ba~- has beating· room for 1-1ix or Hf1Yeu fopt of wat1·r, hnt Htmkeu ro«k1-1 werP nntk1·1l on 
hoth siclf\s of tlw chamiel. Hrn~ks an• plenty also in t!JP Agna I>oke. whiel1 !Jas a 1lt•pth of th1·1·P 
feet; mul iu the Ilod1lo and lnfieruo, tltt• two w1•1-1tPn1 arms of tlw hay, in which the a\·erag·e depth 
is somewhat lt'ss. 

"lu the Laguna ".\Iatlre ruckY bottom is found for about tiYe milPs south of Baffill's Hay, hut 
there the rockH disappem·, and no;w were Heeu in the Lag·mia 11ortl1 of the ha;.. . . 

"Ten miles south of Baffin's Bay tlw depth fomHl in tlw J,agn11a was only 11ilw irwhe.-;. Tlw 
rnen refused to pas::; the i'icow heyowl tl1at ,.;Jwal hanier. l'ro1:e1•1liug- in tl11· skiff ten mile:-; fmthl'r 
down the depth fonud was t\\·o arnl a lrnlf feet. Thi>' was at a point :lifts miles south of tlH.• e11tranct> 
to Corpus Christi Hay. The scow-owners heing 1111willi11g· to go fart lwr h>:.;t tl1eir ('raft might he 
destroyed hy a northpr at tlw harriPr, a11glPs wen' mea;;nretl from a hi~h ,.;aml-hill on l'ad1·(• l,.;laud 
whieh affonle1l a'yiew ten mil1•s farther down tl1e Lag1111a. Thi' \\·atPr was continuous. arnI YPry 
probably the moderate <kpth hold!' for that diHtaiwc." 

In the conrsP of a ,;ecfmd 1•xami11atio11 ma<l<• iu a 1iat-boat, }fr. Halter uotPd tlH· sa uw g·pneral 
features throughout until the ,.;lwal was readied, of' whid1 mention has been 1mHle already. There 
the depth of nilw inches had di,;app1..•ared and tlw Lag;nua wm.; <k~'. This rl'snltl' n,;;null,Y from a 
s011th wiml, whid1 do1thtl1..·sl' k~n es thP Lagnna or·1·,asimrnll~- ban- at two placPI' hehn·Pu Baftht'i'i 
Ba~· and Brazm;. 

At McGloiu's Bluff and Flour l~lnff, m1 opposite xlHH'(•s of Corpus Christi Bay, Assistant HaltPr 
found the station-marks whid1 had heeu phtct•d iu the groull(l h;.· tlw triang·nlatio11.part~-. Signals 
were erect~d at thPse and at two new pointl' for t-:ta1ti11g a <·hai11 of tl'iang·les to i11dncl1• tlw Laguna 
Madre. Mr. Halfrr kept thf' field uutil the !st of .June, when the means aYailahlt> for 01wrations 
having heeu expeulled, the pait~· was clil'eharged for tll1c• l':eason. He had heeu prt>,ioul'ly emplo~·ed 
in Section II. 

~Ir. C. A. lYes and :Mr. H. Caperton t-:el'Yed as aitl:.; iu the Jlart~· of .Asi'iistant Halter. 
Tidal obspri·atfo118.-Tlw :o;eries of oh,.;1•n·atio11s \dth a s1•lf-regit-:turing ti11t•-gang·p fnr11i1<hP<l for 

the pnrprnse, and forwanletl to Saint Thomas, "~est Irnli(•s, was nuiutf'rrnpkclly and YPl'_Y RHC•·••ssfnll,\
maintained during three PutirP ~·ears, closiug in XtffPmlwr. l 87i), fin;t h;· Col. "~. TlmJ.-;trup, and 
after his return to Bm·opP h.\- ,\lr . • T. fu'11Hc'. 

The tides at Saint T110mas, as repreRented h;-.· tht• rpg·isters, sepm to han• hee11 Yc·r~· littlP aft'Pch•d 
by winds. Tlw rangc• in rise and fall it-: onl;\· a few ine11e;;;. hut the sPrip,.; "ill 1lonhtlPss afford impor
tant data for inYestig:ating- t11e n•lations lwtwPt'll ti1lt>s 011 the coast of onr SontbP111 States aml tho:o;e 
ofthP \.Vest lll<lies, which at Saint Thomas are prohahl;.· mmw<lilit>d ot•(•:rn.tidi>s. For t-:1wlt 1•ompari
so11 provision will be made as already intimated in this report h:;' the eRtahlishment of a tidal sta
tio11 at Fernandina, l?Ja. 

SECTION X. 

COAST OF CALIFOR:\'TA, TXCLT:DfXG THE BAYS, HAIWORH, AND RTYERl".-(:'\KETCIIE.' J'l'o,. J,~. rn. 20.) 

Reconnaissance fr01}1 San Pedro ea.~t1carrl towflrrl 8a.n JJieqo. Cnl.-For t•xte11tling· the primary 
triangulation of the

0 

coast, of California southward to San Hi<:g-~, a n•1\0J1n:1is,.,anc-e was tlin•eted for 
the scleetion of stations (•astwarll of San l'e1lro, at which point tlll' trhmgnlatio11 of the main eoast 
of tlte Santa Barhara Cha11nel was dot-1ed ,.;tweral yearn ago. 

Assistant v1r. E. Greenwell, haYi11g made due preparati011 at Lis Aug·ele,.;. ld't that place Oil the 
10tl1 of October, 1875, for tlw Sierra Madre .Mountain. By a trail tht' pa11y reached a point not far 
from the summit, and at a11 elevation of more than fom· thousand feet allow• tlw sea-lt"'t~l. AsHi:st
aut Greenwell was aecompanied h.r Mr. \Y. H. Rt,ear11s, who aided in the -.,vork by Yisitiug· iu sm:cp,.;
sion the stations at San Petlro and J,os Ceritos, in order t~> determine thl' certainty of tlwir connec
tion with a point. on Santa Anita. 

S. Bx.37--7 
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Pro<'ee1ling snhseq1wntly eastward through the mountains, two summits were found l-0 be 
visihl(' from Sm1 P(~dro a11d Anita, furuishing a large q1rntlrilateral, aml in the same direction Sau 
Ber11ar1li110 was yisited awl id<•ntitied aR haYiug been in sight when the party was at Saint Iago and 
Cucnmouga. The summit of the la:-;t-11arned mo11ntaiu, as <letermined h,Y the barometer, is 8,450 
frt>t ahoye tide-water. ~faint Iago iR ;,,;~oo f(•et high, and waR marked b.'- a rnournl and signal-pole, 
from the foot of which :\Ir. Hreenwdl had in full Yif'w PoiHt Loma, the Coronados, '!'able .Mountain, 
t lw Jlt~ak or 1-\:m .To,.;e in J_,ower California; and off our own coast the isla11ds of San Clemente, 
Ka11ta C 'atalim1, Ha11ta, Barbara, anrl Santa Cruz. 

:\fnn;1.· sn111mits were reached with g1·eat labor and hanlsltip, aud subsequei1tl,\- found. to he 
1111snitahlt• i11 the !'lclwuw of triaugnlatiou. 

)louut Rau Bernardino was m1cernfod liy Asshitaut Greenwell and I\fr. Stearns in the middle 
of J>ecemher, aud Sf'Yeral 1lay:-; werP pm-ised in its vi<•iuity. The altitude of the summit is H,400 
fe<·t. This 11101111tain it.; the i11itial }IORition of a bm.;e-liu<· for the 8UI'Yl\Y of }mblic la11dti in California, 
the line ttH"mi11ating westward Ut'ar Hue11e11H' aud fo the eastward at the Colorado Rfrer. 

111 tlw e.ourst' of the pre:-;e11t fiscal .n'ar Asilistaut Hrt'enwell will complt>te the sclrnme of main 
quadrilateral,.; toward San Diego, and alljnRt also, if ]Jraeticable, a !mhsidiary scheme with 1'tatious 
immP<li:lteJ~- within I'f'adt of the coast. 

811r1'e.1f '!t" "1foni('a Bay, Cal.-For this work the party of Assititant A. ,,~. Chase tran,;ferred the 
camp-Nfni page from X Pwport and Anaheim it1 .T ul.v, 187 5, while J\fr. Chase wari engaged in completing 
th<' office-work of tlw preeedi11g :-;i;a,;on. KnhassiMant Ellicott, who rmnainPcl with the party until 
A ng-nst. llelected the i-;itt• for the working·-camp near 8anta 1\lonica, and 8nper\·ised operationR in 
rt>ganl to tht> tn111,.;fer. Afkr a thorong·h reco1mai:-;sauce by Assi1<tant Uhase, prc~jections were made 
for mappi11g- tl11• g-rmmcl hetwee11 ~YeHt Bf'ad1 Station and Point Dunw on tliree 8l1eet8, of which two 
\H~r•~ to hP ou the usual :-;cale for t<1pographiea] work. The i11terme.fliatP sl1ePt, projecte<l for the 
i rmn<>tliatP \'il'inity of Han ta Monka, was on a larger scak to proi.-i1le for au_y emerge1tcy that might 
ari:-;t> iu tile local rkYPlopment whi<-h was tl1cll vt•ry acth·e. Of the three rihePtH, th<' one here referred 
to was Jipg:1m firi>t. Ccmtour-liHes wt•re run in the Yicinity of the town and mapped to l'lhow snc
<·es:-;i ve PIPn1tion,.; of te11 fret. 111 regard to the tideri, the plane of reference adopted coincides witll 
the leYd of 11wan low water. The contours oyer the slopiug: tahle-land, back of the town and near 
thP tirst of tlw remarkable cai1ons that put in from the com1t-linc west and north of Santa .Monica, 
wen· carefnlly traced h,\- the mw of the lPYel. 'Yhat arn common].'' called the "ol<l sea-levehi '' being 
well clefi11etl along: that eaiiou, special cal'(~ was taken ill determiuiug heights. The wPstern Prnl of 
tlw rihPPt re1n·psents th<' topogTaph;;- as Yery much hroken, and the coast-line is marked h;· deep 
caftons tlrnt recm' at intcrnd,.; of not more than a (juart•~r of a mile. This detailed l'lllTey was 
('arrit•(l htwk to th<• tirflt of the lu•aY,Y hills of tlw Sierra Santa ::\foniea, and shows witl1in the working
lirnitH all (~]p\·ations muter fifteeH ln1111lrecl foet. \:\Thile the field-work was in progress, many build
ings Wt'T'P mull'r com;tructiou in th!' town. These were subsequently added as details of the plane
fahle sm·,-e>·· Opera.tio1rn were rnn<·h retarde<l during the wet ;;ea8on, as the rain-fall was twenty-two 
ind1(·,.; hefon· tlH· mid11IP of February, 18711. HaYiug tract~d the sl10re-liue adja<·Pnt to Santa Monica, 
A,.;:-;ista11t ( ~hariP fornislied a duplicate to T1ient.e11ant-Commarnler Ta,vlor wlwn he arrh-ed at 01e place 
with tlw ;;teamer lhis,.;ler; arnl from time to time the field-party fnrnislwu poiuts to guide l1l the 
hydrog:mph,\· Past and west of the tmv11. By the 10th of Dl•cember, 187i), .Mr. CJiarie liad pro\·ided 
for tlw uses of th<• somHiing·-part,\-, and had fn111ished shore-line of the entire'bight from ''Vt>Rt Beach 
to Point l>nme. The ,;ignals wer<' 80 er{wted aR to serve for liydrographic pu1·1ioReR as well a8 for 
t IH' lll't'<lful triaugnlatiou of tliat part of tlw coaRt. 

Tiu• micldlc slwet, showing the ,-icinity of Santa Jfonica, was co11111leted and forwarded fo the 
otlkt> ••arly i11 ::\farch. Detailed work was t11en takeu UJl for tbP sheet eaRtWaJ'(] of thP< fown, and 
wa:< pro><e«nt<·d rn1til tlw lst of ::\fay. As far aR a<lvarwe<l, the i;Jteet repreRc>ntR the l'lhore-liue, the 
large P><tuar.-.- b(•low Ranta l\lonica, and tht' bluft:S in that 'icinity. A long range of sand dunes 
will nltimatPl,,- app<•ar on the slwet bet\l·een "'el'lt Beach aml Saud Hill and some isolated hills, 
wl1i<-lt \dll he' useful as pilot-marks. The western sheet a;; .n•t reprerients only the shore-line, but 
prm·isiou has hPPll made for its completion at an early period of the present fo;cal year. Mr. T. P. 
\\'0twl warcl joi11Pd thl' party of A,.;sist:int Chase on the VJth of St>.vtemlwr, 187;), and s<•rve<l accept-
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abl,Y a.8 aid. In the <'·OllrRe of th<> ReaRm1 1\Ir. Cha8e fnr11ishe't on r(•qnPRt, to LiPnWrnrnt \Yl1t•t•lp1-, 
of the Corp!'; of United States Bugineer8, rlata for gt•ographical positi011s iii Los _\.11g·eks ( 'on11ty, 
aud to Col. ,J. 'N. Crawford, d1iPf e11gi11ePr of the Los A11gt•]p;.; :rn<l Irnlt·1w11tlt•1H't' Hailrrn11l ('om
pan,v, a tracing showing· cont-om·s of grom1d in tl1e yfriJ1ity of ffanta :\Jouica. Tl1t• amou11t of rain
fall the last winter at Santa Monica iis the hea.vieist kuowu i11 m;rny ,\·ears. The i-;tatisties of tiPl11-
work are: 

Signal" ereeted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Statimrn occupied. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ci 
AnglPs 111Pa1'm'P1l .... _ ............ _ . __ . __ .. __ .. _ . . ~K 

Number of o!iHerYatio11H.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4;{~ 

Shore-lint' surveyed, miles.... . . . . . . . . . . . . . . . . . . . . . . J!l 

Estuary and sloug·h, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H 
Hoads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;-m 
An·.a of topography, square 111il1·1-1. . . . . . . . . . . • • • . . . . . . . . . • . . . . . . . • . . . . . . . . . ~• J 

These Rtath;t.ics <lo not iuelmle about. thirt!'eu mill's of i-lhore-lirn· tr;u~1·d for the wp;.:tern shPt•t h,'I· 
meanR of the tlwodolit+' i11 recouna.il'lsance for the immediate u1<el'5 of the li:nlrographie party. 

The arrh·als of merehaut-Yessds at Santa 2\Ionica !luring the last six mont11s of the :n•.ar 1S7.) 
iuclmled fifty-on!:' Rt-eamers aml.ReYentl't'.n sailing'-n•.Kst'ls, ma.king au aggn•gatt• of fort.' thmtHarnl 
tons. 

Hydrorvapll"I/ near flu? Santa Barbara I.~land.~.-At tlw ope11i11g· of tlw JlrPseut fowal ~-par J,iP11t. 
Comma1t<lPr H. C. T<tylor, U. S. ~., as,_i,.taut in the Coa>;t Snrvey, with hii< part~- in the 8kamer 
Hassler remained at work in the watt>rio; of the Santa Barbara Channel. Fonr h,nlroµ;raphie shept;; 
then in progTess were com1>leted h~- tlu· end of Oetolwr, showing· >;\mmlings along· th\' 11orth arnl 
south si<lt>R of Santa Rosa ,Island; also tht• h,\·tlrography of Sau '.\! iguPI l'assagt\ and ;.;ot11Hli11g,.; fo1· 
1leYelopi11g the Yicinity of m1tl;\·ing rocks 11ear that islarnl. A dangermrn Rhoa1 was r1PYelop1•!l 
between San l\figuel a11<1 Bichanl:mu's Rock, lun·ing 011e ,.;pot with only twf'h-t• f(•d of watt·1-. ( >n 
the shoal, tlw depth ra.11ge8 to thrPP arnl fiyp fathoms, ,,·itlt t\\'("llty to thirty fathoms flromlll tlw 
shoal. Lim1temmt-Comma1ulf'r Taylor stat<>s that oil is f'mitted in largt• qnantitie,; from 1fopp t'l'f'r
iceR in the ro(~k bottom of this sltoal, awl that in the mid8t of tlrn oil ex1·Pllt•11t foih of ya.riout< ki11ds 
are readily caught. 

After completing h,'l·(lrograJlh,'I· in the Yicinit,'I· of San ~Iignl'I faland. the im;lwr<> soumlingK 
along the main were exteude1l from Point Co11eepcio11 t.o a point ahout th·e miles east of (i-aYiota. 

As mentioned under another head, tlw party in tlw stea1rn'r Hassler, while in this Yiei1tit;-.-, 
co-operatecl in the main triaugnhltiou h;.· transporting· and ewetiug sigrntls on Santa Barbara faland· 
The primary signal, as dcYised aml constructed by Engineer Hudes, of tlw steamf'l· Ha,.;sler, eo11-

sists of cylindrical secti011,.; of HIHwt-irou. Much ditticnlty wa.s cxpcriem•e(l in approaching· tlu· 
island on account of the swell: two of the !~rew we-re wal';lied off tlw face> of tlw dift', hut Wl're n•<·oy 
ered; and tlw dct.Etil working· nuder the direction of Lieuteuant Talcott, L-. S. X., snc<·et"!led .finall:I' 
on the 3d of December, iu i-ldtiug up the signal o\·er the primar.'· point of triaugnlatiou. 

In .Tammr.r laRt, clata were recei\·p.d from Lientf'nant-CommaiulPr Ta,'l·lor for tixi11g till' pn,.;itio11 
of a wash-roek in Isthmus Con', Santa Catalina Island. Tltii- roek is part of tlw (]augProns sl1oal 
already represented on the chart; hut as the rock 1rncoyers only about tht• time of low-w<lter spri11g" 
tides, and then showR about two foet aboYe the water, being cove1·t>d at other stagt>s of tllP tidt·, the 
chart will be markecl ;u~cordingl;y. 

In the course of the winter, soundings iu tlie vicinity of l'oint Dump dev<>lop(•<l a deep pockt•t 
close in with the ea.pe. A large bank was fbund reaching f1.·om the shore tlll'o111.d1 the rni1l!lle of tlw 
Bahia Ona as much a.<; ten miles seaward. On this Lieutenant-Commaurlm· Ta.'·Jor fonud from 
twenty-five to forty-five fathoms, but one hundred and two lmudred fathoms arouwl tlw hm1k. 

Dume Cove was deYeloped by sounding and found to be a g·ood anchorage. Tlw Iwlding-gTouud 
was tested at intervals in other localities. Lat.f' iu October the steamer, after ta.king iu coal at 8a11 
Francisco, commenced souncliug.s in Bahia Ona with special reference to the development of h,nlrog
raphy in the vicinity of Santa Monica. Tlll.8 work was vrosecuted at favorable inteiTals, and was 
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comp1Mrn1 i11 the middfo or 3hm~11, lmt as in·cviom;ly stated, t.l1e serYice.s of the Rtearncr were called 
for elsewhere temvorarily. Saili11g-directions for lauding at Santa Monica were given on the chart 
wliich was t11nw11 in by Liente11aut-Co1111uarnler Taylor. Exposed a."S the place is to tlw .swell of the 
.sea, tlw wharf has l1t>t'll lmilt to le1<se11 as nnwh a.s pos>dhle the resnlting i11cm1Ye11ieuce. Of the 
a11el10ragl' it i;,; rPmarked: ·• Thi8 may be ,.;aitl to extend from oue-quarter of a mile offshore in three 
fatho1m; to a rnilP allll a i111a1ter offshore in ten fa.thorns. The holdiug-ground is excellent, arnl may 
he <lesignah•d a" 1:mt(., though Yen· micomfortn hie." 

The ag-gTt:'gate Rtati,.,tic;; of work <lout> b,Y tht> party iu tlw Rteamer H as;,lt,1·, as repn:'i,;entecl by 
;,ix hydrographi<· sheetos, are: 

1\Jilt>s run i11 80l!llding:. _ _ .. _ .. __ . _ _ _ .. _ .. _ .. _ ... _ .. _ .. _ .. _ .. _.......... 1, :!71 
A111.d<'R mt•a.sun•d ................. _ .................. _ . . . . . . . . . . . . x, ti9fi 
X11mht>r of souudings . . _.. . . . . . . . . . . . . . . . . . . 15, ()J± 

A s11ryey sul•Rc11ue11tly made by Lientemmt-C'otmnauder Ta,Ylor will ht' uotice.d preReutly i11 itR 
proper geographical onler. 

1 hufog- thP t>arl,\· part of tlie pre;,ent fiscal .n-'ar Lients. George Talcott, (-l-e.orge 'Y. Tyler, and 
.T. D. Adams, r. R. X., wei·e attaeht>ll to the party in the Has;;ler. Thc>8e officers wheu detached 
were replacN1 hy 1Aentenants Cntts, \Yyd:ofi~ UJl(l f{e<lti1·ld. LientR. Frank Courti;; am1 Hicliardison 
Clon•r-, l ~. S. X., ha\·e remai1tel1 during- the year in sen·i,~e with the steamer. 

Nu rn'y '!t' ( 'rda Ii 110 hlmul.-To pnn i<h:' for !'Oil ti uniug thP sun"'\>,\" of the Sa11ta Har hara Clrn1111el 
falamls, Assistm1t ~tt>lnrnui Forney "·as antltorize<l to procm·1• a ;,mall Yes1<el suitable for the trans
portation of hi;; party. Tlw n•ssPl was dPliYered to hirn at San Francisco 011 tlw !!1st of October, 
!Xiii. ~\ ti•w day,-; atkr, whl'll eompl1·tely outtitte1l, the Rloop Catalina WHK towed to Smita Barham 
hy the ('oast 8nrH',\" steamer Hassll'r, arnl from the1we cro;;se•l tlw clmunel to Catalina Harbor, 
when· tht• triang·nlatinn of the i"larnl was '"ommener:'d. At the outset of tlw work :\lr. Fornf\Y seleeterl 
a 1<ite 11ear tlH• harhor all(l rneasrn·t>d a hai,;t>-li11e, the eJl(lR of which were earefully marked as U!'nal. 
From tlw extr1mw wei-lt eml of the islawl tlH' triaug·ulation w:ts extellded eiu;tward about nine miles, 
and in its eourse ineludN; Catalina Harbor and Isthmus Con', an imleutatio11 on thP north side of 
tlw i . ..,lalHl corresponding· to the harbor. "\Vork iu the field wa;, continued uutil the ±th of February, 
wlw11 tlit• part,\" wa;; disbanded and tht' .sloop returned to CataliJJa Harhor. During part of tlie sea
RUIJ Assistant Fornt•y was ai<led li,Y :\1 r. ,Y. 8. Edwards. The .statistics of the work arr;: 

Signals ('J'eded ............. _ . . . . . . . . . . . . . . . . __ . . . . . . . . . . . . . . . . . . . . 3~ 

Statious oc1·11pied .. _ .. _ ... _ . _ ......... _ ... _ ................ _ ....... _ . . Hi 
Horizoutal augle obsern1tious ......... _ .............. _ . . . . . . . . . . . . . . . . . . . 5, 08;) 
Y P11:ical augle obse1Tatio11s .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4:~± 

.:S-ilw of tilt> peak;, arnl headlamli:; were <letermined in position and height. To obtain a plane 
of retf-re11ce for thP ht'ights, ;\fr. Forney recordP<l a Reries of tidal observations at a Rtation on the 
Rhore of Catalina Harhor. After leaying thP field, duplicates were rnarlP. of t.he records, and with 
thP ('Omputations, ahi,;tra<'tl-l, a.ml <'Omplete<l plane-table work of t.lue pre-..-ious season, the results 
were forwarded to the ofiic<•. Tracing;; from the Hheets of hiH detailed surYey of Santa Cruz Island 
w1•re fornishe<l to tlu~ Sauta Urnz Island Company at tl1e r<·qnest of the leading officer. 

'J'rianf111latim1 rwross 8md1t Barbara ()h.1umef.-'£hiH work ha..; heeu cssc11tiall,v completed by 
angular measnmmeuts made at two stations on the main east iuHl west of Point Ooueepcion, in con. 
uediou \\oitl1 statiou;; on 8a11 Miguel Jslaud and Santa Uruz lsla}J(l. North of Point Uoneepeion 
statious lmn· het>H st>lected arnl olJsernid on for continuing tlw main triangitlation toward Monterey 
Hay, and, a;; will lw seen by the progress-..;ketd1, obAervationR at the station on Anacapa Island will 
ti1Jall,\· complete the tria111-rulation acrosR the Santa Barbara Channel. AHsistant O. 11. '.Tittmann 
left San Ji'ranciRco \\itli his pa1ty on the Xth of September, 1875, and a;; ;;;oou as practicable reached 
Gaviota Pass. J,ienteuant-Comman<ler 'T'aylor heing at Santa Barbara with the steamer Hassler, 
traus1mrtatioll was a1for<led for crossing t.o Sau Miguel and Santa l{osa Islands, where signals were 
set up. The>1e, he•,nmm of the <lifficulty of 11asRing heaY.V signal-poleR across the canons and over 
the hills of t-he iRlamls, were made of sheet-iron in cylinders itbont eight feet long. One person 
readily carried a section of the Hignal and set it up at the station·point. Primary signals were 
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ere<'tetl also at Point Sal aml at ,,\_rµ:1wllo. UetnrHi11g to GaYiota, ~\Hsi;.;ta11t Tittrna1111 arnl Iii" aitl 
:Mr. D. B. 'Wainwright, employed all fan>rab](· intNYals of W(•ather in the uwat'lll'\'1111-'llt of hori
zoutal :111gle;;. Ohsel'n1tio11s Wf'l'I' (•omplPtPd at tha.t station 011 tlt1• ~itli of llPct~mllt'r. hwi(l<-lllally, 
thl' linl•s of h•n•l nm to tl11· statirrn i11 :\fa;-.·, 187."i, Wt'n· rt>ft•rr(•(l to tl11· lialf-tid1· l1·n·l of 1111· rn•pai1 
IJ_y meaus of a tide-µ:auµ;t· 1·stal1lislu·d at (;a·Yiota wliaif. 

Aft-er tlw 1·ompli;tiou of work at G·a\·iota. thP l'.U111p wa,.; 1·p11wn•1l to tlw ( 'alimla Ho111la. at tlH· 
has;e of Tranqnillo11, on whil'l1 Arguello ,.;tation i,.; Pt'tahlbl11•d. Olt,.;1·n·ati011,.; \H'n' l'P<·m·tlp1] tl1erP 
for latitrnlP arnl azimuth, in ad(litiou t-o the measnreme11t of horizontal auµ;lp,.;_ BP;;itl<•,., ohsPrYi11g 
Oil primar,'1- li1w1-1, tlw light-hon,.,1· at Poiut Cull!'.l'jH'i011 >Ya,.; i1ll'l111lP1l a;; a poi11t. and \\·a,., 01J,.,e1T1·d 011 

from Argnello a,; it lta(l hel:'ll from t)J(' otlJ(']" adjoi1ii11g· priinar_y ;;taticm,;. ,\,; till' ]'OKitio11 or th!' 
light-hom-w l1at> hP('ll 1ktt•rmi111•1l h,\- Ht'tl'o11omkal oh,.,e1yatio11,;. tl11· a11g11lar rn1·a:-;nn·11w11t" Ja,_t lll<'ll· 
timwd affortl data for di;;(•ns;;io11 iu l'Pgard to th., Yery laq . .re 11P1k1·tio11 of tbl' plnrnli-lirn· i11 that 
•ieiuit,\-. 'Yhilt> .:\fr. Tittmaim n•rnainNl at (~ayiota arnl ~\..rµ:1wll11. tlw sp(•o111lar;-.· 1-1tlltio11,; 011 t:la11ta 
Rosa and Han 1\fig11p] 1tila11rb, as well as tlH' yj;;dhle rod;::,; iu the \'i<'init_\· of the latkr, W(•n• ol1t'Pl'\'l'(l 
011 with the tlwotlolik. 

Late i11 Ft'hrnan· Ja;;t tl1l' part.\· war; tra11,_fe11't•(l from ~\rµ·udlo to tlw t>a,;t 1·1111 of t:lanta 
Cruz Ishuul. Tlw \H,atlier wa,.; nuf:n-orahlP, hnt tlH• r1•11nisifr m1gnlar rnPHKlll'l'llll'llt" w1·rt· (·orn

plet<><l ll_y tlu• eutl of ::\Iar<'h. Thi:' sea:;;ou 1wi11µ: too far adYallc'P<l °"o warrm1t thP tr:rn,.;fpr to Ana
eapa Islaml 111Hler :m,Y 1n·osp1•c•t of 1·m1tilrnoas "'t>atlwr for oh . .;pryatiou:;;, tbl· part,\· l'PtlU'llPtl to San 
Fraudt-1r.,o. a1Hl wa;; thPJ'P 11iscliargl:'d 011 tlw lOtl1 of .April. 

For latitrnlP, A;;,;i:-;ta11t Tittmam1 ohRen·e<l dnri11µ; 1'ix night" at OaYiota arnl tiY1' 11ight1-; al 
.Arg1wllo, :trnl 1·p.f1or<1(•1l two lumdre1l awl tifte1'11 ohsen·atirms 011 forty-four pairK of stars. ..:\zimnth 
was; det<'rmiiw<l at tlw two stntions hy :111 aggTeg:1t1• of tin' hmulr<><l arnl fort,\· nl•se1Tations, and 
the Yalne of the minomPh'r-<lh-isio11,; was mwertai1wd as usual. At thP tln·pe primar:• ;;tati011;; 
occnpiPd h,,. thP part,\· bn·nt.Y-four hnndn•tl arnl t-hirt,'i-·OllP 11mas111·1·mP11ts or hori;r,011tal a11glPs W<'1'<' 

reeonh•d. Arnwa1m hland will ht• rn'.1·npi1•d hy th<' party of As;;ii;ta11t Tittnuum early in tlw 1m•;;t•111 
ftscal ~-par. 

Tri1rnpulatio11 from Point /:Sur to Jlontere,IJ Bay, (.'nl.-111 .Jul,\·~ 11'\i,}. A;;si:-;tant A. F. Hoclgprs :11111 

tlw aid in hit> party, :!\Ir •. E. F. Uickins, madt• a n•e01mais:-1a11cP along tlw <'oa:;;t from :\lontPrey Bay 
soutltward to Point Sm\ arnl Ret up Riguals at proper intl•rya]" i11 tlw followinµ: mo11tli. Uwi11g to tl1e 
rougl1ness of the eou11tr,\· alHl diftkuJt,jp.o; of trau;;portation, rno1-1t of' tlw work was do11t> UtHlm· l~X}lOti
lITe, tltp. party iH lieu of t••Hts 1wiug 1-1lwltered at 11ight iu ba,\--S]Je(l:s, a1-1 tlw hm1,.,t•s of s••ttl•'l'" on 
that part of tlie eoa1-1t art~ genPrall,\- too :small for an,\ i11sitl1• at't'.tm1111otlatio11 to :-;traugt'rs. 

llayi11µ: decided upon the Hcheme for ti'ia11g·iilatio11 the <letailPd work war; left i11 charge of '.\Ir. 
Dickh11o1 in tht· ah1o1t>uc1• of AsHi1-1taut ltodgcri>, who had proceeded, ill a<·cordmwc with 1liredio11s, to 
coust.rnct aud pla~·e au iro11 1-1ig11al 011 the snnunit of :\louut Shasta, filrtlwr rpfon•1w1• to whil'h will 
be made lJeforc closing uotices of the work done in thi1-1 sedio11. 

The tria.ngulatio11 a]ong tlw coast from Point Hur to '.\lrn11Pn•y Ba,\ wa,.; 1·0111plett>d i11 ])p1·t•llihPI', 
Untler the directiou of A;.,:sit-1tlmt Rodgers, J>r\_\jectiom; for the plaue·tahle t'lllTe,\- within thl' ;;a1111• 

limitll were made b,\- l\lr. Oem·~·l' :Fan4uhar. 
Topo111·aphy.-lu .Jaimar,\-, field·work waB resunwd with the plai11•-tabk lll'tw1·1•11 :\lo11t1•1'1·y Bay 

and Carmel Hay, and one sheet was tilled with topographical detail;; by tlw end of :\lard1; :1 s1•<·0J1d 
sheet was immediat€ly taken in harnl and was tiuislwd hy the end of .lUJH'. 

lu a.thlition to the fit'hl-work of hi1-; party, A ssi:-;ta11 t Hrnlgt~r,; (\tmd111'1Pd tltt• 1lPt ails pt•rt a i 11i 11g· 
to the suboffice at Sau Frauci:-;co, which, a;; the repotiitor,\· of 1lata reqnisik for tl11· opl'rntio1t" of 
bis own and all the otlwr pa.rtiet-1, nmst he ma uag·rnl "·ith t-1y,.;temati1· ean'. 

The statistic,; of field· work done hetwe1•11 Point Sur a111l l\lonten•y Bay an•: 

Signals erect-ell .................. _ ............... _ .. _ ............ - ... . 
Stations oc1mpie1l. ...... _ ..........•..................... - ... - .... : ..... . 
Angles mea.snred ................................ _ ............ . 
Number of obseryations ...... _ ...... _ ....... _ .. ___ . 
SJ10re-line 11urYeye!l, mile;; .... ___ ...................... _ ................. . 
ltoad8, miles ........................................................... . 
Area of topography, Rqnare miles ............................. - .......... . 

!7 
4A 
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10, 000 
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Two a(lditional Rht>Pto:, which will join at Point Snr, rernai11 for c-0mpletio11 hereafter. The 
coast ii-; very wild in thit> Yidnit~·. tlw mountai1rn coming· <lown to the t>ea for tlw consillerttble 
stretd1 ht>twPe11 Point ~m· arn1 Cape San Martin. 

Tid117 ob.w·rration.~.-Tlw ohst>rn1tiom; with t>elf'.ri>gi:-:ter:ing ti(le-gauge at Fort Point, Cal., and 
mdeorolnµ:i<'al ohserTat iun:-: tlien', han~ been <·onti11ued hy l\fr. E. Gray, under the immediate <lirection 
of Col. H. H. ::\Iendell, Pnit·P<l States Engineers, who has caused the iui-;truetiorns which were sent. 
from tlw nfticP to lw l'xecnted hy the ohsi>rver Yery 8atii-;factorily. T!Je apparatus contimws t-0 work 
well, and tht> serieA in <'.OllReqnenee is already very u1lnable. 

Currents 1~( San Francisco B11p.-A t tlw elosing of my last annual report A8:-:ii-;taut Gershom 
Hra<lfonl was 1n·oseeuting tlw h,nlrography of the coast of California in the Yicinity of Rock~- Point. 
Soon aftPr the opening· of the present fiscal ,Vl'Hl' th(' party l'(•tnrned to San Francisco in the sehooner 
Ynkou. After tlisdtargi11g tlw CI'P\1- ".\lr. lhadford took np oftice-\l·ork, and 11lotted tile sonrnlings 
whit'h he had n•eonlrnl at Hmnholllt Bar aud Orford Heef, aud the. additional sonudiugs made 011 

the Conll•ll Hauk. '!'he hr(lrogTaphie 1-1heets of t1w .coast hetween Hoek.'· Point arnl Cape Fortunas 
were aJi.;o 1 akPu in hand afl(l eomplPfrd. SpPf'ial atten1 iou was afterward gin;11 to the graphic 
deYl'lopmeut aml tabulation of the cmTPnt" of Sau Frau<'iseo Bay, in regard tn which numerous 
ohst·rYatiom; had been reeonlt·rl. All the original register,,, working·-:-:heets, arnl notes relating to 
tlw lH'P\-iom; work of t11e part.v luffe been recein'<l from A8sistant Bradford. Toward the t•ml of 
the' th;cal ~-ea.r his preparations \Yt'I'P eomple-te- for taking up hydrograpltic work in 8ection XI. 

llydrograplt.'f '!f Jfon, I.~la.iui 8trait a11rl Kal'quine8 8tmit.-An elaborate hydrographie survey 
of tlw1-1•• waters Wll"' l'omnieur·ed on th<> l".!th of May, 1870, hy the- imrty of LiPut. Commander H. 
(', 'l'aylor. C. S. X., assistmrt in tlw Uoallt 8mTP,Y, in chargl' of the stPa111m· Has,,Jt•r, arnl the work 
\ra.s PSsPutially complett>d hy tlw t>ml of .Jmifl. In cm~jnnctiou witl1 1-1on11<lings, tht> t.ide;; and current" 
were carefully ohl'iern•d, a1Hl to the danger,; knowu as "He<lge Shoal," ''Commission Hock,'' and 
'' :'llartiu's Leclg·p," special attention was given for their <kve1opmeut. The space sonnde<l is com
pris~·<l lwtweeu 1'i'aYy-Yanl 81ough and Htrait Point. Xormal to th{· shores numerous lines Of 
sournli11gs, gh·iug· Kectious of the strait, were rnu within the Jimit.s named, aml these were crossed 
hy a ft•w longitudinal line" which wert• plottPd merely as checks UJ.lOn the working-sheet. 

In retereucP to the results of his smTe,Y compared with the existing· chart, J,ient(•nant-Com
man<ler Taylor ohsern•1o;: 

"A general shoaling· of ahout half a fathom is obsPrvahle in Mare Island Strait aml npon the 
bar si11et' 18(i4, and the. high awl low water lines h~ve encroached somewlrn.t upon Ore clm1rnel, hut 
as a result t.1111 1·nrre11t se1•ms to ha.Ye qnickene1l, and prnl.Jahly tl1e shoaling haR 11early or entirely 
cea,sml. 'fltis snrmi;;e, howPver, has not yet hPen Yeritied. 

"In the river above the mwy-yard, tht> low -water line has encroached slightly npon the channel, 
hnt the hi~·h-watei· line ha;; recede<l c-0nsillerahly, gi,-i11g a somewhat greater area by high water 
than before, which se..errni to indicate that the current· in the Rtmit connecting this exparn;e of water 
with San Pablo Bay i1-1 probably increasing rather tlmn leAsening in force." 

'Ylwre clwng<>s i11 RhnrP-line we.rt• noticeable, the present out]ine was carefully traced in some 
placws h,\· means of the plane-tahle and in other1-1 from nnmeronR points which were determine<l with 
the sPxtan t. fopnt.enant-( Jommander Taylor cmtRid•~rs as yet undecided the question whether the 
shoaling at thP liar has eeaRefl or is still going ou. The statistics of this work are: 

MilPs ma in srmrnling. _ .... - . __ . - - .. - - .... - .. - .. - - - ... - - . - - - . - - _ - ... _. _ _ _ 127 
Angles mt·asnre1l _. - . _ - . - - - . - .. - - - - ... - - . - - . - - - - .. - - - . - - - - - - - - ...... _ .. _. 2, 128 
~nmlwr of :-:01mdings . - - - ..... - - . - - - - - - - .. - - - - - - - .. - - .. - .. - . - - .. , ... ____ . o, 206 

On receipt of the original hydrographic sheet, direction was giYen for its reduction preparatory 
to the immediate issue of a chart hy the photolitlwgraphic proces1-1. 

\York pnwionsly tlone by the party in the Hteamcr HasHler lmH been meutioued already iu this 
:,;ectio11 of the report. 

l>rimfl.ry trfo.1t.1f11lnt1:on.-At the end of Pehruary, 1876, ~\ssiHtant George Davidson, who had 
conducted a pttrty for observing the la8t transit of Venus at a Htation iu J apau fro ill which hti 
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I't'turned by the w;1;1- or India and J<~uropt', pre1·m11ted a comprPlwm;in~ report 011 the n-."ult,.; of hi,; 
observations abroad. ThiH i1wlrnleH thl' ,;ul\jed,.; of irrigation and larnl reclamatio11 a,.; pradiced in 
India, Egypt, Italy, the :N ether]a,mls, &c.; harbor a11d rh-er imp1·oyeme11t,.; i11 Asia aud Europt'; g'eo

<letic field-metho1l,.; iu Iiulia, and ge11erally th!' topic;; 011 which mwfnl i11fonuatio11 l"oul<l ht~ gai11(•d hy 
i11eidm1tal inquiries iu th(' return from a dista11t fordgn com1try. l'roce<·tling i11 :\larch to San 
Francisco, )Ir. Havidsou re,;nme<l charge of the main triangulation for which reconnaisi<auce had 
been preYiom;l,Y made across the Sierra :Xe,-;ula. In onlei' to ascertain tlH· comlitimrn for fi'"•ld-work 
witl1 refereucc to s110"· 011 tht' SierraH, Pxa1ui11atiou was llHLtfo aH faT 1;011th a;;; tht> Tt>ltardwpt'e J'a,;s 
in April. l\ir. I>aYidson remarks inci!lP11tally that the railroad a>< located through that tlepn',;sio11 
Rhows e11gi11eering· skill superior to man;•• instance>; in Irnlia and l<:m·o11(· i11 OYPn~oming· tlH· 11atural 
ditlieulties of the region. 

111 the Sacrameut.o Valley Profesi-mr IhLYid;.;on selt•etetl a sitt· for a has<•-li11c, from the <•rnls of 
which couuection il'l tlirect with the mai11 trian{rnlatiou h~~ a well-conditio11ed quadrilateral. As,-;ist
ants CleYelaud Rockwell and '\Villiam Eimheck, who accompanied 011 this rnc01111aii.;sa11t•t>, found the 
approximat.e Ieng-th of the hasp, would lw m·arly t•leYen milc:s. Thi:s will be rnm1Ptl tlw ,; Yolo Ha:->t-,'' 
a:-; it lies i11 tlw narrow eounty of that name. 

Signal:s liaYe het-n ereekd at tl1t- station-poi11t:s :\Io11ticello arnl V~wa, arnl lwliorropPs WPl't' po,.;tpll 
at r,ola ::\louutaiu and Hound Top. The last ·lUlllH'<l station was rPad1P1l in )lay by pas:-;i11g th1·ough 
a region thirty miles widt> that was rlwn eoYt'rell with ;.;1ww. A,..,.;i,.;ta11t Ihn·idso11 Jia,.; aln•ady 
olrnern~d upon the heliotrope:-; at Lola (138 mil1.•;; di,.,hmt}; arnl at Honrnl Top, which i;; 120 mile,.; 
from the tlwodolite-station. At the ellll of .lune last. wheu the lai-;t report was seut from tlw fidtl, 
prospects were good for progress iu the tria11g·nlatio11. 

Uuder the immediate <lirf•<•tion of Mr. I )ayidsou, Snhas,_,i,..ta11t G. FanJ11har has ,.;npplied trai·ing·s 
and other data needed from tht• imboffict:> in San Prancisco h~- tlw fiel<l aml hydrographfr partit•s. 
Professor Davidson continues, as heretofore, special Httulyfi.1r illllffOYPlllflllto; iu tlw a:-;tronomical aml 
other iustnunent.s requhdte for tlrn OJterntions of his party. His sugg·t'stious, as pmhrn1yiup: the 
rcsultl'l of large experience and clo.se atteutio11. are noted in th(• ofiicp., and are applied from time to 
time, as occa:-;ion arises, for repairiug or modi(ying the i11strunw11ts of prPcision Heeded in tl1t• sp\·
eral processe:s of the Coast Sm·w\Y. 

So far as now prqjected, thf' series of quadrilatpraJH sta1ting from tlw Yici11it~- of l\fonnt l >iahlo 
where it connects with the primary triangulation of the Pacific, alJ(l from >Yhieh thP chain of •pmd
rilateralfl is intended to pass eastward, is ma~le up of the l011g(•Ht line,; fonrnl practieahk after a 
thorongh examination of tlw region. Ear]~- in ,luly, Messrs. T .• T. J,owry aud ,Y, IL Stt•lU'll" will 
join the triangulation-party as aids, and it iH confidently expected tllat obsl:'rYations 1wt•dful for 
completing the fir,.;t gTeat tJlUltlrilat<'ral of the main tri:u1gulati011 an• now a<ln111ci11g toward eom
pletion. 

Under a call made in the United States Senate, the paper of Professor Davidson emhod~·ing· 
lth; remarks 011 systems in for<~e for irrigation arnl larnl redanmtio11 was ~l'llt to that hotly tlmmgh 
the Treasury Depaitment. The paper is of special intert:>st,. a>< already the tlf'('essity for pJarn; of 
irrigation for some of the rich valleys of Ualifornia has been reportt'd b~- an ahlP counnisision m; of 
)Jara.mount importance for the region referred to in their report. 

Coast f{>pography, no,.th <!l B<>df'.ga Head, OaJ.-For coutiuuiug the ,.;nrn•y of the coast of ('ali
forniit northward of Bodega Head, a party org·auized by Assi:-;tant L. A. Seugteller \ras in tlie tidd, 
near llnncan's Mill, ou the 10th of .luly, 1873. Att-0r making· a 1·1~couuaissancP, it was deemed most 
expe(lient to hegin operations near thB upper limit of the contemplatPd work, arnl th1• carnp of the 
varty was consequently pitche1l at Itussian Gulch 80 as t.o admit of extending the plane-table slll'

vey in oot-h directions from that point. By the end of October tht• work <lone i11clndctl the coast
details for a distance ahont fiYt:l miles north of Rus:-;ia.u Gnlch. This embrat"eil a Yer,v abrupt and 
broken coast-line, and represents the gTotmd-imrtacf' as rising ra1)idl,\- in passing from the. sea-mar
gin back to the first crest of' bills, which show elen1tiom; of s1wentet>n lrn111he<l feet \vithin a mile 
and a half of the ocean. Two miles north of Rm,;sian Gulch the redwood forc>Rt comes to the water
line, and that growth prevails some distance northward toward Point Art>ua. 

From hi!'l camp Mr. Scngteller 1mi,ihed Uw topographical KUITt\\- southwanl as far tt8 tl1e mouth 
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of HnsRian HiYer. I1t gem·ral, the charnder of tl1f' coast iH similar to that 11orth of th1• Guleh, hut 
iH (1f'stitutP of tirnlwr. 

111 Heptemher, while t111· pla11P-ta hle Rll!Tey wa,; adnuwiHg, rt>c~cmnai>',.a!H'i' was ma~le for Pxtend
iug- the tria11g·1tlatiou north war1l as far a,; HtPw:trt';; Pas,;;. The sdwuw tlecidic\<l npou itffolnid 
m1wh lahor and lmnlship, and was obtained only b,,- elil11hing e\·er,v hill or point in tlw arPa to he 
i11dmh•11. ThP work of tria11µ:nlatio11 wat-1 adnllw1·1l hy o(o,1·upyi11g Hoss }lo1mta.i11 and 1·011111leth1g 
angular mPa1-<m·p111e11t,; 011 the statio11s at Bo1leg·a Hill arnl H1'dwo111l to tlw eastward, aml to seYeral 
stations 1;onthwanl arnl westward of Hos;.; '.\llonntain. 

Early in So\·pmher tl1e party was tram;fel'l'e<l to a worki11g-eamp four milPs south of Russian 
Hin'!'. a1Hl from that point the topographical r;nrn'_Y was externh'll dow11 tl1P Poast uutil t11e 5th of 
J)pc•e111her. H:1tl wPatJ1p1· tlmmµ:hont the 1;easo1t retarded the tield-w-ork ou this part of the coal"t. 
Jn tlm mi(ldl1· of that month thi:' work \\'ai; rNnune(l uhm-e l>nnean'1; :'.fill, all(l was contiunell until 
the end of Ft-hnwry, wlwu the detailed >'lll'H\\' of tlH• <·oast wa,; completed from Salmon Creek 
northwar<l arnl w1•stwar11 to a poit1t 1warl.v ti\·e miles above I:,n:-;:-;ian Guleh. ~fr. G:. H. \VilHon 
aided in tlie field-operatio111;. The HtatistieR are as follO\n<: 

~ig-nals erpete1l _______ ..... ____ .. _____ . ____________________ . _ . __ .. _____ .. 
Stations occupied._ - - - - - . - - - ______ . ________________ . __ . _________ ... _____ . 
Aug·Ie1; meaRnre1l ____ ... ___ - _____________________ . _______ . ______ . _______ _ 
Xnmlwr of ohservations. - - - - _____________ ... ______ .. _____ .. ___ . ______ . _. _ 
Shore-line sll!Tl\\"t>d, miles.___________ _ ______ _ 
HivPr arnl H1rPa1111', mile:-; ______ .. ___________ . ______ . ___ . _______ .. ______ ... 
Hoads, mile" . _ . _ . - . - . - - - - - - _ _ _ _ __________ . _______ - - ___ . _ .. _ . _ .. __ . ___ .. 
Area of topography, Hqnare miles. __ . ___ . __________ .. _______ . ____ .. _____ .. 

4 
~) 

74 
1,42;~ 

17 
12 
3G 
20 

After (~ompl•·tiug· hi1; olfiee-\York AssiNtaut S<"ugt<'llt>r resmned the H1u--vey of the coast in tlt(' 
viciuit.'- of }'ort Ho;.;s, awl iN 11ow :uha11ci11g- toward Point Arena. Deta,ilr; respe.cting tlw work now 
in p1uµ;ress will he giYell in my next ammal n•port. 

"llount 8/1((.~fa .~ir111al.-Of r;eyeral pla11x for a signal that would lw ,·isihle in dear weather, and 
snflkiPnt to r•·xi;.;t tlJt• ,-iol(•Jlel' of tlw Pleuwnts at a ~mmmit l·i,400 feet high, one propoHed by 
AARixtant C. A. Sehott. of tlte Computing· Divi,;ion, Coast Snrv<'y Office, was adopted. Tlte detail:,; of 
eouxtnwriou alld tlw ere<"tim1 of tlw Nigmtl mt thP 1;m11mit of Mount Sl1astiL wert:' assigned to Assi1-it
a11t A. F. Hodgers. who had lJreYionsly testecl tlw practil'ahilit,v of the Ull(lertakiug· hy an aseent. in 
April, ax 111e11tione(l i11 m;\· la1;t amrnal rep01·t. Tlte sig11al of g·aJYaniz<'d iron i1-1 a r;lutfi, in tw(•lve 
sections, rPstii1g upon a har;e-plate of 8 hra;.;s harH bolted togptlier in 1~rih-work form, and s1u·
mon11te<l h~· a c•oppPr <·011oid ;) fl•pt high, niekPl-plat-e<l and hnrnishP<L SeP aceompa11~·i11g· illustration. 

The total l1c->ig·ht of tl1e sigw1l from haNP to top of 1·011oid is 14 feet 10i inches. Iu order to 
nhtain the g:reate,.,t po1;.-,ihle stahilit,Y, the ;;haft wht>n sl't up Wal'\ fille<l to ahont two-tltirds its heig·ht 

with hroken l'IJ('k. 

The ii-011-work for tlw ,;haft and the <'·Opper r·.011oid being- finally complete in accordance with 
speciticatiou,;, Asf'listant 1-todgers left San Franeitico Septernlwr ~1, arnl reaching the hasc of the 
mo1mtai11 :WYPral 1layH in a<h-ance of thP rnat(•rial for tlw signal, at once ma<le preparations for the 
a>'cent. Tltrt'i' 1•amps WPre pstahlished at different elln-ationr; m1 the mmmtain-i·drlt:"., trailis were made 
for tlte t<~amf; requisite, and prm·isi011;.; arnl fm·age were. 1'ton•d for the UHe of tlw i1arty and horsf'R. 
The material aml outfit a1riYed at the date <·xpecte<l, and their t.ran1;fer to tlw Rnmmit waR com
mencP<l Repte.mhPr ~!). B.'1- the evening of Octolwr 1) the wholp part_\' had arrive<l at the summit, 
the work of cxcanttion for the fournlation and sight-lines was <~ompleted, and the Rignal was ready 
for erP<•tion. Thi°' work waH atteurfod witlt t•cm>'iderable 1llffieult,,-, owing· to the l'\mall spftee ~tt the 
summit aniilahle for operations, but was HUCCPKsfnlly a1·,eomplished h.'1- Octoher 7, and tlte party 
then returm'(l to the ntlle.'I·· The prog-res:-1 of the work witH favorecl b,v two canst>s, an uncommonly 
light snow-fall (lnring· the precediug seawm, aml the unmmally Iatt> connnenceuwnt of t110 autumnal 
stormR, which g·t>1terall_\' begin ahout the end of September, and render tlie ascent of tlie monntaiu 
impo;.;sihle until lltte in .Jnne. During their stay at t.be 1-1mnmit the part;v suffered from continual 
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ro Forms :for Signal designed for 

by C.A. Schott. 

Mount Shasta Ca1 
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Cal. 
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in OctDber 
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headaches, aml were unable to sleep, which effects werl~ attributed to tlrn rarefie(1 air at that hig-b 
elevation. 

Observations of horizontal and Yertical ang-les were made by Assistant Eimbeck, who accom
panied }lr. Rodgers. A diagram of the t-;ignal, Kkt>td1 showiug- tlw g't>llt>ral fratures of tile s11m111it, 
and a collection of spedrnern; of various kind,;, were tramnnitted to tlw ofticp \\'ith tl1P final TPport 
after the cmnplctiou of the work. Uml<•r favorable conditious t1H· ]H'rmane11t sig-nfll ou ::\101mt 
Shasta will he vhdble at several of tlw statiorn; selected h,\· Assistant Eiml1l•ck i11 his n•co111Laisl'a11cp 
a.cross the Sinnt N eYada. to the eaHtwanl of San Francif;eo. 

8 E U 'f l 0 ~ X I . 

COAST OF OREGON AND OF ""ASHIXGTO~ TERHITORY, INCLl~DIXG THE IXTEHIOH BAYS, POHTS, AND 
RTYERS.-(SKETCH Xn. 21.) 

Goa.st t-0pof1rapl!y near Tillamook Bay, Oref/.-\Yl1e11 my last annual report doi-;ed, A::::sistant J. 
J. Gilbe1t was pushing the Jllane-table surn·~- of the t.:oast of On•gon i;outLwar(l of Tillamook Ht•ml. 
By the encl of September, 1875, the work had been advaiwed in that <lin·ctiou as f;u al' tlw t•utmllet• 
to Tillamook Bay, where ueeclfnl mea,,;uremeuts were made for eonuectiug with predou;; work. Of 
three sheets resulting from the fiel<l-operatious iu thiti •1na1·ter the middle orn• repre14ent,; several 
miles of the lower part of Nehalem Rh-er. Above aud below that entrance the Hnmf'rous heights in 
view from the coast were obst•rve<l rm, aud tlwir apiiroximate po:sitious were markl'<l 011 the plane
table sheets. The statistfos are: 

Shore-line sun·e;ved, miles . . . . ...... _ . . . . . . . . . . . . . . . . . 3H 
Trails, n1iles . _ .... ____ ... _ ... _ ........... _ ............... __ .. _ ..... _ . __ . f> 
Area of topogmph;\·, Rqnare miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~O 

At intt'rYals, whilP tl1i:-; work was iii progress, AssiRtaut Gilbert completed obsern1tion1' for 
connecting his coast-triangulation with that of the Columbia UiYer. 'fhe work done for that pnqlOse 
is represented in the following synopsis: 

Signals erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Stations occupied........................................................ 16 
Angles meai.~n1re(l ...... _. _ ........... _. _ .. _ ... _ .. _. _ .. _. _ ... _ ... ___ ...... 75 
Number of ohsen·ations.................................................. '..!, 304 

Including the signals set up, eighty objects were obsened on, the greater numlier hei11g tlrn 
heights before mentioned. 

Hydrography of the Colmnbla Rfrer.-Af'ter th<:' completion of work "·hieh llas been noticed 
under the preceding head, Assistant Gilbert transferred hiR party to l'ortlaJHl, Oreg., and there 
fitted out for sen-ice the Kincheloe, a flat-hott-OJned boat, aml as l'oon as prnctfrable took np :-;onml
ings in Colrunbia !liver at the limit reached in h;nlrog·raphy hy the late A,,;sistaut Cordell. l:--p tlw 
river, soundings were adYanced as far as Burroughs' Station on the north sitle awl to Puget Statio11 
on the Oregon Ride of the. river. '.ride:-; were recorded at Cathlamet, "'· T., durini~· two lunatio11::;, 
and simultaneous observations were made with a tfrle-g·auge at Clifto11: Oreg. Asl'ih.;tant Uillwrt. 
commenced hydrographic work in the Columbia on the Hitll of Oetober, and soumliug-s were proSl'· 
cuted unt.il the 15th of December. The :statistics are: 

Miles run in sounding ..................... _ .. __ . . . . . . . . .. . . . . . . . . . . . . . . . . 214 
Angles measured . _ .... _ . _ ........ _ ...................... _ ....... _ . . . .. . . . . .. . .. . .. . . . . 2, 522 
Number of soundings ................ _ .............. _ .................... 15, 604 

:For the adjustment of Ronndings thirty-four signals were set np along the shores and deter-
mined in position by angular measurements with the theodolite. · 

Winter-rains prevailed during t11e entire period occupied hy the part~· on tlle Colmu bia. The 
freshet earl;r in the present. year was consequently gTeat, an<l bas lwen the mo1'1 disastrom; eYer 
known. Assist.ant Hilbert says: "The river, eYen Ro near the mouth a,_. Clifton, Ital' ril'en ahoYe all 
the islands and low lauds; the current runs ebb very strong at all times, and the meau rise aud fall 
of tides at Clifton is only about one foot, ag-.tinst six feet last autmun." 

S. Ex. 37--8 
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Assistant Gilbert was aide<l in serTice in this section by J\fr. F. vVestdahl. 
A <'op~- of tlw plam'-tahle sheet contai11ing the ;;mTe;r of Nehalem Hirer wa;; promptly made 

by ~Ir. Gilbert after completing hiR tieM-work, and was furnished to General l\Iichler, at the request 
of that ofli<'.er. Details on tl1t> plant>-tahlt> sht,ets of that part of the coast of Oregou represent 1·ocky 
heaA.llarnls, 8a1Hl-heaches, aull f!'ingt•s of the adjaeent forest. 

On tlw I st of .Juue, li'lTG, aftpr completing the computationi:; of his triangulation of the 11re
cL•di11g seai-;011, and the plaue-tahfo aml h~·1hogTaphie i-;heets of the work of ltis part,Y, :Ur. Gilbert 
resu11w<l o;o1m1liugs in tlle Columbia, all(l is now extending the hydrography of tlw river upwards, 
within tlw limits of tht' plane-table sm-Ye:<, the details of which have beeu mentioned in previouR 
anmwl n•ports. 

Tidal obNe1Tations.-emler the directio11 of Col. (i. H. Mendell, United States Engineers, the 
exel'llt•11t Sl'riPs of tidal arnl metemolog'ical ohsernttions <Lt· A8toria, Oreg., 11ave heen kr.pt np by 
:\Ir. L. \Yilso11. The self-n•g·it-:teri11g gangP at this statioll has lweu loug· in U8e, but registers well 
nmler the tart' alld attention of the obserYer. 

H!1rlroyrtljih,1J '!t' A.rl111irnlty Inlet, 1lr. T.-At fop close of the lai;;t fiscal year A1'!'1iRtant .I. 8. 
J,awso11 wa,.; ('Otnpletil1g· the ,.;nl'H',V of the shores and sournlings at Dnwamiish Ba~r· Subseqnentl;v, 
as the weather of the season allowNl, the b~·drography of Admiralty Inlet wai:; proseeuted aml was 
externled hy the part,\· iu the lirig Fauntleroy, from )feadow Point 110rthward to Point l<Jlliot in 
}'m.;s1•ssio11 Sound, arnl westward quite aeroRs the inlet from Monroe Point northward to FonJweather 
Blnff. 'l'h1· ,;om11li11gi-: include a clotie examination of tl1e shoal which extends from 'Ying Point to 
Blake!;\· Hotkii, aml (l<"YelopmPnt of thP approaches to Port BlakPIS, Eagle Harbor, aud l\Iurden'l'I 
Con~. From l"ouhn~athcr 1~lnff aml l>onble Bluff the hydrography to the eaRtward includeR the 
Scakltet Bank. In that work au amount of aueltorage-ground, !.-'Teater than ha.8 been generally 
known, wat; den'lopeu, espedally in 'Yhat is known as Useless Ba,\-, aml 011 Scatchet Hauk. Hith
mto tlie first-named has hePn looked on with dii:;fayor antl even with drciul, hecanse ai"I the water 
shoaletl :mtldPul~·, it was suppust•ll that Yeiisels had no room to go ahout after leaving deep water, 
ThiH a)lplieH, however, to th(' western side of the ha.\- only; 011 tl.te ea8teru side the anchorage ahout a 
mih• from thP slwre is so good aH to makP. t.lui ordiuar;r name of the ha,Y a mi,.;nomer. The hay i8 not 
in any Hen><e a harbor from l'troug wiu1ls, hut in calms or light wimh< and hea(l current" the anchorage 
tlwre woulll ,.;aye many miles of lost ground; and ":\Ir. J,awson reports that there is ample se<H'oom 
for gPtti11g under wa.' without danger in case the wind should spriug up from auy direction. 

"Tlw 8catcllet Rank" extends iu a direction south-southweRt fully three mill's and a half foward 
ApplP Tn'e CO\-e. Depths 011 it are Yer.\- irregular, and at the end of the bank the water suddenly 
1lcepP11s to o\·er onP hmHlred fathoms. 'Vlten the extent of the hank becomeR generally kuowu by 
tltP chart, it will he of great benefit fo vesRels as au anchorage. Until the 1st of September, 1875, 
)fr. T. P. 'Voodwanl was attached to this pait,y as aid. Mr. F. A. Ijawson aided in the work 
tltrong1wut tlie ,ieason. The Rteam-faunch Lively, with a separate crew, was iu 8ervice while. 8onnd
iugs Wfi't' i11 i1rogreiois. The followillg are 8tatistics of the work: 

l\Iilei-; run in sounding. _ ...... __ . __ . _ . __ . _ ...... - ... - . - - - - ... - - .. - - - - - - . - . 
Auglet; 111easured _ . ______ . _____ . _ . __ . _ .. _ ...... - ... - . - - ... - - - - . - - . - . - - .. -
:N mu hPr of so um lings ... - .. - - - ....... - - . - . - . - .. - . - . - - - - - - - - - - - - - - - - - - . - -

351 
1,25.J 

10, 8!l0 

Tfrfol ubserrations.-At Port TownshPnd, ,V. 'l'., the series of obs"eryatfons condueted under the 
tlirection of Colonel l\1emle.ll, United States Engineers, has been continued by Mr. L. Nessel. The 
p1•mlnlm11-elock hen•.tofore iu use had frequently been stopped hy the \ibration of the little structure 
which protects the gauge, but it will he very soo11 replacecl hy a lmlancti-wheel clock. An inter
changeable cylinder gauge "ill also be sent to insure the continuity of the series at Port Townshend. 

Tapography of Puget Bo mid, TV. T.-J<'or this work a party was organized iu ,June, 1876, t.o work 
m1der the diarge of Sulmssistaut Eugene Ellicott, whose arrangementR at Seattle were in progress 
when this rpport wai,; dosed. The shores of the sound will be traced south of Restoration Point 
and Batt.er~- Point to Steilacoom, by his part,y working with a cutter, which has been pro,ided for 
that and ;;imila1· serviee iu this section. 

Tidal obserrntionx.-At the suggestion of ·w. D. Alexander, esq., superintendent of the Hawaiian 
Gon'111ment. surYe,,-, a tide-gauge has heen fittecl up aml forwarde(l tA1 Honolulu, where, uude1· the 
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direction of l\Ir. Alexander, a series of tidal observations will be recorded. Sud1 a /'\erie,; lrn/'\ he1·11 
desirable for comparison witlt the result:-; of tidal observation>< on the l'al'iffr coast or thP l 'uitt>tl 
States. The apparatm; and registers will be returned to the Coast Surn·.\· Office wlien a safo;factor~· 
set, of observatiom; is secured. 

COAST Sl.JR\'EY OFFIC"E. 

Assista11t ,J. E. Hilganl ha:-; continued in charge of the Coast SmTey Oftit't'. 111 the detail,.; of 
execntiYe duty hl• ha:-; been aide!l b,\; Assi;.;tant Edwanl (i-ootlft"llow. 

The following a1Jstracts from the reports of the sen~ral dh·isiorn; sllow the orga11izatiu11 of t11e 
officp. and the progTe/'\/'\ made during the y<~ar: 

Hydmnrapl!ic 1Jfri8io11.-'l'l1e duties of hytlrogra11hic i11/'\p1•ctor ha.YI' h1·en performed hy ( 'orn
marnler Edward I'. Lull, l:. S. X. 

111 admiuistmtin~ detail>1, Commander Lull ha/'\ had tlle ai1l of Lieut. H. E. Xieltol,;, G. t-l. X., 
aml of Acti11µ; ::.\laster Uohert Platt, tht> 1ir;;t-uamed officer haviug- sen·ed from .July 1 to Deeernlll'l' 
17, 1875, and again from .June 15, 1.S76, till the date of thii,; report; tlw la/'\t-uamed, from .July 1, 1S7ii, 
to ,Jmrn 7, 187G. 

UIJ(ler the dirediou of Comnmuder Lull, l\Ir. E. "~illculmcher, l1,nlmg-n1phie tlrangl1t,;ma11, ha>< 
})lotted, protracted, or drawn eightce11 original hydrog-.raphic sheets, mad(• 11i11e im~jPetious for tit'ltl-
1mrties, an(l cxecut<:d also a large amount of miscellaueons work, <'.ousi>1ti11g· in ]Jart of tr<l{'i11g.,,, 
redudions, iilotting of vositi0118 of buoyK, bt>cwons, &c. 

:M:r. Julius S1irandel, h;rdrob'l·aphic draughtsrn:rn, l1as plott.e!l 11i11eteen origi11al h,nlrogT<lphit' 
sheets, nuule four pr~jections, YPrifie!l ten original slwets, :t!l(l ma1le such mis<·-ella11eon/'\ examina
tions and reductions as have from time t-0 tinw lwe11 required. 

M.r. W. C. \Villenhucher, hydrngraphic <lrangbtsman, has plottetl or tlrawn ;.;ixt<'PIL original 
hy1lro1-,rraphic slwets, made fin• projections, and attended to Yarion>< rP<luctious, traci11gti, a11tl in·ug1·e,.;/'\ 
sketches. 

Tirlal Dir1:xion.-In thi8 diyii,;iou, under the direction of l\:Ir. U. S .. Axer.\·, ohse1Tati011s ma1le at 
cigllt tidal r;tatiom; 011 the Atlantic coast and at four 011 the Pa-Citic coast were t'ard'nlly tliscus,.;ed: 
all<lo, tho/'\!' mad!' at a Rtatfon in Saint Thomas, "'!'Rt Imli\•><, aud at one in Ho11oluln, ::-laml wid1 
falands. 

At the permanent tidal i-;tations, the aim has been t{l secure perimls of ohsen·ati1m,; without 
interruption, so al:' to get data for a thorongh disem.;;.;iou of all intlne1tc1•;; afi(ictiu:.r tlw tidal wan'. 
V a.rious expedientR ha Ye beeu resorted to at ;.;ome of the northern station8 to pren;nt tlw ;;tup11ing· 
of the gauges by the freezing of the watPr in the Jluat-tuhes . 

. A.t. North Hanm, 1\:Ie.1 and at Boston, 1\fasK., heating a.pparatn/'\ ha,; hPell iutroclm·pd into the 
t,ide-honses. At GoYernor's Island, ~. Y., au<l Sawly Hook, X .• J., a continncms aetio11 of the gauge 
JutR been obtained by pouring hot water into the float-tubes in 8eYere weather. 

Balance-wheel clocks luwe been snhstitnted for pendnlnm-docko; as less likely to lw ;;topped h~
t.he Yihratiou of the wharves on which tlw gauges are usually placed. Expt•i·imeuts witli wronght
iron enameled tubes are now in rirogress to test their dnrahilit,\' a.s lloat-tuhe>< for tidal i-;tatiou:,;. 
'l'heKe arP of .American mannfachue. 

The imported l"taff-gauges, made of sheet-iron coYered with })()rnelain enamel, lian• pron•tl to 
be yery durable, some of them h~t\iug withstood for seven year>< the corrrnli11g action of ,;alt-water. 

The ap1iended fable gfres a eondense(l statement of the tidal ohsen·ations, 11ot hefon· rnpnrted, 
receiYed at the office from the principal stati011s. In eounectiou "'ith the ReYcral 11.nlrographk ,;m·
ve~·s, tidal observations are also made which furnish data for chartis after heiug re<lm·ed at the 
office. 

The office-reductions of the ohsen·ations are made at tlw earliest pt>riod practicable, so that. 
the re1:mlts may serve aR a basis for the preparation of tide-tables, and.for pn•dict.iug the times autl 
heights of high and low water at the principal seaports on the Atlantic and Paeific l'Oa<'Jts. 

These tables for 1877 are uow in the hands of the Government Printer, and will b~ published 
early in July of the present year. 

In the office-work of this division, under the immediafo directiou of Mr. Avery, ha.Ye been 
employed Mr. John Downes, Mr. L. P. Shidy, Mr. F. H. Parsons, and Miss M. Thomas. 



 

60 REPORT OF THE SUPERINTENDENT OF 

Mr. A Yery im;pede<l all tidal ohserYationt'( wht>11 rt>,eeh-ed, attended to the correspondence with 
obseITer" aud others ahont tides, arranged and sn1wnisP<l the office-work respecting tides and 
tide-gaugw;, made original i1n-cRtigations, and Rtudic<l improYementt;. 

:l\[r. DowueK was cweupied C'hieffy with thP tahulatiom;, rPrlnctionR, all(l prf\dietfom; for tirles 011 

the eastern <'oast. 
)[r, Shidy was emplo~·ed in tile rednetiou, prediction..,, aud di8cnsHion8 for the tidal station:; at, 

San Diego, Iliulink, Xorth Ha Yen, a111l Saint Thoma;.;; ::\II·. Parnmts lrn" assiHte<l iu miRcella1wons 
computations; )fo.;s Thomas, in a<ldition to lier 1lnties in eharge of the library, has added liourl,y 
readingi-: ill tmitalJh• ~TOll}JS for <lisenssion, and aidf:'tl in thf:' general Work Of tJtp division. 
--- ------ --~-

' 

Scction. 1 

I 
:X llllH' of 14fati011. gauge. Xunw of olHwn·c·J'. 

Kind of 

! __________________ ---- ---------~ --------

JJe1nianeut fJT 
tempo1·my. 

Tim~ of ucC'u1mtiou. 

.Fruin- Tn-

I I North Havcu. .l:fo ..... -·- ...•..•. i .J. 0-. t-;panhling-................. ~- R .... I 1£'1nrnuent .... A1n-. 29, 1875 j Apr. 25. 1876 i 

I ! IloHton 1rnvy-;v~1 ;·1l H. lI<Jwl:nHl S. R . . . __ .do ... Juue l lfi7:; j June ]. 1876 j 

I. I,roddt·n<'t', R. l .... IL U. JJrowu and U. M. \Yootl .. 8. J: ........ clu .... ,Jnm~l0.1872: Dec. 31.1873' 
II , G-(n-ernor''"' l fdaml. X. Y . 1~. T Ba~~Ptt S. R ... <lo ......... , Ma~· 30. 1R75 1 Ma~· :n. 1876 

II: Rrooklyn, 1'. Y .......................... tlo ........................ Box. . .... do May 30.187;) Df"c. 31.1875. 
11 :s._m!yHook,1'.J. _______________ J.W.Hanfor1l. ........ - ........ S.R.- ...... tlo ...... Oet. 21.1R7o .Juno 1,1876i 

Total 
<la:v~. 

362 

36G 

1, 299 

367 

21.) 

224 
III Fort Monrot-. Ya ................. "\\ ...... T. B01kll........ !-\. R ....... do... .Jtmf' 1, 1873 .Jnll(• 1, 1876 361J 

YIII )\'ew Or1Nllls.. I.a .................. G. ~F'anM.. 8tatf .... ' 'l'<"'mporary. JnnP30. 1874- ,June30.1876 731 

Haint Tlmrna:.;, 1.Yl:'~t Irnlit'l-4 .•.. .r. Rnuw ................. ······' 8. R ........ do.. M~Y" 8, 187;) I Km·. 9, 1875 186 

X FortPoint.Cal.. E.Grn,~----········· ............ 8.R ... .'Perni.aut>-nt .. June 1.18751,June 1,1870 366 
XI AstoriH. ( II't'_g-. . I ... "-..,..il~ou ......... -....... - ..... S. R ....... do . . . . .. l\fa,\· 1. 1."175 ! May 1, 1876 i 366 
XI Port Townshend, \l;". T.. L. Xf'R:-;d ...................... i 8. R ....... tlo ......... 

1 

Ma~- 1. 187:1 }[av 1. 1876' 360 

Honolulu. Sawlwith I:-.laud~ . . W. D. Al~:xarnlt~r ............... : K R . . . . T.,.mporaYy _.·I Ang. 1. IRn ; :Sov. l:t, 1872 ! 104. __ _._______ . ____ ,. _______ ·--·'------------·--~.-:.---~-~------' ____ , _____ , __ _ 

Computing I>i l'i.~io11.-Asioiistant ( 'ltarlei-; A. Schott has rl'!naine<l iu charge of this division. Its 
general organization has uot be<>11 changed, hut it was found dei-;irable iu certain computations to 
combine tlw R<'<·oud or offiee eompntatiou with tlw reviHiou of the field and office work, a duty which 
was formerly assig-uP~l to a third compntN". Tlw coutinne1l decrPasP in the number of computers 
made the new arran g'l'llll.'llt necPsrmry. 

Hespecting the )Jel'.wnnel of this dhi..,iou, Asi-;h;taut "\Ver1wr'H health continued so feeble thM he 
could perform hut a very limit<'d arnonnt of work. Prof. R. Keith resigned in January, 1875, but 
tlie aRtronomical computations wen· advancf'd throngl1 the Pmployrne11t of Dr. C. Powalk,r, who, 
howm·er, waR compelled to rf'sign ou account of ill health aft.er performing mw mouth's sen-ices. 
vVe lost, hy dpath, the senicei'( of' Mr. F. Hu<lson in April, 18ifi, le.aYing at present OB<' astronomical 
computer for all that elasR of work. .:\'Ir . • T. H. Lane, who attended to geodetic computatioms, was 
returned t-0 the"" eip;hts and Measures Office, after giYing two rn<mtl18' work to the Computing Divis
ion. The temporar;y Hl'ITiceis of Mr. ,J. l .. ,yons were "ecnred in Octolwr, 1875, and retained to tlie 
cloise of the fiscal ,\·ear. Mr. "\Y. E. Doyle attemled to the clerical duties for about a montli all(] a 
half during tlw temporary absence of Mr. II. II. Herdes. Mr. F. U. Dorm, Mr. ,J. R. Baylor, and 
Subaissistant B. A. Colonna were eacl1 employed for a isl1ort period. It will be noticed in readiug 
the detailed account of work 1loue hy eaeh computer, berewith appended, that tlie prestmt comput
ing force is just about ahle to keep UJl the current work, and that very litt.le could lw done i-it liring
iug up the older work to the standard of the modern work. A great deal of lahor will ;ret hM'e to 
be perfornwd t-0 adjust, by suitable methods, the secon<lary and tertiaIJ- triangulations to fit to the 
primary in all tl10;.;e part,., of the 1'nrvey wlwrp the latter is essentiall~' completed. 

The duties of the chief of the dhision, in general, consist iu distributing, directing, and super
vising all com1mting work ; in diHcusRiug and reporting results reached ; in attending t-0 the corre
spondence aml to special irivestigat.iom;. Among numerou8 rPports submitted by Assistant Schott, 
the following paJlers may be speciallr mentioned : The l'olycouic Pr~jeetion, its relative value com
pared with other pn~jections, illustrated with 4 plateR containing thirty diagrams ; Observations of 
Atmos1iherie Refraction, contribution No. ll, eontainiug comparisons of heights by spirit-level, by tlie 
barometer1 ~uul the theodolite, and an exposition of the diumal variation of the refraction; Adjust-
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ment of part of primary triangulation in >icinity of Atlanta, Ga.; on Atmo,;plwric Uefra<'tio11 a111l 
Adjustment of H;vpRometric "MeasureR, contribution No. III. He al,;o made the mmal annual !ll't••rm
iuation of the magnetic declination, dip, and int<'nsit:v at thf' ohi-;eryator;.· 011 Capitol Hill. 

The work in detail, ~lone during the fii-;cal year 187f>-'7u, h.\· eaeh computer. may be smmmtrized 
as follow,; : 

Assistant TheodorP ,Y. VYer11er computed the tertiar.v triang·ulatiorn; of Tliarnt>8 RivPJ\ ( '01111., 

1874; }lart of Taunton l{iver, Mass., 187 4; part of the junction of the Sau .Joaquin an<i Racr:mtPnto 
Riven,, Oal., 18()7; of the Hudson River near ~ew York, 187:1, and of thP (~n~at South Ba.\·, Long 
Island, N. Y., 1874. Tl1t> computation of the fortiary triangulation of tlw Dr,\· Tortugw.;, Fla., 187;). 
he could not complPte for ~want of health. 

1\lr .• JameR Main com1mte<l and revised the time~ and al'tronomieal azimuths at ~tatiou~: Dr,\· 
To1tugaH, Fla., l 87ii; Santa Bar hara, Citl., 18()9; Layencler, Ga .• l 8i 4; Han But>nan•nturn, Cal.. 
18fl9; Middle Ba,Re, Atlanta, Ga., 18i3; Suwanee, Ga., 18i:~; Cnrrahee. Ga., 1874; l>omi1111:11Pz, Cal.. 
1870; New San J\Ii~ruel, Cal., 18i:3; Santa Cruz ·wer:;t, CaL 18i4; Maryland Ht•ig·hts, ::\ld., 18i0: 
Clark Mountain, Va., 1871; Bull Uuu, Va., 1871; Saud IxlalHl, X. C., 187H; J,ast hlarnl, La., Il'i68; 
Bluff, Fla., 1876; Rouse's Point, N. Y., 1874; ChecvPr, K. Y., 1874; Quany Bluff and East Base, 
Wis., 1875. He reYised the astronomical latitude:-; of Rtatious: I>omi11g·nt·z, (~al., 1870: Sau l~ueu, 
aventura, Cal., 1870; New Sau .}Ii~uel, CaL 187:1; }\far,dand Hf'ighti-4, ::\Id .. 1870; Bull Hnu, Ya .. 
1871; Clark Mountain, Ya., 1871; Sitka, Koh-Klux, Fort 'Yraugd, Ala:-;ka, 18tl\l; Yidoria. Britil'h 
Columbia, 186H; 'Yhangaroa, Chatham Islands, South Pacific, 187 4; ·Fort Lh·ingst-011 ancl l;;h• 
nemiere, La., 185:!. He al;;o computt'<l thf' telegraphie difference of loug-itml1• hrtwee11 ~l·w 
Orleaut> and Galn"l'to11, Tex., 18(18; prepared 111ea11 pht1'.es of star;; for fit>ld-pa1ties a11d eompnte1l 
the magnetic observations madf' at Chatham ll'larnl~, 1874. 

Dr. Gottlieb Hmnpf computed the following triaugulatimtk: Of New Orlt>ans, La., 1,,;;7 4; a how 
~ew Orleanl'I, I,a., 1873; Sonth Pas~, La., 18iii; south of eutrancf• of Columbia River, On•g· .. 187 4: 
Duwami,;h Ba,v, ,V. T., 1874; Taunton Uiver, Mas,.;., 1874; thejnudiou of San .Joaquin and Hac
ramento Rfrers, Cal., 1867; Santa Catalina falaml, Cal., 187ti-'76. He pn·p~m'1l abxtrads of angles 
at statiom1 Santa Cruz West, Cal., 187 4; at statiorn• of tht' s1ITve~- of 1Viseonsin, 1s7;;; eo1111mt(•d 
geodetic latitudes and lon):!:itmles of points in Shoa1water Bay, W. T., 1871-'72-'73; a1~juHkd h,Y 

leaHt squares the old and new triang·ulatious of the 1\fi;;sisRippi delta, La., 18i"ii-'."i8-'3!l-'60-'liti-'75; 
of Thames RiYer, Conn., lS.)9 and 187 4; and made satisfacfory progTeR8 wit Ii the a1\jnl'tment of th1• 
old triangulation on e.ast~rn part. of Long Island Sound. He also prepared the annual statistics 
and data needed by field-parties. 

J\Ir. Edward H. Courtena.\· computed the least square atljus;tment;; of th!-' prima-r~- and st•cornlary· 
triangulations of PamJlli<',o Sound, N. C., 18(l!l to 187 5; and of tht• wet>t eml of Alhemarlt• Smmd. 
N. O., 1847-'48; inserted the geodetic results of all t1·im1g·u]atio11s finally reyi;;rnl iu the 1ww g-eog-ra: 
phical regi!iters, arranged according to States; revise<l Yertieal augll'K at Hagg-<'d, 187 4; n•YisP1l 
measures of zenith-distances and of micrometric clifterences of lwight;; of primar:y arnl se('ondary 
stations, between the Kent I8lam1 Base, Md.~ a11d Harper'8 Ferr;.·, Va., 184(i to 1871 ; aml attemlrnl 
to some miscellaneous geodetic computatiouR. 

Mr. Myrick H. Doolittle made least square adjustment of ohserYed dire<'tionR at primar,\' station;;: 
Kenesaw, Ga., 1873; Rabun, Ga., 1875; Spear, Va., 1875; Ilumphack, Va., 1875; lllood, Ga., 1875; 
New San Miguel, Cal., 1873; Santa Barbara, Ca.I., 180~'63-'0H-'70-'74. Iii; also cornpntl'tl the 
SUJlplementary triangulation of Delaware Bay, 18ii'i; compnt<id heig-hts hy Rpil'it-lenl, 1'.oast of 
Maine, 1874; pre1>ared abstracts of vertical angk8 at stations l\fonnt Marsliall, Ya., JS74, and 
Fork, Va., 187 4; computed pmiitions of secondar,\· ol~jects of thf' triangulation iu the ,-icinity of 
Atlanta Base, Ga., also between Harper's Ferr;r a,ml L:rnchbm·g·, Va.; and of primar.\· o~iects 
between Suwanee and Rabun, Ga., and between Harper's Ferr,Y aml Ly11d1lmrg, Va., 18i0 to 1875. 
He also solved 25 normal t',quations of the primary triangulation of Pamplico Sound, N. C.; '.!1 nor
ma.J equations of subordinate primar~- triangulation in sanw locality; '.!!I normal equations of tlw 
primary triangulation in'the vicinity of the Atlanta BaR11, Ga.; and 18 normal equations for heights, 
same vicinity, and performed some miscellaueom; geodetic computations. 

Dr. Cha.rles Powalky after completing the first computation for latitulle of station New San 
Miguel, Cal., 1873, resigned on account of ill health, July 31, 1875. 
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Mr. J. Homer Lane.-After completing the least square abstract of directions, station Suwanee, 
Ha., 187:1, aml commeu<'ing· tlie abstract for station New San Mi1,,•1iel, Ual., 187:3, Mr. Lane's labors 
for the Computing DiYisio11 Ct'H.8t><il with A n1,,'11st ~:l, 1S75. Between thii.; (la,te and Sepfom ber 30, 
1875, when hP wa:-i axstgnl'll to thl' vVeights aml Measure8 Office, he Wl18 eugaged nuder the direc
tion of tlw assil'tattt i11 ehargt> of tlt(' office. 

Mr. _Frank Hndson eom1mted time and astronomical azimuth at the following stations: Cnr
ralwe, Ga., 187 4; LaYender. Oa., 1874; Middll' Ba8e, Atlanta, Ga., 18j;J; Santa Barbara, Ual., 1869; 
Santa B1wnaYent1ua, Cal., 1 l'lfiH; I )mning'twz, CaL 11-\'j'O; N t•W San Mi1,,'11el, Oal., 1873; Santa Cruz 
'Yest, Cal., 187;{; ~Iarylarnl Heig·hts, Md., 1870; Clark, Ya., 1871; Bull Run, Ya., 1871; and 
Saml fala11tl. :X. ( ·., 187fl. ::\Ir. Hllllson 1lied slllhlt•Hly A1H'il 10, 187(). 

Jir .• loseplt L,Hm8, ternporaril;v attaclwd fo the Computing DiviRion, Oct.,her 22, 187li, war; 
engnged iu collati1q .. ~· uwan8 of aug1e8 in original and duplicate records and of reductions in primar,\· 
triang·ulatious of Sortheru Georgia awl of Santa Barbara Channel, Cal.; attended fo the clmical 
dutks of the Computing· DiYii·lion bet.ween November 27, 1875, and Deeemhl'r ~4, 187i'i; rm·i8ed 
ahstracti-; of vertieal memmres, both of zenith-distances and of micrometric difterenees, of' primary 
stations in N01thern ( teorg"ia and alo11!-(' the Blue Uidge in \'irginia. He also assiRted Mr. Doolittle 
in tlw solution of normal e<inatious and prepared the abstraet of horizoutnl diI·edionH at primar,\· 
stations Toha-<'('O Row, Ya., 187.'i, and Long· ~fountain, Va., 18j5. He alxo attended to mhmellaue
oms computatiom;. 

Mr. Herman IL Uerclm; attended to the clerical duties of the Uomputing Dh·isiou, consisting- -
chiell,\· iu fm·ullihing- <·opit>s of records and computations to iield-11artier;, a11d iu keeping up the 
geo1 ... \Taphieal registei·H of tl1e officl'; was on leave of auseuce between November 27, 1875, and l?eh
ruary ."I, 1 ,'i7ti. 

)fr. ,y_ :E. Hoyle di;.;(•hargwl the dnties of clerk to the Uomputing DiviHion between Decemher 
~4, 1875, and :February 8, 18ili, when lie resigned. 

Mr. F. C. Dorm receiYed instructions in computing between February 18, 1876, and Mardi 14, 
1871;. 

1\fr. ,J. B. Baylor reported for duty aH computer J\1ay 3, 1870; he was engaged under Mr. 
Oourtl'na;v's llirl'ction iu making ahstnwtH of angles of certain riYer-tl'iangulation near Albemarle 
Sonncl, ~- U., and he was ordered on field-dut,\' ,Jnne 17, 187fi. 

Snhtt8sistant B. A. Colonna was temporarily assigned to the Computing DiviHion, and between 
.Tmw W, 187H, and the close of the fiscal year was eng·aged on the abstract of aug·les of the triangn· 
la.tion of Pamplico ]{iver and of the triallf,''Ulation of the State of New Hampshire, 1874-''5. 

])ra1ri11r1 Didsion.-TltiH diviHion ltaH continued undl'r the general supenision of Mr. V\', T. 
Brig·ht. Hf'ven persons have been regularl;\· employed throug·l1ont the ;\·ear, briefly as follows: 
(see al:-;o Appernlix No. J). 

Mr. A. Limlenkohl has broug·ht up 1.o date the more imp01ta11t finished cha,rts of the coast, 
upo11 varioux . ..;cale8, co11Hixtiug· of l1;-.·drograph;v and t-0pograph.'·, and coustructed prqjections upo11 
all the eop1wr platt•s for new cl1arts commenced by the Engrm·ing Di\ision, and has with a great 
deal of care arnl patil'nce a{\ju:sted and drawn tlJP mmal annual ad<litiorn; to the progress-skekhes 
to accompan.'· the report8 to CongreHH; has made pr(\jeetions for nse in the field, and constructed 
nnmrrous diag-i·:uns and miHcellaneous maps and cl1arts. J\fr. H. Lindenkohl has been employed 
upon the topo~rraphy aud hyclrograph.'- of all classe1; of coast and harbor charts, fielcl-prl\jections, 
and diagrams, and haH 1,,-in·n l1 great portion of hi8 time to the drawing of charts for issue by the 
photolitlwgraphie process, of which this dhision has, duriug the past year, com1)leted twelve, or 
au averag·e of oue a mouth. Mr. L. Karcher has ah-m been employed upon photo1ithographic uharts, 
tracings, cliagmms, and largely upOll tiel<l-pr<~jcctions, one lnmdred and three ha,ing been con
structed and 8ellt from the dh'isiou. 

Mr. P. Erichsen ltas continued upon diagrams, tracings, prqjecti011s, and drawing the topo
graphical detailR U})Oll dry paper impressions containing pautogra11hie outlines, as also upon pho· 
tographie print;; for the 81r!oo coast-charts. l\Ir. C .• Junken has been engaged mostly upon hydro· 
graphic reduction for coast and harbor charts, field-projections, supplying the aids to navigatio11, 
and occasionally performing special field-duties. Mr. C. A. Meuth has continued to make titles 
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for and exern1te all the general lettering upo11 the phm<•-tablt• isheetlS whid1 are rnrn- turned into the 
office with i-meh lt•ttering iu pP1wil; ha;; traced for photogrnphi1tg f\Jr t11e finish(·d eoa ... t-<'hart;; 011 

the coast of Maint>, thrPR sheetis heing all that were ayailab]e <luring: tlw year. Hl' alxo rnalle tnw
i11gs and did other miHcellaueou1S work. )fr. H. Eil'holtz ha,; llP!'ll !'lllplo,H'!l i11 adcliHg· co11yt•tim1,; 
aud coloring lmo;rx arnl light-houseis upo11 the chart-room editionis. 

The followi11g persons werp att:wlwd to the divi;;ion duriug portions of thP yi;ar: 
Mr . .!VI. Angles was eng·age<l up to the 1 "t of ~la,v, whe11 hP 1p1it the office. upon thP lettPriug 

of photolithographi1'. charts, lettering· of plaiw-tahll· KhPetis, awl misct•llmwon1S 1luties. l\fr. Hull 
Adams was aissig·1wll to duty in the dfri.sio11 on the 22d of )lay. arnl made 1·opi1•s of fit·l1l-sketdies. 
l\fr. George A. 1\foITit-1on lms performed the ekrical dntit>8 of the diYiKioll ,.;i111•e De1·p11iJ1t•r, m~easioH
ally doing other work iu copying· progress-sketdH•f<. 

Mr. Arthur Schott, who had pre\·ionisly hN'll attadw11 to tlw 1lidsion, dit'd .Inly 2G, 1S7,). Iii 
additiou to th+• talmlar statm11Pnt. of work dont' h,Y tht' seYeral dran;.d1t,;nw11 a,.; giYPll in :\.ppP11tlix 
No. 4, and thP lit-:t of information fur11i,.;lit'd in reply to t<Jle<'.ial eall (.AppPrnlix Xo. :J). tlw following 
reimlts of thP diYiHiou ai·e aliso g·iye11: 

l'n~jections made for tltP use of tht• topograplii<'a1 arnl h:nlrographirnl parti<'" .... _. _ ... __ ... lOil 
J>1·~jPetR f(n· He\\~ chartN prppared .. _ . _ .. _ . _ ... _ . _ .................... _ .......... _ . . . . . . . . 2~ 

Pr~jectious 011 copper for engran•d drnrts . _ .. _. __ .. _. _. _ .. _. _. _. _ ... _.... 10 
Phofolithographie chartt-i complete<] . _ ... _ . _ . _ . __ ................. ____ .. _ . _ ..... _ .. - . _ . _ . 12 
Traeings of fiel<l-sketd1ef\ for filei-1 of tlw oflfrp .. _. _ ...... - . __ ....... _. _ . _ . _ .. _. _. _. _. _. _ .. 1'''' 
Diagram:-; co11strudP1L . - ... - . - - . - . - - - . - . - ... - . - - - ........ - - - .. - ....... - ...... - - . . . . . . . . . as 
Topographical slrnetK drawn for plwtolithographil' rPdnetion _ . _ ...... _. ___ . _ . ____ ... _ ... _. _ ;{ 
Information furuislwd in form of tracings, &c., in reply to ;;p(•eial call _____ . __ . _. _. _ ... _. :iK 

En,qn1.1·i11g ]Jfri.~ion.-The eharg·e of t11i" diYi1Sio11 from tltP lwg'inuing· of the fiscal .\"t'ar np to 
the 2Hth of ~[arch was with As8istaut E. Herg·p;;heimPJ·, who for many years had so at·1~P}Jtahly Jl<'l'

fonned this dnt_\·. ImpairPcl health of some> mouth>;' dnratiou resulted ahont th lit tiHtP in ;wrious 
illm•ss, so that .M.r. Herg(•sheimcr wm; compelled t-0 retire from actiY(» se1Ti1•t1, and was ,.;m'.ct•edPd h,\
A,,,.i,.tant .T. S. Bradford, who hais since renrninPd ill charge. Thl' titlt•s of tlw engran•d plate;.; e0111-

11kh'cl, continued, or heguu during the year aru g·ivPn in ,\.ppeu<lix Xo. ;), 
Me8srs .• J. Enthofl:er, H. C. EYaus, A. Sengtelh•r, VI. A. Thompso11, .A. )f. .:\lal'del, all(l I~. F. 

Bartle have contimw1l work as topographical pngraver,.; . 
.Messrs. E. A. J\Iaedel, F. Courte11a.\-, arnl A. J'pt(•r,.;eu ha,-e bet>n flnplo.\·Pd as lette1· Pngrnn•ris, 

and MPs>ffs. H. l\f. Knight, \'\'. H. Knight, .T. G. 'l'homp1;im, ,Tolm ,J. Yomig, E. H. Sipe, ant! \\', 11. 
Diwis as miscellaneous engravers. l\Ir. E . .l\-iolkow has contiinwd tht· mw of tlH• p:rntogra ph. 

The clerical duties of the divh;ion liaYP heen iwrfornw1l hy .:\Ir. 1,. ( '. J\.prr in a mo,.;t Kati:-;fac
tory manner, notwithiitan1ling· that during the l:rnt three montlrn of the year th Py han· ht•(•IJ (•,.;pp

cially onerous. 
Tn the death of Mr. ,Y. H. Knig;ht, \Vhich occurred 011 th._. lKt of ,Jurn·, tile office lt'tii :;;ustaine<l 

a severe loss. Ile was one of our most valuable eugraYers. 
Electrotyping Dii•iHi-On.-Dr. Anton Zumbrock, in charge of thit-: di,·isio11, report:;; ;)(; altos a11d :i!) 

bassos or printing plates as the number made during the ,Year. 1rt all, 7;; plates, wdghing l,(i:W 
pounds, and having a imrface of G6,:{24 ,;qnarn iucllP,.;. 

The photogTaphfo reductions from original 8heets and drawi11g·1S for tlw u,;e of th(• P11gravers 
have been made with the aid of a new aud imprO\'ed camera-starnl whid1 n•11l:wed om· 1IP:;;troy1~d 
hy the storm in February. Five pm;itive8, ten negatives, aml thirty pri11ts are reportt>d. A new 
vertical electrotyping-vat, lined with lead, hat-1 heen set up, the ol1l one beiug· leaky. 

All of the silver solutions, varnish, collodion, arnl other chemical preparations usetl in the lah
orat.ory were made 1.Jy Dr. ZnmlJrock. Be w:ts aided hy :Frank (h-er. 

Division of Charts and I11struments.-The lahorR of this division ham been dire,cted as hereto
fore by Mr. John T; Hoover. Helms the immediate 1mpervisio11 of the printing- and diistrilmtion of 
charts, of the 1li8tribution of the annual reports, and of tlw dit-1patch of instruments for fiei<l-}Jar-
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ties. He has also made the dfalnmunents for office-expenditures nuder the immediate direction of 
the assistant in charge oJ oflfoe. 

The registering aml filing of the original maps, charts, and records of field-work has been con
tinued with J\Ir. U. A. St•iwart. 

Dnring the year, 13,23,1 copieR of charts and skrtches haYe heer1 printe!i. Tht> prrRReR haYt' 
hceu worked hy 1\Ir. Frank :\loorP and Mr. D. A. Ho<>Yer. 

The work of hacking with muslin the sheets re<1nired for office aml field partie1;, and the mis
cella11eou,: dutie,.; of the folding·-rnom, were attended to hy J\lr. H. Nil'l8e11. 

Then• has ht•en il"sned during the year, from the chart-room, under the immediate charge of 
J\lr. T. McDonnell, au aggregate of 12,ti'.!4 copies of charts. One thousand and forty-eight copies 
of the annual n•1wrto; of nuiom; years haw• ht~en distributed. 

The \York of construction alJ(l repair of instruments has been done nn<ler the superyision of 
::Vlr. ,Johu Clark and ::\fr. G. N. Saegrniiller, assisted h~' J. :Foller, \Y. Jaco hi, Werner Suesr-;, and E. 
J<~shlema11. 

All carpenter-work required in and about the office, iucluding the wood-work of instruments 
aud their pa<,ki11g for transportation, has hePn done h,Y l\lr. A. Yeatnu111, asRisted h,r I•'. B. l,acke;'I· 
awl .Jmrn•s Hel's. 

Clerical jorce.-Mr. C. H. Fitch has perf'ormetl tht' clerical duties in the office of the assistant
iIH!harge; )lr. G. A . .'.\Toni,:011 tllose iu the Drawiug Di\·isiou dUI"i.11g the latter part of the year. In 
the oftict• of tht• dishnrl'iug· agent, Mr. R L. Hawkins has oontiuued as priucipal accountaut and 
hook-keeper, with Messrs. \Y. A. Herhert and \V. L. Flenuer a8 clerks. 

Conti11gencies that may arise in tlw operations of a number of parties and vessels widely tliR
trilmted along the coast, add much to the measure of watchfulness needful in adjusting expemli
tures for purposes the limits of 'vhich can be I'ea<lil,r fore;;een. ln the personal 1mpervision of all 
itPrns of expernlitun~ incurre•l in the course of the ;rear, I haYe been aided h;y Samuel Hein, esq., 
the dishnrsing agent of the RlllTt•y. ARHistant 1\'. \V. Cooper has rendered, aR heretoforB, a<~cept
al>le serYice in tletails under Irt} immediate dil'ectiou. 

Hespeetfnlly Rubmitte<l. 

Ron. LOT. )L MomnLL, 
Secretm·y of tlte TreaRur.iJ. 

C. P. PATTERSON, 
Super-infonde11t United Sta.tes Coast -S11ri,ey. 
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APPENDIX No. 1. 

Distribution of surveying-parties upon the Atlantic, Gulf, and Pacific coasts of the United States 
during the surreying-seasons of 1875-'76. 

Coast.sections. iPa.rties. i Operations. Persons conducting operations. Localities of work. 

'~~~~~~~--~~~~~~~~~~~~~ 

SECTION I. i 
Atlantic coast of Maine, No. 1 ! Hydrography ..... Lieut. Commander C. D. Sigsbee, ' Lim·~ of deep·a"'a soundings l,etween the coast of 

Maine and Georf!_c·s nauk, and developm<'nt of 
a rock iu tht• ,-icinity of J cffre~-·s Ledge. (See 

also Section Vlll.) 

New HampshirA, 1'-fas- , 
sa-chusetts, and Rhode : 
Island, ineluding sea- i 
ports, bays, and rivers. 

U. S. 1\., aR.sistant: Lkuts. J. 
E. Pillsbury and W. 0. Shan-er, 
U. 8. K., Masters R. G. Peck 
and M. F. Wrij!ht, 1'.. S. N.; En· 
sign W. E. Sewell, U.S. N. 

".rriangulation and ' J. \\r. Donri, a~sip;itant; F. C. Honn Topownpbical sur,-€)- of islands near the coast 

of M£iine and bttween Isle au Haut and Mount 
Desert. (See also S{'ctions II nnd III.) 

topography. and F. ll. ParsouR, aids. 

Topography . W. H. Dennis, assistant; H W. , Detailed plam:-tablf' BUI""\'C'Y of the western shore 

]3ache, 1mUa!-5sistant; S. N. Og· of Blue Hill Bay, Me. (Ser ahm Section V.) 

den, aid. 
4 Hydrogmphy . _ Lieut. J. M. Hawley, U. S. X., Sonnrlings afong thP western side of Deer Isle, 

5 Topograpli~- . 

6 Topography 

a~sistaut; }faster G. L. Hanus, 
U.S. X.; EnsignJ. M. Wi~ht. 

coast of Maim:\ completing- the hyili·oj:!raphy of 
Isle au Haut Bay. (Se~ also Section VI.) 

Hull A.dams, assistant; W. E . .Mc- I Topoi;raphieal su:rYfl." of Xorthern Bay, near 

Clintock, aid. ! Castine, Mc., includin~ the head of Dagaduce 

i River. 
A. W. Lrmgfollow, a.R~iRt.ant; W. ! PlaIH•*tablt• HHIT"PY of tht? f'ast mid we1d shores of 

C. Hodgkins, aid. Penob~cot River, Me., from BuckRport upward 

to Crosby's Xarrows. 
Tidalol1sen-ations' .T. G. Spaulding ............. . 

I 

·Series of observations with self-registf'ring tide

gauge continued at North IlaYen, in Penobscot 
lfay, Me. 

Coast Pilot ....... J J. S. Bradford, "'"istant.; Lieut. 
C. A. Bradbury, U.S. X.; John 1 

R. Barker. 

9 Astronomical ob- ! F. W. Perkins, rui•istant 

ReYisfon uf sailing-clirectiomi fur the .Atlantic 

Coast Pilot, and vfrws for charts of parts of 
the eoast betwee11 Eastport and I,enobscot eu

ti-auee, coast, of l!aine. (Sec also Sections II 
and VI.) 

Specfal observations at T..agµ:e.d .MountAin, near 

Camden, ML·., f-or determiuiug tlte coefficient 
of refraction. (Seu also Scot-ions III and VII.} 

servations. 

10 Triangulation 

11 Hydrograph~-

J>rof. E.T. Quimby. 

F. I<'. Nes, assistant ..... - - . 

Triangulation iu ~ew Hampshirt• C'011tin11t•!l b~· 

angular w~at:nu·t'menhl at Croydon ~fountain 

and Bald Ledge. 
Snpplementar,\~ sounrlingH hi tht~ i;-icinitr of 

Fletcher's N el'h and off Old Orchard lkadi. and 
Sa-co River eutrancP1 coast of Maine. (Sc-t:i altw 

8ectfon II.) 

12 Tidal observa.tio1u~: Il. Ilowland .... - ... _ ...... _ .. _ . Tidal -observation~ (lontinm:·d at the Chadest.crwn 
navy-yar<l. (.HostoD). with i·wlf-regiskring tide 

gauge. 

13 Triangulation. 

141 Hydrography 

j 

F. H. Gerdefl, a.Bsistant; C. Il. ::iin- : Life·saviug stations along the con-st of New Eng-
clair, aid. 

F. 1'' . .N es, assistant ... 

land de.formined in position by angular meas. 

urcmcut:-), and marked ou the original toJK>· 

graphical shet,ts. 

Supplt=imPnta.ry-· Atmnding:I' in the virinity of Dux. 

bury Pier Light, l'lywouth Harbor, and abo 
near .M.anomet Pbi.nt, Mass. (See alao Soc· 
tionll.) 
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Operations. I Persons conducting operations. 
I 

Localities of work. 

;-------1------------- -------------------
! No, 15 ! Special . . . . ....... H. Mitchell, assistant .. __ _I Resea.rch in regard to tbe deposit of material in i I ! l Plymouth Harbor. (See also Sections n, m. 

, i and VIlI.) 

SECTION Il. I 
Atlantic coast imd sea-ports I 

of Connecticut, Ne.wYoTk,I 

New .Jersey, Pennsylva- 1
1 

nia, and Delaware, i.nclud· 
1 

( Ing bllys and rivers. I 

I 

16 /! Hydrography..... Lieut. Commamler J. C. Kennett, i Hydrography of the eastern approach to Nan· 
, I U. S. N., assistant; acting En- / tucket Sotllld, and also near Monomoy Point, 
·1 sign George Glass, U. S. N. 1 Mass. (Se-0 also Sootion "VI.) 

17 , Hydrography ..... 1 Lieut. R. D. ffitchcock, U. S. N., ] Hydrography including the southern part. of the 
i assistant; Lieut. James Frank- i Handkerchief Shoal, Vineyard Sound, Mass. 
1 lin, U.S. N.; Masters John Huh- i (8ee also Section VII.) 
! ; bard, H. C. T. Nye, and J. L. ! 
j I Hunsicker, U.S. N. 1 

18 i Topography . . . . . . A. M. Harrison, aasistant ; Bion I Topographical survey 1>f the shores of Taunton 
I I Bradbury and W. B. French, ; River, Mass., from Mount' Hope Bay upward 
' [ aids. i to Weir Village. 

19 Tidal observations. I J. H. Shedd, civil engineer ... -- - - . ~ Observations continued at Providence, R. I., with 
I I self-reglste,rlng tide .. gange. 

20 Triangulation .... I: J. A. Rullivan, assistant --------·! Light-housestletetnrlnedinpositionfrom Hyan-

1 

nis westward to the vicinity of Greenport, 
, N.Y. 

Triangulation. I R. E. Halter, aesis!Aut; H. Caper 1 'Iriangulatlon ext<mded to include th<> vicinity of 

ton, aid. J Connectieut River from previous limits north-
1 waNl to Hartford. (See also Section IX.) 

Topography . . . . . , R M. Bache, aAAistant ........... · 1 De/Ailed topographiclll survey at the head of 
, New Haven Harbor. 

Hydrography ..... 1 Lieut. C. T. Ilutchlns, U.S. N., as- i Hydrographic development of Cumberland Shoal 
sistant; Maaters S. lL May and \ off the east end of Long Island, N. Y., and 
W. M. Wood, U.S. N.; Ensign I of the paasage between Gull lslan<l and Plum 
H. .McCrea, U.S. N. I Island. (See also Section V.) 

4 Triangnlatian .. Richard D. Cutts, assistant.; J. F. j Mount Rafinesque and Greenwich Hi11, N. Y. 1 

Pratt, a.id. 
1 

occupied as points in priruary triangulation. 
Coast Pilot - --- . J. s. Bradturd, assistant; Lieut. c. I Revision of sailing-directions, and views of bar-

.A. Bradbury, U.S. N.; John R. bore and landings in Long Island Sound and 

6 Topography 
Barker. j Hudson River. (See also Sootions I and VI.) 

H. L. Whiting, assistant; R. B. 1 Shore-line survey of N cw York Harbor from the 
Palfrey, aid. j Narrows northward to Astoria; and from 

: Castle Point to Bull's Ferry. 
Special hydrogra- H. Mitchell, assistant; H. L. Ma- I Physical re•e,arches in New York Harbor, in-

phy. rlndin,ll88isrant;J.B. Weir,al<L1 eluding the measurement of sections, and ob-

i 
servations on thetideaandcurrente. {Seealso 
Sections I and VIII.) 

Ilydrography. _... Lieut. H. O. Handy, U. S. N., aB· ·Current-observations in Hudson River, East 
sistant; Master W. P. Ray, U. River, and New York Harbor; and soundings 
S. N.; Ensign F. H. Lefavor, U. to develop the vicinity of the Shrewsbury 
S. N. Rooks off the coast of New Jersey. 

Tidal observations.I R. T. Ba.ssett_ .. - . - - - . - . - ...... - - . Seriei;i; of tida1.ohf!el'Vatiomil continued a.t Govern. 

or's Island, in New York Harbor, 'With self. 

I registering tide-gaug€. 
10 Astronomical oh- George W. Dean, assistant; J, B. ! Latitude and azimuth determined at Bea.con 

Baylorand Ch1>rles Ta.pp&n, aids. I Hill, N. J., and the prlmary·oration point con
nected with triangulation of New York Harbor. 

servations. 

11 Hydrography F. F.Nes, assista.nt - ....... ---- ... 
1 

Fire Island Inlet, N, Y., examined by soundings, 
I and the shore·line changes developed. (See 

12 Triangulation,. ... i B. A.Colonna, subassistant 

I 

I also Section I.) . I Triimgulat!on of the south coast of Long Tuland, 
N. Y., hetween Rahylon and Far Rockaway. 

I (See also Section VIII.) 
13 Topography-·····) C. T. lardella, asoistant; W. Fra- j Plane-rable survey and ooundings at the eastern 

' eer, aid. t end of Great South Bay, and topography east I ! and west of Babylon, N, Y. 
14 Tidalobeervatlons.l· :R. S. Avery, J, W. Ranford ....•.. · j Establishment of a self-registering tide-gauge on 

the east side of Raritan Bay below Sandy Rook, 
and commencement of seriM of observations. 
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-- SECTION-Il.=continuod. -1 No.15 I Topography ...... i C. M. B""he,assistant; A.G. Pen- ! Plane-table survey completed in the upp~~. pa~t 

SECTION ill. 

Atlantic coast and bays of 
Maryland and Virginia, 
including· sea-ports and 
rivers.. 

SECTION IV. 

Atlantic co""t and sounds 
ofNorlhCarolina, includ
ing sea-ports and rivers. 

I I 

! ! of Tom's River. 

ofBamc-gat Bay, N.J., including thC'> Yieinity 

16 Reconnaissanc~ ... : Prof. E. A. Bowser ... --- . ----- .. -·, Stations Releete·d for det.Prmining points in tht~ 

1 . northe.rn part of New .Jersey. 

17 P...econnaissance. Prof. L. M. Haupt----------------'. Stations selt•cted for detenuining point8 in tlie 
Lehigh region of :EastPn1 Penn!ilylvania. 

18 Hydrography ..... , Lieut. J. M. Grimes, U.S. N. 1 as- : Hydrogr-c1ipli;\.· of Um Delaware Uivt.•r near Dela· 

19 Triangulation .. 

20 Topography ..... 

I 
21 l Reconnaissanee 

I 
1 J ~)fecial survey. 

i 
2 i Special bydrogra

phy. 

sistant; C. A. Ives, aid. ware Cit,y, and development of a ledge between 
Marcus Hook and Chot)ter, l)a. {Seu allio Sec

; tion IV.) 
Charlee:Junken .. 4 .................. ! Range-light 1ocaterl on the !\ew .Jersey si<le of 

Delaware Riv-er abo-,;-e- Lh<lton '[-)Tree. 

J. W. Donn, assistant; I<'. C. Donn Topography of siteR for :rangt'-heat.'ons o-u the 
and F. H. Parsons, aids. west side of Delaware Rh-er near Liston·s 

Tree. (Sef' also Section& I and m.) 
G. A. Fairlleld, assistant ........ . 

J. W. Donn, assistant ........... . 

H. Mitchell, assistant; J.E. 'Veirt 
E. H. Wyvill, T. A. Harrison, 
and C. A. hes, a.ids. 

Reconnaissance in the soutlrnast part of Penn
sylvania for point.s of triangulation. 

Deta.iled surrey and soundings commenced in 
Baltimore Harbor for use oft.he United St.ates 
oommiesioners. (See also Sections I and IL) 

Ph;\'"sical survf\,y of the chamwls at :Korfolk and 
Portsmouth, Va., for the ad._justment of port. 
warden lines. (See also Sections I, II, and 
VIII.) 

3 Titlalobserva.tions W. J. Botlell . •• • •• . . . . •• . . . . . . . . . . Observat.ionscoutinue<l witL self.regist.erin:?;tide
' gauge at Fortress Monroe, Old Point Comfort, 

v ... 
4 Topography ... CharlesJunlrnn .................. Topo~>Taphyofpart of Smith'• Island for Stato 

I commissioners on the boundcn·y-lino between 

I i Maryland and Vi<ginia. 
5 Triangulation ..... 

1 
I!-.. "-T· Perkins, assistant; R. E. 1 Lines of lev<•l run from Washingt-0n na~y-;vard 

I 
Duval and J. De Wolf, aids. to Annapolis, with offsets to "Hill·- and" Ta,y. 

tor" primary stations of triangulatiou. (See 
also Se.etions I and VIT.) 

fi Magneticobserva-[ C.A. &bott, assistant ........ .. 

~UllL • I . 
7 Triangulation .... _, J. W. Donn, aos1stant; F. H. Par-

1 

sons and F. C. Donn. aids. 

8 Triongulation ..... 
1 

A. T. Mosman, assistant; W. 1l. 
I Fairfield, D. S. Wolcott, and C. 
1 L. Gardner, aids. 

9 Reoonnaisaa.nce ···\ Edwin Smith, subaasietant ...... . 

10 Reconnaissance. S. C. Mccorkle, """istant_ ........ . 

Magnetic df'lclination, di11, and intensitr deter
mined al the ~tamlard Mta.tion on Capitvl Ilill 
in Washington City. 

Triangulation of the Jam es Riv~r, Va., from Cits 
Point t-0 Richmond. (Sec ahm Section8 l and 
II.) 

Triangulation (',outinued southward a1on~ tlw 
Blue Ridge in Virginia. Det.ennination of lati

tude and azim11th. 
Stat.ion!'! selected for continuing triattjrulntion 

along the Blne Ridge s.outhand we~t ofL~,H'h· 

burg, Va. (~Bf' also Section I\.) 

Rscannaiss~nce iu Wc~t Virginia for ]JOh1ts of 

trianb,rulation. (Rt>e alRo Rectiou VII.) 

1 Hydrography Lieut. Richard Wainwright,, , Ilydrographyof I,amplico Sound, N. C. 1 continur-d 

i 

U. S. N., assistant; Master W. along thr- W<'Bt-C'rn si<lf' uorth to Stumpy Point. 
P. Ra:y1 U. S. ~-, Ensign F. R. Surniy of .A.lligator Rfrt-'r cxt-t'mled froru pre· 
Lefa:\.~or, U.S. N. vious liruit~ south to Bltmt's. Camll. (St>e al80 

Section IX.) 

2 Astronomical and I Edwin Smith, subassistant; .r. B. Latitude, azimutl1, aml Um maguet.ic elemPntB 

magnetic obser. [ Baylor, aid. d~tRrmintid at Saud Island, in tht• northf'rn part 
ya,tions. of Pamplico Sound, N. C. (Se{' al1-10 8t>ctionllI.) 

3 Hydrog1:apby ..... i Lieut. J.M. Grimes, U. S. N., 
1 

Hydrograpby of Core Sound. N. C. (Set' al•o 
I 8"'!istant; M8"terT. G. C. Salter, i Sootion ll) 
I U. S. N., Ensign 0. W. Lowry, I 
' U.S.N. 
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SECTTO.S V. 

Atlantic coast and sea· No. 
water channels of South i 
Carolina and Georgia, in
cluding sounds, harbor::;, 
and rivers. 

SECTION VI. 

Atlantic and part of the 
Gulf coast of the Florida , 

peninsula, including reefs 
and keys and the sea- i 

ports and rivers. 

SECTION VII. 

Gulf .coast aml t.h r. soundJ-1 

of West Florida, indutl· 
ing portl:i and rivers. 

I 
1 I' Hydrograpby .... .' Liout. C, T, Hutchins, U, S. N,, 

assistant; Masters 8. H. 1\Iay 
i and (part, of Reasuu) W. M. 

\\rood, U. S. N. ; En8i~'ll Il. i 

McCrea, U. S. X. 

H:nlrograpb,- of Winyah Bay and Georget,own 
Bar, including the mouths of the Pedee, Wac. 
ca.maw, and Sampit Rivers. (See also Section 
II.) 

Lieut .• T. F. ::iroser. U, RN., assis1· H:cdrograpl1y of the water·p..,,sages adjacent to 
ant; ¥aster J. B. Murdock, Edisto Island, S. C., and soundings near the 

2 i Hydrography 

I U.S. N. north end of Hunting Island, S. C. 

3 1 Triangulation .. 
1 

C. 0. Boutdle, assi.staut; II. ''· Primary tiia.ngulation continued by angular 
Dlair and J. D. Boutdlt\ aids. measurements at Mauldin1 Paris, and Pinnacle 

Mountains, S. C., and at Rabwi and Blood 
1\fountain~ in Georgia. 

, Ilydrograph:v..... Lhmt. Commander J. C. Kenuetf.1 Hyclrography of thf' entran<'e to Fernandina 
T'.". S. N., assistant; Acting En· j Harbor1 Fla. (See nlso Section I.) 
~i~111 George Gla:;s, U. S. N. 

2 , 'IrianE,•·nlation and 

t-0pographr. 

H. G. Ogden, assistant; '""· l. Reconnaissance of tlio Saint John's River, }~la., 
Vinal, rmlmssistant; F. H. North j from Jack!;onville to Lake Monroe; triangnla
ant.l J. F. Pratt, aid.:!. , tion and short1-linf1 survey from Jacksonville. to 

!-1anclarin J>oint. 

3 
i i 

Triangulation, to~ ~ Charles Hosmer, assiRtant ;Eugene ' Detailed survey of the shores and soundings in 

pograplty, antl ; Ellicott, sulmssii;tant; \\.,., E. Imlian River, Fla., extemlell southward tu the 
h~vdro~aphy. .McClint.ock and T. A. Harrison, vicinity of Cape Canaveral. 

aids. 

4 Hydrography. Lieut. C, A, Bradbury, U. 8. N., Hydrograpby of Key Biscayne Bar, Fla., and 
assfatant; Master J. H. Coffin, 
U.S.N. 

5 Triangulation anll Jost>ph Hc1·ge8heimer, ~ubassist· 
topography. ant; Ohades Tappan, aid. 

5 Hydrogmphy ..... ' Lieut .• r. M. Hawley, t:'. S. N., 

Trianµ-ulation, to
pography, and 

hydrography. 

I AAsistant; Lieut. U. R. Ilarris, 
I 

I 

U. S. N.; Master G. L. Hanus, 
U. S. N.; Ensign A. H. Cobb, 
U. S.N. 

F. ,V. Perkins, assistant: J. De 
Wulf and W. 8. llond, aids. 

sailin~-lines for channels across the Florida 
Heef. (See also Sections I and II.) 

Stations selected for the triangulation of Sarasota 
Bay, Fla. Plane-table survey of the shores of 
Hillsboro' .Bay, .Fla. 

Hydrography of the Gulf coast near Sarasota 
Bay and of llillsboro' Bay, Fla. (See alao Sec
tion L) 

Der.ailed survey of the Gulf coa~t. of Florida 
from Suwanee ]~iv-er northwanl and w~Lwanl 
to Bowlegs Point. (See also Sections I and 
III.) 

Hydrography Master Kossuth Niles, U. S. N., Ilytlrograpliy uf Appalat~het:i Day east and west 
assistant; .Masters W. F. Low, 
H. O. Rittenhouse1 and H. ,V. 

Schaefer, U. 8. X 

of the·- approaches to 8aint Mark's Harbor, Fla.; 
anll 8upplementary soundinp;sin Saint Joseph's 
Bay (north). 

a Hydrography __ - - ., Lieut. R. D. Hitchcock, C. S. N., 1 Hydrograpby of the northern ooaat of the Gulf 
I assistanti Lfo-ut. Jnrnes Frank~ of Mexico between Saint .Andrew1s Bay and 

Jin, U.S. X.: :Ma,.tern.Tobn Hub. ! Mobile Bay. (See also Section I.) 

I 

hard, IL C. Nye, aud J, L. Ihm- I! 

sicker, U. S. N, 

4 Triangulation._... F. P. 'Vehber, assis!Jtnt; F. D. TriangulaMon in the vicinity of the boundary-
H. line hetweeu No1theru Georgia and Alabama. 

I 
Granger, snbassistant; J. 
Christian, aid. 

5 :Reconnaissance~ .. ! S. C. McCorkle, assistant ... _ ... ReconnaissElJlcefor stations in Northern Alabama, 
to continue tria11gulation west of the. Atlanta 
baae·line. (See also Section m.) 

I 
6 . Triangula.tion ..• _. Prof. W. Byrd Page._ ... Triangulation commenced in S<iutheutem Ken· 

tncky, to extend north and west of Cumberland 
Gap. 
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SECTION VIII. 

Gulf coast and bays of Ala- Nu. ! H_yclrograpahy. _.. Lieut. Commamler C. D. Sigsbee. Deep-~ea souudiugsiu thfl eastern })art an<l across 

bamn, ancl the sounds of 

Mississippi and Louisi- i 

ana to Vermilion Bay, 
including the ports and 
ri'\""ers. 

SECTION IX. 

Gulf coast of Western 
Louisiana and uf Te:xa::J, 
inoludingbayaandrivcrs. 

SECTION X. 

Coast of California, includ. 
ing the bays, harbors, and 
rivers. 

U.S. X., assistant i Li-euts. J.E. 
Jlilhhury and 'V. 0. Sharrer, 
L. K X. ~faster R. G. l)f-ck. 

the Gulf of ~Iexieo, with ob:::;ervations on cur

rent~. and for tl'lnperature and densit;i.·. (See 

also St>(•tio11 I. ) 
'Special surYey .... H. Mitchell, assistant; H. L. Jtfa-. Special surY(')'Of Cubitt 1s Gap and South 'Vest 

riniliu, assistant; J _ .H. '\.'cir, aid_ 

Triangulation and : A.ndrew .Braid. AUlm.ssistant.; C. Il. 

toJ>0graphy. Siudair awl C. L. Garihwr, aids. 

Ueconnaissance _ .. W. IL Uennb, as8istant; B. A. 

Colollllll, su bas~istant : 8. N _ 

0![den and E. B. Pleasants, aiu&. 

I,ass (.Mississippi delta). and obserYations on 

the tides aml currt·uts. (St'e also Sections I, 
II, and III.) 

'l'riaugulation and topograph~· of Cubitt's Gap 

and vart of South \\"""est Pass, La. 
Site for bas<:-linc and stations selected for the tri

anhrulation of Barataria. Bay, La. (See also 

&ctions I and II.) 
Tidal observations G. Faust ____ .. __ .. _ .. _ ... _ .. _ ... _. Tidal observationR contiuucd vritb the self-regis-

, Triangulation, tQ- · C. H. Bo~·d, a~8isfant; MaBte1 
pograph~Y, and Alex. l\foCra{'kcn, D.S. N.; C. 

hyclrography. H. Van Ortleu and Bion .Brad- ; 

bury, aith!. 

Triangulation.___ Prof. John :E. Davies ... -··-·· .. 

tering gauge at :Xew Orleans, La. 

81irvpy of the Mii;sis~iIJlfi River ext-emletl from 
Oakluntl to Reserve Plantation, and speciul ex· 
aminatiou of .Bonnet Carre Cre\.Tass.e. 

Triangulation in Wisconsin continued between 

Prairie du Chien and .Madison. 

Hydrogmphy Lieut. Richard Wainwright1 : SoundingscompletedinCopano:Bay, Saint Charles 
U. 8. N., as~ii:-tant; E. R. '\y. Bay, .Aransa.8 Pass, anti Corpus Christi Pa1:ts, 

vill and B. Il. Pleasants, aida. Tex. (See ah;o Sediou IV.} 
Heconnaissance.. ILE. Halter\ a13sii:;t:int; C. A. Ives ~ :Reconnaissance for triangulation of the Laguna 

! aml H. Capert-On, aidd. i :Madre, Tf'x. (SPP also Section II.) 

Tidal observation• Col. W. Thulstrup, J. Kruse Serie• of observations completed with self-reg-

I 
Reconnaissance .•. ' \V. E. Greenwell, assistant i 1L 

2 , Topography 
H. St-earns, aitl. 

A. W. Chase, assistant; Eugene 

:Ellicott, suba-asistant; T. J•. 
Woodward, air1. 

llydrography..... Lieut. Commandn II. C. Taylor, 
1J. S. N,, assistant: Lieuts .. 

1 
GPorp:eTalcott, G.W. T;v1er, an<l 

I 
J. D. Adams, U.S. K.(partof sea
son) i Licuts. F. Courtis, Riehl ardsonClover1 RiehardM. Cutts, 

istering tidB-gauge at Saint Thomas, \Y .. est lll

dia Islands. 

lfoconnaissance for primary triangulation be. 

tween San Dif~go and San Pedro. Cal. 
Detailed plane-table survey (lf the Yicinity (lf 
~anta Monica ancl of th(~ adjacent coast of Cal

ifornia. 

Soundings off the coast. of California, in the -vi

cinity o.f Santa RoAA and San Miguel Islands. 
Inshore 11ydrography near J>ointDumc. Sur,ey 
of Santa Monica llay, Cal. 

I 
and A. B. Wyckoff, U.S. N. 

Triangulation ..•.. 
1 

StE'hmnn ForuC')\ assistant; W. S. l Triangulati<>n of the western part of Catalina 

1 
Edwards, ai<l. 1 Island (Sau ta Barbara C'hamH~l). Cal. 

.Astronomical ob. 0. H. Tittmann, assistant;. D. D. Latitude and azimuth detC"rmiued at a station 

servations and W ainwright1 aid. 
triangulation. 

Triangulationand A. F. R-Odgcrs, aasistant; E. F. 
topography. Die.kens, aid. 

near Point Conception, Cal. 'l'riangulntion 

across the Santa Rarbara Channel to Santa 

Cruz Island. 
Trian~tlntion and topograph~- of thfl coast of 

Californitt bet\W-'-<'11 J>oint Sur and l\[ont.erey 

Bay. 
Tidalobserva.tfons ! Col G.H.Mcndcll.CorpsofUnitcd Serfr•s of obserratious contim1ed at Fort Point, 

States Engineers; E. Gray. Cal, with self-registerin~ tiU.c-gau~e. (See also 
&ction XI.) 

8 Hydrogy-aphy ..• _ Gm·abom Eradford
1 

assistant. __ •.. ~ OhservationB on the current.a of San Francisco 

9 Ilydrography 
JJ.3~» Cal. 

Lieut. Commander II. C. Taylor. Ilydro,e:raphic survey of :Mare Island Straitaud 
U. S. N ., assistant; Lien ta. Frank Karquines Strait, Cul 
Courtis, Richardson Clo'\""eT, 

Richaro M. Cutts, and .A. B
Wyckofl; U.S. N. 
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SR<;TIO.X X-Continued. 

SECTION XI. 

Coast of Oregon and of 

WaMhingto1i Territory. 
indmlin,!!' the interior 

bay• and the ports and 

rivers. 

Xo.10 ! Primary triangn

! lation. 

i 

Georgp, Da.vidson, asRistant; C. 
Rockwell and W. Eimbeck, as· 
sistants; T. J. Lowry and W. H. 
Stf'.arns, a.ids. 

11 1 Triangulation and L. A. Sengteller, assistant; George 
topography. H. Wilson, aid. 

12 Station-mark ...... A. F. Rodgers, assistant; W. Elm-

Tl'iangulation1 to
pography, and 
hydrography. 

beck, assistant. 

J_ J_ Gilbert, assistant; F. West

dahl. 

Tidal observatious Col G. H. Mendell, United States 
Engineers: L. Wilson. 

Hydrography •... _ James S. Lawson, Msistant; T. P. 
Woodward and F. A. Lawson, 

Selection of the Yolo ba.se-line and triangulation 

in its vicinity, for crossing the Sierra N eva.da 
from M<>nnt Diablo, Cal. 

Detailed survey of the coast <>f California from 
Bodega Head northward towards l!'ort Ross. 

Establishrrumt, of a peTinanent signal, of iron, on 

the summit of Mount Shasta, Cal. 

Triangulation a.nd topography of the coast of 

Oregon above and below Nehalem River. Hy
drography of the Columbia River withln pre
vious topographical limits. 

Observationa continued at ..A.~toria, Oreg., with 
self. registering tidc-i:aull:e. (Seo also Sec
tion X.) 

Soundings completed in .A.doriralty Inlet, W. T., 
from Duwamish llay northward to Port Mad-

aids. ison. 
4 Tidal observations Col. G. H. Mendell, United States Tidal observations at Port Townshend, W. T., 

Engineers; L. Kessel. continued with self-registering gauge. (See 
also Section X.) 

Tides of the Pa.- W. D . .A.Iexander1 esq., superin-
ciftcOcean. tendent of the Hawaiian Gov

ernment survey. 

Series of observations commenced with a self4 

registering tide-gauge at Honolulu, Sandwich 
Islands. 
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Stati.stics of field and office u·ork of the Fnitcd States Coast Surrey to the clo.~e of tlic year 1870. 

Descriptiou. 

RECOX:XAl~F.\..'\'CE • 

.Area in square st:ituh' mil-t'8 .•.••....•••... 

Partios1 numlwr of. h1 year ....... . 

lU~F-LIXE~. 

Primary, number of .................................... . 
Subsidiary, numbf'T of. 

Primary, le11gtl1 of. in ~tatutt• rnil(_•s ... ___ . 

Subsidiary ai-ul liue mectsuret'.I. lcu)!tb of, in st:nutl' milt>s. 

TH.L\~(: l'L.\ TIOK . 

.Area in square statufr rnih'~ ...... _. __ . _. 
Statiorn:i O('rupied fol' 1wrir.;onta1 angles, munlwr of ...... _ ... . 
Geo~ra.phical pm~itiom;;. (]pt(•nnined, numlwr of. ............. . 

Stations orcnplt•d for n:>rtkal :inp:l1 1s, numlwr nf 
Elevations di°tt'"rmined. numl1f'T of. __ ._ ... . 
LinP~ of Rphit-lt'\·1.~li11g, lc·ngth of . __ . _. __ .. . 

PartieH (triang:ulation arnl h·Yt·liu,:!). m1mhPl' of i11 Yt'~1r_ 

AATRO~Ol\llC.\J. WOHK • 

.Azimnth-9bltion~, nnmlw1· of_ 
Latitmh·-statiow~. nnmher oL. _ .... ______ ... __ . __ 

Loni;ritucle-~tation8 (frlegraphic), nnmlwr of.. 

LongittulP-st.>tti0111' (dn·ouonh1 hfr and Innm·), nnmhc>r <if. 

Astronomical iiart.it•s, uumlwr of ... ___ .. ___ ...... _ .. 

StationR orcnp1f'tl, 11umlwr of 

Permanent magnf·tic flt.at ion~, uumlwr of .. 
Maj.,rnetic pn.rties, numlwr of1 iu ;'l·ra1·_ ••.. 

liL\( ;~ETIC WOUK. * 

TOPOGRAPHY . 

.Arca surveyed in square miles ... __ ..... _ .......... ______ ... _. __ .. _. 
Length of µ;eneral coast in mileH. ___ ... __ ... ___ .... ------ ..... ___ . _ 

Lenl:;th of shore-line in 1nilt's (iiu·ltHling- rh·nrs. r.rf>ek8. and pmufa) _. 

Length of roads in mil('is -----. ----· ___ ... ___ ... .. ____ --··· ------. ----- ___ .. 
Topographical pa.rties, number of, iu year ____ .. 

lIYDltO(jllAPIIY. 

Total tu])(·· 
<·em her :Jl. 
1874. 

100, ;;50 

:170 

24, 73:! 

r.. ().16 

6f:.. 910 

36, 101 

Pa.rl.iee, number of, in yea-r __ .......••..... _____ ..... _. __ ... -----·· ... ___ .......... -- ..... _ .•.•... -- .. - .. 
Number of miles run whih" sounding .......• __ ... ____ ._. __ ... ____ ... _ .•......... _. ___ .. _ .. _ .. _ 277, 909 

Area. soundutl, in square milf'i; .... _. flli, 20;; 
Miles run additional of out:siilc or Ueep-Rea soundings ... __ .. ______ .. _. ___ ...... _________ .••... _ 44, 371 

Number of soundings .. ----- __ .... _ •....... _____ ..... _ ... ___ .-----_ ...•• ___ .... -·- __ ._.····--·_.-·---. 12, 793, 24i 
Soundings in Gulf Stream fortempera.t.uro ... __ . _________________ . __ . _____ .. _________ .. ___ •. 4, 07:! 

Tidal stations, permaneut. .... _ .. _____ .... ____ ..... ---· __ ... _ ........ _ ... __ ... _ --· --· _ .. __ ·--. _ .... _ __ lD3 
Tidal stations occupied temporaril,Y .. __ .. ____ •. _ ... ----- __ ..•..••.....•... __ .. __ ........ ____ .. _ ..... _. 1, 494 
Tidal parties, number of, in year.__ .... ___ ...... ------- _________ ... _____ .... ------ __ 
Cune.nt.-stationsnccupied. ___ .... ___ .. _ .. _ ... __ ...... _ ...... __ . _ ...... ___ . _ ...... _ ............ _ ... ___ . l:ii 

Cnnent-parties, number ot~ in year ..•.............•........ ------· ... -----·-·· ... ___ ..... ----- ...... . 
Number of deep-sea ROnmling!\. _____ . __ _ .. _____ . _. ______ .. ----- _________ _ 

Specimens of bottom, number of. --- ..... _ .. _ .. _ ... _ ..... __ ....... _ .................. _ .............. _. 10, 394 

REconns. 

Triangulation, originah1, number of "Volumf\A. __ .. _. _____ . _ .. ______ . _. 

Astt-onomical observations, originals, number of Yolumes_. ----- ................•. -·- ... ___ .. _. ·--- ... 
Magnetic obsorvations, orig:ilm1a1 numbe1· of volum~:s. __ .... _ ....... _ .... & ••••• --~ __ •••• _ •• _ •••• --~ - •• 

J, 840 

1, 114 

3:!3 

66, 840 

14 

1 

4 

470 

]()~ 

J, 4U;J 

6tJ.l 

~,442 

5, 073 

739, 810 

10 

40 

89 

l, 301 

29 

175 
76 

30 

Tmal to 1>1·· 
Ct·mlJer 31, 
lt:i5. 

167, 390 

13 

10:! 

'j!) 

85, 180 

f, 314 

1.\ 367 

4fi~ 

l. 036 

630 

126 

F3 

110 

384 

25, 208 

f>, 748 

70, 375 

36, 7o;, 

29'2, 067 

70, ti47 

49, 444 

13, 533, 066 

4. 072 

203 

l, 566 

10, 423 

2, OlJ 

l, 190 

3~3 

* Under the heads of 1 'Rceonuai~sance," '' Iln.Rf'-li11f'R." •• Trhng11latio11." ''..A.stronomica1 "" m·'k," null "11a~uP1 i1~ \\ .. i1rk." ifrms ha \'t' 
been included not heretofore counted, -01· count4"!l upon a cliffc•l'C'nt. 1rrindple; lwuce ~omc• RJJpmn1t discrt?paucit-s in sunm1ativn with :ti~1·cs 
given in previous reporte. 

S. Ex. 37--10 
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. -~-------------------------------------------------

Ilesrription. 
; Total to De

cembm· :n, 
1874. 

1875. 
! Total t.o De

cem lmr 31 1 

1875. 

------ ---------------·- ---------~----~ -- ------------ -----·-----
TIEconni;-Continncll. 

Duplicntf's of th.f' .nl1oi;•f', numlx'r<if Yolurues. 

C(}mputations. mm1h('l' of V{llume~--- .. _ ...... __ . _ .......... ___ ... ___ ................................ . 

IT:'·•1rographi1·al fiOUIHliugs and m1gle"3, orip:iuals, numlit~l' of YolnmPs ....................... _. __ ...... . 

Tiydrographical so111Hli11gs arnl mt!.:k~. llnplil'afr::1. mtmlwr of YohtmPs .......•.••.•...•.•..•..•....... 

Tidal and ('UTJ'l'nt obM.!l'Vation.s, 01.il!inals. number of Yolmnes ...................... ____ ........... _. 

Tidal and eurrent obsprvation:i. chq1licate~. nnnlbl--'l' of Yolumes. ---- ... --- ......•. ---· ....... --- - .. ----. 
.ShN•t14 from ~Plf-J'e~i:.;t('rin~ tillf'.gaugc14, numlicr of_ ____ ._ ....... ---- .•. ____ .... ·---- __ ..... __ ......• __ 

Tidal l't'1hH't,iom:i, uumlmr uf volmm'8. __ . 

~ Totnl numl1u of volurut'A of rct•onh .... 

'l'o]lOgt>aphi('a] mapFi. nrighials. ___ . 

MAI'!" .A:XD CHARTS. 

II:n1rograp1ii(· d1artR-, orii::inals ........ __ ............ ___ .. ---- ...... -- . __ . __ .... __ .. 

l~ednetiom~ from original shPot:- ....... ___ .. -- ....... _ ..... __ ........ ·~ ... __ ..... --- .. _. __ .. 

Total uumlwr of manuR(Tipt maps am.l churl~ to am] includin~ 1875 ..... ---· ........•. __ .. --- -- ... ----. 
::Kmuhf;r of f'k('tchf'R made in field and office ...................... --- .. _ ............. --· •.. --- .. . 

El'iGH..\_\TXG A:SD l'RI~TING. 

.En;:rraw•d platf>S of tinislwd cbartR 11umh(•r of. ............. . 

Eng-ra>ed plateA of prdimiriary charts, Mkf'tches, aud flia~arn.5 for thf' Coast 8m"H\Y 1teportf!, nnmb€.'rof. 
l·:leet1·ot.YJH·-platf•H n~at1t1. ___ ......... __ ................................. ___ ..... _ ..... _ ......•.. ---- _. 

Tinii;hed chart.'I puhlh1he<l .............................. ··-- ............ - ... -- ..... ---- .....•....•.... 
l_lrt•liminary <'hnrt~ :and h~·arogTaphkal sk(•tch{~S 1mhlislw!l ... __ ..... _ .. _ .................. __ ... ---- .. 

rrinfrtl 8l1t·et~ of ma11s aml diart:-; tlbtrihutetl. .. - - . - ... - - .... - - - .. - .•.. - - . - - - - - . - . - - - - - . - - .• -.. - . - - - . 
I>rintl·U sheet~ of mapH arnl charts <l''POBitc<l with sal<'.-agl\nts ..... _ ..... _ .... __ ...... _ ..... _ .......• _. 

J.IBHARY. 

Nnmhf'r of YOlllillflR 

INBTRL'MENTtJ. 

Cost of ...•...•.........•......•.............•....•........... 

2, 106 

2, 145 

6, 435 

608 

2, S43 

1, 846 

2) 250 

1, 565 

20, 52t> 

1, 4l!l 

1, 324 

765 

2, 526 

2, 835 

JQ5 

560 

l, 090 

177 
464 

326,27fl 

119, 152 

5, 657 

JOO 

174 
437 

106 
291 

44 
102 

39 

1,475 

51 

39 

14 

u 
68 

H 

20 

19, 374 

7, 750 

334 

$102, 394. 82 ' $6, 953, 00 

2, 209 

2,219 
fi, 87~ 

714 

2, .834 

l, 890 

2, 352 

1, 604 

22, 000 

l,470 

l, 363 
77!} 

2, G40 

2,D03 

204 

562 
l, 146 

191 

484 

345, 650 
126, 002 

5, 9UJ 

$109, 347. 82 
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APPENDIX No. 3. 

lnfor111ationf11.rni8hedjiYm1 flu: Ooa8t 8un·cy (~ffice, liy trad11r; frnm origi11«l 8/teets, d:c., 'iii reply to 
special calls during the year emliny .July 1, 187G. 

Date. NanH'. 

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

1875. 

July 

friueers 
...... do .................................................. . 

S. T. Alil'rt, V-nitL'll States ciYil cnµ:ineer .... 

10 ·----.do 

10 ........... clo .............................................................. . 

lUYl'T, }Lt:-;c;, 

Ilydro~!Taphical Hlli'n•;i.- mljan·Ht 1o ::\Iatinfrus a1Hl H:1~g1•d J:,l:.11111:--_, 

tihO\dJ1J2: ~fatiJ1it·11~ ]~natl:.;, 1-ft..•. 

Topugnq1hit:al kUI"Yt·~· of tlfr toa~t of ~ orth ( 'awlinu f1'(1IU H~·aufot·t to 
1\pw l{ivt>1· Jnld. 

TnpOJ-'1'lllihiral SUJ'\'('Y of thl' coa:;t of Xl!Tth Caruliua fnnu x~''' l~h i•rto 
~tump Iukt. 

'l'op11grnphi<'ill J-.lll'Yt'y of tht• coast of Xurth Carnli1Ja from ~tump lnlt.·t 
t Li 0111 T! 1p:.;ail Iull't. 

'l'opo~.-raphi('a\ RH!'Vt·.Y of the L'Oaf.t of Xorth Can_)lina from Old 'Iopsail 
Inld to ht·atl (If l"ournl. 

14- ~_aJ x. Micl1lL0l', rnitf'd Statt•s Cnt]IH of Enf!iJll•('I'8, Topographical arn1 11,nlru;.!Tfl!lhfral suryp~· of t·ntl'aIJL'l' to )\(•lw.kn1 
lig-ht·housp <'HJ!iIH'l'l' thirtt•L•nth distrh•t. l~iYL'r, On·g'. 

17 J. ll. E~Hl~, (:hh~f eugineet' ~outh I'aM ,idt~'C workt3 ...... ' Tradug showi11!.! ,,;ournlingn nllll cru::;:--~{·ditmf. of ~outlt ]>a~~ a1l(l Bayou 
(~1·:mdt'. ~Iisflh.;Bippi ltivn. 

1f} : ~- T. Aht'Tt. lTniktl 8tatf'8 ch-il f'll,!!hwcl'....... H.Hlro>!T<1])hi1·al )";1ll'Y<·~- uf thl' ;\:m~n11ornl l~inT to lm\ n 11f :-'11fli1lh, T:L 

19 .T. Tfradfonl l'sq., Hs1'is1ant 1-'lffV('.' or-µ;-en('ral of Lon- Data of t1 iangulatinn at Sou1l1 11a~s fn1· d<'tf'rrnining tuwuship-lim·B. 

isianu. 

23 United Sta ks Li~Jit.Huuse Board._ .... -_ ....... _ ... llyclrog:raphic t:iUl'Ye)· of the Udawar1· l{ivt:r from :-:.hip John i::.hoa1 to 

Fort lkh:\:ware. 
20 : A. T 8nt>Il1 P8CJ., i11s1wt·tor t\"\·elfth light-hons<· (li~trkt. 'l'op111l.Taphint1 survt>y of Santa A 11a J,a~t'r(lll, ('al. 

Auj.,r-ust. 1~ J. \\T. Thompson, f'i:.J(}., JH'C'8ident of tlw Inlaud and T:tl)ll' of rli ... tancl'S on tlw l'otomat• RiYt•r audChesapeakt' Bay. 
St'.:th()aJ'Cl Coai:-.1i11g ( 'ompany. 

11 , Briti~h Admiralty_ .. _ .. _ ................... _ .............. __ .... _ .. __ .... . 

24 ...•.• do ........... ·····---- ............................................. . 

! 
24 ; .... _ .. clo . _ 

24 I ..... do ..........•.............................. 

i 

Dt:ptl1ft <111 rock!:' in ~<lll J,ub Obispo l{a:·, Cal. 

llydro~raphical 8Ul'Y€'~ of 1 lu: f-'outh rasl" from H1·ail of l'a~Sl'l:' to E:Hil 

Point, Hl'alL· l--t,1'(10, aml dll1p·am maps of Culiit's Cn•vas~t· ancl Tllt• 

Jump. 

C'rlls..;-st.ctfo1rn of :-;outh I>ass and Ba~•on Grande for t.:omputatiout1 of 

volmHl"~ lHtl'<:'iug per hour. 

Ctq1,\· of ~oum1h1,;!::-< nuh:idt• of Snnth l'ns!' J~ar. ::;ealto 1-~0,COO. 

Rydrograplik t-illl'\"('ys of lll·:t.cl vf I'ass\'S nrnl South Yas~ nu~·. ou tt 

scale of 1-~.4(10, 

24 1, Vlarlrnrton 8. " 1 arrrn, esq . ., Manatee. Fla ..•.......... Topographical s1IrYey of Manatee l?i-Yer and Tt•rracda Ba:-~. Tampa 
Uay, .Fla. 

Scptemherll i Unitt•d Stat,,s I~ip;bt-Hous(' Uoartl .............. '". - .. .. .. . . .. . . Topographkal Hlll'YPY of Point bur, Cal. 

6 ' United 8tutes .AdYisory Couucil for :Korfolk Harbor ... 
1 

Com11ikd t'hal't of the EHzalw1h Uiter, Va., f ,nn 'l'yrant ('rrvk tci Jlin 

ner'i; Poi11t, mw-t11il'd of H 111il1· alioYt· rniktl t-it~1frH rnny-:n• nl arnl to 
tht• third brhlg-e in OH· Eastern Brandi, containh1g Hllon·-lirw 1•oiuto 
of triangulation aud ch•pth-li1ws: s<·ale l-fi1 UOO. 

6 , ...... do ..•.•.......•.....•••...••............. ~-·-··-· C01npHt'<l chart of Eliznlwth lUvcr. Va., from Xtn'folk to J-Iampti.111 

Hvadi'>, containing i:sbon·-lint>. CtllTt'l'i of rl<·ptht1o. sumulin.!.!~. trian;.~:ulu-

.. do - .................. -- ................. - .............. - ...................... ! Compilt>tl drnrt of Elizaheth I~iYer·, Ya., frum rinnN,'8 J>ojnt to ]Jhmt:.tl 

Swamp Canal, incluclin~ Ea~tcrn lkauch t-o third hritlJ.rl". <·011tainin11: 
shon·-linP, (',qrycs of dqlth, oon1ulin!!t:'!. triangulati(lli, aihl t1111l1gr:q11J· 

ical AhltiOUR: SC}))(' 1-10,tlOO. 

Novernberl5 United Sl.aWH Light-House Board.---- Chart uf the Dela wan• ]tiY<'r. with Liston·~ F1ii:.,-r11al-ran.!!/'e. OlL 

J7 Col. Andrew Takott ........................... - ................ \ Tinfinishcd proof of l'oaBt C'luut ;\o. f!l
1 

·with turYt·8 nud i:i.ca]t•i-:; iHldt•tl. 

DeccmbeT 2 Abel Hawlt•y, esq .................. _ .................. , .................. ' Ilydrof:Tapldc s1u\"ey of Ar::tn~a:"I ]>at'••. Tex., from tlll' 1::1ul'Yt':O.. of 1~';5. 

17 United States Light-Ilouse Doan.I ....... _ ...................... Chart· of f•ntranC't' to ~drnylhill Hin'?L sl1owinµ: r~m~<'·li.c.bt:::- a:; ill'in-

minM in Dec('mlwr. 1875_ 
17 United States A.dvisory-Cormcil fol' Norfolk IIarbor ... Comparuth--fl chart of the Eli:t.alwth RiY4:'1' from Crmtt•s l~fond light

l1ousu to l.initcd 8tnt.Ps navy.yai'l1 1 JS'0Tfolk 1 from tlw ::ml'Yf~-ri made 111 

1854 and 1872-'73. 

30 Mr. C.H. Bliss, W!U!hlngton City .• ·---··-·· .......... · Hyclrographic and topographical survey of the Potomac lthe1-, vicinity 
i of the Th:ree Sis IN•. 
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Unfr. Data furnishetl. 

JF;u_ 

,January O Col. U. ).f. rot•. LniH'tl Stnte8 Cori.i~ nf Engh1(•t_•nL. T>11sitirms of ~\nn~· statious above dty of Snv-auual1, Ga. 

17 l. C. Hrai11arl1 1 nL D., X ew York . . . . . . . . . . . . IlydrogTapllk i11format iun of Saint G~~urge'8 8uurnli :Flu., fron1 the Rnr-

Tt'.n' nf 1871-'7:! and l8i5. 

19 J. I~. Thomp!-1011, :lf. D .. Port1arnl, J\.le ................ _I Futini:::1l1etl proof of CoaRt cha.rt. -So. 4, Nask<'<tg l>oint to \Vhitch~ad 

..,., Jlon. (;._ X. l•'ox 

li,d1t. h1dwliu!.!: Penoht·wot Ba~-, Me..; seal~:. 1-80,000, ·wit11 folands lct.

tereci about Isl~· a-u Ifant, )lt-. 

Information l'Olll'l'rnin,!.; the h!h· of Rlwal.-i, K<>:µ; Hampshire and )1aine, 

nrnl di~t:llH't'S :rn1l lw:nin.:::?:s of p1at'.PH lit>ar tlw t.1lWH of Fr;'\·t•.lmrg. 1\fo. 

24 Hou. Gu .... tan· ~1.·,hkid1n. of Te:\.aH.-- ......... ____ .. --, 1l_v1lrog;raphi.cal i11fonnatiou of the coaMt of 'l'c:xas frmu Gal·n·stuu tu 

('orpu~ C'lni:-1ti, aml pan of the 1..iaguua]Ja<lrc fr:om Corpus Christi to 
l~atTin":-; J~a.v. 

Lt•ugtli nf tlw --\tl:mfo-. Ou1f. :uul J'adffr ('O:tsB of the· United 8tatea:>; 

uhm ll'U~'1:h of shore-lirw of t1w Anit~ricnn portion of the Groat Lake~, 

tn~l'tJJL·l" witll lengtllof Briti~l1 mul lfo:xicau bouudary-li11P8. 

Fd)fuary HPY. ,T. "\YMITWOrtliI~dµ:IJ ...•....... ······-----·-···· 'l'upographil'alsurn·.' of J3utl1~r·H lslaml, on A..ltamaha f)uuml. Ga. 

llard1 

April 

14 Chad('.'! 11. Hai·mdl, rs1i .. Xc>w York .................. Tnpogrnph~- of BaITl'll Island. in Jamaica Ba-'·· Long l~laud. 

16 (i-t'n . .A. A. Jlmnphrrr~. (:hid' of U11itc11 State~ Corµ:::i Hydrogrnphk dunt1-1 of ~aiut ..\iary't; HiYer Lar antl entrance, from tlw 

ThrPP 111·oof,.; of Cml~t t•hart No. lOii ~1atag~.1l'<la l3ay, Tex., dates and 

lirn.it,s of topography a]l(l h~«frograph,v. 

29 Tbomai-l 8. Hartl('(>-, cit,\· 1nrrvt:>yor of ~l'"W Ol'leanA... Topoµyaphieal RtHY('S of tlw dty of :N'°t"\V Orleans, from the survf:•y of 

8 :4t·rn11tor .Jairn·s J,, ..:.'\kon1. .•••. ___ ...... _ - ..•.. -·. -~- .. 
10' Jfon. G. X. Fox _________ _ 

J R74-""i.i. 

Sltort·-lint' llat<i of tlw ~wa-t·oa8t SLat.e.-; aml Territuric~. 

Tracing: of Canoll Connt_v, in 1't·w Hampshire, and adjoining- counties 

in Maine. from \Valling-'::i. map of 1862. 
14 Li<•ut. (.;-eorgl' 2\1. "\Ylwd\·r. Cnited Stat.C's Corps of Trucing from drnwing of Santa Rarhitra Channel from l)oiut Yincent to 

Engim•crs. lloint Conet•pcion, CHl. 
4 \\'", .J. Lewis. CHntmL Conn_. __ .. Topogrnvhicul and h.nlrog-ra1~hi(' surn·~· of Duck I~dnnd Harbor l>e-

twt>-t•n Cli11tm1 aml "''. f'Rihrook. Conn. 
17 A.(', Uhinrl, li~ht-housP inspector, third district New ! Il_,1lrograp11y of J1'in hlaud Inlet, Long Island, N. Y. 

Ym·k. 

10 Hon. GnHtav(· ;;;:chl0Pfrlwr1 (Jf Texas ..... - .......... _... Uop~- of the h;nh-o;rraplifr resm·vt'Y of At·anl"las l 11:1ss of Au~ust1 1875. 

:!4 \Yilliam L. J>ntuam, attonH•,\" at law. l)orthmd, J\.fo •• - . u~-drllµTflphical d\ll'V(1 ~· of Po:rtlantl Harhor of 18G3. 

~lay ' .J. \\~. Hawe~, of the Anu.!rk.a.u Csclopn.•(lia. .... - ...... Distm1c'f'R from "\\'aMhiugton hy way uf l'otomat Rin~r nIH1 to month of 

C1H'SH}wak(' HHy. 

13 K. T. Alwrt, U11itetl :-\!,ates chi! 1•ngimwr _____________ ., Ifyrlml!l'llJ>h.I" ol' Elizahdh HiYer and Routhern lmrnch from Ifos1iital 

Point liid1.t-homw fo United HtatetJ navy-yard, im::luding N orf'olk Har

hor t.o first bridge. 
13 ...... do .....................•........ __ ............... : Hydro~TJ.uphic siu·vey of Ma~kfly's Crf•·ek and approaehes, James Hiver, 

17 __ .... dn 

\' a. 1 from the t-;Urn•,\· of 1849 . 

. . . . . . . . . . . . . . . . . : Ilyclrop:niphic s1irv-ey of Elizabeth River from C1·aney Island to Nor
folk, \a.. 

27 ,Tamcl'l F. Ru8liJJg, JH'Usiou agent, Trcntun. N. ,r_...... .Appruximatl1 {'Xh'nt of the sea-coast of t}l{l Uuitml State8 and Alaska. 
,Tune 6 I Gcu.J.G. Barnard, ruitedStat<:sCOI]lSOf}~ngiuc1•rs .. : Hyclrugra1)hi<: t;UI"Vf\\", Hl1adof J>aascs, Missitt~ippi River, 187G; scalo 

22 -·----do··············-·····-·--·-··············--~~---

1-2.400, 

Hydrogmphic surv('.~'" uf South PasB from Head of Jlal:3SC'8 to East I>oi.:r1t; 
scale l-4.800. 

28 ' J,i<•ut. George ].1. \\'heeler, United Stuh•!:! Corpis of Gi10:...11aphkalpo~itionx, (}p~cription of stations, arnl topogra.phicalsurvey 

of San Buern\\-'t.•utnrn., Cal. 
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DJtA \YlXG DJTlSlO~. 

Cha1't8 com11lefo<l or in progress d11rinr1 the year c11din[/ July 1, 18/U. 

1. IJydrography. ... Topogr~1,1J.s. :J.. Drawing for photographk n_•«luetion. -1. Details upon pltotcJ~raphil' outlini.:~. G. Y Pri.ticn.tiou. 

'l'itle of l'harL 

Coast char1 :!\o. 3, Petit },[en:m liµ;ht to Sask\'ag Poiut 
Co}\St dtart No. 4

1 
l\:askeaµ: }Joint to 'Yllih·]1(.•ad light. iu-

clmlillg J>.enolJscot Bay, Mc. 

U. Ldteriug-. 

ScalC'. Dra11_g11ts111t·11. 

1-80. 000 -· C. A. )f e·ntli. .-, P. "EriclBl•rL ...... . 

1-80. uoo 1 awl:!. A. LirnlPn"hohl. '::!. P. Erich,,;eu. 

1\t·markh. 

<:ontimH•(l. 

]l1J. 

Sailing chart~ .Xt)s.1 aud ~-Cape SalJlP to CavP Hatt£'T"a~- 1-1. ~oo. ooo 1. A. Lin1lf1nlrnlll 

Delfast 11n:· and Ppnohscot RiY01', )if:L· 

1\elfakt nay, Me. 
Ilar Harl1or _ 

Tiluu Hill awl luion TI.in·r J1a.' ti, ~11, 

Frenchman'R Bay arnl Rome's Su11rn1. :"ii 1Jtrnt Dl'Hl·rt 

Iislaod, Mu. 
Portlaud Harbor, Jtle ............... ._ .......... . 
I~ort,smouth Ilarbor, X.lL ................. . 
Gencntl l-.uaRt drnrt No. II, Ca1w Aun to (;:_i~- Heall )fot:».r;. 

Salem Harhol', ~fas:-i .... - ........ --- .•. 
I•lymouth Barbor, 1\Inss ... __ ............. . 

Isles of Shoals. Me. UlldN. IL -- .. -- ...... . 
1~urlingtonllarbor, Tt. _____ ......... . 

Lake Champlain1 !\' o. 3, from Lig-onin Point to Panton 

Do .................................. . 

Lako Champlain, No. 4 (iu two pnrt.s), from l'antou t•1 
Whikhall. 

Lake Champlain, No. 4 (part first), 1>antrn1 to T·\1Tt 'J'i. 

comleroga. 
I,a.kn Champlain, Nu. 4 ([lart SPC(Jlld}, Fort Ticomll·rnga 

to Whitehall. 
Coast chart No. 13, Cuttyhunk t-u Block l8land. induding 

N arra.g:ansctt Ba:r-
Monomoy entrance to K antuckC'Jt SoumL ... 
Coast d1art :No. 15, midrll('. shcN, from l)oint ,Tmlith and 

Dlock 1::-!land to l)lum Island. 

1-4-0, 000 1. A. Lirnh·nkohl 

1-~IJ. 1.100 1. C .• Juuld•1i. ..... 

1-10, 000 1. C. ·fnuh1;11 .•... 

1-40. ooo '' r. Eril·h:-.1·11. 

1-40. 000 <> J'. Erit-l11-1e11 .•. 

1-1, ~00 '..!. IL 1..inch.0 11knhl. 2. I~. Kardu:r. 

nn. 
.\{lilithlllt';. 

t:um11kktl. 
t'01WUL'lll'l''l1. 

Do. 

1-~o, 000 land :3. C. tTunke11 ~t'l\" l'clition: COllllllek<l. 

1-41)0, oon ]. ..i. Lintlt;nkohl. ,\dditi~lll8; t'Ontim1etl. 

1-2ii, ooo 1. C .• rm1l~<'n... .\d(lit.io1rn; compkt<'d. 
l--t-0, 000 1. H. Limh·11k11hL J.Jo. 

1--20, 000 L. Kardwr ~ew t•ditiu-n; <'omplPt('d, 

1-10. 000 1. C .. Juukt•1i... ..\dditinn11; compldt:!tl. 
1-10. 000 1 .• \. Lhuh ukohl. 1 :nnl :!. IL. Limkukobl. Complete(l. 

1. C. ,Junkt•n. 

1-30, 000 1 and:.!, 11. Limh:ukohl. I)hotolithograph: 

11ld('(l 

1-4-0. 000 1 aml '.2 . . :\. Lirnl1'11lwhl ! a1ul '.:!. ll. Li.Ji. Cn1n1)let1:~tl. 

di·ulrnltl. 1. C ,Jnnkt•n. 

1 and ~ .. B. Lind1•1ilrnhl. ... 

1-'.:!5. 000 1:.irnl:.:. A. Limknkuhh1mlII. Limh·ukul11. 

1-80, 000 1. JI. Liudcnkohl. .... _ .. 

J ~10, 000 1. L. Karcl1er 

I1hotolithoµraph; 

plNcd. 

lJu. 

Additions. 

Com11kfod. 

C01U-

COlH· 

1-80, 000 1. II. I,in,knkobl.. AdditionR. comi)lck<l. 

New Haven Harbor, Conn....................... 1-20. 001) 1. C, ,hmken .......... - . nu. 
Sailing charts Nos. II and III, frolll Nantucket to !\lm~· 1-1, 200. OOU 1. ~\. Limlenk()hl Atltlitions. 

quito Inlet, Fla. 
Coast chart No. 201 )ii" ow York Buy aml Jinrbor ........... , 

Coast chart No. 221 Uarnc~at, Ba,y to .Abse{~um liµ;ht 

New York llarl>or (lower) ..... ----· .. __ .......... . 

Hn.ckcnsa.ck River, ~.J ...................... . 

1<1ro lsl:mdlnlet, ::\!'. Y ...... ---- -- -- ---- .... . 

Coast chart Ne>. 25, micldlo sheet,, part of Delawar" nay 
and River. 

Coast cha.rt No. 26, upper ahee,t, Dt~lawarc RiYer, 'Vil
mington to Trenton. 

Schooner I~edg~, Deilaware River .... _ ................... . 

Gene111l ooast chart No. Y, Cape Henry ttl Ca1le Lookout. 
Coa.st chart No. 40, .Albemarle Sound, eastern oheet, in

cluding Currituck, Croatan, a.ncl Roanoke Sounds. 
Coast chao:t No. 43, tnicldle eheet, Ocra<:<>ko Inlet to mouth 

of Pamplico River. 

1-80. 000 1. C.,Tnnk~~n. 1. 1... Kar<'1wr...... ........ Do. 

1-80. 000 ::!. A. J ... irnlenkuhl. 2. II. Lirnlr-nku-hl.. CQutinucd~ 

1-40 000 2. A. 1..indenkohl. 1 aml ~- C. Junk(•u. Do. 

J. L. Karcb<'r. 

1-20, 000 1 arnl ~. I•. El'idlfH>.IL...................... Cummt'UCl'(1. 

1-251 000 1 and ~. A. J_,i1Hlf'nkohl. " II. Limlenkuhl. Cu:mph·tell. 

I. C .• Junk<'n. 

1-80, 000 , L A. LindcnkobL ... . ............... A(lditium;. 

1-80, 000 : 1. A. Lbulf'n lrnhl ... Do. 

1-20, 000 ' 1 and 2. A. Lindenkuhl. 1 and~. II. Lin- , rtwtolithograph; 
clonkuhl. pletcd. 

1-400, 000 1. A.Linucnkohl. 2. A, LimlenkohL. •••. Additions. 
1-80,000 1. C.Junken.............................. Do. 

I 
I 

1-80,0-00 I 2. P.Erichsen .......................... .. Do. 

con1· 
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Tille uf chart. 

Coafi,t chart No. 51, part of Long :Ila)·, indtaling Little i 

RiYe-r lulet. 
' CHre Sounll, N. C _ ....••.......•.•......•••.....•...••.. --~ 

G 1~neral coast chnrt ~-o. Y1I1 Cape Romain to Saint Mary':; 

River, Fla. 
Coast chart No. 55, from Hunting Island t-0 Ossabaw ' 

Sound. Ga. 

Iui:shlc p;u~sa~t.•, between Coo~aw lllltl Browl Rizers, S. C .. 
Saintllele.na Sounil S. C .................................. , 
Sa:vannah River, •a ........... . 

Coa ... .,t chart Xu. 70, K(ly\YcMt, l.1an11wsa~ Kt'.\8 .•......•. 

Coast chart No. 71, TortugaH 1 Loggcrbeatl, nIHl U:nrdPn 
K1~ys. 

Coast d1art No. 83, Apalachicola Tiay, Cape San Blari, 
and part of .Raint .Joscph"t:i :Ba;y. 

Coast chart :No. 88. Mollilo Ray, Ala .....•..... _. ___ .... _. 

Tampa na.~ entrance, Fla ........................... ~ ...•. 

Insi<lP· pa~~mg('S, from head of Halifax l~iYer townrd Ca1u: 
Canan~ral. 

Entrnuec to Penmu:ola Bay ............................. _ . : 
G-em•ral t·o:ist chart Ko. XIII, from Cape San Blas to 

Southwe~t l'asi"l. 
Coast dmrt No. 951 Mississippi Rh· er ftl>m tlu· fo1'ts to 

Nt"w Orleans. 

lleatlof r:u;~e1', MisRiRaipJ)iDdta ................•....... 
Coaf't diart X o. 106, from Oyster Ba~- to Matagorda B.u;v.. 

Co:u~t chart Xo. 107 . .Matagllrda Ra;-i· ...... . 

Coast, chart~ o. 108, raas Cavallo and San .Antonio URy .. . 
Ara1Lsas Pass, 'l'cx ..............•..... -- . - ............... . 

Sailing chart No. U, Ke.s West to Rio Grande .... 

San Luis Obispo :n:i~-, Cal. 

San FrnnciR('O nay and ('.Dtrance, Cal .••••............ -
Do ...........•..............•.................••... 

Santa Monka, Cal .................... _ .................. . 

A1eutian Islands·······-···----

1\1"hangaroa. Harbor, Chatham IslandH .................. . 

Columbia ltivier, Ore~. (shed :No. 2) 

.Bud<l'• Inl<'t, W. T ............... . 

Scale. Draughtsmen. Remarks. 

1-80,000, 2. A.Lindcnkohl .••............. CommC'nccd. 

1-40, 000 ; 2. H. Lirn1enkohl. 1. C. Jnnken. 1. L. Additions; completed. 

1\:archer. 
1-400, 000 

1 

2. A. LindenkohL. - ........•............. " A-<lditions. 

1-80, 000 2 . ..l.. Linclcnkohl.......................... Additions; completed. 

2. r. E1icluw11 ........•..... _ ..•..... -·- ... Comyh,tefl. 1-RO, 000 

1-40, 0(10 

1-40, 000 

l-RO, 000 

1-80. (I()() 

1. e.Junken ...................... . 

1. C. ,Jrn1ken .. 

_A<lditions; (·ornplctcd. 

New etlition; continued. 

1. C. tTu111.eu ...•........... - ..•..•........ : Cumpfoted. 
1 and 2. A. Lindfltkobl. Do. 

1-80, 000 1 and 2. A. Lindenkohl. 1. Il. Lindenkohl. .Addition6; coutinuell. 

1-80,000 1. C .• T1111lan ... -----·- ----·······- .ArMit-ions. 

l-40, 000 , 1and2. A. LirnlenkohL 2. 11. Limlenkohl. i Completed. 

1. C.Junken. 
1-15, ouo L. Karcher .. Comm<'ncecl. 

1-30, C.100 1. A. Lirnlenkohl.......................... ..Additions. 

1-400, llUO 1 and 2. A. Linclenkolll. 2. L. Karchel' ... , .Atltlitious; contiuut>tl. 

l-80, 000 2. H. Limlcnkuhl. ..... ----·· .......... . Commenced. 

1. C.Junkcn (plotting hydrol(rapby) ...... Completed. 1-~. 400 

1· 80, 000 

J-80, 000 

1-80, 000 

1-11 500 

1. ~\.. Lirnlenkohl. .... _ .... Additions: continuL·t.l. 

1. <' .. 11111kr-11. - - ••••••••• -

I. A. Limknkohl. .................... . 
Do. 

Do. 
1. H. Lindwkobl. L. Karcher .......... . I>hotolithograpb; com

pleted. 

1-1, ~00 000 : 1. A. Lindenkohl. 1. L. :Karcher. 1. C. Additions. 
Junktm. 

1-20,000 H. Lindenkohl ........................... Photolithograpll; com. 

I plete<l. 
1-f:-0,000 1. L.Karch8r ....................••....... ! Aclditions; complctetl. 

1-40,000 ! I. A.Limlenkuhl. ......................... ! N'-'YI- ~tliLion. 
1-20, 000 ; 1. C. lunken. 1. M. Angles. 1. Il. Lin-

1 
Phot-01ithugraph; com· 

denkohl. pleted. 

l-2, 400, 000 1 1 anrl 2. ,\.. Linr1enkobL 1 an cl 2. H. Lin· Completed. 

denko11l 
. i II. Lindenkohl. C. A. Meuth ....... - - . . . . . l!hot(}lithograph; 

plete<l. 
l-40,000 2. Il.Lim1cnkohl ......................... .' Additions. 
1-20, 000 ! L C. J unkcn. 1 and 2. H. LindenkohL .. : Photolithog:mph; 

meuced. 

com-

com-

Harbors of Alaska ............................... _ ..................... . 1 and 2. IL Lindcnk.ohl. ..•............. Completed. 

Centennial ma.p of .Atlantic, Gulf~ nnd Jlacific coasts 

Trianf:{ulation sketch, :Maine t-0 Xew Yo1·k 
Siphon of the Cavour Canal ...... - ........ . 

! 1-1, 200, 000 ! A. I. .. hulcnkohl. ll. Lindenkohl. C. Jun.

ken, C. A. Meuth. 

1-400, 000 A. Limlcnkohl. 11. Liudcnkohl ........ . 
Il. Lirnlenkohl. --~ - ........... . 

Dam acrosA the tiYerSoanc. ---- .........•.. --- - ..... -..•................ H. Lindrnkohl .... -- ....•... _ ...•....... ..I 
Irrigntionmnp1:1 ... -~ .........•...... ---·· - .. -----· ... - l'. Ericltsen. George A. Morrison_ ... . 

Magn<'tic map of thf< Unit.Nl Stat.es ................. . A.LimlPukohl ......................... . 

Gelleral }ffOl-:Tl'St:I sketch for 1874-'7.'j ............ - . - .... - . - : 1-5, 000, 000 : A. LiJHlenkohl .................... - .... . 

Do. 

Do. 
Photolithograph ; 

JJlllted. 
Do. 
Do. 

Completed. 
Do. 

com-
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ENGR.A .. VING DIYISION. 

Pwtcs completerl, cmitinu.ed, or commcu,c(cd ,Tnl.11 l, 187.'"i, to J1uw 30, 187G, inclush•e. 

I. Outlinr>. 2. 'l'op()gra1)h~-. 3. Sandiug. 4. Lett,!riug. 

Title of plat.es. Scalt·. En~rraYers. 

COMPLRTED. 

General coast-charts. 

No. VII. from Cape Romain, S. C .. to Amelia Island, Fla 

_Approaches to New Orleans, I,a 

OoaiJt-chart.s. 

No. 4-0, Albemarle Sountl, N. C. (easte1n Mheet) .. --- . 

No. 54, from Loug Island, S. C. 1 to Hun tin~ Isla.ml. S. C. - . - . 

No, ;)5, from Ilunti11g Island, S. C. 1 to Oi:;~nhnw Souncl. Ga ... 
No. 56, from Savannalt, Ga., to Sapelo I~lantl. Ga .......•.... 

Nn. 57, from Sapelo lslantl, Ga .. to Amc1ia Islantl Fla 

Har'/.Jor-cliarf..s. 

Eastport Ilarbor. Me. (pTclimiuary c<lition) ...........•.... 
Mount Desert Island. Me.-·· .......... __ ........... --- ... . 
J~ar HarhQr, Ml~-- ... _ .. __ ._ .••.....•.......... -·· .... --· ... 

Rockland Jinrbor, Mc ............................... --· .. 
lRlt' of Slwa18 ....... _ ..... _ ..... _. _. _ .. __ ........ . 

Salem Harl.wt-, 11ass. (neweditfo11) ....................•.... ' 

Plymouth1 Kin~ston, and DuxhuTJ Ilarbors, Mass ..... 
New IlaY(;'n Harbor. Conn.····-· .... _________ ... . .. 1 

New York entrance (1873 edition) ...................... . 

I)oto1uacIUver, :Ko. 4 ..................•.••..•.••........... 

Whale Braueh (insidC\ passage. between Broml .und Coosaw 
Rivers), S. C. 

Doboyand Altamaba Sounds, Ga ...... ·-----······ ........ . 
Horn Island PaR8. 'hfiRs. (new edition) 

San ~'ra.nci.sco Bay entrance, Cal. (new Nlition) .......... _. 
Saint Gnorge He-ef antl Crciscent City, Cal._ ... _ .. _ 

Yaquina River entranct:, Oreg ..........•.............•.... 

CO?i.'"TINUED. 

General coast-charts. 

No. V, from Cajl<l Henry, Va., to Cape T.ookout., N. C 
No. XIII, from Cape San Blas to Mississippi Passes. 

Ooast-cham. 

No. 3, ]'renchman's and Blue Hill Bays, Mc .•• - ........ . 
No.4, Peuob•eot Bay, Me ...... ,_ .......... - .......... . 

No. 6, Kennebec entrancfl to Saco llive.r
1 

Me. __ _ 

No.13, Cuttyhunk to Block Island, iuclu.ding Narrangan
sett Ba.y. 

No.20, NewYorkBayandIIarbor .................... . 

No. 43, Pamplico Sound, N. C. (midtlle sheet) ..... - ........ . 
No.87, Pensacola entranr-e, Fla., to Mobile entrance, Ala .. . 
No. 91, Lakes Borgne aml Ponfohartrain, La ............... . 

No.100, Oyster Bay t<> Matagorda Bay, Tex ................ . 
No.107, M&tagorda Bay, Tex .................. ___ ........... . 

No.108, Pass Cavallo and s .. n .Antonio Bay, Tex ........... . 

No.109, .Aransas and Capano Days, Tex.--··· .............. . 
Pwnplir.o River, N. C. (1874edition) ......• ···- ............. . 

1-400, 000 1 a11d ?.. \'\". A. Thompson. 3. H. lLKnig::ht. 4. H. M.Kni{!ht and 

\\". H. IJa.-b. 
1-400. 000 1 :nul ~. \r _\__Thompson. 3 11. M. K11ig-ht. 4. J. G. Thomp1·m11 and 

\Y. JI. llnYi~. 

1-80, 000 2 an<l 3. U. AL Knig:ht. 4 . . A. Pctcrscn arnl J". G. Thompson. 
l-80. 000 1. ll. M. Kni.~ht. 

l-1'11, ooo 4. :E. A. ::\laeu ... l. 
1--80, 000 :2. A. St>u;!te1kr. 4. J. G. Thomp:'-!on anll JI. Y. Rnig"l1t. 
1-80, ooo :.?. _\.._, Scm.rt('ll('r. 3. 11. M. Knight. 4. I~. A. ],fau1d arnl .r. G. Thom1)" 

!iOll. 

1--40, 000 1. 2. and~ . .J. G. Thompson. 3. IL ~I. Knight. 
1-80. 000 2 .• T. Enthoffcr. 4. E. ~i. ~iae.dd and ,J. 0. ThompHOil. 

1-10, 000 1. 2. 3. and 4-. \"\-. IL Kni~bt. 

l-20. 000 ~. JI. C. Evan~. 4. J, G. ThomJHilln and :E. II. Sipe. 

1-:!0. 000 4. TI. ~L Kui:.d1t. 

1-25, (100 4. E. A. :Macdd, A.I)ctcrMen. J. G. Tlwmpsou. W. H. Davi~. and W. II. 
Knig'l1t. 

1-40, 000 3. TI. ::\I. Xuight. 4. A. T'etcrsPn .• J. G. Thompson, mulE. Il. Si pr. 
1-~0. UOO 4. ,T. C. Tl1omtH'IOlland ,,~.II. DnYi:i. 

1-40, 000 1 m1d 2. II.(', EY!lllR. :-t TI. 'M. Kuight 4-. E. A. 1\J::t...-,-ar-1 and A. Pt>

tersen. 
1-40, 000 

1 

2. A. )L Ma{'del. 4 . ..:1... Peh•rs(ln. 

1-40, 000 2. R. F. Dartk. 4. J. G. '.l'hompsou and E. JI. Sipe. 

1-40, 000 4. A. retrnmn. 
1-40, 000- ' 1 and 2. W. A. Thompson. 4. A. J)t>t-0rsen. 

1-50, 000 2 aml 3. W. A. Tlturnpson. 4. A. Peters<'D. 
1-40, 000 

1 
4. J. G. Thompson. 

1-20, 000 ' 3. H. M. Knight. 4. F. Courtenay. 

1-400, 000 4 . .A.. Petersen. 
1-400, 000 4. E . .A.Maedelnnd W. II. Davis. 

1-80, 000 1 and 2. J. Enthoffcr. 4. E . .A.. Macdel. 
1-80, 000 1 aml2. J. Entholfor. •· E. A. ::lfacdrl. A. Petersen, endJ. C. Thomp· 

son. 
1-80, ooo 2. ·w. A. Thompson. 3. H. M. Knight. 4. E. .A.. Ma~clel. 

1-80, 000 1 end 2. J. Enthoffer. 3. H. M. Knight. 4. E. A. llfaedel and A. Pe
tersen. 

1-80,000 land2. W.A.Thompsou. 3. H.M.Rnigbt. 4. J.G.Thompsonand 

H.M.Knight. 
l-80, 000 1 and 2. W. A. Thompson. 4. F. Court<ma~-. 
l-SO, 000 1 and 2 . .A.. Scngkller. 

l-80, 000 3. H. M. Knight. 
1-80, 000 4. A. l'eteroen. 
1-80, ooo 2 and 3. H. M. Knight. 4. F. Courtenay, E . .A.. Maedel, J. G. Thomp. 

son, and W. II.DaYis. 
1-80, 000 2. R.1<'. Bartle. 3. H. M. Knight. 4. F. Courtenay and W. H. Davis. 

1-80, 000 2. R. F. Bartle. 
1-80, 000 1 and 2. ll. M. Knight. 
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~~~~~~~~-T~tt-le~of~p-la_t_e_•·~~~~~~~~~~ll~~~~~~~~~~~E~n-gr_a_,_·e_r_s-~~~~~~~~~~~ 
Harbo-r-cha,rts-CO:t..."TINl~ED. 

Frenchman's Bay, Mc.----............. . ........ 1 

Blue IIill Ba;r, Mc ........... ___ ...... _ ... __ ........ -

fal(I an Haut nay and EggPmoggin ~eaeh1 Ye ... 

Penobiicot River arnl l~eli'ast Ba:y, Mc .......•....... ------. 

Penobscot Bay, Me ............................... . 

.Albemarle Sound, X. C ................ _______ ... __ . _______ . 

lkaufortllarbor, N. C ..................................... . 

Core Romul anrl Strait.>;, N. C _ 

Columbia Uher, Nu. 2, Ore~ .................... . 

Atlantic 

N.C. 

co:u:?trn:xcrm. 

Sailing..chart. 
r 

coast, from Cape 8able, .Mc., to Cape Hntterns, 1 
Coast-charts. 

Ko.~. from thch£>a<lofBa.1n~gnt Bay to A llRf'<'11m lif!ht. K .• T. i 
No. 9i\ Mi:-;siosippiIUver. frmn the Forts tu New01-lcanH, La..! 
No.104. Galveston l~ny and itpproaeheH, Tex .............. . 

Harbor-charts. 

Hichmonffs Isla1ul Ilarbor, Me. (nP~ edition) ..... _ ....... . 

Lake Champlain, No. I (Rou~w'~ Point toCumlwrlarnlHr~ad) .
1 

LakeChamplaiu, No. Il(Curu11crlamUlcatl toLig-oni<·r Point)
1

: 

LakeClmmplain No. III (Enrlingtrm to ColP.;;i Ra~·) __ . 

J_,akeChamplaiu. No. I'°" (Coh•r1 Day to \\~hiklrnll~ ... 

Tau11m ]~ay entrance, Fla .................................. ! 

San Francisco Ba~- entrance, Cal ...................... . 

1-40, OOil 1. W . .A. Tlwmpson. 2. J. Entlioffer. 4. A. Petersen. 
1-40, 000 1. E. Molkow anrl ·w. A. Thompson. 2. ,T, Enthoffcr. 4. A. Peter-

Sl'll. 

1-40, flOO 1. E. 11-Jolko-w an~l W . .A. Tlwmpson. 4. A. re.tf'rscn. 
1-40, 00(1 1. E. Molkow, 1''". A. Thomp8uu, llml J, G. Thomp8uu. 4. A. Pc·tersen 

and J. G. T110mpson. 
1-40, OtJU 1. \\-.- . .A. Thompson. 3. H. M. Knii;!,ht. 4. J. G. Thompson antl F. 

Conrtf'na~-. 

1-200. 000 1 am! 2. A. ~r. ~IaellPL 

1-401 000 2. H.F. Jlartlc. 3. JI. M. Knight.. 4. W. TI. Dp-d8, A. I'f'tcrRe11 1 and 
E. ll. Sipe. 

1-40, ooo 1, :J, a11c14. E. TI. Sipe. 

1-40, 000 4. W. II. Dads. 

1-1, ~00, 000 1 
1-400, 000 , J'l arnl 2. W . .A. Thomp:-;un. 4. J. G. Thom11sou. 

1-80, 000 

1-80, 000 1 anfl 2. TT. C. F.vansi.. 4. E. A. Naeclt~l. 

1-80, 000 1. A. Smg;teller. 

1-80, 000 1 all(l 2. R. :E'. l3artlc. 4. J. G-. Thompson. 

1-20. 000 3. H. 1-f. Knil!ht. 4. __,_\_ J>r,tnRPn and TL lrf. Knigl1t. 

1-40, 000 1. ,T. G. Tltornpsou. 2. TT. C. gvans. 4. F. Courteuay. 

1-40, 000 l .• r. G. T11om}18on. ~- II. C. Evans. 4. F. Courtena~ mul :E. A. 

I Mat•del. 
l-40, 000 i 1 anrl 2. IL C. Evans. 

1--40, 000 i J anll 2. W. A. Tbomp:mn. 

1-40, 000 I 1 and 4. E. H. Sipe. 
1-40, 000 1. E. Molkow. 

--~-----~--- -------'----------~ 



 

APPENDIX No. 6. 

A NEW SYSTEM OF BINARY ARITHMETIC, BY BENJAMIN PEIRCE, CONSULTING GEOMETER, UNITED 
STATES COAST SUHVEY. 

C.AMBRIDGR, February 25, 187G. 
DE.AR Sm: In sending you the inclosed imper upon a new system of binary arithmetic, I haye 

no such extravagant thought as that of a 1mbstitute for our decimal s;rntem. I presume, how-eyer, 
that it is not unsafe to follow in the footsteps of Leibnitz, eYen in his excursions of pleasure. It 
seems to me, also, that it may be interesting to compute some of the fundamental numbers of 
science by a new arithmetic, for the pill-pose of com11arison and Yerification. 

Yours, very truly, 
BENJAMIN PEIRCE. 

GA.RLILE P. PATTERSON, 
Superintendent United 8tates Goa.st Survey. 

1. Leibnitz proposed a system of binary arithmetic w11ich he thought to be peculiarly fitted to 
exhibit the symmetry of certain arithmetical operations. Misled by erroneous reports, he lielieved 
that a similar system was originally used by the Chinese, as long as two thousand years before the 
Christian era. 

2. The syst.flm here proposed retains the advantages of that of Leibnitz, while it is more 
economical of space, more so even than our ordinary decimal arithmetic. It admits of ready trans
formation into any other system of which the base is some power of two. 

3. In the new system, as in that of Leibnitz, there are only two elementary characters, a Yer
tical straight line and a circle, but their mode of use is interchanged. Leibnitz adopted the ordi
nary mode of ciphering, in which the circle, called the ci1)her, occupies each Yacant s1mce, while the 
vertical line is the only significant digit, and re1nesents unity. In the new system, on the con
trary, the straight line denotes zero, and occupies each Yacant space, while the circle is the siguifi
cant digit, and stands for unity. 

4. The places in the arithmetic of Leibnitz proceed continuously from right t-0 left, as in ordi· 
nary arithmetic. But in the proposed system each odd place has, written above it, the next higher 
even place. Two such successive places constitute a pair, and the pairs succeed each other regu
larly from right to left. 

5. Leibnitz required only two forms of type, corresponding t-0 his two characters. But the new 
system involves three different forms of types, conforming to three clifforent forms of the pairs. 
The circles, which represent unity, must be small enough to be written over each other, so that they 
are naturally reduced to a size such that the width of space occupied by a pair will be only 1ia1 
that of the ordinary figure. The three different form of pair are I ! : , and there is also j , which is 
the inversion of the second form. 

6. Leibnitz proposes no nomenclature for his arithmetic, without w-hlch it is practically useless. 
In the new system, it is proposed to call each combination of two successive pairs, of which the 
right hand is an odd pair, a quadraw. There are, then, sixteen (or in the new system onety) di!l
tinct quadrates, of which the names and numerical representatives are as follows: 

zero = I ! = I , four = ! I , eight = j I , douze = : I 
one = I ! = ! , five = ! ! , nine = j ! , treize = ! : 
two = I j = j , six = ! j , ten = j j , quorze = : j 
three = I : = : , seven = j : , onze = j : , quinze = : : 

The successive places of the qnadrates, counting from the right, are called units, ties, tries, 
quads, quints, sics, septs, and octs, which eight places constitute an octad. Each successive octad is 
divided into two parts, ea.ch of which consists of four qnadrates. The right diYision of the octad 
is distinguished by the termination illion, and the left moiety by the termination illiad. The right. 
hand divisions of the octads are thus named, successively, illions, billions, trillions, and so on, while 
the left-hand divisions are named illiads, billiads, trillW.ds1 and so on. Iu the case of very high 
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numbers, however, and especially when the lower portion does not require to be designated, the 
Greek ktter r; muy be placed after the numbers of the octade, with an exponent m, which shall 
expres,.; the place of the octadc, an<l which shall be designated in eimnciation, whether second, 
third, &c. This latter s.rstem corresponds to that adopted by Archimedes in his Arenarius. 

7. The number 
2'n-2m-1=2m-l= i m_ l m-1= l 11i-l 

is written with onl.r one significant digit in the m'h place. 
8. The number 

in which 
1n>n 

consiRtR of m-n significant digitR placed in continuous order, of whicl1 the highest digit occupies 
the m'h Jllacc, and the lowest digit the n+ !'t place. 

9. Hence it follows that eYery number can he expressed in the form 

jm-j"+j"''-jn'+im"-j'•"+&c., 
in which 

m>n>m'>n'>m">n">, &c., 
and where m, m', 111 11 , &c., correspond to the highest places of the successive groups of continuous 
digits, and n, 11 1

, n", &c., to tlw higliest places of the succeRsive groupti of continuous zeros. 
10. In multiplication, we have 

(im-i"') (jm' -j n')=!'n,+m' -pn +n' -jm1+ "+ jn+n' 

=j"• + m1 
-im + n' +!+ im+n' -jm'+n+ j"+ n', 

in which we ma,y assume 
m>1i m'>n' m-n>ni'-n' 

so that the product is a number of which the highest unit occupies the m+m'"' place, and is the 
fir8t of m/-n'-! continuous units, at the rate of whicb is a single Yacanc;y, followed by (1n-n)
(m' -n') successive units, and afterward by rn' -n' -! vacancies, and lastly a unit in the ni+n' + !'' 
place. This proposition supplies the place of a large multiplication-table. A skillful arithmetician 
will readily apply the principle upon which it iR founded to facilitate multiplication and divitiion. 

11. ·whenever a given num bcr is divided into sets of m places, beginning at the right, it is 
evident that the sum of these sets divided by the number 

jn-! 

gives the same remainder as the number itself when diYided by this divisor; and if the remainder 
io; zero, the given number i8 divisible by the 11roposed divisor. The principle of this proposition is 
that which in ordinary arithmetic justifies the casting out of the nines. This divisor consists 
wholly of units. 

12. 'VVhenever the difference of the sum of the fir8t, third, &c., sets of the preceding article
i. e. of the uneven sets and of the sum of the even sets-vanishes or is divisible by 

jn+!, 

the given munber is also divisible by this di...-isor. The principle of this proposition is identical 
with that of the criterion in ordinary arithmetic for divisipility by eleven. The divisor of this 
article consist1> of two units separated by n-! zeros. 

rn. The well-known expression of a perfect number becomes in this arithmetic i' n+ i_l" 
in wliich i n + ! - ! muRt he a prime number. 

This requires that n + ! should he a prime number, although this condition is not generally 
sufficient. 

14. \Vere this arithmetic to be much used, which is quite improbable, the forms of the :figures 
would undoubtedly become more flowing. They might come to resemble the present 6, 9, ands, or 
they might. assume the character of the Greek <p, or the circles might simply degenerate into CI'90ks7 

more or less sharp, according to the peculiarity of the writer. But these variations would readily 
be understood, and would not embarrass the reader. 



 

APPENDIX No. 7. 

A CATALOGUE OF STARS FOR OBSERVATIO~S OF LATITUDE. 

The following ca,blogue super . .;;edes the "List of Stars for Obserrations of Lalitudc," printed 
as an Appernlix t.o the Coa~t Surve,Y Heport for 1~73, b~- giYi11g tlt>cliimtiom; aH accurate as ohtain
able, and right ascensions to the nearc.'it second. It thm; furnitihes the meam; of computing at 
once the resulb; of obseryations for latitude withollt waitiug for tht• eollatiug of Yariou;.; astronorni('.al 
catalogues in onler t.o drnlnce tile best obtainable deelinatiou;.; for tl1e st.a.rs obserYeu. J•'or the pur
pose of a finished reduction it will always be a.11\'isable to make such collation, as more recent 
ohserYatiom;, or the discussions now in progress of syistematic errors in existing Star Catalogues, 
may serve to correct tlle places containml in tllc present etLtalogue, from ·wl!ich, howeYer, Ycry 
sath;factor,v results will he obtaiued. 

It. has beeu the custom heretofore iu the Ooast Surn·;\- to select from the British Association',,; 
Catalogue the pairs of stars suitable for the determination of latituck, by the met.hod of obserYing 
equal merillian ze11itl1-clistances with tlie zenith-telescope. Tl1e m1mher,; of the stars so ;;elected 
for observation at any station were sent to the otlice, where the mean dt>c:linations f'l>r the year of 
observation were obtained by reference to all recent catalog-ues of precision, eomprii;ing the seYcml 
Greenwich Catalogues, the \Yashingtou Observatious, tlle Radcliffe aml Armagh, and, where these 
failed, the Humker Catalogue. For starH not found in at least two of the:se catalopw,;, arnl those 
which exhibited large discrepancies in position, express ollservations were made, by request, at the 
observatories at \Yasbington and Cambridge .. 

This practice of deducing· the declinations of stars from observations made ·with different circles 
and under varied circumstances has led to a great degree. of precision in tht• assumed declinations. 
The stars used in the method of equal zenith-distances comprise those dmrn to tlie sixth magni
tude, most of which have not been the object of precise determination as standard stars. Still we 
find that the proliaule error of the decliuaiiou of a star deriYe<l in the mauner aboYe mentionecl 
does not exceed ::1::0".3. Aud the probable error of one ohi;ervation ·with the instrument" used 
being between 0".3 and 0".5, the oh8ervation of sLxteen pairs of stars on four nights never fails to 
reduce the probable error of the latitude belo"- 0".l. 

The British AsRoeiation's Catalogue is now very difficult to ohtain, and its co11stauts han• 
become obsolete by lapse of time. Tlte continued demand 011 the office for copic" which ccmlll uot 
be procured led to the preparation of the catalogue given below, \\·hich is iutewleti to replace it as 
a list of stars available for the obserYation of latitude l)y the zenith-telescope in the limits of the 
United States. 

Thill catalogue compriseR all the Rtars found in the "Bonner Y crzt.•ichniss" or 1' Xor<llil'he 
Durchmustcrung'' of Argelander, inelucled in his northern zones and his zone of l 0 Routh dcelina
tion, and to his sixth magnitude, inclm,;i.-e. 

The list was selected under the direction of .t'.ssistant 0. S. Peirce, and the 11amc1> of the stars 
were assigned by him on the following principles: 

1. If the star has a letter assigned by Bayer, it is so desiguat('d. If the latitude and longitude 
correspond with a star of Tycho's Catalogue, this star is considered to be Haycr'K. If tliere was 
any diflicult.y in identifying Tycho's star, the identification was guidt>d iu 1wn•ral cases by remarks 
in Argelander'A "De fide U ranometriae Ba;reri." If the star is not in Tycl10 it waR Hought iu 
Ptolemy's Catalogue. In such case the icfontitication with Ptolemy has geuerall~- b<,en madt• through 
the edition of George of Trebizond, which seems to agree very closely in its readings with the one 
used by Bayer. 
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Argelander states that Bayer used the edition of Schreckenfnchs. But the identification of 
Ptolemy with the hea>ens is based on Mr. Peirce's transcript of the Paris manuscript, an accouut 
of which he has presented to the American Academy of Arts mid Sciences. If Bayer's star is 
neither in Tycho nor Ptolemy, it is then identified by it.s configuration. The letters thus a8signed 
nearly always agree with those given by Argelamler and l~aily, except where these authorities 
differ. In regard to the index num1Jer8 attached to a few of the letters, Bayer has heen followed as 
to the number of stars lutYing one letter, and they haYe been numbered in tlw order of their right 
ascension at the epoch of Flamsteed'8 Catalogue. In cases where Bayer indicate8 only one star, and 
hi8 star comprehemli; two, these have been distingufahed as precediug (pr.), and following (sq.), or 
north (hor.), and south (aust.). The Roman letters are always in Roman type. 

In the six constellations where Bayer hi1s a Roman o, this letter and the Greek a arc preceded 
by Flamsteed's numher11. 

2. If the star is a variable, it has the letter gh'en it by Schonfeld. 
3. If the star has no letter assigned by Bayer or Schonfeld, it is designated by Flamsteed's 

number, when put hy him in the same constellation as by Heis. In identif~'ing _FJarnstecd's stars 
the a.ntl1ority of Haily has heru followed. 

4. If the star is in none of these lists, the Durchmusterung zone and number are given. D. M. 
is the ahbrrviation used for Durchmusterung. The magnitudes have l)een reduced to a scale of 
"equable distribution" according· to the methed explained in Mr. I>eirce's Photometric Researches, 
in the Annals of the Harvard College Ohsen-atory. 

The place;; of stars given in this catalogue have been prepared, under the immediate direction 
of Assistant Hilgard, hy Assistant 0. H. Tittmann, aided by C. Ferguson, H. W. Blah', J.B. Baylor, 
A. Braid, and ~.\.. H. Scott. 

The ri[tht a.~cension11 are given to nearest Reconds of time only, as that is amply sufficient for the 
special purpose of the catalogue. The right ascensions of a great numher of stars are found in 
other catalogues expressly prepared for observations of time, such as the Coast Survey Standard 
Mean Places of Fundamental Stars, prepared by Dr. B. A. Gould in 1862, and the Field Catalogue 
of 98:-l Transit Rtan;, prepared by Assistant G. DaYidson, and published in 1874. Moreover, the 
American Ephemeris and Nautical Alumnae will be geuerally used for the determination of time, 
as it gives ready to hand the apparent plaees of quite a sufficient number of convenient stars. 

It is unnecessary to state in detail the process by which the right ascensions and their annual 
variations have been deduced, a8 only the nearest second of time is given; the computations, how
ever, were carried t-0 tenths of seconds. 

'.rhe declinations have been deduced by a comparison of all modern catalogues of precision, 
notably the following, viz : 

Greenwich New Seven-Year Catalogue of 2760 Stars, 1864. 
Greenwich Seven.Year Catalogue of 2022 Stars, 1860. 
Greenwich Six-Year Catalogue of 1576 Stars, 1850. 
Greenwich Twelve-Year Catalogue of 215li Stars, 1836-1847. 
Washington Catalogue of Stars, 1845-1871. 
Astronornische Gesellschaft (mean aml apparent places of 539 Stars for 1878). 
Radcliffe Catalogue of 6317 Stars, for the epoch 1845. 
Second Hadcliffe Catalogue of 2356 Stars, for the epoch 1860. 
Armagh Observatory Catalogue. Places of 5345 Stars, observed from 1828 to 1854. 
British Association Catalogue of Stars, reducecl to the epoch 1850. 
Rumker's Catalogue. Mean places of 12000 Stars for the epoch 1836. 

This examination has revealed the fact that there are in the northern heavens numerous stars 
as bright and brighter than the sixth magnitude, whose places have never been determined 
with precision, and that there are as many as 250 stars in this list that have either never been 
obserYed at all with precision, or that are not found in any catalogue more recent than that of the 
Briti8h Association or Radcliffe (1). Such stars are marked with an asterisk (*) in the present 
catalogue, and a list of them bas been furnished to the principal observatories, with the request 
that their positions be determined with accuracy. 
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All other stars have been found in one or more of the recent catalogues of precision, and gen
erally with not less than four observatiom;. Nearly two-thirds of their number ha<l beeu hereto
fore used for latitude ouservations in the Coast Survey, and their position::; <lednec<l hy a compari
son of the catalogues aboye mentioned. This work had been performed in the Computing DiYi::;iou 
of the office, under the direction of Atisistaut C. A. Schott, by :l\fr. James ::\laiu, whose methods 
were followed in deducing the places of the remaining stars. The laTge numuer of results for 
latitude obtahwd with the ui:;e of tleclinations so deduced justify the statement made al1ove that the 
average probable enor of the declination of a staT as here giYen wjll not exceed ::l:: 0".3. 

The annual precession in declination was computed for every minute of time by the expression 

.d a= 2011.054 cos a 

and that belonging to any particular star was obtained hy interpolation. 
The proper motions giYen in the last column were taken from the Coast SUITey Catalogue of 

Fundamental Stars, from the SeYen-Year New GreenwicL, the Radcliffe (2), and the British 
Association Catalogues in that oruer of preference. 

The introduction of thirteen starn omitted from the former list, and the trans1)()sition of some 
in order to preserve the order of rig-ht ascension, occasion;.; a diffen'11cc in the serial numbers of the 
present list as compared with the former, wb.ich must now IJe considered as entirely superseded . 

• T. E. JIII,GARD, 
Assistant U. S. Goa~t Suri•ey, in charge of Office. 
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2 4 

3 7 

4 

Ll 
6 16 

8* 

9 26 

IO 2S 

II 32 
12* 

13 

I..! 

15 46 
16 51 

17 52 
18 58 

19 
20 60 

21* I 

22 67 

23 79 
24 83 

25 IOO 

26 IOI 

27 102 

28* 

29 109 

30 120 

31 121 

32 126 

33 r30 

34 r42 

35 147 

36 146 

37 r.iB 

38 152 

39 153 

40 155 

41* 

42 158 

43 164 

4·1 165 

45 Ith 

46 170 

47 IOI.) 

48 r13 

49 175 

50 178 
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CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Pcgasi 

Pcgasi 

35 Piscium 

Andromcdx. 

Ca:;sin1,cx 

D. l\1. -l7c. 50 
tt Andromccl:c . 

" Andromcdm. 

Andromed:c . 

26 Andromcdm . 

Andromcd:c . 

p An<lromctlac • 

Cassiope:c 

C:issiopcm 

Andromed:c . 

47 Piscium 

48 Piscium 

Cassiopcx 

28 Andromedru. 

Antlromed:c . 

J, Ca~sio1)c~c 

K Cassiope:c 

52 Pi sci um 

D. l\1. 12°, 57. 

14 Ce ti 

Cassiopcre 

Cassiopere 

Andromcd:c . 

I Cassiopere 

"' Andromedre . 

A n<lromedai . 

An<lromedre . 

t An<lromedre • 

Cassiopem 

1\ Andromctl:c . 

55 Piscium 

" Cassiopere 

32 Andromedre , 

CaRsiopere 

Andromedre . 

6.o 

4.9 
6.o 

5.8 

5.8 

5.8 

6.o 

4.8 

4.4 
5.8 

G.o 

5.8 

5.4 

5.8 

5.8 

5.4 

5.3 

5.8 

5.8 

5.5 
5.8 

5 · r 

4.5 
5.4 
5.8 

5.9 

5.7 

5.8 
5.3 
3.8 

4.2 

6.o 

5.7 

4.4 

5.6 

3.5 

5.4 
var. 2. 5-2.8 

5. I 

6.o 

6.o 

I 

I 

JO 03 3· II 42 55 44.6 

IO 32 3.20 60 SI 5S.~ 

IO 49 3.q 47 ~6 49.3 

ID 49 3. II 38 00 55,7 

12 04 3.r2 36 07 II. 5 

12 21 3. I2 30 51 04.0 

12 23 3, r4 43 07 29.3 

0 Lj. 5 + 3. r3 32 15 .... 
I-! 48 3. rs 37 18 16.2 

17 48 3.20 51 21 17.5 

IS 37 3.2I 52 22 53.9 
21 47 3. 19 43 43 51.0 

21 48 3.12 17 13 43.2 

21 59 3. II rs 46 54.5 

23.7 3.30 59 rs .... 
23 48 3. I 5 29 05 23.8 

25 03 3. 17 32 55 09.2 

0 25 10 + 3.28 53 5r 34.7 
26 II 3.36 62 16 10.3 

26 r8 3 .14 19 38 00. 5 

28 42 3.11 12 42 43.0 

29 23 3.08 l 09 56.2 

29 28 3.31 53 30 26,I 

29 39 3.36 59 39 54.5 

30 rs 3.24 43 49 34.8 

30 r1 3.31 53 I..J. II .2 

30 28 3. 19 33 03 31. 3 

0 30.8 + 3. 15 23 21 .... 
30 56 3.20 34 44 20. I 

32 13 3. rs 28 39 37.2 

32 32 3.29 48 41 40.4 

32 55 3. 19 30 r2 14.0 

33 37 3. l 5 20 46 48.0 

33 42 3.37 55 52 44.I 

34 37 3.25 38 48 00.3 

34 55 3.52 65 29 21. I 

35 rs 3.20 23 58 16.3 

+ 20.05 

20.05 

20.05 

20.05 

20.05 

20.05 

20.05 

20.05 

20.04 

20.04 

+ 20.04 

20.04 

20.04 
I 

20.U.f 

20.03 

20.03 

20.03 r 
20.02 

20.02 

20.02 

+ 20.01 

20.01 

19.99 

19.99 

19.96 

19.96 

19.96 

19.95 

19.95 

19.93 

+ r9·93 

r9-92 

19.92 

r9·90 

T9.89 

19.89 

r9.89 

I9.88 

19.88 

19.88 

i + 19.87 

19.87 
I 19.85 

19.85 

19.84 

19.84 

I9.84 

19.82 

r9.82 

19.82 

+ .oo 

.us 

+ .02 

.05 

... 
- .or 

... 
- .01 

- .04 

... 
+ .02 

. .. 
- .02 

... 
- .03 

- .or 

+ •II 

+ .OI 

. .. 
- .07 

... 
+ .02 

+ .02 

- .03 

+ .03 
- . 14 

+ .04 
.oo 

+ .01 

+ .01 

+ .02 

. .. 
- .04 

- .24 

... 
- • JI 

- .or 

- .03 

+ .02 

... 
+ .02 
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I No. : B. A. C. Constcllafon. 
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51 180 

52 189 " C"ssiopc::e 

53 ! i94 21 Cassiopea:: 

54 197 ! Cassiope;i:, 

55 r98 n Cassiope'8 

56 I 201 Ca~siopem 

57 

58 

59 
60 

6r 

2o6 

211 

213 

215 

218 

23 Cassiope£D 

57 Piscium . 

58 Pisciurn . 

Andromcdm. 

11 Cassiopero 

62 219 v Cassiopocrc 

63 22r Piscium 

64 222 Piscium 

65 223 (>-l Pisciun1 

66 i 227 v Andromed;i:,. 

67 229 Piscium, (1st*) . 

68 228 Cassiupe~ 

69 239 i Cassiopca? 

70 2-tz 20 Ceti 

7I 2-!4 i" Cas,iopero 

72 247 66 Piscium . 

73 250 36 AndrorncJx. 

74 253 Cassiopecc 

7-* , ' 

76 254 

7i 259 

75 I 26.f 

79~. 261 
So i 267 

Sr 269 

82 262 

k Piscium . 

,,, Cassiopea; 

µ. Andromed;i:, . 

'I Andromed;i, . 

Cassiopcao 

h Pisciuw 

Pi sci um 

Ccphci 

39 Andromeclm . 

84·~ 285 a Piscium . 

85 288 Pi sci u1u . 

86* Cassiope;:c 

87* D.M.5r'.220 

88 295 2& Ceti (N. star). 

89 303 73 Piscium 

90 305 72 Piscium 

9r 307 1/J1 Pisdum (pr.) 

92 308 1f11 Pi sci um (sq.) 

93 314 /t Cassio pcm 

94 318 41 Andromedao. 

95 322 1/!2 Piscium 

96 320 Cephei 

97 328 e Piscium 

98 330 9 Andromedro . 

99 327 3 l Cassiopcro 

100 334 i3 Andromeda-: • 

IIIag. 

5.1 

5.3 

5.5 

6.o 

5.0 

5.7 
5.5 

5. I 

5.0 

4.3 

3.5 

5. I 

5,8 

4,4 

5.5 

4.9 

5.3 

5. i 

5. 1 

5.0 

5. 0 

5.8 

5.9 

2. 1 

5.8 

5.0 

4.1 

4.5 

5.6 

5.8 

5.8 

4·7 

6°3 

5.3 
4.2 

6.0 

5.8 

6.0 

6.o 

5.6 

4.9 
5.8 

5.3 

5.3 

5.5 

5-4 

5.5 

4.5 

5.8 

2.4 

: Annu"l 
A. R. iESo. 'Varicltion. 

DecUnation 
I SSC). 

h. m. s. s. 
0 35 23 

36 50 

37 45 

37 4G 

3'l 03 

3S 2S 

39 47 

40 1G 

-10 46 

40 59 

o -1r sr 

42 02 

42 o:: 
.i~ 27 

.12 -10 

-t3 12 

-13 26 

-13 27 

45 55 

46 52 

u 47 53 
4S 14 

4S 33 

'19 29 

-19 32 

49 32 

50 06 

50 4S 

50 56 

5 I 21 

0 51 37 

52 36 

56 IO 

56 rs 
56 43 

56 5(1 

57 

57 38 

5S 40 

58 45 

0 59 15 

59 16 

I 00 IS 

or 08 

01 31 

I 01 57 

02 II 

02 32 

02 33 

03 Ol 

+ 3.32 

3.30 

3.S-1 

3.30 

3.32 

3.-10 

3 .S9 

3. IJ 

3. 12 

3 · lj 

..t9 51 lJ,j 

~(1 22 05.6 

i-1 r9 54.0 i 

.. fj 12 22. 3 

·17 37 39.1 

54 33 49.3 

7-1 T! 29.3 

14 -19 Lj.3 

II r9 lf.6 

23 36 51.0 

57 w -13.S 

3.37 50 18 46.5 

3.13 4 39 47.4 
J.II 6 55 5-t.6 

3.14 16 I7 33.4 

3.2S ~o 25 30.7 

3.21 27 03 24.4 

3.5S 63 35 36.9 

3.53 60 27 52.5 

3,06 - I 47 45.7 

+ J. 5 l 58 Hj 20. I 

3.r6 rs 32 I/.3 

3. 20 22 5 s 42. 9 

3.57 (;o 03 59.0 

3.22 

3.53 
3.30 

3. I9 

+ 3.q 

7.10 

3.35 

3.27 

3. II 

3 .&6 

3.49 

3.os 

3. II 

3. I(J 

+ 3.21 

3.2r 

3.93 

3.p 

4.91 

3.us 

3.45 

3. 97 

3, 3.:1 

26 33 30.0 

5S JI 56.0 

37 50 54.3 

22 46 09.1 

65 ..j.2 II.3 

28 20 35.7 

13 02 4S.o 

85 36 44.1 

40 41 59.2 

31 09 3j.O 

1-1 37 .3 

Go 5& 

sr sr 
0 43 22.2 

00 46.4 

q 18 OJ.4 

20 49 20.9 

54 I9 5 I. 0 

43 18 08.9 

20 o0 OI . .J 

i9 02 03.3 

5 00 52.3 

46 30 05. s 
68 08 23.0 

34 59 02.9 

87 

Annu~l Proper 

Precession. 11oti<m. 

19.S2 

19.79 

19. 70 

19.iS 

19.75 

19.75 

.05 I 

.lJl 

.06 

.03 

.oS 

H). 75 .O.j 

19. 74 .04 

Il).7-1 ! + .06 

.07 

19.i2 .07 

19.72 -I.IS 

19.71 .05 

II). j'I • 16 

19.70 .01 

19.69 .03 

19.69 .03 

19.63 + .05 

19.63 .or 

+ r9.G2 .09 

19.61 + .04 

lg.GI ,00 

I<J.59 + .02 

r9. 59 

19.59 

IC). 58 

19. 56 

19. 56 

19.55 

..!.- I9. 55 

r9.53 

19.45 

Il).44 

I9.H 

19.44 

I9-4+ 

r9 . .:12 

If). 40 

Ig.40 

+ IC).39 

I9·39 

I9·3G 

19.35 

r9.34 

19.32 

19.32 

I9.3l 

I9·3I 

r9°30 

+ .oS 

+ .05 

+ .or 
.oo 

.or 

.05 

.00 

+ .03 

.07 

.02 

+ .05 

.02 

.03 

-I. 55 

.04 

.10 

.19 

+ .oz 
.OJ 

.09 
'---------------'----~---------'----_:_ ____ __;_ ______ _ 



 

88 REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

I i I I Annual I Declination I Annual I Proper 
I No. B.A.C. ,i Constellation. Mag A R. 1880 V · · I Ip · M · . I-:, --,~, '·"' P;;d"m • ----- ---5-.-,·--I--:,-. -~-3-2-55-. -·1 ll_-r_a_r_:-:-:

0
-r n_. 1 _r_g-:-:-so_1~-.-2-1 ~'::·::" 11 ~-"': I 102* 335 Cassiope:e 5.8 03.7 3.81 63 34 19.28 

"' Piscium . 5.8 03.S ' 3.24 24 50 . .. . 19.28 I 
!

I ::~* 339 fJ Cassiopere 4.6 03 48 3.61 51 30 40.4 19.28 

105 338 32 Cassiopem 5.8 03 53 3.78 64 22 48.8 19.28 .01 

I06 344 33 Ceti 6.o 04 23 3.08 r 48 23.6 19.27 .02 

107 
108 

109 

IIO 

III 

II2 

113 

lq 

IIS 

116 

IIj 

I I 8 

114 

120 

121 

122 

123 

124 

125 

126 

127 

128 i 

129*, 

i3o*I 
131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145* 

146 

147 

148 

149 

150 

343 

345 

348 

349 

1 45 Andromeda:. 5.8 04 25 3.31 37 05 08.5 

365 

368 

g Piscium 

X Piscium 

1 1 Piscium 

I ~ Piscium 

Piscium (rst *) 

363 Cassiopcre 

374 38 Ceti 

388 f Piscium 

395 • v Piscium 

393 Cephei 

400 42 Ccti 

401 Pi sci um 

360 a Ursa: Minoris 

404 f Andromedre . 

409 47 Andromeda: . 

.fI2 1/i Ca~sinpe:r, 

4rl) J Cassiopere 

425 Andromeda: . 

427 p Piscium • 

431 94 Piscium . 

432 w Andromedro . 

D. l\i. 40", 289 

Cassiope:e 

441 Andromeda! 

448 µ Piscium . 

453 1J Piscium • 

456 X Cassiopcre 

468 ~o Cassiopcm 

480 v Andromeda: . 

482 Cassiope:e 

487 v Persei. 

488 rr Piscium • 

492 x Andromeda: 

501 Andromeda: . 

502 r Andromed:e . 

499 42 Cassiopere 

sro Andromeda: • 

D.M. 25°, 276 

5 r4 Trianguli • 

516 Trianguli • 

518 v Piscium • 

515 4-t Cassiopere 

523 107 Piscium • 

5. 3 04 30 3 .:30 30 47 08. 2 

4.6 05 00 3.21 20 23 45.9 

4. 2 05 03 3. 29 29 27 07. 6 

4. 5 

4.9 

6.o 

5.7 

4.9 

5.8 

5.0 

2.7 

6.2 

5.1 

5.8 

5.1 

5.8 

6.o 

5.5 

4.9 

3.9 

5.6 

5.2 

4.3 

5.8 

3.8 

5.6 

5.2 

5.9 

5.6 

5.6 

5.2 

5.8 

5.8 

5.8 

4.7 

5.7 

5.3 

I 07 I4 

07 28 

07 36 

08 41 

lI 36 

12 52 

r3 16 

I3 40 

I4 29 

LI 46 

I 15 17 

r6 49 

I7 28 

I 7 59 
19 16 

19 47 

20 13 

20 29 

20. 5 

22.5 

I 22 54 

23 54 

25 04 

26 06 

28 57 

29 46 

30 r; 

30 38 

30 44 
32 09 

I 33 28 

33 30 

33 39 

34 29 

34.6 

34 53 

35 08 

35 II 

35 13 

35 59 

+ 3.25 23 56 54.0 

3.13 6 56 24.8 

4.20 71 06 29.9 

3.05 - I 36 58.0 

3.09 2 58 56.5 

3.28 26 37 58.9 

5.08 78 05 48.6 

3,07 - I 08 22.5 

3.30 280039.7 

21.64 

+ 3.50 

3.42 

4.15 

3.87 

3.50 

3.22 

3.23 

3. 56 

3.47 

4· II 

+ 3.56 

3.14 

3.20 

3.87 

4.66 

3.49 

3.87 

3.65 

3.17 

3. 57 

+ 3.56 

3.52 

4,55 

3.63 

3.32 

3.37 

3.45 

3. 12 

4.02 

3.25 

88 40 08.9 

44 53 57.7 

37 05 17.9 

67 30 IO. 3 

59 36 39.4 

42 50 05. 4 

18 32 49.3 

18 37 06.2 

44 47 11,8 

40 29 

65 29 

46 23 15. 9 

5 31 26.7 

q 43 37.0 

58 36 55.6 

72 25 39.5 

40 48 17.3 

57 21 55.7 

48 or IO. 5 

II 31 38.6 

43 46 30.3 

42 4I 25.8 

39 58 05.5 

70 00 54.5 

42 ()() 40.2 

25 oS .... 

29 26 24.2 

34 38 22.6 

4 52 47.0 

59 56 42.2 

I9 4I 05.I 

19.27 

19.26 

19.25 

r9.25 

+ i9.20 

19.19 

Ig. HJ 

19.16 

IO.OS 

19.06 

19.04 

19.02 

19.00 

18.99 

+ 18.98 

18.94 

18.92 

18.90 

18.86 

18.85 

18,84 

18.83 

18.83 

18.77 

+ 18. 75 

18.72 

18.69 

18.65 

18.56 

18.54 

18.52 

18.51 

18.50 

18.45 

+ 18.41 

18.41 

18.40 

18.37 

18.37 

rS.36 

rS.35 

18.35 

18.35 

rS.32 

+ .06 

.03 

.or 

+ .03 

.06 

+ .02 

+ .2! 

.02 

+ .05 

.or 

.05 

.00 

.or 

+ .02 

+ .02 

.04 

.o+ 
+ ,02 

.Ol 

.IO 

.03 

.18 

+ .02 

.03 

+ .02 

.37 

.14 

+ .03 

.09 

.02 

.o6 

+ .14 

.04 

.03 

.66 



 

!'lo. 

151 

152 

153 I 

154 

155 

156 

157 

158 

159 

160 

171 

172 

173 

17-1 

'75 

176 

177 

178 

179 

180 

181 

182 

183 

18.i 

185 

186 

187 

188 

189 

190 

191 

192 

193 

'9-t 

195 

ig6 

197 

1<)8 

199 

200 

THE UNITED ST.A.TES CO.A.S'l' 8Ulffl:W. 

CATALOGUE OF STARS FOR OBSERVATIONS OF L\T!TlJI>E. 

B.A.c.: 

522 

537 

SH 

546 

556 

55S 
561 

56-t 

566 

569 

568 

572 

5 7-t 

577 

579 

580 

592 

588 

593 

595 

597 

600 

610 

608 

t\11 

6q 

625 

624 

628 

Constellation. 

• Per sci. 

Pisdurn 

D. ~I. y;', 372 

4 Arietis 

A rietis 

Persei. 

Arictis 

Cassio pea: 

55 A ndromed"' . 

Tri:rngul i . 

Cassiope:e 

Arietis (:-.;orth Star) 

Pisciun1 

13 Arietis 

56 A nrlromedw (pr.) 

56 Andromedx (sq.) 

Arietis 

('assio pc;-c 

j. A netis 

A Cassiopex 

.J7 Cassiopc"' 

50 Cassiope:e 

52 Cassiopccc 

.\9 Cassiopece 

53 Cassiopcao 

.J Persci. 

n Piscium (sq.\ 

Trianguli . 

;· Andromedrc . 

630 10 Arietis 

633 (io Ceti 

6.q " Arictis 

6.)8 a A rietis 

64q 58 And romed;c 

653 Persei . 

656 fJ Trianguli. 

657 q Arietis 

665 I 5 Arietis 

668 55 Cassiopea: 

675 6 Trianguli(1ststar) 

676 t; Andromedao 

11 Arietis 

If) Arietis 

~i Ceti 

7 Trianguli. 

21 Arictis 

,5 Trianguli. 

y Trianguli. 

ff Arietis 

c Andromeda:. 

l\lag. 

5 .6 

5 .6 

3.4 

5.6 

3.5 

5. I 

3.S 

4.3 
2.6 

5.8 

5.S 

5.5 

5.S 

.j.9 

.j.6 

5. I 

·1 ·I 

5.S 

5. l 

5. C) 

4.9 

3.6 

5 5 

2.2 

5.7 

5.5 
2.2 

5.u 

5.8 

3.1 

.j.y 

5.7 

6.1 

5.0 

.J-9 

5.4 

5 7 

-t-5 

5.2 

5.7 

5.0 

4.2 

5.7 

5.6 

A. R. 1880. 

h. m. s. 

3b Ol) 

3CJ 04 

.jI 34 

41 40 

43 3r 

H 07 

H 30 

-15 47 

.jtJ 05 

46 15 

I 4(i .j2 

._i(J 57 

..J.i 21 

.is or 

4$ 4lJ 

.j'J 02 

50 +S 

50 45 

5 l I 3 

52 oS 

I 53 0'J 

53 r 3 

53 57 

5.J o-l 

5-1 19 

55 50 

5t) 32 

56 SI 

I 5 7 02 

59 51 

orr 25 

01 I 5 

02 05 

02 24 

02 3(J 

03 59 

05 05 

05 25 

2 05 42 

06 05 

06 31 

06 38 

08 5 r 

oS 5-l 

O<) 4.\ 

IO I I 

II 27 

II 33 

Annu3-l 

Variation. 

s. 

3 73 
3. IfJ 

. 3 I 

3. 5 7 

3.40 

:,.10 

3.30 

J-~4 

3. 5-t 

3.26 

4.35 

3.33 

4 .O'J 

4 . .jO 

5. 5-t 

-l ·37 

3.95 

3 . .j() 

Declin~tiun 

I SSfJ. 

jO 05 00. I 

33 I I . .\ 

rC 21 2S. 2 

21 .j(J 4+ .4 

5·-i 33 n7 ·I 

io ::!U 5-l .o 

t)3 u~ -P .7 

..JU U'.'.' I I. 5 

2S 5'J 37. 3 

6S u:; ._to . .1 

3(; 41 llJ.-+ 

3r; 3~ -l5. 5 

6.i 02 12.3 

23 on 3CJ. I 

jD Iq 2(J,0 

j L 5n 22, 1 

2 II DO.J 

J:! ..J.2 IS . ...J 

..p -15 10.S 

3·3<J 25 ~[ 2:.2 

1 3.08 - U ZJ 02.~ 

3.{J() 37 17 21 ,2 

3-05 53 J(i jI .I 

::;.55 34 25 08.3 

3.40 25 ,.,.,., 15.3 

3.31 1S 5t1 no.8 

4.(,2 (i5 57 3b.S 

+ J.j4 -13 JO l).j.O 

3.34 

3.26 

3.53 

3.3y 

3. ()4 

3.55 

3.33 
3.S4 

20 3S 47.0 

q 43 oo.S 

S J Ii 5 S. 7 

324So1.{\ 

24 29 09.5 

33 ..JO 2j. i 

33 I7 JO . .\ 

l<J 20 .j2.9 

46 -t'l 31.2 

-----------------------·----------·--·--'--- . -·· --··------·--- ... -- ------ -

S. Ex. 37--12 

89 

_\nnual Proper 
1 

Prcce::;:-ion. ~lotion. 

1 rS.31 

rS.21 

iS.12 

I:), I I 

rS .o...; 

18.02 

IS .00 

17 .96 

I 7. '}.j 

Ii· 94 

+ li.92 

I j. •JI 

I/. Rr) 

17. '67 

Ii. S4 

l/.SJ 

I'j. 76 

l j. 7() 

I 7. 74 

Ij.iO 

-'-- 17 .6G 

17.GG 

17.62 

Ii.6::? 

r-; .(JZ 

Ii (H 

1 7·55 

J :- '5-l 

17.52 

17.50 

+ 17. ~o 

l/.35 

Ii. 31 

17.23 

17. 2() 

17 '::!5 

I j. I J 

--+- lj'.II 

Ij .Ol) 

Ij.07 

Ij.07 

I(). CJ7 

I(J.96 

16.93 

r6.qo 

1G.S4 

16.84 

.03 

+ .Oj 

---;--- .OI 

+ .04 

+ .09 

.05 

.07 

.05 

.21 

.03 

.II 

.08 

.09 

-t- .OJ 

+ .O.j 

.04 

.OJ 

.02 

.oo 

.02 

+ .02 

-+ .02 

-t .OI 

.02 

.06 

.03 

.oz 

+ .04 

.r3 

.03 

.02 

.05 

.os 

.05 

.OD 

.05 

.04 

t- .DI 

.02 

.or 

.or 

.07 

.25 

.02 

.01 

.02 



 

90 REPORT OF THE SUPERlNTEKDENT OF 

CATALOGCE OF STARS FOR OBSERVATIO:-IS OF LATITUDE. 

i-N~~1~~~.C~ 
------------------- ------------ -----------

1 

A ! Annu"l I 
'-

M-ag, . R. 1880. 

-------
Constellation. . Variatlon. 

Declination , Annual i Proper 

1B8_0___ _!Prece~-s~n.! Motion~ 

i 
201 1 

202 I 

203*i 

204 : 

205 

206 

207 

205 i 
209 ' 

2wt 

2!1 

212 

213 

21..-1-* 

2Ij' 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

23~ 

235 

236 

237 i 
238 

239 

240 

24r 

242 

243 

244 

245* 

246 

2-!7 

248 

249 
250* 

721 

i3 r 

735 

745 

744 

752 

757 

Ce ti 

to Trianguli 

A.rit_•tis 

Pcrsci 

69 Ceti 

70 Ceti 

(q Andromedao 

65 Andromed<e . 

; Arietis 

Ca>siopea: 

11 Trianguli 

12 "~rianguli 

, Ceti 

Arietis 

772 I.\ Trianguli 

776 Ce ti 

773 75 Ceti 

777 l 15 Cassiope::e 

Persei 

7% 15 Trianguli 

794 " Ceti 

793 

784 

808 

8II 

813 

816 

819 

821 

877 
88r 

885 

888 

31 Arietis 

Cephei 

1.1 Arietis 

cl Ceti 

33 Arietis 

l 1 Persei 

Persei 

12 Persei 

,u Arietis 

t't Persei 

14 Persei 

35 Arielis 

Ce ti 

<J Arietis 

38 Arietis 

µ Ceti 

39 Arietis 

Arietis 

Arietis 

1/ Persei 

:r Arietis 

41 Arietis 

16 Persei 

Persei 

17 Persei 

<I Arietis 

7 Persei 

20 Persei 

D. M. 6o', 591 

h. m. s. s. I 
5.7 2 II 47 + 3.JO I II 22.6 

28 05 t 7. I 

22 37 

5.4 12 00 3.47 

3.77 6.o 12.2 

5.5 

5.5 

5.4 

4.9 

5.3 

4.4 

5-5 

5.3 

4.3 

5.8 

5 .4 

5.6 

5. 5 

5.8 

5.4 

5.0 

5. 1 

5.7 
5.5 

3.9 

5.3 

5.8 

6.o 

5. r 

5.6 

4.3 

5.7 

4.9 

3.4 
5.8 

4.9 
4.1 

4.9 

5.7 

6.o 

4.3 

5.4 

'J·7 

4.6 

6.o 

4. 7 

5.6 

4.1 

5.6 

5.B 

14 OU ..j.!3 

15 4S 3.07 

16 06 3.05 

16 27 3.95 

17 38 3.97 

18 23 3.20 

19 12 -1·85 

2 20 21 I + 3 · 53 

21 08 3.50 

21 ·ll 3.18 

24 47 

25 18 

26 03 

26 39 

28 15 

28 30 

2 29 35 

30 05 

30 35 

32 00 

33 20 

33 40 

34 28 

34 32 

34 41 
35 36 

2 36 00 

36 17 

36 25 

37 05 

37 56 

38 25 

38 27 

40 46 

41 47 

41 49 

2 41 57 

42 36 

42 55 

43 01 

43.7 

44 07 

44 52 

45 45 

46 08 

46.4 

f Triple. 

3 4u 

3,64 

3.09 

3.05 

5.57 

3.67 

3,(;2 

+ 3.14 
3.26 

8.21 

3.39 

3.07 

3.49 

4.25 

4. 18 

3.76 

3.37 

+ 4.06 

3.89 

3.50 

3. IO 

3.30 

3.26 

3.23 

3.55 

3.48 

3.35 

+ 4.33 

3.34 
3.51 

3.76 

3.99 

3.68 

3.30 

4.21 

3. 77 

4.68 

55 17 44 ·I 

- 0 0() 12.7 

- I 2> 54· 7 

49 27 39.9 

49 .;4 02.7 

IO 03 57·3 

66 51 40. s 

11 I 'i 42. 

29 07 :, 7. 8 

7 55 16.7 

22 56 

3'i 36 49.7 

l H 05.8 

I 33 56,4 

72 Ii 30.I 

3(; .+7 IO. 2 

34 09 47.0 

5 04 07.5 

II 55 35.2 

So 56 IfJ.6 

21 26 29.8 

i- 0 I I 2.j./ 

26 32 43.3 

51 35 33- I 

'3 00 47.6 

3·1 41 08.3 

19 29 57.4 

48 43 09. 8 

43 47 08.6 

27 II 44.I 

2 43 45.3 

14 48 08.9 

II 56 23.r 

9 36 22. 8 

28 44 52.9 

24 41 ll.3 I 

17 46 57.3 

55 23 46.4 

16 57 52.6 

26 45 53.4 

37 49 26.1 

46 21 

34 33 51.8 

14 35 II .. ~ 

52 16 12.l 

37 50 51.3 

61 02 

+ 16.83 

1&. 82 

16.Sr 

16.82 

16 03 

16 62 

10 f;o 

16.55 

16.51 

10.n 

+ 16.41 

16.37 

16.33 

16.30 

16.18 

16. 16 

16. 12 

I(J,09 

16.uo 

+ l5.<J3 
15 'JI 

15. ss 
15.80 

15.73 

15.67 

15.66 

15.66 

15.61 

+ 15. 58 

rs. 5 7 

15. ;6 

15.52 

I 5 .48 

rs .45 

I 5 · 45 
15.32 

r5.26 

15.26 

+ 15. 25 

15.21 

15.20 

15. Ig 

i's. rs 
15. r3 

15.08 

15.04 

15.01 

14.99 

+ . 36 ' 

.05 

.03 

.05 

.06 

.05 

.02 

.02 

• Cl<) 

.02 

.01 

.06 

+.OJ 

.oo 

.O.j 

.03 

.09 

.oo 

.02 

.03 

+ .OT 

.OI 

.JO 

.01 

+ .02 

·I 5 

.07 

.10 

- ·.05 

'II 

.01 

.02 

+ .02 

.13 

.07 

.11 

.05 

.or 

.07 



 

No. 1 B. A. C. 

251 

252 

253 

:;.54 

255 

256 

2s7 

258 

259 I 

260 

261 

262 

263 

26-1 

265 

266 

267*
1 

2i>S 

269 

270 

271•: 

272 

273 

2H 

275 

276 

277 

278 

279 
280 

I 

281*' 

282 

2S3 

284* 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 
296 i 

I 

2971 
298 

: 299*i 

I 300 I 

897 

901 

904 

896 

912 

913 

915 

914 

918 

921 

908 

929 

941 

949 

947 

94S 

953 

957 

955 

97-l 

995 

999 

1001 

1000 

1007 

10!1 

1017 

1023 

1028 

102s 

1026 

1030 

1034 

1040 

1043 

1045 

1os2 

THE UNITED STATES COAST SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITC'DE. 

Constellation. :\fag. 
i\ R i Annual j 

· · · : 3so. i Variation, i 
Declination 

1880. 

91 

Annual Proper 
Precession. ~lotion. 

________ ! ______ ----- ---

D. M: .. 16°, 658 

fl A rietis (pr.) 

21 Persei. 

Cephei 

"' Persei. 

47 Arietis 

24 Persei. 

P..;rsei. 

Persei. 

Arietis 

Cephei 

Ce ti 

49 Arietis 

n Ceti 

y Persei. 

k Persci. 

Cassiope"' 

fl Pcrsci. 

52 Arletis 

Cassiopc;i, 

Arictis 

H Persei. 

Persei _ 

Persei. 

55 Arietis 

Arif~tis 

{,) Pcrsci. 

Cephei 

t5 Arictis 

94 Ceti 

Persci. 

Persci. 

- Arietis 

Pcrsei. 

Camelopardalis. 

30 Persei. 

29 PcrseL 

31 Persei. 

Persei. 

59 Arietis 

K Ceri 

Arietis 

Persei. 

Camelopardalis . 

r Arietis 

62 Arietis 

ri Persei~ 

63 Arietis 

Persei. 

64 Arietis 

5. 8 

6.o 

4.9 

5.6 

4,q 

s.6 

5.2 

5. 7 

5.3 

4.4 

5.6 

4- 7 

5. 6 

2.6 

3· I 

4.9 

6.o 

var. 3.5-4.0 

5.6 

5 .4 

5.4 

5.3 

4.6 

5.7 

4.6 

s.8 

5.5 

5. s 
4.9 
5,8 

5. I 

5.0 

5.2 

5.8 

4.9 

5.5 

2.0 

5.0 

5.6 

5.6 

h. m. s. 

2 48 27 

49 04 

so 01 

so 12 

SI 05 

SI 13 

5 I 38 

SI 41 

52 20 

52 21 

2 53 I2 

53 17 
5.+ 50 

56 00 

56 07 

56 32 

s7.3 

57 29 

5S 25 

58 sS 

3 oc 22 

00 25 

OJ 2.+ 

02 24 

03 20 

03 33 
04 08 

0.j 46 

06 39 

3 06.6 

Oj 38 

oS oo 

oS 02 

09 27 

09 43 

IO 05 

IO 36 

3 13 04 

13 o6 

13 24 

14 16 

14 18 

IS 00 

15 46 

IS SI 

17 

17 13 

S. 

+ 4.02 

3.36 

3.62 

7.GS 

3.82 

3.42 

3.70 

4.04 

+ 8.82 

3.22 

3.52 

3. 13 

4.30 

4.46 

4.g5 

3.82 

3.51 

6.34 

+ 3.29 

3.87 

4.30 

4.02 

3.60 

3.55 

3.85 

13.03 

3.42 

3.06 

+ 4.55 

4.26 

3 .. \4 

3.64 

s. 19 

4.01 

4.25 

4.24 

3.74 

3. S7 

+ 3. I4 

3.64 

4.00 

5.15 

3.45 

3. 59 

4.25 

3.44 

3.73 

3. S3 

1·\6 40 34. 5 
117 50 .jO, ,1 

31 26 59.8 

78 56 3 I, 0 

39 IO 53·3 

20 11 II.2 

34 -12 01.5 

46 4-1 18.5 

51 52 25.9 

20 51 34.l 

81 00 11.9 

8 25 .p. 5 

25 59 11.2 

37 04.6 

53 02 06.7 

56 13 59.2 

63 36 

38 22 28.3 

24 47 12.6 

73 s6 08.4 

12 .q .... 

40 29 32.1 

490913.5 

.q 24 05. 7 

28 37 03.5 

26 26 07.9 

39 09 r6.6 

S.\ 2S 53.;; 

19 16 rS.4 

- l 38 46.4 

56 41 ••.. 

so 29 28.0 

20 35 ss.7 

30 06 31.9 

05 12 41.0 

43 34 57.3 

49 46 51.4 

49 39 17.3 

33 46 52.3 

26 38 I0.2 

2 55 39.9 
2S 36 43,5 

42 53 40.3 

64 09 15.3 

20 .p 48.0 

27 IO J..j.I 

492556.5 

20 18 41 .6 

33 o6 

24 17 51.3 

+ 14.87 

q,8..j 

14.70 

14. 77 

14. 72 

14· jl 

14,C,9 

14.68 

14.65 

14.65 

+ q.59 

14.59 

14. 50 

14.43 

14.42 

14.39 

1-1 · 34 

1.j '33 

14.28 

14, 25 

-r 14· 1 9 

14. 16 

14. 16 

14.09 

14.03 

13.q7 

13.96 

r3.92 

13. SS 

13.76 

+ 13.77 

13.70 

13. t'S 

r3.6S 

r3.58 

r3.57 

I 3· 5-\ 

13.51 

r3.47 

13.37 

+ 13.35 

13. 35 

13.33 

13.27 

13.27 

13.22 

13. 17 

13.1; 

13.oq 

13.08 

.oo 

+ .Ol 

+ .02 

+ .or 

. 03 

.03 

.07 

.00 

+ .05 
,02 

+ ._02 

.03 

.OI 

.OC) 

.OU 

+ .08 

.os 

.03 

.07 

+ .OI 

.00 

.15 

+ .02 

+ .02 

. 12 

.oo 

.08 

.oo 

.03 

.04 

.06 

.O.j 

~- .Oj 

.02 

.02 

.o6 

.OI 

.09 

.03 

.oo 

.05 

,02 

.07 



 

92 REPORT OF THE SUPERINTE"NDEJNT OF 

CATALOGL:E OF STARS FOR OBSERVATIONS OF LATITUDE. 

No. B. A. C. 

301 

302* 

~onste!lation. 

65 Aricti~ 

TJ..uri . 

303 1057 rr· Tauri . 

304 1058 Camelopardalis . 

305 1059 Pcrsci 

306 ro62 Camelopardalis . 

307 ro6S Tauri . 

30S 106fi 3-1 Pc rsei 

Persei 

310 IOt'5 Cameloparda;is , 

3 I I 1069 66 1\ rictis 

312 IOjI er Persci 

313 108-t s T:rnri . 

314* Tauri . 

315 1083 36 Pcrsei 

316 ro87 Tauri . 

317* 

318* 

319 

320 rnl>I 

321 1099 

322 l ll2 

323 l!II 

324* 

325 II 19 

326* 1117 

CJmeinp:Hdalis . 

PeT~ei 

Pcrsci 

C'cphci 

11 1 Pcrsci 

ro Tauri . 

C:nnelopardalis , 

Tauri. 

Tauri . 

Camelopardalis , 

327 r r23 Pcrsci 

32S r 128 12 Tauri . 

329 l 12q Persei 

330 l r 32 \D Pei sei 

331 1135 13 Tauri. 

332 I 133 Camelopardalis . 

333* Carnclopa1dalis. 

33-1 Per sci 

335 I I 36 3~" Persc 

336 I 140 q Tauri:. 

337 

338 

1139 

1137 

339 I 147 

340 1151 

341 TI53 

3.p 1144 

3B 1154 

344 1161 

345 1162 

3-16* 

34 7 u66 

348 1174 

349 I!j2 

350 I II75 

1' Persci 

Camelopan.lalis . 

17 Tauri . 

q Tauri . 

2.J Eridani 

Camelopardalis , 

20 Tauri • 

23 Tauri . 

u Tauri, 

Persei 

'l Tauri 

c Tauri. 

Per sci 

n Persei 

Mag. 

(J.0 

5 .4 

4.9 

3 9 

o. I 

s.S 
4.8 

5.2 

s .6 

5.5 

4.2 

6.o 

5. s 
5.8 

5.6 

4.f1 

4,3 

5,3 

6.o 

5.8 
6.o 

5 .(, 

5.S 

3.2 

4.g 

5.5 

5.3 

5.2 

5.6 

3.9 

6.o 

4.0 

-1.3 

4. 5 

4.9 

5.4 

4,6 

4,8 

4.6 

5 .4 

6.o 

2.8 

5.0 

6.o 

5,5 

Annual 
A. R. 1880· Variation. 

h. m. s. s. 

17 3 l 

J 7 .Ci 

18 2I 

H) 22 

1<) 32 

20 20 

2fl 40 

20 47 

20.S 

20 52 

3 21 21> 

22 07 

23 51 

24, I 

21 08 

2.j 15 

24,5 

25.0 

25 41 

2j 38 

3 27 58 

30 45 

31 -15 

32.0 

32 39 

32 4') 

33 20 

33 36 

34 23 

34 46 

3 35 24 

35 33 

36,8 

36 46 

36 48 

36 51 

37 03 

37 43 

37 45 

33 04 

3 38 25 

38 33 

38 4I 

39 12 

39 18 

39 28 

40 21 

..p .p 

4I 43 

41 58 

+ 3-45 

3.29 

3.22 

4.24 

4.75 

3 24 

4.26 

3.75 

4. 54 

.,. 3. 50 

4.20 

3.27 

3.60 

4. 13 

3.31 

4,53 

3.So 

3,93 

21.67 

+ 4.2-1 

3.06 

5. 15 

3.4; 

3.39 

.j. 39 

3.91 

3. 12 

4.24 

3. 7CJ 

+ 3--15 

5. HJ 

6.q 

3,86 

3.74 

3.46 

4.05 

6.22 

3.55 
3, 56 

+ 3.04 

5 .42 

3. 56 

3.55 

3.18 

4.39 

3.55 

3.28 

4.16 

3.78 

Declination 
1880. 

20 22 35.5 

I2 12 

s 36 19·'l 

59 JI q.8 

48 38 32.6 

58 27 40.2 

9 18 46.8 

49 05 29.5 

33 23 
55 02 03.9 

22 23 20.2 

47 3.1 45·-1 

10 55 23.9 

27 09 

45 3S 54.6 

I2 31 27.6 

5-l 33 

35 03 

39 39 38.8 

86 15 56.3 

47 .+7 2g.9 

o or l0.4 

6~ ·l'J 33.3 

20 31 

16 08 40.6 

59 35 

Annual 1 Proper 

Precession. Motion. 

+ 13.06 

13.05 

r3.oo 

12.l)J 

12.92 

12.87 

12.84 

12.84 

12.84 

12.83 

+ 12. 80 

"'. 75 
12.63 

12.62 

l2.6r 

12.60 

12.58 

12.55 

12. 50 

12.37 

+ 12.35 

12.16 

12.09 

12.07 

12.04 

12.01 

.02 

, IO 

+ ,04 

.06 

+ .03 

.04 

.o6 

.12 

. I.j 

.00 

,05 

.os 

.03 

.04 

,52 

+ .08 

.06 

37 II 30.7 II.98 t .07 

3'J 50.o 11.9f, + .or 

47 24 08.2 ll.90 .05 

33 34 43.5 11.87 .oo 

HJ 18 53.0 + IT .83 .or 

62 57 47.1 11.82 .07 

70 30 .... rr.73 

36 04 48. l I I. 73 

31 54 25.2 II.73 + .03 

19 17 03.8 II.73 .05 

42 II 52.3 

70 57 36.8 

23 44 04,9 

24 05 22,2 

- l 32 33.4 

65 09 Il,O 

23 59 28,9 

23 34 23.9 

5 40 22.6 

50 21 46.0 

23 43 58.0 

IO 46 2I.I 

44 35 59.7 

32 43 19.5 

rr. 7r 

1r.67 

)[.66 

n.64 

+ 11.62 

l r.lil 

II .60 

11.56 

11.56 

I 1.54 

II .4$ 

u.:;S 

11.38 

11.36 

.03 

.03 

.o~ 

.06 

.Ol 

.OI 

.o6 

.05 ! 

.00 

.or 

·------ -------- ---- -----------· -· --·- - --- ------··------------'--------'-------'----
I _, 



 

THE U"N"ITED STATES COAST SURVEY. 

CATALOGCE OF STARS FOR OBSERVATIONS OF LATITUDE. 

No. 

351 

352 

353* 

351 

355 

356 

357 

358 

359 

360 

361 

362 

363 

364* 

B.A.C. 

r2u7 

1203 

1204 

1210 

I22I 

12!9 

1211 

T22S 

365 1241 

366 1237 

367* 1244 

368 1245 

369 1251 

370 

371 

372 

~73 

1253 

1257 

Constellation. 

27. T:uiri . 

Tauri . 

Camelopardalis . 

Persci. 

Ca rnelop:uda1 i~ . 

Camelopardalis. 

Persei. 

A Pcrsci. 

32 Tauri . 

Persei. 

Ccphe1 

Persci. 

Tauri . 

Can1doparda1i~ . 

T~uri . 

Camelopardalis 

T;iuri . 

35 Eridani 

Tauri. 

36 Tauri . 

n. l\I. 53 . 732 

Tanri . 

A Tauri . 

374 t z S-t le Perse~ 

375* 

376 

Tauri 

12()2 ..+ r Tauri 

1265 \,' Tau1i 

D. :!\!. 54, 740 

1266 c Persl'i. 

1268 49 l'ersei. 

1247 

1269 

1272 

Cephci 

50 Pcrsei. 

Tauri . 

384 1279 p Tami . 

385* 1263 Cephci 

386 12?.5 45 Tauri . 

387* Tauri . 

388 1289 D. ;w. 22 ·, (q9 

389 1287 I' Persei. 

39°*, Pcrsci. 

391 1276 CPphei 

392 1286 ! Camclopardali s . 

393 1291 Pcrsci. 

394 r296 6 Tauri . 

395 D. M. 12'', 564 

3g6 Camelopardalis 

397 -t7 Tauri . 

398 Tauri . 

399 Tauri • 

Persei. 

~lag. 

2 .<-) 

5. 7 

3. I 

, . " I 
,-ar. 3.5-+.01 

5. I I 
s.1 

5 . .j 

.\.I 

5.7 

5. l 

5,3 

~.s 

5.7 

5. r 

5.7 

5. T 

5.S 
6.o 

5.8 

.j . .j 

6.o 

5.6 

5.4 

5.5 

.J.4 

5.0 

A. R. rSSo. 

h. Il1. s. 
3 42 02 

no(, 

-14 

4(i 35 

·l(l 5 I 

4fi 55 

47 ~o 

47 .p 

3 50 01 

51 II 

53 54 

5.J.O 

5-1- 02 

5-l 2S 

5S 27 

5~ I I 

3 57 16 

57 26 

57 37 

57 3S 

57 .<) 

5q 15 

59 36 

49 57 

-t on 20 

4 00 32 

00 37 

or 07 

03 32 

03 46 

0.J 57 

05.6 

05 44 

06 05 

06. I 

4 06 I.j 

06 20 

06 -t4 

07 oq 

o) 2r 

07 25 

08 03 

09 or 

oq I4 

Annual 
Variation. 

s. 
+ 3. ~5 

3.60 

4.S2 

.07 

3. 5-t 

.j.00 

+ CJ. 72 

3.8S 

;l . .f.l 

5.94 

4.95 

3.03 

3. 19 

" 00 
~". ·-
3.53 

3· 12 

3· jO 

.). jO 

4.33 

3.g5 

+r3.<l6 

3.99 

3.43 

3.6.j 

12.65 

3. 19 

3 . .j3 

3.55 
4.37 

3.9S 

+10. 12 

4.07 

3.22 

3. 33 

4 .fl5 

3.26 

3.27 

3.25 

Declination 
rSSo. 

23 41 05.8 

25 12 54.1 

57 36 

31 3r 33.4 

(>2 43 07 . ..i 

60 45 21.2 

47 31 02.1 

50 20 45.5 

22 Oi 50.4 

39 39 .JI. 5 

So 21 53.9 

35 26 40.3 

I"} 51 L+..9 

6S 20 .... 

I2 09 00.j 

5S49r1.8 

9 39 35 .(). 

l 53 15.1 

39 tS.7 

23--162j.5 

53 41 01 . .j 

51 50. 7 

21 45 oS.6 

50 OJ 25 .O 

2 30 •... 

27 16 31.0 

2~ 40 31.9 

5-1 10 

47 2~ 24.9 

37 24 40.2 

83 30 36.0 

37 43 26.8 

17 ot 04.2 

26 09 59.3 

83 03 

12 33.3 

16 58 

22 06 13.0 

48 06 08.r 

37 39 

So 32 10. i 

or 32 o.16.6 

40 JO .j0.3 

2.j 30.0 

12 26 49.9 

53 18 28.8 

s 57 28.3 

9 42 26.4 

~ 35 25.9 

49 59 54·-t 

93 

Annual Proper 
Precession. 1\-Iotion. 

+ 11.36 

I J.28 

l I. 21 

II .02 

II.DI 

II.00 

IO. 97 

10.94 

IO. 79 

IO, 79 

+ IO. 77 

10.69 

10.49 

IO. 48 

10.48 

IO.H 

IO. 39 

10.37 

10.27 

I0.24 

+ 10.23 

I0.22 

I0.20 

I0.20 

IO. lg 

IO.OS 

I0.06 

ro.04 

10.03 

I0.00 

.02 

+ .05 

+ .o6 

.oo 

. 16 

. T4 

.03 

+ .05 

.04 

.03 

.02 

.01 

.05 

.or 

+ .OI 

.09 

.06 

.02 

+ .02 

.05 

. I4 

.20 

,OJ 

9·i6 .oo 

9·7+ 
9.65 .05 

9.60 

9.59 + .o5 

9.56 .oFi 

9.56 

+ 9.55 

9 -54 .or 

9.51 .07 

9.48 ! + .01 

9 . .J8 

9.-t6 .06 

9.46 .08 

9.41 

9.34 .02 

9.32 .05 



 

94 REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

No. 'R.A.c.' Constel la ti on. 

401 l~oo Camelopardalis . 

402 1307 D. M. 49°. IISS 

403 l3II <> Tauri . 

404 1316 51 Tauri . 

405 1313 Camelopardalis . 

406 1324 ' 56 Tauri . 

407 I 322 54 Persei . 

408 r 323 d Persei . 

40CJ 1328 r Tauri 

410 ; 1326 '/' Tauri 

411 

4J2 

.p3 

4qf 

415 

4J6 

.p7 

427 

43r 

432 

433 

434 

435 
436 

437 

438 

439 

440 

441 

442 

443 

444 

446 

447 

448 

449 

450 

1330 

1332 

l34J 

1343 

1346 

1350 

1349 

1352 

1356 

1357 

1362 

1363 

1364 

1365 

1367 

1369 

1370 

1377 

1376 

1380 

1381 

138~ 

1386 

1382 

l3gD 

1391 

1392 

r393 

r403 

1409 

1408 

l4J4 

1420 

1421 

1424 

1425 

h Tauri 

Tauri 

58 Tauri 

x Tauri 

60 Tauri 

1l Tauri 

63 Tauri 

55 Persci. 

56 Pcrsei. 

64 Tauri 

r Tauri 

Tauri 

67 Tauri 

Persei. 

63 Tauri 

v Tauri 

71 Tauri 

Camelopardalis . 

r. Tauri 

Tauri 

75 Tauri 

r Tauri 

t't Tauri 

1~ 2 Tauri 

h Tauri 

44 Eridani 

Camelopardalis . 

8o Tauri 

Tauri 

Sr Tauri 

83 Tauri 

45 Eridani 

p Tauri 

Tauri 

Tauri 

e Persei. 

a T:mri . 

d Tauri . 

2 Camelopardalis • 

3 Camelopardalis • 

t Double. 

i Annual 
A. R. 1880· YHiation. 

I 
... l\fa:_1 

-----

5. 8 I 

: : I 
s. s I 
5. 7 1. 

5.2 

5.3 

4.0 

5.3 

5.6 
6.o 

5.8 

5.5 

5.6 

4. J 

5.9 

5.8 

5.9 

5. J 

5.1 

4.5 

5.9 

5.2 

4.S 

4.6 

5.3 
5.8 

4.9 
6.o 

s.s+t 
3.8 

4.0 

4.0 

5 .o 

5.6 

5.8 

6.3 

4.9 

6.o 

h. m. s. 
4 og 24 

IO 13 

IO 14 

II I7 

11 23 

12 30 

12 37 

12 52 

12 58 

12 58 

4 J3 r2 

l:J 27 

J3 ~8 

15 J7 

15 18 

J6 QI 

16 32 

J6 42 

16 SI 
17 II 

4 I7 Ir) 

18 13 

18 16 

18 28 

18 33 

lg oS 

19 31 

19 37 

r9 50 

21. 3 

4 2J 35 

2J 37 

21 43 

21 48 

22 07 

Z2 20 

22 32 

23 J8 

23 42 : 

23 48 i 

s. 

+ 5. 58 

4.47 

3.51 

3. 54 

5.18 

3.55 

3.88 

4.32 

3.4J 

3.67 

+ 3,38 

3.47 
3.40 

3.64 

3.37 

3.46 

3.44 

3.88 

3.SS 

3. 45 

+ 3.27 

3.57 

3,57 

3.81 

3.46 

3. 58 

3.41 

6.85 

+ 3 .. p 

3. 50 

3.4I 

3.42 

3.36 

3· IO 

4.73 

3.41 

3,43 

3.42 

Declination 
JS8o. 

64 50 4r.2 

49 45 17. i 

20 16 53.6 

21 17 04.9 

60 26 53.6 

21 28 58.u 

34163r.J 

46 12 3(>. 9 

I 5 20 I I. 6 

27 03 44.2 

13 44 38.S 

rS 27 q.S 
Lj 48 21.6 

25 20 40.3 

IJ 47 3I.0 

17 15 35.0 

16 29 4-t·i 

33 5 I 03.4 

33 40 53.7 

I'; oq 53·5 

9 IO 48. 3 

22 OJ 11.'.I .0 

21 55 26.1 

31 09 S<J-7 

17 39 07.7 

22 32 23.6 

rs 20 38.2 

72 If> 03 .o 

14 26 27.7 

30 07 .... 

16 05 24.5 

18 54 47.4 

J5 41 40.5 

15 36 12.5 

r2 46 49.6 

I 06 47.8 

53 38 52.0 

IS 22 26.0 

15 55 54.0 

15 25 45,6 

Annual Proper 
: Precession. 1\'lotion~ i 
------ ----

+ 9.31 .03 

9.25 

9.25 .06 

g.2.\ .05 

g.23 .07 

y.06 .or 

9.06 .04 

9.03 .05 

9.03 .L"IO 

9.03 .07 

_J_ 9.0J 

S.99 

8.96 

S.85 

S.85 

S.79 

8.75 

8.73 

8. 72 

8.70 

+ 8.69 

8.62 

S.61 

8.59 

S.59 

fl. 54 

8.5r 

S.51 

fL19 

3.37 

+ S.35 

8.35 

8.34 

8.33 

8.31 

8.29 

8.28 

8.21 

8. 18 

8. 17 

.or 

.05 

.OI 

.01 

.03 

+ .or 

.05 

.08 

.oo 

.05 

.05 

.02 

.12 

+ .01 

.05 

.04 

.03 

....;...... .o+ 

.OJ 

.02 

.02 

.01 

+ .OJ 

.QI 

.03 

.or 

.or 

5.6 4 23 52 + 3.37 13 27 43.1 + 8. '7 

8.02 

7.92 

7.91 

7.85 
7.80 

7.75 
7.75 
7.63 

7.63 

.02 

5.r 25 44 I 3.o6 - o 18 rr.o 
i 

5.1 27 02 3.40 14 35 26.2 

5.6 27 08 3.75 28 42 29.6 

5.8 27.8 3.19 5 I9 

4.4 28 23 4. 14 41 OI 00. 3 

I.I 2<) 02 3.44 16 16 00.3 

4.4 29 04 3.29 9 54 46.3 

5.5, 30 2B 4.73 53 14 04.8 

5.5 30 28 4.70 52 50 18.1 

tt Suspected variable, Jtl 5.3, D. M. 4.9 • .f>6.3. 

.07 

.03 

.09 

.01 

.r7 

.05 

·09 
.03 



 

'l'HE UNITED STATES UOAST SlJRVJ:<.:Y. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITCDE. 

I 

No. H.A.C. 1 
Constellation. 

451 

4 5::?"* 

-153 

Ll3I i 19 Eridani 

Tauri . 

451 

45 5 

456 

: 457"* 

Tauri . 

" Tanri (pr.) 

" Tauri (sq.) 

Pcrsei 

453 q28 

Tauri . 

Camclop;udalis . 

4 59 1442 93 Tauri 

Tauri 460 l.l4-I 

461* 

462 1445 

Per-sci 

59 Pcrsei 

463 14-1') -;- Tauri . 

464 14(,0 (Jrionis 

Ccphe; 465 

466 

46]"' 

4 Camelopardalis . 

46S 1470 

Chinnis 

Camelopardalis 

Au rig"' 469 q15 

470* 

471 

472 

473 

474 

475 

476 

477 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

1477 
qS6 

q91 

1493 

1492 

'495 

149-1 

14<)i 

Aurigre 

Aurig!'l2 

9 Camelopardalis . 

/\urig"' 

71'" 1 Urionis 

r.~ Orioni::. 

Tauri . 

2 Aurig"' 

-:7:;, Orionis 

Camelopardalis . 

D. M. 27'. 701 

1500 4u 1 Orionis 

I 508 Orionis 

I 50-1 Camelopardalis . 

15q ,,..-. Orionis 

I 5 r6 rr" Orionis 

Orionis 

I 5 20 A urigre 

Cephei 

I 525 90' Orionis 

1526 Tauri 

1528 k Tauri 

1530 4 Aurig;e 

1538 rr0 Orionis 

1536 IO Camelopardalis . 

1540 Auriga: 

15.p ~ Auriga: 

1546 l I Camelopardalis 

1551 Tauri . 

1549 Camelopardalis . 

1554 1 9 Auriga: 
I 

Mag. 

5.8 

-i·2 

5.-1 

5 '4 

5.9 

5,7 

6.o 

5.5 

6. I 

5. 6 

4.6 

5.6 

5.2 

5. 4 

5. 6 

5.7 

. " ~ .... 

5-4 

4.7 

5.9 

3- 5 

5 '2 

5. 5 

4.9 

3.9 

5 ·I 

5.6 

3. I 

6.o 

·4.8 

5-3 

$- 8 

5. 7 

4.7 

4.3 

var. 3. 5-4.4 

3.8 

5.4 

4.8 

5.4 

5.4 

i Annual ! Declination 
A. R. 1880· l Variation.! lFSo. 
--------- --~----~-- --

h. m. s. 

4 31 03 

31. 2 

31 2j 

32 IS 

32 25 

32 27 

32 45 

33 23 

33 4q 

4 34 l 5 

34 24 

3." 03 

37 47 

37 57 

38 or 

39.4 

.JO 51 

41 33 

41. 5 

4 41 50 

42 08 

42 08 

43 20 

H 05 

44 21 

44 36 

H 49 

45 15 

45 18 

4 45 45 

47 o; 
47 40 
48 00 

48 r8 

48 19 

49 II 

-19 26 

49 37 

50 27 

4 50 49 

51 07 

52 20 

52 45 

53 21 

54 05 

55 43 

55 55 

57 14 

57 17 

s. 
+ 3.09 

3.53 

3.35 

3.43 

4' 15 

3.24 

7.98 

3,34 

3.75 

+ 4. 54 

4.24 

3.59 

3.33 
10.97 

4.97 

0 45 13.5 

20 27 

12 16 07.2 

IS 33 43.5 

15 -tO ,.i4.0 

4S 03 57.6 

7 37 53.2 

75 43 I0.2 

11 57 38.3 

2S 22 5i.8 

49 44 32. s 
-13 08 05.3 

22 43 31.1 

IO 55 16.8 

So 59 22.2 

56 32 2lJ.8 

3.33 ' II 2 9 

5.57 

3.87 

3.83 

+ 4.03 

5.gl 

4.5o 1 

3.26 i 

3.27 

3.50 

4.01 

4.88 

3.75 

+ 3.39 

3. 13 

4. 79 

3. 12 

3.30 

3.24 

3. <)Cl 

20 .. f2 

3.37 
3.47 

+ 3.66 

4.07 

3· II 

5.31 

4.29 

4. 18 

5.20 

3.58 

7.48 

4.68 

63 Ii 54.3 

32 22 34.2 

31 13 

37 16 30.4 
66 oS ro.S 

48 31 53.4 

6 45 00.5 

8 4I 34.0 

,s 38 02.4 

36 29 56.0 

23 53.4 

55 03 29.2 

27 41 42.3 

14 02 56.9 

2 IE 31.4 

53 33 27.7 

2 I..\ 33. 5 

9 57 30.1 

7 35 OI.6 

32 58 28.1 

85 47 53.8 

13 19 2-1.2 

16 57 51.7 

2.j SI 48.7 

37 42 24.7 

l 31 43· I 

6o 15 5i.o 

43 3S 38.3 

40 53 56.9 

58 48 08.8 

21 25 OJ. 5 

73 47 17.9 
II.2 

95 

Annual Proper 
Precession. l\lotion. 

+ 7' 59 

7.58 

j. 56 

7.49 

1.48 

i·-l7 

7.46 

i·45 
;.40 

;.37 

+ 7.33 

7' 32 

7.27 

j.02 

'j.02 

fl.91 

6. 79 

fJ.72 

(>. 73 

+ f>. 72 

6.69 

6.69 

6.58 

6.52 

6. 50 

6.48 

6.46 

6.42 

6.42 

+ 6.38 

6.27 

6.22 

6.20 

6.17 

6. 17 

6. IO 

6.08 

6.06 

6.oo 

+ 5.97 

5.94 

5.83 
5.80 

5.75 

5.69 

5.55 

5. 53 

5 .43 

5,42 

.02 

.OJ 

.oS 

.OI 

, IO 

.03 

.04 

.02 

.oo 

,00 

, Ij 

.07 

'00 

+ .06 

.OI 

.00 

.OI 

.O.j 

.Oj 

+ .Ol 

.03 

.09 

.06 

.08 

.03 

.oo 

.00 

'18 

,02 

,05 

.or 

.06 

.09 

+ ,OI 

.02 

,00 

.00 

.Ol 

.o6 

.03 

• I 5 



 

96 REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

! I 
: No. B.A.C. 1 Constellation. 
: ______ _ 

501 

506 

507 

508 

509*, 

1557 

r568 

1570 

II Orionis 

Aurig::e 

D. :'.II.+ o', 339 

m Tt1uri 

Tauri 

1572 i 103 Tauri 

158; Orion is 

1582 Aurig::e 

Tauri . 

5Io 1590 h Orionis 

51 I 1565 Camelopardalis . 

512 ~s91 15 ()rionis 

513* 1585 Camelopardalis. 

514 1601 Orion is 

515 1602 ,u Aurigce 

516 1611 : I' Orionis 

517 16q q Aurig::e 

518 1613 a Aurig;c 

51<; Orionis 

520 Camelopardalis. 

521 1624 18 Orionis 

i.\.uriga~ 

I(> Aurigre 

522 

523 1627 

524 1631 i. A urigre 

Auriga; 

n Tauri . 

527 

528 

530 

531 

532 

533 

534 

535 

536 

537 

538 

530 

540 

541 

542 ! 

543 

SH! 

545 

5-16 

547 

' 548 

549 

550 

1636 I9 Aurigre 

1642 I 16 Camelopardalis . 

fl Aurig::e 

D M. 2r/, 869 

Aurig::e 

1660 22 Orionis 

1663 a Aurig::e 

1665 rn Orionis 

1671 ! u r Tami . 

1682 p Orionis 

1685 25 Orionis 

I687 I Orionis 

I68i /1 Tauri . 

I676 I 7 Camelopardalis 

1690 'I> Aurigre 

1692 i 115 Tauri . 

1695 o Tauri . 

1700 'f!) Orionis 

I70l i II6 Tauri . 

1707 i IIS Tauri . 

I7I7 31 Orionis 

I662 Cephei 

1722 A Orionis 

I723 X Aurig::e 

! Annual 
i\lag. A. R. 1880. 11 Variation. 

-I· 9 

3.4 

5.S 
5.1 

5. 4 

5.7 
5.8 

5·i 

5 .o 

5.0 

5.7 

5.6 

5.2 

4-9 

5.4 

0.3 

5.8 

5.S 

5.9 

(J,Q 

4.9 

5.8 

5 5 

5.3 

5 .6 

5.8 

5. 9 

4.9 

5.5 

5.3 

5. 4 

5.7 

5 .o 

r. 5 

I.6 

5.8 

5.6 
5.S 

5.6 

5, I 

5.8 

5.5 

5.3 

6.o 

5.2 

4.9 

h. ffl. s. 
.j 57 43 

5S 06 

59.2 

O'O 22 

00 42 

00 48 

01 ZI 

01 47 

02. 2 

02 48 

02 50 

03 26 

o+ 4S 

05 13 

07 or 

07 36 

uS . .J 

DrJ. 2 

09 2.j 

0<) .j2 

IG 18 

IO .j2 

I I. S 

I 2 O-+ 

12 06 

13 II 

13 19 

13 35 

5 14 25 

15 38 

If, JO 

16 32 

17 25 

r8 23 

18 31 

18 42 

rs 42 
18 50 

19 42 

20 IO 

20 26 

20 33 

20 52 

21 S:l 

23 38 

23 41 

24 2:2 

24 55 

s. 
3-.J~ 

4. 19 

3. 55 

3.65 

3.26 

.j .. jil 

3.29 

q. 7-+ 

3.43 

;.35 

3 .45 

4. IO 

3.Lj 

3 .r;o 

4.42 

3. llJ 

5.5S 

+ 3.33 

,+.27 

3. <)3 

4.2u 

4.21 

3. (io 

3.95 
5.12 

i.25 

3.81 

+ 1.21 

3. (l() 

4.07 

3.I5 

3. 50 

3.22 

3.79 

5.65 

+ 3.98 

3-49 

3.60 

3. l.j 

3.45 

3.69 

3.05 

18.58 

3.2r 

3.91 

Decli11atiun 
1850. 

I 5 I.+ OJ. 5 

.. p 0-f 13.0 

I 01 

1S 28 56.6 

20 I 5 30 .. j 

24 oG l<J.7 

s zo 25.9 

46 .JS 43. 7 

27 53 .... 

l) .jO 2.j.j 

7r; 05 1S.4 

15 26 33.7 

« ~., u7 37. 6 

15 53 42.9 

3S 20 2f•. 5 

24300.7 

32 32 49.0 

-15 52 2(i. I 

or 

02 31 

I l lb I/. 9 

..J2 JCJ 3f>.O 

33 l.j .p ·I 

3') '5<J 24.5 

40 58 

ZI 58 r(J,5 

Annual Proper 
·Precession. Motion. 

+ 5.39 

5.35 

5.26 

5.I6 

5. r3 

5. I2 

5.08 

5.04 

5.no 

4.g6 

+ 4.95 

4.95 

4.88 

4.78 

4.75 

4.60 

4.54 

4.53 

4.4S 

4.41 

..,.. .j. 3'} 

4.37 

4.31 

.f.28 

4. 19 

4.16 

.or 

.09 

+ .02 

.04 

+ .05 

.06 

•IO 

.II 

+ .05 

-+- .02 

•IO 

.06 

.or 

+ .02 

.43 

+ .02 

.00 

. 70 

33 ~1<) 50.1 4.16 

+ .03 

.OI 

57 25 30.5 4.06 .05 

.03 .JI 40 "S.8 4.06 

29 26 4r.5 4.03 • 12 

40 54 33." ! + 3. 96 .00 

-03oog.3 

37 16 17.8 

25 38. 8 

17 16 13.9 

I 00 29.4 

I H 04.4 

6 l.j 2r.9 

28 30 15.5 

62 5 7 5 I. I 

3.86 .02 

3.78 .oo 

3. 78 .01 

3.71 .00 

3.62 + .IO 

3.(l] .oo 

3.59 ! .04 

3·5') .17 

3- 58 .OI 

34 22 17.8 

17 51 26.5 

21 -19 58.6 

+ 3.51 .05 

2 59 24.8 

IS 46 I(>.4 

25 03 05 .o 

-IIII7.6 

Ss 07 53.3 

5 51 19.3 
32 o6 07.2 

: 
- -~---- ··---· -------·-

3.n .02 

3.45 .OI 

3.44 .or 

3.40 .02 

3.32 .05 

3.17 .00 

3. I6 

3.II ,02 

3.o6 + .04 



 

TEE UNITED STATES COAST SUB.VEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATlTUDE. 

!~-B.A:~,~---c_o_n_s_t_e_u_a_ti_o_n~. 

551 1726 

552 1730 

553 

554*! 

555 I 1737 
556 . 1736 

557 1742 

558 1748 

559 1749 

560 1765 

561 

562 

563 
564*, 

565 

566 

567 

568 
'1 

569 I 
570 

571*1 

5721
1 

573 

574 

575 

576 

577 

578 

579 I 
I 

580 I 
581 I 
582*1 
583 I 

584 

585* 

1768 

1778 

1782 

1792 
18o6 

1804 

1826 

1827 

1830 

1834 

1839 

1837 

18~6 

18.;.i 

1845 

185r 

586 1862 

587 1863 

~88 1869 

589 1876 

~go 1883 

119Tauri. 

rl Orionis 

Au rig"' 

Orionis 

35 Orionis 

Au rig"' 

12r Tauri . 

¢ 1 Orionis 

A OriGnis 

e Orionis 

¢ 2 Orionis 

Camelopardalis . 

.:- Tauri ~ 

D. M. 4°, 989. 

26 Aurigre 

125 Tauri . 

~ Orionis 

126 Tauri . 

b Orionis 

o Aurigre 

Orion is 

131 Tauri . 

r Aurigre 

133 Tauri . 

52 Orionis 

132 Tauri . 

134 Tauri . 

v Aurigre 

v Aurigre 

Orion is 

135 Tauri . 

Orion is 

31 Camelopardalis . 

~ Aurigre 

D. M. 19°, IIIO 

137 Tauri . 

136 Tauri . 

56 Orionis 

x1 Orionis 

a Orionis 

591 

592 

593 

594 

595 

5¢ 

D. M. 24°, 1033 

1885 <I Aurigre 

Aurigre 

1896 I 39 Tauri . 

(3 Aurigre 

r. Aurigre 

597 1900 ~ Aurigre 

598 1902 36 Aurigre 

000
5991 1913 6o Orionis 

1914 Aurigre 

S. Ex. 37-13 

I I Annual 

1 
anat1on. 

Declination 
I8So. 

I 
Mag. i A. R. 1880. V . . 

---- - ------

1 I 
h. m. s. 

4,7 25 II 

Ivar. 2.2-2.8 25 53 

5.8 

5.8 

5.6 

5.8 

5.6 

4.9 

3.8 

r.8 

4. 5 

5.8 

2.9 

5.8 

5.8 

5.7 

4.9 

5.4 

5.4 
5.8 

5.S 

5.7 

4.7 
5.2 

5.5 

5,3 

5.r 

5 .o 

4.2 

5.8 

5.6 

5.8 

5.4 

4.9 

5.8 

5.8 

5.3 

5.4 

4.8 
var. o. i-1.4 

5.8 

3.9 
6.o 

5.2 

2.0 

4.6 

2.5 

5.9 

5.5 
6.2 

26 44 

26.7 

27 05 

27 12 

28 08 

28 14 

28 32 

30 07 

30 I9 

30 25 

30 28 

30.S 

30 56 

32 IS 

32 51 

34 22 

36 16 

36 36 

40.3 

40 23 

40 52 

40 55 

41 33 

41 39 

42 49 

42 51 

43 IO 

43 26 

5 43 39 

43.9 

44 I3 

44 47 

45.3 

45 34 

45 47 

46 13 

47 I7 

48 41 

5 49 35 

49 39 
50 02 

50 33 

50 44 

51 02 

51 32 

51 52 

52 39 

53 29 

s. 
+ 3. 52 

3.06 

4.91 

3.03 

3.41 

4. 52 

3.66 

3.29 

3- 30 

3.04 

+ 3.30 
6.oo 

3.58 

3. IS 

3.85 

3. 72 

3. I7 

3.46 

3· IO 

4.65 

+ 3.30 

3.42 

4.I6 

3.4[ 

3.23 

3.6S 

3.37 

4.09 
4. 16 

3.31 

+ 3.41 

3.17 

5.37 
5.02 

3.55 

3.4r 

3. 7i 

3.12 

3.55 
3.24 

+ 3.67 

4.94 

4.66 

3.73 
4.40 

4.45 

4.09 

4.55 

3.09 

4.66 

18 30 II.7 

- 0 23 22. 8 

Si 20 47.2 

- I 41 .... 

q 13 09.8 

47 3S 02.5 

23 Si 28.5 

9 24 24.0 

9 SI 08. 0 I 

I 16 48. 3 

9 13 26.3 

65 37 .;t7.7 

2ro403.r 

4 41 .... 

30 25 09.5 

2:; 49 41.S 

4 OJ 06.6 

I6 28 13.6 

I 24 54.3 

4946 J6.2 

9 29 

14 26 32.2 

39 08 16.0 

I3 5I 16.0 

6 24 37.2 

24 31 32.2 

12 36 42.7 

37 16 08.9 

39 06 42. 3 

949 53.5 

14 16 08.3 

4 23 .... 

59 SI 30.9 

55 40 34.0 

19 50 .... 

I.t 08 23.0 

27 34 54.7 

I 49 27.0 

20 IS 07. 7 

72259.7 

24 r3 48.2 

54 I6 23.2 

49 54 33.8 

25 56 14.0 

44 55 58.S 

45 55 25.6 

37 12 08.-1 

47 53 30.3 

0 32 25.1 

49 54 11.0 

97 

Annu;1] j Proper 1 

Precession. 1 :\lotion. 
I ----

+ 3.03 .01 

2. 9i .OJ 

+ 

+ 

+ 

2.86 

2.78 

2.j) 

2.75 

2.61 

2.59 

2.58 

2.jj 

2.55 

2. 54 

2. 42 

2.37 
2.2-J 

2.07 

2.04 

I. i2 

J. 71 

I.67 

I. 67 

1.61 

r.6I 

I. 50 

1.49 

1.47 

I. 45 

r.43 

I.4I 

I. 38 

I. 33 

1.29 

I. 26 

I. 2-! 

I. 21 

I. I 1 

0.98 

+ 0.91 

o.9r 

0.87 

0.83 

0.81 

0.79 

o. 74 

0.71 

0.65 

0.5; 

.oo 

.02 

.02 

.02 

.or 

.JI 

.05 

.00 

.or 

+ .or 

+ .02 

.01 

.oB 

.09 

.06 

.O! 

.06 

.Ol 

+ .02 

.03 

+ .03 

.I9 

.02 

.02 

.03 

.02 

.07 

+ .or 

.IO 

+ .02 

.II 

.00 

.03 

.02 

.II 

.05 

.04 

+,JO 



 

98 

l~!B.A.C. 
' 6oI I 1928 

602 193.1 

003 I939 

604 1q3E 

605 19.p 
606*' 

6oi I9-15 

008 I943 

609 1958 

610 ! 1952 

61 I I963 

6I2 

613 i 
6q I979 

615 I986 

616 : I990 

617 1989 

6I8 1980 

619 1992 

620 2002 

621 2001 

622 2009 

623 2012 

624 2007 

625* 

626 ! 2024 

627*i 

628 

629 

630 i 

631*' 

632 

633 

634 

635 

(i36"*: 

637 i 

638 

639 

640*1 

64I 

(>42 

643* 

644*'. 
I 

6c15*i 

646 

647 

i 648 

649 

650 t 

2044 

2047 

20-15 

2059 

2082 

2086 

21 IO 

2095 

2126 

2129 

2133 

2159 

2163 

2170 

2182 

REPORT OF THE SUPERINTENDENT OF 

CATALUGCE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Constellation. 

fl Orionis 

6.i Orionis 

x·' Orionis 

1 Geminorum 

40 Aurigx 

JI. l\I. 29', I II2 

66 Orionis 

37 Camelopardalis . 

v Orionis 

36 Camelopardalis . 

-II Auriga· 

Aurigao 

Au rig"' 

40 Can\elopanl:dis . 

6S Oriouis 

; Orionis 

fJ Orionis. 

Camelopardalis . 

I Lyncis 

r1 Geminorurn 

Aurig<B 

P Orionis 

73 Orionis 

2 Lyncis 

D. 1\1. 1-1°, 1235 

45 Auriga: 

Orion is 

Camelopardalis. 

1/11 Aurigm 

/l Geminorum 

Lyncis 

!vlonocerotis 

.is Auriga~ 
77 ( )rionis 

-17 Aurii<a• 

Canwloparclalis . 

Geminurum . 

Camelopardalis , 

:\uriga: 

l\lonoccrotis 

Camelopardalis . 

13 Monuceroti>' 

Camelopardalis . 

Geminorum . 

1Iouocerotis 

4 i ur1g ,· 

v·" Aurigre 

Gcminorum 

54 A urig;c 

V' Aurig"' 

. ; 

• i 

~lag. A. R. 1880. 

h. lll. s. 

4.8 55 47 

5.7 56 21 

5 ·I 56 -17 

4.9 56 50 

5.7 58 19 

5.8 58.7 

5.S 58 38 

5. s 59 24 

4.6 6 00 -13 

5.6 00 46 

6.2 

0.0 

6.o 

5.7 

5.8 

4.7 

5.7 
4.6 

5 .6 

3.6 

-1·.J 

5.5 

5.8 

4.8 

5. 8 

5.7 

5.8 

4.g 

3.3 

5.8 

.j. 7 

5.5 

5.7 
6. I 

s .6 

4.4 

6.o 

5.7 

5.2 

5.3 

4.8 

5.8 

6.o 

5. 5 

5. I 

5.0 

I.g 

5.9 

6 02 25 

04 I"/ 

04.5 

04 54 

04 55 

05 07 

05 08 

05 31 

0(1 51 

07 38 

6 07 44 

08 30 

09 01 

09 02 

II. 3 

12 OJ 

13.2 

14 33 

13 39 

IS 42 

6 16 20 

T7 25 

20 51 

21 cq 

21 05 

21 49 

21 50 

22 46 

24 37 

25.1 

(> 25 45 

26 25 

26.4 

26.8 

27.5 

27 39 

30 46 

30 47 

31 59 

34 21 

Annual 
Variation. 

s. 

+ 3.30 

3.56 

3.56 

3.64 

4. T3 

3.83 

3.17 

5.30 

3 .43 

6.03 

+ 4.60 

4.73 

3.93 

5.39 

3 .s6 

3.42 

3.46 

6.62 

5. 5.J 

3.62 

+ 3.83 

3.45 

3 .38 

5.30 

3.42 
4 .88 

3.42 

6.86 

4.62 

3.63 

+ 5.25 

3.18 

3.86 

3.08 

5.49 

9.38 

3.56 

7.65 

3.93 

3.35 

+10.35 

3 .25 

7.12 

3.41 

3.05 

3.78 

4.29 

3.47 

3.79" 

4.37 

Declination 
1880. 

9 38 44.7 

1_9 41 27.5 

20 08 21. 3 

23 16 05.6 

38 29 30.3 

29 31 

4 Oq 50.8 

58 56 54.6 

14 46 52.5 

65 4~ 21.2 

48 43 58.0 

51 12 06.2 

32 43 

60 or 46.4 

19 48 54.2 

14 14 03.4 

16 09 22.2 

(19 21 32. 7 

61 33 05.2 

22 32 24.0 

29 32 25.3 

16 10 42.7 

12 35 13.4 

59 03 06.5 

14 26 

53 30 15.3 

14 43 

70 35 49.7 

49 20 47.1 

22 34 25.0 

58 28 49.7 

4 39 08.0 

30 33 53.8 

0 22 11.2 

46 45 33.2 

78 05 11.0 

20 17 10.9 

73 47 ofi.3 

32 32 21.4 

11 38 

79 41 22.7 

i 25 10.3 

71 51 

I.I I 5 

I 07 

28 o6 50.3 

42 35 32.1 

16 30 00.5 

28 22 01.8 

44 38 16.1 I 

Annual 
Precession. 

+ 0.37 

0.32 

0.28 

0.28 

0.15 

0.11 

0.12 

0.05 

0.06 

0.06 

0.2t 

0.38 i 

0.39 

Proper ; 

Mo•;;: 

1 

.04 

.II 

+ 
::: II 

.OI 

.02 

.02 

.I2 

0.43 .03 

0.43 .06 

0.45 .04 

0.45 + .02 

0.49 .II 

0.60 .or 

0.67 .02 

o.fi8 . 29 

0.74 + .05 

0.79 .oo 

0.79 ! + .03 

0.99 

I.OS . IO 

1.15 

1.26 

I.40 

I.52 

1.82 

r.84 

I.84 

1.93 

1.90 

1.99 

2. 15 

2.Ig 

.o6 

.11 

.03 

.02 

.04 

.05 

.03 

.UI 

+ .02 

2.24 .6! 

2.30 .02 

2.30 

2.34 

2.40 

2.41 .02 

2.6g .05 

2.69 .03 

_j__~---- ---



 

No. 

661 

662 

663 

664 

665 

666* 

B. A.C. 

2185 

2191 

2187 

2194 

2197 

2199 

2200 

2198 

2201 

2206 

2211 

2209 

2216 

2222 

6b7 2223 

668 2220 

669 2210 

670 2157 

671 2233 

672 2237 

673 2248 

674 2247 

675 2255 

676 2261 

6i7 2285 

678 2299 

679*; 

680*' 

681 2305 

682 2306 

683 2314 

684*' 

685*1 

686 

687 

688 

689 

6C)O 

2330 

2338 

2340 

2343 

2341 

2350 

23n 

2356 

2358 

2326 

2362 

2361 

2373 

2379 

2381 

THE UNITED S'I'ATES COAST SUI:\'KY. 

CATALOGUE OF STARS FOR OBSERVATIO~S OF L\TITCDL 

Constellation. 

S l\1onocerotis . 

26 Gerninorum 

12 Lyncis 

Geminorun1 

28 Geminorum 

30 Geminorurn 

1}/ ALiriga: 

Lyncis 

.p C:imelopardalis 

1}•6 Aurigm 

Gen1inorum 

16 Monocerotis . 

43 Camelopardalis. 

1 7 Monucerotb . 

18 Monocerotis . 

Gen1inorum 

ij•7 Auriga; 

I-J Lyncis 

Camelopa1dali' 

Cephci 

d Geminorum 

V Gen1inorun1 

15 Lyncis 

Camelopardalis . 

c Gen1inorun1 

1f.1WAurigm 

.. .p Gen1inorurn 

w GeJninorurn 

Geminorum 

Gen1inorurn 

Gen1inoru1n 

Geminorurn 

Aurig:e 

Auriga: 

Monocerotis 

'lS Geminorum 

63 Aurigre 

r Geminorum 

47 Geminorum 

D. M. 51°, 1295 

48 Geminorum 

18 Lyncis 

Canis Minoris 

22 Monocerotis . 

Camelopardalis . 

51 Geminorum . 

Lyncis 

Monocerotis . 

Lyncis 

64 Aurigre 

Mag. 

var. 4.7-5.5 

5. 5 

3.3 

5.8 

4.9 

5.3 

5.S 

3.8 

S·i 

5' I 

5.8 

4.6 

5.0 

5.S 

3.6 

4.9 

6.o 

5 .0 

5.2 

5.8 

5. (J 

6.u 

6.v 

Yar. 3.S-4.4 

5. I 

6.o 

5.~ 

5.7 

s. 4 

5 ·I 

-1.6 

5.7 

5.S 

5.B 
5. I 

5.S 

4.4 

5.3 

5.3 

5. 7 

5.6 

5.2 

6.o 

A. R. 1Sbo. 

h. m. ,;, 
(, 34 22 

35 25 

35 37 

3G 33 

37 09 

37 13 

3S 05 

() 3S 33 

40 ()() 

40 -1<) 

41 3(, 

-11 .<) 

-12 Ij 

42 30 

-12 32 

43 45 

(j -I+ 22 

-14 52 

.iG 53 

-17 42 

-t-7 52 

-1S 52 

53 22 

s::. 06 

55.4 

55 . ....j. 

6 5fi 59 

5(i 59 

58 10 

SCJ • 5 

01 .3 

01 29 

03 24 

03 30 

03 56 

04 02 

7 05 09 

05 27 

05 .J.I 

05 45 

06 29 

ofi 55 

08 02 

09 25 

09 42 

Annual '. De1·linati1m 

Variation. I SSo. 

5. 30 

5,31 

5.S5 

30. 12 

6.SG 

3. 3S 

4.39 

3 . .; ~ 

3.f}[) 

3.49 

3.43 

3.33 

3 .ciS 

3.95 

3.25 

3,44 

3.21 

3.07 

12.99 

3.4-1 

4.+7 

3.15 

.i. 57 

4.18 

IO 00 16. I 

59 33 37. l 

13 en ~-+·-

69 \.JI 2S (J 

s OlJ 57.0 

32 30.S 

32 4-1 

11 (17 33.9 

21 5-l 04.2 

3-1 O(J 15. I 

5S 34 3S.3 

;o Si 5S.5 

1 3 l (j 43 ~) 

-15· 1-1 51 .S 

I 6 L~ 35. 3 

17 55 

15 30 

2U -14 +lO.~ 

II OJ 35.5 

3-1 3'l 14. 7 

34 11 

7 40 

39 JO 52,3 

30 2(J 24. 3 

27 03 ob.:; 

51 37 3Li 

2-1 I') 40.rJ 

59 50 5-4·] 

51 07 . ..; 

u Jj c.f3 .u 

S2 30 q.r, 

16 21 40.2 

-17 27 0(,.2 

18 57.0 

-l'J 40 3S. I 

.p Oj 40.9 

Annual Proper 
Prece~sion, :!\lotion. 

3.00 

3.oq 

3. ]() 

3.2-1 

3.32 

3.33 

3. 3...+ 

3.35 

3.55 

J.jO 

3.SG 

3.S9 

4.07 

.\·14 

4.16 

4.2,4 

4.62 

5.q 

5.32 

5.47 

5. 50 

5.53 

5. 7-1 

.oq 

.oS 

.03 

.02 

.03 

.U:l 

+ .q 

+ ,OJ 

.0-1 

.22 

.02 

.00 

.oo 

• I I 

.04 

.03 

.05 

.02 

.05 

. IS 

.06 

.02 

+ ·.04 

.OI 

.DI 

.OU 

. 17 

,00 

.06 

.03 

.oo 

.DI 

.33 

.oo 

.OI 

.02 

.03 

.02 

+ .or 

.oo 

+ .or 
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CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

i No. 
1 

RA.C.: Constellation. 

239S 1 A Geminorum 

702 Lyne is 

703 2410 tl Geminorum 

704 ~ 2407 19 Lmcis 

705 2416 , 65 Anrig::c 

706 , 2~23 56 Gen1inorum 

7"7 2429 66 Aurig;i, 

70S 2-t31 A Ge1ninonun 

709 24..it 21 Lyncis 

710 24.p Geminurum 

711 2+H CanisMinoris 

712 2439 Camelopardalis . 

713 2451 '£ Canis Minoris 

7 l4 Lyncis 

7 r 5 246u 63 Genii nor urn 

7<6 2i62 ,J Canis!tlinoris 

717 2-159 22 Lyncis 

718 2464 · 11 Geminorum 

719 2465 1J Canis Minoris 

720 2468 y Canis Minoris 

721 2467 : (q Gcminorum . 

722 2-169 b Gcminorum . 

723 2173 6 Canis :\linoris 

730 

731 

732 

733 

734 

735 

736 

737 

738* 

739 

740* 

25rq 

2516 

2522 

2532 

741 2540 

742 2551 

743 2555 

744* 

745 2558 

746 2564 

747 2563 

748 2612 

749 2596 

750 2590 

D. M. 23°, 1744 

11' Canis .Minoris 

6S Geminorum 

n Geminorum 

Lyncis 

Lyncis 

v Geminorum 

70 Gcminorum 

o Gcminorum 

Lyncis 

Lyncis 

, f Geminorum 

I 24 Lyncis 

a Canis .Minoris 

Geminorum 

Lynds 

Geminorum 

" Geminorum 

K Geminorum 

{3 Geminorum 

Lyncis 

SxgGeminorum 

II Canis Minoris 

r. Geminorum . 

( Canis Minoris 

Camelopardalis . 

Camelopardalis . 

Mag. 

4.0 

6.o 

3.5 

5.4 

5.3 

5.6 

5.4 
5.1 

4.8 

4.0 

5.7 

5.b 

5.3 

5.9 

5.5 

2.8 

5.5 

4.5 

5.8 

4.9 

5.5 

5.0 

4.9 
5.8 

5.4 

5.4 

I. 5 

6.o 

5.7 
4.3 

5.7 

5.0 

6.o 

5.8 

5 .6 

5.0 

0.5 

6.o 

5.3 

6.o 

4.9 

3.7 
I .3 

5.5 

5.1 

5.2 

5.4 

5.3 

5.1 

5.4 

A. R. 1880. 

h. m. s, 
j II 12 

12 36 

12 57 

13 04 

q 02 

14 52 

15 50 

I(> IO 

17 40 

18 16 

18 18 

18 23 

19 05 

19 55 

20 37 

20 39 

20 49 

21 23 

21 35 

21 38 

21 52 

22 21 

23 07 

25.7 

25 52 

26 46 

26 5(1 

27 01 

27 49 

28 32 

30 40 

31 20 

32 IO 

32 20 ' 

32 33 

32 51 

33 OI 

33.8 

34 59 

35.3 

j 35 49 

37 12 

37 58 

38.6 

39 II 

39 40 

39 46 

45 29 

45 48 

45 51 

Annual 
Variation. 

s. 

+ 3.45 

4.36 

3. 59 

4.92 

4.03 

3.55 

4.17 

3.67 

4.55 

3.74 

+ 3.34 

6.29 

3.28 

4.36 

3.57 

3.26 

4.56 

3.87 

3.23 

3.27 

+ 3.75 

3·H 

3·3-l 
3.60 

3. 12 

3.43 

3. 85 

4.91 

4.37 
3.71 

+ 3.95 

3 .93 

4.05 

4.46 

3.47 

5. Il 

3. 14 

3.6o 

4.57 

3.39 

+ 3.76 

3.63 
3.68 

4.02 

3.31 

3.88 

7 .31 

9.70 

Deel ination 
1880. 

16 45 19.9 

45 26 53,5 

22 12 06.5 

55 30 19.2 

36 59 05.5 

20 40 06.9 

40 54 07.1 

25 16 46.6 

49 26 50.7 

28 02 o6.2 

11 54 13.6 

68 42 28.3 

9 30 39.8 

-18 25 35-3 

21 41 20.6 

8 31 47.4 

49 55 04.8 

32 OI 17.3 

II 06.8 

9 IO OI. 5 

28 21 50.5 

280943.7 

12 15 12. 4 

23 "9 .... 

2 10 o.i. 2 

16 05 00.5 

32 0£) 00. I 

;6 01 03.2 

46 26 35.3 

27 09 39.9 

35 18 55.3 

34 51 2<i.1 

38 37 02.9 i 

48 24 40.0 

I7 56 46.9 

58 59 19.6 ! 

5 31 51.7 

23 19 .... 

50 42 57.2 

14 29 .... 

2g IO 20.4 

24 41 03, 1 

28 18 53.0 

37 48 .... 

ll 03 35 .o 

33 42 32.5 

2 o.i 19.4 

74 14 08.0 

Annual \ Proper 
Precession. Motion. 

----

fJ. 13 .04 

6.25 

6. 28 + .OI 

6.27 .05 

(i.3(> .oo 

6.H .DO 

6. 51 .or 

6. 5~ .02 

6.67 .09 

6. 72 .cg 

6.72 

6, 73 

6.79 

6.85 

6.90 

6.91 

6.93 

6.97 

6.g9 

6.97 

7.01 

7.05 

7 •I I 

7.33 

7.34 

7.41 

7.42 

7.43 

7.50 

7. 55 

7.73 

7.78 

7.85 
7.86 

7.88 

7.90 

7.92 

7.98 
s.os 
8.10 

8.14 

8.25 

S.32 

B.36 
8.41 

8.45 

:::~ .1 

8.93 

+ .02 

.07 

.07 

.IO 

.05 

.II 

+ .19 

.04 

.02 

.o+ 

.01 

.oo 

+ .05 

.oo 

.08 

•II 

.03 

.30 

.00 

.00 

+ .0[ 

.07 

-1.08 

.24 

.05 

.04 

.05 

+ .01 

.02 

.01 

8.93 -0.IO 

-----·----- ----·------------------- -------·-------~-~---~---



 

THE UNITED ST.ATES COAST SURVEY. 101 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

No. B. A. C. Constellation. 

751 2609 2f, LYncis 

752 26I7 ? Geminorum 

753 2585 Camelopardalis . 

754 2632• S5 Geminorum . 

755 2639 Cancri 

756 2647 Canis l\linoris 

757 Camelopardalis . 

758* 2649 Cancri 

' 771 

772 

773 

774 
775 

776 

777 
778 

779 
780 

781 

782* 

783 
784 

785 

786 

787 

788 

789 

790 

79I i 
792 I 
;:, I 
7g6 [ 

797 ' 

:1 

2653 

2659 

2668 

2673 
2672 

2690 

2700 

2697 

2714 

2707 

2732 

2722 

27'14 

2747 

2757 

2765 

2778 

2786 

2788 

2789 

2793 

2822 

28I7 

2826 

28I9 

2833 

2842 

2850 

2853 

2862 

2871 

2876 

2889 

2884 

2897 

2901 

Camelopardalis . 

LI Canis Minoris 

3 Cancri 

28 !ir'lonocerotis. 

Canis Minoris 

,t Geminorum 

8 Cancri 

g Cancri 

27 Lyncif. 

p.. Cancri 

U rsre Majoris 

Lyncis 

Camelopardalis . 

Cancri 

1f1 Gen1inorum 

29 Lyncis 

C rsao l\laj oris 

/! Cancri 

X Cancri 

Cancri 

i. Cancri 

3I Lyncis 

Lyne is 

Lyncis 

Ursre Majoris 

.P Cancri 

Lyncis 

Cancri 

'/>" Cancri 

27 Cancri 

Ursre Majoris 

28 Cancri 

i A Ursre Majoris 

J , Cancri 

J 19- Cancri 

I 
'I/ Cancri 

11

1 

3

33 Lyncis 

Ursre Majoris 

Hydrre 

I : ~;£*"· 
I 

Mag. 

,. 6 

5. t 

5.S 
8 .<) 

{J.l 

(1,0 

5. s 
6.o 

5.8 

5.S 

5.S 

4.9 

5 · l 

5,7 

6.o 

4.9 

5.3 

4.9 

s.6 

5.5 

5.8 

6.o 

3.9 

5.5 

5.8 

5.5 

4.4 

5.8 

5.8 

5.8 

5.9 

6.o 

5 .2 

5.6 
6.o 

3.5 

5.7 

5.4 

5.7 

5 .6 

5.5 

6.o 

5.5 

6.o 

4.6 

5.9 

4.4 

Annual , Declination Annual ! Proper 
A. R. 1880· i Variation.

1 

1880. !Precession. I Motion. : 

h; ::· :s + ,'.;, » ;o •P '·9' 1--.-0~ 
46 09 3JJ8 27 04 29.9 S.96 .OI 

48 01 15.23 i 84 23 56.3 9.10 

48 40 3.51 20 II 58.2 9.16 .04 

50 II 3.41 16 06 3.+·3 9.28 .04 

50 45 

51 16 

51 41 

51 .\5 

52 07 

7 53 55 

55 07 

56 02 

56 09 

5S 23 

59 12 

59 25 

8 C)O .p 

00 SI 

04 IO 

8 0.\ 25 

05 20 

05 43 

07 52 

08 50 

IO 00 

12 46 

13 23 

13 24 

q 37 

8 14 43 

17.4 

rs 26 

19 IO 

19 14 

19 29 

19 32 

20 06 

20 17 

2I 30 

s 23 51 
2.+ 25 

24 45 

25 46 

27 OI 

28 31 

29 28 

29 43 

30 35 

31 18 

3.26 

5.07 

3.43 

5.43 
3.12 

8 "' 37.4 
59 22 IS.I 

16 50 

63 25 03.8 

2 32 33.9 

+ 3.4,+ 

3.06 

3. 12 

3.69 

3.35 

3.56 

4.54 

3.54 

G.0(1 

4.82 

I7 38 09.4 

,- I OJ 38.4 

2 39 47.0 

28 07 45.1 

13 27 3r.6 

22 58 35.6 

SI SI 03,0 

2I 55 +3.8 

i 68 49 29.6 

56 48 37.5 

+ 7.72 

3.45 

3, 73 

5.03 

5.28 

3.26 

3.66 

3.52 

3.57 

4. 13 

+ 4.58 

3.80 ' 

5.76 

3.66 

4.21 

3.22 

3.64 

3.33 
5.04 

3.57 

+ 5.45 

3. 56 

3.43 

3.4S 

3.87 

5.40 

3.20 

5.32 
3.26 

3. 18 

76 07 13.1 

IS 00 30.7 

30 00 51.0 

59 56 IO, I 

62 52 32.8 

9 33 I4·7 
27 36 18.0 

21 07 3I. 7 

24 23 55.2 

43 34 18.4 

53 36 17.8 

35 24 

67 4I 25.I 

28 17 14·9 

46 03 34.5 

7 57 15.7 
27 I9 32.1 

I3 02 57.8 

61 07 02.2 

24 32 30.0 

65 33 07.6 

24 29 04. I 

IS 29 55.9 

20 so 51.5 

36 49 46.7 

65 25 59.6 

7 02 15.1 

64 44 42.0 

IO 04 16.7 

6 07 17.0 

y.31 

9.36 

9.38 

9.40 

9.42 

9. 56 

9.65 

9.72 

9.74 

9.91 

9.97 

9.98 
10.08 

10.09 

Io.35 

Io.36 

10.43 

10.45 

I0.62 

10.69 

IO. 77 

I0.98 

I 1.02 

II.02 

I I. II 

I I. 12 

II. 31 

II ,38 

II.44 

II .44 

II.47 

11.47 

II. 51 

I I. 52 

II .61 

II. 77 

11.82 

II. 84 

I I.91 
12.00 

I2. IO 

I2. l7 

12.19 

r2.25 

12.30 

.06 

.oo 

T .OI 

.04 

•IO 

+ .12 

.07 

.05 

.02 

.OI 

.OI 

+ .02 

. II 

.06 

.o6 

.oo 

.05 

.38 
.,. .02 

.04 

.IO 

.04 

+ .04 

.10 

.oo 

.12 

.13 

.08 i 

.os II 

.07 

.oo I 

+ :: ·1 

.09 I 

+ .02 I 
.03 

+ .02 



 

10~ 

No. ,B.A.C. 

Sor 29n 

802 2909 

803 2937 

80-1 2942 

805 2945 

So6 2953 

807* 2943 

SoS 2958 

So9 2965 

Sro 297r 

BII 2976 

612 2978 

813 2982 

Sq 2989 

815 

8r6 

8r7 

8rS 

819 

820 

82£ 

822 

823 

82-t 

825 

820 

827* 

S28 

829 

830 

2999 

3002 

3003 

3016 

3026 

3027 

JOH 

3048 

3053 

3049 

3055 

3056 

3105 

8.p 3ro8 

842 3I1 I 

843 3113 

844 3rr7 

845* 31f6 

846 3125 

lU<]l'OB,T OF THJ~ SUPERINTBNDENT OF 

C,\TALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Constellatiou. 

a Hydra: 

J.+ Lyncis 

Cancri 

A1 C3.ncri 

Hydr"' 

Cancri 

lJ rs:e Majoris 

b Cancri 

Cancri 

' Hydrce 

Hyur"' 

p Hydra:: 

b I; rsai Majoris 

35 Lyncis 

n' C.:rncn 

p Cancri 

6 U rszc llfaj or is 

57 Cancri 

p2 Cancri 

l: rsa: Majoris 

Bydr"' 

(Jo Cancri 

((2 Cancri 

Camelopardalis . 

Cancri 

lJ rsao lllajoris 

Cancri 

Urs::c Majoris 

a Cancri 

a3 Cancri 

10 Ursa: Majmis 

Ursa: Majoris 

Ursa; l\lajoris 

Cancri 

Ir Ursa: Majoris 

C rsa: M ajoris 

"' Hydra: 
o Ursre '.\fajoris 

Urs"3 l\fojoris 

-:- Cancri 

Ursre l\1ajoris 

K Cancri 

75 Cancri 

Cancri 

U rsre Majoris 

16 Ursa! Majoris (c) 

36 Lyncis 

17 Urs"' lllajoris 

e U rs'IJ Majoris 

1 '~ Hydrre 

!\lag. I A. R. 1880. 

~--1 

1
1--1s~~1~ 

.;.S 

s .4 

4.5 

5. s 

4.3 

6.o 

5.6 

.j.1 

3.5 

5. 5 

4.S 

5.5 
5.S 

5.S 

5.S 

5.S 

5.3 

5.4 

6.u 

3.3 

5.7 

5.6 

5. s 
5.5 

G.o 

4.9 
4.2 

5 •I 

4. I 

5. 7 
3. 5 

5. 2 

5 ·I 

4.7 

5.6 

5 .o 

4.9 

5. 8 

4.9 

5.2 

5.7 

4.9 

6.o 

5.1 

5. 5 

5, I 

5.2 

4.2 

I 
I 

32 29 

32 .+3 

3S 14 

39 26 

.JO 25 

s .p JO 

42 05 

43 29 

43 53 

45 IU 

~ts 27 

.JG 09 

..i6 5) 

40 20 

4S .J3 

" .J9 03 
-!<) 22 

49 32 

50 03 

50 33 

50 59 

5L2 

SI 42 

51 55 

52 IO 

52 51 

55 12 

55 25 

55 43 

57 50 

58 54 

59 39 

59 4<) 

9 00 24 

00 48 

9 OJ 00 

01 15 

01 44 

02 28 

03 48 

04 51 

05 57 

o6 56 

07 33 

08 07 

Ann11:il Declination 

Variation.· 13So. 

s. 

+ 3. 15 

-+· r; 

3.4S 

3· 31 

3. H) 

s .01 

3,92 

-r 3. 10 

13.fo 

3. jb 

+ 3. <)2 

.J.H 

4. 12 

3. 52 

s.36 

3. 85 

3. 17 

5. 37 

j. 27 

3.62 

+ 5.02 

3.26 

3.55 
3.46 

6.20 

4.82 

3.95 

4.50 

4.36 I 

3. lJ 

45 42. 3 

.jU I 5 12 · 3 

2 I 53 5(j • l) 

I 3 0(1 3(J, I 

3 .JI) .JI.9 

r8 35 39.5 
67 08 50.0 

JO 30 ; \ .O 

29 II 50. 7 

(> 51 29. s 
I 27 2t:l.2 

6 16 4S:o 

02 2-f 37. l 

.p lrl 18.2 

3z 55 2r.7 

2S ~7 17.3 

65 03 39.3 

31 OI 57·9 

2S 23 03.(1 

40 J~ 3S.6 

(, 2.j 04 . .j 

1~ 05 oo.S 

33 22 1-l-7 

84 39 31co 

15 46 55.4 

.io 30 40.6 

(} 51 ... ' 

()S 05 43. 7 

l 2 19 I(>. 2 

32 53 OJ. 5 

42 rs z.i.o 

5-l lS 19. + 
47 37 46.2 

24 55 2-1. (; 

67 21 11.5 

JS 55 49.7 

5 3-1 13-3 

67 37 II.6 

5205 15.6 

30 os 07 .3 

63 59 59.9 
I l 09 01. 3 

27 07 26.-1 

22 31 4S.o 

732627.8 

61 54 57.3 

43 42 40.2 

57 14 14.2 

s-1 30 s_6. 6 

24911.1 

Anm1;il Proper 
Precession. Motion. 

12.36 .02 

12 . .jO + .06 

12.64 ' + .OI 

12"6 + .Ol 

12.69 .or 

12. 75 • 2-l 

"". 75 
I:2. 77 

Ij.0'2 

lJ.12 

IJ. 15 

13. 23 

13.25 

13.30 

r3.35 

I 3 · -15 

13.-16 

13 .. JS 

13.55 

13.fi~ 

13.0(, 

13.6~ 

13.09 

13.73 

13. SS 

13.89 

13 .<JI 

14.0.1 

q. II 

q. rs 
I.!· I 7 
q.20 

r4.23 

+ .02 

.05 

.oz 

+ .03 

.03 

+ .17 

+ .03 

+ .02 

.25 

. 13 

.oo 

.O.J 

.00 

.00 

.02 

.07 

.00 

+ .O.J 

.28 

.or 

.04 

.06 

.27 

.00 

. rr 

.07 

.06 

.06 

.06 

.IO 

.05 

.05 

14.24 .08 

q.26 ! + .02 

q.28 .08 

q,33 + .02 

14.41 .oo 

14.47 .O<J 

14.54 

14.60 

14.64 
14 .67 

! - .05 

+ .07 
+ .02 

.32 



 

No. ; B.A. C. i 

86I 

862 

863 

864 

865 

866 

86; 

868 

3204 

3199 

32IS 

3227 

3221 

3228 

32..'.ll 

3241 

32.p 

3246 

3250 

3251 

3253 

869 3256 

870 3261 

87 J 3265 

872 326S 

873 3273 

E74 3286 

875 3281 

876 32S3 

'O 77 3295 

878 3284 

879 3303 

880 3307 

881 3312 

882 3317 

883 3321 

884 3324 

885 3331 

886 3336 

887 3339 

888 i 3341 

889 3345 

890 3346 

891 335S 

892 3366 

893 337I 

894 3374 

895 3381 

896 3399 

897 3402 

898 ' 34o6 

899 3409 

900 34I5 

THE "L"NlTED STATES COAST SURVEY. 

CATALOGCE OF STA1'.S FOR OBSERVATJONS OF LATITCDE . 

Constellation. J\l::ig. ..\. R. 1SSu. 
.A nnu:il 

\"'ariatio11. 

Declination 
1Sbo. 

103 

Annual Pwper 

Precession. Motion. 
----·-- ------ -----

r. Cancri 

38 LyncJs 

C rs;e l\lajoris 

40 Ln1cis 

LL:ouis 

Draconis 

C rs;e :\lajoris 

<,; Lconis 

h l' 1 "" :\Iajuris 

Leon is 

22 Crsx :\lajoris 

d U :-sa' J\laiuri' 

S Leonis 1\linoris . 

lf Lrs<E :\lajoris 

I. Leonis 

Leon is 

n Leonis 

T 1 Hv<lr;e 

26 Crs'1"' J\lajoris 

10 Leonis l\1inori~ . 

Lyncis 

11 Leonis ~Iinori~ 

Leon is 

Sextantis . 

..iz Lynci~ 

27 C rsx l\lajoris 

2 Sextantis . 

D. l\1. 7<J. 319 

Hydr;e 

43 Lyncis 

14 Lennis (o) 

Leon is 

..p Leonis 

63 Urs;e l\lajoris 

Leoni'; 

Scxtuntis . 

Scxtantis. 

[T rsa: l\Iajuris 

R Lconis 

" Ursa: J\lajoris 

'1 Ursa: Majoris 

g Lennis 

µ Leonis 

7 Scxtantis. 

31 Ursa: Majoris 

r9 Leonis lllinoris 

Ursa: Ma.joris 

" Leonis 

Leon is 

rr Lei:rnis 

h. rn. s. ~. 

5.7 

3.3 

-1·-I 

4.3 

5. + 
5 .4 

3.6 

5.1 

5.5 

4.9 

4.S 

4.5 

5.5 

5.2 

.i.2 

5.6 

5.3 

3.2 

5.7 

5.6 

5.0 

var. 5.2-r.o 

3.q 

.J.S 

5.5 

3.9 

5.8 

5 .4 

5.2 

5.r 
5.5 
5.6 

4.9 

' 

I I ""' 

I3 .J4 

17 40 

19 51 

22 02 

22 03 

'J 23 32 

23 51 

2() 3(1 

:2fJ 52 

9 27 3-t 

2S 28 

29 35 

30 52 

30 52 

31 52 

32 12 

33 00 

·33 -1.J 

3-1 34 

9 3-t 45 

36 31 

37 12 

38 OI 

3l) 02 

31) 50 

40 12 

40 SI 

4I 06 

42 2i 

9 -13 5(> 

45 04 

45 56 

+6 OI 

47 52 

50 20 

o;1 35 

51 46 

52 4I 

53 52 

- -----~-------- --

+ 3. 32 

4.45 

3.51 

9.q 

3.gG 

3.22 

4.So 

3.2(J 

IS 26 rS.S 

37 JS 36.3 

57 12 23.(> 

34 53 55.2 

2C -P 52.0 

Sr 51 I6.6 

..J(1 07 34. 5 

9 3-1 4r.9 

63 35 07.S 

.p 39.7 

35 37 59.0 

23 29 45.9 

11 +<J 49.3 

3.22 JO L1 3S.2 

3.oj - o 39 22.S 

4.15 523503.0 

3.70 3()5546.0 

+ 3. ;6 40 09 09. 6 

3.61 36 21 o;.-1 

3.57 31 .p 55.3 

'3-77 40 46 39·5 

5.67 72 47 46.3 

J · q I I 2.j .O 

J • .f/ i<l ~P 07.0 

'3-07 - () 35 57-.+ 

3.74 40 rs r3.9 

+ 3.21 10 26 14.6 

3.53 30 31 32.1 

3.2S 14 34 09.S 

4.30 

3. 17 

3.10 

3.9r 

3.23 

4.33 

+ -1.13 

3.95 

3· 70 

4. IS 

3.23 

3. s0 

3.18 

Si +o 39.S 

2.j l<J 33. 2 

i rs H.2 

2 20 23.3 

4G 34 45 .2 

JI 59 01.5 

59 36 06.6 

54 37 24.4 

2.J 57 44.2 

26 3t 16.9 

3 oo 47.S 

50 23 o;. 5 

.fl 37 35.4 

57 23 07.3 

r3 oo 59·9 

30 13 06.7 

s 37 09.5 

q.70 

q.87 

q.96 

15.01 

IS.23 

15.35 

15.41 

r5.4S 

I;.4S 

IS.48 

15.5j 

I;.60 

I 5. 63 

15.63 

l 5. 65 

15. 65 

15.69 

15.73 

15. 7.f 

I 5 · 75 

15.53 

r5.S9 

I 5 · 9(> 

15.96 

16. OI 

rr1.03 

I6.07 

16. IO 

13. 15 

IO. IO 

I6.25 

1(i.28 

I(l. 33 

r6.3S 
I6.42 

I6.44 

I6.47 

I(> • .iS 

16.55 

16.62 

I6.6S 

l(i. j2 

16. 72 

r6.61 

16.93 

I6.99 

17.00 

Ij.04 

I7.09 

-:-- .02 

.04 

.oo 

.oz 

.03 

+ .oo 

. I3 
.Ol2 

+ .11 

.04 

.00 

+ .05 

• IO 

.57 

.04 

.os 

.02 

.oS 

.04 

+ .oo 

.05 

.27 

.02 

.oo 

.oo 

.05 

.07 

.oo 

• I I 

.06 

.04 

.II 

.04 

.00 

.02 

.oo 

.0-1 

.IO 

. ] 7 

.IS 

.05 

.20 

.o6 

+ .JI 

.oo 

.oo 

.oo 

.OI 

• I3 

.03 
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CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 
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902 

3416 

3423 

3446 

3453 

3457 

i 
i 20 Leonis Minoris . 

\ Leonis 
' , 2r Leonis Minoris • 
I 
•

1 

~ Leonis 

: A Leonis 

906 i 3458 15 Sextant is . 

a Leonis 907 3459 

90B 3468 Leonis Minoris . 

32 Urs:e Majoris 909 3496 

910 3500 i 23 Leonis Minoris . 

I 
911 3505 /, U rsae Majoris 

912 3508 ' Leonis 
913 

914 

915 

916*, 

917 

918 

919 

920 ', 

931 

932 

933 

934 

935 

936 

937 

93B 

939 
940 

941 

94·2 

·943 

944 

945 

946 

3510 , 37 Leonis 

351.\ ' Urs:e Majoris 

3495 Camelopardalis . 

Ursre Majoris 

3522 
1 

40 Leonis 

3523 Y Leonis (1st star) 

3533 I" Ursre Majoris 

3531 Ursre Majoris 

3542 27 Leonis Minoris • 

3528 Camelopardalis • 

3548 i 28 Leon is M inoris . 

3561 ' 44 Leonis 

3560 30 Leonis Minoris . 

3572 31 Leonis Minoris • 

3580 36 Ursae Majoris 

359" 29 Sextantis . 

3597 ·. 30 Sextantis . 

3593 Draconis 

36o6 ' i Lconis 

36o7 U rsre Majoris 

36o9 p Leonis 

3610 34 Leonis Minoris . 

3612 37 Ursre Majoris 

3639 Ursre Majoris 

3640 37 Leonis Minoris • 

3641 38 Leonis MiMris . 

3645 Ursae Majoris 

3647 i 38 Ursre Majoris 

Ursoo Majoris 

39 Ursre Majoris 

40 Leonis Minoris . 

947* 

I 948 

3652 

3664 

3666 

3665 

3671 

36S5 

3691 

3693 

37o8 

3714 

Ursoo Majoris • 

41 Leonis Minoris • 

42 Leonis Minoris . 

m Leonis 

k Leonis 

Leon is 

j 949 

950 42 U rsre Majoris 

5.4 

5.3 

4.3 

3.5 

4.8 

4.4 

I.2 

6.o 

5.7 
5.8 

3.4 

5.5 

5.8 

5 .o 

6. I 

5.8 
2.2 

3.2 

4.9 

5.8 

5 .o 

5 .6 

5.9 

4. 5 

4.3 

4. 7 

5 ,() 

5 .o 
4.S 

5.7 

4.9 

4· I 

5.8 
5 .0 

5.8 

4.7 
6.o 

5.6 

5 .o 

4.9 

5.5 

5.3 

5.3 
5.2 

5.0 

5.5 

5. 5 

5.2 

5.7 

h. m. s. s. 

9 54 05 + 3.47 

56 07 ! 3.36 

to oo 21 3.56 

00 47 i 3.28 

01 32 3. 19 
or 48 

or 59 

04 o6 

09 rS 

09 25 

IO 09 51 

IO OJ 

10 14 

II 53 

II 58 
12 

13 12 

13 21 

15 II 

15 28 

IO 16 12 

16 18 

17 rs 
rs 56 

19 02 

20 56 

22 57 

23 23 
24 og 

24 sr 

IO 25 48 

26 l4 

26 30 

26 39 

27 25 

31 39 

31 58 

32 16 

33 15 

33 45 

IO 34 28 

36 08 

"36 27 

36 2<J 

36 53 

39 II 

39 57 

40 04 

42 57 

43 51 

3.08 

3.20 

3. 58 

4.43 

3.43 

+ 3.64 

3.35 
3.23 

4.67 

9.73 

3.77 
3.28 

3.31 
3.60 

4.40 

+ 3.48 

7,92 

3.47 
3. 16 

:J.46 

3.49 

3.89 

3.05 

3.07 

5.29 

+ 3.21 

3. 53 

3. 16 

3.45 

3 <JI 

3. 78 

3.40 

3.45 
4.37 

4. 18 

+ 4.40 

3.84 

3.31 

3.55 

3.28 

3.35 
3.24 

3.18 
3,16 I 

3.83 

32 30 47.2 

22 31 38.6 

35 49 43.9 
17 20 50.0 

lO 35 06.5 

0 12 52.0 

12 33 lI.3 

37 59 34. r 
65 42 20.9 

29 54 26.1 

43 30 46.3 

24 00 54.0 

14 II) 33.4 

69 20 59.0 

84 SI 35,7 

49 00 •••• 

20 04 45.1 
20 26 52.6 

42 06 09.2 

66 IO 11).6 

3~ 30 -16.5 

83 IO 03. 3 

3l l<J 28.9 

9 23 38.0 

34 24 23.2 

37 19 17.4 

56 35 44.1 

- 2 07 33.1 

- 0 01 21.0 

76 19 48.4 

14 45 08.r 

41 02 33.2 

9 55 24.9 

35 36 22.5 

57 4r 58.4 

54 17 40.3 

32 35 56.9 

38 32 o6.1 

69 04 10.2 
66 20 39.0 

69 42 10.6 

574943.1 
2ti 57 19.6 

46 so 03.3 

23 48 58.1 

31 IS 50,3 

19 31 24.6 

14 49 38.8 

II 10 48.I 

59 57 23.5 

r7.09 

17.19 

17.38 

17.40 

17.43 

r7;44 
17.45 

17.53 
r1.76 

17.76 

I].78 

17.79 

17.79 
17.86 

17.87 

17.87 

17.92 
17.92 

17.99 
i8.oo 

18.03 

18.04 

18.07 

18.14 

18.14 

18.21 

18.23 

18.30 

18.32 

18.34 

18.38 

18.40 

18.40 

18 .. +r 
18.44 
18.58 

18.59 

l8.6o 

18.63 

18.65 

18.67 

18.72 

18.74 

18.74 

18.75 
18.82 

18.84 

18.84 

18.93 
rB.¢ 

.45 

.or 

+ .or 

+ .OI 

.05 

.OI 

+ .or 

.(){) 

• JI 

.06 

+ .02 

.oz 

.o6 

.05 

.23 

.12 

+ .03 

.06 

.09 

.07 

.07 

• 12 

.08 

• IO 

+ .or 
.04 

.03 

.03 

.04 

.oo 
; .00 

.02 

.03 

.oo 

.00 

.03 

.10 

.05 

.07 

.o6 

+ .03 
.ot 

.03 

.08 

.IO 

.oo 

·09 
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No. B.A.C. Constellation. Mag. A. R. 1880. 
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951 

952 

953 

954 

955 

956 

95 7 

3725 

3728 

3729 

3732 

3741 

C rsre l\I aj oris 

Ursre Majoris (sq.) 

·l-1 i::rsre Majoris 

46 Leonis Minoris , 

w Ursre '.\Iajoris 

p 1 Leonis 

958 3i+2 

46 U rs:e Maj oris 

54 Leonis 

959*, 

96o ; 3757 

Urs;e M:ajoris 

.+7 Urs:e l\fajoris 

961*
1 

962 

963 

964 

965 

966 

967 

968 

969 

970 : 

97 [ I 

972 

973 

97-1 

975 
976 

9i7 

978 

979 

980 

981 

982 

q83 

984 

985 

986 \ 

q87 

988 

q89 

990 

991 

992 

9<J3 

994 

995 I 

996 i 
997 I 

998 ! 

,:1 

3758 

3765 

3768 

3769 

3767 

3775 

3776 

3777 
3788 

3798 

3809 

3811 

3812 

3831 

3834 
3838 

3842 

3843 

3846 

3850 

3851 

3852 

3856 

3862 

3864 

3868 

3877 

3S79 

3586 

C rs:e l\laj or is 

L·rs~ l\Iajoris 

49 Crs:e Majoris 

d Leonis 

c Leonis 

8 L'rs:c l\1ajoris 

p.-: Lt1 0nis 

h Leonls 

a Urs:-P \lajoris 

X Leonis 

p' Leonis 

67 Leonis 

U rsao Maj oris 

-~, 1 · rsa: O\lajoris 

p'' Lennis 

<\ Leonis 

H Lconis 

72 Leonis 

n Leonis 

l'rsre Majoris 

i 75 Leonis 

E Crs:e Majoris (1st*) 

,. U rs"" l\lajoris 

55 Urs<e :\lajuris 

v Leonis 

Urs~c l\lajoris 

56 Urs:e l\fajoris 

Leon is 

79 Leonis 

81 Leonis 

3900 < Leoni> 

3905 57 Urs:e l\Iajoris 

3915 86 Leonis 

391-1 I. Drnconis . 

3918 Ursre Majoris 

3932 90 Leonis 

3931 Urs:e Majoris 

3933 2 

3937 I v 
·3946 

Draconis. 

Leon is 

Leon is 

S. Ex. 37--14 

5.8 

5.9 

5.4 

-1.0 

4.9 

5 ·-I 

5. 3 

.j .3 

5. 8 

5 · l 

5. s 
5.5 

5 · l 

4.6 

5. 2 

2.3 

5.0 

4.4 

1.9 

4.8 

5.7 

5.6 

5.7 

3.1 

5.2 

2.5 

3.3 

4.9 

5. 3 

5.5 

6.o 

5.0 

.j.ll 

5.6 

5 's 
4.g 

5 3 

5.5 

3.8 

5.8 

5.7 

5.8 

5.2 

5.6 

4.7 

h. m. s. 

10 +s 19 

45 20 

46 18 

.j6 31, 

+7 o+ 
4 7 37 

49 05 

-19 07 

52.2 

IO 52 51 

53 21 

5~ 07 
5-t 22 

54 32 

Sf 35 

55 42 

55 55 

5(i I!) 

58 50 

II 00 47 

02 23 

02 43 

02 55 

07 3i 

07 43 

07 57 

08 -19 

II I I 07 

I I -17 

12 00 

12 35 

q 57 

I 5 43 

16 l4 

17 40 

I7 53 
19 21 

11 21 46 

22 36 

24 13 

24 16 

25 32 

28 25 

28 28 

29 00 

29 59 
30.48 

Annual i Declination [ Annual 

Variation. I 1880. Precession. 

+ :.·27 ,1- 70 29 35.7 

3.65 53 oS 31.7 

3.68 55 13 20.0 

3.37 3.J 51 4r.8 

3.-16 -134941.7 

3.0(1 - l 29 32. I 

3.3+ 31 08 50.0 

+ 3 36 

3.-17 

3.39 

3· IO 

3. 11 

3.66 

3.ou 

3. j(1 

3· TO 

+ 3.06 

3.23 

3.33 

3.-10 

3.os 

3.20 

3. 16 

3.20 

3· I 5 

3.42 

+ J.09 

3. 21 

3. z(, 

3.29 

3. 11 

3 .f>2 

3.32 

3. 13 

3.08 

3.q 

+ 3.09 

3.25 

3. 1-1 

3.63 

3.+5 

3. 1 3 

3.35 

3.56 
3. 16 

3.07 

25 23 22.6 

52 32 

41 04 11. 5 

36 -!.+ 16.8 

-16 10 09.0 

39 51 23.0 

4 rs 4I.2 

6 H H·S 

57 OI 30.9 

- I 50 20.4 

20 .+9 23_. 3 

fo 23 53.E 

~<) L--iz.6 

36 24.5 

25 rS 27.2 

36 57 37.2 

-15 oS 55.5 

0 3-1 59.0 

21 JO 51.4 

16 05 07.~ 

23 H 57.6 

13 57 .. p.5 

50 07 51.0 

z 40 1 r.-1 

32 12 16.4 

334456.i 

38 50· 37· I 

6 41 TI.9 

<q 59 w.3 

-14 08 24.4 

1 I I l 2-l. 5 

2 03 57.7 

Ji 06 57.S 

31 00.9 

39 5<) 49.-! 

19 04 13.5 

69 59 34.b 

6I 44 54· I 

17 27 35.0 

55 26 53.3 

69 59 26.3 

28 26 38.2 

·- 0 09 4r.2 

Ig.oo 

19.02 

19.03 

19.0-1 

19.06 

19. IO 

19. 10 

19. 18 

19. 19 

H).21 

19.23 

19.24 

19.24 

19.24 

19.27 

19.27 

19 28 

19.34 

19.39 

19.42 

19.43 

19 .. 13 

19.53 

1953 
19·54 

19.55 

19. 57 
19.58 

19. 59 

19.61 

19.in 

19.62 

19.67 

19.68 

19.69 

19.71 

19. 74 

19.77 

19.79 

19.Sr 

19.81 

19.82 

19.87 

19.87 

19.87 

19.88 

19.89 

105 

Proper 
Motion. 

.04 

. 25 

.06 

.00 

.06 

.01 

+ .06 

.co 

.02 

.03 

.ob 

+ .03 

.04 

+ .03 

• 09 

.08 

.08 

.or 

.02 

.08 

.oo 

.14 

.03 

.or 

.04 

.or 

.18 

.57 
+ .04 

.oS 

.03 

.o6 

.07 

.06 

.02 

.oo 

.02 

.or 

+ .or 

.06 

.oo 

+.or 

.00 

• 10 

.05 

+ .05 
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No. B.A. C 

REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE 

Constellation. Mag. A. R. 1SS0. 
Annual 

Variation. 
Declination 

1880. 

~-------------~~---"- -----

1001 

1002 

1003 

JOO-! 

1005 

lU06 

roo7 

1008 

1009 

IOlO 

3949 

2952 

3964 

3965 

3966 

3968 

3979 

3982 

3981 

3985 

101 I 3989 

1012 3990 

1013 3995 

1014 3q98 

IOI5 4002 

ror6 4017 

1017 4027 

IOI 8 4031 

1019 4033 

1020* 

1021 4049 

1022 4052 

1023 

1024 4057 

ro25 4066 

1026 4070 

1027 4072 

1028 

1029 4074 

1030 4og9 

1031 4100 

1032 4107 

1033 4110 

103~ 4112 

l04I* 

!042 

I0-13 

104-1 

1045 

rn-16 

IO.t7* 

1048 

1049 

1050 

4122 

4123 

4125 

4126 

i127 

4128 

4143 

4145 

414B 

41sr 

4153 

1 

Ursao Majoris 

59 Ursro Majoris 

92 Lennis 

61 Ursre Majoris 

62 Urs,.; '.\1ajo1is 

Draconis . 

Virginis . 

1' Virginis . 

X Urs;e Majoris 

lJ rsre Majnris 

A 1 Virginis 

9'.l Lennis 

,S Lennis 

Ursro Maiori> 

;1 Virginis . 

r U rsao Majori> 

A" Virginis . 

o Leoni;,; 

66 U rsre Majoris 

U rsre Majoris 

b 'Virginis . 

r. Virginls . 

184 Ursre Majoris 

67 Ursai Majoris 

2 Comre 

Camelopardalis, 

9 Virginis (<l) • 

Draconls . 

Urs;r Majoris 

3 Com,,;:. 

Comre 

4 Comre 

5 Comre 

Draconis. 

Draconis. 

J Ursre Majoris 

6 Comre 

2 Canum Venaticorum 

7 Comre 

Canu m Venaticorum 

Com re 

Draconis. 

'I Virginis . 

3 Canum Venaticorum 

c Virginis . 

D. M. 27°, 2II4 

D. M. 27', 2115 

Lt Comre 

70 ursre Majoris 

12 Comre 

6.3 

5.5 

5.2 

5' l 

5.8 

5.1 

4.8 

4.3 

3.S 

5.5 

5. s 
4.2 

2. J 

5.5 

3.7 

2.4 

5 .6 

5.5 

5.8 

6.0 

5,5 

4 "l 

5 .6 

5. I 

5.8 

5 .9 

4.2 

5 .s 
5.8 

6.o 

6.o 

5.6 

5.8 

4.8 

5,6 

3.3 
5.0 

5.3 
5.2 

5.0 

5.7 

5.5 

3,5 

5. 5 

5,0 

4.9 

5.8 

4.6 
5,.8 

5.0 

h. m. s. 
II 31 23 

31 57 

34 33 

34 H 

35 19 

35 46 

39 06 

39 41 

39 43 

40 30 

Il .p 45 

11 48 

42 56 

43 28 

44 27 

n 31 

48 54 
49 30 

49 42 

52 .. 

I l 53 48 

54 43 

55 31 

56 01 

58 oS 

58 42 

59 06 

59 08 

59 36 

12 04 25 

12 04 40 

05 40 

06 03 

06 34 

09 25 

oq 29 

oq 55 

10 07 

IO 16 

IO 28 

12 I 1 ,.5 

13 27 

13 46 

13 54 

14 15 

14 18 

q.6 

q 39 

15 02 

16 28 

s. 
+ 3.28 

3.22 

3.13 

3· I7 
3.q 

3.41 

3.09 

3.09 

3.20 

3.24 

+ 3.09 

3.12 

3.06 

3. L) 

3.12 

3.rS 

3.oS 

3 09 

3. r1 

3.11 

+ 3.07 

3.08 

3.10 

3.07 

3.08 

3.19 

3.06 

3.q 

3.08 
3.06 

-t- 3.07 
3.06 

3.06 

2.89 

2.91 

3.00 

3.06 

3.02 

3,04 

3.0+ 

+ 3.03 

2. i9 

3.06 

2.98 ! 

3.05 

3.03 

3.03 
3.04 

2.94 

3.02 

51 17 uo.o 

44 17 25.5 

22 01 08.8 

3-1 52 46.0 

32 24 37.i'. 

67 24 32.5 
8 55 30.7 

7 12 ou.o 

48 26 41. r 

561746,1 

8 5-1 43,6 

20 53 oq.o 

15 14 3,+. 5 

35 35 5~ ·I 

2 26 27.0 

54 2r 42.3 

9 06 39.5 

r6 r8 53.0 

57 rs 58.6 

33 49 ... 

4 rg 24. 8 

7 16 51).9 

36 42 48.8 

43 42 39.4 

22 07 39.5 
86 15 07.8 

9 23 59.0 

i7 34 36.7 

63 36 r;.o 
I7 28 38.6 

27 56 57.7 

263221.0 

21 12 35.8 

78 16 58.7 

70 52 05.8 

574156.r 

15 34 02.3 

41 1y 42.S 

24 36 44.8 

33 43 55.7 

29 37 

75 49 36. 8 

0 00 00.9 

49 39 00.I 

3 58 52.0 

27 17 23 ·4 

27 44 

rs 27 21.g 

58 31 57.2 

26 30 44.6 

A annal Proper 
PrE>cession.) 11otion. 

19.90 

19.90 

19.93 

19.93 

19.94 

19.g-1 

19.97 

.oo 

.08 ! 
+ .DI 

.41 

+ .03 

+ .n6 

.02 

rg.97 .2r 

r9·97 i + .02 

19.98 .00 

19.99 .02 

19.99 .oo 
20.00 .10 

20.00 .03 

20.or .28 

20.02 ~00 i 
:w. 03 .02 

20.03 + .06 ' 

20.03 .02 

20. o~ .oo 

~o.c4 .02 

20.05 .04 

20.05 

20.05 + .02 

20.05 + .or 

20.05 + .04 

20.05 + .05 

20.05 

'20.05 .oo 
20.05 + .01 

20.05 .02 

20.05 + .or 

20.05 i + .02 

20.0-1 .or 

20.04 .oo 
20.04 .o6 

20.04 I .01 

20.03 .03 

20.03 .oo 
20.03 .18 

20.03 

20.02 + .02 

20.02 .01 

20.02 .o6 

20.02 .07 

20.02 .oo 
20,02 

20.01 + .07 

20.01 .o6 

20,00 + .OI 



 

THE UNITED STATES COAST SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

: : i l ~: B. A. C. / ____ c_onstellation. _ 

I 1051 ; . .pSo , Canum Venaticorum 
I 

I 
1052 

1053 

I 1054 

13 Com;-c 

Com re 

1055 I 4188 

1056 ' 4191 

1057 .p95 

rn58 ·II 96 

1059 4203 

1060 4207 

1061 4209 

4212 

4216 

4222 

6 Canum Venaticorum 

Lt Coma: 

r5 Comre 

16 Com;-c 

i3 Crs;-c Majoris 

17 Com;-c 

18 Coma: 

20 Com;-c 

74 Ursre Majoris 

4 Draconis . 

1062 

1063 

Io6.j I 

1065 

1066 

1067 

1068 

lo69 

1070 

4223 21 Comre 

1071 ! 

1072 

1073 

ro74 

1075 I 
1076 I 
ront: 

I 

1078 i 
1019 I 
1080 

108r 

1082 

I083 

1084 

1085 

1086* 

1087 

I088 

1089 

rngo 

1091 

1092 

1og3 

IO<.H 

1og5 

1096 

1097 

1098 

1099 

1100 

4233 Canum Venaticorum 

4235 I Canum Venaticorum 

4239 ! K Dracon is . 

4260 

4268 

4271 

4274 

4287 

4286 

4290 

4300 

4302 

4301 

4303 

4305 

4311 

4315 

4328 

4329 

4342 

4335 

4341 

4340 

4346 

4347 

4351 

436o 

23 Com·"' 

24 Com;i, 

6 Draconis. 

25 Coma: 

Virginis 

R Virginis 

26 Comao 

Canum Venaticururn 

y Virginis . 

p Virginis . 

31 Virginis (d'). 

Canum Venaticorum 

d' Virginis . 

27 Cumre 

U rsre Ma joris 

7 Draconis . 

29 Comao 

Com"' 

11 Canum Venaticorum 

Ursa: Majoris 

Cauum Vcnaticorum 

31 Com<e 

35 Comao 

41 Virginis 

Camelopardalis (sq.) 

Ursa: Majoris 

Canum Venaticorum 

d Virginis . 

12 Canum Venaticorum 

I 8 Draconis . 

I 36 Com:E 

137 Com<e 

I
' I' I I Annual I Declination 

1 
Annual 

i 
Mag. A. R. 1880 .. \' . 1. 1 1880. \ p . I ana 10n. I recession. 

--1------ --h-. -m-. -s-. --

1

1

1 

s. ------1 
5,1 12 I8 II + 2.94 52 13 3i- l 

5.3 18 Ij 3.02 26 45 50.9 

6.o 19 13 ! 3.04 24 35 3r .4 

::: ;: :~ 111 :::~ :~ :~ :~:~ 
5.0 20 24 3.01 27 55 59.4 

4.5 20 57 3.00 28 56 08.3 

5.1 20 59 ! 3.01 27 29 25.7 

5.6 21 52 i 2.88 56 22 36.S 

5.6 22 55 I 3.01 26 34 39.4 

5.7 

12 23 27 

23 42 

24 21 

24 5r 

2j QI_ 

! + 3.01 24 46 I7. 8 

21 33 40.0 

59 03 57.3 

69 SI 57.0 

25 13 50.0 

33 5-1 39.0 

42 00 35.4 

jO 26 57.8 

23 17 25.1 

1 9-99 

19.99 

19.98 

19.9S 

19.98 

19.97 

19.97 

19.97 

19.96 

19.95 

5.5 

4.S 

5.3 

5.4 

4.4 

3.8 

5. l 

4.6 

27 H 

25 02 

28 2I 

2S 52 

29 07 

3.03 

2.83 
2.68 

3.or 

3.02 

2.86 

2.60 

3.01 

3.02 19 02 16.0 i 

19.95 

19.94 

19.94 

19.93 

19.93 

19.91 

19.90 

l<).<)D 

19.99 

19. Sc, 

5.0 

5.j 

5.8 

6.4-1 I.; 

5.6 

5.8 

2.8 

5.0 

5.S 

5.0 

5.S 
5.0 

5.8 

5.3 

5.6 

6.o 

6. I 

6.o 

5.B 

5.0 

5.0 

5.8 

5.2 
I. 7 

5.7 

3.6 

2.S 

4.9 

4.9 

5 0 

12 29 39 

30 57 

32 15 

32 25 

33 09 

33 26 

35 35 

35 49 

35 52 

39 29 

I 2 39 33 

40 39 

42 JI 

42 40 

42 53 

43 

43 I I 

43 25 

44 29 

45 51 

12 47 23 

47 49 

48 15 

-18 45 

49 28 

-19 34 

50 25 

50 -12 

52 59 

54 32 

t Double. South star, 

+ 2.60 

3.02 

3.06 

3.05 

2 ·99 

2.93 

3.u3 

3.03 

3. 04 

2.83 

+ 3.04 

3.00 

2. 56 

2.52 

3.01 

2.95 

2.80 

2.62 

2.87 

2.93 

+ 2.96 

3.01 

o.37 

2.tJ6 

2.75 

3.02 

2.8I 

2.42 

2.97 

2.88 

70 40 59.5 

17 45 03.1 

2 30 54.2 

38 55.4 

21 -13 22.j 

36 36 42.4 

0 47 30.2 

IO 53 50.2 

27 55.5 

-l6 05 46.9 

8 19 46.4 

17 13 59.3 

63 26 Il.4 

67 26 44.7 

14 46 40.0 

25 30 

49 07 14. 9 

6o 58 28.4 

38 IO 12.5 

28 II 39.7 

2I 53 50.9 

13 o+ 15.4 

84 03 53. 6 

56 36 39.4 

47 50 52.4 

4 02 58.9 

38 58 00.4 

66 05 22.4 

18 03 24.9 

31 25 58.4 

! - 19.89 

19.87 

19.85 

19.85 

19.84 

19.84 

19.81 

19.81 

19.81 

19. 76 

r9.75 

19.74 

I<). 71 

19. 71 

19. 70 

19.70 

19.;o 

19.69 

19.68 

19.65 

19.03 

19.62 

19.61 

19.60 

19. 59 

19. 59 

19. 57 

19. 56 

19. 52 

19.49 

107 

Proper 
!11otion. 

.02 

.02 

. I.j 

.09 

.02 

.IO 

.OU 

.05 

.DI 

.08 

.oo 

+ .06 

.09 

.05 

. Oi 

+ .30 

.03 

.oo 

.00 

.02 

.04 

.09 

+ .01 

.oo 

.05 

. JO 

.04 

.oo 

.04 

+ .01 

.00 

+ .OJ 

.06 

.05 

.00 

.00 

.oo 

.05 

.02 

.06 

.00 I 

.09 

+ .06 

.o6 

+ .O(> 

.00 
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No. I B. A.C. i. 

REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Declination Annual 
Constellation. Mag. A. R. 1880. 

Annual 
Variation. 1 8So. 'Precess ion. 

Proper 
-'lotion. i 

- I ______ -----1-- ·-·----···-- -·-·--· 

I IOI I Draconis . 

I 102 4365 9 Draconis . 

1!03 4366 7S Ursre l\Iajoris 

I JO-I 4367 e Virgin is . 

IIOS 437I Draconis . 

1106 Canum Yenaticorurn 

l 107 .-1384 14 Canum Venaticorurn 

lIOS 4389 Canum Venaticorum 

I 109 4387 39 Com,r, 

l I IO 43BB 40 Comre 

IIII 

III2 

llI3 

Ill4 

IlIS 

III6 

rr17 

1!18 

III9 

II20 

II21 

II22 

1123 

l 124*, 

II25 

1126 

II27* 

II28 

4390 

4392 

4407 

4406 

4-121 

4423 

4433 

4438 

4440 

4444 

4-146 

4451 

4456 

4i67 

4470 

4479 

!131 4493 

II32 

n33 4499 

l 134 4506 

1135 4510 

1136 4527 

II37 4526 

1138 4529 

Il39 4532 

II40 4536 

Il4I 4540 

II42 4538 

1143* 

1144 4552 

I145 

4559 

tTrsm Minoris 

41 Comre 

Crsre Majori!3 

Canum Venaticorum 

42 Comao 

-13 Comre 

Virginis 

Canum Venaticc>Tum 

I9 Canum Venaticorum 

e Virginis 

Virginis 

a Virginis 

20 Canum Vcnaticorum 

Draconis . 

21 Canum Venaticorum 

23 Canum Vcnaticorum 

Virginis . 

D. M. 3;', 2404 

; Ursm Majoris 

Comm 

So Vrsm Majoris (g) 

. Canum Venaticorum 

70 Viri6nis . 

Ursro Mino1is 

Crs:e Majoris 

Camelopardalis . 

Comm 

78 Virginis (o) 

C Virginis . 

Cam1m Venaticomm 

8 1 U rsre Majoris 

24 Canum Vcnaticorum 

Comre 

25 Canum Vcnaticorum 

Camelopardalis 

Boot is 

6.o 

5.4 

5 .6 

3.0 

5.8 

5.S 

5.3 

5. 4 

5.8 

5,7 

6.o 

4.9 

6.o 

6.o 

4.8 

4.7 
6.o 

4.9 

5.8 

5.6 

5.4 

s.o 
4.8 
6.o 

5. l 

5.6 

5.5 

5.8 

2.0 

5.6 

4.9 

5.5 

5.3 

5.5 

5.2 

5.8 

6.o 

4.9 

3.4 
5.3· 

5.8 

4.7 

5.8 

5.1 

6.o 

5.2 II46 

II47 

u48* 

lI49 

nso 

U rs"' Minoris 5. 7 

Canum Venaticorum 5.8 

~::~5Majods ______ J __ :::. 

h. m. s. 
12 55 15 

55 23 

55 35 
56 12 

57 06 

58 25 

13 oo oS 

00 28 

00 30 

00 32 

13 OJ 07 

or 25 

01 39 

04 07 

0.\ 09 

06 16 

06 35 

oS 16 

JO 08 

10 49 

13 1I 20 

1 I 33 

12 IO 

12. 5 

13 o5 

14 56 

15.6 

18 27 

19 06 

19 23 

I 3 20 25 

21 07 

22 34 

23 04 

24 03 

25 57 

27 07 

28 03 

28 35 

2C) 26 

13 2C) 31 

29 33 

31.3 

32 08 

32 :io 

33 40 
34 18 

34.8 

34 52 

34 57 

s. 

+ 1. 7S 

2.29 

2.59 

2.99 

2,38 

2.75 

2.82 

2.71 

2 93 

2.93 

+ I. 87 
2.88 

2.39 

2.78 

2. l)2 

2.81 

2.99 

2.73 

2.72 

2.98 

+ 2.97 

3.03 

2.70 

I .99 

2. 57 

2. jO 

3.05 

2.72 

2.43 

2.86 

+ 2.42 

2. 58 

2.93 

I.52 

2.21 

0.45 

2.84 

3.03 

3.05 

2.68 

+ 2.32 

2.46 

2.83 

2.68 

o.Sr 

2.97 

1.44 

2.74 

2.33 

2.87 

76 07 09. 5 

67 14 41,0 

57 00 49.3 

II 36 16. 2 

64 IS 18.3 

43 39 08.6 

36 26 28.9 

45 54 37.0 
21 47 5 I. 2 

23 l O 38 · 5 

73 40 03.0 

28 16 07.7 

62 41 08.4 

38 03 46.5 

18 09 52.0 

28 29 13.2 

12 II 41.-1 

40 47 17. 2 

41 29 22.0 

10 OJ 05.7 

q 18 25.8 

6 06 10.4 

41 12 18.5 

6q 02 

50 18 47.3 

40 46 51.5 

2 43 

37 39 40.2 

55 33 08.2 

24 28 49.8 

55 36 48.1 

46 39 II. S 

q 25 11.9 

73 00 52.8 

. 60 33 54. 5 

79 IS 49·9 

2-1 58 IS. I 

! 

4 16 32 3 ! 

0 01 05.8 

37 47 48.5 

55 57 49,5 

49 37 46.7 

25 13 

36 54 20.2 

77 09 33.8 
![ 21 22.5 

7r SI ro.7 

31 37 

53 31 39.9 

20 33 47.r 

19.47 

19.47 

19.47 

19.45 

19.43 
19 .. p 

19.37 
19.36 

19.36 

19.36 

19.35 

19.3.+ 

19.33 

19.27 

1-g. 27 

19.22 

19.21 

19. 17 

19. 12 

19. IO 

I9.09 

19.08 

19.07 

19.06 

19.04 

18.99 

I 8 · 97 

18.89 

18.87 

18.86 

18.83 

18.81 

18.76 

18.75 

I8.72 

18.66 

18.62 

18.59 

18.57 

18.54 

IS.54 

18.54 

18.48 

18.45 

18.45 

18.40 

18.38 

18.36 

18.36 

18.36 

I 

• O<.• 

.02 

+ .02 

+ .03 

+ .02 

.oo 

.oo 

.oo 

.03 

+ .02 

.oo 

.09 

.03 

.00 

+ .13 

+ .91 
.O..J i 

.06 

+ .02 

+ .19 

-0.Il 

+ .06 

+ .03 

.03 

.OI 

.oo 

.04 

.03 

.oo 

.57 

.03 

.02 

+ .02 

.<O 

,04 

+ .06 

.09 

.02 

.02 

.oo 

.00 

.oo 

1- .or 

I+ .02 

I 



 

THE UNITED STATES COAST SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LAT!Tt:JH:. 

·--- ---·--1-.. --·---~--
Annual 

Variation. 
Declination 

18So. 

1154 

n55 

II56 

Il57 

1158 

1159 

rr6o 

II6! 

Il62 

Il63 

u64 

j l 165 

I167 

II68 

II69 

ll70 

Ilj I I' 

rr72 

1173 I 

I 174 I 

~:~! I 
Il77*1 
l J 78 I 

1179*1 

1180 

II Bl 

JI82 

I 183 

IIB4 

II85 

IIB6 

I187 

II88 

1189 

1190 

IIgl 

n92 

1193 

1194 

1195 

IIy6 

1197 

1198 

1199 

1200 

B. A. C. i Constellation. Mag. fl.. R. 1880. 

-----~---------------,·---------

4577 

4595 

4596 

1594 

4597 
4600 

4614 

4607 

4610 

4615 

4618 

4628 

4648 

4649 

4651 

4656 

4664 

4684 

4696 

4699 

4701 

47o6 

4713 

4724 

4726 

4133 

4732 

t729 

4741 

4742 

4747 

4748 

4751 

4753 

4758 

4766 

4773 

Boolis 

Ursro )fajoris 

84 Virginis . 

Canurn Venaticorum 

Draconis . 

D. M. 39°, 2678 . 

Canum Vcnaticorum 

Hnot is 

T Bootis 

Canum Venaticornm 

D. M. 78°, 466 

11 Ursro Majoris 

Canum Venaticorurn 

Boot is 

e Bootis 

Canum Venat. (sq.). 

Draconis. 

Canum Yenaticorum 

Canum Venaticorum 

Draconis . 

Ursae Minoris 

r; Bootis 

86 U rsre Majoris 

92 Virginis 

9 Bootis 

10 Bootis 

Ilootis 

,. Virginis 

Canum Venaticorum 

Boo tis 

a Draconis. 

Bootis 

13 Ilootis 

d Bootis 

D.M.60°,1516 

Virginis 

15 Bootis 

" Bootis 

4 U rsre Minoris 

Ursre Minoris 

a Bootis 

I. Bootis 

Boot is 

A Bootis 

v Virginis 

18 Bootis 

20 Bootis 

Boot is 

Bootis 

Boot is 

5. 5 

5.3 

5.5 
6.2 

5. 8 

5.9 

6.o 

5.8 

4.5 

5 ·" 

5.6 
I. 8 

5 .6 

4.3 

4 .lJ 

5.4 

5.8 
5.2 

5.8 

4.8 

6.o 

5.6 

5.8 

4.2 

6.4 

6.2 

3.8 

5.2 

5.2 

4.8 

5.8 

4.7 

5,5 

4.5 

5.0 

5.3 

0.2 

h. m. s. 
13 3' 22 

3(> I I 

37 02 

37 22 

37 -l5 

.p 07 

.p o3 

4r o9 

41 34 

41 so 

13 -12 w 

42 49 

43 14 

-13 41 

-l-l 02 

45 51 

45 51 

4b 30 

47 44 

47 56 

13 48 04 

48 58 

49 26 

50 21 

sr 05 

53 DI 

55.4 
55 32 

57.4 

58 32 

q 01 08 

03 oS 

03 48 

O.j 56 

o;. 03 

06 !I 

08 58 

09 ti 

09 21 

09 49 

I4 10 ll 

II 49 

II 55 

12 55 

13 22 

13 28 

q 05 

14 52 

17 29 

lS 13 

s. 
+ 2.8.; 

2.28 

3.01 

2.57 

I. 86 

2.61 

2.56 

2.79 

2.85 
2.60 

+ 0.18 

2.89 

2.84 

2.65 

1 -95 
2.65 

2, 74 

2.76 

+ l.•50 

2.86 

2.22 

3.05 

2.H 

2.81 

2.96 

3,05 

2.39 

2.25 

+ r.62 

2.4r 

2. 24 

Z.7.; 

r.87 

3.0-1 

2.94 
2. 16 

0.33 

-j- I.02 

+ 2.73 
2.29 

2, 13 

2,53 

3.09 

2.90 

2.8-1 

2.46 

2.96 

2.98 

23 06 l 5. 6 

55 I/ 19.7 

4 08 44.9 

42 16 46.0 

65 25 35.1 

30 06 18.8 

41 41 30.6 

26 18 1S.7 

18 03 20.3 

3CJ oS 37.6 

78 39 55.5 

.;q 5-l -l5. 2 

JI 47 I0.6 

16 23 3S.3 

21 s• 38.2 

35 15 41.2 

62 05 20.7 

35 02 21.6 

29 q 19.2 

65 18 58.2 

68 54 39.0 

IS SCJ 59·9 

54 H) 05 · 7 

I 38 17.5 

25 04 5 J. 6 

2Z 16 56,5 

9 29 
2 07 32.3 

46 20 .... 

51 32 54 6 

f>4 56 57.6 

u 25 30. 5 

500129.8 

25 39 39.2 

59 54 23.7 

2 58 29.5 

IO 39 59·5 
52 21 04.5 

78 o6 3g.2 

69 59 H-9 

19 48 29.7 
46 38 22.9 

51 55 10.0 

36 03 49.5 

- I •+2 36,0 

13 33 34.0 

16 sr 26 9 

39 20 46.3 

8 59 3~.8 

6 21 55.0 

An11ual 
Precession. 

18.34 

18.31 

18.28 

IS.27 

rS.25 

18.. I 3 

IS. 13 

18. 13 

IS. 12 

IS. 11 

18.09 

1S.07 

1 S. Oj 

18.04 

18.02 

17.95 

I 7 · 95 

17.92 

17. 88 

17.67 

17.87 

17.63 
lj.81 

r7.7S 

17.75 

I7-66 

r7.56 

17.56 

17.46 

17,43 

17.32 

17.23 

17.20 

17.15 

17.q 

Ij.oS 

16.96 

16.95 

16.94 

16.92 

16.90 

16.83 

16.82 

16.77 

16.75 

16.75 

16.72 

HJ.65 

16.55 

16.52 

109 

Prop<:r 

:\lotion. 

.or 

.05 

.oS 

.27 

.00 

.00 

.01 

+ .05 

+ .07 

.03 

.00 

+ .05 

+ .16 

.00 

.OD 

.12 

.04 

.33 
• 11 

+ .03 

.05 

.02 

.07 

.09 

.03 

. 12 

.03 

.05 

.04 

. I 7 

.02 

,01 

.06 

-1.93 

+ .13 

+ .07 

.oo 

.og 

+ .07 

-j- ,IO 

,00 

,o6 

+ .03 



 

110 REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

I No. IB.A.C. Constellation. 
Annual Proper 1 

Precession. Motion. j 
Mag. 

! Annual i Declination 
A. R. 1880• •Variation.! 1880. I , 

1-i 
I I 

----1-----,---- ------1.-----1----

I 1201 ! 4789 

I 1202 4792 

1203 4804 

1204 ' 4808 

12<'5 I 4810 

1206 4812 

1207 4822 
1208* 

120<) 4823 

1210 4830 

1211 ! 

1212 i 

1213 

1214*' 

1215 

1216 

1217 

1218 

1219 

1220 : 

1221*1 
I 

1222 i 

4847 

4849 

4850 

4853 

4864 

4874 

'~ llootis. 

¢ Virginis 

2-t Bootis (g). 

p Bootis. 

26 Bootis. 

y Bootis. 

5 U rsre :\1inoris 

Draconis. 

11 Bootis. 

Boo tis. 

Boot is. 

33 Bootis. 

Boo tis. 

Boo tis. 

• 71' Bootis, (1st *) 

Bootis. 

31 Bootis. 

32 Bootis. 

34 Bootis. 

Draconis. 

Virginis 

Bootis. 

1223 I 

1224 I 

4870 

4873 

4876 

4878 

, n Bootis. 

1225 I 
1226*1 

' ' Bootis. 

· 109 Virginis 

Bootis. 
I 

1227 I ! 11 Li~ne. 

l22B*i Bootis. 

1229 I 4903 

1230 490i 

' 38 Boo tis (h) 

. 39 Bootis. 

1231 4go6 Bootis. 

1232 

1233 

1234 

1235 

1236 

1237 

1238 

1239 

1240 

4905 ' ; Bootis, (2d *). 

! 1241 

I 1242 

l 2243 

1244* 

4918 I 

4936 

4931 

4937 

4943 

4949 

4951 

4953 

4958 

4g6r 

4982 

4967 

: 1245 4969 

i 2246 I 4974 

· u47 4980 

1248 4981 

1249 ' 4989 

I 1250 4992 

Draconis. 

(3 Ursre Minoris 

Librre . 

Bootis. 

40 Bootis. 

Vrsre Minoris 

40 Virginis 

w Bootis. 

(3 Bootis. 

Bootis. 

Camelopardalis . 

Draconis. 

.p Bootis. 

Bootis. 

k Bootis. 

c Bootis. 

Ursre Minoris 

Draconis. 

4.2 

4.9 

5.7 

3.8 

5.4 
3, I 

4.6 

5.7 

4.9 

5.9 

5.8 
5,4 

5. 7 

6.o 

4.1 

3.7 

5.1 

5.4 

5,4 

5.8 

6.o 

5.4 

4.5 
2.6 

3.9 

5.6 

5.1" 

5.7 
5.8 

5.7 

5,6 

4.7 

5.5 

2.2 

6.o 
5.8 

5.4 

4.6 

4.7 

4.7 

3,6 

5.7 

5.B 
5.8 

4.6 

4.8 
5.8 

5.0 

5.7 

5.2 

h. tn. s. s 
14 2I 07 + 2.04 52 24 21.1 

22 Ol 3.09 - I 41 21.2 

24 27 2.09 50 22 55.9 

26 39 1 2.s•1 30 53 56.7 

27 0$ I 2,72 22 47 19.8 

27 15 

27 ~8 
28.S 

29 27 

30 28 

14 33 42 
34 22 

3-1 28 

34.9 

35 05 

35 25 

35 45 

35 58 

38 og 

39 04 

14 39 00 

39 05 

39 38 i 

39 45 
40 !I 

40. 5 

44 48 

44.9 

45 02 

45 37 

14 45 46 

2.42 

0.20 

+ I.88 

2.61 

2. IO 

+ 2.26 

2.23 

l.<)O 

2.73 

2.82 

2.86 

2.99 

2.69 

2.64 

r.48 

+ 3.09 

2.33 
2.80 

2.62 

3.03 

2.83 

3.JO 

2.67 

2. f4 

2.04 

+ 2.38 

45 51 2.77 

48 24 ' z.52 

51 04 0.25 

SI 24 + 3.07 
52 25 2.0I 

55 C.l 2.30 

55 41 

56 50 

56 51 

r4 57 26 

58 19 I 

58 31 

58 39 

59 IS 

59 50 

15 Ol 27 

02 02 

02 OB 

02 51 

0.94 

3.03 
2.63 

+ 2.26 

2.41 

4.58 

+ 1.38 

2.57 

r.9S 

1.98 

2.63 

0.89 

1.70 

38 50 OI. l 

76 13 44.3 
55 56 .... 

30 16 or.5 

49 53 29.9 

44 09 36.1 

44 55 2r.8 

54 32 31.6 

22 30 ..•. 

16 56 OI.8 

14 14 38.7 

8 40 32.7 

12 IO 44.7 

27 02 20.9 

61 46 26.9 

- 0 54 .... 

40 58 03.3 

17 28 24.2 

27 34 51.6 

2 23 57.8 
i 15 38 

1- I 47 53,5 

24 25 

46 37 OJ .O 

49 12 52.1 

37 45 52.0 

19 35 57.8 

59 46 54.3 

74 38 44.2 

o 18 59.B 

50 07 og.7 

39 4-J 30.8 

66 24 38.2 

2 33 49.3 

25 28 59.6 

40 51 52.2 

35 40 35.7 
83 00 16.5 

60 40 33.5 

27 24 59.1 

480718.1 

48 36 54.2 

25 20 14.8 

66 23 og.3 

55 01 07.4 

*Suspecled variable, D. M. 4.4, f> !.8. 

16.37 

16.32 

16.20 

16.09 

16.o6 

16.05 

16.02 

15 .97 

15.94 

15.88 

15.71 

rs .68 

15.67 

15.65 

1s.64 

15.62 

15.60 

15.58 

rs. 47 

15.42 

15 .42 

15 .41 

15.38 

15.38 

15.35 

15.33 

15.09 

15 .og 

15.08 

15.04 

15.03 

15.02 

14.88 

14.72 

14.70 

14.64 

14.49 

q.44 

14.38 

14.38 

14.34 

14.29 

14.27 

14.27 

14.22 

14.19 

14.oS 

14.o6 

14.05 

14.01 

.41 

.02 

.og 

+ .14 

+ .05 

+ ·14 
.02 

+ .12 

.oo 

.00 

,IO 

.o6 

+ .02 

.oo 

.02 

.07 

+ ,OJ 

.oo 

.oo 

.04 

.03 ! 

.02 

.14 

.O<) 

+ .02 

.oo 

.14 

+ .07 

.03 

.04 

.27 

+ .03 

+ .05 

+ .01 

.o6 

.04 

.oo 

.00 

.01 

+ .03 

.oo 

.16 

.co 

.oo 



 

No. 

125r 

1252 

1253 

r254 

1255 

1256 

R.A.C. 

5026 

5024 

5031 

5030 

5036 

1257 5047 

1258 5058 

1259* 

1260 5061 

1261 

1262 

1263 

r264 

1265 

1206 

1z67 

1268* 

r269 

1270 

l27J 

1272 

1273 

1274 

1275* 

1276 

1277* 

1278 

1279 

1280 

1281 I 
1282tf 
1283 

1284 

1285 
r2S6 

1287 

1288 

1289* 

1290 

1291 

1292 

1293 

r294 

1295 

1296 

r297 

1298 

1299 

r300 

5071 

5072 

5079 

5076 

5075 

5084 

5085 

5122 

SI 19 

5130 

5131 

5135 

5q7 

5q3 

5146 

5155 

5153 

5r68 

5177 

5178 

5r9r 
5181 

5180 

5r85 

5187 

5r89 

THE UNITED ST.A.TES CO.A.ST SURVEY. 111 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Constellation. 

Bootis 

Boot is 

3 Serpentis . 

x Bootis 

4 Serpentis. 

rl Bootis 

Serpentis. 

lli;-s>e Minoris 

D. M. 46°, 2052 

o Coron.e Borealis 

D. M. 25', 2902 

Draconis . 

50 Bootis 

fl Ursre Minoris 

Boot is 

Coronre Borealis 

p. Bootis 

D. M. 45°, 2281 
r 1 Serpentis. 

Draconis . 

Draconis . 

J Ursa: Minoris 

Booris 

Draconis . 

(;oron;e Borealis 

/I Coron:e Borealis 

D. M. 47°, 2227 . 

v Bootis (pr.) 

A' Serpentis . 

Booris (sq.) 

& Curon;e Borealis 

o Scrpentis . 

Draconis . 

a Coronre Borealis 

r3 Serpentis . 

p. Co ronre Borealis 

r• Serpentis . 

Draconis . 

D. M. 52°, 1686 

D. M. 55°, r166 

tp Bootis 

Herculis 

Draconis. 

( Corome Borealis 

1'1 U rsre M inoris 

Draconis . 

rfi Serpentis. 

X Serpentis. 

Serpen•is. 

TT Serpentis . 

Mag. 

5,7 
6.o 

5.3 

5.2 

5.6 

3.6 

4.9 
5. I 

5.8 

5.7 

5.8 

5 .6 

5. 3 

5.2 

5.4 

5.0 

4.3 

5.7 
4.8 

6.o 

5. 8 

3.0 

5.8 

3.2 

5.8 

3.7 

5.4 

4. 8 

5.8 

4.9 

4.2 

3.8 

5.7 
2. l 

5.8 
6.o 

5.8 

6.o 

5.8 

5.8 

5.1 

5.7 

5.8 

4.4 

5.0 

5.6 

5.B 
5.4 

4. 5 

5.8 

A. R. 1880. 
\ Annual 

1
1 Declinarion I Annual Proper 

! Variation. 1880. 'Precession. Motion. --1 --··--·····---· 
h. m. s. s. 
J5 06 37 

09 01 

09 13 

09 28 

O<) 42 

IO 40 

J3 II 

13 IS 

14.2 

J 5 II 

rs r5 56 

r6 34 

r7 00 

I7 12 

r8 II 

18 15 

19 57 
20. l 

20 14 

20 23 

rs 20 38 

20 56 

21 35 
22 16 

22.5 

22 53 

24.9 

26 37 

26 47 

27 29 

JS 28 05 

29 04 

29 10 

29 36 

30 o6 

30 51 

30 58 

32 06 

32.7 

32 52 

rs 33 31 

34 26 

n 27 i 

34 52 

35 00 

35 04 

35 28 

36 09 

36 12 

36 31 

f Double. 

+ 2.73 
2.28 

2.98 

2.5J 

3.06 

2.42 

3.05 
o.66 

2.03 

2.48 

+ 2.59 

I. 76 

2.40 

o.o6 

+ 2.22 

2.48 
2.26 

2.02 

+ o.c;g 

o. 12 

+ 2.36 

r.33 

2.58 

2.48 

r.93 

2.15 

3.09 

2.14 

+ 2.4J 
2.86 

o.86 

2. 54 

2.72 
2.20 

2.76 

I. 58 

r.68 

I. 54 

+ 2. J5 

r. 92 

r.54 

2.26 

r.92 

+ r.75 

2.76 

2.82 

2.67 

2.70 

J9 25 42. 7 

38 42 54.7 

5 23 08.4 

29 36 37.0 

0 49 03.2 

33 45 48.5 
2 13 13.3 

67 48 10.3 

46 03 

30 03 07.6 

2S 23 32.0 

52 23 28.5 

33 21 5r.8 

72 15 34.3 

40 00 38.5 

30 43 19.9 

37 47 56.0 

45 42 

15 5J 04.5 

62 28 28.6 

63 46 16.2 

72 J5 40.8 

34 45 15.2 

59 23 13.6 

25 31 

29 3J 12.8 

47 38 

41 14 35.8 

0 46 4r.2 

41 18 27.7 

31 45 54.8 

IO 56 27. 8 

64 36 42.7 

27 07 I0.8 

18 03 25.3 

39 24 34.1 
r6 31 OJ. 8 

54 J9 n.6 

52 28 

55 01 39· J 

40 44 42.7 

47 II 37.3 
54 54 08.6 

37 or 32.3 

77 44 53.8 
50 48 56.7 
r6 24 46.6 

13 13 59.9 

20 03 29.4 

18 50 51.7 

13.76 

13.61 

13,60 

13.58 

13.57 

13.51 

13. 34 

13. 34 

13. 27 

13.21 

13.16 

13.12 

13.09 

J3.08 

13.01 

J3.or 

J2.89 
12.88 

12.88 

12.86 

12.85 

12.82 

J2.78 

J2.74 

J2.72 

JZ,70 

12.56 

J2.44 

12.43 

J2.38 

12.34 

12.27 

r2.25 

J2.23 

12.20 

12. rs 
J2. LI 

12.06 

rz.02 

12.0J 

I!. 96 

II .90 

II. 90 

II. 87 

II. 86 

II. 85 

11.82 

II. 77 

II. 77 

II. 75 

.00 

.03 

+ .OI 

+ .01 

.09 

.52 

.39 

.o6 

.oo i 

+ .02 

+ .03 

.00 

.IS 

+ .09 

+ .08 

.oo 

+ .03 

+ .04 

+ .07 

+ .01 

.09 

+ .OJ 

.02 

+ .05 

+ ,OJ 

.07 

+ ,04 

.00 

.01 

+ .07 
.13 

.IO 

+ .OI 

.oo 

+ .o6 
.oo 
.C'2 

+ .oc; 



 

112 REPORT 01<' THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

No. B.A.C. Constellation. Mag. A. R. 1880. I Annual 
I Variation.; 

Declinatio~--!~nu~-1 Propcr~-
I88o. I Precession.I Motion. 

--- ----------------··-----

1301* 

1302 

1303 

130.; 

1305 

i306 

1307 

i308 

1309 

1310 

IJII 

1312 

1313 

131.J 

1315 

1316 

1317 

1318 

1319 

1320 

1321 

I322 

I323 

132.J 

1325 

I326 

1327 

1328 

I329* 

1330 

I33l 

1332 

1333 

133.J 

1335 
133& 

1337 

I33B 

I339 

13.JO 

13.Jl 

I3.J2 

l3B 

I34.J 
13.)5 

13.)6 

13n 

I348 

I349 

I350 

5192 

5196 

5210 

5206 

521.J 
5216 

5223 

523.J 

5236 

5238 

52~.j 

52.iS 

5245 

5249 

5259 

5285 

5271 

5287 

528.j 

5295 

5298 

5293 

5302 

5310 

53t 3 

5316 

531 5 

53t9 

5321 

5322 

53.JT 

5338 

5348 

5367 

5385 

5388 

5406 

5399 

5405 

~426 

5.J32 

54.JO 

5462 

5459 

5.JDO 

U rs<e Minoris 

Coronre Borealis 

a. Serpcntis . 

Draconis . 

A' Serpcntis . 

1. Serpentis. 

,'I Se rpen tis . 

v S~rpentis. 

K Serpen tis . 

R Coronre Borealis 

u> Serpentis . 

cl Coron::c Borealis 

Draconis . 

Serpentis. 

Draconis . 

Draconis . 

r Scrpentis . 

K Cornn~ Borealis 

Ursre Minoris 

. ;r Hcrculis 

2 Hcrculis 

Serpentis. 

/. Coronre Borcali s 

.J Hcrcu!is . 

: ti> Serpcntis . 

Corona: Borealis 

Co10n<E Borealis 

Draconis . 

Hercu!is 

Herculis . 

fl Coron.., Borealis 

Corona: Borealis 

rr St>rpcntis . 

Draconis . 

'' Hcrculis 

H llraconis 

K Herculis 

r Coron.e Bo real is 

9 Herculis . 

Draconis . 

to Hercu!is . 

9 llerculis . 

U rsre Minoris 

D. M. 39°, 2961 

16 Herculis . 

a Coron<£ Borealis 

tJ Curon<E Borealis 

19 Urs:e Minoris 

Draconis . 

Herculis . 

5.8 

3.8 

2.8 

5.1 

5.6 

·i. 7 

3.6 

5.8 

4.0 

var. 6-13. 

5.5 

.j.6 

5.4 

3·.7 

5.5 
6.o 

4.9 

.J.8 

4. 5 

4.5 

5.2 

3.G 
5.6 

5.7 
5.6 

4 ·I 

5.9 

5.0 

5.8 

5.2 

5.5 

4.7 

4. 5 
6.u 

4.6 

.j. I 

5 ·I 

4.$ 

4. l 

5.6 

5.9 

5.8 

5. s 
5.8 
6.o 

5.4 

5·5 
5.6 

5.6 

5.4 

h. Ill. s. 
15 37.4 

37 42 
38 21 

39 35 

39 53 
40 37 

40 3LJ 

41 43 ! 

43 20 

43 38 

15 H 14 

44 3.J 

44 44 

44 50 

44 50 

45 13 

46 00 

46 .p 

48 23 

48 32 

15 50 38 

50 55 

51 26 

51 28 

51 43 

52 37 

54 32 

54 56 

55 40 

55 5 I 

15 56 27 

56 38 

57 08 

59 02 

59 04 

59 38 
16 02 40 

04 35 

04 59 

oG 00 

r6 06 31 

07 19 

07 31 

07 54 
10 Io 

IO II 

II 56 

I.j IS 

15 I5 

15 4'} 

s. 
+ 0.14 

2.95 
t.63 

3. 10 

2.r,1 

2.77 

2.79 

2.70 

2.49 

+ 3.02 

2.51 

r.44 

2.99 

0.90 

t. IS 

2.63 

2.25 

2.25 

+ 2.07 

+ 2.01 

2.77 

2.I8 

2.02 

2. 78 

2.48 

2.22 

i.41 

+ 2.29 

2.41 

2.58 

I. 52 

1.86 

I, I I 

2.70 

2.20 

l. 87 

o. 14 

+ 2.55 

2.97 
2.08 

+ 2.10 

2.66 

2.2.j 

2.40 

1.79 

+ 0.99 

2.o6 

69 40 ..•. 

26 40 36.7 

6 48 15 .o i 

52 4.J 23.3 

I 25 36.8 

7 43 49.5 
154755.2 

l.J 29 06.8 • 

18 30 48.7 

2S..:i134.r 

2 33 49.4 
26 26 12.0 

55 44 40.0 

4 50 24.2 

62 58 14.8 

59 56 14.0 

21 20 24.5 

36 01 39.0 

78 09 46.3 

42 47 l&.o 

43 29 19.5 

t6 03 16.0 

38 17 40.2 

42 54 37.7 
14 45 32.8 

27 13 35.1 

36 59 o6.2 

55 05 w.5 

50 13 26.8 

18 09 04. 5 

334000.1 

30 II 14 · 7 

23 08 20.8 

53 15 00.4 

46 22 13.8 

58 53 09.5 

17 22 04,2 

36 47 45.5 

45 15 00,4 

68 07 35.3 

23 4B 21.5 

5 I9 45.3 

77 06 45.8 

39 21 54. I 

19 06 43.5 

3.J O<) 49. 8 

29 26 53,3 

76 IO 43, 2 

fo 03 46.5 

39 59 48.2 

I I. 69 

I I. 67 

11.62 

I I. 53 

l I. 51 

11.46 

11.46 

11.38 

ll. 26 

I I. 24 

11.20 

II. I7 

11.16 

II.16 

II .16 

II. 13 

II ,07 

11.02 

10.89 

10.88 

10.71 

10.67 

l0,66 

10.65 

JO. 58 

10.44 

10.41 

10.35 

Io.34 

10.29 

I0.28 

10.25 

IO.IO 

IO. IO 

10.06 

9.82 

9.68 

9.65 

9.57 

g.53 

g.47 

g.45 

g.42 

9.25 

9.25 

9.10 

8.93 

8.85 

8.8I 

+ .oS 

+ .05 

.oa 

.05 

.O.j 

.01 

.IO 

.o6 

.oo 

.07 

.06 

+ .07 

.os 

+ .03 

.33 ! 

.oo 

+ .58 

+ ,06 

-1.27 

+ .09 

.oc 

.05 

.03 

+ .02 

.oo 

.oc 
+ .17 

.75 

.07 ' 
+ .os : 

.00 

.07 

+ .32 

.oo 

+ .3~ 

+ ·.04 

+ .07 

.02 

.03 

·09 
.04 

.05 

.oo 

.oo 

.oo 
-------------·---·----~----~---



 

THE UNITED STATES COAST SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIO~S OF LATITUDE. 

Constellation. Mag. 
Annual 

A. R. 1880· Variation. 
Declination 

1880. 

113 

Annual Proper 
Precession. Motion. No. 

1 

B. A. C.\ 
__ , __ _ ----------- ----- ------ --------------------

1351 

1352 

1353 ' 

1354 

1355 

1356 

1357 

1358 

1359 

1360 

1361 

1362 

1363 

1364 

1365* 

1366 

1367 

1368 

1369 

1370 

1371 

1372 

1373 

1374*'. 

1375 ! 

1376 

1377 

1378 

1379 

l3Bo 

5461 

5456 

5463 

5466 

5473 

5479 
5480 

5481 

5490 

551! 

5496 

5502 

5514 

5512 

5523 

5520 

5525 

55 2 7 

5531 

5535 

5532 

5545 

5547 

5552 

5560 

5563 

5592 

5568 

5574 

5575 

5587 

5596 

5599 

5597 
5602 

Ilerculis . 

a Serpel!tis . 

T Herculis . 

Hcrculis . 

~ Corona: Bo real is 

11 Coronre Borealis (pr.) 

" Coronre Borealis (sq.) 

21 Herculis lo) . 

CJ Herculis . 

~ C rsre Mino•i s 

25 IIerculis . 

Drac:onis . 

Draconi~. 

1J Draconis . 

Ophiuchi. 

g Herculis . 

I. Ophiuchi . 

3 Herculis 

s Herculis 

n Herculis 

34 Ilerculis 

h Berculis 

A Drnconis . 

Herculis . 

12 Ophiuchi. 

rr Berculis . 

Draconi~ . 

D. l\'I. J 3° Jli7 

llrsre Minoris 

Berculis . 

r6 Draconis . 

I7 Draconis . 

Herculis . 

42 Herculis . 

Draconis . 

Bcrculis 

39 Herculis 

( Herculis 

1381 

13B2 

13B3 

1384 

13B5 

1386 

1387 

1388 

1389 

1390 

56o4 

5617 

5619 
i 1'/ Berculis 

Herculis 

1391 5621 

1392 ' 5628 

1393"[ 

13q4 

1395 

1396 5643 

1397 5647 I 

Herculis 

g Draconis. 

Herculis . 

Herculis . 

D. M. 13°, 3225 
Herculis 

Hcrculis . 

1398 I 5648 I k Herculis . 

1399 / 5659 i',I 21 Ophiuchi . 
1400 I 5667 52 Hercu lis 

I I 
S. Ex. 37--15 

h. m. s. 
6.o 1[1 rs 50 

4.9 16 00 

3.8 16 08 

3.8 16 38 

4 9 17 25 

5.4 17 51 

5.S 17 58 
5.8 15 20 

4.9 19 53 

4.9 21 02 

5.5 16 21 08 

5.4 21 48 

5.4 22 06 

2.8 22 22 

i 5. 8 i 22. 5 

Ivar. 4.7-6.1' 24 42 

3.9 2~ 52 

3.0 25 04 

5.8 25 21 

5.G 26 42 

5.7 16 26 48 

5.1 2"; 00 

5.D 28 13 

5. 7 28. 3 

5.5 30 03 

4.2 30 15 

5.8 30 45 

5.6 32 10 

5.6 32 27 

5.7 32 41 

5.2 16 33 21 

4.9 33 24 

ti.a 35 16 

4.6 35 30 

5.3 35 35 

5.8 3G 02 

5.9 3G 45 

3.0 36 46 

3.5 38 47 

5 .6 39 26 

5.5 

5. 2 

6.o 

5.4 

5.7 

4.9 

5.6 

5.7 
5.8 

4.9 

16 40 04 

40 05 

4r.4 

41 52 

42 37 

43 OI 

44 02 

44 30 

45 20 

45 43 

s. 

+ 1.67 

3.04 
I .So 

2.64 

2.34 

2.26 

2.27 

2.92 

2.76 

1. So 

+ 2. 13 

0.16 

+ 0.82 

3.05 

I· 9i 

3.02 

2.58 

2.61 

2.95 

+ r.6t 
2.81 

o. 14 

+ I.So 

3.09 

1.93 

0.85 

2.76 

3.-12 

+ I. 75 

+ I .41 

r .. p 

2.79 

I. 21 

2.49 

2.43 

2.26 

2.05 

2.22 

+ 2.SS 

0.40 

I. 88 

2 «}5 

2, 76 

I, 13 

2.77 

2.91 

3.0~ 

r.75 

49 19 32.6 

I 18 44-5 

46 35 59.0 
Iq 26 10.0 

31 IO I 7. I 

34 04 55.5 
33 58 58.8 

7 13 37.0 

14 lB 40.2 

76 DI 5r.6 

37 40 05. s 
55 28 4i.6 

69 23 12.3 

61 47 IO. I 

0 55 

420850.5 

2 14 53.2 

2I 45 OQ.5 

20 44 35.2 

5 46 40.0 

49 I 3 21. 3 

II 4-f 49.2 

69 or 39.3 

45 53 
- 2 04 oo.8 

42 41 07.5 

61 O.f 30.g 

13 55 50. I 

7<1 13 03. 7 

46 51 26.0 

53 08 30.3 

53 09 56.8 

12 37 43.6 

49 09 48. 2 

56 q 59.9 
25 05 27.4 

27 08 56. 1 

31 49 16.4 

39 09 05.7 

34 15 35.2 

8 48 10.2 

64 48 59.S 

43 26 

5 27 59.6 

13 48 13.4 

56 59 46.6 
13 28 20.6 

7 27 23.2 

l 25 19.2 

46 II 34·9 

8.81 

8.78 

8.74 

8.68 

8.65 

S.65 

8.6o 

8.48 

8.40 

8. 39 

8.33 

8.31 

8.29 

8.27 

8. IO 

8.09 

8.07 

8.05 

7.94 

7.93 

7.92 

7.82 

7.81 

7.67 

7.65 

;.62 

j.49 

7 .47 

7 .45 

7.40 

7 .40 

7.24 

7.22 

7.22 

;. 19 

7. 12 

7.12 

0.96 

f>.91 

6.85 

6.85 

6.75 

6.70 

6.64 

6.61 

6. 53 

6.49 

(>.42 

6.39 

+ .07 

+ .03 

+ .o6 

+ .12 

.08 

.02 

+ .04 

.02 

+ .26 

.00 

.oo 

.00 

+ .07 

+ .O<) 

.05 

+ .01 

.00 

.04 

.07 

.05 

+ .03 

.32 

+ .04 

+ .04 

.13 

.oo 

+ .C2 

.oo 

.o6 

.or 

.oo 

.oo 

.02 

+ .45 

.07 

.or 

+ .04 

.02 

.06 

.00 

.oo 

+ .02 

+ .01 

.07 



 

114 REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

i : I 
·~B.A.C., Constellation. 

i 
1401 

1402 
5ti77 I 51 

5692 I 1 

Herculis . 

Ophiuchi. 

Ursao Minoris 

Herculis . 

Herculis . 

Uphiuchi . 

Draconis . 

1404* 
5705! I 

5702 ' 54 

5708 I K 1406 

qoS 5731 \ i Herculis 

i.109*, Herculis 

1410 5752 

1411 5747 

1412 I 

1413 5749 

14q 5780 

q15 5769 

1416 5760 

1417*, 

1.pS . 5765 

Lp9*' 

q20 5776 

Lj21 5785 

1422 5788 

I.123 581 I 

1424*, 

1425 5602 

1426* 

I..!27 5823 

1428 5821 

1429 5828 

1430* 

1431 

1432 

1433 i 
1434*1 

I 

1435 I 

q36 ! 

!437 

143S*i 

1439 i 
1440 I 

I 
1441*, 

r.;.42 

1443 

1444 ' 
r445 

1446 

' 1447*! 

LHB*i 

1449 

1450 : 

586o 

5863 

5871 

5874 

5883 

5886 

5693 

Draconis 

d Herculis 

Herculis 

Herculis 

Ursa> 1\.Iinoris 

Urs:e Minoris 

Ophiuchi. 

Herculis 

60 Herculis 

Herculis 

Herculis 

/1 Draconis . 

c Herculis . 

Urs"' Minoris 

Herculis . 

37 Ophiuchi . 

Draconis . 

Draconis . 

a Hcrculis . 

15 Herculis . 

Ophiuchi. 

4r Ophiuchi . 

rr Herculis . 

Draconis. 

Herculis . 

u Herculis . 

Ophiuchi. 

e Herculis 

Herculis 

Herculis 

Herculis 

Herculis 

70 Herculis 

w Herculis 

I 71 Herculis 

I Herculis 

I 73 Herculis 

Ophiuchi. 

Draconis . 

p Herculis . 

/ u Ophiuchi . 

Mag. 

5.2 

4.4 

6.o 

5.6 

5.0 

3.2 

5.0 

3.9 

5.7 

6.o 

5.0 

5.8 
4.9 

4-3 

6.o 

5.7 

5.8 

4.7 
5.8 

6.o 

4.8 

5.3 

5.7 

4.9 

5. 5 
I 

s. s I! 

3. J 

, I 
yar. 3.3-3.91 
, I 

3. I I 

5 .6 

4.6 

3.3 

5.5 

5.8 

4.9 

4.9 

4.7 

5.5 

5.8 

5.4 

5.8 

5.5 

5.3 

5.3 

5.5 

5.6 

5,4 

5.8 

4 ·I 

4.2 

---·-·-··-.. -· -----------

A. R. 1880. 

h. m. s. 
16 46 47 

48 20 

48 27 

49.7 

50 06 

51 59 

55 22 

:;s 42 

55.9 

57 ro 

16 5 7 II 

57 23 

57 38 

58 19 

58 40 

59 2I 

59.3 

59 49 
17 OI.2 

OJ 38 

r7 02 51 

03 47 

05 27 

05. 7 

06 48 

07.9 

08 27 

og II 

IO 06 

10.5 

17 ro 27 

10 52 

II 31 

r2.S 

12 54 

f2 59 

13 32 

14· I 

14 22 

15 02 

17 15.3 

IS 58 

!6 IO 

16 58 

17 47 

19 o6 

19. I 

19.2 

19 32 

20 34 

Annual 
Variation. 

s. 
+ 2.48 

2.84 

2.76 

+ 2. 58 

2.63 

2.83 

2.29 

2. 53 

I. IO 

+ 2.21 

2.45 

2.75 

G.37 

I. 23 

+ 3.09 

2.61 

2.78 

2.54 

I. 58 

+ I. 25 

2. 12 

I. 9-l 

+ 1.95 

2.83 

I. 37 

0. 17 

2. 73 

2.46 

3.o4 

+ 3.08 

2.09 

0.51 

2.66 
2.2r 

2.82 

2.07 

2.35 
2.01 

2.64 

+ 2.44 

2.47 

2.24 

1.69 

1.97 

2.52 

2.69 

r.29 

2.07 

2.98 

Declination II Annual .i Proper 
1880. Precession. Motion. 

------. .---
0 ' " I " ! 

24 51 32.5 

IO 21 50.6 

77 43 08.8 

21 II .... 

18 37 36.3 

9 33 47.0 

65 19 04.5 

31 06 15.5 

22 49 .... 

56 51 57.1 

33 4-l 35.8 

25 40 32.2 

14 IS 57.6 

82 13 56.2 

73 18 3r.7 ! 

]_ 0 43 40.0 

19 46 .... 

12 5-1 26.0 

22 15 

48 58 07.5 

54 37 42.1 

36 05 30.6 

75 27 46.5 

40 56 

IO 43 5s.S 

52 33 

fl5 51 45 ·I 

I4 31 4r.8 

24 58 54.0 

I 2l 

0 ,s 30.4 

31i 56 43.8 

63 00 39.8 

17 27 .... 

33 13 50.3 

IO 59 44.6 

37 25 05.1 

28 57 .... 

38 56 04.0 

r8 IO 53· I 

25 39 .... 

2.j 37 II.1 

32 37 25.6 

46 2f 32.4 

40 05 37·4 

23 0-1 22.5 

16 25 

53 32 
37 15 28.7 

4 14 45.9 

6.30 

6. 17 

6. rs 
6.05 

6.02 

5.86 

5.58 

5.55 

5.54 

+ ,OI 

,00 

+ .05 

+ .02 

+ .or 

+ .04 

5 .43 + . 37 

5.43 + .03 

5.41 

5. 39 .05 

5.33 + .00 

5.30 .oo 

5 .25 . 14 

5.25 

5.21 + .02 

5.0' 

5.06 . r9 

4.95 + .03 

4.88 ,02 

4.72 .00 

4.71 

4'.63 ! .or 

4.52 

4.47 + .07 

4.41 + .0-1 

4. 33 . r 5 

4.30 

4.30 

4.26 

~. 21 

4, IO 

4.09 

4.o8 

4.04 

3.99 

3.97 

3 gr 

3.89 

3.83 

3.32 

3.74 

3.67 

3. 56 

3.56 

3. 55 

3.52 

3.43 

.06 

+ .04 

.03 

+ .02 

.og 

+ .os 

.05 

.oo 

-r.oo 

+ .02 

.00 

.03 

+ .02 

+ .02 



 

THE UNITED STATES COAST SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

I 
No. jB.A.c., Constellation. 

I 

14531 
1454 

1455*1 

! 1456 i 

I 1457 \ 

145£ 

1459 

1460 

1461 

1462*1 

I I463*1 
1464 

1465 I 
1465 

1467 I 
1468*! 

1469 I 
14i0 

q71 

1472 

1473 

147.+ ' 

q75 I' 

1476 

r.+77 I 
I 

1478 I 
I479 ! 
1480*1 

1481*1 
I 

ri82*1 

1483*1 
1484*1 

14851 
1486*1 

1487*1 
q88 

1489* 

1490 .. 

5900 Herculis . 

5qo3 Ophiuchi . 

5911 x Herculis . 

5917 Drac:onis . 

5910 Ophiuchi. 

5918 Draconis . 

59I9 Ophiuchi . 

5922 /, Hercu \is 

5927 Herculis 

5931 78 Herculis 

5937 13 Draconis . 

Herculis . 

Ophiuchi. 

5944 Herculis . 

5941 a Ophiuchi. 

5950 v Draconis \pr.) 

595 I ,. Draconis (sq.) 

Herculis . 

5962 Herculis . 

5972 ! f Draconis . 

5967 79 Herculis . 

5975 ! y Herculis . 

5978 26 Draconis . 

' 5990 I , 

Ophiuchi. 

Hercnlis . 

5991 

5999 

Ophiuchi. 

83 He1culis , 

5996 /3 Op hi uchi . 

6006 i "' Draconis . 

I D. Ma I.+", 332l 

Draconis . 

Ophiuchi. 

D. i\1. 72', 800 

Draconis . 

6021 µ Herculis 

Herculis . 

Hercu!is . 

6020 y Ophiuchi. 

Herculis 

Hcrculis 

1491 6o30 Herculis 

87 Herculis 1492 6033 

1493 6047 

1494*1 
1495 6o52 

1496* 

'ljJ Draconis (pr.) 

Herculis , 

30 Draconis . 

1497* I 
Ophiuchi. 

Ophiuchi. 

qgS 6o6S , f Herculis . 

Ophiuchi. 

1500 6o73 89 Herculis . 

Mag. 

5 .6 

5.3 

5.7 

5.2 

5.3 

6.o 

5.6 

4.6 

5.7 

5.6 

2.9 

5.3 

5. r 

5 .6 

2.0 

5 .0 

5. 8 

5.8 

5 .4 

5.S 

5.3 

5.6 

6.o 

3.8 

5 . .+ 
6.o 

3. I 

4.8 

5.8 

5.8 

5.8 
5.8 

5.5 

3.6 

5.4 

6.2 

3.7 

6.I 

5 .6 

6.o 

5.4 

4. 5 

6.o 

4.9 
5.8 

6.o 

5.0 

5.7 
5.6 

I 
Annual 

Variation. _____ , A. R. 1880. 

h. m. s. s. 

22 43 

23 33 

24 08 

24.2 

2.j 17 

25 20 

25 53 

26 23 

27 07 

17 27 43 

2S. r 

28.3 

29 19 

29 22 

29 49 

2CJ 54 

30.9 

32 03 

32 27 

17 32 35 

33 29 

33 45 

35.7 

3() 05 

36 36 

37 33 

37 33 

37 39 

37.9 

17 38.6 

38.S 

39.4 

41.6 

4r 46 

41. 8 

41.9 

4r 52 

42.0 

43.3 

17 43 36 

43 57 

44 04 

45.7 

46 12 

46.5 

47 .4 

49 24 

50 12 

50 35 

+ 2. 59 

3.06 

r. 59 

o. 77 

3.oq 

0.89 

3.00 

2.42 

2.28 

2. 36 

+ I. 35 

2.6r 

2.68 

'-91 

2.78 

I. J8 

I. 18 

2.56 

2.28 

0.25 

+ 2.47 

I. 56 

o.(JI 

2.71 

1.70 

2.69 

2.46 

2.96 

0.36 

+ 2.73 

+ r.38 

2.73 

r. r6 

+ r.25 

2.34 

2.65 

2.00 

+ 2.60 

2.43 

I .OS 

+ 2.32 

I ,43 

3.04 

2.93 

I.<J5 

3.06 

2.42 

Declination 
1880. 

20 IO 59.3 

0 25 4r.4 

48 21 41.0 

60 oS 58.0 

- 0 57 

58 45 I0.2 

2 48 58.0 

26 12 09.6 

31 14 55.3 

28 29 -l4-4 

52 23 26.9 

I9 2I 

r6 26 

41 19 46.3 

12 38 56.r 

55 l 5 59 · I 

SS TS 17.1 

21 05 

30 5' 37.9 

68 12 39.7 

2.j 22 57. I 

48 39 21. 2 

61 58 03.4 

rs 14 30.4 

-t6 04 15. [ 

r6 oo 31.5 

24 37 34.3 

4 37 oS.o 

68 48 46.2 

14 2[ 

51 53 

q 28 

72 3r 

53 50 

27 47 31.4 

I7 47 

38 56 

2 45 13.7 

39 22 

20 36 

1') 17 40.3 

25 39 5.;.9 

72 12 26.r 

2<) 22 

50 48 36.0 

1 21 

6 07 

40 OI 51.7 

0 41 23.7 

26 o~ 13.3 

115 

Annual Proper 
Precession., Motion. 

3. 34 

3.25 

3.17 

3. 13 

3. 12 

3· II 

3.02 

2.97 

2.93 

2.87 

2.82 

2.78 

2.n 
2.68 

2.68 

2.64 

2,63 

2.5.+ 

2.4.f 

2.40 

2.38 

2.31 

2.29 

2.12 

2.09 

2.0.f 

1.96 

1.96 

1.95 

1.93 

1.87 

1.85 

1.80 

1.61 

1.59 

1. 59 

I. 58 

I. 58 

I. 57 

1.46 

1.43 

I .40 

1.40 

I.25 

I.21 

I. 18 

I.IO 

0.93 

o.86 

0.82 

. 13 

.12 

.03 

+ .04 

.06 

+ .07 

+ .03 

+ .o6 

.oo 

.oo 

.20 

+ .03 

+ .or 

+ .01 

+.II 

+ ,01 

+ .03 

.36 

+ .01 

+ .07 

+ .05 

+ .r7 

+ .29 

. 74 

.07 

,QI 

+ .21 

.26 

+ .19 

+ .04 

.03 

+ .02 
1499 / 6o69 I 

~-_;_~--.J.....~-~~~---~---'---~-'----~--~-~----·~--~--~--~-L--~-



 

116 REPOitT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE 

' ' i i 
I No. i B.A.C. 
j '1 

1--'---
1501* 

1502 6079 

1503 6082 

1504 ()084 

1505 

15o6 

6091 

6087 

1507 6089 

1508* 

1509 6092 

J 510 6og4 

l5II 6114 

1512 6rn1 

1513* 

1514 6rn6 

1515 6109 

I 51fr* 

1517 6IIO 

1518 6122 

1519 6123 

1520 6134 

1521* 

I 522 6142 

I 523 6143 

1524 6147 

1525 "6150 

1526 6151 

1527 I 6157 
1528 6159 

1529* 

1530 6162 

1531* 

1532* 

1533* 

I 534 6178 

1535 6185 

1536 

1537 6193 

1538 I 628r 

1539 6203 

1540 6224 

Constellation. 

ll crculis . 

;: Dracunis . 

1i Herculis . 

.; Herculis . 

Draconis . 

,, ll erculis . 

66 Oph1uchi. 

Hcrculis . 

67 Ophiuchi. 

93 Herculis . 

35 Draconis 

68 Ophiucbi . 

Herculis 

95 Herculis . 

Herculis . 

D. M. 33°, 3009 

96 H ercu lis . 

3.J Draconis . 

70 Ophiuchi. 

yS Herculis . 

Herculis . 

71 Ophiuchi. 

72 Ophiuchi. 

b Herculis . 

o Herculis . 

100 Herculis . 

102 Herculis . 

1 

101 Herculis . 

Herculis . 

Herculis . 

D. M. 3°, 3620 

Herculis . 

Herculis . 

104 Herculis (A) . 

Draconis. 

Lyr:e . 

Lyne . 

rl UrsooJWinoris 

Lyroo . 

36 Draconis . 

1541 

1542 

1543 

1544 

1545 

1546 

15.J7 

1548 

1549 
1550 

6218 Lyroo . 

6213 Ophiuchi, 

6223 rn5 Herculis . 

6227 : 74 Ophiuchi . 

6231 rn6 HercuHs • 

6320 24 Ursoo Minoris 

6235 K Lyne . 

6243 37 Draconis . 

6237 ; 108 Herculis . 

6233 Herculis , 
i 

Mag. 

5 ,0 

5.1 

4. 5 

5 .4 

4. 5 

5.5 

5.8 

5.0 

5,8 

4.2 

5.3 

5.8 

4.9 

3.7 

4,9 

3.8 

5.5 

4.3 

5.r 

5.7 
4.8 

5.8 

6.o 

5.8 

5.0 

5.8 

5.9 

5.8 

4.4 

5.5 

5.0 

A. R. 1880. 

h. m. s. 
r? 50.8 

'5r 27 

52 08 

53 06 

53 49 

53 s 5 

54 19 

54. 5 

54 38 

54 43 

I 7 54 -19 

55 40 

56.2 

56 25 

56 31 

57.2 

57 l 5 

57 16 

59 23 

rs oo 59 

rS 01.4 

or 34 

or 40 

02 28 

02 52 

02 59 

03 38 

03 42 

03.9 

03 52 

18 04.7 

04.8 

5.8 

07 23 

08 03 

08 54 

09 05 

11 03 

II 55 

13 12 

Variation, 

s. 
+ 2.52 

I.04 

2.06 

2.33 

r. 39 

2.30 

2.97 
2.09 

3.00 

2.67 

2.69 

+ 3.04 

2.20 

2. r9 

2. 56 

I.OS 

+ 3.03 

2. 53 

+ 2.23 

2.87 

2.84 

2.2S 

2.34 

2.42 

2. 56 

2. 58 

2.09 

l.80 

+ 3.00 

2.68 

2.08 

2.26 

I. 21 

- 1 9.43 

+ 1.86 

0.34 

5.9 18 r3 19 + r.92 

5. 7 13 22 2. 90 

5.5 14 14 2.47 

5.2 14 53 3.00 

5.4 15 13 2.5.J 

5.S 15 15 ! -22.25 

4.6 15 40 + 2.IQ 

6.I 15 59 0.35 

5.4 16 20 + 2.30 

4.7 16 20 ! 2.3.J 

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

Declination 
1880. 

22 28 

56 53 30.6 

37 16 03.7 

29 15 41.7 

51 30 12.4 

30 12 00.4 

4 22 38.9 

36 17 

2 56 18.9 

16 45 33.0 

76 58 3!L7 

I 18 35.2 

33 13 

21 35 52.5 

45 30 27.2 

33 30 .... 

20 50 04.3 

72 00 54.4 

2 31 45.7 
22 12 32.8 

32 14 

8 43 ro.9 

9 32 52.5 

30 32 44.5 

28 44 50.9 

26 04 52.0 

20 47 49.1 

20 01 38.9 

36 23 

43 26 53.p 

3 18 

16 2i 

36 26 

31 22 36.6 

54 rs 03.2 

41 07 03.5 

38 44 26.S 

86 36 32.8 

42 07 o&.7 

64 21 23.2 

40 53 22.7 

7 12 43.0 

24 23 50.0 

3 r9 28.0 

21 54 42.4 

86 59 I7. 8 

36 (Xl 40. 5 

68 4~ 43. 5 

29 48 10. I 

28 48 50.6 

Annual I Proper , 
Precession.,, Motion. ' 

o.Sr 

o. 74 

0.69 

0.60 

0.54 

0.53 

+ .06 

+ .05 
.02 

.04 

.oo 

0.50 + .or 

0.48 

0.47 i .03 

0,46 + .03 

0.45 + .24 

0.38 + .02 

0.33 

0.32 + .06 

0.31 .06 

0.25 

0.24 

0.24 

0.05 

+ O.O<J 

+ o. 12 

0.14 

o. 15 

0.21 

0.25 

0.21) 

0.32 

0.32 

0.34 

0.34 

+ 0.41 

0.42 

0.51 

0.65 

0.70 

0.77 

0.80 

0.97 

r.04 

I. 16 

+ I. 16 

I. 17 

1.24 

1.30 

1.33 

I.33 

1.37 

1.40 

I.43 

1.43 

+ .01 

.28 

-1.09 

+ .04 

+ .04 

+ .06 

+ .08 

+ .02 

+ .07 
.or 

.04 

,00 

+ ·09 
+ .25 

+0.79 

+ .04 

.oo 

+ .Ol 

.oo 

.oo 

.oo 

+ ,01 

.or 

+ .01 

+ .03 

.06 

.04 

.o6 



 

TIIE UKITED ST.ATES COAS'f SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

No. B.A.C. Constellation. l\lag. 
i Annual 

A. R. 1880· !variation. 
Deel in a ti on 

1PS0. 
----------~----· ----- _____ , ___ _ 

1551* Ophiuchi 

1552 6245 Hercu]i, . 

r553 6255 Draconis . 

1554 6251 rn9 Hcrculis . 

1555* Ophiuchi. 

1556 6268 /1 Lyrao . 

1557 ! 6269 d Serpentis 

1558 6289 b Draconis. 

1559 

1560 

r561 

<fJ Draconis. 

x Draconis. 

Herculis 

1562 63r6 .p Draconis . 

1563* Herculi> 

1564 6322 Herculis 

1565* Lyrao . 

1566 6348 d Draconis . 

1567 6341 Herculis . 

1568*, 

1569*' 

1570 i 6350 

1571* 

1572* 

1573 

1574 

1575 

1576 

6355 

1577 6372 

15 78 I 6379 

1579*: 

1580 

1581 

1582 

1583 

1584 

1585 

1586 

1587 

l58B 

1589 

1590* 

6397 

1591 6.po 

1592* 

1593" 

l 594 6.p8 

1595 6427 

1596 6429 

1597* 

1598 6us 
l 599 6469 

16oo 6452 

-------· 

Uphiuchi 

Ophiuchi. 

Draconis . 

c Serpentis . 

Lyr:c 

a Lyne . 

Lyrao . 

Draconis . 

Draconis . 

Draconis . 

4 Aquilao 

Lyr:c . 

c Draconis . 

£ Lyr:c (bor.) 

e Lyrx (aus.) 

I IO Herculis . 

I; Lyrx (pr.). 

c; Lyne (sq.). 

D. M. 53°, 2126 

Lyra: . 

II l H erculis . 

Lyne . 

Draconis . 

Draconis . 

Lyne . 

D. M. 24°, 3545 

Draconis . 

v Lyra: . 

i~ Lyne . 

\ Aquilre 

I

I m z;:~:~'.: . 
Draconis . 

5.S 

5 .4 

4.8 

4.2 

5.7 

4.9 

5 .6 

4.9 

4.3 

3.7 

5.S 

5.1 

5. 4 

5. 8 

5. 4 

4.9 
5 .s 
5.2 

5.5 

5.3 

5 .6 

5.7 
0.1 

6.o 

5.8 

5 .6 

5.6 

5.0 

5. 6 

5 • l 

4.6 

4.6 

4.2 

4. 5 

5.5 

5.8 

4. 8 

4.r 

5.9 

6.o 

6.o 

5.8 

5. 8 

5.9 

5.4 

var. 3.6-4.4 

5.7 

5.2 

5-5 

5.6 

h. rn. s. s, 
18 17 

17 }I 

1S 28 

18 35 

19.9 

20 I7 

21 04 

22 og 

22 29 

18 2.j 37 

25 38 

2S.3 

30 30 

30 31 

30_ 7 

30.S 

31 13 

18 31.4 

32.2 

32 53 

33 05 

35 51 

36 29 

37 oS 

3S 47 

39.4 

.;o 18 

rS 40 22 

40 22 

.JO 30 

40 35 

40 40 

40 5(i 

41 43 

42 23 
42.5 

18 42 52 

-13.5 

.\j .3 

45 06 

45 24 

45 39 

-16.5 

47 09 

48 45 

4S 54 

+ ~?. i9 

2.64 

2. 56 

I· 97 

3.07 

0.87 

0.85 

I. 07 

+ 2.50 

I l 59 

17 46 or. il 

.\') 03 +u.3 

21 •. p 59.j 

i 58 

39 2(• 34 .0 

0 07 3.J. 5 

5S 43 53.8 

7 l l 6 24. 7 

i2 .io -is. i 

o. 17 65 29 19.S 

2.67 16 51 

2,50 I 23 JI ..t2.5 

2.29 30 28 

l.04 56 57 q.9 

2.50 23 30 32.4 

2.8(> 

2.92 

I. 36 

9 02 

6 3.J 

52 15 3r.5 

+ 3.os ;- o 25 

2.20 33 22 

2.03 

I.83 j 43 Oj 15.2 

0.19 I 65 22 50.5 

0.54 622501.0 

1.39 52 05 or.6 

3.03 I 5~ 22.5 

z.25 31 49 

l. 16 

+ 1,99 

r.99 I 

2.59 

2.06 

2.06 

I .28 

+ o. 71 

2.26 

2.46 

1.58 

2.24 

2,21 

2.75 

2.56 

1.46 ; 

+ 1.35 

55 25 05.0 

39 32 43.7 

39 29 17.8 

20 25 56.g 

37 28 50.2 

37 28 lI.6 

53 44 59.2 

26 32 

rS 02 5(>.9 

41 IS 4S.6 

54 46 

6o 55 15.2 

31 3S 

24 54 

48 37 49·4 

32 24 49·3 

33 lJ 2i·4 

13 50 

2! 16 55.5 

73 56 46.0 

52 49 rr.8 

117 

Annuo.l Proper 

Precession. !\lotion. 

+ 1.49 

I. 53 

I Jn 

r.63 

I. 7·1 

I. 78 

r.84 

r.93 

l. <)6 

2.02 

+ 2. 15 

2.24 

2.24 

2.~3 

2 ·-li 

2.66 

2. 66 

2.68 

2.69 

+ 2. 74 

2.Sr 

2.87 

2.87 

3. I2 

3. rs 
3.23 

3.38 

3 .43 

3.51 

-;-- 3. 51 

3. 51 

3.52 

+ 

3.53 

3· 5-1 
3. 56 

3.58 

3.63 

3. 69 

3.70 

3.73 

3.78 

3.85 

3.92 

3.95 

3.96 

4.04 

·I· ID 

4.23 

4. 25 

.CXJ 

.24 

.oo i 

.oo 

+ .O.j 

+ .OI 

.00 

.06 

.00 

.02 

.05 

.oo 

+ .03 

+ .02 

.oo 

+ .07 

+ .o& 

. 35 

+ .oz 
+ .oz 

. I 2 

.uo 

.03 

.00 

+ .or 

.01 

+ .07 

+ .13 

.00 



 

118 REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Xo. B.A.C. Constellation. 

1601 

1602 

1603 

1604 

1605 i 

1606 

1607 

1608 

1609* 

1610 

6463 ! o . Draconis . 

64 51 62 Serpentis . 

6453 1 IJ Ilcrculis . 

(J.p8 so Draconis . 

6470 ' Draconis 

6460 1' Scrpcntis (pr.) 

6.;62 •1 Se1pentis (sq.) 

6466 Lyr;e . 

Herculis 

6473 Lyne . 

16I r 

1012 

1613 

1614*: 

16I5*. 

6.-175 

1616 6463 

1617 lq87 

1618 ·6i9c 

1619 6.;96 

1620*, 

r62I 6497 

1622 6S IO 

1623* 

£624* 

1625*. 

1626* 

r627* 

r628 6520 

1629 6522 

1630 6528 

1631 

1632 6543 

1633 6542 

1634* 

1635 65-17 

1636 655 r 

1637 6553 

1638 65 56 

1639 6552 

1640* 

1641 

1642 

1643 

164-1* 

65 71 

6574 

6572 

1045 65S3 

1646 658I 

r647* 

I6+8 6582 

1649 65~5 

1650"" 

64 Serpentis . 

Draconis . 

R Lyra::. 

Aquil;c 

D. M. 19°. 38s8 

II Aquilx 

Aqnil:e 

Lyr:e . 

48 Draconis . 

Lyrx 

?. Lyr:e 

'I' Draconis 

Dracunis . 

D. 1\L 20°, 4022 

Draconis . 

Aquila: 

D. M. 19°, 3888 

16 Lyr:e . 

49 Draconis . 

Aquil:e 

Lyra: . 

IS Aquil:e 

Vulpecul:e 

Aciuilre 

Lyrre . 

5 I Draconis . 

17 Lyr:e . 

Lyr:e . 

19 Aquil:e 

D. M. 82\ 572 

19 Lyr:e . 

Vulpecul:e 

21 Aquil:e 

Aquilre 

53 Draconis . 

Lyne . 

D. M. 19°, 3956 

Sagittre 

22 Aquilre 

Lyne • 

\fag. 

var. 

4. 5 

5.7 

4.6 

5 .6 

5.r 

4.4 

4.7 

4.4 
- .., 0. J 

5.4 

5.7 

5 .6, 

3.2 

5.7 

5.7 

5.6 

5.r 

5.6 

5.8 

4.9 

5.8 

4.9 

5.6 

3.0 

5.8 

5.0 

5.5 

5.3 

5.5 

5.6 

5.5 

5.1 

5.2 

5.8 

5.S 
5.8 

5.3 

5.8 

5.4 

4.2 

5.8 

5.8 

5.6 

6.o 

------,~A-~~ ual 
Declination 

1880. A_ R !SSo. 

-ill, h. m. s. 
18 49 26 

49 36 

49 41 

so I4 

50 15 

50 15 

so 16 

50 19 

50.8 

51 or 

1 8 SI I 5 

51 37 

SI 41 

52.9 

53. 5 

S3 34 
54 IO 

54 27 

5·l 43 

54.9 

r8 55 29 

55 52 

56.0 

56.2 

57.2 

s7.5 

57.7 

58 03 

58 21 

59 54 

19 00 23 

or 20 

01 38 
or.6 

01 52 

02 13 

02 53 
03 OI 

03 07 

06.6 

r9 07 IO 

07 28 

07 4c 

07.8 

09 24 

09 40 

09.~ 

IO 07 

io 35 

ro.8 

Variation. 

+ 0.89 

2 ·93 

2.54 

I.gt 

+ r .48 

2.98 

2.98 

2.IO 

2.65 

I.92 

+ 3.02 

I. 59 

59 14 30.6 

6 27 59.8 

22 29 38.6 

75 17 28.6 

50 33 34-5 

4 02 56.2 

4 02 52.4 

36 4.+ 50.r 

Ii 58 

41 26 58.2 

2 22 46.4 

48 42 35 ·9 

r.82 i 43 47 17.4 

2.67 

2.61 

2.76 

2.72 

2.25 

I.02 

17 12 

19 38 

13 27 51.0 

14 54 22.6 

32 31 34.0 

57 39 21.9 

26 04 .... 

+ 2.26 31 58 42.9 

0.71 710Srr.6 

+ 0.28 ' 65 07 

2. 58 

r. 5 r 

3.04 

2.61 

I. 71 

l .19 

2.75 

+ 2.28 

2.83 

2.50 

2.69 

2.39 

r.35 

2.27 

2.14 

+ 2.94 

6.28 

20 40 

50 22 

1 38 • · • · 

19 29 •.•• 

46 45 56.3 

55 29 10.3 

13 4£ II.5 

3r 33 58.4 

10 53 15.9 

24 03 59.4 

r6 41 .... 

28 26 25. I 

53 12 44.7 

32 rS 48.2 

35 54 46.8 

53 09.3 

82 12 .•.. 

+ 2. 30 3 [ 05 03 . 4 

2.57 i 2I 21 12.2 

3 . 02 2 05 29. 7 

2 · 95 5 l 8 .... 

I.13 563918.9 

z.04 38 56 26.8 

2.6r 20 or .... 

2.58 2! OI 24.4 

2.97 i 4 37 28.2 

2. 33 30 19 .... 

Annual - --j Proper 

Precession.I Motion. 

+ 4.29 

4.31 

4.31 

4.36 

4.36 

4.36 

4.37 

4.37 

4.41 

4.43 

+ 4.45 

4.48 

4.49 

4. 59 

4.64 

4.65 

4.69 

4. 72 

4.74 

4.76 

+ 4.81 

4.84 

4. 85 

4.87 

4.95 

4.98 

'.00 

5. 02 

5. 05 

5.18 

+ 5.22 

5.30 

5.33 

5.33 

5.35 

5.37 

5.43 

5.44 

5.45 

5. 74 

+ 5.79 

s.82 

5.84 

5.85 

5.98 

6.oo 
6.01 

6.04 

6.08 

6.JO 

+ .or 
.06 

+ .or 

! + .06 

.oo 

+ .OS 

+ .12 

+ .04 

.00 

+ .or 
.12 

.00 

.05 

•IO 

+ .oz 
.07 

+ .or 

+ .05 

.06 

.06 

.09 

.oo 

.02 

+ .22 

.05 

.00 

+ .o6 

+ .04 

.04 

+ .o6 

.00 

+ .o6 

+ .05 

+ .05 

-t- .04 

.02 



 

THE UNITED STA.TES OU.A.ST SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

: --- i Annu:.tl ] Declination - Annual 
No. I' B. A. C. Constellation. Mag. A. R. 1880. V \ 
__ ': !----------------- ------ ariation. 1 __ 1_8_8~·-··· Precession. 

I 
1651•: 

1652 I 6589 

1653 6601 

1654 6595 

1655 6599 

1656 6597 

1657 6612 

1658 

1659 6625 

1660 6615 

1661 

1662 ~ 
1663* 

1664 

i 1665 

1666 

1667 

1668 

t669 I 

1670 

1671 

16;2 

1673 

! 1674 

1675* 

1676 

1677*
1 

6623 

6618 

6650 

6637 

6640 

6642 

6644 

6648 

6646 

6662 

6656 

6654 

6653 

1678 : 6674 

1679*' 

1680 6690 

1681 

1682 

1683 

1684 

1685 

i 1686*: 

1687 

1688* 

1689 

1690 

I 

6715 

6718 

6723 

6722 

6724 

Aquilre 

I Vulpeculre 

54 Draconis . 

w Aquil:r 

1:f Lyne . 

23 .'\quil:r 

r~ Draconis 

D. M. g", 4057 

5g Draconis . 

A Aquilre 

" Cygni 

i J Aquil:c 

Aquil:c 

r Draconis 

3 Vulpeculre 

Draconis (pr.) 

2 Sagittre 

b Aquil:u 

2 Cygni. 

,f Aquilx 

rr Dracon.is 

Lyrre . 

4 Vulpecul:e 

Aquil re 

Aquilre 

4 Cygni. 

Aquil;e 

6 Vulpecula: 

Aquilre 

!3 Cygni. 

Cygni. 

8 Cygni. 

r,ygni. 

µ Aquilre 

9 Vulpecul::c 

D. M. 15°, 3872 

9 Cygni. 

Ccphei , 

Aquilai 

Cygni. 

Cygni. 

II Cygni. 

Sagittai 

1691* 

1692 

1693 

1694 

t6g5 

1696 

1697 

1698 

1699 

1700 

6735 tr Draconis . 

6731 Cygni. 

6734 i'1 Cygni • 

6729 

6736 

. 11 Aquilre 

i 45 Aquilre 

.p Cygni. 

Sagittre 

4.7 
5.2 

5.3 

4.0 

5 • 1 

3.0 

5.S 

5.5 

5. 5 

4.2 

5.3 

5.1 

4.5 

5.4 

5. 9 

5. 8 

5.2 

5.2 

3.3 

4.8 

5.b 

4.9 

4. IJ 

5.8 

5 .o 
5.S 

4.3 
5.S 
3.1 

4.2 

4.6 

5.8 

4.7 
5.3 
5.8 

5.6 
5.8 

4.3 
5. 2 

5.8 

5.8 

5.5 

4.9 
5.0 

4. 5 

4.9 

5.8 

5 ·I 

4.4 

h. rn. s. 
IC) II 

II 04 

II 4i 
12 I I 

12 12 

12 26 

12 31 

13 09 

13 33 

HJ 14 20 

14 24 

16.2 

Ij 51 

17 56 

18 04 

18 59 

19 15 

19 24 

19 27 

ly 20 03 

20 09 

20 13 

20 23 

20.8 

21 50 

22 .. 

23 43 

23.9 

2 5 53 

19 26 41 

27 rg 

28 09 

28 14 

29 19 

30 

30 05 

30.2 

30 31 

30 46 

19 31 q 

31 30 

31 51 

32 35 

32 55 

33 13 

33 r6 

34 32 

34 38 

34 44 

s. 
+ 2. 75 

2.5S 

1.08 

2.81 

2.08 

3:05 

0.03 

2. 8(i 

2. I 5 

+ 2.80 

+ I ,38 

3. IO 

3.08 

I. I I 

I. IO 

2.69 

2.86 

2 37 
3.02 

+ 0.32 

1.89 

2.63 

3.07 

2.79 

2.16 

2.76 

2 ·+9 
2. 75 

2.42 

+ 1.51 

2. 23 

I. 59 

2.93 

2.63 

2. 73 

2.39 

7.34 

+ 3· II 

I. 95 

+ I. 57 
2. 16 

2.72 

O.II 

+ I. 87 

1.61 

2.96 

3. 10 

2.37 

2.68 

I4 20 + 6. II 

21 10 4;.8 ! 6.12 

57 29 53·9 6.18 

II 22 ·19· I 6.21 

37 55 '4·9 fi.2r 

o 52 04.S 6.23 

67 27 01.0 6.2+ 

9 24 07.8 6.30 

76 21 34.I 6.33 

12 09 16.8 6.37 

53 08 5r.2 

I 06 50.7 

0 30 

73 07 55.8 

26 02 00, I 

57 25 05.3 

r6 -12 19.8 

II 41 20.j 

29 23 16.3 

2 52 36.6 

65 29 00.2 

43 og 18.; 

19 33 53.9 

0 06 OI.2 

12 48 

36 04 40.g 

14 0. 
2-1 25 22.9 

Lt 2I 

27 42 31.6 

SI 28 28.0 

3-1 II 55,G 

50 03 oo.o 

7 07 32. I 

Ig 30 45,6 

15 2I 

2lj II 57 · 7 

83 I4 

- I 33 O.j. 5 

420901.8 

so 58 50.2 

36 40 47 .0 

!6 II 40.8 

69 2i 23.9 

4-1 25 51.9 

49 56 35.7 

5 07 32.3 

0 53 53.2 

29 52 40.0 

17 44 22.I 

+ 

+ 

+ 

6.39 

6.40 

6. 55 

6.68 

6.69 

6.70 

(J.78 

6.79 

G.S1 

6.82 

6.S6 

6.86 

6. 87 

6.89 

6.91 

7.01 

j.02 

i '16 

7.18 

;.34 

7.41 

7.45 

7.53 

7-53 

7.54 

7.67 

7. 68 

7.69 

7.71 

7. 74 ! 

+ 7· 77 

7.80 

7.83 

7.88 

7".9I 

7.93 

7.94 

S.03 

8.01 

8.05 

119 

Pm per 
:\lotion. 

+ .06 

.07 

+ .02 

.00 

.0-1 

+ 07 

.12 

+ .07 

.01 

+ .IO 

+ .01 

.00 

+ .0-f 

+ .69 

+ .05 

+ .IO 

+ .03 

.00 

.03 

.02 

+ .05 

.og 

.00 

..,. 13 

-+ .04 

. Lj 

+ .03 

.05 

+ .or 

.oo 

• IO 

+ .04 

+ .ob 

-1 .79 

.00 

+ .15 

+ .01 

+ .02 

+ .06 

+ .03 



 

120 REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

-·----------------------~--------------! -- ---I -Annual , 

No. B. A. C. Constellation. Mag. A. R. 1880. [Variation.': 
Declination 

t8So. 

Annual 
/ Precession. 

Proper 
Motion. ------------- ------ ----! h. m. s. I s. 

~~-~--1 ~---

1701* Aquil<e 5.7 lg 35.5 + 2.78 13 33 
1,, + 8.12 

1702 

17oj* 

6745 

6744 

6748 

6749 

6754 

I]II 6767 

1712 6771 

1713 6772 

1714 6779 

1715 

1716 

1717 

1718 

17I9 
1720 

6784 

6783 

67S9 

6794 

6799 

6802 

1721 6805 

1722 6810 

t72J" 
1724 ' 6813 

I725 68JI 

I726 6817 

14 Cygni 

;1 Sagittx 

Cygni 

:t Aquil::e 

Cygni 

Cygni 

IO Vulpecul:>e 

1J1 Aquilx 

D. ~I. 4r
0

, 3469 

v Aquilre 

15 Cygni 

y Aquila; 

S Cygni 

17 Cygni 

J Sagittre 

" Aquilre 

Sagitt:;e 

Cygni 

: a Aquilre 

: o Aquilre 

12 Vulpeculre 

. x Cygni 

19 Cygni 

r; Aquilre 

Cygni 

1727*, 

1728 

1729* 

Vulpecul~ 

6B2.; '; 20 Cygni (d) . 

Cygni 

•I 

5.2 

4·-l 

5.5 

5.5 
5.0 
5,8 

5.7 

6.o 

5.4 

5.9 

5.2 

3 ·I 

2.9 

5.2 
4.0 

5.7 

5 ·I 

5.9 

0.9 

5.4 

5.3 
var. 4-13. 

5.6 

35 32 

35 40 

35 59 

36 55 
37 07 
38, I 

38 44 

38 59 

39 45 

1.95 

2.70 

' 42 32 3r.4 8.12 

1.35 

2.82 

I. 84 

2. 31 

2. 50 

2.80 

2.00 

I7 II 56.8 I 
54 41 30. 3 II, 

11 32 44.2 

45 q 26.9 1' 

32 09 .... 

25 29 07 ·9 II 

13 00 57.3 ' 

41 29 08. 5 i 

Ig 39 50 

3!J 57 

40 33 

41 I 3 

-)1 52 

42 02 

43 03 

43 3!) 

43 56 

4t 56 

+ 2.92 ! 19 24.5 

2.16 37 03 55.3 

2.85 IO 19 Jg.I 

l. 88 44 50 I j • 9 

2.27 

2.68 

2.83 

2.67 

I. 75 

2.93 

19 45 17 + 2.88 

45 54 2.59 

46 . . 2.31 

46 19 2.!2 

46 22 3.06 

46 30 ' 2.06 

33 26 57.5 

IS 14 22.4 

II 31 06.5 

18 so 32.7 

47 36 42.1 

s 33 09.0 

10o658.1 

22 IS 22.9 

32 37 .... 

38 2.i 52.r 

8.13 

8.16 

8.23 

8.23 

8.32 

8.37 

+ 8.46 

8.47 

s. 52 

B. 57 

8.62 

8.63 

8.71 

8.76 

8.78 

8.86 

+ B.89 

8.94 

S.95 

8.97 

8.97 

8.99 

9.03 

9.07 

9.14 

+ .07 

+ .02 

.oo 

+ .07 

.oo 1 

.or 

.or 

.01 

+ .03 

+ .08 

+ .oo 
.oo 

.44 

+ .05 

+ .02 

+ .07 

.oo 

.16 

+ .05 

+ .12 

.04 

.oo 

.05 

1730 i 6527 13 Vulpecuhe 

var. 3.6-4.6 

5.6 

5.4 
5.2 

5.6 

4.7 

47 .. 

47 37 

48.4 

48 22 

2.53 

I. 50 

1.Sr 

2.55 

0 41 54.8 

40 17 42.9 

24 41 .... 

52 41 02.6 

46 43 .... 

23 46 03.3 9.14 + .08 

1731 

1732 

1733*, 

1734 

1735 

1736 

1737* 

I 1738 

1739 

I740 

I IHI 

1742 

1743 

1744 

1745 

1746 

1747 

17+8 

!749* 

1750 

6825 , ; Aquiloo 

6836 . e Draconis . 

6830 , Cygni 

6826 58 Aqnilao 

6833 ; fJ Aquil<e 

6835 Vul pecul:;e 

Cygni 

6852 

6849 

6851 

6853 

6856 

6857 

6859 

6867 

6866 

, </! Aquilre· 

IO Sagittre 

23 Cygni 

Cygni 

22 Cygni 

r; Cygni 

II Sagittre 

ip Cygni 

Cygni 

y Sagittre 

Cygni 

Cygni 

r4 Vulpeculre 

5.1 

3.8 

5.8 

5.6 

4.0 

5.7 

5.8 

5.3 

5.3 

5.3 

5.7 

5.3 

4.4 

5.6 

5.3 

5.4 

3.8 

5.2 

5.7 

5.7 

19 48 26 i + 2.91 

48 34 o. 18 

48 35 + I. 77 

48 36 3.07 

49 25 2.95 

49 26 2.55 

50.4 

50 33 

50 34 

50 50 

19 51 26 

51 34 

51 48 

52 19 

52 32 

53 04 

53 25 

53 39 

53.9 

54 02 i 

2. I9 

2.85 

2.73 

1.24 

+ 1.07 

2.14 

2.25 

2.72 

I.56 

2.08 

2.67 

1.16 

2.38 

2.58 

8 09 07. 7 

69 57 43.0 

47 37 21.2 

0 02 21.2 

6 o6 29.2 

24 00 21.2 

36 41 •... 

II o6 23.0 

I6 I9 06.5 

57 12 33.4 

59 23 28.4 

38 IO 07 ,2 

34 45 54.6 

I6 28 02.4 

52 07 17.r 

40 02 46.3 

I<) IO 02.8 

58 31 32.S 

30 39 ••.. 

22 46 31.0 

+ 9.14 

9· IS 

9.15 

9.I5 

9.21 

9.21 

9.29 

9.31 

9.31 

9.32 

+ 9.37 

9.38 

9.40 

9.44 
9.45 

9.50 

9.52 

9· 54 

9.56 

9.57 

.og 

.oo 

+ .oo 
.IO 

.47 

.01 

+ .05 

+ .07 

.oo 

.oo 



 

I 

No. I B.A.c .. 

THE UNITED STATES COAST SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Constellation. i.\lag. A. R. 1880. 
Annual 

Vari<Jtion. 

Declination 
1880. 

121 

Annual Proper 
Precession. Motion. 

--, ----__________ , __________ _ 

1751 

1752 

1753 

1754 

I755 

I756 

1757 

I758 

I759*i 

I760 

1761 : 
I 

1762*· 
I 

1763*' 

1764 

1765 

1766 

1767 

1768* 

1769 

1770 

l77I*: 

1772 

I773 

1774 

1775 

1776* 

1777 i 
I778 

1779 

1780 i 

I78I 

I782 . 

1783 

178-1 

1785 

1766 

1787 

1788 

I789 

1790 

1791 

1792 

17931 

1794 j 

1795* 

17¢ 

1797 
17g8 

1799* 

T8oo 

6868 

6875 

6876 

6879 

6883 

6895 

6890 

6893 

6905 

6912 

6915 

6926 

6936 

6928 

6932 

6937 

6934 

6940 

6943 

6952 

6957 

6962 

6970 

6965 

6967 

6966 

6968 

6976 

6973 

6975 

6<)80 

6979 

6983 

6986 

7005 

6990 

7014 

13 Sagitt::e 

25 Cygni. 

Cygni. 

15 Vulpecul;e 

I6 Vulpeculx 

e Cygni. 

:4 Sagitt:e 

r Aquila: 

Cygni. 

i5 Sagitt~ 

r1 Sagitt<e 

Cygni. 

D. M. I 5°, 4040 

e Draconis . 

17 Vulpccul;e 

b Cygni. 

f' Dracon is . 

Aquilcc 

69 D~aconis . 

Cygni. 

Cygni. 

66 Draconis . 

h' Cygni. 

ff Aquilre 

18 Vulpeculm 

D. l\I. 21°, 4088 

19 Vulpeculx 

: p Aquilro 

! 21 Vu!peculce 

n Cygni (pr.) 

68 Draconis . 

' o' Cygni (sq.) 

b' Cygni. 

Vulpeculce 

22 Vulpeculx 

33 Cygni. 

23 Vulpeculre 

18 Sagittro 

D. M. 6o\ 2099 

24 Vu!pcculao 

cfo Cygni. 

Cygni. 

K Cephei (r st*) 

P Cygni. 

Delphini. 

35 Cygni. 

Cygni. 

: ITS Aquilre 

Delphini . 

I 71 Draconis. 
1, 

S.Ex.37-16 

5. 6 

5.5 

5. 7 

-1·9 

5. 4 

5.0 

5. l 

5. s 
5.S 
5. 5 

5.3 

5. 8 

5.8 

5. l 

5 · l 

5.6 

4.8 

5.8 
6, l 

5. 7 

6.o 

5.3 

5.3 

3.2 

5.5 

5.8 

4.9 

5.S 

5.0 

5.6 

3.8 

5. I 

5.0 

5. 4 

4. s 
4.8 

5.9 

5.8 

5.6 

3.9 

5.1 

4.6 

var. 3--0 

5.6 

5.3 

5.6 

5.4 

5.7 

5.6 

h. m. s. 
IC) 54 30 

55 31 

5 5 34 

56 09 

56 5li 

5 7 58 

58 01 

58 17 

5S.7 

58 43 

19 59 50 

59.9 
59.9 

20 00 I2 

01 44 

OJ 5-l 

02 1(1 

02.9 

02 Si 
03 03 

20 03.r 

03 38 

04 5S 

05 07 

05 33 

06. l 

06 47 

oS 43 

09 I9 

09 32 

20 09 37 

09 51 

IO 02 

IO II 

IO 19 

IO 36 

IO 48 

II 03 

I I I6 

II 39 

20 II 46 

12 39 

12 54 

13 22 

13 9 

q 03 

IS 27 

17 q 

I7-3 

I7 36 

s. 
+ 2.jI 

2. 16 

c. SS 

2.47 

2. 55 

I. 70 

2.75 

+ 2.66 

2.76 

0.65 

2.58 

2.23 

0.29 

2.86 

l, 59 

+ I .56 

+ 2.30 

0.96 

2.22 

3.10 

2.50 

2.62 

2.51 

2.78 

2.47 

I. 89 

+- 0.99 

I. 89 

2.45 

2. 54 

2. 59 

1.40 

2.48 

2.64 

r.13 

+ I.85 

2. rs 
- I .89 

+ 2.21 

2.82 

2.3r 

r.49 

2.98 

. 2.79 
I.OJ 

17 tr 23.0 

36 42 52.9 

45 26 44,3 

27 25 24.3 

24 36 ro.9 

49 46 16.<J 

IS 41 43.8 

6 56 25.3 

29 35 .... 

I6 44 46.7 

I9 38 53.7 

31 53 

15 IO 

64 29 05.S 

23 I6 ro.4 

35 38 34.0 

67 31 52.4 

IO 22 •... 

76 oS 45. I 

52 46 37.S 

34 04 

6J 38 50.0 

36 29 16.0 

I TO 35.0 

26 32 57.5 

21 31 .... 

26 27 09.3 

14 50 00.3 

28 19 54.3 

46 27 11.7 

61 .f2 54.7 

46 22 42.0 

36 26 22.3 

25 13 35.0 

23 08 35.9 

56 12 01.8 

27 26 49.4 

21 13 54.6 

60 16 24.2 

2+ rs 08.2 

47 20 46.S 

39 59 40.0 

77 20 56. I 

37 39 38.5 
!2 52 .... 

34 36 30.6 

55 OJ 20.0 

4 57 39.9 

14 09 .... 

6r 52 ~5·3 

+ 9.6I 

9.68 

9.69 

9. 73 

9.79 

9.87 

9.87 

9.9o 

9.93 

9.93 

+ JO.OJ 

J0,02 

J0.02 

10.04 

ro.I6 

JO, 17 

10.20 

J0.24 

ro.25 

lD.25 

+ 10.25 

10.30 

ro.40 

10.41 

10.44 

JO 47 

IO. 54 

ro.67 

IO. 72 

IO. 74 

+ I0.74 

IO. 76 

10.78 

IO. 79 

10.80 

ro.82 

10. 83 

ro.85 

IO. 87 

10.89 

+ ro.90 

ro.96 

ro.99 

II.02 

II .06 

II .06 

II .18 

II .30 

II .JI 

ll.33 

+ .06 

+ .08 

.oo 

+ ,08 

+ .09 

.01 

+ .04 

+ .OI 

+ .IO 

.02 i 

.oo 

. 41 

+ .04 

.08 

.00 

+ .05 

+ .II 

.oo 

+ .04 

+ .05 

+ .08 

.os 
+.or 

+ .06 

+ .04 

+ .I2 

+ .02 

+ .04 

+ .Ol 

.00 

+ .or 

+ .02 

+ .03 

.00 

.oo 

+- .03 

+ .02 

-r .02 



 

122 REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Constellation. Mag. A. R. 1880. 
Annual 

Variation. 
Declination 

1880. 

Annual Proper 
' 
1 Precession. Motion. l No.1 B.A.C. 

I ·--i ----------------- -----~------------------------

18or 7022 

1802*; 

1803 7027 

1804 7029 

1805* 

1806* 

r807 

1808* 

r809 

r8ro 

rSrr 

r8r2 

l8r3 

1814 

1 l8r5* 

r 1816 

I r8r7 

18!8 

r8r9 
1820 

1821 

1822 

1823 

r82-1 

r825 

I826 

1827 

1828 

1829 

1830 

1E<3r 

1832 

1833 

1834 

1835 

1836* 

1837 

1838 

1839 

1840 

1841* 

1842 

1843 

I844 

1845 
18-16 

1847 

1848 

18-19 ~ 

1850*; 

7037 

7067 

7065 ' 

7065 

7086 

7088 

7098 

7091 

7ID3 

7107 

7112 

7121 

7126 

7r25 

7r22 

7qo 

7138 

7143 

7141 

7q6 

7149 

7r58 

716o 

7178 

7164 

7171 

7I7-1 

7r73 

7182 

7188 

719-1 

7200 

y Cygni. 

Cygni. 

Cygni. 

39 Cygni. 

Cygni. 

D. M. 63', 1618 

Draconis . 

Vulpecuhe 

40 Cygni. 

"'' Cygni. 

41 Cygni. 

Delphini 

•>2 Cygni (pr.) 

Cygni. 

Vulpecnl:e 

Delphini . 

d Cephei 

"'' Cygni (sq.) 

D.M.51'.2882 

~ Delphini 

-17 Cygni. 

Delphini 

Cygni. 

{1 Delphini 

27 Vulpecul:e 

Delphini 

71 Aquil:e 

Cygni 

ff Delphini 

73 Draconis . 

29 Vulpecuhe 

Ariuarii . 

28 V ulpecul:e 

Delphini. 

D. M. 15', 4220 

Vulpecul;c 

a Delphini . 

Cygni. 

10 Delphini 

75 Draconis . 

Cygni. 

49 Cygni. 

a Cygni . 

Cygni. 

,5 Delphini • 

51 Cygni. 

30 Vulpecul:e 

52 Cygni. 

y Delphini 

Cephei 

2.4 

5.5 

5.6 

4.9 

5.6 

5.7 

5.8 

5 .6 

5.8 

5.7 

4.3 

5.7 
5.1 

5.8 

6.o 

4.r 

3.8 

5.4 

5.8 

5,5 

5. I 

4.6 

5.8 

3.8 

5.8 

5. r 

4.6 

5.8 

5.5 

5.3 

4.7 
5.2 

5.2 

5.2 

5.8 

5.8 

3.8 

5 .9 

5.8 

5.6 

5.7 

5 .6 

I. 5 

. 5. 5 

4.2 

5.6 

5 . .t 

4.4 

4.2 

6.o 

h. m. s. s. 
20 lj 55 

r8 IO 

18 30 

19 04 

19.3 

19.5 

19 33 

20.4 

23 07 

23 22 

20 24 29 

24 33 

26 21 

26 27 

26.8 

27 29 

27 31 

27 3f> 

27 55 

28 I6 

20 29 14 

29 42 

29 59 

31 SS 

31 ;8 

32 05 

32 oS 

32 53 

33 0.j 

33 0.j 

20 33 IO 

33 16 

33 18 

33 tS 

33 31 

33.8 

14 04 

35 10 

35 39 

35 42 

20 35.8 

36 II 

37 20 

37 36 

37 SI 

38 31 

39 4r 

40 43 

4r 05 

41. J 

+ 2.15 

I. 95 

2. 13 

2.40 

2.24 

0.96 

o. 29 

2.65 

2.22 

I. 83 

+ 2.45 

2.88 

1.06' 

I. 50 

2.56 

2.S7 
1.02 

I. 85 

I. 7 l 

2.S4 

+ 2.34 

2.81 

1.96 

2.81 

2.56 

2.87 

3.10 

2.25 

2.83 

+ 2.68 

3.08 

2.6r 

2.92 

2.78 

2.66 

2. 79 I 

2. r9 

2. Sr 

3. 50 

+ 2. IO 

2.43 

2.04 

2. 16 

2.80 

I. 86 

2.60 

2.48 

2.78 

I. 56 

39 52 24.6 ! + r1.35 

45 24 35.6 11.37 

40 38 36. I r I. 39 

3r 48 13.7 11.43 

37 05 

68 29 -15. 4 

21 OJ ...• 

38 02 4.'LS 

48 59 08.8 

29 58 08. 5 

IO 29 42.6 

48 32 56.4 

55 39 57.0 

25 24 

IO 53 47.1 

62 35 27.7 

48 48 57.5 
51 5.J 02.3 

12 37 02.7 

34 50 25.2 

q 15 41.3 

-16 16 56.8 

Lf 10 .J4.0 

26 02 .J-1.0 

IO 57 34·9 

-r312r.4 

37 54 H·S 

12 53 40.9 

7-1 32 3i.s 

20 46 51. 7 

0 03 56.4 

23 4 I 45 · 5 

9 39 52.9 

l 5 25 04 • 3 , 

21 24 ..•• 

15 29 23.2 

40 09 20.9 

14 09 26.5 

81 00 37.9 

43 02 

31 52 53.2 

-14 51 07. 6 

4r 17 15.9 

14 38 4 I. 8 

49 54 33.5 

24 50 3t.8 

30 16 56.2 

15 41 34.6 

56 03 

l I. 4S 

r I. 4 7 

r I. 4 3 

r I. 53 

u.72 

11. 74 

+ l I. 82 

r I. 83 

l r • 95 

I 1.96 

l t.98 

12.03 

12.04 

r2.04 

12.06 

+ 12. lS 

12. 18 

12. 21 

12.34 

12.3-1 

r2.35 

12 35 

12.41 

r2.42 

+ 12.43 

'12.44 

12.43 

12.44 

12 4, 
12.47 

12.49 

12.56 

12.59 

lz.60 

+ 12.61 

12.63 

12.71 

12.73 

r2.75 

12.79 

r2.87 

12.93 

12.go 

12.96 

+ .02 

.oo 

+ .05 

.03 

+ .or 
.oo 

+ .02 

.03 

.05 

.03 

.oo 

+ .oS 

.05 

+ .04 

.00 

.or 

+ .02 

.or 

+ .02 

.01 

.03 

+ .01 

.03 

+ .0[ 

+ .02 

+ .02 

+ .03 

.oo 

+ .03 

.oo 

+ .03 

.oc 

.oo 

.02 

.04 

.r7 

+.or 

.15 



 

7206 

1854 7215 

1855 

1856 7213 

1857 7220 

1858*1 
r85g t 7223 

1800 7222 

1861 

1$62 

1863*i 

1864 i 
I J865*l 

1866 : 
! 

1867 i 
l868*i 

~ 1869 I 
1870 I 
l87I 

1872 

1873 

1874 

1875 

1876 

l87s I 
1879 : 

I 

1880 I 
lss1 I 
I882 I 
l8B3 I 

1884*1 

18851 
1886 I 

18871 

I 1888 I 

I 1889 I 
' 1890 ' 

7233 

72 .. p 

7257 

7258 

7291 

7268 

7278 

7271 

7275 

7299 

7281 

730I 

73II 

73ro 

7306 

7320 

73I8 

THE UNITED STATES COAST SURVEY. 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Constellation. 

Cygni. 

4 Cephei 

13 Delphini . 

Cephei 

T Cygni. 

/, Cygni. 

T/ Cephei 

Cygni. 

15 Delphini . 

LI Delphini . 

Cygni. 

55 Cygni. 

Cygni _ 

56 Cygni. 

Delphini 

31 Vulpecuhe 

57 Cygni. 

Cygni. 

32 V ul pecu lx 

Equulei . 

I6 Delphini . 

I7 Delphini . 

76 Draconis . 

Cygni. 

Cygni. 

IB Delphini . 

" Cygni. 

33 Vulpeculm 

Draconis. 

D. Yl. 56°, 2515 

Equulei (1st *) 

Cygni. 

Cygni. 

Delphini. 

Cygni. 

Cephei 

Mag. 

2.8 

5.4 

5.5 

4,7 

var. 5--6 

4.6 

3.& 

5 - 5 
5.6 

5.7 

6.o 

4.9 
6.o 

5.0 

6.o 

4.9 

4.9 
6.o 

5.2 

5.5 

5. 4 

5.3 

5.8 

5.7 

5. 6 

5.3 

4, l 

5.2 

5. 5 

5.8 

5.2 

5 ,4 

5.5 
5.7 
5.3 

5.8 

5.6 

Annual I Declination 
A. R. ISSo. 1 Variarion. I 1880. 

h. rn. s. s. 
20 .p 22 

41 40 

4I 52 

42 22 

42 23 

42 4·! 

42 51 

43.9 

43 55 

43 55 

20 44 I7 

4-+ 51 

45- 1 

45 49 

47.o 

47 00 

49 00 

49.0 

49 27 

49 40 

20 49 55 

49 56 

jI II 

51 47 

52 36 

52 39 

52 42 

52 5-1 

52 5'l 

53 0-1 

20 53 05 

54 02 

+ 2.42 

0.76 

2.98 

1.49 

2.39 

2.33 

1.23 

1.98 

2.86 

2.94 

+ I. 78 

2.04 

I.8I 

2. 13 

2.76 

2.57 

2.12 

+ 2.87 

2.84 

3-99 
+ 2.02 

1.90 

2.89 

2.24 

2.69 

2. 52 

r.60 

33 3I 17.3 

66 13 15-3 

5 34 07. I 

57 08 58.7 

33 56 01.8 

36 03 OI.8 

6I 22 23,7 

47 23 

12 05 52.5 

7 25 I2.8 

SI 58 I6.2 

45 40 I0.8 

5I 28 

43 36 28.3 

17 34 

26 38 55.S 

43 56 oo.S 

32 59 

27 36 o;;.o 

4 04 31.4 

12 06 40.5 

13 15 52.9 

82 05 08.3 

46 57 29.9 

50 16 05.2 

IO 22 36.2 

40 42 21.9 

2I 51 47.2 

So 06 05.S 

5(J 25 32.8 

3 50 03.5 

44 00 15-7 

49 59 45.7 

IS 52 

47 03 I0.8 

75 27 39.8 

58 58 11.0 

45 4I 05.2 

38 II 00.9 

5 or 36.3 

123 

Annual Proper 
Precession. Motion. 

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

+ I2. 98 

13.00 

13.02 

+ .32 

.OJ 

lJ.05 -19 

I3 .05 

I3-"7 ! + .02 

13 .os + .87 

I3. 15 

I3- I5 + .30 

13. I5 + .05 

+ I3. IS 

I3.2I 

13.23 

I3.27 

I3. 35 

I3·35 

I3-48 

IJ.48 

IJ-51 

I3-'53 

+ I3-54 

13. 54 

13.62 

I3. 66 

13.71 

I3. 7I 

13.72 

I3.73 

I3·74 

13. 74 

+ I3-75 

13.80 

I 3. 84 

I3.87 

13.91 

I3·94 

I3. 96 

13.99 
q.oS 

q.09 

+ 14. II 

14. I') 

14.22 

14.27 

I4.27 

I4.27 

14.33 

I4.46 

14. 53 

14.58 

+ .OI 

+ .13 

.OI 

.lXl 

.00 

.o6 

+ .05 

+ .04 

.03 

+ .04 

.00 

. IO 

+ .rJI 

+ .08 

.oo 

.04 

.14 

.00 

.10 

.OI 

+ .05 

.05 

.03 

.02 

.05 

.oo 

+ .02 

+J.22 

+3.00 

+ .OI 

. 18 

.00 

.o6 



 

124 REPORT OF THE SUPERINTENDENT OF 

CATALOGCE OF STARS FOR OBSERVATIONS OF LATITUDE. 

i I Annual : 
Mag. i' '\ R 1880 : 

Dech nation 
1880. 

Annual Proper 
Precession. Motion. No. ', B. A. C. \ Constellation. 

1901 7368 ,II Crgni. -----

•· · · · I Variation. 
-----l-----1 ---------------

3.4 I 
1902 7372 rl Equulei 

1903 7377 23 C'ephei 

1904 7380 I "IT-, Equulci 
1905 7385 Cygni , 

i906 7398 
1 

C1·gni . 

1908*' 

1909 74or 

19ro 7402 

1911* 

1912 7405 

1913 7411 

1914 7410 

r915 7.p6 

1916 74Ii 

1917*, 

1918 74r8 

1919 7p8 

1920 7421 

1921 7438 

r922 7131 

1923 7437 

1924 

r')25 7444 

r926 745 5 

r927 I 7453 

1928 I 7461 

r929 I 7462 

1930*
1 

I 
1931 7468 

1932 7465 

r933* 

'934 7474 

1935 : 7480 

1936*! 

r937 7482 

r938 7493 

1939 7495 

1940 75ro 

194r*' 

1942 7503 

1943 7505 

1944 7521 

1945 752-0 

1946 7528 

1947 7527 

I 1948 7542 

1949 7544 

1950 7546 

,, Cygni. 

D. 1\1. 53 ', 25SS 

D. M. 55', 2549 

A Cygni. 

Pegasi 

9 Equulei 

Cygni. 

Pegasi 

a Cephei 
Cephei 

Cygni. 

Pcgasi 

6 Ccphei 

(3 Eqnulei 

Cephei 

Cygni. 

Pegasi 

Cygni (sq.) 

Vulpeculre 

f Cygni. 

i 6q Cygni. 

' 35 Vu! pecula: 

70 Cygni. 

Cygni. 

Cygni. 

Cygni. 

Pegasi 

2 Pegasi 

g Cygni. 

Pegasi 

7 Cephei 

{3 Cephei 

Cephei 

Cephei 

Cygni. 

p Cygni. 

72 Cygni. 

74 Cygni. 

Pegasi 

Pegasi 

d Aquarii 

9 Cephei 

75 Cygni. 

26 Aquarii 

4,6 

5.8 

4.2 

3.9 

4.3 

4.4 

5.6 

5.8 

5.2 

5.8 

5.7 

5.7 

5.7 

2.5 

5.6 

5.8 

4.3 

5.2 

5.0 

5.8 

5.8 

5.7 
6.5 

5.3 

5.8 

5.8 

5.3 

5.0 

5.4 

5.7 

5.7 
5.6 

4.5 

5. 3 

5.8 

5,4 

3.2 

5.5 
6.o 

6.o 

4.1 

5. I 

5 ·I 

5.5 

5.8 

5.2 

5.1 
5. [ 

5.7 

h. m. s. 
2r 07 50 

08 38 

08 45 

09 49 
JO 00 

12 42 

[2 59 
13.3 

13 39 

13 59 

21 14.8 

15 09 

15 21 

15 38 

rs 43 

15 56 

16.3 

16 32 

16 53 

16 56 

21 !7 01 

17 50 

18 34 

I 8 57 

TC) I4 

20 53 

20 53 

22 23 

22 28 

22.6 

2! 22 49 

23 OI 

23.5 

24 31 

25 01 

25.3 

25 27 

27 06 

27 42 
28 20 

21 28.7 

29 28 

29 53 
32 08 

32 OC) 

33 25 

33 28 

34 42 

35 29 

36 03 

s. 
+ 2. 55 

2.93 

1. 52 

3.00 

2.39 

2.35 

2.46 

I. 88 

J.80 

2.23 

+ ~!.72 
2.97 

2.06 

2.69 

29 44 07.5 

9 3r 11.9 

59 29 35.6 

4 45 ro.o 

37 32 03.2 

38 53 32.4 

34 23 38.3 

53 30 .... 

55 17 37.2 

43 26 29.7 

2T 32 •••• 

I .43 ' 

r.66 

6 50 49.0 

49 00 II .0 

23 2! 05.8 

62 04 37. 7 

58 OU 58.4 

32 06 .... 

r9 17 31.6 

64 21 48.2 

2. 52 

2.78 

I.25 

2.98 

0.50 

+ 2.08 

2.42 

2.65 

2. r8 

2.45 

2.65 

2.45 

2. 12 

+ r.97 

2.56 

2.74 

2.72 

2.20 

2.90 

I. 17 

0.80 

;: .65 

-- I. 57 

+ 2.II 

2.25 

2.45 

2.40 

2.8r 

2.78 

3.05 

1.61 

6 18 00.0 

76 30 22.6 

48 52 29.3 

23 45 35.7 

36 50 14.7 

25 39 29.7 
46 II 42.6 

i 36 08 58. 7 

27 05 13.7 

36 35 44.7 

48 19 

52 22 39.8 

31 42 03.4 

21 40 .... 

23 o6 49.8 

46 00 42.7 

11 37 

66 17 08.5 

70 02 OT.I 

5<) 55 50.0 

So oo 04.7 

49 25 

45 03 43.5 

37 59 48.8 

39 52 30.1 

r8 46 47.0 

IC) 43 28.3 

r 42 I7.7 

6r 32 28.0 

42 43 46.2 

0 44 2r.2 

+ 14.65 

q.70 

I..j. 71 

q.77 

q.78 

14.94 

14.96 

14.98 
15.00 

15.02 

+ 15.07 

15.07 

r5.o6 

15. II 

r5.r2 

15.13 

15.r5 

15. 16 

15.rS 

r5.r8 

+ 15. r9 

15.24 

15.28 

15.30 

15.32 

15.41 

15.41 

15.50 

15.50 

15.51 

+ 15.52 

IS .S3 

lS.S6 

l5.6r 

15 64 

15.66 

15.66 

15.75 

rs.79 

15.82 

+ 15.84 
I 5 .88 

rs.90 

16.02 

16.02 

16.09 

r6.og 

16. 16 

r6.20 

16.23 

.07 

.28 

.04 

.09 

+ ,47 

.or 

+ .02 

•II 

.oo 

+ ,OT 

.oo 

.oo 

+ .01 

+ .09 

.oo 

+ .05 

+ .02 

.oo 
+ .06 

. rl 

+ .05 

+ .or 

+ .07 

.02 

.01 

+ .og 

+ .02 

+ .II 

.04 

.04 

.oo 

.02 

.05 
+ .12 

+ .or 

+ .09 
.oo 

.02 

+ .02 

+ .03 

.02 



 

THE UNITED STATES COAST SCRVEY. 

CATALOGUE OF STARS FOR OBSERVATIO~S OF LATITCDE. 

-,-- c 
No. : B. A. C. Constellation. Mag. A. R. 1 SSo. 

,\nnual 
V,uiatinn. 

Dcclin'.ltion 
1880. 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1961 

1965 

1966 

19f,7 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976* 

1977* 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

7547 

7555 

7559 
7560 

7565 

7561 

7566 

7568 

7567 

75'"/ I 

7607 

1986 7681 

1987 7685 

1988 7688 

1989 7689 

1990 ' 7693 

1991 ! 7699 

i 1992 7700 

1993 7705 

1994 7707 

1995 77o6 

1996 7708 

1997 < 7712 

t998 7721 

1999 7723 

2000 7731 

7 Pegasi 

D. M. 54°, 2595 

77 Cygni. 

rr1 Cygni. 

Cygni. 

Pegasi 

79 Cygni. 

µ Cygni(Ist*) 

9 Pegasi 

K Pegasi 

11 Cephei 

11 Cephei 

12 Pegasi 

1 I Pcgasi 

D. M. r6 , 4598 

Cephei 

" Ccphei 
,,., Cygni. 

l2 Cephei 

13 Pegasi 

14 Pe~asi 

Pegasi 

I 5 Pegasi 

16 Pegasi 

Cvgni. 

Pegasi 

D. M. 20', 5046 

17 Pegasi 

Cephci 

rs Pegasi 

28 Aquarii 

19 Pegasi 

20 Pegasi 

Cygni. 

16 Ccphci 

Lacertre 

32 Aquarii 

a Aquarii 

Pegasi 

23 Pegasi 

18 Cephei 

; Cephei ~2d *) 

Lacertre 

20 Cephei 

Pegasi 

19 Cephci 

25 Pegasi 

rr Pegasi (pr.) 

~ Pegasi 

,,. Pegasi (sq.) 

h. Tll. s. ~. 

5.4 21 36 15 

5. 8 3[, -15 

5 8 37 33 

4.9 37 50 

5.4 35 lj 

2, 7 38 IS 

5' 6 18 28 

4.6 33 47 

4· I 35 50 

4.z 39 13 

4.5-b.4 21 39 50 

4· 9 40 IO 

5. I 40 33 

5. -l cf l O!J 

5.S 41 22 

5.4 4' 3(; 

;i.6 41 59 

4.4 42 22 

5.8 41 53 

5. 3 -l I 26 

5, I 21 44 32 

5.6 45 5f) 

5.9 47 oq 

5.4 47 36 

5.8 47 57 

5. 5 48. 0 

5.6 50.S 

5- 5 51 ofi 

5.5 53 lj 

5 .6 54 oS 

5.6 21 54 57 

5.6 55 I2 

5.8 55 l4 

5.5 57 27 

5.r 57 32 

5.8 

5.6 

3.7 

4.9 
5.6 

5.7 

4.5 

5.3 

5.7 

58 06 

58 37 

59 37 

59 38 
22 00 09 

22 00 Ii 

OI IO 

OI 22 

01 25 

or 28 

02 12 

03 55 

04 09 

04 39 

+ 3.01 oS 02.5 

1.9S 541936.0 

2.~r 40 31 41~.6 

2.12 50 3'3 32.3 

2.-10 49 36 25.5 

2,()5 t) IC) 32.5 

2.47 3i ..t-l o~.8 

2.fJ7 2S 12 o-t. ~ 

2. B 5 1 6 4S 02 . 6 

2.72 25 05 38.S 

+ 1.83 ss 13 48." 

o.qo 70 43 3r .b 

2.7() 22 23 .fj.3 

2.Sfi 16 3S z.+.-l 

0.75 /I 4(1 12.S 

1.73 60 34 01.9 

2.21 4S 45 16.-1 

r.77 60 oS 09 o 

2.86 !6 43 42.7 

+ 2.65 29 36 58.3 

z.Sr 19 15 52.4 

2.67 zS 13 57.9 

2.73 2j 2T 39,6 

2.82 rg 06 

2.80 20 ~2 

2.C)3 11 30 '2/.(1 

l. 70 (>3 03 I 5. 2 

3.00 6 08 34.6 

+ 3.07 0 OI 45.0 

2.98 40 52.7 

2.g2 ! I2 32 46.0 

2.19 52 18 q.5 

o.BS 72 36 30.9 

3.oq 

3.os 

+ 1.78 

I. 7-l 

2 .,io 

1.82 

2. 7') 

I. 87 

2. S2 

2 .us 
3.03 

2.66 

4-1 0-1 19.0 

r 29 09.~ 

o 54 oS.2 

4 28 22.I 

28 22 54 . .1 

62 32 oS.6 

64 02 3(>.(J 

4-l 25 -t9.S 

62 12 oo.S 

2.j -15 3;.5 

61 41 46.3 

21 07 og.7 

32 35 13.3 

36 29.6 

32 35 24.5 

125 

Annual Propt:r 
Pn·ct>ssion_ '\fntion. 

+ r6. 2...i .05 

16.26 .DO 

16.30 .02 

16. 31 .01 

16.34 + .02 

16.3.; .DO 

1fi.35 .oo 

16.37 .26 

r6. 3i .D6 

16.39 + .03 

+ 16,.p + .or 

If>. 43 i + .D7 

16.45 _.__ .05 

16 49 -'- .OS 

16.49 

16. 51 .02 

16' 53 .03 

16. 5.\ .01 

16.62 .03 

r6. 6.j .Ol 

16 65 I • 01 

16. 7S .04 

l(i. 79 .OI 

16.82 ._06 

1fi.S2 

1(1. 95 

16. 96 + .04 

Ii .06 .02 

17.ll + .04 

~ I/. 14 .05 

1/.15 + .OI 

r7. rs .oo 

17.26 .oo 

l';. 27 . 19 

[j.2C) .oo 

17. 30 ! .03 

17.35 .00 

17.35 + .O!J 

17.37 + .0.1 

+ 1/. :;S 
17.3S + .08 

lj . .j2 , JO 

17.42 + .o~ 

Ij . .J3 + .02 

17.43 .02 

I7 .4() .01 

17.53 ,03 

17.55 + .05 

17.56 + .03 
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No. 
! 

iBA.c.\ 

REPORT OF THE SUPERINTENDENT OF 

CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

Constellation. Mag. 
Annual 

A. R. 1880· Variation. 
Declination 

1880. 
Annual \ Proper 

Precession. I Motion. 
___ ' ___ I ---------- ------ ----- ------------ ----! 

2001* 

zooz ,,,, I 
Pegasi 

28 Pegasi 

Lacertai 

Cephei 

'· Cephei 
Cepbei 

Pegasi 

24 Cephei 

2003 77 46 

2004 7749 

2005 7755 

2oo6 77 54 

2007 7753 

2008 7758 

2c>og 7760 

20!0 7759 

20II 

2012 

2013 

2oq 

2015 

201fi 

2017 

2018 

2019 

7770 

7778 

7777 

7789 

7796 

;798 

7800 

2021 7815 

2022 

2023 

2024 

2025 7827 

2026* 

2027 7851 

2028* 

2029 7832 

2030 7833 

2031 7837 

2032* 

2033 7845 

2034 7843 

2035 7848 

Cephci 

· Cephei 

Lacertre 

Lacertre 

Lacertre 

Cephci 

Laccrtre 

25 Cephei 

, 31 Pegasi 

32 Pegasi 

2 Laccrtre 

33 Pegasi 

3 Laccrtre 

rr Aquar.ii 

4 Lacert:e 

34 Pegasi 

35 Pegasi 

Lacert:P 

Cephei 

Cephei 

Aquarii 

36 Pegasi 

26 Cephei 

Pegasi 

Lacert:e 

38 Pegasi 

cl Cephei 

2036 7850 6 Lacertre 

2037 7857 28 Cephei 

2038 7855 7 Lacert:e 

2039 7874 p Cephei 

2040 7868 'l Aquarii 

204 1 7876 Cephei 

2042 7881 Cephei 

ZOB 7880 S Lacertre {2d *) 

9 Lacertre 

31 Cephei 

40 Pegasi 

• i 

·. 

6.o 

5.8 

5,5 

3.6 

5 .4 

5.8 

5.5 

5 .o 

5.7 

5.5 

4.8 

5.S 
5.8 

4.7 
4.6 

6. I 

5.r 
4.8 

4.8 
6.1 

4. 7 

4.5 

4.9 

5.8 

5 ·I 

5.8 

5 .o 

5 .6 

3.9 

5.7 

h. m. s. 
22 oi.s 

04 50 

06 30 

o6 41 

07 26 

07 29 

07 29 

07 30 

07 54 

08 04 

22 08 44 

08 53 

og 41 

IO 37 

IO 44 

q 17 

15 37 

15 47 
16 04 

17 53 

22 18 SI 

19 09 

19 39 

20 31 

21 47 

22.2 

·22 38 

22 39 

23 09 

5 • 7 I 22 23 I4 

5.5 23.5 

4.5 24 32 

5.4 24 33 

24 43 

25 r8 

25 47 

26 21 

28 48 

29 II 

s. 
+ 2. 95 

2.83 

2.31 

2.07 

2.03 

2. rs 
2.66 

r. 16 

r. 39 

r. 98 

+ 2. 5S 

2.45 

2.51 

2.20 

2.61 

r.94 

2.95 

2.76 

2.47 

II 02 

20 23 19.8 

50 t3 50.3 

57 36 35,5 

58 49 2r.3 

56 q 35.1 

34 00 47.6 

71 44 59.8 

69 32 24.4 

60 09 56.0 

39 07 07.8 

44 50 44.5 

42 21 33.8 

56 26 29.8 

37 09 06.4 

62 12 rn.5 

IT 36 04.2 

27 43 36.2 

45 55 57.9 

2. 89 I 20 l.j 32. 2 

+ 2.35 sr 37 41 .0 

0 46 08.3 

48 5'2 05.6 

3 46 54.6 

3.04 4 05 41.4 

2. 62 39 12 

3.90 85 30 I0.9 

+ r. So 70 09 

3.09 ,_ 0 38 00.2 

3.00 8 31 oo.S 

+ r.92 

2.80 

2. 50 

2.74 
2.21 

2.57 

o. 52 

2.46 

0. 59 

3.08 

64 31 12.8 

26 og 

47 05 35.3 

31 57 33.5 

57 48 04.r 

42 30 31.5 

78 IO 26.4 

4<J 39 56.r 

78 12 30. I 

0 44 07.8 

+ 17.57 

17.57 

17. t'i4 

17.65 

17.68 

17.69 

17.69 

17. 69 

17.70 

17.71 

+ 17. 74 

17.74 

17.77 

17.81 

17.81 

17.96 

18.01 

18.02 

18.03 

r8. IO 

+ 18.13 

18. q 

18.16 

r8. 19 

18.24 

18.25 

rS.27 

18.27 

18.27 

18.29 

+ rs. 29 

18.30 

18.34 

18.34 

18.34 

18.37 

18.38 

18.40 

18.48 

18. 50 

.00 

.oo 

.01 

.04 

+ .16 

• IO 

.03 

+ .08 

.16 

.00 

+ .02 

+ .02 

.oo 

+ .04 

t- .Ol 

+ .02 

.02 

. 21 

.OI 

.02 

+ .05 

.29 

+ .04 

+ .03 
.or 

+ .or 
+ .II 

.02 

.oo 

.06 

.or 

.03 

.o6 

+ .23 

.or 

.02 

.os 
+ .04 

.07 
+ .02 
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1~---

1 No. IB.A.c.· 
-I--

Constellation. 

I 
2051 I 

2052 7906 

Pegasi 

l I Lacer tee 

Lacertm 2053 

2054 

2055 

2056 

2057 

2058 

2059 

2000 

206r 

2062 

2063 

2004 

2065 

2066 

2067 

2068 

2069 

2070 

2071 

2072 

2073 

2074 

2075 

20761 

2077*i 

2078*\ 

2079 

2080 i 

2081 1 

20821 

2083*1 

2084*: 

2085*! 
I 

2086 i 
2087 I 

I 

2088*1' 

2089 I 

2090 I 
2091 I 
2092 

I 2093 I 
20<)4 I 
2095 

2096 I 
2097 

l 
::; I 
2100 I 

7908 ~ Pegasi 

79r 5 12 Lacerta; 

791-1 Pcgasi 

7923 'f/ Pegasi 

D. J\!. 53°, 2960 • 

7932 I 3 Lacerta; 

7943 ; Pegasi 

7945 1 A Pegasi 

7948 Lacerta; 

D. M. 3G°, 4934 · 

Lacerta; 

Cephei 

7958 i µ Pegasi 

7961 D. M. 55°, 2S20. 

7967 Cephei 

797 ! " Pegasi 

7995 

7997 

7999 i 
8005 

Eo26 , 

8023 

8031 

8032 

8034 

8036 

8039 

8051 

8052 

8054 

8058 

8059 

Bo6o 

IS Lacerta; 

Cephei 

PPgasi 

Cephei 

Lacerta; 

Lacert:ie 

p Pegasi 

Lacert:ie 

Lacert:ie 

Lacerl..e 

51 Pegasi 

Laccrta: 

2 Piscium 

D. M. 51°, 351+ . 

D. M. 30°, 4859 . 

D. M. 50°, 2923 . 

Cephei 

o Andromeda: . 

D. M. 22°, 4 762 

fl Pis:ium 

f3 Pegasi 

a Pegasi 

3 Andromeda: . 

Cephei 

55 Pegasi 

56 Pegasi 

I Cassiope:e 

IJ. M. 52°, 3371 

4 Andromeda: . 

5 Andromedre . 

A Piscium . 

~~1. A. R. 1880. 

I 
! h. m. s. 

5. 7 i 22 3~ 55 

4.6 35 15 

3.9 

6.o 

5.8 
6.o 

6.o 

3.8 

5.j 
3.6 

4.9 

5. I 

5.8 

5.4 

4.9 

6.o 

5.7 

4.8 

5. i 

5.8 

5.1 

5.3 

5.4 

5.8 

5.8 

5.8 

5 .8 ·1 

5.0 

3.8 I 
5 .8 I 

4.6 I 
Ivar. 2.5-2.8 

I i 
I 2.4 ! 
1 

4.7 I 
5.3 

5.0 

5.I 

5 .o 

5.4 

5.4 

5.7 

5.6 

35 26 

35 2g 

36 06 

36 08 

37 22 

37 26 

38 45 

22 40 45 

40 50 

.p 41 

43 49 

44 13 

'44 13 

44 49 

.;5 25 

46 19 i 

46 37 

22 46 41 

47 08 

47 54 

48 IS 

48 36 

49 Il 

49. 5 

50.09 

51 IO 

5I 34 

22 51 46 

53 I8 

53 59 

55.0 

55 ·I 

55 Iq 

56 2-1 

56.5 

57 46 

57 57 

22 58 47 

58 48 

58 59 

23 00 58 

OI 16 

OI 33 

Qi 51 

02 IO 

02 19 

02 32 

Annual 
Variation. 

Declination i 
1880. 

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

s. 

+ 2.95 

2.62 

2.42 

2.99 

2.68 

2.81 

2.8I 

2.44 

2.67 

2.99 

+ 2.88 

2.63 

2.74 

2.47 

2.2.; 

2.88 

2.45 

2. 12 

3.05 

2.69 

+ 2.31 

2.95 

0.07 

+ 2.67 

2.73 

3.02 

2.77 

2.78 
2.61 

2.95 

+ 2.63 

3.08 

2.59 

2.85 

2.51 

0.23 

+ 2.75 

2.92 

3.05 

2.90 

+ 2.99 

2.68 

2.26 

3.o3 

2.92 

2. 52 

2.63 

2.73 

2.71 

3.07 

I3 55 02.7 

43 39 or.a 

53 13 14.7 

IO 12 19.8 

39 35 55.9 

28 40 54.4 

29 35 39.2 

53 16 51.7 

41 II 24.0 

II 33 28.9 

22 56 04.9 

43 5-1 .;9. l 

36 47 09.7 

53 46 51.0 

62 18 21 .4 

23 58 06.3 

55 15 58.3 

65 34 09.6 

'J II 51.8 

42 40 29 . .; 

61 03 32.8 

16 12 15.2 

82 31 or. 7 

44 o6 41.5 

39 .+4 q.4 

8 IO 35·9 

36 27 

35 .;2 39.8 

49 05 35.3 
20 07 33.2 

48 02 36.1 

0 19 20.3 

52 00 37.3 

30 27 

56 18 

83 42 q.7 

41 40 54.4 

22 40 

3 IO 26.9 

27 25 56.3 

14 33 36' 5 

49 23 59· I 

66 33 45.0 

8 45 p.9 

24 49 15.5 

58 46 J7.0 

52 IO 02.4 

45 44 22.0 

48 38 32.2 i 

l 28 2\j.6 

127 

Annual Proper 
Precession. ).Iutiun. 

T 13.69 

18.70 .00 

IS. 70 

18.71 

18.;2 

15.72 

18.76 

IS.76 

IS.So 

18.86 

+ IS. 87 

18.87 

IS.92 

I8.95 

18.97 

18.97 

I8. 98 

19.00 

19.02 

Ig.03 

+ I9.04 

19.05 

19.07 

19.08 

19.09 

1'}. IO 

l(j.Il 

19. 13 

19. 13 

I9·'4 

+ Ig. 17 

19.21 

t9. 23 

r9.25 

19,25 

19. 26 

I9.28 

19.29 

.co 

.01 

.OI 

.DI 

+ .02 

.49 

+ .02 

.00 

.co 

.o~ 

.oo 

.14 

+ .06 

.oo 

+ .07 

.or 

+ .07 

.oo 

.co 

+ .05 

.oo 

+ .07 

.co 

.12 

.oo 

+ .05 

+ .03 

19.32 .02 

19.32 + .15 

+ 19.34 .02 

19.3.; + .12 

19.35 + .04 

lCJ.39 + .DI 

19.40 .03 

Ig.40 l, .01 

19.4 I 

r9.42 

19.42· 

19.42 

.03 

! + .13 

I+ .IO 
1 
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CATALOGUE OF STARS FOR OBSERVATIONS OF LATITUDE. 

--·~--------· ------------~---·-~--------

No. B. A.c.· Constellation. Mag. 
Annual 

A. R. 1880· Variation. 

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

2101 

210'..:! 

2103 

210.j 

2105 

2106 

2107 

2!08 

2ro9 

2IIO 

2111 

2Il2 

2113 

2Il4 

2115 

2ll6 

2117 

2!18 

2119 

2120 

2121 

2122 

2123 

212.j 

2125 

2126 

2127 

2128 

2129 

2130 

2131* 

8076 

8073 

8082 

8083 

57 Pegasi 

58 Pegasi 

" Cephei 

Pcgasi 

6 Andromedre . 

59 Pegasi 

Andromed:e. 

Cassiopcre 

8105 ' I Piscium 

6106 Cephei 

8107 Andromedre . 

8114 Andromeda:. 

8124 : '' Ccphci 

8125 lI Andrornedre. 

8128 IO A ndromed:c . 

8127 b Piscium . 

8131 
1 

T Pcgasi 

8136 12 Androrned:e . 

8138 Cassiopere 

5141 64 Pegasi 

8149 

8153 

i 6fi Pegasi 

Cassiope:e (sq.) . 

8 r 59 67 Pegasi 

8160 I i; Pegasi 

8162 ! 4 Cassiopere 

8169 Piscium 

8177 Ci Piscium . 

8182 /0 Pegasi 

Cassiopere 

14 Andromedre . 

Pegasi 

2 l 32 8203 7 l Pegasi 

2133* Pegasi 

2134 8213 Cephei 

2135 8206 72 Pcgasi 

2136 820 73 Pegasi 

2137 8212 15 Andromedre . 

2138 8217 Cephei 

2139 8224 A. Andromedre. 

2140 8227 75 PegaEi 

1. 2141 
2142 

I 

2q3 

2q4 

I :::~ 
[ 2148*, 

8229 

8231 

8234 

8233 

8243 

Andromedre. 

l& Andromedre. 

Pegasi 

Pi sci um 

Cephei 

y Cephei 

K Andromedre . 

Andromedre. 

Piscium . 

D. M. 63', ::1038 

5. 3 

5 .3 
4.6 

5,7 

6.o 

5.4 
4.8 

5.8 

3.9 
5,6 

5.5 

4.9 

5,1 

5.5 

5.9 

5. 4 

4.8 

5.8 

5.8 

5.7 

5.3 
6.1 

5.8 

4.5 

5.3 

5,3 

4.6 

4.S 

5.5 
5.6 

6.o 

5.6 

5.8 

6.o 

5.1 

5.9 

5.8 

6.o 

3.9 
5.5 

4.4 

5.5 

5.8 

4.3 

5.8 

3.5 

4.4 
6.o 

5.8 
1

2149 i 
21so I 

'----'-· --~- -------- - ---------------'-----'----

h. m. s. s. 
23 03 28 

03 59 

04 05 

04 45 

04 55 

05 41 

07 03 

07 30 

ID _57 

II 00 

23 II I4 

12 1 I 

13 42 

13 55 

l.j ID 

14 I4 

14 42 

15 06 

15 20 

16 04 

23 17 01 

I 7 !2 

I3 58 

19 23 

19 31 

20 47 

21 53 

23 05 
24 30 

25 23 

23 25.5 

27 28 

27,9 

27 50 
28 00 

28 42 

28 45 

29 46 

31 42 

31 53 

2 3 32 IS 

33 20 

33 49 

33 47 
34 08 

.34 26 

34 30 

34.7 

35 55 

36 41 

+ 3.0J 

3,02 

1,89 

2.97 

2.76 

3.03 

2.73 

2.86 

3, II 

2.28 

+ 2.70 

2.76 

2.44 

2. 78 

2.85 

3.06 

2.96 

2.89 

2.59 

2.92 

2.65 

2.93 

2.99 

2.64 

3.08 

3.04 

3.03 

2.76 

2.94 

+ 2.96 

3.00 

3.00 

- 0.04 

i+ 2.96 

2.96 

2.92 

2. 56 

ll. 92 , 

3.02 

+ 2.92 

2.89 

3.o6 

3.08 

2.56 

2.40 

2.93 

2.96 

3.o6 

2.78 

Declination 
1880. 

8 01 37.3 

9 IO !CJ,4 

74 H 19,2 

16 56 42.1 

42 54 00.7 

8 04 08.0 

48 45 02.9 

56 30 20. 8 

2 37 35.8 

70 14 01,0 

52 33 58.6 

48 21 35,4 

67 27 17.5 

47 58 OI. l 

41 25 18.4 

4 43 35.6 

23 05 or. 5 

37 31 39.5 

61 33 24.2 

31 09 18.7 

59 28 32.6 

31 43 33.9 
22 44 37.9 

61 37 27.4 

0 35 55.0 

5 43 13.0 

12 05 55.6 

57 53 15.5 

38 34 38.2 

28 00 .... 
21 50 13,0 

20 II .... 
86 38 43.4 

30 39 46.8 

32 50 02.3 

39 34 30.9 

70 58 44.0 

45 48 29.3 

I7 44 I0,2 

42 36 )4, I 

49 48 25.4 

9 00 46.2 

4 58 32.7 

73 20 15.2 

76 57 45.5 
43 40 I2,0 

36 03 .... 

I -07 10.0 

63 SI -00.2 

\ 

Annual ·
1 

Proper 
Motion. Precessiou.

1 

I '---~I 

+ 19.45 

19.46 

19.46 

19.47 

19.48 

1 9·49 
19. 52 

19.53 

19.60 

1q.60 

+ 19.60 

19.62 

19.64 i 
19.65 

HJ.65 

19.65 

19.66 

19.67 

19.67 

19.68 

19.70 

19.73 

19.74 

19.74 

19.76 

19.78 

19.79 
19.81 

19.82 

+ HJ.82 

19.85 

19.85 

19.85 

19.86 

19.86 

19.86 

19.88 

19.90 

19.go 

+ 19.91 

19.92 

19.92 

19.92 

19.93 
19·93 
19.93 

19.93 

19.9~ 

19.95 

+ ,QI 

+ .04 

.04 

. 14 

+ .Ol 

+ ,08 

+ .28 

,01 

,01 

.28 

,00 

,02 

+ .03 

+ .05 

.04 

.01 

.05 

+ .04 

+ ,02 

+ .03 

+ .01 

,00 

+ .07 

+ ,02 

- .12 

- .o~ 

+ .o6 

+ .02 

- .05 

. .. 
- .02 

. .. 

.oo 
- .02 

+ .o6 

- .03 

+ ,01 

- .39 

+ .07 

+ .02 

- .02 

- .03 

- .45 
.oo 

+ .15 
+ .02 

... 
- .17 

... 
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•. -1 
i No. ! B. A. C. Constellati 

--!----------

2151 

2152 

2153 
2154* 

2155 
2156 

2157 
2158* 

2159 
2r6o 

77 Pegasi 

;8 Pegasi 

if1 Andromedre. 
Cassiopere 

r Cassiopere 

Cephei 

6 Cassiopere 

Andromedre , 
Pegasi 

'/> Pegasi 

82 Pegasi 

p Cassiopere 

on. 

2161 

2162 

2163* 

2J64* 

2165 
2166 

2167 

D. M. 46°, 4214 
Pegasi 

21681 

:::. 
2172* 

2173 

2174* 

2175 
2176 

2177 

8322 

8324 

8330 

8331 

Cephei 

Andromedre , 

Cassiopere 

1/J Pegasi 

er Cassiopere 

CJ Piscium . 

Andromedre • 

D. M.44•,4538 
Cassiopere 

D. M. 16°, 5034 

9 Cassiope"' 

D. M. 41°, 4923 
Cephei 

2178 8366 Cassiopere 

2179 8370 86 Pegasi 

S. Ex. 37--17 

. 

Mag. I A. R. 1880. 

h. m. s. 
5.1 23 37 16 

5.0 37 57 
5.1 40 05 
6.o 41.2 
5.r 41 12 

5,3 

I 

42 II 

5.8 43 00 

5.7 43.6 

5.5 46 18 

5,2 46 23 

5.7 23 46 30 

4.7 48 24 

5.7 49 30 
5,8 50.6 
6.o so 51 
5.8 50 59 
5.8 SI o6 

4.4 SI 39 
4.8 52 55 
4.2 53 og 

5.7 23 53.4 
5.8 54.6 
6.o 55 30 
5.8 57 •I 

5.5 58 03 
6.4 58 27 

5.8 58 28 

5.8 58 54 

5.5 59 32 

Annual Declination 
Variation. 1880. 

s. D ' " 
+ 3.05 9 39 55.S 

3.01 28 41 50. I 

2.95 45 45 14.8 
2.go 56 47 .... 
2.go 57 59 01.2 
2.83 67 08 24.5 
2.88 61 32 53.0 
3.00 35 46 .... 
3.04 21 00 14.1 

3.04 JS 27 14.9 

+ 3.o6 JO 16 46.4 

2.96 56 49 55.6 
3.00 46 41 17 .5 

3.05 21 59 .... 
2.68 82 31 2r.3 
3.02 41 59 25.6 
3.00 ' 55 02 16.9 

3.05 24 28 28.9 

3.oJ 55 05 13.5 
3.08 6 JI 55.9 I 

+ 3.05 33 04 .... 
3.03 44 35 .... 
3.02 6o 33 J6.2 

3.07 16 52 .... 
3.05 61 37 10.B 

3.o6 41 25 31.0 

3.04 66 29 49.8 

3.o6 6o 38 43.7 

3.07 12 43 43. 2 

129 

I Annual Proper 
J Precession. Motion. 

" " 
+ 19.95 .oo 

19.96 + .or 

19.98 - .Ol 

19.98 . .. 
19.98 + .06 

19.99 - .Ol 

20.00 + .04 
20.00 ... 
20.02 + .02 
20.02 + .OJ 

+ 20.02 - .04 
20.03 - .OI 

20.03 ... 
20.04 . .. 
20.04 - .04 
20.04 ... 
20.04 - .05 

20.04 - .Ol 

20.04 - .02 

20.04 - .13 

+ 20.04 ... 
20.05 . .. 
20.05 - .ox 

20.05 ... 
20.05 + .02 

20.05 ... 
20.05 ... 
20.05 ... 
20.05 + .04 
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APPENDIX No. 8. 

METHODR OF REGIRTERINU TIDAL OBKElffATIOXR, HY H. fi. AVERY. 

The method proper for observing and reconling tida.I obsetTations at, any place de1Jends upon 
the character of the tides there, and the amount of rise and fall. In general, all tidal changes that 
occur by day aml by night should be obsen·ed during a lunation, or a certain number of lunations, 
or, preferably, during an entire lunar declination period. Day-tides alone will not suffice for estab
lishing correct tilfo-lenils, unless the night-tides at the same place are alike, nor in any case in 
wltieh only one well-(lefi11(1d high water occun; in twenty-four hours. For cloi-;e investigations a 
record showi11g only time and height for snccc:;Rive tide:;; is insufficient. At places distant from the 
sea the Ume of tramm1ission is less for a large tide than for a small one; hence the importance of 
knowing the range of tides in height, and this necessitates tlw obsen·ation of hoth high and low 
waters. As nothing short of incessant personal att,eution on tho part of the observer could main
tain the continuity desirable in the reconl, tlie utility of the apparatus to represent graphically all 
the peculiarities of each successive tide for a given })eriotl is obvious. The devices for such pur
pose are citlled self-registering tiile-gaunes, but as the aim of this paper is to note also the most ready 
and least expensive ways for se,(mriug reliable ob.-;ervations, the principle and method of using the 
self-registering gauge will be described further OIL The .~ta;"ff-gauge will be mentioned first, but, as 
preliminary to any record of height, att,ention mm1t he gi mu to what immediately follows. 

UE:NCII-~IARKS. 

'Yhatt>ver metlwd for observing· til\('s may 1.Je adoptt,d, it iR vc>ry important to hM·c one or more 
marks on a permanent bench of rock or other ll11rahle basis near the ti(le-gmige, arnl to kuow, hy 
leveling, the exact. height of tlie marks aboni tlw zero of the tide-gauge. Bench-marks are made 
by drilling holes horizontally in rock, in the wall of a light-l.10use, fort, or other stone or brick 
structure; or the top of a rock or top or bottom of a stone r;tep may be taken, or the door or win
dow sill of any adjacent building likely to be permanent. In the ah;;;ence of such facilities in any 
vicinity a bench-mark may be made on a 1.Jlock of stone and buried out of sight. The position of 
the mark slwuld be des•.•rihed i11 the n~corcl for identification, arnl of course its heigl1t i1bove the zero 
of the tide Htaff or gauge. Any seric;; of observations recor(led with reference to a zero at a given 
distance below the 1iennanent hench-rnark can he rca1lily repeated. :rrar8 after the removal of the 
tide-gauge; hence the importance of care in regard to the permanence and ideutitieation of bench
marks. 

TIDE-GAUGES. 

Near the open Hea, where tl1e violence of the waves will uever admit of precise or continuous 
obse1Tations, the tillal record must be made hy protecting the reading-scale or indicator. This is 
done by fixing upright, iu a convenient. place, a wooden box or tube, near the bottom of which the 
water may enter by a,n opening, quit~ small if the station is near the sea, but the proper ;;ize of the 
hole can be readily determined in any case by trial. Ticles in harbors have been well determined when 
the sectional area of the hole for admitting water near the bottom of the fioat was Tio t-0 21Hr of 
that of the box itself, the lower eml of the box being from ;~ to 6 foet below the level of the lowest 
low waters. The stabilit~· of the box, and quiet water inside of it for the· float to rest on, are the con
ditions to be sought in the co11structio11 aml setting up of the box for operations. The orifice should 
be such as to render barely sensible the effect of onlinary wind-waves, and yet allow the registrar 
tion of waves of longer duration. A very small hole suffices for this; but if too small, the record 
will be inaccurate. Earthquake-waves lasting twenty or thirty minutes have been well recorded by 
self-registering tide-gauges in the care of observers who had learned by experience the proper 
method of admitting the water into the float-box. 
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Staffgauge.-The common way of measuring tides i;, h~- means of a fitaff made of wood. an 
inch or more .t,J1ick, fonr iuclws or more in width, and at ]past three or four feet longer than the yer
tical rise and fall of tlw tides at the }llaee of obsc•rYatiou. Htarting· with ZPro alway;; lwlow thP 
]eye] of the lowest water to hP ol1servPd at tl1e ;;tation, 011e faep of tl1e staff is didde1l ar;d rmmhered 
upward in fef\t and tenthi:;, RO that thP 1m111l1cri-: i1wreasP with t Ill' ril:l(' of the tide. Thr staff sliould 
be firmly fixed, and, if ten fod long, it shoul<l he at lea,;t six inelrns wide. The wooden staff will 
suffice for a sea8011, hut thick shePt-irnn stripN bearing- tlte gnuluation in porcelain, and fastened to 
a plank, will be found R<\rYiceable during seYe11 or e.ig-ht RHCCl'.N8iVP year>;. 

The staff-gauge an:-;wer8 well in harbors where tlw water is still cuong-h to allow of reading the 
graduation with accuracy, mid CRpecially where onl.'' a Rhort ReriPs of observations are requireAl. 
But, if tlte water is evcH a little rougl1, a valuahle attiwhnw11t tn tlw staff is a glasl'i tube of half an 
inch or more in diamct('l\ fnrnishe(l with a colon•<l float, which ma;\' be either a bubble of red glass 
or a few drops of tiuted oil. The tuhl' 1weds to ht> attached to the graduated face of the staff RO 
that the tube nm;\- not, slip. If thl' rit'!(' mul fall ii; e01rnitl1'rable, i'WYeral piece,; of ghtss tube may be 
attached to the Ra.me Rtaff, if the tn1H•-ernls }1!'C properly joined hy short rings of India rubber. 
Being in principle like the ftoat-hox alrPatly:rleseriherl, tlw glass tnhing must be extended well 
under the level of low-water, and tlH' lower end of the tu h(• Nhoulrl bl' Rtop1mrt>d, so as to su~ject 
only one-eighth or one-tenth of tlie sectional area of the tnlw to ti(lal fWtion. This dt'Yicl'' of Murse, 
will not avail at times whrn i1·e formi-: readily. 

Box-gmige.-Hayiug· a float-box about six i11d1e8 sqn:ll'P, stoutly made and firmly secured in 
place, and of length suitable to the ayerage I'i8<' of tht> tide, tlw construction will be complete if the 
lower eml of the hox iR fmrnel-shaped, Ho as to admit the water hy a hole about six-teuths of an 
inch in diameter. Tlw open pointed ernl makc"' th1· ac1·muuhltiou of mnd or saml in the lower part 
of the box impossible. \Vithiu the box is pl:wptl a cyliudrical wat-0r-tight float of sheet-copper 
about five inches in <liametcr awl smm~what les8 in height. The top of the float bearR a socket, in 
which is inse.rted a light gradnated staff 1mmlwred in f("let and tenths from ahove rlownward, and 
the staff is to movl' freel~' np and clown through a hofo in the ;;;quart> board that cm-ers the top of 
the box, a hove which all the graduation on tlie tide-staff is to be read off h>- the observer. For 
that purpose a mark eallerl the rea,di11rnmint is to lw firmly fixed at the top near t.lie Rtatf, S(> that 
the obseryer may conyeniently note tlie diYiRionR on thf' staff aR tht',Y pa;;s the reading-point. That 
point must remain fixed during the seriPs of ohserYations. aml to irnmn~ this it mnst he referred to 
i,;ome u11ehangm1hle. bench-mark hy 1eYelings in adv:tncP of beginning tlw tidal re('ord. The dis
tance from the water-line on tlte copper tloat to the lowpst diYisio11 or zero on the Rtaff Rhould be 
recorded, to enable the computer to rednc!' all the measuremt>nb; to the hench-mark, and the dis
tance shoul(l be remeatmn1d, and the rel'nlt noted, if; l•.v any acchle11t, or im·.reas!' of weight in the 
gradnate<l stick b,Y the absorption of water, the water-line on the float ch:mges >'l'hile the ReriPs of 
observations iR in progress. 

In some places :omlnnerged weeds ma;\- interfon•. with the i1pwanl rist• of water through the 
bottom of the tioat-hox; hence tlw outside of tlie box slwul(l be marked in feet and tenths, and 
comparison made occasionally between the outside rt>a-ding and that gfren for the same tidP iu time 
and height by the graduated rrnl of tlH• float. 

Instead of a graduated rod, metallic tap(' may be suh:stitnteil, of the kind used by sm..-eyors. 
The tape is wound on a whcd fl ve or six inches in diameter, the axle of which carrit>8 a pullc~- to 
receive tlw cord that has at one end the float., and at the other a wdght t,o counterpoise tlw float. 
Among several wa;vs i11 which this apparatu,.; ma;r lw arntngPd for reading, it has !wen fouml con
venient to divide the ta1m in fpet onl,\', and fix up near it oYcr the hox a rod one font Imig ,;ubdi
viderl into tenth,; and lm11(lre1Uhs of afoot. Then, hy c:u·t\fully ;uljnsting all pmti;; of tl1e apparatus, 
the height of the title can <~<tRil~' he re:lll fa> thf' neare,.;t htmdredt,h. So arrangetl, the lower end of 
this scafo will be the fixed or reaflinr1-point, the Humbers 011 tlw tape incrt>aRing downward so that 
the least numbers correspo11d to low wat{\l'!:\. 

In com1Mtion with the form of tide-gauge now under notice, other expedients ;;mit~d to the 
circumstances of the pla~o,e will readily i:mgge:4 themselYes. The graduat(1d rod, or tape, has been 
made so as to move slicles on a scale, or poiut{'rs on a dial, thus sho"'ing the height for the last 
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high and last low water. At intervals subsequently the observer reads his gauge and notes down 
the heights in his record, but of course has no record of the time of either high water or low water. 

At stations exposed to the roughness of the open sea, a good method for recording the tides 
was devised some years ago, and will be found described in the Coast Survey Report for 1854. Sev -
eral modifications of this mode have been in practice. 

Apparatus for recording the tides by notiug the changes in barometric pressure will be found 
described in the Coast Survey 1-teport for 1858, but as that ancl each of the methods so far men
tioned include no provision for conveniently recording the time of high and low water, much less 
the state of the tide at intermediate periods, the method which has been for some years employed 
at the permanent tidal stations of the Coast Survey will be now described, after a few remarks 011 
the ap11aratus used for the observations. 

SELF-REGISTERING TIDE-GAUGES. 

So far as known to us, the first instrument for automatically registering the tides was used by 
Mr. Palmer, an engineer on the London docks in 1831, since which date several other devices for 
the same purpose have been usetl in England, France, Ilolla11d, and elsewhere. The first self
registering tide-gauge used in tlie United Sta,tes was in the form devised by the late Mr. Joseph 
Saxton of the Office of U11ited States Weights and Measures. That apparatus is full,y described in 
the Coast Survey Report for 1853. The Saxton gauges were in use for some years, but being made 
light, aud timed by pendulum-clocks, breaks in the record were likely to occur at any station where 
the apparatus could not rest on a solid pier. For these, therefore, have been substituted two forms 
of self-registering tide-gauges, one having large cylinders, designed by Mr. Robert S. Avery of the 
United States Coast Survey, Tidal Division, and the other is the Saxton gauge as improved by him, 
retaining the three small cylinders. 

The following description will give an idea of these gauges. Their general arrangement and 
manner of working are the same. They differ principally in the manner in which the record-sheets 
are adjusted : 

The float, which moves in a float-box of the kind before described, is suspended by a cord 
which plays on a groovecl wheel called the float-wheel. This is mounted on a steel axle, which is 
free to revolve in either direction. The cord of the float is kept taut by a counterpoise of weight 
~mfficient to accomplish this end without danger of lifting the float, which remaim; free to rise or fall 
with the tide. The counterpoise is suspended by a cord which plays on a smaller wheel clamped 
to the axis of the float-wheel. To a small drum, also clamped to this axle, is attached the chain 
which moves the pencil. 

The cylinder hearing the record-sheet is so connected with a clock as to make one revolu
tion in an.v desired time--generally twelve or twenty-four hours. The co-ordinates used in 
redueing the tidal observations are, of course, time and height of tide. The time is given by the 
revolving cylinder which moves with the clock. The height of tiik is given by the recording-pencil 
in the following manner: At each end of the cylinder an arm supports a pulle:.r. Connecting these 
two arms is a track, along which travels backward and forward the carriage of the recording-pencil, 
its motion being parallel to the axis of the cylinder. The ehain attached to the drum on the axle 
of the float-wheel passes over one of the above-mentioned pulleys, and is fastened to one side of 
the pencil-carriage. To the other side a similar chain is attached, and, after leading through the 
opposite pulley, a small weight is fastened to it. As the tide ebbs and the float falls the chain is 
wound on its drum and the pencil is drawn toward one end of the cylinder. As the tide rises 
the chain is unwound, and the weight attached to the pencil-carriage draws it in the opposite direc
tion. The linear \'alue of the quantities recorded bear to the actual rise and fall of the tide the 
ratio that the circumference of the drum bears to that of the float-wheel. Suitable scales for the 
ready conversion of these quantities accompany the gauges. 

The preceding applies either to Mr. Avery's "large cylinder gauge" or to "Saxton's three-cyl
inder gauge." In the arrangement of the record-sheets they differ. In the "large eylinder-gauge" 
but one eyJinder is in use at a time. The record-sheet is passed around this, its edges brought 
together and fastened. Near each end of the cylinder a line is traced around the drum, and the 
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circles so formed are divided to half-hours or hours. Any hour-line on the sheet is found by simply 
drawing a line between the corresponding mark+i at the ends of the drum. As the tide will never 
describe the same curve on consecutive days, the sheet may be used througl1 several rcvolutiom; of 
the cylinder; but care should he taken not to let it run so long as to create confmdon. These 
gaugwi are generally provided with two c~-linders. "'nen tl1e one in the gauge is ready for removal, 
the second one, witll a new record-sheet, is placed in position; the first one being taken out to be 
read at pleasure. 

The "three-cylinder gauge" is adapted for continuous record. Tile record-sheet is wound on 
the first cylinder at starting, and as the record proceeds it is unrolled from tl1is and rolled on the 
third one, first passing over the second. It is the second cylinder that is connected with tlw clock. 
At the ends of the three cylinders are grooved wheels, an<l an endlesR band impartH the motion of 
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the middle one to the other two. Instead of the graduated circles of the large-cylinder gauge, the 
middle cylinder is fnrnished with needle-points in the corresponding positions, the distance between 
thE two sets heing somewhat less tha11 the width of the reconl-8lH~et. ThA hour8 or half-hour8 are 
tlms pricke<l into the paper. To guard against enor or confusion, the hour corresponding to par
tiPular punctures should be written in pencil on the edge of the sheet at least twice a day. 

ln hotl1 fornm of gauge the cylinders should be carefully adjusted to the clock at starting and 
the 11djm;tml•1it oceasionall;\- tested. 

In counectiou with the self-registering gauges, a staff-gauge should be used to get the relation 
between tlw readings of tlte former and the height of tide. vVhen this relation is well established, 
it may be applied aR a constant to all the readings of the record-sheet. 

The following de8cription and accompanying diagrams will give a more detailed account of the 
construction aml manuer of working-. 

_A_ perspective -dew of one of the large-cylinder gauges, with the principal parts in place, is 
given on the preceding page. 

Details of tlte construction, represented iu the other sketches, will he referred to in the follow
ing description of the apparatus : 

Fig 3 

N 

A E 

E 

C' 

ln Fig. 3 are shown A and B, the parts of the frame to which the axle of the gauge is attached. 
C is the 8teel axle carr;ying tlrn large float-wheel E, t.he pulley F for adjusting the motion of the 
recording-pencil, aml the pulley ,J for the counterpoise W, and D and Mare finger-nuts. G and I 
are pinned to the axle C. The boxes H and K, in which the axle runs, are secured to the frame, 
and the washer r_, 8ecurns M from becoming loose while running. E and F admit of adjustment for 
position and are then clamped by D. 

The cylinder that carrie8 the record-paper, is made thus: A steel axle is provided, the clamp
ing PIHl of which i8 Rhown in Fig. 8 arnl Fig. !). The cylindrical part is made of paper, pasted and 
wrapped alternatel~- unbl a tliickncss of thll eigl1th of an inch is attained. The paper is then dried 
and fitted with wooden ends, and the braRs lrnb8 are fixed with screws and pinned to the axle. 
Tlte wooden (~JJds arP each made of two byers in small sectors overlapping, the grain of the wood 
running radially. 

The clamp by -which the cylinder is made to move with the clock is shown in Figs. 8 and 9, the 
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notched wheel V being }Jinned to an axle of one of the clock-wheeh;, while T is c lampe!l to the axle 

T 

by the milled-head screw l '. 1'1w elmnpillµ:-ll'Yer is 
locked into Y in Fig. 8, and thrown back in Fig·. !I, the 
o;pring X being added to keep it in either po,.;itim1 m; 
may be desired, and all parts are :,;o dis po,.;ed and pro
portioned a8 to connt.erhalance each other in au>- posi
tion. The float-line, represented in the figures by a 
dotted line, is partly wound up on the wheel 1~, and ex
tends from it down tu the float, whieh Ti>;e,.; and fnll8 
with the water on which it rests in tlw float-box. The 

line is a well-varnished silk cord of the kind used for the best fiHhing-liues. The pencil-ehain of 
silver, running oYer the pnlley rand connecting .F and P, is also repres1,11te1l h>- a dottell line. As 
F must be suited in size to the average rise and fall of the tide8 at the place of olmetTation, it is 
necessary to mount r, so that it can be turned to different angles. The mode of doing thi8 is shown 

St'ale -f 

more clearly in FigH. 4 and 5. The form of the pencil-frame is shown in FigR. G arnl 7. Figoi. 10 and 
ll (see following page) show the reading-box with one of the large ey1imlen; arnl reading-seale 
mounted in it for tabulating the ordinates of the tidal curYc tra{~ed in the gaug·l., Two of tl1esc 
cylinder:s are provided so that one can be read in the l1ox while the other is i11 tl1e g·:mge. \Yheu 
the cylinder is fix:ed in the box, and the top put on arnl fastene<l by its hooks, it may be carried to 
any place desired by the handle. 

So far, the description applies t,o Mr. Avery's large cylinder tide-gauge. }fr. Avery has also de
vised a plan by which the clock is made to mo\'e the three rollers of the Saxton gauge so as to make 
it continuously automatic by meitns of an endless band, as shown in Figs. e, 1a, aU<l 14. He has also 
applied t-0 it the improved mode of clamping shown in Figs. 8 and !:l, and the mode of mounting the 
wheel and pulleys shown in Fig. 3, and has substituted balance-clocks, movell hy weights, for pen
dulum ones. By these and other minor improvements mauy of the causes of stoppage and imper
fect work have been removed and the instrument renderPd \ery complt>tc. 

A, B, and C, in Figs. 12, 13, 14, represent the ends of the rollers, each of which it; mmally nmdt• 
about 13 inches long and 32' inches diameter, the mid1lle one ll heing furnished with a ring of ~4 
equidistant short steel spurs at each end, a foot apart, to move the paper and priek the half-hour 
points to read from. A piece of tlw 1-ecmrd-paper about 21 yards in le11gtl1, enougl1 for a mouth, is 
wound upon A at the beginning of each month, and passes over ll beneath the impression-roller n, 
and then under C upon which it is wound up. The dotted circles and liiie slimy thl' rulb of the 
reeonl-paper on A and C, and its p1tth from one to the other. E, F, and G a1·c tl1t l1aml-wht•l'h;, one 
being placed on the axle of each cylinder, while the end.less band connects them all a:,; shown in Fig. 
12. Fis fixed by screws upon the end of B, which is clamped t-0 the clock aml turns romHl in twelve 
hours. E and G, therefore, derive their motions from F. The band pas~ws eutin•ly romul F, its di
rection of motion when recording being shown 1'y the arrow above, and its crossi11g <mlargcd at L. 
H is a pulle;r, hanging "beneath in its frame, O, attached to one leg of tlte frame of tlie gauge b;y the 
bolt P, and drawn down by a weight, '\Y, of about 12 pounds to keep the band Htrctehed. Kand K' 
(not shown but placed on the other side of' F) are to guide the liaml. I and ,J are triangular fric
tion-plates, carried by E and G and sliding on brass plates on the ends of A and C, and tlte etfoct 
of their action is to keep the record-paper stretched as it is drawn off" from A and wound up on C. 
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The relative diameters of E, F, and G arc so proportioned as to just do this without unnecessary 
friction, as the pressure of the friction springs on A and C can be nicely adjusted by the finger-nuts)'[ 
and N. The washers m and n, sliding on pins in the axis, are used to prevent the nuts from becom
ing loose while the gauge is in OJ>emtion. These gauges work finely, and are to be preferred where 
the rise and fall of the tides is small and the effects of winds or river-floods large in proportion to 
the normal tides. It has been found from long trials that in places where the gauges are exposed 
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to jars, as on many of the wharves occupied by observers, it is best and sometimes necessary w use 
gauge-clocks moved by weights, but having balance-wheels instead of pendulums. In very quiet 
and stable positions the pendulum-clocks are preferable. These remarks apply to gauges of' either 
form. The large cylinder-gauges appear to be preferable where the average rise and fall of the 
tides is much greater than the effects of all disturbing causes. 
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now TO USE A SELF-REGISTERING TIDE-GAUGE. 

\Vhen a self-rf'gi,;tering tidc-µ;angt• iii use<l it is clone to obtain a correct and continnonR record 
of the height of tlw tid0, so that tlie heig·ht for m1,Y hour or mi1rnt<' during tlw wlio](e period of 
obsen-ation can lH• easily found tltC'refrom. Th<· mo<le of doiJJg tliil-5 "·ill he1·p be• giY('Jt, hut, as the 
gauges diftcr e01rnidPrnhly i11 their c,011structioll, we shall liaYc tn 1-init 01!1' remark:-; more or les1; to 
tlwse of the most approvecl form. \Ye shall assume tl1at if t]l() reader fully understamfo how to 
use these he will fiml uo difticulty i11 lcamiug Low to m:c miy other. 
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Pig. 13. 

Packing up the gauge.-Take off the float and all the weight;;, and then dPtn.ch the pendulum, 
if there be one, carefully lifting it up by the bob to pre\-ent tlie pernlulum-rod, w11ich is often mm!? 
of well-varnished wood, from being llrokeu or bent, and bei11g n'J) careful not to hencl or break its 
supporting springs. \Vhen a balance-clock is used it is sometimes takeu off and 1iacked carefully 
by itself, on account of the more delicate construction of some of its parts. Unscrew the legs from 
the top part of the frame and fake them off. The legs, the pendulum, the float, and tl1e weights are 

S. Ex. 37--18 
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usually put into a long box by themselves, while the top frame, with the clock attached, is often 
put as one piece into a large square box. The large wheel may be put into one of these boxes or 
the other, as is most e01ffenim1t; but see that tlrn weights and all the loose parts are either tied, 
braced, or so arranged that they cannot move or get loose. Sometime;;; all the parts of a gauge are 
put into a single hox. It is important to have everything dry when packed. The covers to the 
packipg-boxes sltoultl be put on ''itll screws, so that the instrument can be easily taken out or 
repacked when not in use or its transportation is requireu. And the boxes, stuffing, &c., slloul<l be 
carefully preser\ed for this 1mrpose. 

Setting iqi tlte gauge.-It will 11e best not to un1mck the gauge until the tide-hons~ is prepared 
to receive it, aml the float-box fixed in its place. A ;-cry stable wharf, not subject to jars, is best, 
and the water should be deep enough to allow the bott-Om of the tide-gauge to be Reveral feet-at 
least four-below the lowest tides. Tlle tide-house may be about 5 feet by 8, and high enough to 
stai1d in, and if the wharf be sofal its floor may project 12 or 18 inches over the water, having a 
square hole through it for the float-box; but if the wharf resti; on piles, or is open underneath, it 
is better to cut a hole through it for the float-box, as the house will be better sup11orted. If the 
house is in an exposed place it should be fixed to the wharf with spikes or screws. The float-box 
has generally been made of pine plank 11 or 2 inches thick, in the form of a long square tube, hav
ing a hole running through it ahout G inches square. It should nm up 3 or! inches above the 
floor in the tide-house, aml descend well toward the bottom, wl1e-re it may terminate in a short fun
nel having a hole at the eml of half an inch or a little more in diameter. This shape and mode of 
setting pre;-ents sediment from accumulating in the box. 

\Yliere a self-registering gauge iR fitted up for a long series of obscr\ations, and it is very 
desirable to a;-oi(l breaks in it, such as arise from aecidents and the deea;r of the wooden parts 
immersed, it bas been found of great advantage to haYe a round tube 5 or 6 inches in diameter for 
the float to work in, made of sheet-copper terminating at the bottom in a funnel, with a small hole 
to admit the water like the wooden box; this is slipped down into the outer wooden box, and has 
a narrow flange at top where it rests on the wooden box. Anrl sometimes the outer box is covered 
with sheet-copper, inside and out, to protect it from worms, whieh, in mauy places, destroy unpro
tected 1looden boxes in a short time. One great advantage of the inner copper tube is that it i;; so 
light that one or two men can readily slip it out anrl inspect it when necessary or repairs arc needed, 
whereas the outer case generally has to be strongly fixed up, is 11eavy, and manipulated with diffi
culty. Another advantage is that when one float-box is used inskle of another the water-surface 
becomes much more quiet than with one only. The outer one also shields the other from injuries. 

\Ve are making arrangements to snhl'lt,itute for the above copper tubes others made of sheet
iron covered inside and out with a durable coating of enamel. It is expected that such tubes will 
be very dural)le, like the plane tide-meters covered with a porcelain glazing we have been using. 

The best outside protection is afforded where a well is built in the wall of a dock or in a stone 
pier, one or more hole8 being left at or near the bottom to communicate with the water outside, 
and it would he well for gwrnrnments to require one in every navy-yard and large port. The Coast 
Survey has sometimes used a crib built of logs interlocked at the corners and filled in with stone, 
a well-hole being left in the middle over whieh the tide-house was placed. 

A staff-gauge or a box-gauge has genemlly been fitted up near a self-registering one to afford 
the means for making daily or frequent comparisons, the adjustments of the latter being liable to 
ehanges in making repairs. But some recent modifications of the self-registering gauges tend t-0 
make them more independent of these auxiliaries, which can, perhaps, be dispensed with by em
ploying more skillful obsei·vers, improving the apparatus, and fitting them up more substantially. 

When all is ready the tide-gauge may be unpacked and set up, observing t-0 follow the numbers 
marked at the corners in putting the legs in their places. Then put the great wheel in its place, 
and the pendulum, if one is used, and hang on the weights. The largest weight drives the clock, a 
small one of a pouncl or so is the counterpoise for drawing the pencil-frame and keeping the silver 
chain stretd1ed, and one of intermediate size is a counterpoise to put on the pUlley on the axle of 
the great wheel under the frame, to keep the float-line stretched. Next sus11end the float in its 
place by the iloat-line, and see that this is properly wound around the great wheel, and on the 
right side of it. Hook on the little silver chain that connects the pulley on the axle of the great 
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wheel with the pencil-frame. The proper length for the float-line must be found by trial, and this 
will be obtained when the high and low water turns of the curve are traced about Pqually dist.mt 
from the opposite sides of the paper. \Vhen that length is found the line must be permanently 
fastened by a knot or by tying it to the rim of the wheel, and any surplus cord may be wound up 
on the spokes, so as to be out of the way and ready if it be wanted. 

MANAGEl\'.CENT OF A THREE-ROLLER GAUGE. 

A roll of the paper for a month's record is wound very smoothly upon the roller having brass 
dh;ks 011 its ends, the end of the roll being first fixed in its clamp. The free e11d is theu pas;;ed 
urnler the pencil-frame and over the middle roller, the small pressing-roller which rests on the mid
dle one being taken off while the paper is being put Oil. The paper is then pasi,;ed under the other 
roller and fastened in it's clamp arnl wound on enough to make it stay stretched. In the old gauges, 
small weights were used suspemle!l lJy cords from spools on the ends of the first aml third rollers 
to keep the paper stretched. In the three-roller gauge, as now made, an endless bawl passing 
around three pulle~·s on the end8 of the three priueipal roller8 i8 so arranged as to keep the imper 
stretehed. This form of gauge we have already described. While putting on or taking off paper, 
detaeh the middle roller from the clock by loosening the finger-screw or mo,·iug back lhe lever 
that make8 the connection. "'hen the paper is on, adjust the middle roller, which is furnished 
with 2'1 needJe.poinb; around each of it8 ends for pricking the half-hour points, so that when the 
pencil is dmwn to the edge of tl1e paper it \\ill come exactly againRt one of these neecllt'-poinfa on 
the roller Jlrecisely at the time when the clock points to au hour or half-hour, the clock having been 
previously set correctly. Once a day the pencil should he moyed in the same manner exactly when 
the clock point,5 to au hour or half-hour to test the agreement of the needle-points with the clock
hands, aml the day of the mouth and hour or half-hmlr noted on the sheet near the line in pencil. 
After a sheet is started the adjustment should not be changed, unless it becomes necessary on 
accom1t of some accident, and theu the particulars should be fully noted in place on the sheet. 
After the Jleucil has been adjusted to the nee<lic-point, as (lirccte(l, the hands of the clock must not 
be moved for time-correction without rea<1iusting the pencil until the paper is changml. The roller 
connected with the dock and also the minute-hand of the clock will generally have a little })lay, 
which must be allo"Wed for when i,;etting the pencil to its proper plac(' 011 the Jlaper, so that the 
pencil will stand right when the gaug·c is in motion, the pressure l>eing in one direction. At the 
beginning and end of each 111011thly roll, note in pencil the year, month, das of the month, day of 
the week, hour, and minute of starting or stopping, name of station and ohserYer, and number of 
gauge and scale, and 011 the proper sides of the vaper "high water'' and "low water." Other 
details common to these forms of gauges \\ith those having large cylinders will uc undcrsroocl from 
reading the following direetions suited to them. 

MANAGEMENT OF A LARGE CYLINDER GAUGE. 

A completely-furnished gauge of this kind has two reconling-cylinders and a reading-box. 
These cylinders arc used alternately, one of them being in use in the gauge, while the other is pnt 
into the reading-box and carried to a convenient place for tabulating the readings. If olll~- one 
cylindflr is furnished, the sheet must be removed when fnll and another substituted, the readings 
being made on a table or in a suitable frame. To cover one of the cylimlers \Yith imper, it il; a good 
way to cut off from one of the long rolls a piece an inch or two longer than is reqnirc!l to reach 
around the cylinder to allow for the necessary lap to paste to, then lay this piece oil a taule awl take 
a large towel or other piece of cloth large enough to cover it, and having clipped this in water and 
wrung it out, lay it down upon the paper for a minute or so to dampen it, then put the paper aro1md 
the cylinder quickly, and carefully adjust it to the right place by seeing that it lies eqw1lly between 
the black lines turned round the ends of the cylinder, and that the lap is made the right way for 
the pencil to slide over the pasted edge when the gauge is working, and then tie an elastic string 
around the middle of the cylinder over the paper to keep it in its plaee; obserYe also that the place 
of joining comes just before the hour marked Oh on the edge of the cylinder, so that when the sheet 
is taken off, the division ma.y be made at the lapped edge and the obserYations for each day will be 
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unbroken. Then it may be well, especially in yery drying weather, to wrap the damp cloth around 
the cylinder oYer the paper for a minute or so, when the paper ma.y be drawn to fit tightly and 
fixed in its place by a little mucilage put under the free edge iu five or six places ·with a brush aml 
pressing it down. The paper must uot be made too <lamp, for then it may burst when it dries. It 
should be merely <lam11 enoug·ll to make it fit tightly so that it canuot slip while in use. A little 
experience will euahlP 011e to <lo it well. A11 elastic band may be put around one or lJoth ends of 
tht- c;vli111ler oYer the edgeil of thP paper for grt~ater Re(lurity. Having fixed the paper on the cylin
der, the next tlti11g is to trarn;fer the <liYisiom; or hour-marks and their rmmbcril from the ends of 
the eyliJl(ler to the P<lgt;,.; of the parmr, so that the hours may be preserved after the paper has been 
rernovPLl. This can be done conn•uiently wlrile tire cylirnler is lying in the reading-box. If the 
gauge has hut one cylirn1cr, it (lart he done while tltis rnRts in its place in the gauge. 'Yhen the 
cylinder is put into the gange a cirde must lie tnrued around each cud of it on the paper by mov
ing the peucil-thum• first to oue l'llll of the rod it Rlides on, and, while held there, turning the 
cylinder round, marking; with tlw pencil on the paper as it tnrns, and then in the same way at the 
otlwr end of the cylintll'r. The:se liue" detenuiue the extreme readi11g-poiuti:;, and insure uniformity 
in re:uling the sheets. The next thing is tu clamp the cylinder to the clock tio that it may be prop
erly difren hy it. To du thi::;, 1001->en the clampiug-screw and move the little clamping·-lever into iti:; 
place on the lliRk that Jm!jticts from the hack of the clock; theii tnm the cylinder till the hour tlrn 
recording.pencil stands on agrees with that shown by the driYing-clock, having previously set this 
to the true time, then tnr11 tlie screw am1 clamp the cylinder to the clock. Observe that our cus
tom ii' to make th!' day eommencc at midnight, so that midnight i8 Oh, 1 a. m. is lh, noon is 121i, 1 
p. m. is l~J1 1 , 11 p. 111. is~:!\ &f:. A cyliudcr may be kt>pt running for several days in most places 
before the other is substituted or the sheet taken off. The length of time, however, must depend 
on the co11YP11icnt~(· of tlw pm·son in cliarge, the nature of the tides at tl1e place of observation, :md 
the importauee of obtaining such records as will he free from all confusion; but it will be best to 
change so often that the records cau at au,y time be conveniently read. To facilitate the reading, it 
will he well for tlw obsern•r, when he visits the gauge, or at least once or twice a day, to mark the 
da~' of the month 011 the line behind the pencil. The year, the mouth, and the days of the month 
and week, when the record hcg"ius and ends, must also be marked on every sheet; also tlre high 
and low water sit h's of the sheet; also the name of the station, the observer's name, the number of 
the gauge, and the scale to ·which it is workir1g. 

TABULATING HIGH AND LOW WATERS. 

'Vhen a sheet i;.; filled, it should be placed in the reading-box, and without being exposed to 
the sun, or iu too dry a place, which would probably cause it to shrink in dimensions, it should 
be carrie<l to a co11Yc1Jifl1t place for talmfa,ting, which should he attended to soon. Mark by pcncil
dots on thP emTe tlte places where the high and low waters occur. Then read oft' the high and low 
waters, always reckoning from the marginal circle on the low-water side, which should agree with 
some particular division of the triangular scale used for reading, and write them in their proper 
places on t lie forms used for this kind of ta hula ting; also wi·ite the time of each to the nearest 
minute. For p:ctting the time easily it may be found most convenient to draw the hour-lines pre
ceding and follo\\ing· each of the point::; to be read entfrely across the sheet, and use a small pro· 
portioual scale for finding the minute.s in reading. The triangular scale used in the box for reading 
heights may be moyed a little endwise for adjustment, but should be set and clamped so that the 
marginal line on the low-water side of the paper may always be on the same division of it, or, what 
will lJP eqniYalent, see that thi;; reading-scale always lies precisely in the same place and is well 
clamped to prevent motion endwitie. No change should he made in this setting unless required by 
some new adjustment of the gauge, and to preserve the relation of the readings to the bench-mark. 
The scale nrny be pressed close to the cylinder while reading. A staff or box gauge or tape-line is 
always pnt up near or in eonuection with a self-registering gauge, so that the observer can compare 
the height. read 011 this with that given hy the scale, and this he is expected to do generally twice 
a day, noting the time in place on the record. These comparisons are copied into their places on 
the form for high and low waters, and the average relation of the scale and other gauge is found 
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for each month or so. Tlti:s relation enableR the computer to retlnce an parts of a Sl'ries of ohser. 
vatious to uuiformit)-, as it shows what 1·01Tection to apply to the scale-reading-,: to do it. a11d the 
observer is µ;e11erally re11 ufred to fill out tlw l'olnmm; fur eorrPd\•d time atHl height. 

Comparative reading:; are most valnahle when made at or 11ear high or low watm·s, :rnd most 
convenient to U1>e when m:Hk at tht• lionr or half-hour markr-; awl estimate<l if J•os,;ilik to lnrn
dredths of foet. Tlw use of these comparatiYe rPat1ings i,; to :,nianl against thl' irn·gularities aml 
uncertainties whid1 art~ lial 111\ to o<'.\'Ur, ar; thP sPlf-registering ga11g<' is expo,;e<I to Yario11s :u·dd\•Ut.'i, 
such ai-; tile breaking and repair of the }leneil-ehaiu or tloat-liue, l1y whieh thl' relation of it,.; record 
ro the beueh-mark may be changed. 

TAB1TLA1'Ii\G IIOFP.L Y READI"'GS. 

Tlw ltigh arnl low wakr n•a<li11gs will ~mf'tiec for computing approximate!~- ('t>rtain Yahu•s which 
are mud1 US(•!l, ,;nd1 as tlw aYerage lnniti1lal iuterntls, ayprage risP :1rnl fall of tith~s, arnl the rela
tions of spri11g and 11cap ti<le;-;. Hut for making a rn01·e <:omplek inYPstigatio11 of tilt> laws of the 
ti<les arnl of tl1e Yarions chang<•s to whid1 thPy an• :-;uh.il'd it is lie,;t to talmlat<· the hourly Yalnes 
of the ordinates of tlw <'Hrn~ trai«•d IJ~· thP g;mg·p_ ,~ t•011Y1•11i1·11t ji1r111 for <1oing thi;-; has been 
proYide<l. 'l'hPs<1 \·ahws l1<•il1g re:ul while tla~ <')'lilHler or shed is ;;till in the retHli11g·-hox or its Rnl1-
Rtitnte, a11d witlt the 8ttlll<' ;;eale that has been us<•d for reatling the high arnl low war.em and iu a 
similar way, it iR not 1w<:e8sary to tlcK<Tilie the proces'1 mon· foll.'· hen-. Bla11k form.~, to be tille<l up 
by the obsen·er, arp fnmislw<l from the Co:tKt Sm·n'y Oftiee, with ample im;trnetiu11s for tabulatl11g 
high and low waters, aml also the houri)- readings. 

SCALicS OF IIEIGII'l'. 

'l'hree small pnllPyR :tl'e g"l'IH\rall;-- fornisliiod with a gangP, csperially when tltr rise and fall of 
the tidt•s at the loeality is only rough!,\- known. Then, f(n· example, with one it wou](l work to a 
scale of -i.-; with tltc ouc seat iu pl<lt'e it w01·k" to a ,;cale of +; aud with the other it would work 
to a scale of 1L0 • The relatin~ l'ircrnnfcrmH·es of thl' pulley antl the large wlu•d tlett,rmirn· th<~ scale. 
The pulleys fnrnishe(l are suite<l, as \Yell as can lie predetermiiwd, to the pl:H·l' of oh1<erYatio11; hut 
three are geuC'rally SP11t, that a change ma,\- he macle if found iweessar',\-- The tri:mgular-reading 
scale will ans1rer for <;itlter of these, as its edges are gratlnakd differentl;.-; but the obserYer :should 
be carefol to reml alwa~-s with the l'dge that emTespmHls tu the pulley he i,; using. Fin~ of the 
principal <li\-iRions of the t scale is l'qnal to a foot; 7 of thest· di1isions of the + Beale is equal to a 
foot; and 10 of the 1J,1 scale is equal to a foot, aud so on for other Rcalcs. Tltc uue found on tri:tl 
to be best suited to the range of tht• tidei-; at the pl:tc<• of obscrnttiou sltonld he nKull then•; lmt 
if any cltauge is made, it must ]Jp co11Rpicuo11,;1y uoted down among the observations on the sheet 
in use at the time. 

TJ:rl1E. 

The gaug:e-clock should be kept as nearly as possible to mean solar time, anrl it shoulcl lw com
pared often with some standard time-keeper, or, wlum tlmt is impracticaJJle, v1itlt the sun hy nwaus 
of a meridim1-maTk, sm1-llial, or diplcidoseope established for the purpose, aml the result noted on 
the sheet or accompanying records, applying tlie equation of timl' taken from an almanac or suit
able table. It is better to ham tlle clock set to run a very little too fast than too slo"-, as it can 
then be put to the true time by merely stopping it a few 1110m\•.nts without deranging the relation 
to the i·ecording part8; whereas if it mn too :slowly, the hands would have to he allvaneed, and 
this would necessitate a readj ustmcnt of the peneil on the :sheet. 

PRECAUTIONS. 

Full and clear notes must be made on the sheet or accompanying record of everything done, 
every readjustment or time-eoITectiou, ever_y accident or breakage or repair, every stoppage, with 
its cause and duration, every comparison of time or height. 

The greatest ca,re should be taken to obtain a continuous unbroken record, and for this reason 
it is best that the observer visit the gauge at least two or three times a day, as early and as late 
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in the day m; practicahle, and, if convenient, near noon. Ile should keep a close watch on all the 
detail,., and dean aHd oil the working parts aR often as they need it, especially the rod on 1vltich 
the pencil-franw Nlides. Very little oil r;lioulll he used, however, as too much is ncc(lless and filthy. 
If it become necc;.;sary to interru11t the rnconl to make chauges or repairs, choose a time interme_ 
lliate between high and low watei·s, as it is very desirable to have the parts near high and low 
waters nuhrokl'u. 

Shonld a protracted st~)ppage l>c uavoidablc, the obser>er should observe on the staff or 
auxilial','- gauge fill the high and low waters, and as many hourl,r readings as he can. In observ
ing· high aml low waters on the auxiliary gauge he ;;hould begin some minutes before the time and 
c<mti1111t· a while after, to be sure that the tide ha>; turned 1luri11g his ubservations. CoYers have 
heen furnished with each gauge for tlte clock anu cylinders, arnl these should he kept on, except 
when it is m~ce:'l:'laQ- to inspect the work or tlte apparatus. The,v protect from dust, spray, and 
dampness. The eO\'er on Uw clo0k rnm be easily rernovetl after turning out the brass screws that 
hold it. A place is proYided on the clock side of the frame or inside for the winding-key and all the 
tool>< for tnmiag the variom; screws, and they should he kept there, that they may be readily found 
when wm1t('1l. Prolmhly the heiit ~vay to take a sheet off the cylinder will be to cut very lightly 
with a sharp penknife along at the edge that laps oyer, being very careful to cut no (leeper than is 
necessary to 1li drle the p<tper, for the eylirnler, being made of paper, might l>e injured by deep cut
ting. The slteet" sl10nhl lie carcfnlly rolled up for prcsern1tion, ~tnd scat monthly to the Coast 
Stlr\·e~· Office, or assiguerl place of prefoiervatiou with fair copies of the tabulated reauings for high 
arnl low wtttcrs autl staff comparisons and talmlated hourly readings, as these cannot be so accu-
1·atcly marl!' af'terwanl, m1i11g to the shrinking of the paper. The sheet, however, should not be 
sent h,r the same mail as the tabulated 1·eadi11gs derived from them, the latter being sent first. 
This rulP is to g1mnl against the losR of obsenTations by nmil-accideuis. It is well, especially 
where there is no mctr>orological observatory in the neii:rhhorhood, to keep up a regular series of 
meteorological ohsernitions at ever,\0 permanent t.idal station where a self-registering title-gauge is 
n;:;erl, particular!~- of ol11'el'Yations with thermometers and barometer, and of the direction and force 
of the wind, amount of rain, &c., aR the tides are often greatly iu!lneuced hy meteorological condi
tion,.;. These meteorological observations may b{1 arranged in tahlcs ou blank forms sent from the 
oflici: tu hr, filled up h,y the ohsen-er, and ;;eut back montltl,r with the tidal observations, or they 
may be kept in hooks ruled for the purpo;;e and sent at designated times. 



 

For the sketches referred to in this appendix see illustration No. 22. 
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.APPENDIX No. 9. 

CHANGES IN THE HARBOR OF PLYJ\IOGTII, J\IASS. 

HOSTO:X, Ma.IJ ], 187G. 
DEAR SIR: I 11esirc to call yonr attention to eyirlencps of important ll11;n;i<·al cha11g-ps iu thP 

harbor of Plymouth, whiel1 are fmni8hed by comparisons of Cliamplain's sketch (HiO.)) arnl Blas
kowitz's SlirYl'Y (177 4), \l·ith the most rel'Put chart of th1• Coast Rnrn•,\-. 

The first of tliesc docnm(•11ts is f<mml iu tlw pnblii-;lted work,; of Champlain; tlw secOJHl is 
before me in the orig'inal nuum;.;eript, bearing t,Jie autogTa111i of the author, with his otlieial title, 
' 1 De1mty Su1T1~~-or for Xorth _.\J11P1ka."* 

Champlain.-The sketch of l'J,vmonth, uudeT the name of" Port St. Louis,'' may be fonutl in 
Chapter VIII of Champlain's Yoyages. The copy appended, from ·which conn•ntiu11al sig-u;.;, &c., 
iTrelevant to our preflent inquiry htn-e beeu omitted, is from the recent Quehc('. <~uitrnn. ~ From 
the text it appears that the liftlt' Yef'sel hearing Cliarn11lain (who was not the eom11rnrn1Pr) ran ill to 
this "cu de sac" to "·ait for a fair ~wJ11d to coutinue the yoyage on the ll'ith of .July, WO;), aud 
remained there only one day. The po8itionR are g·inm upon tlw sketch of two aneliorag·p,.;, crnl' i11 
the middle of the roa<l8t<'ad, which we may a;.;snnw was the fir;.;t o(·cupie<l, the other near the 11oi11t 
of Long Beach. :f Th<';"" 'wre frmpted to lea-n~ their fir><t anc11orage h,\- tl1e hnpt> of going in tl1Pir 
vessel into the "riYer,'' to which the,\- were inYited by tlie Indians; lint tlH'y found the water too 
shallow, "it being- low ti1le," and again let go their anchor.§ This Yessel d1·ew Jei:;s than fiye fret, 
and the sounding giYen on Cliarnp1ai11's sketch indicating the end of tlie counw is on1· fathom, 
from wl1ich we learn tl1at hiR soumlings are recluced to low water. Cliarnplain \H•ut 011 ,;luff<' arnl 
reconnoitert>d the 1-iTeT aml found it onl,\" an arm of the sea. Ile describes th« bay a8 a pl nee :tllout 
one league in circuit, eYidently meaning the "cu de sac" into which the vessel rau for rm anchorage, 
and not the entire water-space. It is thi8 "tu de .me" that l1P somHfod 011t, aml, althm1gl1 lw does 
not represent Brown's Hauk, the lirnit8 of his soundings indicate that the lJank was then•, bnt that 
he did not know that any ship-chanuel lay between tllis lJank all(l the Gmnet or Saquislt. If this 
bank had been as elevated as it now ifl, ;.;o as to run dry at low water, he would probabl;\- lrnYe 
represented it on hi,; liketch alHl have guessed that the great entrance channel to interior waters 
lay beyond. In the text he refers to the Gurnet as coYere<l with wood, principally pim•s, aml as 
"attached to a pretty lo11g coast, of sand dnues." Ile tl1e11 speak::; of t'H) "falct8 in tltc saill 1111,1(' 
(evidently Saquish and Ulark'8 Island), "wliich arc not.~een unle.~.~ one ·is 1citltin, a;owul trliich the 
sea run8 nearly dry at ZOil' tide." 

Champlain's map is in the main a wretched eye-sketch, 011r of tlw worst whid1 ap1warH in hit-; 
narrative. He eYidcntly did not think tlte anchorage a Yaluable one. Ile hatl gon(' in 011 the 
wrong side of Brown's llauk and just 1ni,.;scd the tliscoYeQ· of a most t~:xcelknt harbor. ~\;.;Hnmi11g 

nothing for this map bc,rornl that which would impress us in the most ordinary sailor'>< skl•tch, 
we still must admit that tliere aTe points of Yalue in it. Ile lia<l two in8trumc11ts, a eompas,.; :mtl 

•This mannHcript map of 1774 iR the propcrt~·· of l\Ir,;. Mary \VinHlow Rmw·ll, gr:1wl-11i<•<'<' nf th1• E1lw:rnl \Yins
low, jr., to whom the map (as its l<'g1•1Hl stat<>") was ]Jresentcd !Jy the author. Thifi map h:l' 111•nr ii<'<'ll p11blislu•cl; 
but Dr. Nat.han Hayward, Mrs. Rtrnsell"s ncplie\Y, for his nwn :unaHl'mtmi, :cutl to graii(Y a pri,·<tte cirek of frie1HlH, 
made, somo ten yearn ago, a fow lithograph copies, one of wl1ich I send with thiH rt>port. Thi" lithngrnph is g<•11crally 
faithful, ]Jut it omits the line of soundings in the main ship-clrnmwl, whil'h happ<'llH- from om· point of yfow, to hi' th" 
most important part of the tc•st.imony. I therefore 8em1, in acltlition, a cop~· of tlw m·igiual 11rn1111scripl, from which I 
omit the stdctly topographical (lctails, although th"} are mlrnirnuJ~~ executed upon th<' orig·iual with the pell arnl 
!Jrush-

t (Euvres de Champlain pul>liies sous le patronage de L' 1Jni11ersit<' L"'·al, par L' AblJtf C.-H. Larc1'11icrc, .lf. A., 1870. 
t Tho vessel picturml in the roaclstead is simply a conventional sign of proper anchorage. 
§On July 18, 1605, low water must havefalleu 118 late as 6 p. m., if Champlain's dates are, aa presumed, Gregorian. 



 

144 REPORT OF THE SUPERINTENDENT OF 

a lead line, and he e>idently designed to represent tl:Je position of the anchorage in its relations to 
the two pntraucc ht>adlamls allll to Long Point. 'Yitlt hi,.; eornpass, cmTccted for the yaria,tion 
determined by him at ::\Ialle Barre on th(• preyiom; Yoyage, \\'C find tbc ta11g-e11ts fro111 the conven
tioual Yessd to the entrn nee l1eadlamls (at llu• :-;hore-li1w") to 11e :X. h,r E. ~ E. and ]~SE., while the 
point of Long Reach hears :XIY. (tru(•). \Ve also oh,;ern· that a comii<lcrahlc portion of Clark's 
l8lancl is open to tlw westward of Saqnish. \\'ith tlte;;;e bearing·s aJHl ra11ges, we plot the Yl'si'\el 
upon our Coa;;;t Sm·n·y map, aml find it l.'·i11g at least two m~les from Hocky l'oint and over titre!~ 
from (l-nnwt, l'oint. 

TheESe two poinfa haYP no donbt wa8hed away somewhat; but witl1 en·ry possihfo allowance 
for waste, we carn1ot, eonclmle, from the data thus far referred to, that the anchoriq.('("Jilaec waR 
lesR than 1'./ :->tai ute miles from the outer chord of the entrarwe. Iu tlt1_\ :-;keie11, howeYer, Champlain 
make:;, the yesxcl li!' ahont mid way between the outer chord arnl Long- 13<•ad1, which would reduce 
the dista.U('<' we !Jaye just ~riven to 1! miles. Ha dug- safo.;fied onrHelYes that the Yessel lay from 
It to 1~ miles from the entrance, let ns examine the sonndiugs ·which In• has groupPd lthont thi;;; 
ycssel and cxtem1et1 seawanl in the ,;ketch. \Ve find that, in the circle of « lialf mile diameter 
al1out the vei,;sel, then• wa>1 an axera.ge of 7 J! fatlt0111;;-th<' extrPmes befog ."i fathoms on the insi<le 
and !) fatlwms 011 the outside. The smne circle on tlw Coast SnrYcy cl1art showR a mean of about 
3 f'athouu; aud uot l1iug p;reater than 4 fathoms iu rn.:;:3. ~\gain, we find that from l1is a11cltorage 
nParl~- to the c11onl of the ha.v Cliamplaiu 1mule Bnmerons sonmliug-s, showing- that a pathway 
alJont a half mil<, witle could lie folhnrn<l out of the hay with au anJl'ag·e tlcpth of 9 fathoms of 
water, arnl that when ;;till quite within the tangent chord of tlw hay, so as to lw i11 the narrowest 
part of tlw PntraHcP, thPn• were 1 O fatlt0111s \Yhern there are now ll;,,,, titan G. Yon will ohi:-erYe 
that Ill~ gfrci'\ four ,.;omHlings of I 0 fathoms as if to make sure to represent the entrance r1cpth of this 
"cu de sac.'' lJI the snhjoi11ed table a comparison ii; preticnteu of hi8 somHliug~ with tl10se of the 
Coast Surn·y iu 1 s;;;t * 

i Di~;t ,uw1· from '. D<'pl h iu fat horn:;. 

\ ('lltr:rnct~ in ·---------

1 1-'tatntt'lllih•H. 
, ___ _ 11-153. 

5'! ! Xot ~hL'll. 
o. 2;; 10 ;,1 
0. 00 0 4! 
o. 7ti 4~ 

LOO 3. 
1. rio 3~ 

T,osR 

of tlPpfh. 

4l 
4~ 

4 ~ 

3i 

1• 

J~emark• ----------1 
---------------. ·---------I 

Ontt.•r fangm1t linf' fmm (;unwt t11 1:or~k~· Point.! 

Between 1:11t.nmct• 1n·:ulhmd1-1. 

It is Rafe to conclude from the above that the cloeper i101i;ion of the cove or hay between 
Brown's Tiank and Rock,\· Point has receiYed an enormous depo8it since the visit of Champlain. 

As well rm we can jud~P from the sketcJ1, the depth fouml near tltP point of I.ong l~each was 
abont t!Je ~mmc in 1110."i ai,; it now is, althongl1 there can lie no <lonlJt that alterationR of Long Beach 
ihielf haw; been iu progress since tliat time. 

There is no (Wid;•11ce of ally general emergence of the Xew England coast indicated by any 
compari>1011;;; that l han' rnatle of Champlain'" maps with thm;e of the Coast Snrve.r. Salt-marshes 
i11dicate1l by Champlain i11 his map of Saco, Me., are marnlll's 8till, aml the depths oYer the rocky 
bottom of Gloncci'\ter, arnl (•Yen in some of tlie lagoons of Cape Uod, remain tl1e same. The Ohl 
Colon~· rn1·ortl:-i of very early dates abonml in rpferences to thr sa1t-marshrs of Plymouth, Du_xlmry, 
and :\larshfield, which were peculiarly vahrnhle in a conntr,y where the uplands were not yet cleared. 
\Ve have take{1 pain8 to invPstigate a little this question of emergence, hecanse a yery able geolo
gist. haH asserte!l tl.iat the coast of the "Gulf of Maine" rises from one to three feet in a century. 

Bl.o,~1.'0lritz (177 4 ).-In its t-011ograpl1ical featnrei'\ t.l1e origiual plotting made by Blaskowitz from 
his snrYe~· of Plymouth iR remarkable for aceurnc~· an<l heaut.y. It is deficient in soundings, but 

~Om· Jn,fo8t puhliHh<••l chart bears dat" of 1875; hut the most recent sounding~ it contains of the entranoo to 
Plymouth arc those of li:'lf>:J, made by Lieut. M. Woodhull. 
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tile deptlls in the principal channel-wa:)·s are giw.n and seem to be dr;;;ip;ned to he those of tile he;;;t 
water at ]ow tide. The depths in the channel through the Cow Yard and along the main tlhip
channcl past Sa(p1ish Head are represented much less in 1774 than up011 onr lat.est Coast Sun·ey 
chart. It is barely 11ossible that the completion of the cordon of dmws comwcting Saxp1ish with 
the Gurnet (which has been effected since the Blaskowitz smTe~·), and the (•.losing of openings 
through the beach above and below Rousses Hummocks, may han• caus1;d more water to tlow in 
and out of the channels we have named, and induced a greater depth of water. But we should he 
timid of conclusions relative to deepening, because our Coast Suryey soundings are so rnucl1 more 
numerous than those upon the old map, that the greatest depressiom; of the channel-bed aro more 
likely to have been reached by us than by Blaskowitz. \V1ien shoaling, instead of dC'epeniug, is 
indicated by the comparison of old maps with our own, we may safely conclude that a change has 
occurred, and this is the case presente(l in the lower part of the main ship-channel between Saquish 
and the sea., to which we shall now refer. 

The following table shows the comparison of depthR in the lower reach of the main ship
channel: 

1 statute n1iles. ! 

! 

Depth in fa th oms. 

1774. 1853. 

Loss 
of depth. Remarks. 

----- _________ , ____ ------ ----------------
1.0 

0.80 

0.60 

0.4! 

0. ~5 

0. 00 

0. 20 

6 

10 

IO 

It ' Onl' mile Wf'Atward from tan;l"ent liur• juiuing'. 
, Outf'r Cliff of Gurnet with Rocky Point. I 

- Ou taug:eut lirn· iuiJJiIJ;:! Onter Cliff of fluTnf'-t and
1 

Rock;'i· 11oint. 

Outside of line a lw""e mentioned. 

--------------------~----~------------

GENERAL CONCLUSIONS AND RE::\1ARKS. 

1st. Champlain entered the roadstead of Plymouth, in 1G05, v;ith 10 fathoms of water where 
there is now less than () ; and Blaskowi tz, in 177 4, ran into the main ship-channel of Pl,ymouth 
with 10 fathoms where there are now less than 5. 

2d. Champlain, in HiO;), found ahout 4 fat11oms morP water in thP deeper portion of the road
stead than now exists; and I~laskowitz, in 1774, found about 4 fathoms more water, for a distance 
of a mile, in the outer portion of the main channel than now exists. 

It would be rash to conclude that the agreement of these diminutions of de11th indicates that 
the entire change has occurred during the last century; but we drop this hint for what it is worth. 

Along the western coast of Cape Corl Bay there are SPYeral fiords Kimilar to rl.Ymouth, hut of 
less extent, that have been more nmLrly filled up with the sands of the coast. There ar<> man~
thousand acres of salt-meadow in Scituate and Marshfield which are m·idcntly compo8ed of silt from 
the outside coast where the high glacial bln:fl:'8 are falling a prey to the dash of the sea, hut the 
headlands at the entrance to Plymouth are now defended by the howlders that lie at thl'ir fol't, so 
that tht\Y yield very slowly. 

The Gurnet headland has diminished very little since 1774, and the di8tancl' from it to Hocky 
Point has remained about the same. 

We have generally regarded the waves as the primary agents for tlu• .snp]ll,\· of thl' material 
ftlling up the re-entrant angles of our coast, not only in their direct action upon tl1e glacial cliffs, 
but also in their transporting power when they drive diagonally upon tlw shori•; lmt in Cape Cod 
Bay there is a curious action of the currents that we must not ignorP. In tl1P report of the adYisor,Y 
council of the joint committee of the Massachusetts legislature, on the Cape Cod ship-canal (1860), 
it is stated that the tidal party in Cape Cod Bay discovered a coa,stwise current which-

Gave peculiar interest to the observations. This cnrrPnt Rweeps along th•' westt•m •hore of ~li<'c ba~·, punming a 
northwartUy course; it is feeble at the outlet of the caual, bnt it gatlier' Rf rength farther nort.11 where, acennliug to the 
observations, it slaekenen only for ahont two hours at t.he time of moAt rapid ri"" of tide. The moAt. "ingular foaturc, 
perhaps, of this eoaAt-curreut t.h:•t fell und..-r the ohMen·er'" notfr<' wa.'5 itB very low tcrnperntnn· (in ~mnmer). 

S. Ex. 37--19 
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The next year after this report of the advisory council was made, the same party of Coast Sur
vey obser•en; made farther iun1stigations upon this stream. A station was occupied only about 
four miles southeast of Rocky Point (the southern headland of Pl.vmoutlt), and there the northerly 
movement was found to be about a half mile per hour at the surface and but little less tlian this 
near the bottom, 84 foet below, a n~locity quite equal to the rolling of sand. 

3d. The material which lias acrumnhttPd in thP entrance to the main shiv-channel of Plymouth, 
an<l in the "cu de sac" below Brown's Bank, has been brought along slwre from the northward by 
storm seas, and has been swe1)t from the soutbward over the bed of Barnstable Bay by a current. 

Yery respectfully, yours, 

CARLILE l'. PATTEm:>oN, 

IIENRY l\IITCIIEJ,L, 
f!nited States Uoast Suney. 

Superintendent f!nitcd States Coast Suri•ey, Wa8ltingto11, D. C. 
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APPENDIX No. 10. 
REPORT UPON THE PHYSICAL Sl:RYEY OF KEW YORK HARBOR, 11'76. 

There have been made, during the progress of the phy:sical sun·e:;·s, se\·eral reports upon prac
tical points to which our data was applicable, hut uutil now we ha\·e not felt alile to make a ge11eral 
exhibit of our results. The incidental reports referred to will not l>e repeated in this, and we shall, 
therefore, mention them by title in the order of their dates. 

"l\fethod of J,evelliug in Tidal RiYers." Appendix ;-\o. 11. Annual Report of Coast Sun·ey 
for 1870. 

"Report on Buttermilk Channel and Jersey Flats," published by the Xew York Commissioners 
of Pilots, 1871. 

"The Harbor of New York: its Condition Ma;;·, 1873." Appendix No. 8. UoaRt Sun·ey He
port, 1871, and published also hy the New York Chamber of Commerce as a special document )lay, 
1873, and again in the Anuual Re1>0rt of the Cham her in the followiug year. 

"Tlrn l\Iiddle Ground Shoal, New York Harbor." Appendix No. 16. Coast Survey Report, 187:!. 
"Note concerning Changes in the Snbmei·ge1l Contour:s off Sandy llook." ApJwmlix No. 10. 

Coast Sun-ey Report, 1873. 
The soundings that have been taken from time to time h.v the party of physii•al hydrography 

under my charge have led to modificRtions of the chart of New York llarbor; but where these 
modifications ha\·e been slight and unassociated with an;;· observed change in physical conditions 
elsewhere, the chart has been simpl,Y coneeted at the office without comment. 

It is especially the currents of the liarbor and their laws that have been my study, and it is to 
place the results numerically upon record that this re1lort is prepared. The tabler; appemled do not 
include the data, used in previous repods to any considerable extent, becam;e, in the geiinal sys
tem designed to be here exhibited, local details are purposely omitted. 

The work upon currents has been ext<mded oYcrthe upper harbor from the Narrows to Gutten
berg, on the Hudson, and to Astoria, on the East Hiver. It ha;,; nece;,;sarily occupied 8cYeral years, 
and the field-work has been executed 011ly iu summer and autmrm. There are prohahl:-· defects in 
the grouping of the results consequent U})On the want of continuity in the operation;,;, but it is 
hoped that these are nowhere so great as to impair their value in relation to the location of harl>or
lines or other measures for protecting the harbor from umlue encroachments. Our work has been 
more or less intimately cormect.ed with the proceetlings of the United States l'onnni8sion 011 the 
pier-lines of Brooklyn, especially in the East Rh·er, where it has been assoeiateJ. with :,;ornewlmt 
similar studies by General .John Newton, United States Engineers, who, with yourself and General 
A. A. Humphreys, compose said commission. 

The general purpose reflected in the tables accompanying this report is a comparison hrtween 
the form of the channel and the order of the forces active within it. The profile of tlw :sPdion, 
the transverse curve of velocity, and the balance-points of both area and volume form tire elements 
apon which the study must rest. I premise that if the bed of the channel were alluvial, the form 
of the section should corre8poncl to the transverse cun·e of velocities of current (or the work thPy 
represent); in other words, that the channel is molded by the stream. ConYersely, if the channel
bed were rocky, it should subordinate the curve of velocities in more or less degree, so as to make 
the form of the flow take somewhat the form of the cl1an11el.• lu New York Harbor the channd
beds are composite in character, being in part recent deposit and in paTt original firm material. 

------------~-~----··---"-----·-· -~-- - -------·---~-------------· - -
~As long ago a• 1865 it wa• ascertained whil'h current, Jloo<l or ebb, cont.rollcc1 the form of the· main diann<'l off 

South Boston fiats by comparisons of this kind, and one need hut glance at tb<' diagram attache<l to the "1\•uth R«port 
of the United States Commission on Boston Harbor" t-0 be siiti~tie.d with the cmTectue"" arnl value of thi" metl111d. 
At the time the Boston ex1ieriments were, made it was a matter of doulit whether it was proper to <'mploy the first 
power of the velocities, or the second; the latter seeming more logical since m>rk was represented. I usetl the first 
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It is evident that the channels as they now exist are not the product of the scour of tide-water, 
hut this scour nevertheleRs maintains them. There can be no doubt that in general the basins and 
avenues of Kew York Harbor antedate tl1e action of rivers anrl tides of the preRent order, but these 
more recent forces have been long lmsy in removing salients and filling sheltered angles, so that 
the tendency of things is toward a form of section that shall be the perfect mould of the belt of 
effective forces 1'ithin it, i. e., suppose that 0.50 feet per second were the limit below which no 
scour would occur, the :filling and excavating will continue till the stream sweeps every part of its 
bed with this velocity of current. 

It is a part of the plan to go through this entire set of observations, and determine the coeffi
cients required to place the curves of velocity in best conformity with the profile of section, both 
for flood and for ehb. Hoping to he able by contrasting alluvial with rocky sections, to indicate 
where changes of shore-line would be harmless or even beneficial, and where such changes haYe 
been prejudicial, I need not make any further apology for withholding derived data, since you are 
personally familiar with the labor, often misapplied, which such studies involve on the way to 
success. It will be an advantage to have these tables placecl in print, not only because of their 
direct practical usefulness in pn~ccts that constantly arise, but because they will be then in con· 
>enient form for studies leading to general rules. I shall proceed to describe the tables and the 
manner of their compilation in detail. 

For the Hudson and for East River I regarded the surface-curve of velocities as typical for all 
depths-an assumption that seemed warrantable from numerous observations made below the sur
face-and this surfaee.-curve was reduced to the mean by applying a factor det~rmined in the fol
lowing manner: At a section off 'Wall street in the East Hiver, and at another section off Forty-second 
street in tl1c IIndson, continuous obserYations were made from shore to shore through an entire 
tide, and from top to bottom, at central 8tations. In this way we actually gauged the stream in 
each case during an entire ebb and during an entire flood, and obtained for each river and tide a 
standard volume of disclwrge applicable to other sections in the neighborhood. In each of these 
other sections in the neighborhood we observed only the surface velocities and the de1)ths across 
the stream; then, by comparison with the standard vol1UUe, determined the local factor which 
should reduce the tmnsverse curve to the same denomination as that at the standard section. In the 
Iludson, I have preserved thus far the same standard volume, but in the East River I modified it on 
discowring that the discharge increased as we went eastward from our gauging-place at Wall-street 
ferry and throu~h the Blackwell's Island channels. One may easily see how this may occur. Taking, 
for instance, the simpler case of a short arm of the sea closed at one end, the tidal volume passing 
through the sections increases as we go down toward the sea, both for flood and ebb, because the 
8pace behind, covered by tide-water, increases. As the East River was open at both ends, I was 
for some time doubtful in which direction to expect this increase, or whether the ebb and the flood 
would be similarly affocted. . It turned out that the volumes both for flood and ebb increased going 
eiuitwar1l from our standard section off Wall street toward Hell Gate, indicating that the East 
River is t{J be treated as if it were the only mouth of New York Harbor, and that the words "flood" 
and "ehb" aR popularly applied are transposed in part. 

The standard volumes used for the East River, from Wall street to Blackwell's Island, were 

power, arnl uow use the expression .pv+ .p, sin a, in which v=velocity, ¢and .p, coefficients, and sin a, the serpentine 
curve for the cntirii circle. The second eocfficient is that for resistance of bends. I found, hy comparison of the pro
files of the croSR-section in the J,ower MiAAiRBippi Rivm with the transverRfl curve of velocity, that it, was necessary 
to introduce the 11erpentine (from shore to shore) to m1'kc the two conform. At the same high stage of the river, th\i 
first coefficient ¢ remains constant whether the section examined he the main stream or one of the small passes; tho 
other coefficient varies with the radius of curvature. If we have not velocities, hut study only Jlrofiles of section, 

the following expressions seem to develop the transverse curve of depths: X =; sin a and y = ~ cos a+ i; sin 2a, in 

which 'V =width, m =minor axis of an ellipse, a= central angle of the ellipse, and i; =coefficient varying with 

the ra<lins of curvature of the stream. With diseharge constant, the ellipse remains the same; i. e., X =;sin a and 

y = m cos a remain constant. By adding to the value of y, a third element, viz, r;, C-Os 4a, a still closer conformity ts 
:l 

ohta.inecl at 1' consi<lerahle hend. 
One. object in aduing this long foot-note has been to show the direction of our studies and to indicate the com

plexity which the case of a ti1lal Htream offers at preH<mt. 
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974,266,000 on flood and 964,900,000 on ebb. In Blackwell's Island channels we used 1,085,383,000 
on flood, and 1,orn,017,000 on ebh. 

For the bay below Governor's Island, where there is a counter-current on the ebb at a con
siderable distance below the surface during the low-water season, we corrected our surface-curve so 
as to represent mean values by the proportional rise or fall on the Governor's Island gauge during 
the hour of maximum velocity. 

That the method of computation may be more fully understood I give here the details of the 
work upon Section XXXVI in the Hmlson at Sixty-fifth street. Here the distance from shore to 
shore is 47208 feet, and in this distance five current-stations were occupied during the strength of 
the flood and during the strength of the ebb, and close soundings were made all the way across. 

Our first 8tep in computation wa8 to plot on profile-paper the observations at the five 8tations 
for the same hour of maximum drift. In this plotting, the distances from shore were made the 
abscissai and the velocities of current the ordinates. A smooth curve was then drawn with free
hand through the extremities or the ordinates terminating at the shore or wharf-front.* This curve 
was then adopted as the result of observation and equidistant ordinates were taken out and placed 
in a table of the subjoined form (A): 

SECTION XXXVl.-TABLE A. 

Locality: Hudson RiYer, off Sixty-fifth street. Date, fleptembcr 3. 1875. Standard Yolurue.: Flood, 
1,230,610,907 i ebb1 !!10091004, 765. 

FLOOD. 

~ 0 .... 
0 0 
~ ~ 

Maximum -velocity. , t· ~ ~ 

~ ~f1 
~ I ii~ a 8 Meanfor

1 
:.. ..... 5 

a Obs<",rved.
1 

every' ~ t ·~ 
~ lOOfcet. ~ t!; S 

Volumes. 
(Obscrv~'ll.) 

EBB. 

0-
0 0 

I ,_ ~ 

Maximum velocity. : t· ~ i-
_________ : ~fl 

i !~ .i '.~lean for , c:: ~ :: 
Observed.; eve rv - i.-: 

l 100 feet. I ~ f g 
j I~ 

,-olurnf•8. 
(Oboen-.·u.) 

---------------- --------1----
1. 10 i 
1. 40 I 
1.60 I 

i 
--~--- --l 

! 
I 

14. 582. 000 1· 

ltl, 777, 000 

0. 70 
0. 85 

I 100 1.00 

i 
L 10 

200 1.20 

' 300 ···--····· ·------ ~- ----
4,000 1.10 I 

0. 85 I 
4, 100 o. 60 I 

0. 35 
I 

4, WO 0.10 

Total v-olmne. ---- -- . _. 

22. 9 

25.4 

6.1 

4_6 

n, 827, ooo 1 

16, 976, 000 

:J, 150, 00-0 

978, 00-0 I 

1, 702, 958, 000 1 

I 

1. 25 i 
l. 50 

. ---~. ~~1' --- --. -
0. 70 : 

o. 50 [ 
o. 10 i Q_ ao I 

Total volume 

Fact.or for reduction of flood Yeloeities, O. 72; for ebb, l .(t9. 

19. 2 i 

21. 7 : 

2.4 

I 
----·1 

1, O~l. 000 i 
o. g 

1 

154, 0011 I 
1 ____ 1 

1, 84!), 7~4. ooo I 

NOTE.-Tlm standard planes are 4 fo-et for tlood and 0.3 foot for ebb above the plane of mean low 
wakr. 

In the column of "mean depth" of Table A were placed the soundings rcduee<l to" starnlanl 
plane "-that 011 which the maximum velocit;y occurs during an ordinary tide. The next step in 
the. work was to compute what would have been the volumes passing through the sectiou had the 
observed velocities been those for all depths. This done, the volumes of flood and l,l,b r<•speetin~l.'' 
were summed np; and by division with standard volume the factors were determined which, applifll 
to the observe<i velocities, gave the entries for the final table (which appears au1011g those appeude~l 
to this report) as those which would have heen obtained directly if the obserrntions had all heen 
made for all depths during an average tide. In this way it was de8igued tliat all the appended 
tables should have the purport of simultaneous work under average conditions and mean for all 
depths. 

In eaeb of the final tables you will obserYe two derived data denominated, respectively, '~mid-
----; Instea",J.,f af;~:handc;;:rvei;;ho;;:ltlnow. (-;i-;;-;:;,. t'Xp;~i~;~~ 01~-tl~~.-.MissisRippi Hi n-r computatio1rn) c~;nputc th~ 

elliJl'!ll best fitting these five (or seven, counting shores as zero) olJserved velocities reduced fo t.he scale of tlc]lths. 
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area" and "mid-volume.'; The first o{ these is the distance from the origin at which a vertical 
would divide in halves the area of the section, and the second of these is the distance from the 
origin at which a vertical would divide the passing volumes into two equal parts. As these two 
data do not avpear in any previous work of this kind, a brief explanation of their use may be prop
erly inserted here. They are particularly important as guides in the allotment of privileges of 
encroachment from either shore, and one may be used to the exclusion of the other in extreme 
cases which we shall name. 

1st. Vt'here the avenue serves no important purpose as a channel of discharge for tides or river
floods, ''mid-area" would be the natural point toward which the owners on either shore might 
equally advance to that extent which would not interfere with navigation. 

2d. ¥/here the capacity of the avenue must be maintained principally because of the movement 
of water through it-liable, if too much contracted, to overflow the banks, excavate the bottom 
unduly, or interfere with the maneuvering of vessels-" mid-volume" would properly be the natural 
point toward which shore-owners might be suffered equally to advance a limited distance. 

In the first case stated above, where "mid-area" is exclusively used, it would seem unjust to 
regard depth& below the possible draught of ships, and, therefore, in computing this element, tJ;ie 
space below this draught might properly be left out. 

Instances may occur where (at a bend, for instance) "mid-volume" is so far from "mid-area," or 
both so inconveniently near one shore, that, with the hope of straightening the stream, the owner 
on the concave side might be encouraged to advance at the expense of what would otherwise be the 
privilege of the opposite owner. Bnt instances like this present exceptional cases, to be entertained 
as they appear on wider premises than those we are now dealing with. 

'l'he computations, of which the annexed tables are but a reswne, were made by Assistant IT. 
L. l\fariudi11, Mr. John ll. ~Weir, l\fr. 1''rank \\'. l~ing, and myself. To tlle first two belongs the 
principal credit of the field-work, which was executed in careful accord with your instructions and 
m~- a(hice. 

Respectfully submitted. 
HENHY MITCITl~LJ,, 

CARLILE P. PATTERSON, 
Fnited States Coast Survey. 

Superintendent United ,~tates Coast Suri,ey, Washington, IJ. 0. 
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Position of origins and termini of sections examined iri 1872-'73-'74--'75. 

'Vest end. 

Number of section. 
Latitude. Lon~itudc. 

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

I. ... -- ......................... ---
n .................... . 
III .. . 
TV .............. . 
v ........... . 
VL 
VII ................... ·-·········· 

VIII. .............. ···-·········· 
IX .....................•..•....... 

X---·-·················.··········· 
XI. ......................••...... 
xrr .............................. . 
XDI ···············-·-·-······ 
xrv .......... ··-··· ________ _ 
xv ....... ·-···········-···-······ 
XVI.- ..........••••.•.......... 
XVII ...........•••••..•.......... , 
XVIII. 
XIX ............................ . 

=······························· 
xx .......................... . 
XXL .. ·····-········--·· 
XXL ......... ·-··-········-· 
:X.XII ........ ··-···· •••........... 
XXII .....••........ _ ...•......... 

=m··········-··-·············· 
XXIII. .....•... - .....•........... 
XXIV ........................... . 

XXIV .. ··················
XXV .......•.•....... ---·-

xxv ..... ·-········-············· 
XXVI .....••••••••••............. 
XXVII .....•...•................. 
XXVIII .....•.................... j 

XXIX .....••••.....•............. J 

x=······-······················ 
XXXI. 
XXXIT .....•............. 
XXXlll ....••.................... 
X..."'1:.."1\:IV •••••••••••••••..••••••••• 

xxxv ... ·-·-·················-·· 
XXXVI .•........................ 
xxxvn ........................ . 

4(J 37 31.1 

4(J 38 2tl. 4 

40 39 16. 5 

40 40 11.). j 

40 40 41. 6 

40 41 11) . .t 

40 41 54. 0 

40 42 10. 2 

40 42 ~3. 4 

40 42 32. 9 

40 42 37. 8 

40 42 39. 9 

40 43 13. 3 

40 43 20. 0 

40 43 33. 9 

40 43 51. 6 

40 44 25. 5 
40 41 4~. 5 

40 45 04. 2 

40 45 03. 0 

40 45 11.4 

40 45 17.5 

4o 45 23. 7 

40 45 32. 0 

40 45 39. 3 

40 45 48. 1 

40 45 54. 9 

40 46 02. 0 

40 46 08. 7 

40 46 14. 0 

40 46 20. 9 

40 42 20. 4 
40 42 35. 2 

40 43 07.6 

40 43 41. 8 

40 44 13. 0 

40 41 38. 9 

40 44 54. 2 

40 45 36. 0 

40 46 07.6 

40 46 38.9 

4-0 46 56. 2 

40 47 27.3 

74 04 28. ~ 

74 04 2:!.7 

74 o:~ 56. 5 

H O:l 30.3 

7.i 03 o~. 1 

7+ 02 3i. fi 

74 02 22. 4 

74 00 19.3 

73 59 57. 2 

73 58 50. 2 
73 58 41.6 

73 58 37.-0 

7a at1 25. 9 

7:~ 5~ 21. 7 

73 GS 20. 8 

73 58 <)"" " 

73 58 29. 0 

73 58 14. 8 

73 57 56. 2 

'~ !"l7 34 .• ~ 

7J 57 5]. !i 

73 57 18. R 

73 57 3G.1 

73 57 04. 9 

73 57 20. 8 

73 56 51. :3 

73 !J7 06. 7 

73 56 38. 0 

73 56 54. 9 

73 56 28. 8 

73 .56 42. (1 

74 02 02. 4 

74 02 05.6 

74 01 50. 3 

74 01 44.8 

74 01 32. fi 

74 OJ 24.4 

74 OJ 29. G 

74 V1 25.4 

74 01 01. 6 
74 00 32.8 

7.f 00 16. ~ 

73 5H 57. 8 

East end. 

Latitud<'-

4(1 :n 43. 5 

4U 38 07. G 

40 3~ 31. 1 

4U 39 07. 6 

40 40 09. 5 

40 40 46. 0 

40 41 32. 6 

40 41 G9. :! 

40 42 12. 9 

40 42 19. 0 

40 42 17. 8 

40 4::! 30. 8 

40 4:J 04. 8 

40 43 11. 4 

40 43 35. 4 

40 43 57. 6 

40 41 06. 0 

40 44 29. 2 

4U 44 51. 5 

4fl 44 55. 8 

40 45 0<.7 

40 45 11. 9 

40 45 19. 9 

40 4[> 2i. 5 

40 4;; 34. 8 

4U 45 ~- fi 

40 45 50 .. :. 

4(1 45 ~.8 

40 46 02. 6 

40 46 06.1 

40 46 16. 5 

40 42 17. 4 

40 42 28. 0 

40 4:1 04. 8 

40 43 37. 8 

40 44 06. 8 

40 44 33. 4 

40 H 50. o 
40 45 15. 6 

4~ 4:; 45. 8 

Longitude. 

74 oz 27.9 

74. 03 lG. 6 

74 01 47. 6 

74 01 16. 0 

74 01 09. 5 

74 01 09. 6 

H 01 14. o 
i3 j0 57.3 

7:l fi!} 4~. 3 

7a as 49. a 
73 58 26. 8 

73 58 14. 8 

73 58 02. 4 

78 57 f..t.. 8 

73 :;7 43. 6 

73 57 46. 6 

n s1 as.s 
13 57 40. 9 

73 57 26. 2 

73 57 20. 2 

73 5i :~s. o 
73 57 07.5 

73 57 2:.L 8 

73 56 54. 9 

73 57 10. 8 

7:> 56 4:!. 2 

73 56 57. 6 

73 56 ~·'- 3 
73 56 46.3 

7:1 56 13. 2 

73 56 33. 3 

74 01 10.~ 

H OJ \l5.8 
74 00 5tL 2 

74 00 5tL~ 

74 00 45. 4 

74 0(1 43.4 

74 0(1 4lJ. 2 

74 00 30.2 

74 OU JO. 8 

73 59 4::!. 8 

7:t .':"1V ~8. ti 

7;l fl9 OK4 

Remarks. 

Iu 1' pper Ea,v. 

Du. 
}Jo. 

JJo. 
no. 
Dt). 

Dfl. 

In Ea~i Ri ''eT. 

JJo. 
Do. 
})(). 

lJo. 

Do. 

Tlo. 

Du. 

Do. 
lJo. 

no. 
Do. 

Easterly channel l 
WeAterly chamwl i 
Easterly channd. · 1-

=-~-~-§ W l~sterl:·• channd. :.=. 
Easterly channel. . 
\Y e-~tcrly channel 

, Easterly c hannol. j f 
"'\\e~terly channel ~ 

~ 
Ea•terl)· channel. ~ 

Westerly chauuel ~ 

EaRt.f'rly channel. . =:: 

"' .. P::tterl,v channel. H 

Ju Jludson Ri¥or. 
Do. 
Do. 
])o. 

Do. 
llu. 
llo. 

llu. 

Do. 
Do. 
lJo. 

Do. 

NOTE.-The positions giV"en above are from clet-Prrniuat.imis of lu.titmfo nnd longitude· in I87:i, co1Tt'Rpon1ling to the r1o!'ition tlf Xf•w Tork 
City HaU1 latitude 400 42' 43".57, lon~itude 740 001 23".71; 'S"f'.W York Trinity Church HJJirt.', latH·rnlC' 4ll0 4~' 2W'.13, lou~itudt·. 74° ow .J.J.J'.85; 

Brookl_yn Cit;y Hall, latitude 40° 41' 31".GO, longitude 73° 59' 2711 .15. 
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200 

400 

600 

800 

1,000 

1, 200 

1,400 

1, 600 

1, 800 

2, 000 

2, 20-0 

2, 400 

2, 600 

2. 800 

3, 000 

3, 200 

3, 400 

3, 600 

3, 800 

4, 000 

4, 200 

4, 400 

4, 600 
4,800 

5, 000 

5, 200 

5, 400 
5, 600 

5, 800 

6, 000 

6, 200 

6,400 

6, 600 

6,800 

7,000 

7.200 
7,400 

7,600 

7, 800 

8,000 

8, 000 

8, 400 

8, 600 

8, 800 

9, 000 

9, 200 

9,40() 

9, 423 

REPORT OF THE SUPERINTENDENT OF 

Flood. 

Na1U.milu 
per hour. 

0. 0 

0.10 

0. 18 

0. 20 

0, 31 

0. 41 

0. 72 

0. 94 

1.15 

1. 34 

l. 44 

l. 54 

1. 57 

1.63 

1. 65 

1. 65 

1. 65 

1. 65 

l. 6.1 

1. 67 

1. 68 

1.70 

1.68 

1.67 

1. 67 

I. 67 
1. 66 

1. 66 

1. 66 

1. 66 
1. 6;'.'1 

1. '"' 
1. 53 
1. 53 

1. 53 
l. 53 

l. 52 

l. 52 
1. ;';:! 
1. 52 

1. 46 

1. 25 

1.15 

o. 93 

u. 72 

o. 43 

0.13 
o. 00 

o. 0 

Tra,n,yverse curves of vewcity, and perimet1?rs. 

Feet. 

8. 3 

10. 3 

10.3 

15.3 

15.3 

22. 3 

26.3 

27. 3 

34.3 
38.3 
44.3 

51.3 

ul. a 
58.3 

57. 3 

57. a 
57. 3 

57. 3 

57. 3 

57. 3 

52. 3 

52.3 

51. 3 

50. 3 

50. 3 

47. 3 
43.3 

42. 3 
41.3 

38.3 

35.3 

34.3 

32. 3 

31. 3 

31.3 

:-J2. 3 

33.3 

33. 3 

33.3 
37. 3 

3i. 3 
37. 3 
38. ;1 

36. 3 

31. 3 

32. 3 

24. 3 

14. 3 

3. 9 

ELb. 

lf aut. 1nil.es 
per hour. 

0.12 
0. 27 
o. 45 

0. 60 

0.73 

0. 91 

1. 09 

1. 23 

1. 50 

1. 61 

1. 01 

1. 70 

1. 78 

1. so 
1. 84 

I. 86 

1. 90 

1. 91 

I. 92 

1. 92 

1. 92 

1.92 
1.92 

1. 92 

1. 90 

1. 82 

1. 80 

1. 80 
1.80 
1. 77 

1. 74 

l.68 

1. 08 
l. 64 

1. 62 
1. 50 

1. 59 

1. 61 

l.58 
1. 58 

1. 56 

1. 53 

1. 46 

1.42 

l. 32 

1. 20 

0. 86 

o. 00 

0. 00 

SECTION I. 

Feet. 

4.4 

6.4 

6.4 

11.4 

11.4 
18.4 

22.4 

23.4 

30. 4 

34.4 

40. 4 
47. 4 

47. 4 
54. 4 

5:1.4 

53.4 

53.4 

53.4 

5il.4 

53. 4 
48. 4 

48.4 
47.4 

46. 4 
46. 4 

43. 4 

39.4 

38. 4 
37.4 
34. 4 

31. 4 

30. 4 

28. 4 

27. 4 

27. 4 

28. 4 

20. 4 

29. 4 

29. 4 

33. 4 

33. 4 
33. 4 

34. 4 

~f'l. 4 

27. 4 

28.4 

20. 4 
Io. 4 

o. 0 

Remark~~ 

Latitude, 40° 37' 31".l; longitmle, ;4° 041 2811.8; Oulkhea-d. 

Area of section' Flood, 360,228 square feet: ebb, 323,479 
flq uart~ feet. 

Mid-area, or distance, from the origin 1 of a vP-rtical 1ine 
whieh divides the section into two equal areas= 4t 440feet. 

Mid-volume, or distance, from the origin, of a vertical line 
which divides the volume passing through the section into 
two equal parts= f!O<>d, 4,422 feet; ebb, 4,381 feet. 

, Shore line of Long Island. 
I Latitude, 400 37' 43".5; longitude, 740 02' 27".0. 



 

THE UNITED STATES COAST SUUVRY. 

'l'rans·verse curi•es of vewdty, and perinieters-Continued. 

SECTION II. 

,-------,----------~----------,~-------- ------------------

:Flood. 

" -~ """1~ 'fE 
·r; :So ~E~ i:::: ::::: 
~- -g .§ 
E ~ £ d K 
~ ~ ~ ~ 

,..... S·1$ 1e ~o ..'.:' 
8 = 0 --

$ E.§i :5 ~] 
11} ] ~-~ I t-~ ~ 
A "' I i:i !----' ----

1 Naut. milu I 

I 
I 

0 

200 

400 

600 

800 

1, 000 
1,200 

1,400 
1, 600 

1, 80() 

2,00-0 

2, 200 

2, 400 
2, 600 

2, 800 
3, 000 

3,200 

a, 400 
3,600 

3, 800 

4, 000 
4, 200 

4,400 

4, 600 
4, 800 

5,000 
5, 200 

5, 400 
5, 600 
5, 800 

6,000 

6, 200 

6, 400 

6,600 

6,800 

7, 000 

7,200 
7,400 
7,600 

7, 800 
8,000 

8, 200 

8, 400 

8, 600 

8, 800 

9,000 

9, 200 
9,400 
9,600 
9,833 

i per hour. ' 

l,i ~:~: 
1.28 

1.40 

1.42 

1. 47 
1. 52 

1. 53 
1,53 

1.54 

1. 54 

1. 58 

1. 59 

1. 59 

1. 61 
1. 61 

1.61 

1. 61 

1. 59 

1. 56 

1. 54 

1. 56 

1. 61 

1. 63 
l. 63 

1.68 

L70 

1. 66 

1. 61 

1. 56 

1. 52 
1.42 

1. 37 
1. 33 
1. 25 
1. 23 

1.23 
1. 21 

1.19 

1.16 
1.14 
1.14 
1. 09 

1. 02 

0.95 

0.84 

0.65 
0.38 
o.oo 
0.00 

Feet. 

24. 0 

23. 0 

35. 0 

38. 0 

40. 0 

39. 0 
41. 0 

44. 0 

45. 0 

44. 0 
48. 0 
55. 0 

59. 0 
58. 0 

61. 0 

59. 0 

61. 0 

57. 0 
57.0 

53. 0 

53. 0 

45. 0 

47. 0 

47. 0 

34. 0 

35. 0 

35. 0 

30. 0 

3-0. 0 

27. 0 
27. 0 
26. 0 

25.0 
28. 0 
28. 0 
24. 0 

28.0 
30.0 

31.0 
28.0 
31. 0 
31.Q 
34.0 

39.0 
39.0 

30.0 

26.0 
17.0 
6.0 

4.0 

S. Ex. 37--20 

Ebb. 

Naut. uiiles, 
J>l!"f hour. 

0.15 

0. 32 

o. 55 

0. 60 

0. 72 

0. 80 

1. 00 

1.10 

1. 20 

J. 40 

1. 47 
1. 68 

1. 80 

1. 90 

2. 00 

2.12 

2. 27 
2. 32 

2. 30 

2. 27 

2. 20 

2. 10 

2. 00 

1. 93 
1.00 

1. 82 
1. 73 

1. 62 
1. 58 
1. 50 

1. 42 

1. 32 

1. 30 
1. 28 

1.28 

1.28 

1.28 
1.29 

1. 30 

1. 30 
1. 32 

1.38 
1. 39 

1. 32 
1. 20 

0. 90 
0.54 
0.00 
0.00 

tl.00 

Feet. 

20. 5 

19. 5 

31. 5 

34. r; 
36. 5 

35. 5 

37. 5 

40. 5 

41.5 
40. 5 

44. 5 
51. 5 

55. 5 

54. 5 

57. 5 

55. 5 

57. 5 

53. 5 
53. 5 

49. 5 

49. 5 

41. 5 

43. 5 

43. 5 

30. 5 

31. 5 

31. 5 

26. 5 
26. 5 

23. 5 

23. 5 

22. fi 

21.5 

24. 5 
24.5 

20. 5 

24. !j 
26. 5 

27. 5 

24. 5 

27. 5 

27. 5 
30. 5 

35. 5 

35. 5 

26. 5 

22.5 

13. 5 
2.5 

0.5 

J{.emarks 

Latitude1 40° 38' 20".4; longitude! 740 04' 2211 .7. 

A 
aqua. 

rea of section; Flood, 368,564 square feet; ebb, 334, 149 
re feet. 

Mi 
whic 

d-area, or distance, from the origin, of a vertical line , 
h divides t.be section into two equal arP.aR. = 3, 700 foet. 

Mi ~olnme, or distance, from the origin, of a. vertical 
whir.h rlivides th-e 't'olnme passing through the section line 

into t wo equl parts= flood. 3,689 feet; ebb. 3,814 feet. ~lC 

Latit ude, 4-00 381 07".6; longitude, 74° 02' 1611.6. 
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200 

I 400 

I 
000 
800 

1, 000 
1, 200 
l, 400 
l, 600 
1, 800 
2, 000 
2, 200 
2, 400 
2, 600 
2. 800 
3, 000 
3, 200 
3, 400 
3, 600 
3, 800 
4,000 
4,200 
4,40-0 
4,600 
4,800 
5,000 
5, 200 
5,400 
5, 00() 

5,800 
6,000 
6,200 
6,400 
6, 600 
6,800 
7,000 
7,200 
7,400 
7, 600 
7, 800 
8,000 
8,200 
8, 400 
8, 600 
8. 800 
0,000 
9,200 
9, 4-00 
9,600 
9,800 

10, 000 
10, 200 
10,400 
10, 000 
10, 800 
10, 029 

Rl<iPORT OF 'fHE !::JUPjjjRINTl!JNDENT OF 

Transverse 1mrves of vewcity, and perimeters-Continued. 

Flood. 

Naut.milea\ .J?eet. 
per hour. I 1.26 16. 2 

1.43 16. 2 
1. 55 19. 2 
1. 63 28. 2 
1. 68 34. 2 
1. 70 51. 2 
1. 71 55. 2 
1. 70 60. 2 
1. 69 61. 2 
1. 67 61. 2 
1.60 G3. 2 
L63 51. 2 
1. 62 49. 2 
1. 60 45. 2 
L 58 45. 2 

1. 57 42. 2 
1. 55 41. 2 
1,54 38. 2 
1. 52 36. 2 
1. 50 36. 2 
l. 49 41. 2 
1. 47 3.~. 2 
1. 46 33, 2 
1.44 31. 2 
1.43 31. 2 
1.40 28. 2 
l. 38 31. 2 
l. 36 28.2 
1. 36 28.2 
1. 35 25.2 
1, 32 25. 2 

1. 32 24. 2 
1. 28 23. 2 
1.26 22.2 
1. 24 22. 2 
1, 20 22.2 
1.18 20.2 
1.12 20.2 
1.09 22. 2 
l.Otl 25.2 
1.00 24.2 
o. 00 27.2 
o. 93 34.2 
o. 84 40.2 
o. 76 39.2 
0. 76 38. 2 
O.M 37. 2 
o. 56 29, 2 
0.4'1 28. 2 
0. 40 22. 2 
0. 32 18. 2 
0. 20 H.2 
o.14 .s.2 
0.04 7.2 
o.oo 6. 2 
U.00 6.2 

SECTlON III. 

Ebb. 

'1Naut. 1miles 
j per hu'UT. 
' o. 49 
I o. 69 

o. 86 
1. 02 
1.17 
1. 29 
1. 40 
1. 50 
1. 59 
I. 67 
1. 74 
1. 79 
1. 84 
1. 87 
l. 89 
1. 90 
1. 90 
1. 90 
1. 88 
1. 87 
1. 85 
l. 81 

1. 77 
1. 74 
1. 68 
1. 64 
1.56 
1. 52 
1. 47 
1.36 
l. 28 
1.16• 
1.04 
0.96 
0.84 
o. 76 
0.72 
0. 64 
0.60 
0.56 
o.48 
o. 4ll 
0.40 
0. 36 
o.32 
0.32 
0.28 
0.24 
o. 20 
0.16 
0.12 
O.ll8 

0.00 
0. 00 
o.oo 
o.oo 

Feet .. 

11. 0 
11. 0 
u.o 
23. 0 
29. 0 
46. 0 
50. 0 
55. 0 
50. 0 
56. 0 
48.0 
46.0 
44. 0 
40.0 
40.0 
37. 0 
36. 0 
33.0 
31. 0 
31. 0 
36.0 
30.0 
28. 0 
:Mi. 0 
26. 0 
23. 0 
26. 0 
23. 0 
23. Q 

20. 0 
20. 0 
19. 0 
18. 0 
17. 0 
17.0 
17. 0 
1s.o 
15. 0 
17.0 
20.0 
19.0 
22.0 
29.0 
35.0 
34.0 
33.0 
32.0 
24. 0 
23.0 
17.0 
13. 0 
6.0 
3. 0 
2.0 
1. 0 
().O 

-- -~---------------~-----

' 
i 
:..La.titu<le, 400 39' 1611.:>; longitude, 74° 03' 5611 .5. 

.Area of section: Flood, 348,894 square feet; ebb, 292, 064 
square feet. 

Mid-atea,, or distance. from the origin, of a yertical line 
wbieh divides the section into two equal areas=318G2 feet. 

Mid-volume, or distance, from the origin of a vertical 
line which divide• the volume p8'1sing tbl'ough the section 
into two equal parts=flood1 3,214 foet.; ebb., 3, 246 foot. 

Latitude, 400 88' :J'l" .1; lengitude, 74° ,01• 47".6. 



 

THE UNITED STATES COAST SURVEY. 

Transverse mJ-rves of i>elocity, and perimeters-Continued. 

SECTION IV. 

Flood. E\Jh. 

---------- -----·--···---~ ----------------------!------, 
I l Nau.t. 1niles 

1 

Fe,et. i Naut. rnikN Feet. 
I per hour. 

I 
0 o. 51 

200 o. r>5 
10. 8 

ll. 3 
400 o. 6() 11.3 

600 o.64 16.8 

800 o. 70 17. 8 

1,000 o. 76 21.8 

1,200 o. 84 24.8 

1,400 o. 95 33.8 

1, 600 1. 07 42.8 

1,800 1. Ia 44.8 

2,000 1.1~ 48.8 

2,200 1.15 54. 8 

2,400 1.14 56. 8 

2,fi-00 1. 13 59. 8 

2,800 1.11 57. 8 

3,000 1. 10 58. 8 

3,200 l. 09 58. 8 

S,400 1.07 58. 8 

3, fi-00 1. 00 57. 8 

3,800 1.05 57. 8 

4,000 1. 03 52. 8 

4,200 1. 02 42. B 

4,!00 1. 01 38. 8 

4, 600 o. 99 38. B 

4, 800 o. 98 37. 8 

5,000 0.96 32. 8 

5,200 0.95 ~JJ.8 

5,400 0.94 31. 8 

5,fi-00 o. 91 30.8 

5,800 0.90 28. 8 

6,000 o. 88 28.8 

6, 200 0.86 25.8 

6, 400 0.85 24.8 

6, 600 0.83 24.8 

6, 800 0.80 23.4 

7, 000 o. 79 24.3 

7,200 o. 79 22.8 

7,400 o. 77 22.8 

7,600 0.76 22.8 

7,800 o. 76 21.8 

8, 000 o. 75 22.8 

8, 200 o. 74 2-0.8 

8,400 0. 75 21.3 

8,600 o. 72 18.8 

8,800 o.72 18.3 

9,000 0. 70 18.3 

9,200 o. 70 18.3 

9,400 0.70 18.8 

'9,600 0.69 18.8 

9,800 0.69 18.8 

10, 000 0.69 17.8 

10, 200 o.oo 22. 8 

per hour. 
0. 09 

0.17 

0. 25 

0. 36 

0,49 

0.66 

0. 91 

1.30 

1. 57 

1. 72 

1. 79 

1. 84 

1.87 

1. 89 

1.89 

1. 90 

1.90 

1. 90 

1. 90 

1. 91 

1. 92 

1. 93 

1. 92 

1. 92 

1. 90 

1.85 

1. 78 

1. 67 

1. 54 

1.41 

1. 30 

l. 23 

1. 17 

1.12 

l. 09 

1.06 

1. 05 

1.04 

i. oa 
1. 02 

1. 01 

1. 01 

LOO 
1.00 

1.00 

0.99 

0.98 

0. 97 

0. 97 

0.96 

0.94 

0.91 

5. 5 

6. 0 

0. 0 

11. 5 

12. 5 

16. 5 

19. 5 

28. 5 

37. 5 
39. 5 

43. 5 

49. 5 

51. 5 

M.5 

52.5 

5.3.5 

53. -~ 

53. 5 

52.5 

52. 5 

47. 5 

37.5 

33.5 

33. 5 
32. 5 

27. 5 

26.5 

26.5 

25.5 

23. 5 

23.5 

20. 5 

19.5 

19.5 

18. 5 

19.0 

17. u 
17.5 

17.5 

16.5 

17.5 

15.5 

16.0 

13.5 
13. 0 

13.0 

13.0 

13.5 

13. 5 

13.5 

12.5 

17.5 

Latitude. 4oei 401 1!1"'.5; longitude, 740 03' 30".3. 

Arca of section' Flood, 375,624 square feet; e\J\J, 308,542 

sq unre foot. 

:Mid-area. or- distRnC'e, fr<•m the origin. of a vertical line 
which dh-idcs tho !iection into two eqmtl areas=4,~0 feEl:t. 

Mid-volume, or diAfa11r-<>1frotn the orij.Z'in,of a T"l'rticalline 

which Uh-ides the volnmu pa~$i.ug: through th(' st•cti-on into 

I two equal parts=fiood, 3,897 foet; e\Jb, 3,8W feet. 

i 

___________________________ ... _. ________ .. 
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10, 400 

10, 600 

10, 800 

11, 000 

11, 200 

11, 400 

11, 600 

11, ROO 

12, 000 

12, 20-0 

12, 400 

12. 000 

12, 657 

REPORT OF THE SUPERINTENDENT OF 

Transverse C'ltrt1es of velocity, and perimeters-Continued. 

SECTION IV-Continned. 

Floor!. Ebb. 

~--· I h= 1: = 

I 

:..--. = "" s ;;; i:i " 
;:; = ~ ; = " s "" s .s s ~ .§ ~ j ·~ ~ .s " K Remarks . .. .s 

QC s ,...:.._ I ; s ,...:.._ s "g ~ ..... """ I s~ I 
$~§ 

-~ !~ 
.!.~~ 

I 
=" I 

..Q ;:::: 0 .9 .§ ~ ! .::= = ~ 
-- ;d - ~ ~'.§ i 

_..,,,cc ....... .,,._"' ""-" ~ ;.-:.. 1:-- I Q,; ~ J:-
:s .:;, I 

"' I 
Naut.milu !xciut.milu I I 

Feet. I Feet. I 
per hour. 

I 

per hour. I 
0.64 23. 8 0.89 18. 5 

0. 62 27. 8 o. 86 22. 5 

0. 60 26. 8 I 0.82 21. 5 Arca of section: Flood, 375,624 square foot; ebb, 308,542 

0. 58 26. 8 
I 

o. 77 i 21. 5 square feet. 

0. 53 23. 3 0. 72 I 18. 0 Mid-area, or distance, from the origin. of a verliea.I line I I 0.48 20. 8 
I 

o. 60 

I 
15. 5 which divides the section into two equa.l areas=4,24-0 foot. 

0.43 19. 8 

I 

0. 60 14. 5 

0.37 19. 8 0. 53 I 14. 5 1\fid-volume, or distance, from the origin, of a vertical 

o. 29 10. 8 0.44 I 11. 5 line whic-h divides the volume p8Ming through t,he section 
1 

0.20 12. 8 0.32 7. 5 into two equal pa.rts=:tlood, 3,897 feet; ebb, 3,826 feet. ; 

0.08 7. 8 0. 21 I 2. 5 i 
0.05 I 2. 5 ' -0.05 7.8 

-0.08 7. 8 o.oo I 2. 5 Latitude, 400 39' 07".6; longitude, 74001'1&'.0. 
I 



 

200 

400 

600 

800 

1,000 
1, 200 

1,400 

1,000 
1, 800 

2,000 
2, 200 

2,400 
2,600 

2,800 

3,000 
3,200 
3,400 
3,600 

3,800 
4,000 

4,200 
4,400 

4,600 
4,800 
5,000 
5,200 
5,400 
5,600 
5,800 
6, 000 
6,200 
6,400 
6,600 

6,800 
7,000 
7,200 
7,400 
1, 600 
1, 800 
8,000 

8,200 
8,400 
8,600 
8, 800 

9,000 
9,200 
9,250 

o. 96 

0. 97 

1. 01 

1. 10 

]. 20 

1. 27 

l. 33 

1. 36 

1. 38 

l. 39 

1. 39 

l. 38 
1. 37 

1. 34 

1. 32 

1. 29 

1. 24 

1. 20 
1.16 

1.11 

1. 07 

1. 03 

o. 99 

o. 96 

o. 93 

0. 91 

0. 90 

0. 89 

0. 88 

o. 87 

0. 87 

o. 88 
0.89 

0.90 
0.90 

0.91 
0.92 
0.93 

0.94 
0.95 
0.95 
0.96 

0.97 
0.98 

0.98 

THE UNITED STATES COAST SURVEY. 

Transverse cun!es of velocity, and perinieters-Ooutinued. 

19. 5 

17. 5 

30.5 

45. 5 

51. 5 

53. 5 

56. 5 

62.5 

61.5 

57.5 

57.5 

57.5 

58.5 
57.:; 

50. 5 

43.5 
42. 5 

40 . .5 
34. 6 

a•t.5 
35.5 
33.5 

36. 5 

31. 5 

29.5 

31. 5 

32. 5 

32. 5 

32. 5 

30. 5 

26. 5 

26.5 

22. 5 

21. 5 
18. 5 

17. 5 
17. 5 
16. 5 
15. 5 

15. 5 

22. 5 

23. 5 

20. 5 

10. 5 

6. 5 

1. 99 

2. 00 

1. 98 

!. 92 

1. 87 

]. 83 

l. 82 

]. 84 

l. 88 

1. 97 

2. 03 

2.10 

2.15 

2.17 

2.19 

2.19 
2.17 

2.15 

2.11 

2. 05 
1. 99 

1. 91 

1. 81 

1. 73 

1. 61 
1. 51 

1. 44 

1. 38 

1. 34 
1. 30 

1. 28 

1. 27 
1. 26 

1. 26 

1. 27 

1. 28 
1. 29 

1. 31 

1. 34 

1. 38 
1. 42 

1. 46 
1. 5() 

1. 53 

1.55 

SECTIOK V. 

Feet. 

10. 5 

10. 5 

9. 5 

15. 5 

13. 5 

26.5 
41. 5 

47. 5 

49.5 

52. 5 

58.5 

57. 5 

53. 5 

53. 5 

53. 5 

54.5 

53. 5 

46.5 

39.5 
38.5 

36.5 

30.5 

30. 5 

31. 5 

29. 5 

32. 5 

27.5 

25. 6 
27 .• 5 

28. 5 

28.5 

28.5 
26.5 

22. 5 
22. 5 
18. 5 
17. 5 

14. 5 

13. 5 
13. 5 

lll.5 
11. 5 

11.5 
18. 5 

19. 5 

16.5 

6. 5 
2.5 

fumia.rks. 

Latitude, 400 40' 41 11.6; lon~itnde, 74° 03' 0211 .l. 

Area of section: Flood, 313,~00 square foot; ebb, 276,200 

square feet. 

Yid-area, or (Ustance, from the oi"igin, of .a ve.rtical line 
which divide1:1 the section into two equal ar-e.a8 =3, 450 feet. 

Yid-volume, or distance, from the origin, of a. vertical 

line which di \'ides the volume passin,::r through tho sec

tion into two equa.1 parts =llood, 3,219 feet; ebb, 3,252 foot. 

Latitude, 400 40' 09''.5; longitude, 74° 01' 09".5. 
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158 REPORT OF THE SUPERINTENDENT OF 

Transverse curves of vel,odty, and perimeters-Continued. 

SECTION VI. 

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

Flo<>d. Ebl>. 

,; 
-~ £~ ~a ~~ ]§ 
"§ ~s res ,.Ss ].§ 
s e~ B~ ~~ ~~ 
~ s'i ;a--=. s'i lf:s_:_ 
~ ~ ~ ~ 'o .t;- := <:.. ~ ~ g 
; -~i~ ~]~ -~~:g- ~§~ 

Remarks. 

~ ~-~ ~~~ ~=-~ ~"a~ ____ ( _______________ , _____ -----------------------[ 

200 
400 
600 

800 
1, 000 

l, 200 

1, 400 

1, 600 

1, 800 
2, 000 

2,200 

2, 400 

2, 600 

2,800 

3,000 

3, 200 

3,400 

3, 600 

3,800 

4, 000 

4,200 

4,400 

4, 600 
4,800 

5,000 

5,200 

5,400 

5, 600 

5, 800 

6,000 

6, 200 

6,400 

6,600 

6,800 

7,000 

7,200 

7,400 

7,544 

I 
•

1

·Naut. miles: Feet. 
1

Naut. milu 
pe:r hour. ! pe'r hour. 

! --(). 11 9. 1 1. 48 

0. 00 16. 6 1. 56 

0. 31 

0.63 
o. 85 
], 00 

1.07 

1.18 
1. 24 

1. 28 

1. 31 

1. 33 

1. 35 

1. 36 

1. 38 

l. 39 

1.41 
], 41 

l. 41 

1. 41 

1. 40 

1. 37 
1.30 

1. 24 
1.16 

1.13 

1.10 

1. 08 
], 06 

1. 06 
1. 06 
1. 08 

1. 09 

1.10 
1.10 

I. 09 

1. 06 

1.07 
0.97 

23. 1 1. 63 

23. 1 1. 70 

28. 1 1. 75 

33. l ]_ 78 

43.1 1. 85 

43.1 1. 85 

52.1 1. 86 

55. l 1. 87 

61.1 1. 88 
65.1 1.88 

67.1 1. 88 

72.1 1.88 

75.1 
75.1 
62.1 

60.1 
55.1 

43.1 
40.1 

36.1 
33.1 
32.1 
29.1 

28.1 
26.1 
41.1 

4'1.1 

4'5.1 

54.1 
52.1 

42.1 
30. l 
nl 
18.1 

15.1 

14.1 

ll.l 

1. 87 

1. 86 
1. 85 

1. 85 

1. 80 

1. 77 
1. 75 

1. 72 

1. 69 

1. 66 
1. 63 

1. 62 
1. 58 

1. 57 
1. 54 

1. 51 
1. 49 
1. 46 
1. 44 

1. 42 

1. 39 
1. 36 

1. 34 

1. 32 
1. 29 

Feet. 

4.3 

11. 8 

18. 3 

18. 3 
23.3 

28. 3 

38. 3 
38. 3 

47. 3 

5-0.3 

56. 3 

60.3 
62. 3 

67. 3 

70.3 

70. 3 
57. 3 

55.3 

50.3 

38. 3 
35. 3 

31. 3 
28.3 

27.3 
24.3 

23. 3 

21.3 
36. 3 
35. 3 

40. 0 
49. 0 
47. 3 
37. 3 

25. 3 

18. 3 
13. 3 

10. 3 

9. 3 
6. a 

! Lntitude, 40° 41' 19''.4; longitude, 74° 02' 37".6. 

I 
f 

Area of section: Floocl, 3111814 square feet ebb, 275,603 
square feet. 

Mid-area, or distance, from the origin, of a -vertical line 
which divides the section intotwocqu&l a.reas=3,180f~t. 

Mid-volume, or diRtnnr.f\ frorn the origin. of a vertical 
line which divides the volume passing- through the sec. 
tion into two equal part•~fiood, 3,251 feet; eub, 3,037 feet. 

Latiturle, 40° 40' 46".0; longitude, 74° 01' Oll".6. 



 

THE UNITED STATES COAST SURVEY. 

Transverse curves <>f ·vewcit.y, and perimcrers-Continued. 

SECTION VII. 

Flood. Ebb. 

~·~ I!~~ ~~ ~s 
~a 11 ~o~ 1~ 
s~ ..... ~:;, s1: ..-<'+..G1 

ltemarks. e:,e I tiE-=- ~~ "iS-:.. 
~ ;; .E 7. .s. £ =:' -= c:.. -=- g ·r./ ; 
~ 1 ~ ... ~ ·A i=; o :::: P ,..:._ ..i:::: ;::: c I 

~ I j ~ :g I ~ ~:~ -~-~_:_i:_:s_~-l--~---~---~-1--------------
----,1 Naut. miles lj--F--t --I: Naut. miles Feet. I -----

per hour. " · I P"' hour. 
0 O. 27 5. 8 O. 00 0.0 , Latitude, 400 41' 54-11 .0: longitude, 74° 02' 2211.4. 

200 o. 40 8. 3 0. 16 2. 5 

400 0. 50 13. 8 0. 39 R 0 

600 0. 56 19. 8 0. 72 14. 0 

800 0. 63 19. 8 o. 98 14. 0 

1,000 0.64 22.8 1.15 17.0 

1,200 0.66 27.8 1.23 22.0 

1, 400 0. 68 28. 8 1. 30 23. 0 

l, 600 0. 72 31. 8 1. 45 26. 0 

l, 800 o. 77 34. 8 1. 53 29. 0 

2, 000 0. 83 37. 8 1. 63 32. 0 

2,200 0.92 45.8 1.74 40.0 

2, 400 1. 04 46. 8 1. 86 41. 0 

2, 600 1.15 53. 8 1. 98 48. 0 

2,800 1.24 72.8 2.09 67.0 

3, 000 1. 31 89. 8 2. 15 84. 0 

3, 200 1. 36 88. 8 2. 18 83. 0 

3, 400 1. 38 88. 8 2. 18 83. 0 

3, 600 1. 37 90. 8 2.17 85. 0 

3,800 1.34 85.8 2.13 80.0 

4, 000 1. 27 93. 8 2. 08 88. 0 

4, 200 1. 22 92. 8 2. 00 87. 0 

4, 400 1. 21 83. 8 1. 91 78. 0 

4,600 1.21 74.8 1.79 69.0 

4, 800 1. 24 63. 8 1. 66 58. 0 

5,000 1.32 45.8 1.51 40.0 

5, 200 1. 38 35. 8 1. 30 30. 0 

5, 400 1. 37 25. 8 1. 05 20. 0 

5,600 1.11 11.8 0.49 6.0 

5,668 0.00 5.8 0.00 0.0 

Area of section: l'lood, 287,378 square feet; ebb, 254,504 ; 

square feet. 

Mid-urea, or distance, from the origin, of a. '\"f'rtical line i 

which <livirlf's thr Aection int.o two equal areas=3-,500 feet. 
1 

:Mid-Yolume, or diKt..aneP1 from the origin. of a vertical : 
line which divides the volume passing through the section ' 
into two equal parts=ftood, 3,601 fceti eb11 3,519 feet. 

Latitudc,40° 411 32".6; longitude, 74-0 01 1 1411.0. 
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160 REPORT OF THE SUPERINTENDENT OF 

• Trawmerse aurves of vel-Ocity, and perimeters-Continued. 

SECTION VIII. 

Flood. Ebb. 

t·~ ]§ i ~·~ II~~ 
'°" ]11 "gs ~a 1 ]~ 
§"d ~B ..$.?'.! !~--9. ... ~I Remarks. 
cf:_·; I ,.. -.- '° s..:.. I -.- ~ s _:_ ' 

"~ .., ..... h II, "'E -:;; ..... h 
I f ~E,..:. ~~~ $~...:. -~19 

I I I ·~ ]~ Ji~ ! ~ ]~ j~J I 
-----1-"M-:-,,-t_m_ile-,.-i--~-.. -t-. -1-1'1-_a_u_t_m-i!u-I----- ----------------------------------, 

i per hO'Ur. i per hour. Fut. i 

0 II 0. 61 26. 4 ' --0. 31 22. 7 
100 0. 98 51. 6 o. 08 47. 9 

200: 1_a1 49-9 0.21 4fi.2 

300 II 1. 53 47.1 o. 57 43. 4 

400 1' 1. 74 44. g 0. 98 41. 2 
500 L92 44.4 1.43 40.7 

600 : 2. 10 45. 4 1. 83 41. 7 

7()(1 II 2. 22 46. 7 I 2. 16 43. 0 
soo 2. 32 47. 4 I 2. 36 43. 1 
900 2. 33 48. 8 2. 52 45. 1 

l, 000 2. 32 47. 9 2. 59 44. 2 
1; 100 2. 25 49. 7 [, 2. 6'J 46. 0 
I, 200 2. 13 52. 4 i 2. 62 48. 7 

1,300 1.98 53.0 2.59 49.3 

1, 400 1. 81 52. 4 '1, 2. 54 48. 7 
I, 500 1. 61 52. 8 2. 46 49. 1 

I, 600 1.40 51. 5 I 2. 32 47. 8 I 
1. 700 1. 15 46. 9 

1

. 2. 16 43. 2 I 

1, 800 o. 90 41. 4 1. 93 37. 7 

Latitnde, 40° 41' 59" .2; long:itude, 730 59' 57" .3. 

Area Qf section: Flood. 93, 750 square feet; ebb, 86,350 
square feet. 

:hlid-al'f>a,, or distance, from the origin, of a vertical line I 
which divides the section int.o two eqnalarea.s=l,013 feet. 

Mid-volume, or distance, from the origin, of a. vertical 
line which c'livi<les the volume pasRing through the section 
int-0 two equal parts= flood, 965 feet: ebb, 1,182 feet. 

I, 900 0. 63 35_ 3 II 1. 62 31. 6 
1 2, 000 0. 05 29. 8 1. 26 I 26. l I Latitude, 4-00 42' 10".2; longitude, 74° 00' 19''.3. 

i _____ ~I-----~--------------------------------------

0 1. 85 I 5-0. 0 I 100 1. 89 I 51. 0 

200 1. 95 

I 

52. 0 

300 2.09 52. 3 
400 2.16 52. 9 
500 2.16 I 57. 5 
600 2. J3 I 64. 0 

700 2.09 
I 

63. 3 
800 2.05 62. 0 

900 2.00 I 61. 2 

l, 000 1.95 60. 5 
1, 100 1.92 58. 9 

l, 200 1.& 54. 7 

l, 300 1.63 48- 9 

1,400 1.53 34. 7 

1,500 0.96 32. 5 

1,540 0.74 30. 3 

0. 26 
\ 

1. 32 i 
1. 65 

I 
1. 86 

2. 27 
2.41 i 
2.51 

I 2. 56 
2.56 

I 
2.49 

2. 35 

2.18 

1.97 

l. 70 

1.42 
1.10 

0.00 

SECTION IX. 

46.3 
47.3 
4R.a 
48.6 
49. 2 
53. B 
60. 3 

59.6 
58. 3 
!i7. 6 

56. 8 

55. 2 
51. 0 

45.2 
31. 0 

28. 8 

26. 6 

Latitude, 400 42' 12."9; longitucle, 730 59' 42" .3. 

Area of section: Fl ood, 82, 766 square feet; ebb, 77,008 

square feet. 

Mid-area, or clistance , from the origin, of a vertfoal line 
on info two equal a.reas=740 foot. which divides the sccti 

Mid-volume, or dist.a 
line which divides the 

nee, from the origin, of a vertical 
volume passing through the soo

rta=fiootl, 700 feet; ebb, 753 feet. tion int.> two equal pa 

Latitude, 400 42' 23".4; longitude, 730 59' 57''.2. 



 

THE UNITED ST.A.TES COAST SURVEY. 

Transverse eurves of velocity, and perimeters-Continued.. 

Flood. " I 
a .,; 
£~ 

="" 8 E § . 

;...~ .§'d~ 
~ ~ ~:] 

1----1-::<1 ___ , 

10-0 
200 

300 

400 

500 

600 

700 

800 

900 

1, 000 

1, 100 

1,200 

l, 300 

1,400 
1,408 

0 
100 
200 

300 

40ll 

500 

600 

700 
800 

900 

1, 00-0 

1, 100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 
1,900 

2, 00-0 

2, 100 
2,200 
2,300 

2,'330 

i 
i 

I 

i 
I 
I 
I 
I 

I 
I 

I 
I 

I 

N aut. '1nile8 ! 
·pv hour. 1 

0.0-0 
0.94 

1. 37 
180 
2. 37 

2.98 

3.45 

3.61 

3.66 

3.62 

3. 53 

3.35 

3.24 
2.94 
2. 73 

2.59 

0.00 
0. 07 

0.17 
0.32 

0. 53 
0.82 

1. 23 

1.69 

2.04 
2.27 
2.51 
2.67 

2. 79 

2. 86 

2.85 

2.73 
2.46 
2.12 
1.65 
1.34 
0.79 

0.41 
0.04 

-0.23 
-0.32 

I 
I 
I 
I 
I 
I 

I 
I 
I 

I 

S. Ex. 37-· -21 

Feet. 

38.3 

41.5 
47,9 

51). 7 

54. l 

54. 3 

52.3 
51. 0 

45. 7 
39.9 

36.8 

32. 8 

28.5 

26.1 

22.8 

20.3 

19.1 
20.6 
22.1 

24.1 
27.1 

32.l 

38.6 

44.6 

47.6 
49.7 
53.6 
55.6 
55. l 
52.9 

49.l 
46.1 
44.1 

42. 8 
42.3 
43.l 

43.6 

411 
37.1 
26. 6 
23.1 

2. 88 

2. 94 

2. 97 

2. 9R 

2. 98 

2.98 

2.94 
2.87 
2.82 

2. 73 

2.65 

2.57 

2.44 

2.25 
2.24 

0. 00 
o. 0-0 
o. 03 

o. 06 
0.13 
0.20 
o. 51 

0.80 
1.18 
1. 60 
2.06 
2.38 
2.67 

2.&1 

2.89 
2.89 
2.86 
2.75 

2. 57 

2. 37 

2.11 

1.69 

1.16 

0.41 

0.17 

SECTION X. 

50. 3 

49.0 

43.2 

37. 9 

34.9 
30. g 

26.6 
24.0 

20.8 
18. 3· 

Rema.rks. 

An~a of se.ction: Flood, 59,362 square feet; ehb, 56, 546 ; 
aquarn feet. j 

Yid-aroo.. or distance, from thfl origin, of a ~ertical line 
! 

which divides the section int--o two equal areas=OOO feet. 

Mid-volume, or digtance, from the origin, of a vertical I 

line which divides th(' volume passdng through tb€ seu

tion into two equa.l.1>art•=ftootl, 723 feet; ebb, 581 feet. 

Latitude, 4-00 421 32".9 i longitudo1 73° 58' 50'1.2. 

SECTION XI. 

16.6 Latitude, 400 421 1711.8; longitude, 73° 581 26''.8. 

18.1 
19.6 

21. 6 . 
24. 6 

28. 6 

36.1 
42.1 

45.1 .Area of section: Flood, 1>1,124 squ&Te foot; ebb, 88,299 
47. 2 sqnare feet. 
il. l Mid.area, or distance, from the origin, of a. ve-rtical line 
53.l which divides the section int.otwo equal ID."636=11237 feet. 
52. 6 

50.4 
Mid.volume, or distance, from the origin, uf a. vertical 

46.6 
line whic11 divides the volume passing through the soc-

43.6 tion into two equal parts= ftood, 1,236 feet; ebb1 1,417 

41. 6 fe~t. 

39.3 

39.8 

40.6 
41.1 

38.6 

34.6 
24.1 

I 20.6 I Latitude, 400 42' 37".8; longitude, 73° !ill' 41".6. 
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REPOR'I.' OF THE SUPI<mlNTE~"DENT OF 

Transverse imrves of velocity, and perimeters-Continued. 

SECTION XII. 

Flood. Ebb. 

s-§ l ~s ~-~ 
·z :: I - - -o:: ~s .gs 
~.s c;';< ~.s 

I 
~ s .-: 

~]~ . ~~~ §8 
~!:::~~ 1.t=- .§.§i-- - ''-' Q.~ ~ -l ~=-:o ~~~ ~;.] 

Remarks. 

I ~ I ~ i ~ '-----:----,----·------------------------------
: Naut. niiles I Feet. l:lilaut.mil.esl 

i 

I 

0 

100 

200 

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, 900 

1,990 

0 
100 
200 

300 

400 

500 

000 

700 
S(l(J 

9QO 

1,000 

l, 100 

1,200 
1,300 
1,400 
1,500 
1,600 

1, 700 

l, 800 

1, 000 

2, 000 
2, 010 I 

per hour. I per hour. I 
0.00 25.2. 0.00 I 
1.45 30.7 i 0.23 

1. 82 32. 9 I o. 45 

1.9s 33.2 I o.68 
2.11 43.7' 0.90 

2.22 45.3 1.17 
2. 31 45. 7 1. 49 
2. 37 49. 7 1. 80 
2.42 50. 0 2. 20 
2.48 49. 7 2. 61 
2. 40 52. 7 2. 93 

2.39 51.7 3.11 
2.25 47. 4 3.11 
2.09 45.7 3,00 

1.87 45.7 2.81 

1. 62 45. 9 2. 52 
1. 37 44. 1 2. 25 

0. 97 42. g ]. 89 

0. 65 45. 2 1. 44 
o. 32 44. 2 o. 88 

0. 00 43. 2 0. OD 

0. 71 24. 7 1. 72 
1. 54 31. 2 2. 01 
2. 22 37. 7 2. 20 

2.37 46. 2 2. 35 

2.44 57. 2 2. 37 
2.48 69.2 2. 37 
2.48 73. 2 2. 37 
2.46 70. 2 2. 37 
2.37 58. 2 2. 37 
2.20 42. 7 ~-34 

2.05 38. 2 2. 25 
1.88 35. 7 2. 08 

1.68 34. 7 1. 80 

1.54 35. 2 1. 60 
1.40 31. 7 1. 59 

1.29 28. 2 1. 61 
1.17 27. 7 1.112 

1.05 29. 2 1. 63 

0.97 29. 2 1.65 

0.83 34. 2 1. 66 

0.68 24. 7 1. 61 

0.67 24. 7 1.50 

Feet. 

23.1 

28. 6 

30. 8 

31.1 

41.6 

43.2 
43. 6 

47. 6 

47. 9 
47.6 

50. 6 

49. 6 

45.3 

43. 6 

43.6 

43.8 
42.0 

4o.8 
43.1 
42.1 

41.1 

1
1 

Latitude, 400 42' 30".8; longitude, 730 58' 1411.8. 

Area of section: Flood, 87,623 square feet; ebb, 83,4441 

1 
square feet. 

1 
:Mid-area, or distance, from the origin, of a vertical line 

: ~ hich divides the aectiQn into twC> equal areas= 1, 039 I 

;~ ' 

1 
:Mid-volume, or distance, from the origin, of a. vertical 

1 
line which divides the volume passing through the 8€C- I 

I tion into twe> equal parts=ftood, 919 feet; .ebb, 1,138 feet. : 

I 
I Latitude, 40° 42' 39".9; longitude, 730 58' 37".6. 

SECTION XIII. 

I 
20. 6 Latitudo, 400 43' 04' '.8 ; longitude1 730 581 02" .4. Section 
27.1 begins at pier1 Williamsburg. 
33. 6 
42. l 

53. l 

65.1 
69.1 

66.1 .AT'P.a of Rection: Flood, 83,697 square feet; ebb, 75,456 
:;4.1 square feet. 
38. 6 Mid-area, or distance, from the- origin, of a. ~ertical line 
34.1 I which divides the section into two equal areas= 768 feet. 
31. 6 

30.6 l:lid-volume, or distance, from the origin, of a. v~rtical 

31.1 I line which divides the v-olume passing through the sec-

27.6 tion into two equal parts=ftood, 689 feet; ebb, 718 feet. 

24.1 
23.6 

25. l 
25. l 

30.1 

20. 6 (ends at pier 66, New York. 
20.6 Latitude, 400 43' 13" .3 i longitude, 73" 58' 25''.9. Section 



 

THE l:TNITED STATES COAST SURVEY. 

Transverse curves of velocity, and perfoieters-Continue<l. 

SECTIOX XIV. 

~ Flood. Ebb. 

§ .• ~· ,..,~ • 
~ ~ ] ~ ~ -~ ~· ~ ;; ~ 
a·;;; ~,... «~ ~R ]·~ 
Ob( ~.;:. -(.'J ,.....,.... -~ 

i!:::t --- ~E__._ S'i :~-::; 
Remarks. 

i.5 .nj ~~~ "L~ ;n 
--~---· ~ c;: !_;_:_~---~--· .-~-~_:_"'_~_ -~-f_1_·_~_ --------------

100 

200 

300 

400 

500 

600 

700 

800 

900 

1, 000 
1, 100 

1, 200 

1, 300 

1,400 

1, 500 

I, 600 

1, 700 

1, 800 

1 900 

2,000 

2, 100 

2, 200 

2, 250 

0 
ltO 
200 
300 
400 
500 
600 
700 
800 
900 

1,000 
1, 100 
1, 200 
1,300 
l,400 
1,600 
1,600 
1, 700 
1,800 
1,000 
2,000 
2, 100 
2,200 
2,300 
2,400 
2,500 
2,000 
2,700 
2,800 
2,880 

INatd. mileBI F.et. :Nautmilesj 

I 

per hour. :. per hour. 
0.00 I 21.5 J.23 

o. 74 ' 30. 5 1. 58 

I 1.47· 34.o i.1s I 1. 93 42. o 1. 91 
2. 14 51. 0 2. 05 

2. 28 57. 0 2.17 

2. 31 58. 0 2. 26 

2. 30 
2.29 

2.29 

2. 25 

2. 21 

2.14 
2.02 

1.91 

1. 79 

1.66 
1. 59 

1.55 
]. 52 

1.49 

1.47 

1:43 

1.42 

0.00 
0.00 
0.08 
0.62 
1. 01 
1.33 
1. 43 
1. 50 
l. 53 
1. 57 
l. 58 
1. 58 
1. 59 
l. 58 
1. 57 
1. 54 
1. 50 

1. 42 
1. 32 
1. 20 
1.03 
0. 91 
0. 79 
o. 70 
0.61 
0. 53 
0.46 
0.39 
0. 29 
o. 23 

58. 0 

58. 0 

54. 0 

50. 0 

48. 0 

42. 0 
32. 0 

23. 0 

17. 5 

18. 0 

16. 5 

19. 5 

24.0 

25. 0 

25. 5 

25. 0 

18. 0 

36. 6 
50. l 
56.1 
53.1 
49. l 
58. 1 
62.1 
60.1 
,;s.1 
62. l 
61.1 
61.1 
60.6 
60. l 
59~ 1 
59.1 
"8.1 
57.6 
57.6 
57.6 
43.1 
32. l 

'29, 1 
27. 6 
27. 1 
27. l 
27.1 
21. l 
13.6 
13. l 

2. 34 
2. 38 

2. 39 

2.40 

2.41 

2.38 

2.25 

2.17 

1. 99 

1.84 

1. 72 

1. 69 

1.65 

1.62 

1. 59 

1. 59 

1. 52 

0.17 
o. 41 
0.1>9 

o. 70 
0. 79 

o. 86 
o. 97 
1.07 
1.17 
1. 25 
1.35 
1.43 
1.50 
1.5~ 

1.55 
l. 57 
l. 59 
1.60 
1. 61 
1.61 
1.62 
1.62 
1.64 
1. ()5 

1.51 
1.45 
1.35 
1.25 
l. lU 
l. Cl4 

Feet. 

19. 3 

28. 3 

31. 8 

39. 8 

48.8 

54.8 

55.8 
55. 8 
55.8 

51. 8 

47- B 
45. 8 

39. 8 

29. 8 

20.s 
15. 3 

16. 8 

14- 3 

17.3 

21. 8 

22.s 
23. 3 

22. 8 

15. 8 

LatitmlP, 40° 4-:l' 11 ".4; longirucle, 730 57' 54" .8. 

begins at hcatl of pie I\ 1'\'"illiamslmrg. 

Section 

Area. of section: Flood1 81,74.5squaref£>et,; ebb, 76,795 

! squarB feet .. 

Mid-an•a, or rliAt.anf'.e, from the origin, of a \ertical line 

which diYidef! the section into two equal areaH=8r.6 feet. i 

Mid-Yolume.1 or distanC-O, from ih<' ori~in, of a Ye-rtical 
line which '1ivides th£> volume }lassing through the section 

into two equal parts=fiood, 861 feet; ebb, 849 foet. 

I Section <inO.s at pier foot. of Ninth street, 
I Latitude, 400 43' 20'1.0; longihule, 730 58' 21 11.7. 
I 

SECTION XV. 

32. 8 
46.3 
52. 3 
4.9. 3 
ol5. 3 
54.3 
58. 3 
56. 3 
54. 3 
58. 3 
57. 8 
57. 3 
511. 8 
()6. 3 

55. 3 
55.3 
54.. 3 
53. 8 

53. 3 
53.3 
39. 3 
28. 3 
25.3 
23. 8 

23. 3 
23. 3 
23. 3 
17. 3 

9. s 
9. 3 

I Latitude, 400 43' 35" .4 ; longitude, 73° 57' 43" .6. Section ! 
I begins below Noble street, Williamsburg. 

Area of section: _Flood, 1371052 square foet.; ebh, 1261108 , 

squarf\ feet. 

Mid.area, or dist.anew, from thP 01·igin, of a -v-e,rtical li1w 
which divides the section into two equal areas=.l,1!13 feet. t 

Mid-volwne, or dist.ane<'-, from the oriJtin, of a Yl'I'tical j 

linP which diY-i<les th('I v-olume pa>ARing through tl1t> 84'('.tiou 

inro two equal pact<> =fioo<l, 1,222 feet; ebb, 1,399 feet. 

[Ntd&. foot.of FH'l,eenth Rh-e1•t, N••w Yol'J.i:. 

1Mtit11dtt, 4iP 4~~' :1~~ 11 .lJ; hmirit.mlt•, 7:-J0 58' 2C¥'.~. Sn·tiou i' 
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164 REPORT OF THE SUPERINTENDENT OF 

Trarisverse curves of vel-Ocity, and perimeters-Continued. 

SECTION XVI. 

\~ Flood. Ehb. 

I \ ~ 
bl) ~i 'E s :;...;, = "' s ! 
= " = ::: ~ ~ " ! 0 l ~ "" s " s "' s I ,.:i i " "·~ -a; = -~ s ~ ~3 " ... 1> .e " ... Remarks. 

~ ~-' -" 0 .: ~ ~ 
I 

~ s~ "! ~ ~ ~ 1 _: ~ "" ~ ~ :g 
= -~~~ ~ § .s :S § .s " ·~]~ ";!; g~i: i:..- .. 

~ !:-~ ~ -:+: i "' " ... A I =< I 
I I f NauL miles F•et. NauLmilesl Feet. i , pf!f' hour. pe'I' hoor. I I L1ttitude, 400 43' 57".6; longitude, 730 57' 46".6. I 0.85 17.2 o.~ U.2 Section 

100 I 1.74 19.2 0. 84 16. 2 begins at 1lulkhear1 Dye Rouse. • 

200 I 1.1\, 24. 7 o. 98 I 21. 7 I 
300 1.90 35. 7 1.09 I 32. 7 

400 1. 96 39. 2 1.19 
! 

36. 2 

500 2. 01 39. 7 1.26 36. 7 

000 2. 04 44. 7 1.32 41. 7 

700 2. 07 46. 2 1. 36 43. 2 

800 2. 07 43. 2 1.39 40. 2 

900 2. 07 41. 2 1.40 38.2 

1,000 2.02 40. 7 1.42 37. 7 

1, 100 1.94 44. 7 1.43 41. 7 

1, 200 1.83 48. 2 1.44 45. 2 

1,300 1.70 50. 7 1.48 47. 7 
.Area of section': Flood, 113,340 square foet; ebb, 103, 740 

1,400 l.llO 51.2 1.50 48. 2 
square feet. 

1,500 J.48 51. 2 1. 58 48. 2 :Mid.area, or distance, from the origin, of a ve:rtieal line 

1, 600 1. 46 44. 'j 1. 6!> n.1 which divides the seetion into two e,q uaJ aress = 1 , 411 foAt. 

1, 700 1. 27 4~. 2 L 75 39. 2 Micl-volmne, or distance, from the·origin1 of a vertical 
1, 800 1.16 39. 7 1. 81 36. 7 Jin{>. which divides the volume passing through the see.tion 
1, 900 1.05 35. 7 1. 84 32. 7 int.o two equal parts =fiQ(x]1 l, 135 feet; ebb, l,502 feet. 
2, uoo 0. 96 3"J. 2 1.86 30. 2 

2,100 0.96 3'.l. 7 1.85 29. 7 

2,200 0.96 32.2 1. 81 29 0 

2, 300 0. 96 32.2 1. 73 29. 2 

2,400 0. 94 32. 7 1. 59 29. 7 

2,500 o. 91 33. 2 1.45 30. 2 

2, 600 0. 89 30. 7 1.31 27. 7 

2 700 O.?J2 25. 7 1.19 22. 7 

2, ~00 0, 00 24. 7 1. 05 21c7 

2, 900 o. 00 24. 7 0.8G 21. 7 

3, 00() 0.00 19. 7 o. 63 16. 7 

:1, 100 0.110 13. 7 0.37 10. 7 [end• at pier foot. of Nineteenth street" Now York. 

3, 200 o. 00 13. 2 0. 00 10. 2 Latitude, 400 431 51''.6; longitude, 73° 58' 27'1.2. Soot Ion 

-- ----· 
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1, 000 

1, 100 

1, 200 

1, 300 

l, 400 

1, 500 

1, 600 

1, 700 

1, 800 

l, 900 

2, 000 

2, 100 

2, 200 

2, 300 

2, •oo 
2,5-00 
2,600 

2, 700 

2, 800 

2,900 

3,000 

3, 100 

3,200 

3, 300 

3, 400 

3, 500 

3,600 

3, 700 

3, 800 

3,900 

4,000 

4, 100 

4,200 

4,300 

4, 370 

THE UNITED STATES COAST SURVEY. 

Tmn45verse curves of velocity, and perimeters-Continued. 

Flood. 

Naut. miles 
per ho1ir. 

0. 00 

0. 00 

0. 00 

0. 00 

0. 00 

0. 02 

O.M 

0. 08 

0. 23 

0. 90 

1.19 

1. 31 

1. 40 

1. 50 

1. 52 

1. 52 

1. 50 

1.49 

1. 51 

1. 44 
1. 40 

1. 37 

1. 34 

1. 30 

1.26 

1.19 

1.17 

1.14 

1.12 

1.08 

1. 05 

1. 01 
0.97 

0. 92 

0. 87 

o. 81 

o. 72 
0.62 

0.54 

0. 44 

0.34 
0. 23 

0.12 

0.00 
0.00 

Feet. 

2. 8 

4. 8 
7. 8 

14. 8 

18. 8 

19. 8 

24. 8 
25. 8 

27. 8 

32. 8 

34. 3 

35. 3 

36. 8 
37. 8 

38. 8 

40. 2 

42. 3 
42. 8 
42. 8 

43. 8 

43. 8 
44. 8 
45. 8 

45. 8 
45. 8 

45. 8 

45. 8 

47. 8 
5-0. 3 
49. 8 
48. 8 

48. 3 

48. 3 
49. 8 

52.8 

"4.3 

5-0. 3 
43. 3 

38. 3 

37.8 
31. 3 

25. 3 

28.8 

28. 8 
28. 8 

Ehh. 

}{ aut. 'miles 
per hour. 

0. 00 

0. 00 
o. 00 

0. 00 

0. 03 

0.12 

o. 25 

0.46 

o. 71 
o. 91 

1. 02 

]. 06 

1.10 

1. 12 

1.13 

1.13 

1.13 

1.12 
1.1211. 

1.12 

1.11 

1.10 
1. 08 

1. 07 

1. 06 
1. 07 

J.10 

1.13 

1. 21 

1. 26 

1. 34 

1. 37 

1.48 
1. 55 

1. :\8 

1. 60 

1. 60 

1. 52 

1.10 

0.24 

0.00 
0.00 

0.00 

0.00 

0.00 

SECTION XVII. 

Feet. 

0.0 

2.0 

5.0 

12. 0 

16.0 

li.O 
22.0 

2:l.O 

25.0 

30.0 

31.5 

32. 5 

34. 0 

35.0 
36. 0 

37.5 
39. 5 

40.0 

40.0 

41.0 

41.0 
42.0 

43.0 

43.0 

43.0 

43.0 

43.0 

45.0 

47. 5 

47.0 

46.0 

45.a 
45. 5 

47.0 

50.0 

51.l> 

47.5 

40.5 

35. 5 
35.0 

28.5 

2'2. 5 

26.5 
26.0 
26.0 

Remark8. 

' Latitude, 40° 44' 06".0; lougihule, 73° 57' 38".5. 

begins at south aide N e""ion Creek. 

Section ' 

Area ofst:>ct.iou: Flootl, 163,106 squarP ft't"t; e1Jh1 150.870 
square feet. 

Mi{l-area1 or distance, fl'Olil the origin, of a vertical line ! 

I 
which dividPR the sectionint.otwo equalarcas=2,504ft•ct. : 

Yid-volume., or diatance, from t.he origin, of a vertical 
line whkh divides the "\""olume passing thr<m~h the section 

into two equal pa.rts=tlood, 21 259 feet; ebb, 2,-656 feet. 

[ends at Ilulkhf".ad above Twent:-·-niutb stroot. 

I Latitude, 400 44' 25".5; longitude, 73° 58' 29"-0. S.-ction 
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166 REPORT OF THE SUPERINTENDENT OF 

Transverse curves of velocity, and perimeters-Continued. 

"'" ;z ~ 
.£" 
t: s 
=~ 

Flood. 

§ ~ i 
~ ~] 

SECTION XVIII. 

Ebb. 

Remarks. 

~~~--,~~~~--~~~- -~~~~~~~~~~~~~~~~~~~~~~ 

I Naut. miles ! 'Jli,,..auL mUu 
1 

Feet. 
1 per hour. per hou,r. 
'0.00 28.1 0.23 25.5 

Feet. 

100 1. 06 28. 1 o. 61 25. 5 

200 1.14 27. 1 o. 80 24. 5 
300 1. 25 31. 1 o. 94 28. 5 

400 l.32 40.6 1.08 38.0 

500 1. 37 46. 6 1. 15 44. 0 

600 1. 43 44. 6 1. 20 42. 0 

700 1. 46 43. 1 1. 21 40. 5 

800 1. 5() 39. 1 1. 26 36. 5 
900 1. 55 35. G 1. 28 33. 0 

1, 000 1. 57 35. 1 1. 32 32. 5 
1,100 1.60 36.l 1.32 33.5 

! Latitn(le, 400 44' 29''.2; longitude, 730 57' 40".9. 

l>ei,'111• at pier below Tilirty.fourth street. 
Section 

l, 2-00 1. 64 36. l 1. 32 33. 5 Area of section: Flood, 117,642 square foet; cbli, 109,998 

l, 300 1. 67 36. 1 1. 35 33. 5 square feet. 

1, 400 I. 66 36.1 1. 42 33. 5 Mid.area, or distance1 from the origin, of a vertical line 
1, 5<l-O 1. 64 36. 6 1. 59 34. O which divides the section intotwneip1a.lareas=l,620feet. 

I, 600 1. 60 37.1 1. 86 34· 5 Mid·volume, or distance, from the origin, of a vertical i 
11 700 1. 58 37.1 2. OQ 34· 5 line which djvides the volume passing through the seotion 
1,800 1. 53 32. 5 2.30 30.o I intotwoequalparts=tlood,1,508feet; ebb,l,693foot. 
1, 900 1. 48 12. 6 2. 39 10. 0 
2, 000 1. 43 18. 6 2. 42 16. 0 

2, 100 1. 38 42. l 2. 31l 39. 5 i 
2. 200 i. 34 54. l 2. 36 51. 5 I 
2,300 1. S2 55.6 2. 22 53. 0 I 

~:: ~:: :.~ ~:= :: .1 

2,700 1.14 53.l 1.06 50.5 I I 
2, 800 0. 93 53.1 o. 65 50. 5 I I 
2,000 0.62 51.6 0.18 49.0. (cndsatpierfootofThirty-eightbstreet,NewYork. 

L_2,040._
1

1_~~~~~~~~-~~~~~~~~~~I~~~~~~~~~ 0. 46 50.1 0. 00 47. 5 
1 

Latitmle, 400 44' 42".5; longitude, 73" 58' 14".8. Section I 



 

THE UNCTED STATES COAST SURVEY. 

Transverse curi•es of i•efocity, a.nd perimeters-Continued. 

Flood. 

i !."'" QiUt. miles 
1 I perhour. 

I o. 48 
100 1. 24 

200 I. 39 

300 1. 41 
400 I. 41 
500 1. 41 

600 1. 41 

700 1. 40 

800 1. 39 

900 1. 38 

1, 000 1. 38 

l, 100 

l, 200 

1, 300 

1, 400 

1, 500 

1, 600 

1, 700 

l, 800 

1, 000 

2, 000 

2, 100 

2, ~00 

2, 300 
2, 400 

2,500 

2, 600 

2,630 

1. 38 

1.37 

1. 38 

1.40 

1.43 

l. 43 

1.45 

1.46 
1. 50 
]. 61 

1. 85 

2. 02 
2.12 

2.H 

2.10 

2.00 

1. !IQ 

Feet. 

7. 0 

22. 0 

29. 0 

31. 0 

33. 0 

35. 0 

36. 0 

38.0 
38. 5 

39. 5 

41. 5 

-42,5 

31. 0 

25. 0 

16. 0 

11. 0 

26. 5 

38. 0 

38. 0 

41. 0 

49. 0 

56. 0 
60. 0 

65. 0 

6.'\. 0 

54. 0 

30. 0 

28. 0 

SECTION XIX 

Ebb. 

1 .J.Yaut.uii"les 
per_ hour. 

0.64 

0.95 

1.22 

Feet. 

4. 6 
I . 19. 6 
I 

26.6 

1.37 28.6 

1.52 30. 6 

1.65 32.6 

1.68 33.6 

1. 68 35. 6 

1.67 36.l 

1. 58 37.1 
1.33 39.l 
1.04 

o. 80 

o. 84 

1. 04 

1. 30 

1. 76 

2. 03 

2.26 

2. 41 

2.45 
2.44 
2. 35 

2.12 

1. 80 

1. 4.~ 

1. 10 

0. 99 

40. l 

28 6 

22. 6 

13. 6 

8.6 

24. l 

35. 6 

35. 6 

39.6 

46.6 

53. 6 

57. 6 

6'2.fi 

62. 6 
51. 6 

27. 6 

25. 6 

---------· 

Remarks. 

Latitude1 400 44/ 51".5i longitude, TJO 57' 2G11 .2. Section 

begins at. shore line, Hunter'8 Point. 

I 

Arf'a of sec,tion: Flood, 981920 square feet; ebb, 92,608 : 

square feet. 

Mid-area. or di.E!tance 1 from the origin1 of a Tertical lint>-. 

which divides the RPction into two equal areas= 1, 660 flje-t. 

Mid-volumf', or dist.aneP, from tht> ori¢nT of a vertical 
lino which divides the vo1um*" pa.sijing through th-e section 

. into two e<1ual parts=fiood, l,862 feet.; ebu, 1,800 fMt. 

(ends at Bulkhead, foot Fo11:y-f'ighth stre~t. 

i Latitutle, 400 45' 04".2; longitude, 73° 571 56".2. Section 

-··---------! 
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168 REPORT OF THE SUPERINTENDENT OF 

Transverse curves oj velocity, and perimeters-Continued. 

SECTION XX. 

EASTERLY CHA.."fNEL, BLACKWELL'S ISLAND. 

···-;:.,-.,-··· ----Fl-oo-tl-. -----·----E-b-b-.----1

1

.----------------------, 

i 
~ ~~ ~s ~e~~ ~§ 1· ~-d _, ]_§ ~"" -g_§ 
§~ ~,£ $~ ~E .S~ 
.;:~ ~-= =~~ "d :~~I c; S~. ~o ...... s~ ~o ..... 
§ S.;'2 ;~] ~~j ;~] 
:; ~!~ g.~~ ~ ""~ e'"a~ 

"' :::i ::=. -~ :::i ' 
:::i . .'----1----1-----1· 

j Naut miles. Feet. I Naut. miles Feet. 

Remarks . 

100 

200 

300 

400 
5(10 

600 
700 

800 

900 

i p~.k9~ir. I I per hour. a. 
2 ::;4 I ~·~ ~:: I Latitude, 4004.5'03".0; longitude, 73057'34".5. 

39.8 1.57 39.9 I 
36. 7 1. 75 36. 8 Area of •ection: Flood, 33,225 sc1uare feet; eub, 33,358 

32.7 1.95 32.8 

I 

square fOOt. 

32, 7 

29. 8 

28. 7 

25. 8 

19. 8 
19. 7 

9. 8 

2. 07 32. 8 Mid-.arca, or <listance, from the origin, of a. vertical line 
2. 17 29. 9 which divides the section into two equal areas = 556 feet. 
2· 26 28· 8 

ii Mid-volnnu:i, or distanc(>:, from thA origin, of a vertical 
2. 34 25. 9 line whiclulivicles the volume passing through the section 
2. 26 19• 9 into two oqual parts =tlood, 5-01 foet; ebb, 629 feet. 
2.01 19.s I 
1.57 9.9 I 
0.68 2.3 

1, 000 

1, 100 

1, 200 

1,300 

1,334 

2.09 

2.19 

2.22 

2. 22 

2.19 

2. 07 

1. 95 

1. 81 

1. 61 
1.42 
1. 2!) 

1.13 

0.30 

0.10 

2. 2 

2. 2 0. 34 2. 3 i Latitude, 400 44' 55''.8; longitude, 730 57' 2.::. ___ J 

100 

200 

noo 
400 

rioo 

000 

700 

800 

900 

1,000 

1, 100 

1,200 
1, 2:.-16 

Flood. 

, Naut. miliur 
per hour. 

1. 20 

1. 84 

2. 08 

2.00 

1.92 

1.84 

LOO 
2.10 

2. 44 

2. 72 

3. 04 

3. 30 

3.10 
2.M 

Feet. 

7. 0 

2'2. 0 

3!J. 0 
49. 0 

61. 9 

49. 0 
411. 0 

43. 9 

46. 0 

42. s 
42. 8 

3;;,4 

21. 0 

13. 0 

SECTION XX. 

WESTERLY CHANNEL, BLACKWELL'S ISLAND. 

Ebb. 

Nant.miles: 
per hour. i 

0.19 11,1, 0.68 

1. 00 

1. 70 

2.53 

3.18 

3.40 

3.33 

3.07 

2. 74., 

2.33 

1.86 
1. 21 
0.84 

Feet. 

5.9 
20.9 

37. 9 

47. 9 

60. 8 

47.9 

38. 9 

42.8 
44.9 
41. 7 

41. 7 

33.9 

19. 9 

11.9 

l 
Remarks. 

I La-titude, 40° 45' 11".4; longitude, 730 571 51" .. 5 

I .Area of section: f!1ood, 491241 squaro fpet; ebb, 47,882 
sqnare feet. 

Mitl~are.a., or distance, frum the origin, of a vertical line 

which dhidea the section into two equal areaa=629 feet. I' 

1 Mid-volume, or distance, from the origin, of a vertical 
line which <livitles the v-olnme passing through the section i 

into two r.qnal parts=tlood, 715 feet; ebb, 649 foot. ' 

Latitude, 400 4-51 0411• 7 i longitude, 730 57' 38".0. 



 

THE UNITED ST.A.TES COAST SURVEY. 

Transverse curves of velocity, and perimeters-Continued. 

Flood. 

Naut.miles! 
per hour. 

0 1. 02 
100 ]. 84 

200 2. 55 

300 3. 0.) 

400 3. 54 

5-00 3. 70 

600 3. 54 

700 3. 23 

800 2. 72 

900 2. 21 

l, 000 1. 44 

1, 026 1. 02 

~ Flood. 

~ ~~ 
tzi _g ~ 1· 

~ ~ " 
~Q ~.a I 

i~ ~t~ ,1 

w ·K1'.§ 
~ :;\ ~+l 

-----1------1 

0 
100 

200 
300 

400 

500 

600 

700 

800 

900 

1, 000 

l, 100 

1, 115 

Naut. miles II 

per hour. 
1. 51 ! 
2.25 I 
2.71 
2.97 

R15 
3.15 

3.11 
2.92 
2.69 

2.34 
l.89 

1.44 

1.08 

Feet. 

8. 3 

31.4 

31. 6 

34. ~ 

27. 4 

22.4 

20.4 

20. 3 

16.4 

15. 3 

4. 3 

2. 6 

46.0 

60. 0 
56. 9 

56.9 
38.1 
38.1 

23. 0 

23. 0 

5.1 

2. 9 

SECTION XXI. 

EASTERLY. CHANNEL, BLACKWELL'S ISLA.l\"'D, 

Ebb. 

Remarks. 

---- l~--~-------------------------1 

lilaut. mi.Us 
per hour. 

0. 57 

2. 37 

2.86 

R 15 

3.40 

3.36 

3.15 

2. BC 

2.55 
2.10 

0. 97 

0. 52 

FPet. 

8. 2 

31. 3 

31. 5 

34.2 

27. 3 

2~. 3 

20. 3 

20. 2 

16. 3 

15. 2 

4. 2 

2. 5 

! Latitude1 400 45' 1711.5; longitude 73° 57' 1811.8. 
I 

Area of section: Flood, 22,667 square feet; ebb 1 22,565 

1:1quan:- fret 

):li4l-ar•~a. or di~tance-1 from the origin, of a ve,rtical Jin0 

whid1 dividt':s the l:'lf"Ction into t'W'o equal areas..:......390 fret. 

)ilid--volurue. or clista.nc<', from the ori~in, of a vertical 

lim· whfoh diYides the T"olume passing-tl_iro11g-h the aection 

i into two equal parts=:flo()(1 1 435 feet; cUb, 401 foet. 

: Latitude, 400 45' 11' 1.9; longitude, 73c G71 0711.5. 

SECTION XXI. 

WESTERLY CHANNEL, BLACKWELL'S ISI,AND. 

4. 00 

3.71 

3. 62 

3. 32 

2.9-l 

2. 51 

1. 95 

1. 43 

0. 87 

0. 65 

Ebb. 

45.2 

58.3 
56. l 

56.1 

37.3 
37. 3 

22.2 
21.3 

4.3 
2.1 

Remarke. 

.A.rea <>f s•ction: Flood, 39,600 square foet; ebb, 38, 708 

square feet. 

Mid-area: or distancC', from thfl ori¢n1 of a Y"f"rtical line 
which divides the sPction int-0 two equal areas=520 feet. 

'1 Mid.volume1 or distance. from the ori~. of a vertical ; 

, line which divideR the vulnmt"' passing through the section 

I 

into two equal parts= flood, 5-09 feet; ebb, 490 foot. 

. Latitude, 400 45' 19".9; longitude 1 73° 571 23 1'.8. 

S. Ex. 37-22 
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REPORT OF TH.E SUPERINTENDENT OF 

Transverse curves of velocity, and perimeters-Continued. 

SECTION XXII. 

EASTERLY CHANNEL, BLACKWELL'S ISLAND. 

---- --- -- ----· 

I 
i 

Flood. Ebb. 

I 
~~ "" a !>, = 'E a 

~ 0 ~ ~ " " o E ~ .§ .$ s '§ -~ 1 .s 5 ~ ~ .s Remarks. 

I 
~" 

i:l al 
~ s .-: 

E rg "' s-'-+' "-< I>. 
E~~ ~ ~ :0 "" I "" -~ ,g ~ il =,..:. "' = 0 -~ "E ~ "' = 0 I ~~~ -"~ "'~ '-' ~ b :0 I ""' P- ~ ~~ '-' A P-

A A I 
'1 I ) i Naut. miles J Feet. Naut.milea Feet. 

I Latitude, 400 45' 32".0; longitude, no 57' 04".9. 
i per hour. per hour. 

I 
I 
I 
! 
I 
I 
i 
I 
I 
I 

1.40 6.4 1. 36 5. 5 

2.62 20.4 2. 32 19. 5 
3_ 08 43.4 3.10 42.5 I Area of •ection: Flood, 21,665 square feet; ebb, 20,8"54 

3.29 

I 

38.4 3. 49 37. 5 squaro feet. 
I 

3_ 36 33.4 3.88 32. 5 I Mid-arca1 or distanc.e., from the origin, of a vertical line 
3. 29 28-4 4. 03 27.5 

1 
which divides the section into two equal areas=360 feet. 

I 
3. 01 17.4 3. 49 16. 5 

I Mid-Yo1ume, or distance, from the origin, of a vertical 
2. 69 

I 
15.4 2. 71 14. G U.e which divides the volume passing through the section 

2.17 12.4 1. 36 11.5 into two equalparts=fiood, 361 feet; ebb, 375 feet. 
1. 26 8-4 o_ 19 7.5 

1. 26 I 7.8 o. 00 6. 9 
1 

La.titude, 400 45' 27''.5; longitude, 73° 56' 54".9. 
I 

SECTION XXII. 

WESTERLY CHANNEL, BLACKWELL'S ISLAND. 

Flood. Ebb . 

.e-~ ~s ~~ /I rga 
·s~ ~s El~ ... ~ 
.£ S = - ~ ~~ ~.,;:i ·o 
~.s .!':~ ;~ ~d. 
s~ ~!~ al ..-~~ 
OQ -g~ 8- ~~~ 
.§"5~ ~f;.£ .§~~ .=s=c 
~E!:a ~"A~ Et!.:::: i-a1 
:-1- A .., I A 

Remarks. 

~~~-1-~~~-1-~~~-'1~~~-----~-~~~~-------~~-1 
Ncrut. miles Fut. Naut. miles Feet. 
per hoUf". per hour. 

2. 05 22. 4 0.-84 2Z. 0 
2. 75 45. 5 2. 10 45. 1 

2. 96 65. 4 3_ 06 6.5_ 0 

2.84 70. 5 s. 69 70.1 

2.84 57.5 3.78 57.1 

2.97 52-5 3.43 57.1 

2. 90 3a.4 2. 59 33. 0 

2. 80 30.4 1. 76 30. 0 
2. 28 28. 4 1. 18 28. 0 
L36 15.5 0.53 15.1 

1.29 2.4 0.59 2.0 

Latitude, 400 45' 39''.3; longitude, 73° 57' 20".8. 

Area of section: Flood, 40,794 square feet; ebb, 40,432 
square feet. 

Mid-a.rea, or distance from the origin, of a vertical line 
which divides the section int.o two eqnal areas=370 feet. 

Mid-volume, or distance, from the origin, of a vertical 
line which divides the volume passing through the section 
int.o two equal parts=fiood, 364 feet; ebb, 363 foot. 

L,.titude, 4-0° 45' 34".8; longitnde, iso 57' 10".8-
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THE UNITED STATES COAST SURVEY. 

Transverse ourves of velocity, and perimeters-Continued. 

Flood. 

INaut.mius 
' perhour. I 

2. 20 I 

3.30 I· 3. 74 

3. 85 

3. 85 

3. 25 

3. 61 
3. 22 
2. 42 
1. 65 

Naut.miles 
pirhott.r. 

Feet. 

7. 3 

12. 3 

22.2 
33. 3 

31.2 
19.3 

22.3 
25. 2 

8. 3 

6. 3 

Feet. 

SECTION XXIII. 

EASTERLY CHANNEL, BLACKWELL'S ISLAND. 

, Naut. milec 
I per hour. 
I 

! 
1. 32 
2. 42 

! 3. 19 
3. 57 

3. 74 

3. 33 

2. 64 

1. 78 

0. 88 

0. 33 

Feet. 

6.9 
11.9 

21. 8 
32. 9 

30.8 
18. 9 

23.9 

24.8 

7.9 

5.9 

Remarks. 

i Latitude, 4-0° 451 (811 .1; longitude, 73r 561 51'' .3. 

I .Area uf section: Fluutl, 17,856 square feet; ebb, 17,520 
i square- feet. 

! Mid-areaT or dist..'tnce, from the ori¢n1 of a -vertical line 
· which divides the section int-0 two equal areas=400 feet. 

M:itl-volume, or distance, from the origin, of a vertical 
lino which divideti the101umo passing through t.he section 

! into two equal parts=fiood, 391 feet; ellh, 382 feet. 

I Latitude, 40° 45• 43" .S ; longitude, 73c 56' 42". 2. 

SECTION XX.III. 

WESTERLY CHANNEL, BLACKWELrJS ISLAND. 

Feet. 

0 2. 64 8. 8 

54.8 

52. 8 

52. 2 

49.8 

43.8 

35.8 
16.8 

13.8 

Naut.miles 
per hour. 

1.96 8. 7 

54. 7 

52.7 
52.1 

49. 7 
43.7 

35.7 
16.7 

13. 7 

Latitude, 46° 45' 54".9; longitude, 7:1° 57' 06".7. 
100 

200 

300 

400 

600 

600 

700 
800 
812 

3. 32 

3. 58 

3. 68 

3. 76 
3. 57 

s. 24 
2. 80 
2. 08 
1. 84 7. 2 

3. 01 

3.50 
3. 72 

3.72 
3. 64 

S.46 
3.22 

2.52 
2.45 7.1 

.Area of Bootion: Flood, 31,846 square feet; ebb, 31,765 
I square feet 
i ?did~area, or distanc-e, from the origin, of a vertic.a.l liue j 

I which divides the section into two equal a.reas=340 feet. / 

j Mid·volnme, or distance, from the origin, of a vertical i 
, lincwhichdivides thevolumcp""sing throul'(h thesootion 

1

. 

\ into two equal parts=ftood, 338 feet; ebh, 351 feet. 

I Latitude, 4-00 451 5011.5; longitude, 730 561 5711 .6. . 
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172 REPORT OF THE SUPERINTENDEJ:.i'T OF 

Transverse curves of velocity, and perimeters-Continued. 

SECTION XXIV. 

EASTERLY CIIANNEL1 BLACKWELL'S ISLAND. 

Flood. Ebb. 

Romar ks. 

I 
I 

----'----'----···!---- ----- -~----- --···- ---~-

oi'J 
0 
~ 

~ 
t2i 

100 

200 

300 

400 

6()() 

681 

.; s ... 
0 _g 
~., 

8 

~ 
i5i 

100 

200 

aoo 
400 

500 

600 

700 

800 

900 

912 

]{aut. miles! 
' per hour. 1

1

, 

0. 64 

2. 05 I 
3. 81 

ii.12 

4. 61 

3.11 

2.24 

0.96 

Feet. 

17. l 

35. 4 

35. 3 

35. 3 

34. 3 

22. 3 

8.1 

5.4 

INaut.miW. 1 

1 

perhour. 
i 0. 71 
I I 2. oo 

4.15 

4. 78 

4. 50 

3. 76 

2. 33 

0. 97 

Feet. 

16.2 

34. 5 

34. 4 

34.4 

33.4 

21.4 

7. 2 

4.5 

: Latitude, 40') 46' 0211.0;; longitudet 73° 56' 3811.0. 

Area of section: Flood, 18,063 square feet; ebb, 17,450 I' 

square feet. · 

Mid-area, or distance, from tLe origin, of a vertical line 

: which di>ides the section into two equal areas=280 feet. I 
, Mid-voluuie, or distauce, from the origin, of a Yerlical I 
: bne wluch drndes the volume pa-ssmg through tho section 

i into two equal parts=ftood, 313 feet; ebb, 303 feet. 

I Latitude 400 45' 58" 8 · longitude 730 56' 30" 3 ' , . . , . . I 

SECTION XXIV. 

WESTERLY CHANNEL, BLACKWELL'S ISLAND. 

Flood. Ebb. I 
... " "" s £~ "" - I ~ ~ ti" ... " "" ..s s ] -~ ~ s "' ~ 

I 

". 
" 0 " Remarks. • ! " .... ~ ;g ".s -" 
Sil "...:. s '"g 

., s ...:. 

""' ~~B § g -=-
~ tz ~· 

s "...:. "" ,.d ~ g -""'"' .;; ~ .s ·~ rg ~ I 

"'"""' A- o;, ~ !!. :0 i.Z. ~ I ~ b~ o A,_ 
A A I 

! I 

I Nat4t. milts l{ aut milea 
! 

Feet. Feet. 

I Latitude, 400 46' 08" .7; longitude, 730 56' 54".9. 
I ptTh()U'r. per hour. 
I 2.a1 23. 2 1. 20 23.1 

3.09 38. 2 2. 70 38.1 

3. 59 44.2 3. 50 44.1 
Area of section: Flood, 38,401 square feet; ebb, 88,310 

3.91 62. 2 4. 00 62.1 square feet. 
3. 91 57. 7 4. 30 57.6 Mid-area, or distance, from the origin, of a vertical line 
3. 52 56.2 3. 78 56.1 I which dh1des the section into tw-0 equal area.s=410 feet. 

2. 50 38.2 2. 30 38.l I Mid-volume. or distance, from the orig.in, of a vertical 

1. 33 38. 2 0. 90 38.1 I line which divides the volume passing through the section 

0.43 33. 2 0.40 
into two equal parts=ftood, 367 feet; ebb, 366 feet. 

33.1 

0.05 7.2 0.18 7.1 

0.00 cu 0.10 6.3 Latitude, 41)<> 46' 02".6; longitude, 730 56' 4611.3. 



 

THE UNITED STATES COAST SURVEY. 

Transverse eurves of vewcity, and perimeters-Continued. 

SECTION XXV. 

WESTERLY CHA...'INEL, BLACKWELL'S ISLAND • 

.!" Flood. 
~ 

Ebb. 

,. 
~~ 

I 

"" @ " ! '" 12<.,; "' 
'3 ... ~ ~ ] ·~ 
~~ ~ - -" a 'l5 " E...:. ... ...., ;., 

" = " " 0 -" s = "'- ;~] ~ .... 'i ~ 
"' ~ .:: :z .. - "' ~ ~ > 
iS A 

~ ~ 11_ ] ~ 
~ s ] .e 
!; I' =~~ 
.§ ~-. ~ ,1 E ~ :c· 
~ -o ~E.Z 

Remarks. 

3 E~ "'~;.. 1· , 

"" I A f 
1-~~~-1~~~~-1-~~~~-~~~~-1~~~~,~~~~~~~~~~~~~~~~~~~~~~i 

Naut. miles i Feet. I I Naut.milesl 
per hour. 

0 1.51 

100 3.81 

i 200 4.03 

300 4.45 ! 
400 4. 26 

500 3.92 

600 3.39 

700 2.38 

800 1.17 

804 0.95 

Feet. 

7.8 

16. 8 

52. 8 

61. 8 

58. 8 

42. 8 

44.8 

26.8 
7.8 
4. 8 

perhoU'r. I 
2. 01 I 7. 9 i Latitude, 40° 461 20 11 .9; longitude, 730 5t31 42".0. 
3· 12 

1

1 
16· 9 I Arna of section: Flood, 31.256 sqna.rt> fprt; ebb. 31,336 j 

3.48 52.9 f, t. I 
I .

1 

squarc ee i 
3
• 

74 
I 

6
5
1
8

·. 
9
9 

Mill-a.rea, or distance, from thr origin, of a T"<•rtical line ; 
a~ ' I 

l,I 42. 9 \I which diTidcs thP. section info t.wo p.qual arca8;:.._380 feet. 1/ 4.00 

3.99 

3.43 

2. 62 

2.49 

«. 9 Mid-,~01nmc, or distance, from the origin, of a vertfoal I 

' Iino which dh·jdes thcvo-lunlf' passing throug:b the section I i 26. 9 
I 7. 9 into two equal parts= flood, 363 feet; eUlJ., 392 feet. 

i 4. 9 I Latitude, 40° 46' 16''.5; longitude, 730 56' 33".3. 
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174 REPORT OF THE SUPERINTENDENT OF 

Trans1'erse curves of velocity, and perimeters-Continued. 

SECTION XXVI. 

Flood. Ebb. 

Remarks. 

----------- -------------- ·-----------------------

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

I, 000 

1, 100 

1, 200 

1, 300 

1, 400 

l, 500 

l, 600 

1, 700 

1, 800 

!, 000 

2, 000 

2, 100 
21 20() 

2, 300 

2, 400 
2! 500 

21 600 

2, 700 
2, 800 
2, 900 

3, 000 

3, 100 
3, 200 

3, 300 
3, 400 

3, 500 
3, 600 

3, 700 

3,800 
3, 90-0 

4,000 

Naut.milu 
i verJwur. 

1. 27 
]. 28 

1. 29 

1. 30 

1. 30 

1. 30 

1. 2!J 

1. 20 

1.29 

1. 28 

l. 28 

1. 28 

1. 27 

I. 27 

1. 26 
1. 26 

1. 25 

1. 24 
1. 24 

L 22 

1. 21 

1, 20 

1. 19 

1.17 

1.14 
1.12 
1.10 

1. 07 
1. 04 

l. 02 

0. 99 

0. 96 
o. 93 

0. 90 

0. 86 
0. 82 

0. 78 

0. 74 
0. 70 
0. 65 

0. 61 

Feet. 

45. 0 
49. 0 
53.0 
55. 2 

fij. 5 

57. 8 
58. 2 
56. 6 

55. 0 

53.0 

5LO 

49.5 

48. 0 
47.0 

46. 2 
45.S 

45. 5 

44.4 
43.4 
42. 5 

41. 7 

40. 7 

39. 7 

39. 3 

39. 0 

37. 9 
36. 8 

85. 6 

34.5 

34.1 

33.8 
32. 6 

31. 4 
30. 4 

29.5 
29. 0 
28. 6 

25. 8 
23. 0 

23. 0 

23. 0 

Naut.miles 
per hour. 

2.15 

2. 23 

2. 25 

2. 25 

2. 25 

2. 25 

2. 25 

2. 25 

2. 25 

2. 24 

2. 24 

2. 23 

2. 23 
2. 23 

2. 22 

2. 22 
2. 21 

2. 21 

2. 20 
2. 20 

2.19 
2.18 

2.17 

2.17 

2.16 

2.14 

2.13 

2.12 
2.12 
2. 09 

2. 08 
2.07 
2. 06 

2. 05 

2. 03 
2. 02 
2. 01 

2. 00 
1. 98 
1. 97 

1.95 

Feet. 

41. 3 

45. 3 

49. 3 

51. 5 

53. s 
54.1 

54. 5 

52. 9 

51. 3 

10.3 
47. 3 

4;;, 8 

4!. 3 
43. 3 

42. 5 
42.1 
41.8 

40. 7 

30. 7 

38. 8 

3d. 0 
37. 0 

36. 0 

35.6 

35. 3 

34.2 
33. l 

31.9 
30.8 
30.4 

30. l 

28. 9 
27. 7 

26. 7 
25.8 
25.3 

24.9 

22.1 
19.3 

19.3 

19.3 

[ 
Latitude, 400 42' 17".4; longitude, 740 01' 1011 .8. 

ning of section at e111l of pier 1, New York. 
Begin- i 

Area of section: Flood, 165,900 square feet; ebb, 151,100 
' square feet. 
I 
I Mid.area, or distance, from the origin, of a. vertical lino 
! which divides the section into two cq ual areas= 11 570 feet. 

t Jrfitl-volume, or distance, from the origin, of a. vertical I 
i linewhichdivldc~ tlle volume passing through the section I 
into two oqnal parts=ftood, 11434 feet from pier 1, Now 

· York side i ebb, 1,518 feet from pier I, New York side. 

(sootion at Commnnipaw Ferry slip. 
: Latitude, 400 42' 20".4; longltnde, 74° 02' 02''.4. End of 

I 



 

THE UNITED STATES COAST SURVEY. 

Transverse curves of ve"locity, a:nd perirneters-Continued. 

SECTION XXVII. 

Floot!. 

J.Vaut. '1n·ile8; 
per hour. 

Feet. 

0 o.ou 9.1 

100 o. 00 8. 6 

200 0. 05 s. 3 

300 o. ~1 8. 6 

400 0. 34 10. I 

500 0. 47 15. 1 

600 0. 60 20. 6 

700 0. 70 2~. 6 

800 o. 80 24. 8 

900 o. 89 ~5. 6 

1, 000 o. 94 20. 6 

1, 100 1. 05 ~9. 6 

1, 200 I. IO 31. 1 

1, 300 I. 14 3~. 6 

1, 400 1.17 33. 6 

1, 500 1. 21 33. 6 

1, 600 1. 25 34. 1 
1, 700 1. <,!1 35. 3 

l, 800 1. 28 36. 1 

1, 000 1. 28 36. 6 

2, 000 1. 29 35. 1 

2, 100 1. 30 35. 6 
2. 200 1. 30 36. 1 

2, 300 1. 30 36. 6 

2, 400 I. 30 37. 1 

2, 500 1. 30 39. 1 
2, 600 1. 30 40. 6 

2, 700 1. 30 41. 6 

2, 800 1. 30 42. 1 

2, 900 1. 29 43. 1 

3, 000 I. 29 45. 1 

3, JOO I. 29 46. 6 

3, 200 I. 29 45. 1 

3, 300 1. 28 48. 1 

3, 400 1. 28 48. 6 

3, 500 I. 27 52. 1 

3, 600 I. 20 52. 1 

3, 700 1. 25 54. 1 

3, 800 l. 23 55. 1 

3, 900 l. 22 56. 1 
4, 000 I. 21 59. 6 

Ebb. 

l\~au.t. miles 
prr lwu.r. 

0. 00 

0. 00 

0. 00 

o. 20 

o. 55 

0. 90 

1. 30 

l. 73 
2. 07 

2. 35 

2.48 

2.48 

2. 47 

2.47 

2.45 
2.45 

2.43 

2.47 

2.47 

2. 47 

2. 47 

2.48 

~.49 

2.49 
2.48 

2. 47 

2. 47 

2. 45 

2.37 

2.3G 

2.35 

2.30 

2.26 
2.17 

2.13 

2. 08 

2. 03 

1.99 

1. 95 
l. 91 
1.85 

Feet. 

5.1 

4. 6 

4. 3 

4.6 

6.1 

11.1 
16. G 

19. 6 

20. 8 

21. 6 

25. 6 

2G. G 

27.1 

28. 6 

29. 6 

29. G 

30.1 
31. 3 

32.1 

32. 6 

32. l 

31. 6 
3~. l 

32. 6 

33. l 

3f>.1 
36. 6 

37. 6 

38.1 
39.1 

41.1 

42. 6 

41.1 

44.1 

44. 6 

48.1 

48. l 

50.1 

51.1 
52. l 
55. 6 

4, 100 l. 18 63. 1 1. 77 59. 1 

Remarks. 

Ln.titud<', 400 42' 3511 .21 lon.::!itn<lf', 74::-i 02' Or> 11 .6. lkgin

niHg of section at mouth of cmial at Communipaw. 

Are& of section: Flood, 180,990 square feet; ebb, 162,190 , 
square fef't. 

Mid-area, or <lfatnnc.f', from tlH" origfo, of a >(·rtkal liue 
whfr h dh·frjp~ tlie ~ectinn into h,7 0 equal m·t.•as- :i. O!lO fr•<>t. 

J\Iid--wilnmCi, or distnrtcc, from tlw orfain. of n V("rti<'al '. 

i line whirl1 diYiileri thPV()lnnw pr.-.:;; in~ t.h~ongh tlw section 
1 

into two equal part8=tlood, 2,980 feet; ebb, 2,700 feet. 

4, 200 1. 12 67. 6 ]. 67 63. 6 I 
4, 300 1. 01 63.1 1. 53 59. 1 I 
4, 400 o. 80 60. 6 1. 39 56. 6 I 
4, 600 0. 44 56. 6 l.13 52. 6 
4, 000 O. 00 46. 8 l. 00 42. 8 [section at head of pier No. 6. New Tork .. 

4, 700 0. 00 39.1 O. 48 ~ 1 Latitnde, 40° 42' 28".0; longitude, 74° 01' 05".8. End of I 
l~~~'--~--l~~--'~~--'-~~--'-~~~~~~~--~~~~~-1 
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2, 500 

2, 600 

2, 700 
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4, 000 
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REPORT OF THE SUPERINTENDENT OF 

Transverse curves of velocity, and perimeters-Continued. 

Flood. 

; Naut. miles 
per hour. 

0. 42 

0. 57 

0.68 

o. 77 

0. 83 

0. 90 

o. 96 

1.02 
1.07 
l. 09 

1.13 
1. 15 

1.18 
1.20 

1.21 
1.22 

1.24 
1.25 
1.25 
1. 27 

l.29 

I. 29 

!. Hl 

1. 31 

1. 32 

1.33 

1. 34 

1.34 

1.36 

1. 37 
1.38 

1. 37 

1.32 
1.28 

1.24 
1.17 

1.09 
1.01 

0.92 
0.79 
0. 65 

0.54 
0.36 

Feet. 

20.1 

24. 6 

28. l 

30. 6 

31.1 

32. l 

33. B 

34. l 

35. 6 
35. 1 

35.1 

36. 6 

37. l 

38. l 

37. 6 

38. l 

38. l 
37. 6 

38. 6 

37. 6 

38. 6 
39. 3 

40. 6 

43.1 

42. 6 

44. 6 

44. 6 

47. l 
48. 6 

ti2. l 

53. l 

fi5. l 

59. l 

60. l 

60. l 

60. l 

59. 6 

57. l 

53. l 

49.6 
41. 6 

37. l 
26. l 

SECTION XX VIII. 

Ebb. 

I 

Re111arks. 

1-----1-----

: N aut. miles J 

i per hour. 
' 0. 00 

o. 53 

l. 22 

1. 51 
1. 94 

2. 06 
2. 09 

2.10 

2.10 
2. 15 

2.16 

2. J9 

2. 21 

2. 25 

2. 28 
2. 29 

2. 31 
2. 32 

2. 35 

2. 36 

2. 36 

2. 36 
2. 33 

2. 32 

2. 29 

2. 26 

2. 22 
2.19 
2.17 

2.15 

2.14 
2.12 

2.11 
2.10 

2. 09 

2. 04 

1. 96 

1. 85 

l. 71 
1.54 

1. 41 
1. 22 

o. 99 

Feet. 

16.1 

20. 6 

24.1 

26.6 

27.1 

28.1 

29. 8 

30.1 

31. 6 

31.1 

31.1 

32.6 

33.1 

34.1 

33. 6 

34.1 

34.1 

33. 6 

34. 6 

33.6 

34. 6 

35. 3 

36. 6 

39.1 

38. 6 

40. 6 

40. 6 

43.1 

44.6 
48.1 

49. l 
51. l 

55.1 
56.1 

56.l 
56.1 

55.6 
53.1 
49.l 
45.6 
37.6 

33.1 

22.1 

Latitude, 4-0° 431 0711 .6; longitude, 740- 01' 50".3. Begin· 
ning of section at Dodge, Meigs & Dodge wharf. 

Area of oection: Flood, 176,960 •quare feet; ebb, 160,160 
square feet. 

Mid-area, or <lista.nce1 from the origin, of a vertical line 
which Uivides the section int.o two equal areas== 2,510 
feet. 

ltlill-volnme, or distanc-t\ from the origin, of a vertical 
line which dividcR ·the volume passing; throu~b the sec~ 
tion into two equal parts=flood, 2,521 feet; ebb, 2,457 
feet. 

[section at head of pier 33, Now York. 
I Latitude, 40° 43' 04".8; longitude, 740 00' 56".2. End of 
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THE UNITED S'rATES COAST SURVEY. 

Transverse curves of velocity, and perinieterR-Continuecl. 

SECTION XXIX. 

Flood. Ebb. 

Remarks. 

iNautmile8 
1 per hour. 

~--- --,---------1'----------------------1 

I Nant. miles Feet. I I 
I o. 22 

0.39 

0.44 

0 . .54 

0.63 

0. 71 

0. 75 

0.83 
0. 89 

0. 92 

]. 00 

]. 03 

L07 

1.08 

1.12 

1.13 

1.15 

1.17 

I. 21 

1.25 

1. 28 

1.29 

]. 31 

1.33 

1. 35 

1.36 

1. 36 

1. 37 

1.37 

1. 37 

1.37 

1.:16 

]. 36 

1. 3fl 

1.32 

1. 27 

1.19 

1.13 

1.0.'i 

0. 97 

0.00 
o_ 10 

0.49 

.FP.et. 

23. 6 

21. 3 

24.1 

28.6 

31.] 

32. 4 
34_ 1 

35.1 

36.6 

36. 8 

37.4 

38.4 

39.4 

39.4 

39.4 

39_ 6 

39.8 

~0.8 

41. l 

43.4 

43.8 

43.8 

~3.8 

43. 8 
44.4 

45. 1 

46.4 

51.4 

54. 4 

57.1 
59. 4 

>9. 8 

60.1 

61. 8 

61. 6 

00.4 
63. 1 

54. 4 
54_ 8 

r..i. 4 
29. 6 

26. 4 

W.7 

per hour. 
o. 71 19. 6 I Latitude, 40° 431 41 1

' .8; longitude, 74° 01 1 4411.8. Beginning 

1. OG 17. 3 I of section at head of pier 9', Jersey Cit.y. 
1. 2:; 20.1 

I. 39 24. fi 

1. 56 27. l i 
i. n 2s. 4 I 
1. 86 :iO. 1 

1. 96 31.1 

2. 05 

2. 14 

2. 21 

2. 25 

2. 30 

2. 34 

2.40 

2.44 

2. 47 

2. 4-8 

2. 48 

2. 48 

2. 48 
2.48 

2. 48 

2.48 

2.47 
2.45 

2. 44 
2. 43 

2. 42 

2. 39 

2. 37 
2.34 

2. 31 

2. 25 
~-14 

2. 03 

1. 88 

1. 72 

1. 57 

1. 34 

1.14 

0.96 

0. 73 

32. 6 

32. 8 

33-4 

34. 4 

35. 4 

3ii.4 
3;,, 4 

jjJ. 6 

35.8 

36.8 

37. l 

39.4 

39.8 

39. 8 

39. 8 

39.8 

40.4 

41. 1 

42. 4 
47. 4 

50. 4 

53. 1 

5a. 4 

55. 8 

GO. I 

57. 8 

57. 6 

56. 4 

!111. l 

50. 4 

50. ll 

50. 4 

25. 6 

22. 4 

19. 7 

.Area of section: Flood, 182.220 square. feet ; ebb, 165,420 1· 

square feet. 

Mid-a.rca, or dfat.auce, from the ori~;in, of a vertical line 
which dividee the section into two equal are)l8,..--:":!,480 

feet. 

lt1id-volumt\ or distan<'e, from. the origin, of a vertical 
. line wbich divide.a the volumC' passing through the see

j t.ion into two eqaal parts=:ftooll, 2,660 feet; cbU, 2,319 

I feet. 

[1'1t>diou at ht•atl of J.tit·r4;;, ~e" Y•1rk. 
1 

Latitude, 400 4:1 1 a7''.8; Jouµ-itmlt'. H,i 00' ;l'(Y'.ro: }~ml ot; 

'-----'--------'------"------'-----'--- -----··----------- ·-

S. Ex. 37--2a 

177 



 

178 REPORT UF THE SUPERINTENDENT OF 

Transiicrsc curves of vefocity, a.nd perimeters-Continued. 

SECTIO~ XXX. 

Flood, Ebb, 

Remarks. 

----------;----------
I 

: ~N a-ut. miles 
1
! Feet. 

per hour. i 
0 0. 23 24. 6 

100 0, 53 29, 1 

200 0, 71 34. 6 

300 

400 

500 

600 

700 

&JO 

900 

1,000 

l, 100 

1, 200 

1, 300 

1, 400 

l, O<XI 

1, 600 

1, 700 

I, 800 

1, 900 

2, 00{) 

2, 100 

2. 200 
2, 300 

2,400 

2, 500 

2. 600 

2, 700 

2, 800 

2, 900 

3, 000 

3, JOO 

3, 200 

3, 30•1 

3, 400 

3~ 500 

3, 600 

J
1 

flf;O 

0, 83 

o. 00 

0. 9j 

o. 94 

0. 96 

0, 97 

o. 98 

l, 00 

1. 01 

1. o:i 
1.05 

1. 06 

l.OD 

1.11 

1.12 

1.14 

l, 17 

L19 

1. 22 

1.24 

l, 26 

1. 27 

1. 29 

]. 29 

1. 29 

1. 29 

1. 29 

1. 2';' 

1. 21 

1.1r. 

1. 03 

0, 90 

o.n 
0. 57 

0. 42 

37.1 

42. 6 

5Ll 

46.6 

46.8 

47, 1 

47.1 

47, 6 

48, 1 

50. 6 

4U. l 

49. 1 

50. 6 

51. l 

51. 6 

53.1 

59. l 

58, 8 
61, 6 

67, 6 

70, 6 

73. 6 

7:<. 6 

73. f) 

72. 1 

70. 6 

6'3, 6 

56. 6 

47. 1 

52 .•• 

32. 6 

31.1 

22. 6 

l~. 1 

11.J 

Naut.miles 
per hour, 

0. 8'J 

1.10 

1.39 

1. 65 

1.92 

2. 08 

2. 15 

2.17 

2.18 

2. 20 

2. 22 

2. 27 
2. 29 

:l.3U 

2. 31 

2. 31 

2. 32 

2. 33 

2. 33 

2.33 

2. 33 

2. 33 

2. 3.1 

2. 33 
2. 33 

2. 31 

2. 29 

2, 23 

2.17 

2. 09 

1. 97 

1.Bn 
1. 81 

1.69 

1. 58 

1. 46 

1.32 

1.16 

Feet. 

20. 6 

25.1 

30. 6 

33. 1 

38. 6 

47.1 

42. 6 

42. 8 

43.1 

43.1 

43.6 
44.1 

46. 6 

45.1 

45.l 

46. 6 

47. l 

47. 6 

49.1 

55. l 

54, 8 

57. 6 

63. 6 

66.6 

69.6 

69. 6 

69. 6 

68.1 
66. 6 

59. fl 

5:!. fj 

43. l 

48. fl 

2H. 6 

27. l 

18. 6 

8. 1 

7.1 

:' Latitude, 40°44'1311.0; longitude, 74P 01' 32''.6. Bcg~ning 
<Jf secti<Jn at ~orth Second street wharf, Hoboken. 

Area of section: Flood, 184, 798 square feet; ebb, 170,078 
· Rqna.re feet. 

Mitl-area, or Uistance, from the origin, of a vertical line 
: which divides the section into two f"qual areas=l,990 

feet. 

Mid-volume, or distance, from th<' origin, of a vertical 
lint' which divides the volume passing through the sec
tion into two equal parts=fiood1 2,127 feet; ebb, 1,933 
feet. 

[section at foot. of lfanK street, New York. 
J_,atitmfo. <100 44' 0611.B; longitml._., 74° 00' 45'1.4. :End of 



 

THE UNITED STATES COAST SUllVEY. 

Transnerse curves of velo<tity, and per·i1neters-Continued. 

SECTION XXXI. 

Flood. Ebb. 

~ h~ '§§ L .... --

~ :!:~ = ~·~=' ~§ 
~ l~ 1i 0 lj 
~ ~.s ~~ ~s i~ 
"' 00 "..:. =,..:, ~ S'i ~~.f= S~ ~~~-
"' p ~ - -· ~ ::..:: _-: ~-- :"§0. ~ E:=.-:. .... ~g .§.§ __ -;.. --
.§ . ..-.. ~ --~H· -... ;; ,....... ,_, ~ :: ,,., ~ ..... e.-2."E ~~::; e.,..s~ 

'-' .----, ,. ~ -:.... ~;;. .... 
__ i=:i_-__ f_::;:i_· _____ i=< ___ ---------

100 

200 

300 
400 

5()0 

600 
700 

800 

900 

1, 000 

l, 100 

1, 200 
1, 300 

1, 400 

1, 500 

l, 600 

1, 700 
1, 800 

1, 900 

2, 000 

2, 100 

2, 200 

2, 300 
2, 400 

2, 500 
2, 600 

2, 700 

2, 800 

2, 900 
3, 000 
3, 100 

3,200 

i Naut mi!eJI 
i per hour. 

o. 91 

1.01 

1. 01 

1.00 

0.99 

o. 96 
0.96 

0. 99 

1. 00 
1.05 

1.09 
1. l3 

1.16 

L21 

1.24 

1. 28 

1.31 
1.32 

1.34 
1.34 

1.34 
1.32 

1.31 

1.28 

1. 27 

1. 27 

1. 27 

1. 27 

1. 27 

1. 27 
l. 14 

0, 61 

o. 00 

Feet. 

4.1 

15. 6 
34. 1 

38. 1 

42.1 

48. 1 

51.1 

54.1 
56. 1 

58, 1 

59, 1 
63, 1 

67, 1 

74.1 

74. 1 

74. l 

75. 6 

75. l 

72. l 
70. l 

68. 3 

59. 3 

liO. l 
54.1 
50. 3 

43.8 
39. l 

34.1 
32.6 

29.1 
14. 1 

11. 3 

10.3 

l'laut. miles 
per hour. 

2. 07 

2.27 

2.35 

2.37 

2. 39 

2. 40 

2.40 

2.40 

2. 39 

2.37 
2. 36 

2. 35 

2. 35 

2. 35 

2. 35 

2. 35 

2. 35 

2. 35 

2.35 
2.35 

2. 35 

2. 32 

2. 31 

2. 16 

1.94 
1. 65 
l, 36 

1. o:l 

o. 76 

0, 45 

0. 18 

0.08 

0. 00 

Feet. 

0. l 

1L6 

30. l 

34. l 

38. l 

'44. l 

47. I 

50.1 

02. l 

54.1 
55.1 

59. l 

6:!. l 

70. l 

70. l 

70.1 

71. 6 

7L 1 

68.l 
66.1 

64.3 

65.3 

56.1 
5Q. l 

40. 3 

39. 8 

35.l 

30. l 

28. 6 
25.l 
10.1 

7. 3 
6.3 

Remarks. 

Latitude, 40° 44'38!/.9; longitude! 74° 0112411.4. Beginning 
of section at Castle Point. 

..A..rea of section: Flo00, 160,530 square, feet; ebb, 147,730 

' square feet 

Mid-area1 or distance, from the origin, of a Tertical line 
which divides the sootion into two equal ar-eas=l,536 fce1. 

Mid-Yolume, or distance, from the orign, of a vertical 

liue which divides the volume passing throu:.::b the section 
int-0 two equal parts=llood, 1,700 feet: ebb, 1,486 fetlt. 

[tion at head of wharf foot of Fourteenth street., New York. l 
Latitude, 4004413311.4; longitude, 740001 4.'l '.4. End of see- i 
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REPORT OF THE SUPERINTENDENT OF 

Transverse curves of velocity, and perimeters-Continued. 

Flood. 

Naut. mlles 
per hour. 

0. 25 

0. 5~ 

o. 70 

o. 83 

0. 91 

0. 99 

1. 07 

1.12 

1.17 

1. 24 

1. 26 

1. 30 

1. 3.3 

1. 34 

1. 35 

1. 37 

1. :l9 

1. 39 

1.39 

1.39 

1. 38 

1. 35 

1. 34 

1. 33 

!. 33 

1.31 

1. 24 

1.21 

1.17 

1.12 

1. 06 

0. 99 

o. 90 

0. 75 

0. 66 

0. 51 

0. 39 

0. 20 

0. 00 

0. 00 

Feet. 

13.4 
16. 9 

18. 4 

26. 4 

32.9 

34. 9 

38. 4 

45.4 

45.4 
50. 9 
54.ll 

58. 9 • 57. 3 

57. 3 

57. 3 

65.6 
64. 3 

64.0 
65. 3 

65.3 

63.6 

63.6 
67.3 

56. 3 

58. 7 

61. 0 

51. 2 

37. 8 

41. 2 

38. 9 

36. 9 

31. 5 
28. 2 

16. 3 

14. 0 

ll. 8 

9. 0 

7. 9 

7.0 
5. 0 

SECTION XXXII. 

Elili. 

~- ~ ~ ~ 
.z~ ]-~ 
~ ..s - ~ 
I" "'O ":' ~ .-:. 

§~ d~t·1 
.E.§i- I ;~·g 

Remarks. 

~ ! ;:; ~E~ I E-i~ I 
lfa1lf.'1nile~·.!----· i-----------------------i 

Feet. 
per hott..'r. 

0. 30 

0. 69 

o. 89 

1. 08 

!. 25 

1. 39 

1. 51 

!. 67 

1. 76 

1. 88 

2. 01 

2. 06 

2. 23 

2. 29 

2. 40 

2. 47 
2. 53 
2. 56 

2._61 

2. 63 
2.1;.'\ 

2.65 
2. 67 

2.67 

2. 70 
2. 70 
~.ti5 

2.56 

2. 45 

2.25 
2.06 
1.86 

1.64 

i 1.37 

I 

1. 08 

0.79 
0.49 

0.20 

I . 
o.oo 
o.oo 

9. 6 i Latitude, 400 44' 5011.0; longitude, 74-0 00' 4011.2. Section 
13. 1 begins at New York side. 

14. 6 

22. 6 

29.1 

31.1 

34. 6 

41. 6 

41. 6 
47.1 

51.1 

55.1 
53. 5 

53. 5 

53. 5 

61. 8 
60. 5 
60. 2 

I 
.Are:t of section: Flood, 162,831 square feet; ebb, 148,1941 

square feet. 

61. 5 

61. 5 

59. 8 

59. 8 

63. 5 

52. 5 

54. 9 

57. 2 
47. 4 

34. 0 

37.4 

31>.1 

33.1 

27. 7 

24. 4 

12. 5 

10. 2 

8. 0 

fi. 2 

4.1 

3. 2 
1. 2 

Mid-area~ or distance, from tho origin, of a vertical line 
which divides t.he section into two equal areas==!, 770 feet. 

Mid-volume, or tlistance. from the origin, of a vertical 
line which divides the volume passing through tbe section 
into two equal parts= :flood, I, 759 feet i ebb, 1,870 feet. 

[ends at Jersey shore. 

Latitude, 400 44' 54".2; longitude, 74° 011 29''.6. Section 
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THE UNITED STATES COAST SURVEY. 

Transverse curves of velocity, ariil perimeters-Continued. 

Flood. 

SECTION XXXIII. 

Ebb. 

] g 
~ ·= 
~ ~ ~ 
., 4... ~ 

~~~ 
~ a .s ,,__" 

RemArks. 

A;=..:,.. ' I ---- ,,-____ , _____ ----- ------]-----------------------, 
1

1 
Naut. miles 11-lant. miles 

1 

1

1 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1, 000 

1, 100 

1, 200 
1, 800 

1, 400 

1,500 

1, 600 

1, 700 

1, 800 
1, 900 

2, 000 

2, 100 
2, 200 

2, 300 
2,400 

2, 500 

2,600 

2, 700 
2, 800 

2, 900 

3, 000 

3, 100 

3, 200 

3, 300 

3, 400 
3, 500 

3, 600 

3, 700 

3,800 
3,900 
4,()()() 

4, 100 

4, 200 
4, 300 

4,400 

4,500 
4, 600 

4, 700 

4, 717 

Feet. Feet. 
per hrmr. 1>er howr. 

o. 36 12. 5 o. 37 s. 5 . IJatitude, 400 451 1511 .6; longitude, 740 00' 30".2. Section ! 
0. 52 3(). 8 O. 56 26. 8 begins at New York aido. 

0. 67 33. 3 1. 18 29. 3 

0. 79 34. 0 1. 79 30. 0 

0. 92 34. 5 1. 8S 30. 5 

1.04 37.3 1.99 33.3 

1. 14 37. 0 2. 16 33. 0 

1.21 36.8 2.25 32.8 

l. 28 37. 3 2. 35 33. 3 

1. 35 37. 8 2. 39 33. 8 

1.38 38.1 2.44 34.1 
1.42 38.5 2.['4 34.5 

L 4~l 39. 0 2. 55 35. 0 

1. 47 39. 4 2. 61 35. 4 

1.49 39.4 2.63 35.4 

1.52 40.9 2.63 36.9 

1.54 40.9 2.63 36.9 

1. 55 41. 0 2. 63 37. 9 

1.55 42.9 2.65 - 38.9 

1.55 44.2 2.65 40.2 

1.55 48.0 2.65 44.0 
1.52 48.3 2.65 44.3 
1.52 48.3 2.65 

1. 49 48. 4 2. 65 
1.49 49.9 2.65 

i. 47 51. a 2. 65 
1.46 5-0.4 2.65 

l. 42 49. 9 2. 65 
1. 38 50. 1 2. 63 

1.35 5-0.1 2.58 

1. 28 50. 3 2. 49 

1. 24 47. 6 2. 39 

L 17 46. 9 2. 25 
1.12 44.0 2.15 
1.07 U.2 1.98 

o. 92 32. 0 1. 79 

0.81 23.0 1.58 

0.71 21.2 1.34 

o. 57 18. 0 1. 13 

o. 50 13. 0 o. 94 
o. 35 10. 0 o. 70 

0. 21 10. 0 0. 47 

o. 07 6. 0 0. Ji) 

0.00 5.7 0.00 

0.00 5.2 0.00 

0.00 4.7 0.00 

0.00 4.3 0.00 
0.00 4.0 0.00 

0.00 4.0 0.00 

44. 3 

44.4 
45.9 

47. 3 

46. 4 

45. 9 

46.1 

46.1 

46. 3 

43. 6 

42. D 
4Q. 0 

Jl7.2 
28. 0 

19. 0 

17. 2 

H.O 
9. 0 

6. 0 

6. 0 
2. 0 

l. 7 

I. 2 
o. 7 

o. 3 
o. 0 

0. 0 

Area of section: Flood, 161,068 square feet; ehb1 142,200 
square feet. 

Mid-area, or distance1 from tbe origin, of a vertical lin~ 
which divides the section into two equal an.-.,as=2,080 feet. 

Mid-volnm-e, or distance, from tile origin, of a vertical 

line which divides the volume, passing throu~h ~he section 
into two equal parts=flood, 2,0'20 feet; ebb, 2,090 feet. 

[1md~ at J~rsey shore. 
Latitude, 4-0° 45' 36''.0; Jongitud(';, 74.0 01' 25".4. Section 
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REPORT OF THE SUPERINTENDENT OF 

Transverse aurves of velocity, and perimeters-Continued. 

SECTION XXXIV. 

l''lood. 

~@ 
11 .§ 
" .. -" 

Ebb. 

s"ai ;.::-;, II Sil ;::; .!.. c ~ ~ ~ 

·~~~ ~j~ -~~-~I 
;1]-"'+' I g,,,~, ~~~ 

Naut. miles ,--Ji1-.-.-t.-r Naut miles I 
per hour. · per hour.

1 

o.aa 15.9 1.27 
0. 48 18. 0 1. 51 
0.64 20.0 1.72 

0.80 2'2.0 1.94 ! 
o.92 24.0 2.rn I 

1.04 20.0 2.21 I 

~:~~ ::~ ~:: II 

1. 29 36. 5 2. 70 

1. 36 37. 8 

1.44 38.2 
l. 48 39. 2 

1 . .52 39. 8 
l. 53 40. 0 
1. 58 40. 0 

1. 60 40. 0 

1. 60 40. 0 

1. 60 40. 0 

1. 60 40. 0 

1. 60 40. 3 

1.57 41.0 

1. 53 41. 5 
1.52 42.0 

1.5'2 42.5 

1.48 43.0 
1.45 44. 0 

1.44 46.0 
1.40 48, 2 
1. 36 49, 2 
1. 34 50.1 

1. 3'2 51. 0 

1.28 51.0 

1. 24 51. 0 

1.18 49. 0 

1.12 46. 0 
1. 08 43. 0 
0. 00 38. 0 

0. 88 32. 3 

0. 72 28. 2 

0.52 24.1 
0. 32 21. 0 

0.00 16.3 
o. 00 12. 0 

0.00 7. 5 

0.00 5.8 

0.00 4.1 

2.75 

2.75 

2. 79 

2. 79 

2.79 
2.81 
2.81 

2. 81 

2.81 

2.81 
2.81 
2.81 

2. 81 
2. 81 

2.76 

2.72 

2.68 

2. 59 
2.49 
2. 43 
2. 35 

2. 27 

2.16 

2. 06 
1. 97 

1. 84 
1. 72 
1. 50 

1.3.'l 

1.10 

o. 84 
o. 54 

0. 23 

0. 00 

0. 00 

0. 00 

0. 00 

Feet. 

12.1 

14.2 
16.2 

18.2 

20. 2 

22.2 
28.s 
30. 3 
32. 7 

34. 0 

34.4 

35.4 

36. 0 

36. 2 
86.2 
36.2 
36. 2 

36. 2 

36. 2 
36. 5 

37. 2 

37. 7 

38. 2 

38. 7 

39. 2 

40. 2 
42. 2 

44. 4 
i5. 4 
46. 3 

47. 2 

47. 2 

47. 2 

45. 2 

42. 2 
39. 2 

34. 2 

28. 5 

24. 4 
20.3 
17. 2 

12. 5 
8. 2 

3. 7 

2. 0 

o. 4 

Remarks. 

Latitude, 400 451 45".8; longitude, 740 00' 10''.8. 
begin• at New York side. 

Scetion 

.A.rea of section: Flood, 158,200 square feet; ebb, 141,100 
aq uare foet. 

Mid.area, or distance, from the origin, of a vP.rtical line 
which divides the 11ection into two equal areas=2,277 feet. 

Mid·,,-olume, or dist.ance, from the origin, of a vertical 
line which divides tho volume passing through tho section 
into two equal parts=-flood, 2,101 feet; ebb, 2,131 feet. 

[ends at J' er11ey shore. 
Latitude, 40° 46' 07".6; longitude, 74° 01 01".6. Section 



 

THE UNITED STATES COAST SURVEY. 

Transverse curves of velocity, and perimeters-Continued. 

SECTION XXXV. 

Flood. Ebb. 

----·------ ---------

INaut.mile-6
1 

' per hour. 
0.34 

100 0. 49 

200 o. f>8 

300 0. 71 

400 

500 

600 

700 

800 

900 

l, 000 

l, 100 

1, 200 

1, 300 

1,400 

1,500 

1, 600 

l, 700 

l, 800 

1, 900 

2,000 

2, 100 

2,200 

2,300 

2,400 

2,500 

2,600 

2, 700 

2,800 

2,900 

3,000 

3, 100 

3,200 

3, 300 

a, wo 
3, 500 
3, 600 

3, 700 

3, 800 

0. 79 

0. 86 

0. 92 

0. 99 

1. 06 

1.13 

1.19 
1. 25 

1. 31 

1. 34 

1.35 

1. 38 

1.40 

1.40 

1.40 

1.40 

1.40 

1.41 

1. 42 

1.42 

1.42 

1.42 

1.44 

1.45 

1.47 

1.47 

1.45 

1.44 
1.42 

I. 40 

I. 40 

l.:J5 

1. 25 

1.13 

1. 06 

Feet. 

15. 0 
16. r; 

lR 0 

31. 0 

32. 0 

33. 5 

37. 0 

37. 0 

37. 5 

38. 0 

38. 7 

39. 5 

40. 5 

41. 5 

42. 2 

43. 0 

43.5 

44.0 

45.1 

46.0 

46.5 

49. 5 
51.1 

52.0 

53.5 

54. 5 

54.5 

54.5 
53. 5 
48. 9 
44.4 
41.0 

38. 4 

38.4 

33. 4 

28. 4 

27. 0 

27. ll 

17. 0 

Naut.miles 
per hour. i1 

0. 74 
1.17 

l. 48 

1. 80 

2. 01 

2.15 

2. 23 

2. 29 
2. 33 

2. 38 

2.44 
2.49 

2.54 

2. 54 

2.54 

2. 54. 
2. 54 
2.54 
2. 52 
2.49 

2.46 

2.44 
2.44 

2.44 

2.42 

2. 42 

2.33 

2.33 

2. 33 

2.31 
2. 24 

2. :!!O 
2. lfl 

2.12 

2.12 

'.!.04 

1.96 

1. 89 

1. 80 

Feet. 

11. 4 

12. 9 

14. 4 

27. 4 

23. 4 

29. 9. 

33. 4 

33. 4 

33. 9 

34. 4 
35. 1 

35. 9 

36. 9 

37. 9 

38. G 

39.4 

39. 9 

40. 5 

41. 5 
42.4 

42.9 
45.9 

47.5 

48.4 

49. 9 

50.9 

50.9 

50. 9 

40.9 

45.3 

40. 8 

37. 4 
34.8 

34. 8 

29. 8 

24. 8 

23.4 

23.4 

13.3 

3, 900 0. 87 17. 4 1. 72 13. 9 

4,000 0.76 18.5 1.[i7 U.9 

4,100 0.64 17.5 1.32 U.9 

4, 200 0. 42 16 5 l. 06 12. ~ 

Remarks. 

Latitude. 400 461 1~11.7; longitudc1 73° 59' 4211 .8- Seetion ' 

hegimi on Ntw York side. ~ 

.Area of KACtion: Flornl, 161,770 sqnaTe. foet; ebb, 14-~,462 

sqnart< fert. 

Mi<l-area.
1 

or distance, from the origin. of a -vertical line 
"Which divides the section into two e.qual areas=2,14-3 feet. 

Mid-volume, or distance, f~m the origin, of a ve-rtic.al 
line- which <livides the volume passin~ through the sect.ion 
into two equal parts=flood, 2,220 fret; ebb, 2,086 feet. 

4,300 0.29 5.0 0.64 !.<l l ~: ~: _ ; :__ :: : ___ ~· ~ _:atitude, 40° 4ti' a-~~~longi~u•l~ ;:~'~u0~0~e~~:~~~: 
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REPORT OF THE SUPERINTENDENT OF 

Transverse curves of velocity, and perimeters-Continued. 

'. J.V auL miles · 
per ltottr. 

0. 50 

o. 73 

0. 88 

o. 96 

]. 0:1 

1. 09 

1.17 

1.18 

1. 24 

1. 2.) 

1. 28 

I. 31 

1. 32 

1. 32 

1. 32 

1. 3~ 

l. 32 

t.:e 
1. 32 

l. 34 

1. 37 

1. 37 

1. 39 

1. 39 

1. 39 

1. 40 

1. 42 

1. i3 

1. 44 

1. 44 

1. 45 

1. 46 

1. 46 

1. 46 

l. 46 

1. 46 

1. 42 

1. 39 

1. 31 

1.17 

0. BO 

o. 43 

0. 07 

o. no 

Feet. 

21. 7 

24. 2 

26. 7 

30.2 

ilit. 7 

33. 7 

37. JO; 

37. 8 

38. 8 

39.8 

40. 8 

42.3 

42. 3 

44.0 
45. 8 

43. 7 

4().1 

48. ~ 

fi.O. 7 

53.3 

54. 0 

54. 2 

54. 8 

55.1 
5+. l 

54.3 
50. 3 

48. 5 

46. 8 

44.8 

42. 8 

36.3 

30.] 

30.] 

25. !) 

23.2 

23.0 

20. l 

16.1 

10.1 

7. l 

5.1 

SECTION XX.XVI. 

Naut. rnilu 
per huur. [ 

1.19 

1. 53 

1. 74 

1. 05 
2.m 

2.18 

2. ~9 

2.34 
2.40 

2.40 

2. 41 

2.41 

2.48 

2. 48 

2. 51 

2. 51 

2. til 
2. 51 

2. 51 

2. fil 

2. 51 

2.51 

2.51 

2. 51 

2. 4<! 
2. 4<! 
2.45 
2. 43 

2-45 

2.40 

2. :18 

2.36 

2. 31 

2. 29 

2. 21 

2.18 

~.07 

1. 96 

l. 80 

1. 52 

0. !JR 

o. 54 

Feet. 

18.0 

20. 5 

23.0 
26. 5 

30. 0 

3-0. 0 

~4. l 

34.1 
35. l 

36.1 

37. l 

38. 0 

38. 6 

40. 3 

42.1 

40.0 

42. 4 

44. 6 

47. 0 

49.6 

50. 3 

50. 5 

51.1 

51. 4 

50. 4 
50. 6 

46. 6 

44.8 

43.1 

41. l 

39. l 

32. 6 

2fi.4 

26. 4 

21.8 

19. 5 

19. 3 

16. 4 

12. 4 

6. 4 

3. 4 

1. 4 

Remarks . 

• 
I 

-------1 
i 

La.titude, 400 46' 3511 .7; longitude, 730 59 1 2811.6. Sootion 1

1 begins at New York shore. 
I 
f 

Area ofsection: Flood, 155, 963 square feet ; ebb, 140,39311 

squnrc feet. 

Mid-area, or distance, from the origin, of a vertical line· 1 

which divides the section into two equal areas= 1,956 feet. 

~.fit1-vulume, or <lh1tance, from the origin, of a v~rtiral 
line which dh-ides the volume passing through the section 

1 

into two equal parts=ftood, 2,003 feet; ebb, 1,974 feet. ! 
1 Elevation of water1s surface on flood, 4 feet, and on ebb I 

0.3 foot ah<n-e mean low water. 

I 
I 
I 
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THE UNITED STATES UOAST SURVEY. 

Trcml!verse curres of 1•efocity, and perimeters-Continued. 

------i---- ·--

!t.~auL mileg 
Peet. 

per hour. 
o. 80 34. 5 

0. 92 34.0 

0. 97 37.0 

1. 04 39. 7 
1. 08 4~. !i 

1. 12 42.G 

1.16 43.B 

1.19 45.1 

1. 21 46. 5 

1. 26 47.2 

1. 29 49.0 

1. :J4 5-0.0 

1.40 51.5 

l. 40 52. 0 

1. 40 ti~. ti 

1. 40 5:1.0 

1. 40 53. 7 

1. 40 fi4.G 

1. 40 53. 0 

1. 40 53.2 

1. 40 5~.5 

1. 40 50.0 

l. 40 49.0 

J. 40 48.1 

1. 40 47. 5 

1. 36 44. ;, 

1. 33 3il.5 

1. 29 35. 0 

1. 26 34. 5 

1. 26 20. 7 

1.21 28.0 

1.19 26. 7 

i. rn 2:1.!l 

1.15 22.5 

1.12 !:!2.0 

1. 08 20.0 

1. 07 10. 2 

1. 03 18.5 

o. 94 H.G 

0. 85 17. 2 

o. 75 l:!.2 

0. 58 9. 0 

0. 4i 4 ., 

0. 00 4.2 

SECTIO:\ XXXYII. 

Ebh. 

Saut. .. milcli 
per hour. 

2. 59 

2. 60 

!!.60 

2. 60 

2. 58 

2. 58 

2. 5~ 

2. 5.S 
2. 5B 

2. GS 

2. 58 

2. 58 

2. 58 

2. 58 

2.58 

2. G8 
2. 58 

2.5B 

2. 58 

~- 5-8 

2. 5f: 

2. 5R 

2. 58 

2. 58 

2. 5i 

2. 51 

2. 51 

2. 48 

2. 47 

2. 4;) 

2. 4.:"J 

2.45 

~- 4;J 

2.32 

2. 32 

2. 31 

2. 2~ 

2. JU 
:t. l~l 
2. 00 

1 54 

1. 2fl 

0.80 

0.00 

Peet. 

30. 7 

30. 2 

33. 2 

33. n 
;18. 7 

38. 7 

40. () 

41. 3 

42. 7 

43. 4 

43. 2 

46. 2 

47. 7 

48. 2 

48. 8 

49. 2 

49. 9 

50. 7 

40. 2 

4tl.4 

49. 7 

4Ci. 2 

4ti. 2 

44.3 
43. 7 

40- 7 
31. 7 

31- 2 

31..1- 7 

25.9 

24- 2 

~2- 9 

21. 7 

)8. 7 

18-2 

rn. 2 

15. 4 

14- 7 

JO. 7 

13- 7 

8. 4 

5. 2 

0.4 

0.4 

Rcmad.1'. 

Latitu<i1·. 40° 47 1 0';'1.4: hinf!itmk, 73CJ 591 OBil.4. SN·.tion 
luc>µ;inR at New York :side. 

Area of section: I'lood, 15f:.707 squa-rf' feM; <'lib, H::!,379 , 

squarl~ feet. 

Jrlill-aTI'!l, or digtan<'e, from tlw origin, (1f a Yertit'Hl line 

which did1h•H the ~wdion into two ~qm-i_l area8=1, 683 ft.et. 

]\Ii~l-volnmr. or <listane('. from the origin c~f a vertical 

lim~ wltitl111ivi111.,.~ tlw Yolm1w.11a:-JHiu~ tlirou~h the section ' 

into two l'(JUal pm·t-x = tlrn1ll, 1. 7t>G feet; eUL, 1,533 fret. 

[<>rnh• at JerH(lJ 1'l10rf•. i 

Latitutk, 400 471 27'1.3; longitmh', 73" 5!11 :;71'.8 ~Htiou 

------- -·· - - -

s. Ex. 37--24 
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APPENDIX No. 11. 

IU:l'OHT COXCEl~XI:'\C: TIIE LOCATIOX OP A QLlY OH PIER LT"\'E J\' THE YICIXITY OF THE UNJTED 
RTATE:-l :\',\YY-YARD AT XEW YOHK. 

])EA le Rm: I IH•g lt•aYe to prest•nt tlie re>'nlts of a littfo strnl~- that we li:l\"e m:1<le of tlw mon•-
111P11t:-; of' tlw cnrn~u ts of tlw Ktst Hiver, 11ear tlw n:n-.\--yanl, and to suggest the locatiou of a quay 
or pier li11e that wonl(l improYe navig.1tio11 in this ILPig·hlwrlwnd. 

111 making- our '4tml.Y of tl1e emTt·nts we han· fol1o\n•(l mw·h tilt> 1'a11u• plan that Wf> a1lopt(\(l in 
1oeatiug· the Sun th Bo,;ton '4l'<t-wall in lsra, pxeept that more n·t•e1tt eXJHorience,; in Sm1 Frm1dseo, 
:'.'i"t•w York, arnl Pi:se\\·l1en• lrnYP le1l to some irnpron~J1w11ts in the arrangement of our statio11,; aml 
in the· re<lndion of onr o\i,;pn·atio11,;. \\'p lrnv1• 1leter111irn•<l tltt\ trit1tsYer;;e enrn•s of velocities arnl 
th1• profih":s of conetip01uli11g croi'\s-,;ectiou::; of the ri\·er, so a,; to ascertain tl1c degn~e of ac·commo<la
tion whid1 tlw eliam1cl offor.~ to tlte tloo1l arnl ehh rct'lpectiYcly, arnl we have plotted tlw directions 
of the c·m-rpn(,,;. e11likP tlw ease 111·t•se11t1•d at Boston, tlie co111pa.ri1'011s of profile anll trm1,;vprso 
<'111'\"CS of Ydodt_\· sl1ow that the d1mrneL in its form, doe" imt ietled tl1e action of olle Rtrearn 
(eith1~r ebb or tlornl), hnt its mi,yiellli11g he1l, near the 11a,·y-yanl all(l eJ,;ewhere ill foe Ea1<t Hher, 
c011trols the CUITCH ancl intlnenct·s the Yelocitiei-; of the c1uTc11ti'I, hoth of chb anti flooc1. 'flw 1~0111-
parisou;;;, howe\·er, irnlicatL' that artifieial eontrnl at some points may iiro\·1· lH·ndkial to the 11aYiga
tio11, hy 1li111i1iishing the races anu etl1lie,.; that are due to the present irregular hor1h•rs of tlw river. 

\Yp haYc designed, and in a measure succeeded in, represeutfog gn1phieally tl1e elements of 
our study (Ree illrn;tration Xo. :!::l); lmt that 11othi11g ma;r he wanti11g 're ltaYe ad(led to this n~port 
the tal1les from which the diagrams are plotted. 

Before eo111111euti11g-upon the details of these 1liagrams, I rnnst t•all your attention to a distinction 
lu•tweeu ~o.~. l and '.!, arnl those marked A, I\ aml C. In the former, for the sake of eonformity 
with th{· .work d0111\ h~· the Cnitt'1l 8tatPR l'.0111111i,;sio11 011 the pier-linm; of Bronkl,rn, we haYe re1lnced 
the n~loeitiPs hy ratios, adopted by said commiRsion, hase<l upon the rise and fall of tide; \mt in 
the latter, by Yolumes aetna.Uy meas1uetl at \Vall-stn~et 1-'eetion. 

\\" 1• ltaY!' prefe1T!'d the rPduction hy n1l1111w rathe1· tltan that b,v ris1•, aml fiLll of title, lweause 
the em-rP11ts heing of t11e "interference" order (i. c., an iut('rchang·e betweP11 two tidal syRtern,.,-that 
of Long l,;larnl Sournl arn1 t.lw Sand,\· Hook (•ntrnncc) th(•y are out o.t register with the local ri:;e and 
fall; and it 11as s\•e111P<1 ton:; that 11othi11g· lmt a l'(,dnetion to 1111•n11 11olume /J!f actual gauging of ebb 
a111l .f/o()(l 1·11rre11t11 can hring· oh,;er\·ation,; in diffl•rent xectious ot' our work into th(•ir natural cou
formity. \Ve liaYl' W<l'd the n•,,;nlt of tl1e gauging at \Yall street, which gaye rn; 3G8,:3:1:1 en hie foet. 
pcl· secornl at maxirnnm cnrrPut. of 11wa11 tides. \Vhethcr tl1e filling all(l draining of the Rpace 
hetween \Yall street an<l the nasy-yar(l wonld augment or diminish this Yolnmc we are unable to saJ· 
until forther gangfog:; are made. \Vhichcver waJ· it conuts, it will affect the Yeloeities only 3 per 
cent. at the ntmosL If we eon sider this ad1lith e both to 1lornl and elih, we still flud the results of 
the commisRi011 laq~eJ,,- in exces;; of ours. 

\\'e 11avP regarded the Yeloeit,\· in the East River aR a fnnetiou of the Rlop1; or ditforence of 
level hetwpen the water Rnrfacc~8 of tlw harbor and Rounu at ead1 ini,;tant of time, and it it; this slope 
which I haYe recently llesirPd instructions to determine for different phases and declinations of the 
1110011 in con11eetion with curreut-obsern1tions, in order that we ma~- compute table<> of velocity for 
tlw use of naYigators. 

The change.~ in the areas and perimeters of the RcctionR arc so small from springs to neaps tha,t 
l expect ouly to han~ t.o determine a single coefficient, whid1, mnlti11lied into the square.root of the 
i-;lope, shall g-iye the Yelocity of tJie current for any desig-mitcd reach of the i·iver. 

DiagTa.m .A or B iR constructed from oliserYations at three sections, at each of which the currents 
w1•rp Rimultaneonsl,\· ohsern~d at three JlOints' at the time of maximum. TheRe three points and the 
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two Pwl;; of the ~wl'tion whieh Wl' either called ;wro or (if a k111ootl1 wall) e,;ti111ate11 t(H', i,:·tffl' 11:< tlH· 
mc·ans of eonstrueting a pretty acn1rare <·nrn~. This <"lffH', 111~iug tin· n·lol'ity of tlw upper 10 fppt 
<ltrutmn (10 foet heing· the <lrang·Jit or our log·). was tlw11 corn•cte<l liy H]lJll.'·iug snch a <·oelli«i1'111 as 
slwultl pro\·i<le for tl1e passagt•, hy sud1 a ClllTl', of tlw .~truulan7 111ea11 ro/111111:. 01u· 1liagrarn. thl'll, 
rqn·co<Pnti; the average moH'lllCllt from o<1u·faet• to hotto111 at the rnolllt'llt of rnaximmu tioml or ehh 
of au ordinary ti.le. 

Diag-nun (' i;; ;;i111pl,Y a co111bi11atim1 of A a11d Jl, 1lesig1H'd to KhO\Y how well we l1an·, npo11 thP 
whole, tilled onr qnay to th<' eompromiK<· liues of l'hh arnl tloo<l. 

Ottr qnay-liue JHuposc<l ii; 1.lw arc of a cirdl' of :1,,-;oo lh·t ratliu,.: whid1 1ms:<Ps tltrongh t111• h1·:ul 
of tlH· \Yilliamshurg I<'crr~· berth, aud through a poiut .J.O fed witlti11 till' sali\'11t a11gk of the wharf at 
the \\'e.steru extremit~· of the con• ocl·npiP(l i11 part h,\ tl1e (:ob-doek. Thi,.; ;;alient ang·l(•, to wltid1 
we lnn-ejust i·efern•<L ong·ht to lw cnt off; it offen: tou ~T<'at <111 olt;;tn1eti011 to tlH· l'hh, cansing

edtlies whil'it lwwildcr 1 hl' rn1\'igati011. 
Snpposiug· the eob-tloek n•moye1l, the <"<lY<' withii1our111·opm;ed qna,\· "·ouM h:tn' au an•a of abonL 

J 00 acre;;, aml \nmld at·<:om111mlak, if t•x1:aYat1•tl, a;; many Jin;t-da"" ,;hip,;, <:lo,;ely 11wort·<l, rn· twice 
as many miscpllaneou,; n·s~<·ls. 

Of t·o1tr,.;t•, a llt>arly l'Olltiuuon,; l[ll:t,\'-\\'all alo11g onr propo,;t•tl li111· would hPst fay01· na\·ig·atioa 

up all!l dowu the riY<'l\ awl in eai<<' tl1i:< wen· 1kt·i1le<l upou, a proper plael' for tht• l'Htra1w<· to tliH 
na\,\",ntrd would be found 1'100 to 1,100 frd frorn thl'WPsterly t•nd of the 11r1>po,.;etl \\·all. .A11 opP11iJ1g 
ltere of :J;iO fr.et, \Yhid1 would lw gmafor than tltat of the Atlantic: I )l)(~k, wonltl 11ot, we think, giYe 
ril-it' to eddie;.; or he at any time 1lifti<'nlt of tW<~t·ss, a11d we shonlll pn•ft!r to donhk thi;.; wi1lth rather 
tha11 ]>l'OYitlt\ a ,.;ecrnHl ope11i11g near the t•astt•rn (''\tn·1nity of tl1e arc Wt' ha Ye dnnnt. 

If, iirntead of a lll'a1·ly e011tinuon8 quay, it sltonlll lit• dedde1l to adopt om· linl' a,; a pier-line iii tlw 
ordi11ar,y seuse, i. c., tlH· limit ot' \\·ltarYes, \\'l' ;.;till think that an impron:me11t of rnffigatiou \Yotdd 
he effected when these whan·es ,.;houlcl all ht' built to th<' full ex:teut, but we should wi,.;h to limit 
the widtl1 of the <llip;; to the.practical mi11i11mm fol' fin;t-dass aceon11nodatio11-::;a.'· l;"iO to :?00 fi•d 
i11 tl1e eh•ar. 

\\'e haYe made Rouw caknlatiou,.; to a;;certaiu how tl1e vcloeitk:< in thl' axi;.; of thP ,;trt•am arnl 
tlu• form:-; of Um trau:<Yt'rf\e e11nes will he afi'L•c•kd b,\ t ]Jp 1n·es<·11ee of sucl1 a c111ay a:,; \\'I' s11ggps( 
(Sl'C t.alJJp. of 8Petio11 Ylll ). Tlte general JH'Pmise for <llldt n ealcnlatioH woul!l hP tl1io<: lrJ1c;·t' the 
cm:ruochiuff INtll is to lfr p«ralil.!l to the co11r.~c 1!( the e.i·i.¥ti11!1 current, it will not alter th1· jin·111 1:( the 
tranxl't'r.w· cu1-rc 1f 1·1:/ocities but i111Tca.~c thew: rl'locific.~ b.11 .wi much a.~ 1110!/ /Jc d1ir tu t111· 111ori11ff ro/11111e 
cut o.ff' by 1wid 1~·a1/. Our case is not prcd,.;ely this, hut would mnount to 110 111on' if allowance is 
11mdt~ for the irregularitie8 of tl1t• 8hore whid1 now exi:st. Oul.\· one :scl'tion-Ylll-is aft.ected l>y 
the wall appreciahl.'-, and this change i:s too sma 11 to lw exhihitt~il npon the diagntrn,.;. 

The olH:1ern1tioJ11< which form tlw basis of this rnport are a 11art of the general 1<tnd,\- of the East 
Hfrer, which we !tan• in lrnrnl. This strnly has lwt•n nmlel' lll,\- direction, hut tht• fiPhl·work has 
falkn mo:-;tly· upon otherK. Mr. l<', F . .Xes, with tltP stt'.<lllll'l' Arago, l\lr. II. L .. Marimlin, witlt ihl' 
8clwoner J~owditdt, and .:\fr .• John H. \\'t>ir, with tlw sd10011er lla8,.;}pr, fonnetl tlw worki11g forl'l', 
a,JJ(l their records of sinmltaneons work han• hl'<'ll <lqiosih'.d i11 tltl' archin·s. 'l'he cmnpntatioll:< 
which am appcudp<l arc tlw work of ;\lJ'. \\' l'ir, to whom I am also indebted for llltlll,'1' r,;ng·gpstioJJs 
about the plans }ll"eseuktl. 

Ver.'· re<ll ll\ctfully, yon rs, 
IIENlff .:\IITCIIELL, 

Cnitcd !Stafl'N Cow;! Surrey. 
CARLILE P. PATTEU.80N, 

Sup1:rintr:11d1:11f Unitnl /State.~ 0011.~t 811n·t'!I· 
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\VA.SHING'l'ON, D. C., ,ftowarlJ 14, 1876. 

I lEAR SIR; I ,;nbmit the follcnl'iug review of the charaeterh.;tic,; of the South Pass as about 
all that I lmvo glcanml tlm,; far from a Rtndy of Mr . .:\Iarirnlin's cxcellcut survey. J\fy work is, 
howen'r, by no 11wan" fiui:-;Jied, and wlntt I have to say now is eontiue<l strictly to the maiu bod.)
of the :-;tream, exl·lush-e o!' its 11pper and lower entrances. 

Tlte ,;]H•<'ts examined exteml from the little settlement near the head of' the pas,; to the light
howm uear the mouth, ahont eight and a half mile,,, mpasnrcd along· the course of the stream. 111 
thi:-1 1li:-1ta11cc tho pass umkc·s two long beml:s to the we8twanl of its geueral course, with a short 
rt'H'rse curn' lwtWPl'll thP111. 1 didlln the pa.ss iHto t1Yo portion:-;, one emhrad11g t.lw ,;p:we a.hm·e 
Gnuid Bayou, tl1c other tho ,;pacP llPlow this oft':,;et. 

Tlw upper 1liYisiou hail a radius of euTvaturn of about fonr and a quarter miles, and extends 
throng'lt au arc of about -!iP, while the lower tliYifliou has a m1lius of curniture of about eight aud 
thrrn·-qu:uter mile:,;, and extewls through au arc of ahout '.!H0 • 

TlH~ mean wi1lth of' the upper diYision (exdusi,-e of the enl<trgement at the opening of' Grand 
Bayon) i:-1 7 JS foet, with J ,rn.;;i and ;;1;1 feet Rs the extreme limit,;. 'l'he lower dh·ision ha.s a mean 
wi!lth of (i:34 feet, \Yitll cxti·euws of :-:;,rn and 50-1 feet. Throughout. 11oth the upper arni lower divi,;
iom; ;10 ftwt of' water may he carriml along the dmunelwa,v, while in oue casl~ the mean channel
depth exeel'ds J,; feet, and in the other is ;)5:\ feeL The eha11uel-tlepih most frequently met with is, 
in the upper diYision 4 7 feet, and iu the lower <liYision ;n feet. 

111 straight reaches the profile:-; of the cross-Rections are prett~- \Yell represcnte<l by arctl of cir
cles, m11l the areas of these sections do uot difler largely from segmeuts of which the width1' from 
shore to shore an~ chords. .:\Ir. Hilganl has suggetlted that a ,;eini-ellipi-;e from the ordinates of 
which a con;;t:tnt has been :-inhtraete<l will better conform to the profile in most cases where t.Jrn 
riYcr has little or uo bend. This appeart1 to !Je Ho, jmlgiug from the lJoldue::;R of the ll:mks near the 
w:1.ter-l i lit>. 

The l'tonornieal section wonl1l of conr.'le he a semicircle, could the material forming the hanks 
he sustained. Ail it isi I tirnl no profile of section more than 31i0 of arc, an<l the exeeptional stecp
ne:-is of th1• hank near the water-line, to which 1 h:1Ye above rcforretl, seemt\ to he <luc to tbe su,;
taining intlnencc of vegetation. 

The eharact(•ristic profile of the pa8H in either didsiou haR it,; greateRt depression nearer one 
,;Jwre (tlw co11c:n-e) tlm11 the other, an1l l1ecan,;c of the stee1meHH of the banks near the water-line 
this diaractcri:-itic profile will not confc)rm to tlit• paraholic cmTe as it usually doe,; where a stream 
meanders throng-Ii .'·iehliI1g material. 

I hope to fill(]. before l h:n-c exhausted rnJ- mYn resonrces in thi;.; stn!ly, that 1 can state the 
poi:;ition of the maximum ordinate in the characteritltic section as a fnnction of the ra<lins of curv
ature of the rh-er'" course. 

The narrowest portion of the ri\·er i,,; found mi11way iu each of the division,; I have taken, and 
is, of c01u;.;e, the ;.;tr:tig-htest reach. Here l looke1~ for my economical type, as Professor Peirce had 
,;11g·g·1·ste<l. In the U}lpcr diYisiou the narrow reach has a ,;cctional m1lius of 8\JG feet, with a chord 
(wi1lth at iilll'face) of .'ili2 fed. 111 t)H~ lower di\'i;.;iou the narrow reach has a radiu,; of section of 
s:m fed, ~t chord of 508 foet, :w arc of 3;1° 3·'-'l', a perimetur of JlG feet, a versin. of 39.8, and an 
area of ;.;ectiou ( oh8erved) of 13,500 square foet. 

01w may admit. that an oh:-itructiou may not only wid~'ll the ,;trea111, hut nlti.mately enla.rgp, it.11 
8t•dional area, althong;lt paradoxical. If, for· instam·t>, a l'illa_g shonld irniuce a bank to form in the 
middle of om· ('Cl•nomical section, au enlar~w111ent mn,;t take plac<• 11ot. only to the original dimen-
1<ion:-1, hnt to ,;ud1 gTP.aWr tlinumsion,; a:-; ma.r l 001mterhalauce tl1P. fridion due to tl1e relatiYely 
k11g-tlwne1l perimt•ter, which a tleparhu·p from thp, circn lar HI'<' ha.;; 11ecessitate!l. 
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'fhere are many of our f'ectiorn; whfoh increas<• iu area af' tlw.v cfopal't from tlw cir<'.lllar form. 
and I have couclrnle([ tltat the explanation above gh-eu must aus\n•r for their hehadm n•1·~· oftPH, 
nlthougJ1 at, great hentls, where the stream is eating· ill upon the concave lmnk, we may ex11ect this 
eularµ:eme11t as a transient. condition for tl1P most part. 

'flw repeated snrYeys show that the s(•ctions change from tiuw to ti11H·, hnt tht•se t'mTeys <lo 
not furnish enough data to eRt.ablish the law of Yariation in the relations of width and dt']Jth. I 
suggest, however, the following rnles, ·which may cover not only th<' chaug<>,.: of a siug-1<> R(•ction, 
hut those obserYed in passiug from section to section 1vhere the conn;e of the strPam does not ma
terially cltange. 

1. The area. of the sccti1111 rariex 1cifli tltc eul>c roof '!l the width (periuw.ter, mun• Ktrictly). 
2. The squm·c root of the mcm1 depth rnrics 11'ifh thr m·rn of the xf<'fion. 

:t For the mi11i·nwm width l>ehcee1111atuml bank.~ the mm11 rlc11tli IN to the chmrnel-rfrpth a.~ 7: 10. 
If the natural hanks sliould he replace!l h,\· fm;cim· mattings or a renotment of qnarr~--chips 

say for one-quarter of the prnfile extending· from either si<h•, the eoefiidPllt of r(•sistmll'.l' would ho 
largely increased awl a11 angmentation of the cl1a11nel-(le1itlt s1•4·11rcd. \YP lwn· JJO <h·terminations 
of this coefficient 011 au aclequate scale to be trnste<l in this easl', but, from tlH• ])arcy-Bazi11"' 
experiments and from information furnitihe1l me h~· ~·ourself rPlatiY<o to th<' retard of' ships i11 dif. 
ff-rent courlitiorn; of foul bottom, I Yentnre to say that tl1e 1'11:m1wl-dc>pth;.; (Yaryiug· with tlw ,;qrntrl':-; 
of the axial Yl'lo!'itiet<) migl1t bl' augmeukd ten i1er cent. hy the intro<lnctio11 of fasriue n•\·dme11ts 
as abon• mentioned. 

I shonltl ltaYe i,;ai(l in its place that the rnles I han, gin•n for tl1P Yariatious of cleptl1, wi(ltlt, 
arnl section are <lrnltwe<l from tlw ortliuary fornmht for rmming water, repu·cling disdrnrge all\l ,.:lop<' 
a,; constants. 

Iu m~· stml)- of the ohs(~ITl•d secti011s, I tlo not dPprml upo11 a si11gk cro;.;,;-Ji11c of som1di11gs in 
any casc, hut upon gl'oups of tltt•;;e l'(ffcring long reaches. 

I confess I am cli$l}1poi11kd so far iu my efforts to reach g·pueralizations. lmt if ~·on thiuk tltl'l'<' 
is m1ytliiug practicall,y useful iu the ahon• or an;vthing tliat wonlcl he suµ·gpstin• of' l1dtPr tliingt<, 
I would likt• to haYe copies sent to Captain Eacls aud General Comstock, who may g·iH· u;.; farther 
hintR in reiurn. 

Very respectfully, yourR, 
IIEXHY >IITCHELL, 

['uited St11ft:.~ Co11.~t 811rrr·.11. 
C. I'. 1' ATTERHON, 

Nuperintendcnt Coa.~t Suri-c.11. 



 

192 REPORT OF THE SUPERINTENDENT OF 

APPEKDIX No. 13. 
ON MA.HINE GOYERNOHS. 

0CTOTIER 25, 1870 • 
.'.\Jy DEAR Su': In response to your rP.quest for a discm-ision 011 the snl~iect of marine govern

ors, wl1id1 will be of service in determining the merits of devices snhmitted to yon from time to 
time, I respectfully present tltc following paper: 

::HARINE GOVERXORS. 

Iu order to discm•8 thio; sttbject iutelligeutl~-, re(1uires at tlte ontset an investigation of the 
manner in which a governor shonlll act, in order to regulate the speed of a marine P.ngine to the 
best advautage; wo may tlteu compare the different types of governor, on the basis ascertained, 
aml a plaee may be readily assigued to any p~nticular apparatus under consider}ltion. 

In smooth 'nLtcr, tbc resi.-;tance to tbe propelling- devicP i" Emhstantially uniform, and no gov
ernor is nc>eded; but when the vessel is running directly or ollliquely across waYes of consideralJle 
height, the 1iropeller i,,; uncovered to a greater or less extent by tlie motion of the YeS8e1 or water, 
or hoth, and the resistance offered b.v the ttnid fnlcrnm, being constantly modified, causes the sud
den changes in the speed of the engine, known as racing, with the attendant jars to vessel and 
machinPQ'· The difficulty ma~· he often met in government and other 8teamers, where time is no 
ol~jf'ct, b~· running the engineR Yery slowl;v, so that the speed, whrn qnickene<1, will uot he Rnffi
cient to cause injury. Dy this method of working, most veSS{\18 could dispense with the rn;e of a 
g:overnor, and on any YeRscl the kiud of governor cmplo.ved wonhl be of little consequence; -with 
merehant-steamer8, l10wenT, it is desirable, and in making port, or an offing, sometime:-; necessary, 
to m·ge the engiue to the higliest spee<l consh;t<~ut wHh safety. AR it is only under such eircmn
Ktau<.:es that a l!O\·eruor h; truly teRtml, tlie dis<.:ussion will be based Oii snch conditions. Tl1e prob
lem resokes it:self then into obtaining as much speecl as possible under adverse eircnrnRtanccs. 
\Yhaten•r that speed may lie, it will be nearly uniform, from one moment to another, the mass of 
matter iu tlw n•ssel tewling to steady the motion from sea to sea; therefore the propeller, which 
impruts the motion, should he revolved uniforml,y or substantially so. Thi" consideration alone 
:,;hows the cld'ects of any syKtcm whereby steam is slmt off suddenly, either by hand or goYcrniug 
de,'ices, wlie11 racing· com111e11ces, or the position of ,-essel changes, so as to make racing prollable. 
A Hpasmodic rc•gulation of this kind c:rnnot kPep tlte speed of the propeller uniform, and tl1e 
imrnerse(1 portion of blades must actually drag :tt timei-;, and resist the progress of tJie vessel. It 
follows then that tlw iire8sure on the cngine-pi:,;ton nmKt be modified at aU times gradually to snit 
the resistance, so that tlte rotary and prog1·essive motionH will bu snbRtantially uniform, and the 
immersed portions of hlmlos ue,·er drag, hut propel at all times. lt only remains to ascertain what 
means shall be employed in the construction of the go,·crnor to cause the pressure 011 engine-pist-0n 
to be varied with the change of resistance, and thus produce a uniform speed of propulsion. Evi
dt>ntly, we may employ thl' Wl'll-known way, and utilize the first changes of speed cause(l by the 
cha11w·s of re:sistance t-0 regnlak the throttle-valve. to Ruit the resistance. 

It has, however, lit,en tltc endeavor of many inycut-0rs to (aR it ha:s been expressed) anticipate 
th11 change of speed by operating the throttk-valw by mechanism gornrned by tlle pitching of the 
veso;el, or by tlw height- of the wafor in rehtio11 to the propeller. It is evident that no device can 
anticipate the change in resistance, and yet regulate iu proportion to sucl1 change. The g·overnor 
mu:-;t either sltut off steam for a eomparatiYely small movenH'nt of the vessel when the propeller 
wiH drag in man;v cases, or the closing of the throttle must be proportionate to the change in the 
resistance, in whi<'lt case t-l1e change will be felt as quickly a8 by any other <leYice, and the goYcrnor 
ca11 nt tl1P lwst on]~- a<'t f'ni11ddn1tT.11 with thP ch:mi:w~ of rP:siKtm11·p arnl not anticipatr. them. It is. 
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howev1~r, hy no meam; C'a>::y to arrange a rnecha11ism opPrated l>.Y tlw 11Pgrp1• of sul1111(•1.,·:io11 of il1e 
propeller so that it will he intluencPd hy all the changes of 1:omlitio11 arni thereby regulate till' 
throttle-valYe to perfectly prevent chani.r<~i< of speed. 

In the first place, the degTee of sulmwr;;ion i;; uot a perfPct irnlex of tl1P dl'f!,Tee of n•si;;t:rnce. 
It is considered as established that in wave motion ead1 partidr of wakr rn<n-<·s in a dn·le with a 
diameter e11ual to the depth of the wan~, so the iuten,;ity of the n•adiou rnu,.;t be Yari1~d ],~-the 
various change" in the velocity of the particles of water as they regular!~- mlYanee a1111 ret·ctk, a::; 
well as rise and fall. Ag·aiu, in some cas1•s tlie crest of a waY<'· may completely e1n-elop tlw pro
pt>ller, and ;yet the mass of water directly ht>hiud the latter JJOt lw suffieient to giYe the maximum 
resistance. Any goyernor, then, which depends sim11l~- upon the llc'p'et• that the n':>:-;cl pitclw,.,, or 
even npou the 11egree of sulnnersion of propeller, is uot iuiluenccd hy all tLe (•ouditious. \Yhat is 
wanted is tbe actual prei<sm·e of water against the propeller-blades. It i,; not certain that an~

dwdce for measuring the pressure, locatl'd "·here it must 1iee(lc; he, forward of th(• propeller, will 
accurately irnlicate tlt(' pn•ssnrc lwhiml the blades. ~\ gai11, to Sl'Cnr0 nuiformiQ- of sp1•ed woulrl 
require that some st1•am he admitted, (>vcu if the propclkr wpre e11ti1·dy rnwoYen·•1, kaYing only 
frictional resistanm':< to be oyerconH~. So the lfognw of throitll'-OpPui11g islwuh1 not ln• accnrntPl~
proportioned to the height of the wat{~r. This if' true for another unportant reason al,;o, Yiz, that. 
the more the steam is throtUcd the rnore llifl'en•nee in JlTessm·t' there would be on the two sitle1-; of 
the throttle-Ya]yes, and the more rapi1ll,y would a gh·en quantity of steam tluw through a gi\-ell 
opeui11g. 

IL is tl10ught, therefore, that it would be Yer,\· difiicult in make this form of g;oYernor regulate 
the speed with grPat exactitmle; but iua;.:much as it is inttuencell by the ]Jrin('ipal onP of thP changes 
of condition, viz, tbe pressure of water at the stern, it shouhl operate to JH'eYent any severe racing. 
The pneumatic go Yem or on this principle i:s now prdt;.- ·well kuown, and is said to gi ,-e good satis
faction. In this arrang;ement the water urnler the ship'c stern comJH'e>ises air iu a diamber of which 
the ehauges in pressure are transmitted through a pipe to another chamber eontaining a <liaphmgrn, 
which operates the throttle-valve. Thi0< plan graduates the moYement of YalYe to th(• iinid-pressure 
at the stern. It is tlwn•fore far supprior to haml-regulation or any dl'Yiee wliieh simply shuts oft' 
steam. \Yhl'n the fluid falls below a certain i1oint, or thP plane of the Yessel's 1kck is changell iu 
relation to the horizon, as in such caS('t> to 1n·evcat. racing, the thrnttle rnm;t be closed when the 
propeller is ouly partially uucoveretl, and tlwrefore capable of doing· sonw \\·ork, and a loss of speed 
will result-first, by not 1wrmitting the Pngi11e to do all it ca11 with ,;;afety, amL i<etond, h,r the drag 
of the propeller when the speed of same falls hdow that of tl1e Yl'"t1el. 

A governor operated directl.Y by the pitd1iug of tlie H't>sPl, cithl•r directly h~- a lu•:n-y pcmlu
lum, as Las been proposed, or imlil'ectly hy more intricate de\·ict·:>, has :;;till anotller defect, for a 
Yef'sel may lie horizont,ally on the crpst of a loug· waye with the propeller hut partially ,;nlmw1·).!'P1l, 
when, the thrnttle-Yalve lleing open, the engine wonltl race; whih· thP 11ext mo11wnt, as the bow 
<lippe<l~ the governor would shut off ,;team aml ;;low the J)l'OJ1eller Just. a • ..; it became t:mbm1•rgPtl, 
arnl tlter<~b.v stay the vessel's progre:>s. Th0 pemlnlmn plan •nrnhl ha,-e the •Hhautage of 0111· for 
iuKtautly slmttiug· the Yalvc when a ecrtaiu angle of pitch was obtained, as it would graduate the 
speed in some measure to the {legree of pitcl1, "hile thl' arra11g·emeut for smldeul,\ ,;huttini.; \·aht' 
could not he regulated to entirely preYeut r;icing without rednciug· the mean ,;peed of tl1e yc.s.sd to 

such an extent that it would be q1wstionable if it were not n:> well to obtain tht• same speed l1y Jlt'l'

mitting the engine to run throttle down without using the governor. 
ltecurriug to the orii;!'inal proposition that the speed of cugine should be 1mu·tit•i1ll.v nuiform, 

which requires that the suppl_r· of steam be rc•gulated to correspond rn the rPsi1;tam·1• ofti~n'd to the 
propeller, it may again be observed that such re8i:>tance can be memmred by IJO inNtmrncut as ac
curatt'lY as by the propeller itself. Ordinarily, the pres;;nre 011 tlw piston is eq11ilil1rnt~·tl b~- the 
sum of the resistances fonuing the load and tltl' speed bticomes uniform; thPn the slightest cha11ge 
of load, by. the operation of well-knowu laws, ini<tautl;-.- J!mdnces a chm1gl' of sppetl wl1id1 will 
cause a good centrifugal go\·er11or to reg·nlafo the thrott.le-Yah'e ,;o a;; to pren•ut extreme clrnng·ps 
aud bring the engine. hack to the normal speed. A gon~rnor operatiug· hy change of speed attains 
the desired end with almost absolute perfoetiou, as advantage is taken of eve1·y coutlitiou causiug 

S. Ex. 37--25 
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Yariation, which, it appears, is practically impossible with other sy:;;tems. It is trne that changes 
of spee!l arc cmploye<l to protluce a suhstantiall,\· unifor1:n speed, but tliere is no iuconsh;tency in 
thi,,., as iuterestt>d hn-entors would make it appear. It is the way of the wol'ld. All rlirflct pur· 
post's and undertakings arc accomplished by making adjustments to suit certain indications. Tl1e 
i,;teers1n:1n shifh; his rudder wltcu the yessel begins to fall off her course, and the best wake is not 
ahwlutely f<traight. A good Rtcenmmn keq1R a practically straight wake b~- quickly making ade
quate correction when tlle \·essel changes her course, and a g·oo!l governor, in like manner~ quickly 
corrects a change in speed. It i:s surprising how slight a change will practieally answer to accorn· 
plhlh the purpofle. Successful regulation of engines u;;cd for mannfaduring purpoRC8 has been 
obtainetl, where, for instance, an hwrc>ase of a single reyolutiou in speetl of engine would throw the 
shuttles out of the loom, or tlo some other damage. 

Engines developing twenty horRP-power may he suddenly loaded to two hundred horse-power 
with no change of speed whieh can be detecfod b,r the eye l,,\~ watching revolving parts. Marine 
governors can be made npo11 the same principleR, and need only close attention to tlie details adavt· 
ing them for the new ser\"ice to operate exactly as well. 

A brief attention to the poi11ts nect>~sary to cause a gm·ernor to operate iu the way mentioned 
will be iutercRtiug in this connection. 'l'he sim1ilc form of the conical pendulum governoi', in whicl1 
centrifugal force simply lifts the expanding balli-i, is not generally used at present, as such a g·ov
eruor requires to be large and heaYr to obtai11 the proper snrplm• of power. JHoderu gm·eruors 
are !.!'enerall,\- run at hig'lt specd1;, 'l"l'hereby eonsidcrablc power i,.; obtained with light-moYing parts. 
The <wntrifugal foree Yarics ai,; the i-1<1uare of tlw augulal' velocity, so if the governor be 1;0 arrange1l 
that the Repara,tion of the balls is employe1l to lift a dead weight, or oY.:~rcorne the corres11onding 
resistance of a spring·, a higher speed than that for au ordinary conical pendulum will be required 
and the apvaratus bani power to move the gm·emor valve ·with a slight change of speed. If it 
were uecesR.ary in a given case that the maximum Yariation of speed be less than 3 per cent., aml 
the n1h·e re11nired a force of 1 pound to move it, the safest plan to secure perfect regulation 
wonld be to load thP governor, so that at ltonnal speerl it would impport a weigl1t of ~m pounds, in 
which case an increase of Rpce<l of 5 per cent. would inerease the lifting power 101 per cent. and 
le:n·e upwanl of ;3 poumls surplus t-0 mo\'e the Yalve, which eyidently would be sufficient to shut 
it inRtantl,'1·, })rohahly before the e117inc had completed a single revolution. Ordinarily, however 
common, the change in speed would be gTadual, and as soon as, it became sufficient to cause the 
difference. iu centrifugal force of 1 pound the yaJve would begin to close or open gra(lually, aml 
tl1e s1wed be regulated much within the extreme limits of 5 per cent. The extreme variation would 
only take })lace when the load was changed suddenly, and then would be corrected at once. A 
screw or turbine-wheel operating npo11 a ttnid with the reaction lifting a weight or compressing a 
spring, is another form of governor which will accompliRh the same reRults, aud may more readily 
be made isochronous, or have exactly the same rate of speed for all practical loa<ls and positions 
of the throttle-valve. The conical pendulum changes the rate of speed for different positions of 
the lballi,;, and though this variation is less in more modem high-speeu Tarieties, some complica· 
tions are re<1nirt>!l to entirely preRen·e it. The differences in rates of speed for different loads are 
too slight, however, to be considered in a marine g·overnor, and either form of revolving governor 
may readily be made to maintain the aYerage speed within the limits mentioned. A good high. 
speed gm·ernor is so serniitive that on a single engine it will open the valYe a little every time the 
engine passes her center, antl close it again during the stroke, thus forming a kind of cnt-off. 

For marine go,·ernors it is neceRsary tbat the resistance in all cases be furnished by springs, 
as the vertical a-0tion of weights id disturbed by the motions of a vessel. To obviate tliis, it 
has been proposed to hang an ordinary centrifugal governor in gimbals like a compass; hut this is 
unuecessary, as the spring resistance iR entirel,\0 practical and much simpler. There is another form 
of revolving governor, in which a shaft rev(}lved hy the cni.,-rine supports a heavy tly-wheel free to 
turn thereon. The fly-wheel carries fans to create resistance from tbe air ancl receives motion from 
its shaft through a spring. Included plans or equh·alents arc provided to transmit the tuming or 
angular movemeut of the wheel in relation t-0 the shaft tQ the governor-Yalve. In the normal con· 
clition, the spring is compressed to correspond to the resistance of the vanes, and the throttle-valve 
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is open. "When the engine races the spring is suddenly wonnd up to a greater extent a11d the angn
lar movement of shaft in wheel shuts the throttle-valn1, but as soon as the speell falls below that 
of the fl,Y-wheel the ya]ye is opened. This is a heavy apparatus, but with sullicient surplus power 
will preYent raciug. 

In another goyernor, a small engine is kept rnm1ing at a constant speed, and a pulley on the 
shaft of sanie is operated by main engine. The small engine acts the ti,Y-wlleel, in tile preYiou;; 
example, and the governor-valve 'is operated in a similar manner, when any difference occurs 
betweei1 speed:-; of main-engine pnlle~- and that of small engine. Thi,; 8eems like a sim]Jle, <~fficient 
arrangement, but in practice it has lwen fomul especially liablt1 tn corrosion, so that the small engine 
'Yorks unsteadily when started after a long· period of disuse. Any revolving gm-ernor necessitates 
the lltlC of an operating llelt or equiYalent, wl1ielL iB inconvenient, and is a.-oided in governors 
operated by the pitching of the Yessel or the }lres1mre of the watt>r astern; lJut a belt i;.; so well known 
h;y all mechanics, that it should not hP omitteil for a lt>ss familiar arrm1gement if the latter be at all 
liable to derangement. An incredible amount of thought and labor has been expcrnlt•d on tlle sub
ject of marine governors, C\'Cn by persons not at all familiar with the details of steam-machinery. 

It would 1w0rn to be not uncommon for pertlons to occupy thcllltl('lves during a sca-Yoyage in 
designing somf'thing to preYcnt the raeiug, which lrns perhaps so affected their rPl't aml comfort, 
and often each will endeavor to briug in some features with which he ii-; so especiall~· familiar. For 
instance, it haR been proposed to m;e the regular movement of a clod: to produce. regularity in the 
moYements of the engine ; and one person, without appttrentl~- being a ware that W att.s'R governor 
was hut a form of the pernlnlnm, which could he readily modified to adapt it for marine 1m111osei<, 
actually pres,;ed into notice, "'ith great z1~al, an enlarged mariue-clock rnuvemcnt, :ulapted as a g<ff
ernor in the following manner: .. c\. Rtrong escapement-wl1eel was gh-eu a temlency to revolye rapidly 
by a friction arrangement operated hy the engine. Tlle speed of escapement-wlleel waR regulated 
by the usual pallets, ]eyer, balance-wheel, and retracting spring, of proper size. B;-.- a kind of dift't·r
ential arrangement the motion of escapement-wheel was transforred to and 011cnnl tlte tlirot1.le-valYe 
partially at every beat, while a conneC'tiou with engine elosed the ''al\·e somewhat at eYery stroke. 
At normal spePd, the 011posing motions neutralized eacll otller; at hig·her speed, the moYement from 
engine predominated and closed the YalYe; while at tllower speed the eRcapement-movement was the 
more rapid and opened the ntl ,-e. Dnring the trial of the apparatus on a land-engiue thP noise from 
the escapement conld he heard a long distance, and the parts of same sufferer! rapid destruction. 

It has also been propo:.;ed to use tllc motion of the ship, or of the wiwes in rdation thereto, to 
close au electric circuit hy whid1, through an electro-mag·uet, a small va!Ye woul<l he RO operated 
and admit steam to a piston which would moYe the tl1rott.Je-Yalve. This form of goYeruor would 
necessarily act to quickly close or open the throttle-Yah-e iust~ad of graduating tlle mornment to 
the change of resistance, as in the air and pendulum goYernor:.; aboYe dcscril>ed, whicll derin~ their 
action from similar initial changeR of condition. 

In conclusion, it appears from our investigations that the best goYernor~ for marine engines are 
those operated by changes of speed, aR snch are accurately influenced hy ali tlw changes of l~owli
tion. Of these, the conical pendulum form, or that in which a fluid is <fo;plaeed b>· a screw or tm
bine, will, when resh1tance for Rame is furnished by springs of sufficient strength to necessitate high 
speed, give the most satisfactor;v results. A rnariue goyemor, in whicll the opt>11ing of Yah·e is 
graduated by the pressure of water at the stern, may be consi<kred next best, and, well desigue1l, 
will gh-e good practical rei'mlts. Gm·ernors acting by the pitd1ing of the vessel are mHlesirabl(•, 11ot 
being influenced by all the conditions. Of this class of giwernor fop pt>ndulum fi.>rrn, which gradu
ates the movement of valve according to the degree of pitching mo,·emen t, is tl1e l 11'tter. Iu gene
ral, any goYernor which opens and closes throttle-,·alve to the full extrernt' ptmuitted without 
graduating the movement to the resista.nce, is nudeRirahlc. 

In determining the merits of a go,-ernor of either class practical consiilerations should haye 
g-reat weight, and as a marine governor is, in many plaee;o.;, not US('ll for month,;, aud, l>y chance, even 
:years, and is all the time liable to corrosion from the pffed8 of tlw S('a. air, any arnmgement which 
will best keep in order under such conditions is, other things ht'ing C(}lutl. tlle l1est for practical use . 
.A governor, tlien, in which the principal parts are incloscd iu a case and run in oil, has certainly 
many advantages. 



 

urn REPORT OF THE SUPERINTE.5DENT OF 

The 1'pact' oecnpie1l, simplicity of conRtrnction. an!'l acceRsihility of parts, are all voiuts to he 
p:iven <lue consideration. Any delicate apparatus requiring tC'chnieal attention is undesirable, as 
there is always a p:reat deal to hP attcmled to when the ui-<e of a marinP gon'rum· is Hl'Cl'ssar,\·, and 
no dcYi<·c·s ,.;honl<l lw employed ~which would not lw t110rongltly nuderRtood hy nwmhere1 of the engi
neer force <•ornp<>tent to rnmmg·e the machinery during· the <li,:;:~bilit,\- of the officer in charge. 

It ma~- properly lw meutiouell in this conuection that no gon>rnor can regulate speed correctly 
wlw11 tlie 1<tearn-eliest is YCr,\- largP, or, in g'f>JH•ral, when there i~ a YCQ- <·on,;idPrahlP ,;pace betW('flt 
the throttle and main valn·s, a1< the o;team contained in r-;1wh }lhte<~ will keep the cngi11e in motion 
aftl•r tlirottle-YalYe is shut arn1 nnu;t be snppliL'Cl agaiu when tltrottle-YalYP is opened, then'hy 1m'
Yenti11g the inereast>d pre8s11re from promptly reael1i11g the piston. On lanll-P1tgine'l, the action is 
best pren•ufrd h,Y cansiug tile go.-crnm· to rcg:nlat<' thl' cut-off <lireet; but it is nnm'eC'8Sary to n1<e 
sud1 a complex apparatu,; ou shiphoar<l, as a less ac<'nrate regulation will answer. The intermediate 
n'l'PiYPrs of compouml engine8 h:n·e also been meHtioned ai-; causing Llifiil'ulties in n•gnlation; but of 
IatP it ha;; heen fonml that a qnick-actiug goYPI'HOl', of ample power to mm·e valve for slight ehaiig'l'" 
of RpcNl, will control t'itlwr single or componml enginer-; within limits <le,;il'eLl, m1lesr-; the spaee1< arn 
umu;ually large. 

c. P. T'ATTERl"ON, 

CTL\HLES E. El\rnIW, 
Co118ulti11g E11gi11ccr, United States Coast Surrey. 

811p1rintc111lent Fnitc<l States Coast 8uruy. 
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APPJ~NDIX Ko. 14. 

NOTE O?\ THE THEOiff or THE ECO::\O.\IY OF HESKU(l'H, HY Al'l'Sl:<TA:\T c. s. PErnCE. 

'Vhen a n•st•ardt is of a •]nantitatiYe 11attire, the progress of it is marked b~- tlw diminution of 
tlw prolmlJle error. 'fhe results of non-quantitati\·e resparehes also lianJ an iuPxaetitmle or inde
terminacy which is analogous to the probable error of qnautitati.-e determiHations. To tlii,; inl'X· 
aetitude, altlwugh it be not 1mmerically expressPd, the term ''probable error'' may be co11Yeniently 
extended. 

The doctrine of economy, in g:eacral, treats of the rdations lwtween utility arnl eost. That. 
branch o:f it which relates to research considers the relations between the utility and the <'Oi'it of 
diminh.;hing· the prnbahk error of our knowlcdp:e. lt,; main problem i;;;, how, with a giYen expernl
iture of moue~-, time, awl energy, to ohtaiu tltc most Yaluabk a!lditiou to our 1;110\de(lgt•. 

Let r deuote tlu' 11rohable error of a11\· result, a[](l writes= 
1
. Let Cr. dr deuotc the infini-

c r 

iesimal utility of any iufinitesimal diminution, ill', of r. Let Y s. ds (leuotc the intluite;:;imal coi't of 
any infinitm;imal i11cn•ase, d8, of .~. The lcttern C and Y an· her\' used us fundi011al ,;ymhols. Let 
iinbscript letten; be attachPd to r, s, l~, anLl Y, to distii1g-uish the difforPnt proLlt•ms into which 
i11\'cstigations are made. Theu, the tDtal cost of a11y series of researches will be 

and their total n tilit.Y will lw 
~, / t-:-, i·, • dr,. 

The problem will he t-0 make the secornl exprc:-;:-;[011 a ma:.;im1111t hy ,-ar,Ying tlw iHferior limits of it:-; 
integrations, on the condition tlrnt tlw fir.st expreso;ion remaim; of constant Yalue. 

The fnnct.ious e arnl Y "·ill be different for differeut researche:-;. Let ns comd1ler their ~p11cral 
and usual properties. And, :first, a;;; to the r<c'.latiou between tlw exactitu1le of knowlt•dg·e and its 
utility. 'l'l1e utility of knmYledge consists in its capahility of lwing comhined "·ith oth<>r k11owl<•1lge 
so as to enable us to calm1late how we shouhl act. If tlH~ kuowledge is uncPrtain, we an• ohligetl 
to do more than is real!.'· necessary, in order to coYer thi" uncertainty. And, t1nm. the utility of 
any increase of knowledge is measured by the amount of wastetl eftlJrt it ,;a.Yes 11s, mnltiplicd h~· 

tlw specific cost of that species of effort. Now, we know, from th'3 tlieor:\' of error;.;, that tht• 
nncertaint;r in the cakulated amount of effort neee!'sar;r to h!' pnt forth mu,y be represeuted hy an 
expression of the form 

cv'a+r~, 

wl1ere a. and care constants. And, thereforp, the 1lifferential coefficient of thi,., nmltiplied by tlw 

f 
,,,. . . !I . 

s11ccific cost o the euort m qucst10n, say c , gn-es 

r 
Cr= h- 1 .. - , • 

va+ r 

\Vbeu a is Yer,\' small compared with r this be<'ornes 1warly eonst:rnt, and in th<' rt'\'l'l'Se <'Hi'e it is 
nearly proportional tor. An analogous proposition must hol!l for 11011-11ua11titati\·e researd1. 

Let us next consider tlw relation between tl1e exaditutle of a result awl tlie co:-;t of attaiui11g· 
it. \Vl1en we increase our exaditude h~- mu1tipl_yi11g- ohservatiuns, tht• different ohscrvations hPing· 
irnlcpcrul!»nt of one auotl1cr as to their 1·0:-;t, Wt' know from t lw t hPol',\- of 1•1Tors t bat/ Yx. dx is pro
portional to 1i\ aud that consequently Y s is proportional to s. H the costs of tlie difien•11t ohsl'l'
vations arc not irnlcpeudent (which usually ba1>pens), the cost \\'ill not increase so fast rel<).ih-cly to 
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the accuracy; hut if the e1Tors of thr obserYations arc not, independent (wllich also mmally lrnp
pens), the c'oHt will increttse fa8ter relatively to tlle arcnraey; and these two Jierturbing influences 
ma.'· be snppoRed, in the long run, to lmlance one anotlier. "'e ma;y, therefore, take Yi;= ks, where 
k represents the speeitic cost of the inYestigation. 

"'e thm; see that when an investigation is commenced, after tlle initial expenses are once paid, 
at little cost we improve our knowledge, and improvement then is especially Yaluable; but as the 
investig-ation goes on, additions to our knowledge cost more and more, ttml, at the same time, are 
of lt>ss ttnd less \vorth. Tims, ·when chemistry spraug into being, Dr. "'ollaston, with a few test 
tulles and phials on a tt•a-tra;\·, was ahle to make nMv discm·erics of the greatest moment. In onr 
day, a thousand chemists, with the most elaborate appliances, are not able to reach results wLich 
am cornparahle in interest with tLose early ones. All the sciences exhil1it the same phenomenou, 
aml so does the course of life. At first we learn .-er.r easily, and the interest of experience is very 
great; hut it becomes hanfor and harder, and less and less worth whilf;1 m1til we are glacl to sleep 
in death. , 

Let us now apply the expressions obtained for Gr and Ys to the economic problem of research. 
The question is, liadug certain nwans at our clispmml, to whicL of two studies they should be 
applied. The general answer is that we should study that problem for whid1 the economic urgency, 
or the ratio of the utilit.Y to the cost · 

rr. dr rr h r• - r' - ---- -
Yi; . d.s - Y s - k v a + r2 

is a maximum. 'Vhen the iun,stigation has been canie<l t-0 a certain point this fraction will be 
reduced to the same Yalue which it has for :nwther research, aml the, two mnst tlien he carried on 
together, until finalJJ·, we shall be carrying on, at once, researches into a great number of question>1, 
with Hueh relatiYe energies as to keep the urgeney-fraetion of equal values for all of them. 'Vhcn 
new and 11romiising problems arise the~, shouhl receini our attention to the exclusion of the ohl ones, 
until tl1cir urgency becomes no greater than that of othcrH. It will he remarked that our ignorance 
of a q1wstion is a consideration which has hetwPen tlirN• and fonr tinws the economic importance of 
either the specific value of the solution or tlte sveciftc cost of the im·estigation in deciding upon its 
urgency. 

In order to soh-e an economical }ll"oblem, we maJ· use as variables 

or the total cost of an inquiry, and 
x=/Ys. us, 

TTr. dr 
y = \-8-. <l.~ ' 

or the economic urgency. Then, C being the total amount wc have.to spend in certain researches, 
our equations will he 

C =xi + X2 + J'':i + etc. 
Yi = Y2 = Y3 = etc. 

Thrn, expresHing each yin terms of .r, wr shall liave as many equations aH unknown quantiti('s. 
\Vhen we ha,·e to choose between two researches ouly, the solution -may be represented graphi

cally, as follows: 

Y, S, S 1 , Y, 

'f,--J---

-----~~--T, 
x,--o~.----,Qc-----------~o~.-~x:, 
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From any point 0 1 taken as an origin, draw t11e axis of aus<~issas 0 1 XI! along w11id1 .r1, t11e 
total cost of the first investigatiou, is to ut\ meaRured. Draw ah;o the axi>' of Ol'diua t<>s 0 1 Yi, al011g: 
which y1, the economic urgency of the first itffestigation, is to he llll'asurPtl. Hraw the l'll!Te ~ 1 T1 

to repre:;;ent the relations of x 1 and y 1• Take, on the axis 0 1 X 1• a point 0 2 •melt that O, 0 2 Hhall 
measure the total cost of the two inYestigations. Lf't x,, the total cost of tltP SPl'.Oll<l i1n-1·8tig-;1tio11, 
be measured ou the same axis a;,; x 1, but in tl1e OJ)posite llil'eetion. }'rom O, draw tlit• axis of onli
nates 02 Y2 parallel to 0 1 Yi, aud measure y2, the economic urgency of tile 1'econd inYe8tigatiu11, along 
this axis. Bra w the curve 82 T2 to n•1n·esent the relations of .1·2 and y2• Then, the two eurTes S1 T 1 

and S2 'l'z will generally cut one another at one point, and only orn·, between the ax<'s 0 1 Y 1 and 0 1 Y;. 
l<'rom thi1'1 point, sny P, draw the onlinate P Q, and tl1!' auscissais 0 1 Q aml O~ Q will meaisure the 
amounts wliich ought to be expended 011 the two inquirit•.s. 

Aecording to the usual values of l~ and Y, we shall have 

In this case, when there are two inquiries, the equation to d<'termine .r1 will l>c a biqnadratic. 
Two of its roots will bP imaginar;\·, one will gin• a negative ,-alne of either J' 1 or J'21 and the fourth, 
which is the significant one, will give posith·e values of both. 

Let us now consider the economic relations of ditti•rent researdws to one another. 1st, as 
alternatin~ metho<ls of reaching the same result, and 2d, as contributing· different premises to the 
same argument. 

Suppose. we have two different method;; of llPtermining the :-<arnl' qnautit,L Each of tlwf'e 
methods is supposed to have an accidental probablP error and a e1mi:;taut prolla'Jle t'rrlll', so that the 
probable errors, as derivt'tl from n ohservationR in the t\vo ways, are: 

The probable error of their weighted mean is 

1 -_-_--' 

/ 
l + l 

\ ri' 1·/ 

if their com1tant probable enors are known. The sole ntilit~ of :my ol1sPrn1tio11 of either is to 
reduce the error of the weight.et! mean; Lenee, 

Aml as the cost is proportional to the number of obsern1tions 

Hence, the urgency is (omitting a factor common to the values for the two nwtl10ds) 

2 rr1 
r1 Vs1 = z( H1;--2 

k1p 1 l+n,--2 ) • 
f'I 

Aud, a.s tl1e urgency of tlte two methods ought to he the same at the conclusion of the work, we 
should have 

../k1. r1(1 + n1 Hi:)= ./k2. r•2(r + 112 H,:), 
fl fl• 

which equation serves to determine the relath-e values of 11, and n. "~c again pereein• that the 
cost is the smallest consideration. The method wl1ich has the smallest accidental prohalJlc el'1'01· is 
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tbe on(' wl1id1 is hi bl' oftc1wst n,;;cil in case 011]~- a small nnmhcr of ohserYatio1rn are matle; bnt if 
a Jarg·t· nnmhcr are takeu the method with th(• larger accidental prohable error it> to he ofte11est, micd, 
u11Jcss it ha.~ :,;o much greater a prolmhlc constant error a:s to countcn·ail this cousillcratiou. If one 

of the two metlwds has mily {;th the accidental probable error of the other, but co8ts p 2 times as 

much, the rnle should be to make tllc total cost of tlle two metltous iuYernel,v proportional to the 
i;qrn1n•s of their constant errors. 

I.rt u::; now cousitler the cast•, in wltif'h two quantities .1"1 and .l't are observed, the k:nowleuge of 
which sen·es only to determine a certain fundiou of them, ii· Iu this ca:se the 1n·uuable el'l'ur of y i:,; 

and W(' shall haYe 
V l)x1Y • 1'1

2 + I>x,Y • 1·/' 

Fr - 9 r cly 
. t - - i l1.r1 

YH1 will haH' the sanlfl Yaltw as before; hnt m·gl!•ding now the constant error, we may write 

YH1 = '.!.k, ('I 11,t. 

TIH'll the urgency (with omi,;sion of tlw common factor) is 

('1
2 dy 

k1 1112 • (l.r1 ' 

aml. aR th<' two nrgencirR must he cqnal, 'n' have 

tl.11 

111 = {'1 /'" f'lli. 
112 {'2 k1 v Ii.If 

d.r; 

The f'o1lowi11g- i::; an example of the practical applkation of the tl1eul',\· of economy in researc11: 
Gin~n a certain amount of time, whielt its to be expended in swingiug a reYer1>ihle pendulum, how 
much should he deyoted t-0 Pxperirnent:s ·with the heavy eull up, and how much tu those with the 
hcav~· end down? 

Let T,i he tltP pPriod of o"cillation wHh heavy end down, T,, the same with Leavy em1 up. Let 
It" arnl h,, he tl1e distances of tl1c ct•ntm· of mas,; from the pointR of support of the pendulum in the 
two po;;itious. Then the ol•jed of tlw experiment;; is to ascertain a quautit~· prQportional to 

h"T,,-h,,T,,. 

,\ccordingly, if <l T" aml <l T" arc tl1e prolmllle eiTors of T" antl T,,, that of the quantity songht will 
lie 

vli} ((Pf"J"-~F h} (i:l T}). 

\\Cp will supposc t1iat it ]ias bPcn ascertained, by experiment., that t111• whole (luraiiou of tlie 
Rwing·ing· hPing· (', nrnl thP ('X<'Cf<S of t11<' <lnration of the swinging with ltcaYy cud down over that 
with lwa,·y P11d up being .I', the probable (•rrors of the results are 

w lH'l'<' a, b, an<l c ai·e constantR. Then, the square of the prohalllc error of the quantity Rought 
will be 

a (hi+li.,2)+(b li}+c) C ~ .x;+(7Jhu2 + c) l~ ~x· 
'l'lie ditf<'rc11tial eo('fiicicnt of tlus relatiYel.r to .r is 

-(bh}+c)(l:·!J'.\' + ( b hu
2 + c) (C~x?. 
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Putting- tllii-; equal to zero and i-;olYing, we find for the only sig11ificm1t root, 

whe11 b v:mi>1heR, .r rrnluces to zero, and the peudnlmn should lie l'lwu11g· equally loug- i11 tin• two 
positim1:-;. Wlieu r vanishes, as it wmtl<l if the p<'ndulum experiment wt>rc HHHk ahsolntely free 
from certain disturbing inttuences, we have 

X ha - It,, 
c= h"+ 11.,' 

:-;o tl1at tlw duration of an experiment ought tD be proportio11al to th(· distan1·t· of tlw center of 
111aHs from the point of support. This woltld be effected b,r beginning arnl (•rnliug tlte ('XpPrime11ts 
iu the two positions with the same amplitudes of oscillation. 

It iR to he remarked that the t.11eory here given reHts 011 the supposition that tlt<· ol~ject of t lie 
inYPstigation is the ascertainment of truth. \\lien an invPHtigation is ma~le for tlw purpo,.;t- of 
attaining personal distinction, the economics of the problem an· entirely differeut. Bnt that seP111s 
to be woll enough urnlersto()(l by those engaged in tllat sort of inYestigati011. 

S. l~x. :37--2(i 
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APPENDIX No. 15. 
llJEASUREl\IEXT8 OF rmAVITY AT INITIAL STATIONS IN AMERICA AND ECROPE. 

C. ['. !'ATTERSON, 

UNITED STATES COAST AND GEODETIC SURVEY, 

ALLEGHENY, PA., December 10, 1878. 

Superintendent United States Cotu;t and Geodetic Survey, Washington, D. C. 

DEAI! Srn: I present herewith thr first part of my report on the measurement of gravit~' at 
i11itial stations of Europe and America. I here describe the methods employed and commnnicat(~ 
tlw rnaiu resultH of the research. The discussion of the amount and nature of the errors, of the 
comparison of the present results with those deducible from the experiments of other men, and of 
the re1-1ulting figure of the earth, together with some other matters, are postponed for a subsequent 
report. 

The a{'celeratiou of gravity is one of those quantities which it is the business of a geodetic survey 
to mpasure. So it has always beeu conl'iidere(l; arnl it i8 nRage which fixe8 the meaning of the word 
'';;mTey" in iti; geodetical sernm. The geodesist is expected to do more than make a map of the 
c01mtry. He not only determines, for im;tance, the declination of the magnetic needle, which may he 
laid down 011 the chart, hnt also the other magnetic constants which cannot be so laid down. "\Vere 
he to omit to determine the total force of magnetism, he would be held by all scientific men to have 
neglected a part of his dnty. Now, in the same relation in which this constant stands to rnagnet
ical declination and inclination, just so stands tlte acceleration of gravity to the latitude and longi
tude; and b,v as much more as the latitude and longitude are essential to a survey relatively to the 
direction of magnetism, by so much more is the measurement of gravity indispensable in cornpar
i;;on with that of .th<> magnetic force. The ''cry fir;;t duty of the geodesist-paramount even to the 
drawing of a map-is the strnly of the figure of the earth ; and an operation of surveying in which 
this problem was left out of view would neither merit nor receive the name of geodetical work. 
But it was the variation of gra\'ity with the latitude which first proved the earth's ellipticity; and 
it may very well .n~t turu out that this method is the best way of determining it. At all events, 
the study of local variations of vertical attraction will find an application in the measm'ement of 
the leYel lilnrface of the earth by triangulation. It is, also, quite certain that the solution of some 
high problems of geology must he facilitated by the integrated soundings which the pendulum 
Yirtnally make;; of the earth's interior. 

\\'hile the abl'iolnfo amou11t of the acceleration of gravity is, no doubt,, a geodetical constant 
neec«<sar_y to he <letermfoed, a very precise knowledge of it can, in the present state of science, 
find no practical nor theoretical application. What is chiefly of importance is the relatiye gravity 
at difterent places and times. This iR alRo a quantity far easier to measure. To determine the accel
eration ahsolutcl;.-, we must accurately measure both an interval of time and a length; to determine 
it relatively, we have only to carry the same rigid piece of metal from place to place and determine 
the duration of some phenomenon in which graYity is chiefly concerned. Moreover, we can fix in some 
measure the Jlrobable error of relative determinations. Most of the conditions of the experiments 
otlier than the amount of gmYity itself are alike at the different stations. If they were precisely so, 
no constant errors could affect the relatfre result except in the second order of magnitudes. Now 
the accidental errors of observations, the only ones which would remain, can roadily be determined 
by the method of least squares. It is not quite true that no conditions other than gravity vary 
from station to station. The temperature, for example, varies; and in such a manner that an erro
neous coefficient of expansion will protluce errors in the relative gravity of stations near the poles 
aml near the equator in a constant direction and similar amount; and so will slightly affect the 
dc<lnee{l com1m~ssion of the earth. So an error in the coefficient of atmospheric eftect will 1uoduce 
a constantly similar error in the relative gra'ity of an elevated. and a depressed station, and may thus 
lead t-0 an extremely erroneous value of the absolute modulus of gravitation and of the mean density 



 

THE UNITED STATES COAST SURVEY. 203 

of the earth. There are, also, various conditiom; .::elating to the installation of the instrnmf·nts 
wlticlt are different at different station.-;, and which g-i\·e rise to errori-; which foaRt llf]mlrt'" will fail 
to detect. Such errors are, however, slight in eornparisou with tho'w wliicli may affect ahsolntl• 
lletenniuatiom; of gra,·ity, into which the cou1Sta11t erroris enter to their full amount. .\ som·cl:' o1 
error affecting all modern deterwinatiorns was lately pointed uut hy the wrikr of t hil'i papl'r, wlticli 
had produced errors in the accepwd results amounting to one four or fin~ tlwu,;amlth pmt of t hl' 
quantity measured, and iu some cases CYen to more. 

'l'he value of graYity-determinations depends upon their being honnd togetller, •'a<"h with all 
the others \Yhich have been made answhere upon the earth. In considering 11ow th!' rn·cPl'isar~· 

connections should be made for our work, it, seemed to ~-ou, sir, and to Prof'. Beujamiu Pl!irce, iltl' 
consulting geometer, as it llid to the wrf\'>~r, that t-0 trw>t to alJsolute dete-rmiuatiom; and t<> tlw 
transportation of meters would he more than hazardous, notwithstanding: that rmch had lH>en thP 
recent practice in continental Emope. Your instrnctious wNe accordingl~· issnPll for thP oscilla
tion of the same pendulum at those fundamental stations of Europe wlwre th!' chief absolute detlc'rmi
nations had been made and whence pendulum-expeditions had 8et out, aml at a station i11 ,\merit-a 
which would become the initial -011e for this continent. Similar action followed on tlle part of the 
EuropPau surveys; for at the meeting· of the International Geodetic Congress iu l'aris, iu 1h7,j, it 
was resolyed, at the suggestion of the writer, that the different states slwnhl carry their pendulm11l'i 
to Berlin and swing them in the Eiclmngsamt tllere. This has already been UOIH' by s"·itzerlan<l 
and Austria, and will he doue hereafter h.'- (\Yery s11rn\v which is 11ot willing to sacrifice tl1e solu
tion of a great problem to forms of action based on national exelush·eness. Geode$y ii' tltl' om· 
science the successful prosecution of which absolutely (lepemls upon international solidarity. 

STA'.l'IONS. 

The stations occupied were as follows : 
1. Geneva .. -Tbe pendulum was swung in the observatory, nearly in the same spot, aJld 011 the 

same wooden stand (see illustration No. 26) used for the purpose b.'' Professor l'lantamom, whosr 
ad vice in regard to the conduct of the experiments "·as inYalnahle. His pendulum was set up at the 
east eud and ours at the west end of the main hall. The tloor of this hall is (as I remember it) not 
a. merer ahoye the level of the ground which, according to Dnfour's map, is 407 meters aboYI' the 
level of the sea. The experiments here were made in Augn>1t and Septt~mber, 1873. The >1tation 
must be pronounced unfavorable for accurate pendulum-work, both from its exposure to changes 
of tempera,ture and from the sli2ht stability of the asphalt fioor and of the tripod. 

After the experiments at Geneva the pendulum was injudiciousl_y intrusted to a company in 
Plainpalais, of whom a vacuum chamber hail been ordered. It suffered grave iujm·.'· iu cousequenel', 
aml was repaired by MM. Brunner, in Paris. In this way the operations at G-eneYa are completel,Y 
separawd from those at the other stations, and are deprived of much of their value. 

:l. Pari11.-M. Wallon, minister of worship and public instruction, author'.zed Jlenclnlnm-cxperi
ments at the Observatory of Paris. The obserrations were made in the Hall of the :Meridian, in tlw 
alcove at. the north end. The center of the pendulum-stand was 8\1 cm. east of the meridia11-mark~ 
and opposite the reading 2738 cm. on tlte meridian-mark. The pendulum-stand stood clirl•ctJ.,- 011 

the floor, and the center of gyration of the pendulum was 29 cm. above the fioor. A pendnhm1-staml, 
believed to be that of Biot, is by measurement 735 cm. east of the meridian, aud opposite 4.iO 1·m. 
on the meridian-mark. Its fulcrum is 171 cm. above the floor. On this 1ml~jl•ct, J'\L C. "'ulf, 
astronomer at the observatory, to whose poliwness throughout the occupation of the station the 
writer is much indebted, kindly communicates the following details : 

"Borda a opere dans une salle et contre uu mur qui n'existent plus; la hauteur du sol de f•ettc 
8alle au-dessus du niveau de la mer est 67 metres; L'aunuairc du burean des longitmlel' do1111P 65 
metres. 

" J'ai pris sur un ancien plan de l'observatoire la position du mur de Borda: son centre etait 11 
14.72 toiseS (28.69 metres) de la ligne de la meridienne, a J'est, et au sud ll !l1.89 (HJm.21') IJU pnits lfo 

l'observ~ttoire, dout. l'axe est sur la meridienne. 
"Les coor<lonees de la station de Biot, par ra11port il la meme ligne et au m(mie pnits Rout : 

. Distance a la meridienne •......• _ .. __ . ____ ..... __ . _. __ .. _. 7m.34 est 

" au puits suivant la meridienne ....•. - - . - - - - - - - - - - - 10111.23 sud 
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"Yous etiez place Yous-meme presque Sllf la meridienne, a moins d'un metre a l'est, et a 12ru,70 
du puits verR le nord. 

"La hauteur cles deux dernieres stations [no doubt the floor is meant] au-clessus de celle de 
Borda est 7"'.03, par cono;equent 74"1.05 au-dessus du niveau de la mer." 

The le\-el of the µ;round in the mitlule of the south face of the obsenatory al1ove that of tlie 
Kmt is, aecor<ling t-0 the gt>ncral staff, 58.8 meters. l\J. Biot gives as the elevation of his station 
abm-e the sea 70.:?5 meten;. He erroneously states that Borda's was at the same level. De 'Frey
cinet gin\s ';'~.j8 meters as the altitnde of l1is station. Our experiments at Paris were made dmi11g· 
tlw mouths of Jamrnry and February, 1876. 

The Rtatiou a.t Paris was favorable in regard to the.:i11iformity of temperature, but unfavorable 
from the excessive instability of the floor. t 

3. Rerlin.-Tbe pernlulnm was swung in Berli11 in the large comparison-room of the Imperial 
Eichungsamt in the garden of the ohsen·atory. Plans of this building have l>een prornil-!ed by the 
director, Profe;;;sor Forster, for this report; but as they l1ave not ~-et arrived the preci~(1 point occu
J>ietl will be state1l in an appendix. The station was very near that of Bessel, but about three 
meters higher. The experiments were made from April 15 fo June 12, 1876. This station was favor
able in regard to stillness and stability, but nnfa\-orable owing to changes of temperature. The 
wrih·1· here enjo~·ed the inestimable advantage of the counsel of the Nestor of geodesy, Genera 
Baeyer, and also that of great interest in the experiments and attention to everything which 
could affect the st1ccess of them on the part of l'rofessor :Forster. 

4. Keic.-In England, the pendulum was swung at the Kew Observatory in the old deer-park 
at Ricl1rno11d, Surrey. 'l'he observatory is a meteorolog·ical station kept np by a committee of the 
Hoyal Society, but h; apparently as fundamental a station as there is available in England. Tl1e 
ground is 24 feet above the level of the sea and our pendulum was nearly at the level of the grourn1. 
The experiments were made in July, lt\76. It proved an excellent place both for steadiness of 
t.emperatme and for stabilit,y I<'mtunately, the director of the observatory, Mr. Whi1lple, th01·
onghly understands the art of oscillating the pendulum, and was most obliging in furthering the 
investigation in many ways. 

,-;, Hoboken.-Thc pendulum was swung in a dark chamber in the cellar of the Stevens Insti
tute of Techuolog-y. N otwithstauding the kindness of the authorities of the institn te in permitting 
and facilitating the experiments in various ways, and the advantage of the counsels of the eminent 
physicists resident there, especially those of my friend Professor A. M. Mayer, this station is ohjec
tiona hle from its hcing situated in a prh·ate institution. Otherwise, however, it is a suitable phwe, 
except that it h; impossible to measure the length of the peuuulum there with any accurac;r owing 
to eftect-, of temperature. The latitude of the station is 40° 44'.5, the longitude iH 74° 02' wec;t, 
aml the height above the mean sea-level is about 10 meters. The position in reference to the har
bor of New York is shown in the illustration )fo. 2fia. 

INSTRUMENTS. 

The chief instrmnent was a Bessel reversible pendulmn of one meter length between the knife. 
edg-es, admirably constructed h~- Messrs. Itepsold, and nearly au exact copy of the Prussian instru
ment described by llruhns in his acco'nnt of Dr. Alurecht's experiments. One-half this pendulum 
is shown in illustration No. 27. Its mass is 6308 gntms. The dimensions of its principal parts are 
as f()llows : 

Ccutimet.ur. 
n,,igllt of conpat end........................................... 0.5 
l,(lngth of litth· cyli1)der, .............. - . -·. - -·. - . - ... - ..•.... 1. 2 
Diamefrr of little cylinder .. - .. - .. ,._, ................... _____ 'J.o 
lliametm·ofcollar out.i-JidHlJOh .................................... 4.9 
ll(•ig:ln, of <·oUa.r ................................. - •. · - - - -- .... - .. 

J)iarn<•t-f'l' of hob, be.-:tvy ..•. ··-···---··············-··-- ...... . 
Diarnetf'r of hoh~ li~ht ............... --·· ...••... -- - . - -------. 
lleight of l••h, lwa>y ·- .. ·-··· .......••.... ·- ···-· · .. · - ··-···. 
Height nf lmb. light ...............••............. - - . --· ............ . 

0. g 

11.48 
11. 42 
3.2:> 
3.18 

Dittmt·t-er of eollar belowboh .................... - ............... -- - 4. 78 

1Ieigl1t of collar below boll...................................... 2:4 
llian1et('.f of st-t~Jn ....................................................... 4.33 

llistonec (ne:u.,st) b<Jbtohoh ·-····--·········-·····•·•···-··· llG.25 
LetJ_!:rth Qf k11if~ ........................................................... . 9.5U 

CenUnwter. 
Height of knife ........... ··- .. --··-· -- ·-· -·· ·--. -- . -- ······- l, 8 
Thickness of knife._,. __ .. ··- ....... ··--·· .•.... ···-··........ l. 4 
Height ft·om bott-Om of brass oblong t<l top of knif<> ....... ·- -- 3, 4 
Thickness of br3'!s piece ..... ·-·-. __ ........................ -. 1. 32 
Ilright of tops of thumb-sc.rews a!Wlve top of :linifo ....... - . . . 2. 05 
Brea.dtb of brass for screws ........ __ ... " ................. - -- 2. :!5 
Le-ngth of upper projootion on stem below knif~ ............... - -
Diameror of upper projection on stem below knife-· ... - ·---·-
Length of l<>wer projection on stem below knife . -•.•.. - ••. - . -
Diameter of lower projection on stem below knifo ........ - -- - --
Length of .hole for rongne._,_,, ...••...• - .......... - •........• 
Brea<lth •• --··. -·. ---·· .. -·--·-·- -··- .................... ····-· 
Thlckneat1ofmeta.I -·······-········"···· .. ·• .. ············-· 

1. 4-
5.0 
1. 4 
5, 0 
7,5 

2.6 
0.18 
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In using the vertical comparator which forms a part of the iJrntrnrnent, the intention of tlw 
makers 8emns to h:rrn been that the pendulum-meter should be set vertical h.'• means of a ,;pil'it -
level on a brass straddle provided for the purpose. Instead of this, a plumh-line ltas heen W<(•t1. 

This is so made as to be capable of movement in any horizontal llirectio11. The point of ;;upport 
ean also be raised or lowered aml the whole can be rotated on a vertical a::d13. In this wa~-, glass 
t-icales may be obsernid, which form part of the pl umll; and auy error iu tl1Pir verticality is \•limi
nated hy l'l'vt\rsal. 'l'he instrnme11t i8 first approximately :tdjnstcd; tlw axii-l of rntatior1 of th1• 
eompamtm is made accurately vertical and the upper microsco1w h; foeusetl OH the kuifL•-edg(' .. 
Then the vertical wire of the lower microscope is ma.<le to llisect the plmnh·liiw awl the upper 
microscope]>; turned about the vertical axis until it also bisects the same vertical lint:. Afwrwanl, 
the plumb-line hllving been brought into the focus of Uie upper microscope, the lowl'r 01w is 
a1lvauced or retracted until it is in focus on the plumb-line below. The miero,;1·01H·s lrnvi11~ lw1•11 :-;u 
adjusted the meter is adjusted by means of them. 

A sP1iarate pendulum-support, with a vacuum chamber: const.rnd.ed nuder my tlir<·ctio11 h~· thl' 
I'lainpalais compauy, and called the Geneva support, was used at Hoboken. 1\_ vertical section of 
this support (suppressing various details) is shown on illustratiou No. ~1'. 'l'he supporting part 
consist:< essentiall;v of a solid brass ring with three prqjectiom; for screw-feet all(l a tongue to 
receive the knife-edge cast in one piece. The vacuum chamber is a metallic t',\'lill(ler covert>tl with 
lwll-glasses at the two ends.* Each screw-foot is furnished witli two powerful lliudiug--s«r<>ws. 
Only that part of the tongue below the level of the upper surface of the brass ring i1> a part of tlu· 
same casting. The upper part is fixed by screws. The instrument is provilled with app:uatu" for 
raising the pemlulnm off tlte knife-edges and letting it down again, another for setting· it in rnotio11, 
supports for thermometers, gra<luated. arc, &c. The µ;raduated arc is didded into thonsarnltht> of 
th<\ ra.din:-;. J\fossrs. Sta<:kpole and l~rothers, of ::;-.\ew 1' ork, hav<\ made tlti::i troublesome gra1lnatinu 
with extreme ae(lnracy, upon tlte arc now in use, and Itani generously prest'ntc<l it to tht~ ;-;urn·y. 

Yarious other inst111menti,; were used which will he descrihell in g'iviug au account of tlw olJ;.;cr
vations made with them. 

OBSERVATIONS OF THE DURATION OF AN OSCILLATION. 

The duration of oscillation was aseertainetl hy chronographing 100 transitr; of the point of 1 lw 
pendulum over the vertical wire of a, reading-t<ilescope. l~qual 1mmbers of traw;it,; wen• takt>ll 
from right to ]('ft and from left to right, so that any efl:ect from the wire not being at the equilihrinrn· 
point was elimimitetl. At leai-;t two secuudt-i ela11st•ll betwPen snccest-ifre recordR. 'l'he ti111e-kt•.t>p(·1· 
was g·t•ncrally a chronometer breaking every two secon{lS. 'rite chronometer-breaks a111l ;;i~uals o!' 
pc11dulum-tram;its were recorded by the same pen, and interferences were avoide<l by cl100,.;i11g· 
among the following four methods : 

A. 25 transits to the right; 50 to the left; 25 to the right. 
B. 50 transits to the left; 50 to the right. 
C. 2.':i transits to the left; 50 to the right; 25 to the left. 
D. 50 transits to the right; 50 to the left. 

'l'he chronograph is a fillet instrument regulated by a reed and constructed b~· J~rl'gnet. It 11 :ti' 
three pens. The fillets have been measured to tenths of seconds and the lmndredths Jiayr, hcen 
estimated, except in the second readings of the Berlin filletll, where the lnmdre<lths were rneasure1l 
with a scale devised and constructed for the purpose. 

Observations of the transits were taken when the pendulum reached an arc of oscillatio11 of 
20, 110, 1 o, and ~o, on each side of the vertical. The o~ject of the interme<liate transits at 11!0 and 
1 o will be seen in tlte second part of the report, which treats of t,he errors of the results. Ily taki11g
the transitR at fixed arcs, the condition that the pendulum should be t•quall.r a:ti'ect-0d b~· the air 
with heavy end up and heavy end down was secul'ed with certaint,y. It has been olljccted that this 

•The I~akage of tlw clmmber increased the preijstue by about that uf a tenth of a millimeter of mercury per hour. 
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plan make;; tht> experirnm1t with heav~- end up of too short duration. To remedy this, at Kew the 
pendulum was 8Wtrng with heavy eml up both before and after every experiment with heavy end 
dowu, 80 tlta1 there 'rnre twice as rnauy cxpcrimentH with heavy end up as with hcay>- end down. 
'fhe qnestiou of thP proper arrangement of the experiments in this respect belongs to the theory of 
the Bconomy of He:-;eareh, which is treated in Appendix No. 14. 

la order to avoid any possible difference of personal equation in noting the transits when tlie 
penclnlu111 wai,; moYing rapidly at the beginning and slowly at the end of the experiuwnts, llifi"Prent 
powerH werP emplo.n•tl u11on the reading-telescope, so that the apparent velocity was about the 
same at the last as at the firi>t set of t.ntnsits. 

CORRECTIONS. 

The obser>e<l duration has to receive the following corrections: 
1. ThP corrediou for the rate of the time-keeper; 
2. The> correction for amplitude of oscillation; 
;_1. ThP correction for pressure aml temperature of the air; 
4-. The corTN~tio11 for the expansion of the metal by heat; 
5. Tht> correction for the slip of the knives; 
G. The corrccti011 for the wear of kniver;; 
7. The c01Tertion for inequality of knives; 

\ 

8. The corrnction for Rtretchiug of pendulum b,\' weight of heavy hob w hc11 the latte1· is (I own; 
!I. The correction for the tlexure of the support; 

·10. Th(• correction for attractions of sun, moon, and tide; 
11. The correctiou for efovation above sea level. 

ON TilE CORRECTION FOR THE RA'l'E OF THE TIME-KEEPER. 

The stat i0118 at. Genc>va, Paris, and Berlin, bei1_ig astronomical observatories, the rates of their 
clocks W<'re determined by tlte astronomers there. 

At Gp11ent, the transits of the pendulum were rei:,ristered on a fillet-cltronogrn11h whie11 w:t8 

fomHl there, tog-etherwitlt the even 8econds of break-circuit chronometer Hutton 20:1. The second
hand of the sidereal clock was, befom and after the experiment" of each day, ohHerve<l tlll'onglt a 
tcl1•s(·ope, aJHl ih; s<>cm1d8 registered in the same wa;y. The following table, showin:r the c01TPct.io118 
or thl' clod;: for :]Oh sidereal time of every day on which stars were observed, was ki11dl,y co111n11111i
cah•1l hy Profossor Plantmnonr: 

Dnte. 

187;1. 
Ang. 27 

31 

Sept. 1 

2 
:i 

4 
;; 

G 
7 
8 

11 

12 
1;J 

14 
lG 
17 

18 

Uorrf'ction, 
GeJteYa cloek. 

8. 

+ ;)(i.311 

+ ii8.36 

+ 58.93 

+ 59.;)3 

+ G0.18 

+ G0.81 

+ 61.51 

+ 62.rn 

+ G2.81 

+ 63.59 

+ G5.60 

+ GG.31 

+ 00.7G 

+ 67.36 

+ G8.77 

+ 69.33 

+ 70.09 

Rafo. 

8. 

+ 0.49 

+ 0 . .37 

+ O.GO 

+ O.lif) 

+ 0.6;:) 

+ o.rn 
+ 0.62 

+ 0.68 

+ 0.78 

+ O.G7 

+ 0.71 

+ 0.4!i 

+ 0.00 
+ 0.70 

+ 0.5G 

+ 0.76 
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These rates haw been adopted in tllc calculations. 
The cornparii;;ons between the chronometer and clock, and the rate of the cl11·011011wter a,.; 1k1l111·1•11 

from them for each day's observations, will appear in their proper phtce in the full ;wcmmt of' tl1e 
pendulum-work in my next report. 

At l'ariR the penuulnm-tranRitR were ehronographed t-0gether witl1 the heats of tht• mcri1lian 
clock. The correctionR and ratefl of this clock were supplied by the ohserYatory in two lists, wl1id1 
are here appended. In transmitting the second, M. \Yolf tnakes the following· remaifo,;: 

"J'ai examine avec attention la marclle diurne de la pendulc Rur laquelle Yous ayez ohserYI- e.t 
com_pte fa seconde. Sa. marche diurne uormale, l'l~sultant d'un tr~~s-grarnl nombre d'ob!'erYatious 
faitcs a tlifferentes epoques de l'annce, varie de +0'.0;) ;\ +0'.07. O'e"t en dl'ct en que 11\llLS retmn
YOllS pour le mois de fovrier, eomme il resulte du tableau ci-dessmu;. J\Iaiis en ja11vier. il t•st 1',yi
deut qn'il "'eo;t produit nne perturbation do11t je ne pnis de>iner la eam;e. Quoiqu'il en isoit, il rne 
paralt necessairc d'a<lmettre pour la marche cliurne 

+0".20 du 24jam·ier au 2 fenier 
+ 0 .07 du 2 fCvricr au 24. 

"Yoiei en effot le tableau des corrections observees en reg·anl de>iqnelle,; je place les corrt•e
t ious calculee" <ffec le" marclles precedentes: [llere .l\L \Yolf in,;erts the iseco11d li,;t giYe11 he low. J 
Ces corrcctio11s SC rapvortent tontes a 9h temps moyeu a:!- d'heure pre8. 

"La sen le difference trop forte est celle du 4 feyricr; la correction de cc jour a ete oht~·mu: par 
nu ohscrvateur different de cclui qui a determine toutes les autrcs. 

"Quelle que soit d'ailleurs la marche que vous admettiez, il me ;;cmlJlt• quo l'erreur qni i1ent e11 
rc,;ulter sur la dnree de la secomle siderale, c'cst. tonjonrs de hcaucoup inferienre ;'t cdlc <1ni nisnlte 
de la mesure des oscillations de •otre pendule." 

Temps 
Date. sideral. 

187G. II. m. 
• Tau. 5 3 3 

10 3 40 
]5 7 0 
24 4 40 
25 7 30 
:w 
27 4 2ii 

!!8 5 40 
29 5 0 
31 6 3 

F6v. I 

,1 

7 
!) 

10 
11 
12 
14 
15 

Gorrccti-Ons of the Paris incridia1i-clock. 

FIRST LIST. 

Lnncttede 
Gamb<'·Y· 

M. Leon. 

8. 

+12.02 
+12.46 
+13.37 
+15.09 
+15.19 

+15.83 
+15.88 
+15.91 
+lli.41 

Ccrclc m6ri1lie11. 

M. Peri
gord. 

+15.:35 
+Hi.60 
+15.85 

+16.22 
+16.35· 
+16.75 
+17.03 

+18.50 
+18.50 

+18.75 
+18.82 
+18.46: 
+19.28 

M. Fulaiu. 

+17.59 

+18.75 

SECOKD LH:IT. 

Date. Ohs. 

18/G. x . 

Jan. 24 + 15,;);) 
,,-
....... ~_) +l:"i.60 
2G +13.85 

2~ +rn.22 
2!1 +rn.:J.i 
31 +rn.1,i 

FcY. 1 +17.05 
2 +17.32 
4 +17.li2 
7 +17.;)3 
!) +17.57 

lO +li.72 
l1 +17.rn 
12 +17.87 

:?~ +18.50 
23 +lS.64 

Cale. 

+ 1.'i.!O 
+1:u;o 
+Lj,t;O 

+ rn.20 
+Hi.JO 
+rn.:-;o 
+17.00 
+17.rn 
+11.:3;.; 
+li.51 
+17.118 
+l7.7;j 

+17.82 
+17.89 

+J8.;39 
+18.66 
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I cannot presume t,o re\·iew the judgment of the Paris Observatory upon the errors of its own 
ohserrnrK, arnl tl1(\ rateK given in the last eolumn are therefore adopted. Illustration No. 2!l exhibits 
the com:ordance of the obserYations with these rates. 

At 1Jerli11 the clock, whose seconds were chronographed with the siirnals of t>ernlulum-trausits, 
'nm a 1mb;.;idiar,\- one in the observatory, designated as Serffert. Every day, before aml afteP the 
experimeuts, it was put on to one of the observatory chronographs with the clock of the observa
tor,r. The corrections were communicated in the following list: 

Stand uml Gang van Ser_ffert, 1876, April 15-Juni lG. 

1876. ah. S 'fiigl. G. S. 

8. 8. 

April lli.63 2fi.2H 
rn.rn 26 . .58 

.63 26.87 

:Mai 

17.13 
.()3 

18.13 
.fi3 

27.14 
27.33 
27.48 
27.Gl 

- 0.17 +26.!)7 

19.13 27.75 - 1.25 +2fi.50 
.63 27.81 

20.13 27 .89 
.63 27.95 

:n.13 28.03 
.63 28.06 - 1.98 +26.08 

22.13 28.14 
.63 28.24 

23.13 
«63 28.39 

24.13 
.63 28.66 

25.13 
.63 

26.13 

28.90 
29.09 
29.33 

.63 29.52 
27.13 29.73 

.63 29.90 
28.13 

.63 
29.13 

.63 

30.05 
30.16 
30.29 
30.44 

30.13 30.61 . 
.63 

1.13 
.63 

30.69 
30.81 

3.37 +25.96 

3.73 +26.00 

- 5.36 +25.33 

2.13 31.03 - 5.94 +25.09 
.63 

3.13 
.63 

4.13 
.63 

31.30 
31.53 
31.82 
32.15 

- 6.69 +25.13 

-0.23 

-0.17 

-0.03 

+0.04 

-0.19 

-0.16 

+0.02 
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Stand 1tnd Gan!/ von Serjfert, 187G, April Li5-Juni 16-Continued. 

1876. T·,-1'\ Alt. T., Cl/1. s Tagl. G. S. 

H. H. 

M.ai 5.13 32.41 
.G3 32.64 

+o.rn G.13 32.92 
.G3 3;.u.-; 

7.13 :33.31 
.G;) 33.4G - 7.77 +25Jm (1) 

8.1:3 3:).71 

.63 33.98 
9.13 34.28 +0.28 

.63 34,57 
10.13 34.88 

.63 35.lii - 8.62 +26.53 
11.13 35..1!) 

+0.35 
.6:) 35.78 

12.13 :36.0G - 9.00 +27.06 
.63 (2) 

13.13 36.5!) 
.G3 3G.89 

+ 0.11 14.13 37.l!l 
.G3 37.41 

rn.10 37.70 
.G3 37.98 -10.54 +27.44 

Hi.13 ::18.34 
.G3 38.65 

17. l~{ 38.9() 
,f,;~ Es "'ttrde cin~ klt~itw Verhps,1;,1;r•rung dPr Kmnp<'tH~ation ausgefiihrt. 

rn.rn 
.6;) 

rn.13 
.63 

20.13 10.58 -12.26 - UiS 
.63 10.45 

-0.39 21.1:) 10.3i'I 
.63 10.24 -12.50 - 2.26 • 

22.1.3 10.08 
-0.ii:l 

.6:3 9.88 
23.13 9.69 -12.74 - ;).05 

.6:3 
-0.Gll 

24.13 !l.32 
.63 9.1:3 -13.15 - 4.02 

25.13 8.96 
.63 8.81 -0.64 

--"~---·------~--- -----~----

Anm. 1 ). QuookMilbertmpfon hOlmr ge1<tellt. 
Anm. 2). Die Untenmchttng cier Gang<' 1876, Fehr. 2", bis Mai Jr>, ergieht 

d_J_~~l!.".!1:.Q:IJ>Ilg) = + 0•.018fill'+1mm, 
d Barom. 

S. Ex. 37--27 
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Stand und Gang von Serffert, 1876, April 15-Juni 16-Continued. 

1876. Ta-S All. T, fih. s Tag!. G. S. 

8. 8. 8. 

Mai 26.13 8.69 

.63 8.54 -13.85 - 5.:n 

!:!7.13 8.40 

.63 8.27 
28.13 8.12 -0.60 

.63 8.03 
29.13 7.92 

.63 7.80 -14.!Jl 7.11 

30.13 7.76 
.63 7.70 

31.13 7.65 
.63 7.54 

J uni 1.18 -0.44 

.63 7.35 

2.13 7.24 
.63 7.06 

3.13 6.94 
.6:3 fl.72 -16.01 - 9.29 

4.13 G.4!l 

.63 G.:n -0.50 

5.13" 6.Hi 
.63 5.96 -16.25 -10.29 

6.13 5.74 

.63 5.46 -0.49 

7.13 5.22 
.63 4.9G -IG.24 -11.28 

8.13 4.81 
.63 

9.13 4A2 
.63 4.23 -0.42 

10.rn 4.08 
.63 3.HG 

11.13 3.85 

.63 3.70 -16.66 -12.96 

12.13 :l.52 
.{i:3 3.35 

13.13 3.23 
.{i3 2.98 

14.1:~ 2.78 -0.50 

.63 2.56 
15.13 2.36 

.6.'J 2.17 

16.13 1.97 -17.I!> -15.2'2 

.63 1.80 
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An independent set of compariAOllfi between S(1rffert and the normal clock of the observatory 
iH given below, the differences between it and the previous tahle being usually very slight. In the 
table below the column headed 0 gh~es T,-S a8 directly observed, and I as iutcrpolat.erl from the 
table just given: 

])"te. Ta-8, 0 Ta-8, I 0-I 

1876. s. s. s. 
April l!Ul4 27.88 ~7.86 + 0•1 . "' 

21.01 28.01 28.01 .00 
23.91 28.±5 28.47 - .02 
2.t.12 28.50 28.5:! - .O:! 
2±.89 :.>s.77 28.78 - .01 
25.12 28.89 28.90 - .01 
25.89 2H.:!2 :m.21 + .01 
26.11 29.::n 2!!.32 - .01 
27.90 30.00 29.fl8 + 0'' . ~ 
28.12 30.06 30.05 + .01 
28.88 30.lfi 30.22: -.o7 
29.12 30.:m 30.29 + .01 
29,89 .'{0.57 30.53: + .04 
ao.12 30.62 30.61 + .01 

May 1.90 31.03 ~{0.08: + .05 
2.12 :n.03 31.0:~ .00 
2.89 ::)l..~fJ 31.2± + .01 
3Jl2 31.83 31.70: + .13 
4.11 :H.81 ::11.81 .00 
4.89 32.2!) 32 .. ~9 .00 

There are hut four cases of discordance, all occurring where the comJlarisou of this set was 
taken midway hetween two of the former ~et. 

On comparing t.he llaily rawt-J of the two clocks <lesig1mted as T3 and S, during the time of the 
pendulum-observations, it will be found t1mt the latter went as well as the former, as shown in the 
following table : 

Daily rMe, Daily rate, Iliff. from Diff. from 
Dafo. T3 ['; mcauT" urnaIJ R k 

1876. s. s. 8, s. 
Apr. 19-21 - .49 - .17 - .12 - .07 

21-26 - .31 - .03 + .06 + .07 
21">-27 - .36 + .04 + .01 + .14 
21..:ro - .47 -.19 -.10 - .05 

.May 0- 2 - .:?8 - .16 + .14 -.06 
2- 4 - .38 + .<rJ -.OJ + 1 ·> . "" 

For the observations at Kew, the time was kept by the four chronomct,crs-

Hutton 202, si<lemal ; 
Dent 217l, mean solar; 
Frodsham 3525, mean wlar; 
Frodsham :~474, mean solar. 

The solar chronomet.ers were all compared with No. 202, by coincidence of heats, at least once a 
day, from June 30 fu ,July 12, inclusive, hut the comparisou of June 30 was rejectR,d because the 
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chronometers bad not then been in place long enough to acquire uniform rates. The following table 
gives the results of these comparisons, the excess of each chronometer over No. 3525 being takeu. 

Kcw.-Gompari..~on of chr01iometer.~ [2171, 3525, and 3474 arc reduced to sidereal time]. 

Excess over Frousham 3525 of-

Hutton 202. Dent 2171. Frodsham :l4i4. 

1876. m. 8. m. 8. m. 8. 

,J uue 30.1~1 + 3 8.61 + () 1.30 + 0 20.87 
.July 1.12 2 57.94 0.14 rn. rn 

1.26 56.4:~ + 0.02 rn.11 
1.47 54.rn 0.12 19.57 
1.92 49.42 0.43 rn.31 
2.10 ·i7A!l 0.57 rn.25 
2.94 :~8.42 1.34 18.9(J 
3.10 :>5.9!) 1.ii:1 18.97 
:t47 32.'7:~ 1.70 18.88 
;),98 27.40 2.10 18.65 
4.25 24.47 2.31 18.65 
5.09 15.30 2.9G 18.41 
6.15 3.60 :J.58 18.l:J 
6.92 1 55.17 :3.94 17.90 
7 .:!~) 51.44 4.03 17.94 
7.91 44.10 4.42 17.99 
8.12 41.77 4.iili 17 .H7 
8.45 38.16 4.79 17.88 
8.{)5 32.63 5 •)') 

.~ ... 17.80 
9.12 30.79 5.33 17.76 
9.Ul 22.19 5.8.5 17.67 

10.18 19.17 ().11 17.o5 
10.3!) 16.87 6.2~ 17.59 
11.11 9.16 6.93 17.43 
11.{)9 {) 59.47 7.98 16.73 
12.37 + {) 55.21 - () 8.43 + {) 16.63 

In the transit-observations, a Dollond transit belonging to the observatory was m;ed. These 
observations were taken under very great disadvantages. The transit-room, which was not in the 
observatory building, hut located just outside the east wall, was not large enough t-0 allow a place for 
.the chronograph, so that the observer (Mr. H. Farquhar) was obliged frequently to leave this room 
in order t-0 see to the recording of hh; signals. The instrument was one of small magnifying J)OWer, 
with a long interval between the wires (about 26• at the equator), so that a special journey had to be 
made during the passage of the high northern stars, to wind up the chronograph and sec that the pens 
were working. It was, moreover, in not very good condition, nor very steady. For these reasons, 
though many stars were observed every fair evening, great difficulty was found in getting a satisfac1:-0ry 
correction from them. In illustration No. 30, which shows the correction to each of the chronom
eters after applying a uniform ra«•, the comparisons made at the time of the transit-observations 
are distinguished by circles, and only the observations of the :ird, 10th, and 12th are taken, it 
having been found impossible 1:-0 bring the separate stars, in the observations of the 1st and the 
8th, into concordance. 

Chronometer 3525 has been considered as having one uniform rate of + 00.23 per day, from the 
beginning to the end of the pendulum-experiments. 
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This supposition gives as the rate of No. 202, the chronometer m1e11, during each day when the 
pendulum was swung-

Daily mt<-
of 202. 

1876. s. 
July 1 + 10.99 

2 11.10 
3 11.05 
4 11.01 
7 11.24 
8 ll.35 
9 11.1;; 

]() 11.:!fi 

These rates have been adopted in the calculation. 

At Hoboken the time was obsern~d with the Vnited States Coast Sm·n•y portable transit No. 5 
hy Simms. It was kevt by break-circuit chronometers- . ' 

and a part of the time by 

Hutton 
Bond 
Negus 
Negus 

Bond 

202 (sid. time), 
;)80 ( sid. time), 

1589 (sid. time), 
li>91 (mean time), 

387 (sid. time). 

For the observations of April and May, 1877, which were iuteuded to show the !litl:ereuce in the 
time of oscillation on a st.iff arnl 011 a flexible ,.;ta111l, arnl for the regnla,r ""ings of .Tune, 1877, the 
time-observations were commenced by Subassistant Edwin Smith on March 24, and were continued 
until June 2H, inclusive. The chronometer used in the ohserrntions of time was mmally Negus 
1[)89. The following table :shows the residuals of the time-olJservatious. The reduction was made 
by field-methodis, by Subassiistant Smith : 

March. 
~ 

P.D. Z.D. 1 U 

a Geminorum... 68 +19 +.04 W. 
l'. VII, 67... 21 -28 + .01 W. 

a. Geminorutn. _ - . 58 + 9 +.20 W. 
a. CanisMinol'is.. 84 +35 -.28W. 
s Ge.mtnornm .... 62 +i2 +.cr.?E. 

3 H Ursre MB,joris.. 21 -28 + .02 E. 
• Cephei (L. ().) .. -13 -62 

11 12 

l'<\j. 
-.03E. 
+.14E. 

-.lOW. 

_\p1·il. 

17 

+.04 W. +.08W.-.lOW. 

May. 
-----~ ~----_,',_ ____ _ 

23 24 25 :! 3 7 1~ 

• Ily<lrai......... 83 +34 
' Ursro Majo1is . 41 - 8 +.09 w. . . .00 w. -.09 w. +.02 w. 

I( Cancri ........ . 
1 II Dracm1is ..... . 

« Hydrro ..••..•.. 
d U rsai Mnj1lri• 
6 U rRa~ Ma.i-<ffis . 
.., Leoqis .. 

µ. Leonis ........ . 
a. Leonie ........ . 

32 U rsro Majoris .. 
y1 Loonis ........ . 

9 H Dmcnui;:; ..... . 

79 t:JO 
8 -41 

98 +49 
20 -30 
38 -11 
00 +16 
63 +14 
77 +28 
u -25 
70 +20 
14 -36 

p Leoni•. . . . . . 80 +31 
l L>onio......... 79 +ao 
« Uraa:.Majoris .. 28 -22 
a Leoni•......... oo +20 

-.U:JE. -.04 W. \ .01 W. 
-.09W.+.03E. .:...10K -.24W.-.04K 

-.05W. 

+.01 w. 
-.05 :K -.04 W. 
-t-U~E. +.07 W. 

; .07E. -.16E. +.01 W. -.ORE. i .07 W. 
.oo E. +.15 .K +.4G W. -.02 E. 
.OOE. -1.IOE. +.02E. ;.OOW. 

+.01 W. ·· .03 E. i .OiW. -.1:1 W. -.03 E. 
+.02w. +.03E. +.llfiW.+.o:;:K +.04E. 

+ .04 E. +.02 W. I .03 E. 
-.08E .OU W. 

-.02\V. ;.03W. -.03E. 
-.01 w. 
·r.O~'V .. 00 W. 
-.osE. +.oaw. 
+.12E. .00 w. 
-.lOE. 
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~fay. Jmw. 
~------·--------

P.D.Z.D. H 

8 Crateris .. _ ... 10·1 j 55 
T Leoni:i . ---·. 1 -37 
h Dnt.eoni8 .. _ . . . - 29 
v Leoni" H +4 l 
fj LconiB . . . . . . . 75 -1 25 

16 

-.OIK 
+.03 E. 
-.14E. 
+.o~,V. 

--.04W. 
y Urs1r: Majo1'is.. 36 -14 +.16 \\ ...... 
'1 VirJ!."!Hit-1 ....... 90 +tl -.04 \Y. 

< Dmconi•·-·- 20 -40 -.02 \\'_ 
32ll2 Camdo11---···· ti -43 

12 Canum n:11 51 + :.! 
9 Yjr~dni" nn +46 
o. Vir~iuis.... 101 -1 46 +.0-1 \\'. 
.; Viri:ini•.. .. .. 90 +41 -.06 E. 
'i UTl~a· l:IujoriH.. 40 - 9 +.O'..! E. 
1J UoohP ......... 71 +2"2 +.04..E. 
a. Draconis . . . . . . 2ri -24 

a. noot~l'. ----·--· 70 +~1 
9 ]foohP .-- .... :JH -1~ 

5 l 1 rAfl' Minorin.. 14 -:15 
'lluutw ........ 62 +13 

C1 2 Librm ....•.... 106 -t J6 
B Ursre ].Jinot·i~-- 15 -34 

a YirginiR ...•.. 

~ Virµ:inlio:. -----
J/ Ursm M~joris .. 
'I'! Bootre ....... . 

P.D.Z.D. 20 

101 +46 
uo +41 
40 - o -.04 E. 
71 ·1-'!2 +.o3 E. 

a. llraconiR --~-
a BootIB ----··-·· 
e Boohe ........ . 
ri Ursm Minoris .. 

25 -24 .00 :E. + .07 W . 
70 +21 f-.03W. -.Q4 W. 
38 -13 -.02 w. 
H -35 .oo W. -.06 K 

E Uootru _ Ct! +1:1 +.Ul \V. +.01 K 
a 2 Librw ......... 106 +-56 +.06E. 
13 Uram ]finorh:i.. _ 15 34 
µ.1 B0<lta.1.. ...... 52 +a 
Yt Lrsre ~1inoris. - 18 -3~ 
11 Corona·. Bur .... 
11 8erpt·nti1"o •••••. 

C! S~rpfmtiR. -... 
S lTrsm 1\finot·is .. 

u:~ +14-

83 +3-1 
85 + 36 
12 -37 

um. 
:\larch 

24 
,\ pril Ii 

11 
12 
1i 
2:> 
2! 
!,.!,; 

~Ia,\ 
,, 
;) 

7 
12 
14 
Hi 
2(; 
28 
29 

-.03 E. 
+.02w. 

;-.03 K +.Oi "''· 
.oo E. -.0~ "'" 

-t .O:? W. --.09 E. 

-.02 W. +.02 E. 

11 13 14 16 17 18 19 

.; 

-t.03E. 
-.oa E. 
1.03W . 

.OIJW. +.OlE. 
+.o8J;, -.(){)W. -.02 w. -.04 w. -.O:lK +.o8E. 
-.OSE. +.01 w. +.o:: w. -.02K .ooJ<;, 

.00 E. nj. -.01 E. -.09 E. -.o:iw. 
+.06W. 
--1 .OG"\r 

+.01 W. +.04 E. +.Ol'E. +.06W. +.03 W. -t .10 W. 
.00 R + .01 W. -.U6 W. .00 ·w. 

-·.O.l W. .O<ll:. --.01 E. .00 W. .00 W. -.02 W. 
-.nsE. -t.03E +.02W. +.05E. -.ORE. 

J111H". 

+.mE. 
+.or;K 
-.08 E. 

2.') 

.00 \\'. 
. now. 

. -.oow. 
-f-.U2W. 
+.OH\\'. 
+.06 1~-
-.05 E. 
-.Ul E. 

27 29 

-.03W. 
--1 .03,Y. 

-.lfi K .00 E_ 

.00 E. -.02 J~. 
i-.10 E. +.OJ I-:. 

.oow. 

.oow. 

Tabk of instnmientnl constants. 

J_;OVt•l CCHU~tant. A•irnnth. 

+o.o'.!' w. +o.rn; E. -.'J.O.! 

+0.01 +o.lo -2.40 
-0.11 -0.03 -0.42 
-0.02 +0.13 
-0.04 +o.oa -0.20 
-0.12 -0.04 +0.07 
-0.10 -0.01 +0.04 
-0.11 0.00 +0.05 

0.00 +0.04 +0.22 
+o.rn +0.24 +0.71 
+o.o7 +o.os +0.46 
-0.0J- 0.00 +0.59 
+0.08 +0.10 +0.!12 
+ll.OH +0.10 -0.4.'J 

+0.07 +o.rn -0.(j;~ 

+o.:>•> +0.34 +0.12 
-+-0.31 +o.:ii; +o.HO 
+o.:>H +0.3i +0.4i 

-.02E. -.03K 
-.o~E. 

Collimation. 

-0.36 
0.00 

-0.17 
+0.20 
+0.20 
+0.22 
+0.20 
+o.;n 
+0.0;3 
+0.04 

0.00 

+0.02 
0.00 
0.00 
0.00 
0.00 

+0.04 
-0.08 
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Table of instrumental constants-Continued. 

1877. Level constlmt. · Azimuth. Collimation. 

June 1 +0.38 +0.44 +0.6G 0.00 
11 +0.26 +0.25 +0.56 0.00 
13 +0.22 +0.30 +0.55 -0.03 
14 +0.20 +0.28 +0.54 0.00 
rn +0.32 +0.35 +2.43 -0.0:1 
17 +0.44 +0.48 +0.33 +0.02 
18 +0.29 +0.38 +0.41 0.00 
rn +0.48 +o.50 +0.43 0.00 
20 +0.36 +0.38 +0.43 -0.05 
22 +o.54 +0.46 +0.30 -0.06 
23 +0.40 +0.40 +0.4;") -0.02 
25 +o.:n +0.43 +o.:n +0.05 
27 +0.35 +0.54 +0.52 +0.06 
29 +0.43 +0.50 +0.47 +0.02 

The ehronometers were compared on the chronograph daily, and also before aud after all peu-
dulum-obserYations. The following table shows the results of these comparisons: 

Mean time. Bond 387- Bond 380- Hutton 202- Negus 1591 

Date. Negus 1589 Negus 158H Negus 15t'll (rl'd. to si<l. )-
~egus lf~9 

1877. m. 8. 1/l. 8. m. 8. m. s. 
March 1.41 +o 33.61 +o 25.0(> +10 58.~i) +o 49.34 

24.42 1 19.40 -0 6.55 57.00 1 8.38 
30.98 31.80 14.53 11 2.70 rn.3o 

April 1.20 33.93 15.82 3.20 14.22 
6.38 43.13 21.46 6.36 17.10 
7.00 44.:.m 22.11 6.87 17.42 
7.20 44.!m 22.30 7.10 17.47 
7.96 45.93 23.09 8.t>9 17.86 
8.05 46.10 23.21 8.80 17.90 

12.27 54.10 27.90 1.'"i.80 19.7\l 
13.06 55.76 29.81 17.0H 18.48 
14.08 Ut>.97 30.95 18.45 1~.l.75 

16.18 2 2.41 35.84 24.HO 18.1:~ 

17.31 4.73 32.65 27.02 23.72 
19.03 8.77 33.23 31.37 24.22 
20Jl8 11.10 36.20 34.17 23.87 
23.28 15.H9 . 38.G9 38.51 24.64 
24.33 18.03 39.90 40.10 26.46 
25.20 l!l.80 40.41 41.4.5 18.53 
25.28 19.\JO 40.41 41.50 25.12 
26.2G 21.74 41.48 42.90 25.20 
27.18 23.59 42.29 44.19 2Ti.54 
28.04 24.97 43.06 45.11 !15.65 

May 1.21 29.22 46.9<) 47.40 24.90 
2.:m 30.59 48.57 48.51 24.6:1 
3.29 32.09 50.02 49.6H 24.74 
4.23 33.64 51.18 50.70 24.97 
5.24 35.34 52.36 50.04 25.24 
7.11 38.41 54.50 50.00 25.89 
7.32 38.58 54.85 49.79 25.75 
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Ml'an time. Bond 387- Bond 380- Hutton 20'.J- Negus 1591 

Dat<-. Negns 1589 Negus 1589 N<'gns 1589 
(red. to sid. )-

Negus 1589 

1877. m. 8. m. 8. m. 8. m. s. 

.Ma~· 7.48 +2 38.7:~ -0 54.97 +n Ml.73 +1 25.76 
8.17 39.80 55.60 49.80 26.04 

Chronometers (202) and (387) moved. 

l\fay 8.22 39.4U 55.62 49.80 2tl.04 
!U5 42.16 56.20 50.73 26.5:{ 

10.12 44.92 57.02 51.92 26.84 
11.13 47.87 58.07 53.21 27.16 

Chronometers mm·ed. 

11.23 50.20 56.08 :i5.33 29.22 
12.27 52.:i7 56.63 54.17 28.18 
14.35 \ -3 55.20 +8 53.71 -1 31.45 f I 
14.5± Excesses~ "' 80 52.58 32.11 '? Dt>.l. 

l;i.2(j over 57.!13 50.00 34.90? ~ 
16.31 Ul87 ) l 4 0.8G 45.80 37.ti4? ! 
17.!l9 +3 14.3~{ -0 50.75 +11 53.1:i +1 30.75 
21.21 27.48 44.17 54.85 36.89 
24.16 33.16 42.64 ;)2.18 31.47 
25.18 :!6.86 4Ul8 53.Ul 31.58 
26.21 40.18 40.32 53.64 31.41 
26.43 40.!)0 40.10 53.71 31.03 
28.:32 47.16 38.17 5ii.01 :U.30 
29.33 50.53 36.97 55.63 31.26 
31.2:! 57.00 34.30 56.60 31.42 

,June U5 4 1.14 32.41i 56.72 31.49 
4.29 10.28 29.72 54.48 30.32 
8.29 21.70 25.60 53.43 27.85 

11.32 2!l.90 22.00 52.99 25.8!} 
11.49 30.:30 21.90 52.90 25.70 
12.::!8 32.43 21.16 52.57 24.97 
13.27 35.03 20.37 52.09 24.36 
14.30 38.08 19.36 51.fl8 23.rn 
14.48 38.60 19.20 51.58 23.00 
15.34 41.02 18.36 51.12 22.24 
15.47 41.35 18.22 51.06 22.08 
Hi.31 43.55 17.45 fi0.35 21.21 
16.4.'3 43.89 17.31 50.22 21.09 
17.34 46.20 16.49 49.40 21.52 
17.4!1 46.58 16.28 4!l.28 
18.:!2 48.60 15.67 48.10 19.22 
l!l .. 14 51.:30 14.61 46.77 18.49 
19.46 51.68 14.42 46.68 18.30 
20.30 54.06 13.63 45.:17 17.60 
20.40 54.:38 45.SO 17.59 
21.29 56.71 12.39 43.91 16.82 
22.31 59.42 11.78 42.22 15.76 
22.42 59.70 11.68 42.07 15.61 
23.28 5 2.10 11.20 14.63 
25.37 7.50 9.49 36.49 12.16 
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Nl4HU~ 1~)~11 
:}f1,a11 tirne. Bontl :JH'i- Boutl :11'0- i;,uttou :w·~- (retl~to 'id.)-

Date. Nt•gus l:'.'1~~' Negni-; lr18!> .i: ~ e gn.~ i;_.r1J 
1\'t•gn~ lSeH 

1877. 111. . ~. m. 11. m. .~ . 111. ~. 

,June :w.:n +:i H.82 -0 ti.G8 +n :~-L28 +1 18.lli 
::i1.:n 12.4:1 7.77 :n.4.1 10.:!fi 

:!9.14 10.7H G.47 :!:i.54 l'i.01'\ 

211.:!l j(jJlli fi.4i"i :!3.!.!U 'j .!11'\ 

2H.!.!H 17.:W H.a7 :!u.01 •.rn; 
.July 4.4:l :!."\.HO 4.2;) 5.77 0.2!1 

All tlw subsequent ti11H•-obser\·ations were made h~- .'.'.ir. Heur~· Farquliar, \\"ho "as instruct('<l 
to imrsne thP same system tliat :\Ir. H111itl1 hatl <1011e. For tl1e experiments at Yariom; pressures witli 
heaY>" f'JHl <low11, ti1ue-ohse1Yations were l>11gnu on At>pternher li"i, 1871, a11<1 continut>tl till October 
5, i11dnsiYe. Tlw chm11u111der nsed wa1< Negn1< li"i8!1. The tra11t-1it" of the Rtar:< IH'l'l' taken as in 
l\Ir. Smith':-; ol>sPrYations, a<'l'<>"" the fiYt> wirt>s of tl1t>, rniddh> gronp 011]~-, arnl re:ul to t\YP11tietlis of 
a secornl. 

ThP ob,,wn·atiow; taken from September 18 to :!-1 inelusin~ were itot r(·<luectl, a,,; th(' cl1ronom
eter used iu ol1,;1'n·atio11 WtLS snfferecl to nm down 011 the :!5th, li;v the j:111itnr of tl1!' 8t<•Ye11" l11sti
tnte, who had hl'Pll <',OTlllni;osi0111•d to attewl to winding it. Tlw agreement of the 1>tars olisen«.cd, 
iustnuue11tal 1·011,;ta11t::;, and duouometer-com1mrbons are ~?;inm in tliP followiuµ: tahhls: 

Uctoht>T. 
------------~------. 

P. ll. Z. ]). ~.I :.!6 2i 2ll t s 

t D•,l11hini 

<31'. ::t.Jl. --- . ·-· - - - -
a Cyt·ui ...•...... 
µ. .A111tarii. - ..... . 

v <\cni. 
l~ Y.C'.11'/U ..... . 

ti11C,\T1li ..••...••. 

( C,nni 
a C(lp1wi. .... . 
1 P(•t.rasi ... . 

7!1 +iiH 
JJ', -:~1 

4:, - 4 

!l\l +su 
49 I! 

JO -:~~J 

G::+.l 
60 +11 

7J. +~1 

+.OlW. 
-t .lli \\, 

+,06K -.HIW. 
-.O!i R -.04 E. 
-.Pl K 

-.O;i E. 

1.t\4 -.,y_ -t .1;1 J·:. +.or) E. 
-j-,0-l W. +,11:, E. 

-.Oti "" -.lUE. 

-.07E. 
+.Ou :E. 
+.o:i E. 
-.04W. 

-.02 '"'· 

ill'tobe.r. 

P.ll. Z.Jl. 

a. Orioui" ·------- 8J -~-~:)-.0:1\Y. 
:!:! l1 Ca11wlcq1 ..•. ~1 -'.!fl +.o:; "T· 
µ Gemi110rmu .... fi7 +Ir: -.Oti "'. 
'Y • :t-miuorum .... 7:~ -1 :!-1- -1 .~2 .E. 
« CHuis}hljoTi~ •• 107 ...+-:·,;-.HIE. 

:11 TJ C't•11lu•\ .••.•. ;{ -·Hi .00 t:. 

[?, A11n:nii !l(j -t-4.7 - ,(t:! "--

211 -zn +.on"' ..... 
98 +4\) 

Tfl,j. 

-MW. -.o;, ,,r. 
f3 CPplwi ..... . 
f .,\qnarii .... . 
£ .1-'t•g:-1.11i .••. 

11 f;q1l1t•i . --
7g Urnxoui~ ..... . 

>'I +;H -j.O~ W, 
Hf -30 -.Ot1 \\" 

17 -32 -.011~. 
a Aquarii.... Bl +i~ wj. 
8 Aquarii 9X +4~ -.OJ E. 
K. _..:\ quarii. _ _ 80 +4-o 
1l A~JmffiL....... 91 -+41 

226 B Ccpli<·i ...... 14 -:1.) 

Septe111lier 

October 

S. Bx. :37--28 

~5 

:w 
.,~ _, 
:!H 
1 

~· [) 

-t-.ORW. +.oiW. 
+.11w. 
-.t1;)W. 

+o;,w. 
-.01 w. 
-.OlW. 
-.Ol E, 

+.o4 E. 
-,05 E. 

Tn.~tnmwntal constants. 
L<·vel conKtunt. 

~------"----~ 

-0.88 w. -0.80 B. 
+o.:~o w. +o.:m E. 
+o.:);) \Y. +0.4i B. 
+o.41 \Y. +0.-Hl K 
+0.44 w. +o.:;o K 
+o.;;7 w. +o.u2 E. 
+o.62 \V. +O.(i;) B. 

Azi.mntb. Colli1natlo11. 

+o.;:;:1 -o.o:: 
+o.:n -0.o:I 

+0.4:! +o.rn 
+0.:1!1 +o.rn 
+o.3:1 +O.lli 
+0.23 +o.u 
+o.48 +0.0:! 
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Oornparison of chronometers. 
SecontlR of excess of Bond & Son :li<O ove 
Hutton :!02. Negus lGS!l. Negus 1591, 

rNlueed. 
1877. 8. 8. 8. 

Scpfomher 18.29: 33.80 30.40 
21.3S: 43.23 52.43 
22.3G: 48.26 50.45 
23.2G: i:i3.30 48.91 
24.88: 5!J.88 46.93 

Chronometer ran down. 
25.41 i:i.5B 15.20 
2G.32 10.99 14.28 
2f1.fi2 11.9(i 14.01 
27.:32 lG.80 13.23 
27.44 17.4G 13.13 27.Gl 
2H.34 28.62 11.17 25.22 
2H.77 30.GS 10.27 24.45 
2B.83 ao.98 10.17 24.4.'3 

October 1.:-)4 37.29 7.34 23.34 
1.43 ~rn.s2 7.21 23.31 
1.73 41.71 G.92 23.35 
1.79 42.20 6.89 23.38 
3.33 51.54 5.41 
3.57 i:i3.9(; 5.11 23.71 
:3.80 54.55 4.83 23.71 
5.32 4.41 2.tl8 23.27 
5.76 G.8fl 1.7!1 2:1.12 

Time-ohscrn1tiom; liw the experime11tH at. various pressures with heav.y end up were made, 
1877, November 30 to De<'t'mher 24, in<'lm:ivc. '['he dll'ollometer used was lloud and 8011s 380. 
In reducing tlwi-w ol1sP1Tatio11s, the niluc of tlw azimutl1 was takeu diftercut in the two positions 
of tht' tra11sit-.irn;trnment, and tht· 01Jr;ervatio11,; of :single Ntar1:1 l'ecf'ived weights varyi11g with tl1e 
tll•clinatiou, in accol'danee with the lat{•st r<•commcmlatious of tlrn Computing Division. 

1877, Dt>reml1ei·. 

l'. ll. z. J>. 

K Aqnm-ii. •••• _ 89 f40 -.03 E. 

'1 Aquarii ...... 91 +41 +.t1:J :E. 
226 11 Ceph<'i.... 14 -3;i +.02 K 

s P<>!!••i.··--·. so +at +.DI w. 
.i. Ccphci. ......... 24 -:25 .OD\). 

>.. .A!ll1UriL .•... 9~ +40 -.OJ \V. 

P.D. Z.D. 
0 0 

yTaur! .•..... 7.>+25-.08.K 
.: Tauri. ...... 71 +2'.! +.o4 I~ . 

9 

J)t:Wt•lllht•J'. 

r.D. Z.l>~~~ 

CL }'<•,gaKi .•••••. 75 +2(j 

o Cepht•i ·---·· ?J -'27 
9 Pfadnrn 

-.OB E. 

.00 E. 

+.2SK 
c. Pi1:1cium . . . $J +ao -.M \V. .oo ,, .. 
y Cq1hd ...... 1:~ -3G +.11 \\. +.o:l \\'. 

4Hi:I ......... 16 -33 -.11 W. -.09 \\'. 

w Phwiun.1 ..... 84 +:~rl -t .tlJ \V. +.ol \V. 

a ,L\rnh·om1•1lw. ti2 +n +.21 E. 

y l't·:!a~i .•.... 76 +:.w -.20 E. 

<l CnHsit·}H:•,;l.• ... 34 -l!'i .00 E. 

})('('t•mbcr. 

12 11 20 

.. Tanri •••••. _ a +~4 +.oo•:. .<Kl w. +.tH E. +.01 K 
9Camelup .... 24 -2a .Oil R .00 W. +.01 W. +.tH };, +.fl2 E . 

J\ov•m1b('.r. De<'emlwr. 

P. D. Z.D. 30 ~3--JO~~ 

o Phwium . 81 +a2 
fl ATietis . . 70 +21 -.09W. 

.50 CariRiepea• 18 -31 -.06W. 
o. Arh·tis ... . . . 67 +18 
f 1C1·ti ..... 

~ Cn~:-'.it•pf'm 

'Y ('pt:i --

82 +3:J +.12 E. +.10 w. 
2:1 -~6 - .OJ E. +.14 E. 

87 +38 -.10 };. +.OJ K 

aCPli..... fitt+:n-.09\\'. -.OlE. 

48 II Cq1hei._ .. 13 -37 -.06 E. 

'~'hidis -···-· 69 +20 -.05 E. .00 E. 
o Pl'l'S(~i....... 41 - 9 

{; J'(•rst·i .•. _.. 4:-l - ; -f .02 '\\". 

" Tauri.. ··-· .. 66 +11 +.ou \\'. 
' l'ersei . . . • . • . 58 + 9 
y 1El'i1luui ...... 104 +55 

.OOK 
-.01 \\'. 

+.o5 \\'. 
-.02 \V. 

-.01 w . 

-.06W. 
+.06W. 

.oow. 
-.02 E. 

+.OlE. 
-.01 E. 

.. Auriga-.... _. 57 + B -.OJ ~Y-. -.Ol \Y. -.oo\r. -.ou:.E. -.Ul 1£. December. November. 
l'.D. Z.D. 30 110tioniR. .... 7f•+26 +.o8E. +.0711' .. rnJW.+.OHW. P.D. Z.ll. 22 

o.Aurigro ...•. 44- fi .00.E. -.0411.:. -f--.021\r. -.IM\\-. o 
tHlrioni• ..... 9~·i-4ll -.O~E. -.o:lE. +.02w. -.or.\\'. BGeminorum. 68 +19-.l3E. 
/;ITauri.. •.•. _ 61 +12 +.07 E. +.02w. l'. vu m . ..... 21 -28 -.01 E. 

Gr.966 .......... lf>-B4 +.01w_: afreminonmi. 5l! + 9f.11E. 
a Orionie ..... YO f-41 .OOW- ! a Canis :Min .. 84 +35 -.231V. 
• Orionia ..... S:l +33 +.121E. ,I 8 Geminomm. 6'2 +12 +.16 W. 

22l1Ca.melop .. 21-29 -.OJ E. q. Geminorum. 63 +u +.05W. 
,..G.iminoruw. 67 +1s -.HE. an Ur""' Maj .. 21 -28 +.01IW. 

l Leoni• ..... 79 +so .OOW. 
a UroroJl!aj .. 28 -22+.05W. 
8 L<•onis .... 69 +20 -.04W. 
6 Cmwris ... 104 +55+.12E. 
>. Draeonis ..• 20 -29 -.03E. 
u Loonls. .. . 90 -j-41 -.lOE. 
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lnstrninenfo} constant.~. 

Level conRfatht. Azimnth. Collinmtion. 
1877. ·-"-· 

Novemher30 -O.O;{ \V. -0.01 l~. +0.1:; +<l.02 
:;o -0.08 \V. -0.04 l~. -0.07 +0.01 

December 2 -0.0;") w. 0.00 E. -0.24 \V. +0.21 E. o.oo 
;; -0.VI W. -0.08 K +o.~1;; +0.03 
7 -0.08 w. -0.0;) E. +0.04 +0.09 
9 -0.07 \V. -0.04 E. +o.s.1 w. +0.,):) F ,, -0.14 

10 -0.17 \V. -lWi E. -0.02 \V. -0.20 E. +0.12 
l~ -0.12 \V. -o.o;~ F ,, -o.ou ·w. +o.os F ;, -(Ul2 
H -O.O() W. -0,02 E. +0.04 \\'. -O.;;H E. +0.13 
16 -0.H W. -0.03 E. -0.12 \\'. -0.7G E. +o.n 
17 -0.l!l ,, .. -0.10 K -0.2::1 +0.14 
20 -0.01 \V. +0.01 B. -0.0liW. +oa;; E. +0.15 
')") _ _, -0.0(i w. +II.OJ E. o.oow. +o.19 E. +o.rn 
:!3 +0.04 '"· +0.07 E. +0.:14 w. -0.01 F ;. +0.13 
24 +0.02}'\'. +o.0:1~E. -0.0!! +0.06 

Comparison of chi-u1wmctcrs. 

St·cou<ls of <'XC<.'Sb ot' Bond & Sons 31'0 OY<lr 

Hutton 20-2. .NegnR l:>~J. ~ f>.gu ~ 1 !"'>~H, 
rl 0<11ux·rl. 

1877. 8. 8. 8. 

NoYember :10.50 ~37.41 l\J.77 10.:m 
30.80 38.(il 18.8(i fl.89 

December 2.27 44.11 lH.28 7.62 
::t4::1 48.rn 8.!JO G.l:i 
4.45 52.1!) 5.31 4.68 
7.57 5.0G 54.87 0.87 
8.:37 8.6-! 51.84 59.78 
8.8(i 10.()6 50.31 5!J.23 
HA3 12.85 i8.35 58.26 

10.-!7 lG.:i!l 44.70 57,07 
10.83 17.!)(i 4:3,50 5ti.73 
12.46 24.70 38.:.\7 55.01 
12. i!) 2().11 :17.41 5i.70 
H.44 'h) "'7') ........... ....; ;)2.1;1 52.92 
14.Sl :14.rn 30.88 52.50 
rn.22 39.30 2ii.H!I 51.00 
rn.51 40.:~8 2ii.(11 50.2tl 
17.43 43.82 21.HO 4!J.17 
17.79 45.10 20.70 48.78 
19.52 51.21 14.70 4G.60 
19.82 52.38 13.71 4G.31 
20;47 54.90 11.48 45.59 
22.53 2.15 3.88 42.14 
22.85 3.47 2.84 41.68 
23.17 4.61 1.70 41.21 
23.51 5.83 0.49 40.68 
24.19 8.15 57.76 39.29 
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Tim time-obscrrn.tioul' for the experiments at high temperatnres aml for the i11,·estii.ratiom; to 
cleformilw if the d1rononwkrs had any diurnal inequality of rate extended from 1848, Fchmar.Y rn to 
l\fay :!3 iudnsh·e. Tlie 01Jst•rvatio11 of Ma)· :!1 is not redll('t•«l: on a<·cotmt of the di;;corda11cc of tltP 
;;eparatc stars, no Yalues for the timP-corrN~tion aud iustnuuental constants wcrl~ resolYcd upon . 

1878, l"('ln11ary 

l'. D. Z.ll. :!4 
0 0 

a Orimti~ ......•. 83 +33 -.Qa :E. 
~2 JI C'anwlop .. , 21 -29-.0~1~. 

µ G(•mi1101·1m1 •••. 67 +i~ +.01 l:. 

i' f.feminonm1 7;; +u -+--.O:! \\ ... 

a Canii-. :llajori~L 

51 II Ct•plwi .•.••. 

107 +.'ii -.iJl ,,~_ 

;{ -41;---+- .O'i \\...-. 

Ft·bn1ar_y. .l-larcli. .Apl'il. 
_______, ___ r---'~ ---·~ 

P. D. Z.1>. 19 'l.7 .1 2 14 

t Urrm· Majuri8. 41 - H 

a 2 Lrs.ll' :Majoris . :!3 -'J.7 

i<. V~mcTi 7fl + ~O 
1 H l>ra-<'oni:-1 .• _. H. -41 

+.osw. 
-.llJW. 

-i-.01 '"· 

.OO\Y. 

.0011·. 

-.01 E. -.J~ E. -.23E. +.:!3~V. 

a TI.v<ln~ ....... 98 +49+.o;;W.-.02};. -.02E. -.rnE. +.o~W. 
d r-r~a· "Majot']i-; ~O -3U .Oo\\·.+.o5 E. -j-.l4 E. +.E1E. -t-.HI\\". 

6 Ul'~w l\fajori!-i :ll-'. -11 +.ol W'". -.02 1~. -.0:.! E. +.081'.:. -.13 "'\\". 

t:I~t'onis... 66+16-.06\\'". +.o~\V. -.o!ll~. 

µ Lconis ........ 6:1 +14+.10E. +.u~\\'. +.o7 E. 

a Leonia ..... _ .. 77 +28 -.10 E. 

32 lTnm~ l:Iajuris. ~4 -23 -.01 E. 

-.Ufi "\Y 

.oow. 

lfan_.h. ..April. Ma~·-
____.~--------~...--'---, 

P. D. Z.l>. HI :!9 6 18 5 
0 

y 1 I~eonil"> . . . . . • • . 69 +20 
fl H ])raconiR .•.. 14 -· 36 .00 W. 

p LNmii;;i 80 -t-31 -.10 "'· 
l L~·oniHi 7H ~~~O +.11 W. -.01 E. 

a rrna· Majol'iM. 28 -2:! .00 E. .00 i: 
h LeouiM OY -21) .HOE. +.o~ J:. 
0 Crnted1' 104 +r;;:i +.09"\Y. 

T Leoni~ . . . t:6 +37 -.09 '"'· 
A Drueolli'--·-·- 20 -W +.02w. 
v Leoni~.------- !lO +.u 
{J l..i{'"Ollis •••.•••• 7J +:2.J 

y Crsw }fnjurif.! _ 36 -J.J 

-.OlW. 
-.01 w. 

.OOW. 

.00 }; . 

. 00 E. -j .06 E. 

+.03 F,. +.03 E. 

- .09 E. -.03 E. 

+.11 W. -f-.01 E. 
- .U!i ,Y. -.Ul E. 
-.06 w. -.01 ·w. 

+.01 w. 
-.03W. 

1878, A11ril. :May. 
~-~ ~-~--·~~~~--~~--

I'. U. Z.D. 

{J Lt>onis ..•....••.•..•.. 
')' CrsR> M:\j()ris ....... - . 
o Virgin]:;_ ..... . 
4 H Drac·otlis 
.,, Virginia .............•. 
ii Corvi. ........... . 
ic Uraconif' ...... . 

3:! H 2 Canwfop .... . 

75 +25 -.01 E. 
36 -14' .00 E. 
81 +31 
l~ -:!8 
90 -/-41 .00 w. 

113 +63 
:!() -30 +.01 w. 
6 -4:1 

1:.! Canmn Ven··" !'il + ~ 
'1 Vir~iniR.. ••••• ••• .. . 03 +46 
,,_ U1·•1PMin.(L.C.) .... -1 -"1 
o. Virginis.. ..... ..•. 101 +51 
'Virginis.......... 90 +41 
11 Crsre Majori~...... 40 - 9 
" Dootre...... .. . . . .. .. .. 71 +23 
4 Draconis 2:-i -24 
a Bootro..... .•• . . . . . . • . . 70 -1..::n 
8 Bootre........ .. .. .. .. . 38 -12 
5 Ursro Minoris.... ...... 14 -35 
E Jk>otW ..• ·. ••••••••. · ·" 
•:aLibrm ······--······· 
8 UrsreMinoris ......... . 
fl Iloot.e ............... . 
II Librre .............. .. 
.... Ilootre ................ . 
')', Ursro Miuoris .•..•..... 
a. Corona:: ................ . 
a. Serpentis ··-·--·--···. 
c Serpentis ............. . 
'UI'Slll Mi.noris ......... . 

62 +13 
106 +56 

15 -34 
49 0 
99 -1-50 

52 + 3 
18 -32 
6:J +14 
83 +34 
85 +36 
12 -37 

-.04 w. 
-.oaw. 

-t .06 E. +.01 W. 

8 

.oo E. 
-.01 E. 

.OU E . 

+.03W. 

-.32 E. +.01 W. -.01 W. 
~.ol E. -j-.04 E. -.05 W. 
-.05E. 

+.04 K +.m E. 
-.03 W. +.or. E. 
+.01 w. .()(J E. 

10 11 

-.01 w. 

-.02W. .OOW . 
+.02 E. +.01 E. -.0'~ W. 

.00 E. .00 E. +.01 W. 
+.05 E. .00 K +.o7 E. 
-.ffl E. - .06 W. +.o5 E. 

+.o7 W. -.09 E. 
-f-.01 W .. OOE. 

-.02 .E. 

+.o2E. 
.OOE. 

+.osw. 
+.o1W. 
-.o6W. 

+.11 w. 
-.l:IW. 
-.o6W. 
-.O:J E. 
+.O:IE. 
-.o3E. 

22 

+.06 .E. 

-.12 .K -.03 W. 
~.o5 :E. +.o4 w. 
-.Ul E. -.01 W. 

+.o~ W. +.05 E. 
+.rn w.+02E. 
-.ol W. -.o4E. 
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In.~tnw1e11ta/. co11.~t1rnt.~. 

li-'7·~. 
Azi.11rntl1. Collimation. 

Februar~· If) 

:!4 
27 

March :i 

rn 
:W 

April 2 
:1 
(j 

14 
18 

.M:a,Y 2 
5 
(i 

8 

+0.17 w. +0.23 E. 
+o.74 \Y. +o.s,1 E. 
+0.12 \Y. +o.so i:. 
+0.78 w. +0.71' E. 
+0.81i \\". +o.H+ E. 
+O.Ki W. +0.!l7 E. 
+0.78 W. +o.t>2 R 
+o.7:J w. +o .. "17 E. 
+o.rn \Y. +o.ss E. 
+o.7B \Y. +o.no E. 
+0.8G ~w. +o.rn; E. 
+o.87 w. +o.u;; E. 
-0.21 W. -0.U K 
-0.01 W. +o.02 E. 
-0.12 \Y. -0.07 E. 
-0.21 \Y. -0.1:) E. 
-0.08 W. -0.02 K 
-0.04 \Y. -0.01 E. 
-O.Ofi -ff. +o.04 E. 
-0.12 "\Y. -0.10 E. 
-0.14 \Y. -0.04 E. 
-0.:-12 "\Y. -0.20 E. 
-0.21 "\Y. -0.11 E. 
-0.2i) W. -0.17 K 

~---------

+0.2.1 "-· -0.22 R 
-0.1;; ". -0.:18 E. 

-o.:r; 
+11.1.> \Y. -0.2.i E. 

-o.:n "" +0.22 E. 
+0.24 \Y. -O.:;s K 
-0..1-1 ·\Y. -0.22 E. 
-0.li "\Y. -fl.47 R 
-0.21 W. -0.02 E. 

~0.22 

-0.0."\ 

-0.flt\ 
-o.o:; 

-0.2j "\Y. -0.0!1 E. 
-0.04 \Y. -O.:;:l l~. 

-0.02 
+0.17 \Y. +0.04 R 
+o.o:: "\Y. -O.:IO E. 
+0.21 W. +o.0:) E. 

+0.21 
+o.oG 

+o.u w. -0.21 E. 
-0.1S 

SPconaR of ('Xt·ei-;t-< of Bon(l & ~"Hlt-- :iHO O\"<'T 

Hntton 20:!. =" t·µ:n~ 13~U. Xegns 1591, 
ndurcd. 

1878. 8. 8. "" FebrnaQ' Hl.;)2 3!1.3fJ 
24.:-10 .):i.S:) ~tj.7:! .31.G7 
27.4:-1 11.:iO ~fl.~8 

J\farcll ii.J2 3j.,)() 11.8!1 :a.74 
10.4!'1 ;3~1.12 .l0.01> lJ..12 
2\l.4() :n.0:1 21.40 G!l.!l4 

April ~.:38 41.();; 2.Ulfi ,-; IJ~ 
~ ), ) •• >!J 

3.40 52.H 12.JG .)1.11 
6.43 10.12 7.:m ;)l,;"i5 

8.48 17.:n 0.:1!1 45.74 
14.31 -!\).18 51.02 41.2~ 

18.43 10.3G ±(1.14 ;)8.!15 
24.~· :~fi.01 ;-~+.73 

26.37 42.60 37.98 ;)2.70 
26.54 43.33 37.21 :t?.56 
:I0.37 4.:m 32.90 ~B.87 

30.63 5.89 32.69 :W.83 
May 1.16 8.80 ;12.rn 29.:>7 

1.38 13.30 31.15 29.13; 

2.16 14.26 30.90 
2.35 15.27 30.76 30.95 
2.94 18.32 30.21 28.71 
4.02 23.99 29.38 28.67 

+0.11 
+0.12 
+0.1;; 
+0.07 
+o.o:i 
+0.0\1 
+0.1~ 
+0.1:-1 
+O.OG 
+0.22 
+o.rn 
+0.17 
+0.20 
+0.05 
+0.02 
+0.04 
-0.0J 
+O.Jj 
+o.o:; 
-0.01 
-0.08 

+o.O.i 
+0.11 

221 
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ExcesB of Bond & Sons 380 over 
Hnttou 20'2. Negus 15~\J. Negus 1591, 

reduced. 
1878. 8. 8. 8. 

1\lay 4.21 24.!l.i :m.17 28.60 
.J..3H 2.1.8il 2\l.00 28Al 
4.48 211.38 ~8.il:! 28.:19 
5.34 30.(il 28.18 28.33 
5.47 31.24 28.05 28.16 
5.v1 :~~1.m1 27.li5 28.07 
iUJ!I 33.73 27.53 28.00 
H.11-l :{4J)8 27.33 27.Hl 
H.±li 3G.8.'I 27.95 28.74 
6.G.J. 3G.23 28.13 28.92 
(i,!17 :18.42 2s.~m 28.78 
7.:w 39.85 29.43 28.59 
7.HfJ 44.GH 28.ii!l 28.32 
8.:!0 45.94 28.30 28.23 
8.iW 4G.85 28.13 28.20 
8.40 47 ,{i(i 27.99 28.16 
8.9<'.'i 50,5:; 27.37 28.0G 
!l.JK 51.()(i 27.01 27.96 
llA8 ;"i3.:)5 26.64 28.56 
ll.!tll 56.15 25.flO 28.37 

10.:m 58.23 25.18 28.13 
10.50 58.81 24.9!! 28.10 
11.00 1.39 24.03 27.6f.t 
11.38 3.2-! 23.25 27.3G 
11.48 :uo 23.04 27.27 
13.3!! 11.24 19.02 25.56 
13.50 11.M 18.rn 25.46 
rn.s7 2:1.84 11.25 22.11 

Dnring all the pcndnlnnH•xperimmits, except~ those of September and October in 1877, tlie 
cl!ronomcters were wonml at two <litt'erent times of day, 

Huttm1 202 and Bond & Sons :~80 at about H a. m., and 
:Xegns 158!) and mm at 4 to ii p. m. 

A series of speeial cornpari,;on,; between these chronometers was made after the completion of 
the pendulnm-work, to at-1cl•rtaiu if any cliurnal l'OTTeetiou, conseqmmt 011 the time of winding, 
existed. It will he seen from the followi11g table, and the illm;tration hereafter to lie explained, 
that there is no such COITPction to be fouu<l. 
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Comparison of chronometers. 

Ser01111R of rxc'CB" of Bonc1 & bo11H :~PO ovrr 
lluttou :w2. ~egu~ lJ~H. X(·gu~ 1::>91, 

reduced. 
li'<iB. . ~. IJ. s • 

::\la;)• Hi.87 23.84 11.25 22.11 
21.41 42.G3 3.19 19.09 
21.48 42.96 3.10 l!.l.07 
21.8!) 44.94 2.58 18.97 
22.01 45.70 2.36 18.86 
22.15 4G.52 2.14 18.77 
22.2a 4G.99 '.Wl 18.72 
22.36 47.80 1.80 ltUi4 
22.47 48.4± 1.64 18..'iH 
22.89 5o.rn 0.!17 18.38 
23.02 51.41 0.72 18.26 
23.13 51.98 0.54 18.20 
23.23 52.GO 0.3!1 18.12 
23.37 53.39 O.Hi 18.03 
23.4ll 54.14 5tl.tl8 17.114 
23.90 5G.59 5U.26 17.71 
24.02 57.22 [J!).(l(j 17 .mi 
24.13 57.86 58.8!-I 17.(;1 
24.22 58.06 ;)8.54 17.33 
24.36 58.1± 57.54 Hi.47 
24.47 58.1!1 5{j,7i'i 15.79 
24.88 0.47 5(i.10 15.61 
!!U.O~ 1.21 [j,-).87 15.51 
25.12 1.79 5;),7:) li"i.44 
2G.22· 2.34 ;);"i.fl() 15.40 
25.36 ,'),15 •55.44 15.34 
25.4!) 3.!12 .')5.30 rn.:n 
26.!-JO 12.35 53.77 14.88 
27.02 13.02 53.Gl 14.82 
27.19 13.!)7 53.43 14.77 

Rate11 of chronometers trrapldcall.IJ rcpre11entcr7. 

Illu1>trations Nos. 31, 32, :~:\ 34, and :l;i show these 1·ompari;;01u.;, with the corrections of tlit• 
chronometers, as graphically represented. From t]1c comparil,;om; made at tl1c tirm• of tlw transit
observations, the concction of each chronometer is deduced; an approx:imat<? mean irniform rate is 
tlJen applied to ea,ch, awl the excess of tltc correction o\·er this mean rate plotted. It it.; tlien deter
mined by inspection which ehronomet,er i;; going 1110.~t nearl,y uniformly, between one set of star
observations and the next, and this chronomett'r is take11 as a starnlard. '1'111• ratcl' of the othf'r 
chronometers, from comparison to comparison, arc takt>u as gfren by the snppo;;iti011 of ib-; entire 
uniformity. The comparison" made a few honrs apart, at the beginning and ernl of each (lay';; pen
dnlmn-work, are not combined for a definitin\ rntc of the chronometer use(], lto\n~n'r; their chil'f 
service is in guarding against auy sudden clrnngP of rnt·P. The comparii-;011,; made at the time of 
the stnr-obHervations are distingt1ished by a circle on the illustrations. 
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1S71. E.1·11ai11w11tN iu ,fu11c. Il/11.~tration No. ~U.-The cl1ro11omr,ter wliose rate was most nearly 
uniform cluring- thi,.; month was fonutl to he llift'erl'nt at difterent times. The follmdng were found 
lo he l)e;;t in this l'P:spect: 

Best (~hronouwter. 

June 1 to 14 202 
14 ro rn il8o 
1G to 19 1589 
l!J to :.!:.! 1591 
2:.! to :.!!l 1ii8!l 

Tlw suhjoiued table g-iYes tl1e raw,.; at1011tell for tl1e cl1nmometers US{•cl in the ex1wriments, as 
fomul oil thPse assnmptiow.;: 

Chr01w111r-ter n~Pd. R.:lf(> iu seeonil:.;. 111 <kcimal8 nf a c1:ly. 

'· 
,Jm1e 11 3SO -0.4!l -.00000057 

11 202 +o.s1 + 094 
1-! ~)S7 -:.!.4!l 288 
1.) :i8o -0.£iH OG8 
](j 31'0 -0.5\1 OG8 
Jj 20:.! +i.2;; + 142 
rn :W:.! +:.!.07 + 240 
20 20:.! +2.07 + 240 
:!:J 20:.! +2.90 + 336 
2\l 20:.! +3.GS + 426 

1Slo. E.1pCl'iment.~ iu Sljlfc111b«r and Octo/Jrr. IlluMratinn No. 32.-A uniform rate of -0".fJl for 
l'hrm10nH't(']' !.iSfl from tlw heg-imiing 10 tl1<• f'rnl of tlw <'Xperiments was taken, arnl 1lw following· 
ratl•s of tlw cltrn1w111l'ler 11,.;t•1l (~o. :J80) 1luring each night of pemlnlum-work thns dodnced. 

HHtf· iH ;.;lTo:adH . Rak in ''''"imt1IH nf a <lay. 
. ~. 

8cptern her 2.i +0.11 +.000001;_~ 

20 +o.n 013 
27 +0.11 013 
29 +l.10 128 

October 1 +0.08 009 
3 +0.08 009 
j +1.11 129 

l87i. E.x1Jeri111e11t1< in 1Jecn11/wr. 11111.~lmffon Xn. :~3.-Cln'onomPter 202 was fouud to haYe a· 
uniform rail• of + i".:.!:.!.) fro111 tJi., lt~·gi1111i11g until Hen•mher 11.o, tit en a uniform ratr of +n•.8I:J 
1111til the trai1;.;it-oh,;PrYatio111' of tl1e 20th. After the 20th, Xo. 3SO wa:,; itself a<loptecl as the 
::;tarn lard. 

]tat( •'.t' ehr01lfJmf'f<•r :{~0. 

" ])peirnal of n cla,Y. 

Non~111l1er :~o +:l.17 + .00()1!:{(17 

J)el'mnllPr 4 3.rn 3GO 
!'i :u1.1 :Jfi:~ 

10 3.3() 38f} 
12 2.45 283 
1± 2.84 329 
u; 3.08 :35ti 
17 3.25 376 
19 2.89 335 
22 3.51 406 
23 :1.51 406 
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1878. E:cperiments in April nn<l Mn.If. Illustmtion No. 34.-Before heating up Utt' room i11 
which tlle pemlnlnm was ;;;wm1/.! the chronometers were rnove!l outside, to a plaee which was 11ot so 
f:worahk in uniformity of tern pcraturc and in other respe<'hi. Their rates were therefore not so 
gornl as they lmd previonsl~- hem1. Chronm11ete1· 1,339 was take.Jl as the >;tan<lard, anil impposctl to 
mu m1iformly n11til the '.!ti, aml from the ~d to the r.tl1 of l\lav. Between the :itl1 aiul the flth tlwrt· 
were evidently two changes of rate: the times when the;;e oc~urrctl wern determined from tlw com
parisons with the 0Ll1er clmmomet.e~·s. The rate was uniform again from the 9th to the 13th. 

April 18.43 to 32.35 
~fay 2.35 to 6.18 

6.18 t-0 7 .20 
i .20 t-0 13.50 

Rat!' of 1589. 

s. 
+l.03G 
+l.29 
-2.52 
+l.667 

The rnte;; of ~o. :180 1luri11g the night,; of pendulum-work were thm1 found to ht>-

Hate in seconds. 111 dPcimalR of a day. 

April 24 +om +.0000008 
2a +om + 008 
30 -0.08 009 

May 2 -0.39 045 
4 -0.39 045 
5 -0.39 04.-; 
(j +0.47 + 054 
8 -0.51 059 

10 +0.24 + 028 
11 +0.24 + 028 

CORRECTION FOR ARC. 

The factor for reducing the time of oscillation of the penduJmn fo a11 infinite>;imal arc is heflt 
developed accorclii1g to powers of the arc itseJf. Snell a deYelopment is far morl' C'.011\·ergeut t11m1 
those found in the books. The fa()tor is · 

where A represents the whole amplitude of the oscillation expresse1l in parts of tlw iwliuR. 
The Repsold pendulum tripod is proYided with a metallic are tor reading the ·amplitn<lP of 

oseillation. 'l'bis is diYided into sp~ices of 10' each. In tlie experiments 011 the Geuern support an 
arc dh-idcd into thousandths of the radim; was made use of. 

At Genent, the amplitude was read. by bringing· the Yertical wire of the telescop!' f.:O as to hh;ect 
the point of the pendulum at the extremity of an oscillation, tlie wire haviug heen tnn1e1l in a dirt>e
tion radial from the line of the knife-edge. The time was noted and t11e 11osition of the wire liet\H'l'll 
two lines of the graduated arc was estimated :1t leisure. At tht' other stations a far better metlw<l 
was used. The wire was 11laced in exact coincid<'nce witll a line of tln~ graduated arc a.nd tlw time 
WM noted at which the penduhun wru; liisected hy it at the extremity of it.s oscillation. Tlw arc 
was so i>lace(l that its zero was 1' or 2' away from the vertical, ;;o as to permit tlw ob,;ervation to 
he made both to the riglit and the left. 

S. Ex. 37--29 
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The Geneva observations of arc were plotte(l on a curve for each experiment. Then Yalues of 
the arc were read off at Rix equal intervalR betwet>n every two sefa of pendulum-transit;;;. These 
values were squared, arnl tlie mean square was obtained h;y }\fr. v\eddle's rule-

Gh 3h ~ ~ l 
·{ u,, • clx = :ro ~ Uo + U2 + 'U4 + Uv + [) ( U1 + Us) + G U3 ~ • 

To ohtaiu the corrcct.io11 for arc at Paris, Berlin, and Kew, the first step was to tabulate tlie 
times of tlecreme11t from a fixed value of the arc to each of the others for all cases iu which there 
were good ohsenations both to the right aml to tlw left. The following tables. show-first, the 
minute and second at which the pendulum wm; observe<! to reach each amplitude, and, second, the 
differences of the time:; from those of rPaching tlie arc of 1 o 1 O' on en ch side of the ,-ertical. 
A colon signifies that the oLservatiou to which it is attached was noted as poor at the time. 
Brackets inclose numbers llerfred from ohsernttimrn made only to tlie right or only to tho left, in 
the manner described belo\v. In tile second taLle a star shows tliat the time of reaching 1° HI' was 
not observed, hut was dc<luce<l from the time of reaching 1mme other arc, the oh8ervatim1 of w hicl1 
is therefore omitted and a star put in its place. 

? , 
2 20 

10 

00 
1 50 

40 

30 

20 

10 

00 
0 50 

Table s1wwi11g tlte minutes and seconds of tlte ti'nws of reaching tlie different half-amplitudes. 

PARIS. 

HEAVY END UP. 

HF.A VT END DOWN. 

Jan. 26. Feb. 2. Feb. 2. ·Feb. a. Feb. 4. l Jan. 2R. 

---- 1-:--- ---··---- ----
'JJi.. B. 1 tn. s. m. 11. 

! ••••••..•••• > ............................... . 
! ·- --· --· 32 25: 

1············· ............... ············· 
I ao :w 39 56: 

I 35 ]: « a1 
32 7 

36 48 

I··--·---·--········-·--··· ........... .. 
! 47 9 56 55: [48 51] 

m. •· 

53 48 

58 28 

m. B. m. R. 

25 53 
30 39 

m. a. 

l<'eb. H. Feb. 21. Feb. 22. 
------ ·---- ----

tn. •· m. s. m. '· 

15 31 ········-··· 
............ 

23 32 52 36 
2R 23 57 33 

. ............. 
40 45 89 25 

49 3 78 16: 

58 M -~-- ........ 
71 37 101 2 
87 7: 117 20 

109 21 . .............. 
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Table slwwing tlw minutes and seconds of the tinies of reaching the different half-amplUudcs-Continue<l 

BERLIN. 

REA VY END UP. 

-- -----!-----~---:--- : i----·---:--------,------·-
.Apr.25. A)lr.:W. Apr.28.1 Apr.29 . .Apr.30.,j Ma:y2. Juut'l l,Junt~3. June3. Junc4.,Junc5. J"uncJ. 

- --- ---i--- ---1 ---------1--- ------- ---i 

·---- -- J :- ;~ m. • -'-~·- .. ·~ .. 1-~---·~- : ;~ !--'~---~-- nt. •· 
1 

m. • .. m s m. •: :.~.-~:.:.~- _•:.j 

l :: 1••••••··· L ' I + 
·········1 43 02 ··········j 60 51 :--··· •• --·--···· ·1······· 
·-~~--~- 1--~~--~;- -~--~~--~ 57 57 -~~--~~·-! 17 17 ....... ,.... ·1~~~~-

[:,1 3~J : 53 uu [36 321 38 n, I (61 35] [69 41] 20 55 ~ 55 1 4o ar;; 11 23 _ 29 1 58 43 

I ····----·:··-·----· ...... ! ...... . 
46 11 48 <Kl I n 16 79 15 ! ao rn ! 
53 23 ......... 1,

1 
85 r.o [ 36 5o ...... !····--·· ......... . .. :: ..... . 

···-----·· 79 36 -·------ ..... [52 l9Ji 67 [37 .41 [29 401! [80 4o]I (-57 29l 
--------~---1---~----- I i 

m . .. 
~ 20 35 :18 

10 

00 

50 

40 42 47 
30 
20 48 

10 51 46 

00 

1 ·~!--:~· 0 50 

40 
30 88 42 

I 

61 rn i 

6s 20 1 o9 41 

HEAVY E~D DOWX 

,·-------A~r~l~.·. ~pr. 20. Apr. 24. r Apr. 25 Apr. 26. A1ir.28. \ Apr. 29. A]ll". 30. i }lay 2. I i.r:y 4. ; June 1. Ju:~ June4.1 ;uncii. \ 

~ ~ . ,:~ •~ 1-:.-:- --=--::--;-:-.~ 1-,~ :~ 4,.~ s. · m. s. I m. s. · rn. •· m. •· :~~-- ·-,-,.-. -.--. j 

20 49 51 57 I····· 18 j;J :--·---····1 OR 00 - 2 88 i······- ....... I 
0501~ ''

2 18 ~:--3~6'. .. ::~::4:8:::1::;.0:··4·"··· ........ ::::0:::2:9:· 1-~~-- 15."8:. 45 15 --~--'.~J::::::.J.______ --··-- \ 
"" "" u . ~ 53 1 13 2s 1--···· i ·:::::: I 

~ ..................... -~7--~~-_!------:::· --~3--~-- , 16 1--~~- ~~- --~~--~~-1 '.~.-~.I::::::::; --···· :::::::-! 
20 77 1_8 68 18 79 3:l : 73 43 46 18 17 34 I 86 6 77701 "9 ·3·8···1·7-1,. ~7··-~;. !_, 4 4." 1'- 16 ;; -?~:L~ ·]·,:,I 
10 [ 84 42] ' 75 41 87 39 I 81 34 \ 5:l 52 25 31 , (93 55] • " on " " ~ ~ ~ 

1 ~~ 1~~ ~~ ; 97 561 ~~~·--;· ! ~~~--~~-1 7T> 30 47·-~~··ll :~: ~~ 99 ;; I::.::: I·:::·:·:·::.:::· ::::::: !::::::: i 
40 . 113 25 124 30 I 119 40 ! .......... 64 11 131 47 115 37175 40 I ••..• •. ·--·····1·--····· 

--~J~ __ 6_12 _ _1_1_a_;,_4a __ ~~-~ :··---- ····! 113 10 so 27 i 156 ....... 
1 

97 20186 2G 64 22 75 28 101 221102 ~I 

KEW. 

HEAVY END UP. 

-----·· ---·-1 ~~~~y 2. -1- July 2. Jul)· 3. July 3. July 4. ·1 J_uly 4. I July 4. ,· Jul)· 4. .July 7. 

·-· ---:----::-~---=--~-- m . •. I m . •. :-::-:.--I· m .•. --:.-.-.-1 m. ·- -r m .•. i '"· •. I 

2 
: :::::::::::::' ~ ~, _______ ::::::

1::::::::::::·.:::::::::::::1::::::::::::: ::::::::::::r:::::::::::!::::::::::::r:·:::·::: 1 

20 0 51 7 27; 22 51; I 33 18 i 35 57 I (42 54) 32 21 I 2 16 ! 59 37 I 18 54 i 

· ~ ••••:;·~·••: .... ;~ ·~· • • ·:::~: p·•1••·:±:~••• 1•••>:·.::• ,•::·;: ·~ :• ••• ·~··~·••I•• ::.••~• :: 1•::. :.: .... : 1 ·: j: ::.••·· 
20 13 22 ···--- - .• ... . 3.5 25 i 45 57 ; 48 37 [>5 30 44 "° l 1:; 00 1: 13 ) 31 38 

: ----:--~---1 : ~: ----:--:--r::;:::;:::i ---~:--~:-· ----~~--~;-·· : -:---! ---~~ :--- 1 ·---:<>1:::~4 ::~:::1 
4-0 ! ............. , 40 33 55 38: 1--······-----: 611 1 75 55 i 6C. 4 : ···--··---·· ............ ! 51 24 i 

:~ 1:::::::~::~J :· ~ :::::::::::::1 ::::::::~~::_,~::~:~-~~-j~:::~:::::::/ :::·_:~:::~I_::~~::::: :::::::~~~:::::::·J 
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'f.<1ble showing the minutes and seconds of the times of reaching the different ltaif-amplitudes-Continued. 

KEW-Continued. 

HEAVY END UP-Continuetl. 

I Juiv 7. 

-~!~__:_~--
July'i. July 7. Jul)' 9. 

1 ! m. 1. 1r,... 1. m. 1. 

~~ 1::::::: :::::: :::: ::::·::: ::::::::::::· : :~ :: . ::::: ·::::::: ·:::: ::: : :: ::::: 
1n. s. • m. s. m. If. 

~ ! .... ~--~~---!····~ ... ~ ....... :9 .~~--
18 22 9 43 11 35 

9 57 
11 33 

July 10. 

m. s. 

32 46 

·-·······-···(····-······· 
·--···-- •••.••••••••••••• ! •••••••••.•• 

l 50 ··--········ ............. :, ........... . 
40 

30 

44 38 34 21 25 38 16 53 

20 50 13 39 5.5 32 31 ···---------- 22 22 

18 43 20 :n :>6 39 56 

37 23 45 28 

10 I 53 56 4.1 36 3,; 48 34 48 . . . . . . . . . •• • 27 49 28 58 40 58 

0 : / .... ~--~~--- ----;,;··;~·- ,----~~---~-· ::::::::::: .... ;; ·;~- .. --··;; .. ~; .. :::::: :::::: .... ;~--;;·· ----~--~;.. f>8 47, 

4R 58. 

EJ~~ :: :I:" I ~ " ~::' "" I :" ~ ...... " ~ ::::::::········:~ •• ~ ••. 
HE.A \Y END DOWN. 

July 1. ,July 2. .July 3. July4. July 4. Jul:v 7. July 7. Ju]_y 8. July9. July JO. 

m. s. m. a. i m. a. m. s. I m. B. "" 8. 
1 

-- ~-- 8. ) m. 8. 

~ • ,~ ~,·· '" ,,.i.•• .,•• :.;••••:: · :•·i··•.· <0 ·•·•~··••••.I ,:••• ·i :. ::•• 
00 ......................... .!. ........... i ............ [............ • .. 

1 50 (26 241 47 3:J 1 56 47 ·: 13 ,, .... ~2 .. ~~ 
40 (31 HJ 52 33 i 56--~;--·1 II 37 43 

I I 
:: ... ~ .. ~~;· -- ~ .. ~~-- 1 .. -;~ .. ;;· .. : ---~~ --~---1 I 50 12 

u ~~ ... ;~>::- <~ .. :-, .. , .. ~: .. ; .. i-<~--:- .. 1- .. ~ .35 

63 

!--·-:<> 
:: 

1 
.... ~~--~'. ..... '.~~-.~~---· .. '.~o---~---i .. ~'.~--~~---ii·---~ 40 101 .. 19 .. 1 .... 96--~--

20 !""''""'""'"""''"'I 174 47 j--••••oo•oo•"""'" """"''"I"'""'":• 

ni. e. ; .'m. li. i 

-~::::: ::::::1::::::::::::1 
13 rn n I 

i 
·····1 

·····-] 

3H 57 ! ............ [ 
..... I 1i2 36 I 

·-· ·-······J···········-1 
69 3[• 74 49 I 

s;; 59 91 

' --····- ·---···-·--· 
············i··-······--·! 

Table 1Jkowing the time of decrement of the arc from 10 10'. 

HEAVY END UP. 

PARIS. 

·~ ·- ~~ I ~~ ~~ ~~ ~~ 
i ' ----i II 

! m. 1. ! m. 1. m. •· / m. s. m. B. m. s. m. a. 

TH+ • ~:< I: · I :~ ! E'. , H ~ : f 11 ~ 
: ................................................ ) _ 3 52 + 9 38 I !~: 36 

::~~~~::~~:- :::::::::::: ::::~~::~:: ::~:~::~:.! : : :: 1::~'.~::.~: I !~~ :: 
Means ... ' -16 10 .. .. • •• ..... -10 Ml - 8 58 I - 3 38 I + 9 52 j +16 45 

J .... 26 

28 

29 

Feb. 2 

4 

9 

H 
21 
22 



 

THE UNITED STATES COAST SURVEY. 

Tahle showing the time of decrement of the arc frmn 1° 10'-Uontiuuell. 

IlE.A. VY END UP -Continue•!. 

BERLIN. 

25 -16 

~: ~.::::::::::::I:::::::::::: ::: . : : :: : : :· 
211 · ! ................... .. 
30 -15 46 ' ---···--··· ·····-·--·· 

1° 4W. 

m. s. 
- 8 51' 

- 9 

1° 20'. 

m. s. 
- :; :10 

- 3 3!< 

- 3 3'1 

- :J 36 

- :J 38 

- l'.' :-10 - :3 31 

- :; 3!< 

ni. B, 

+ 9 5·1 

+ 9 41 

+ Y au 
+ 9 43 

+ 9 41 

+ 9 :J4 

+ 9 10 

0° 401. 

m. s. 
+1u 5f, 

+rn 4> 
+rn 41 

+rn ·II , 

+rn 

------------------------------
lfuans.. -15 59 - 8 59 - 3 3(; 

KEW. 

----,----~--- ~ ----·---·---

0° 50'. 
____ !, 2° 20'. 

1---.--·· 
12' 20'. 

------~----'· 

.Tuly 

JO 
10" 

1-:· ·; m. s. ! m. s. 1 1n. s. 

I -16 2:1: 

I --116~ 9: 
l:J 

! [=~~ l~j 
I -16 

-16 13 

-16 20 

-16 18 

-16 26 

-16 29 

-14 53: , ......... .. 

-16 5 · ............ ' ........ . 

-16 26 

-16 13 

-16 14 )--- ........ * ; -14 r,o ,. 
-15 52 

-16 6 

-16 12 

- 9 

- H 
- >; ;.! 

- 9 11 
- 8 .Jj 

- 8 59 

- I> 

- 0 1~ 

- 9 18 

- 9 15 

- 9 lO 

- 9 3 
-9 

- 8 51 

-9 

-9 

1tl. 8. 

- 3 36 ' +10 
... - _j -+ 9 2G: 

- 3 35 ~ + n 41 

* 
+ !) ·1~ 

--1 4--1 

---1 4-0 
-~138 '---1B3.Y 

* i -j u 55 
- :1 13 

- 3 41 

- 3 li 

0 4;; 
-'..- {) fy1 

-, 10 l:l 

* + u 34 
+10 8 

- 3 3!'1 

- 3 30 

+ !J 37 
+lo 4;, 

+ B 4U 

Mcams ... i -16 14 -14 51 I - 9 - 3 33 + 9 54 
I 

HE.A.VY END DOWN. 

PARIS. 

20 201~ 20 ;~:~~-1--;:--~-----l~ 40'~------~-: 2-0'. 

--1 : i-----~-·-~-

1 

m. •· ' m. •· I m. •· m. •· m. •· 
Jan. 26 ............ 1 ............ 1 -25 38 -:JO 57: - S 40 

28 ............ 1 -32 39, I -2• s, -20 27, * 
Feb. I ............ \ ............ [ -24 4 -19 24 . - 7 ~~ 

........... 1 ............ 1 .... : .... :.. ............ - 7 ~ 
............ 1............ -23 3a -18 46 - 7 19 

-20 24 8 16 

oo M'. 

in. G. 

+21 rn 
+20 4J: 

+21 

+rn 46 
+w 11 

+22 3>l 

-f-2'..! HI 

+-:l~ :w 
72'.! 4-() :: ! ~; ~ I =~ ~ == : -: ~' I 

:Means .............. ·I -33 l I -24 55 -20 10 - 8 9 1---: -21_2_6 -

QO 4-1.JI. 

m. s, 

+rn 4a 
-I 16 38: 

t 16 59 
-+-l(i ;}() 

·! 16 :w 

+16 12 
-116 46 

+rn 37 

-j 16 

-+ 16 50 

+lG 2!l 

+rn 32 

+16 :1,; 

0° 401
• 

229 



 

230 REPORT OF THE SUPERINTENDENT OF 

Table~showino the time of decrement of tlw arc from 10 10'-Continned. 

HE.A VY END DOWN-Continued. 

20 20'. :20 101
• 

m. s. m. s. 

Apr.~~ ~~~-.~~--! =:: ~: 

E =: ?1<~~-~·::: 
20 -35 .5:-i -32 43 

;JO -3,j 56 I -32 44 
May 2 -35 39 -32 59 

-,.-_ 1--"' -
Mt>ans __ . -3a 4o I -3... 44 

I 

I_ 20 20'. 20 10'. 

m ... •J m. .. 
,Tuly 2 -3:! 9 

3 I -33 6 ----·····-··! 
4 I -33 17 ............... 
4 -33 14 

-33 59 
7 , ......... -34 4 

8 I -33 5S 

9 I ..... ·---- I -33 44 

10 I .......... 1 
-3:! 25 

_ l!"a]]":: L:~~ .. ~ · I -33 31 

BERLIN. 

10 50'. oa 4-01• ' 10 40'. I 10 20'. I oo ;;o<, 

1---------I----·--·-·-
; 1m. s. I m.. s. I m. s. m. B. 

-25 05 

-24 51 

-24 .}2 

-2:) 02 

-24 :w 
-24 32 

-24 49 

-24 58 

m. s. 
' - 7 24 +22 41 

--20 04 

·- 7 23 
- 8 7 

+22 15 

+22 24 

I +31 44 

i +36 51 

I +38 06 - 7 51 +21 42 

-20 

--20 

-20 

-20 ~1 11 ~l ~ ~E 1l' 1:::: 
06 ' +37 2:J 

91-~ ~ .. 4~· 1 ·~22. ·~- +•7 45 
-20 

KEW. 

1° 501• JO 401• 1° 20'. oo 50'. I oo 40'. 
I 

m. s. m. 8. I m . .. m. s. I 'lll. s. 
-2;) 07 -20 07 - 7 58 '?'> -r-- 16 +.37 15 

-25 21 - 8 06 --t-22 19 +37 54 1-~~~ .. ;~·: - 8 10 +z1 20 +37 27 

-23 33 -:30 29 - 7 D8 +21 35 +38 40 

··--·---·-·· - 8 u; +38 41 
-2G 4 ............ , - 8 26 

i +::!2 33 +30 14 

-25 w -2U 53 - 8 24 +22 21 +as 8 

-25 41 

- . ~~~ .. ~l. ·• ·-- ..... ~-.I +z2 29 +ss 53 
-25 30 +22 13 +38 30 

·-
-25 35 - 20 36 - 8 09 I +z2 07 i +38 16 

--·-- __ I_ ---.. --~--~---- ---· 

I 
I 
I 

The fbr<'going tables show the amount of discrepancy between the observations of different 
days. The 11oint of the pendulum is distant 113~ cm. from the knife-edge, so that one minute of 
arc measures k of a millimeter. The reading-telescope was placed at a distance of about 3 meter;;. 
It nm.v, therefore, be supposed that a single observation of the half-amplitude would be in error 
h;r something like t of a minute. 'fhe following table shows how much error this would produce 
in the noted time of attaining the different amplitudes: 

Time of decrement of t· 
Half amplitude. Heavy end up. Heavy end (Lown. 

0 

2 10 
1 50 
1 40 
1 20 
1 10 

[)() 

40 

H. 

2 
3 
3 
5 
6 
9 

12 

.. 
5 
7 
8 

11 
13 
21 

•27 

Jt. will hll St•en that the observed discrepancies aN several times as large as these values, and 
cannot thcrefoN1 well be attributed t.o errors of ob!W.rvation. The daily discrepancies are, however, 
le;;s than 7 time:,1 the 11umbers just given, that is less than 1 f minutes. Such errors would produce 
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an error in the correction for are proportional to the arc itself and ammmti11g to only 2 millionths 
for l/J = zo. It has, therefore, been judged proper to ihul one ,.nuctiou to expresis Uw relation 
between the amplitude and the rate of decremm1t, arnl to .ap11ly this to all tlw observations at ordi
nary vressures and temperatures for the purpose of iinding- t.he c·.orrectiou for are. 

The pendulum being symmetrical in form iu ref'erf'nce to its two knife-edges, the air resiRts its 
motion ·with the same forcfl whichever tmd is up. Consequently, tlie rate of decrement of thP are 
(produced by this cause) is in the two poRitionis inYersely proportional to the moments of inertia. 
Bnt it iR the property of the reYersible pendulum that the moments of inertia about it,; two knife
edges are proportional t-0 the distances of the eenter of mass from those knife-edges. TheRe di"
tances are in our pendulum very nearly in the ratio of a to 7. Hence, the timeis of decrement of 
the arc (,.;o far aR it is the effect of the air) must he in tlie ratio of 7 with heaYy eml down to 3 with 
heav,y eud up. The sa.me would be true for any prnper pffect. of fridion on the knife-edgPs. Bnt 
the decrement of the a11l[}litndP is no doulit part1.,~ eause<l b~- the energy of motion of tl1e peudulu111 
itself. ]?or example, the pe111lulmn sets its s11pvort in vihratio11 and this Yibration ii-; resisted hy 
internal friction, thus exhausting the energy. Suell a decremeut of the an; will be more 1iearly 
equal with heavy ~md up arnl with heavy eml down, or it ma~- even he greater witl1 heavy mul dow11. 
lu point of fact it will be l'Ceu that the. times of deeremeut are a little more nearly equal thau if thPy 
were in the ratio of the distances of the kuifo-edges from the eeuter of mass. This is shown by 
the following table: 

STATION, l'.A.RIS. 

1---- ------------- --------

1 D~''m"'" 

1401-0120 

Time, hea":V 
Ca1cula.te<l Observt1<1 
time, heavy time, ht•ffV>' : 0-(' 

end down. 
end up. end up. 

-------------·---... 

tn. ni. rn. ""-
12. 0 5. '.:! G. 4 +o. 2 

1 20 1 10 8. 9 3. 9 3. 6 -0.3 
lJO 50 I 21. 4 9.3 9. 0 +u.6 

50 40 lS. 4 6. 7 tt 1J +0.2 

140to 40 57. 7 25. 2 25.8 +o.o 

STATION, BERLIN. 

0 0 ' 
m. m. 

! 
m. 

I 
m. 

140tol20 12.4 5.4 5. 5 +n.1 
· 1 20 1 10 7. 8 3.4 I 3.6 

I 
+0.2 

1 10 50 22.1 9. 6 9. 6 0. 0 

40 
i 

50 15.6 6. B 6.9 t 0.1 
I I 

1 40 to 40 57.9 25. 2 
I 

25.6 
I 

+o.4 

ST.A.TION, KEW. 

0 , m. m. m. m. 
140t-Ol20 12. 5 5. 5 5.5 0. 0 
1 20 1 10 8.1 3. 5 Jl.6 +0.1 

1 JO 50 22. l 9. (i 9. 8 +o. 2 

50 40 16.1 7.0 6.9 -0.1 

1 40 to 40 58.8 2S. G 2ii.8 -+ 0. 2 

These numbers, however, show that for the purpose of calculating· the corrP<•tio11 for arc it will 
be <tnite sntllcient to assum~ that the times of decrement are in tht• ratio8 of the 11ioments of inertia. 
In order to obtain t11e law of clecrement, therefore, the times with lwax,y end up an<l with 11eaYy 
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end down liave h(~en added togetl1er; auil the means have then been taken for all three stations 
(Paris, Berlin, and Kew). \Ve thus obtain 

Half amplitrnlP. 

130 
110 
100 
80 
70 
50 
40 

8tnn tif t.inies. 

"· -2880 
-2187 
-1779 
- 706 

0 
+1927 
+3304 

The time for 140' has beeu neglected as not lmving been generally observecl with heavy en<l 
down. 

To satii;;;f'.y these Yalnes a form of equation has been assumed which ha.'3 hecn copic<l from 
l'1·ofessor Benja111i11 PeircP's Analytic 1lleclurnicN, and which is Coulomb's equation with a conshint 
tlmn adde!l. It is-

D, l/J = - a - b l/J - c <fi2 • 

The integral of this·equation is 

The values of l/J for the different values of t, as given in the table above, are sufficiently satisfied 
by putting (for tin seconds of time arnl l/J in minutes of arc) 

a= 1547 x 10 

b = 6418 x 10-8 

C=1421X10 

The errors are shown in the following table: 

Sum of times. Obs. tfl. Cale. cl>. 

"· 
-3191 140 138.82 
-2880 130 130.03 
-2187 110 110.33 
-1779 100 100.00 
- 706 80 79.97 

0 70 70.03 
+1927 50 49.98 
+3304 40 39.99 

(0-C) cl>. 

+1.18 
-0.03 
-0.33 
-0.00 
+0.03 
-0.03 
+0.02 
+o.oi 

By least squares, better values of the ('Onst,ants could be obtained; but these are evidently 
sufficient for our purpose. 

'l'he law of de,crement of the amplitmlc having been made out, it was requisite to apply it to 
tlie obser,·ations. The constant t0, heing different for each experiment, had first to he determined.. 
111 doing tl1is, it was desirable to use observatio11s in -\vhich the arc had only been noted on the 
right or on Mic left. For thh1 purpose it wa.s necessary to calculate the inclination of the zero of 
the metallic arc to the vertfoal. This wa8 readily determined from the di:tfo:renoo of the time of 
reaehiug a given division to the right and to the lef~. The· following mbles show the results so 
obtained. The figures in parenthi'.SCS at the top of the column show the estimated inclination from 
observations of the pendulum at rest. 
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l:NITlm STATES COA8T SlJRYEY-PARJS.-DlMI'.'\UTION OF ARC. 

140 

130 

120 

110 

100 

9U 

80 

70 

00 

1iO 

40 

30 

Calc11l11tio11 of i111•/i11ation of ZPro-point. 

.. .. 
' ······--··i·······--,. ___________ ·······-----! ···········-

-------· ·······-----! 
········--·· ·········-··i 

+!i7 

+74 

+u.u 

..... :. 

- 57 

-104 

-132 

-222 

-2 0 

-2.0 

-2.4 

-2.5 

-2.0 

Jan. 28. 
He.ayy 1•11d 

dnwu. 
dt 

.. 

+11: 
+ll: 

+ 7: 

l+l') 

+o.:> 

-HJ. 4 

+u.3 

-l 0. 2 

+o.4 
-\--0.l 

Jan. 28. 
Hr::l\Y ernl 

up. 
dt 

.. 

-60 

-79 

M.ea.ns ••.• : .....•••.•.. +1.5 -2.1 +o.3 

140 

130 

120 

110 

100 

90 

80 
70 

60 

50 

40 

30 

MeanR~ ... 

i Jan. 29. ! 

I Heavy c>nll l

1

. d ¢ 
up. 

1 __ ~~--1-

Feb. 2. i 
: Hea'I')' end I 
! ~P; 

8. 

1 ....... . 

1·:::::: .......... ::::::: ..... . 

- 57 --3. 5 

<+1') 
d~ 

Feb.~. 

HeaYy (•u<l 
1fown. 

dt 

8. 

-53 

-74 

- 6ll 
- 88 

-3.6 
-B.8 

.................. , .. 
+rn +o.s , ... I 

I 
I -103 

-17~ 

·····--·1······· 
-3.0 

-3 6 

............ :'. 
I 

+38 
+53 

; .... 

(-1!') 

d</> 

-2.0 

-2.3 

Feb. 2. 
11('.a.Y~- end 

do""· 
dt 

.. 

57 

i7 

-]{}:.! 

-113 

-176 

-203 

, ____________ ----------
-3.6 +Lo -2.2 

11!') 
d¢ 

-:J.l 

-3. 4 

-3. 3 

-~.1 

-1. + 

-:!.a 
-2. 2 

-~. l 

-2. 7 

Jan. 2D. 
ll(>~w:· encl 

up. 
<It 

.. 

-(jj'; 

-ll9: 

I·'<-11. 4. 
Ht•llY,\: l'-Utl 

down. 
dt 

-I- 2: 
-],"j 

-H 
-11 

! 
~===--"-=-~-=~-~-~ .. -= .. =--=-=· -.... ~-~-~-=-'-' .. -=-=-.. -=-=-~-~-~-----===-=~===~------------· .. ---

Feb. 4. 
i Rea vy en<l , 

111•. i 
dt I 

(-2') 
d¢ 

Feb. g, 
Heavy end 

down. 
dt 

(-2') 

d¢ 

~'eb. 9. 
Hoin-y eml I ( +~ 1 } 

up. <irp 
dt 

F"h.14. 
Heas~· t•ntl 

up. 
dt 

~ -211 
dq, 

Jteh. 1-t. 

Ilea"\"} t·ml 

Uown. 
<ii 

233 

(-'..!'1 

d<i> 

- :t;) 
-3.0 

+o.u 
+u.1 

0. () 

-o.:; 

-o.:.! 
-U. l 

0. 0 

-----"----~ .. --------·---- ------ -----

uo 
130 

120 

110 

100 

90 

80 

711 
llO 

50 

4-0 

30 

.. .. 

- 36: -3.0 

- 6.8 - 2.!:! 

- 51: -3. l -116 -2.6 

-73 -3.1 -146 -2. 7 

........................ 
-116 -3. 2 -182 -2.2 
-165: -3.5 -222: -2.1 

-298 -2.0 
I 

.. 

+34 
+as 

+o.9 
+o.6 

+u.9 
+o.H 

- 2~: 

- 67 

- j\tj, 

-144 
-t".H: 

-1.0 

-:t 5 

-3. 7 

-3.0 

-3.5 

s . 

+o.a 

+0.2 

+o.3 
+o.'.! 

---------:-----------------------------:----------
-3.2 L ___ . -2.3 !. 

I 
+0.2 +o.8 :Means .• - . 

S. Ex. 37--30 
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140 

130 

120 

110 

100 

90 
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dt 
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REPORT OF THE SUPERINTE~"DENT OF 

Calc1tlatfrm of incli11ation of zero-poi11t-Continued. 

Feb. 21. 
Heavy end 

up. 
dt 
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df 
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Mean!".\ ..........•••••. -2 . .i +2.7 +o.B 
-----------

UNITED STATES COAST SUR\'EY.-PENDEIXM AT RERLIN.-DECREMENT OF ARC.-INCLINATION OF 
ZElW-POINT. 

HEAY'l ENH l'P; :SAME B.ACK. HRAYY J<::,·11 Ul'; NAME J<'ORWARll. 

April 26. _i\.pril ~'Y. April 20. .Ap1il ~5. April 21'. April 30_ April24. 

:---1 ------ ---------

dt d<f> '. dt d¢ di d<f> dt 

.. .. •. .. 
I 140 ........................... . --······----f--·····-

d<f> dt 

8. 
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dt 
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~~~. ······· .. ::: .. ·· :::: :::::::_! :: .... .... :::::::·1 
1
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'. • •• ••• • ••• ••••• i. •••. ••• .. •• •. -• •• • ••••·•••I - - "t _. 
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PENDcLUM AT BERLIN.-DECHEMENT OF ARe.-INCLINATION OF ZEH0-1'01!\T-Contimwd. 

HEAVY It.SH VOWN: NAME 1U.('K. HF.A\•y F.:\:L> HOW:'\: XAME ltOltW.ARD. 
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~11ril 2~~~1---~~i~-;6~-
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\I. 4 
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d t d<J> 

• lurn• l. I .Jnnt' ~i. • JnUl' 4. 

<! t <I op 1-d-,--d-op- d'__ l_d op 

-'--1------ --
x. '.I .. s. 

I 
- -- I 

i 

.Turn~ 5 . 

d I dop 

s . 

80 fi5 1. 4 I 
70 58 1. 0 + 49 -t 0. 9 fJU + 1 o I:; 4!1 +o. !l ,+ 42 -t 0.7 '+ 61 + 1. 
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ENITED STATES COAST fll'RVEY-KEW.-DECREMENT OP ARC.-INCLINATION O}' ZERO-POINT. 
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.. 
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di 

s. 

+u.:1 
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d<P 

+Lu 

+25 +o. u 

+rn +o.4 
+29 +o. 5 

-I 0. 3 

+0.6 

+0.6 

• Jul,,· I. 

d I 

Heavy end I Jul,\· 2. lleRvy end: .July ~. Heav,v end 
dowu. 

d<P 

July 2 . 
dt 

1-

Heavy end i 
up. I 

UJI. dt up. elf (+2') ' 
d<P 

8. 

+16 

-! 27 

+29 
+r,s 

+36 

.. 
27 

38 

d</> 

,2. 0 

-j l.5 

+3.0 

+LO 

I 
---1 

+1.9 I 
I 

Ifonvy end 
np. 

(+2.6) 

d<P 

+3.4 

44 +2. 3 

7:J +s. 2 

74. 

109 

+2. 7 

+ 21; 

+w 
+ 22 

.1 

1 :tl 

+2.9 

+2.1 

+ 42 +2.6 

t 65 +2.R 

+ 87 +3.0 
+66 +1.8 
_,. 93 +2.0 
+uo ... 2.a 

.. 
+26 +!.3 

.. 
+ 23 +2.9 

. . 
+rn +2.4 

-+23 +o.9 , .......................................... .. 
+21 • +o. 7 + 40 +2.9 ' +42 +3.l 

~~ ...... !~:- : : ...... i::n:::::I·~;-- :::>~:~::1 
........................................ [ .................... .. 

----~~:: :::::~~:~:.---~~~:.-----~~LI::::~~~: ..... ~~-:~::I. 
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.July 4. 
•it 

8 . 

+ 42 

jlfoavv ~ud 

I
I \]j), 

d<P 
I 

+3.1 

+ r~ +2.9 

+ 05 +2. 8 

+ 98 

+115 

+2. 7 

+2.4 

+i. 8 

.Tuly 4. 
dt 

Heavy end; 
down. ' 
(+lJ 
d 

July4. 
dt 

' I 
-----· ----···---

Hea.vy end 1 ;July 4-. Heavy end 
up. dt Ull· 

d</> d<t> 
I 

-I 
8. .. . . 
..... ...... + 24 +3.0 +19 +2.4 

+1s +o.9 !····------ ................................ .. 

+18 +o. 6 

+40 -+ 0. 9 i 

+35 +o.6 

+i.o 
+o.6 

+ 37 

+ 59 

+ 75 

+ 74 

+134 

+2.7 

+3.l 

+3.2 

+2.0 
+2.8 

+2.8 

I 

+a1 
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+1.9 
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.July 4. llml'.Y mid ,Jul~· 4. 
dt tl0\\"11. dt 

:nf-1n.vv endj 
1 u1>. I 

Heavy end: Jul.v 7. 
down. ' dt 

I 

Heavy end July 7. Heiny end July 7. Heavy en<l July 7. 

.. 
+17 

+40 
+~7 

d<P 

+o.R 

+1.5 

+o.9 

+o.R 
+1.2 

+o.4 ; 
+0.[J 

+o.9 

.. 
+28 

d4> I 
dt up. dt 

d.p 

! 

I •. 
+3.:; I +22 +~.9 

.. 
d4> 

up. dt up. 
d~ d4> 

·-------.. . . 
+rn +1.9 + 23 +2.9 

......... ... ·I ......... .. - 12 -0.6 i:-······-- ----······--!·········· ........... : 
.......... 1 .............. . ... < .................... ··1--- .. -- .... ··---· -·---

...... ....•••••• •••.•..•••. -- 15• (-0.6] 1 ...................... : .................... ! 

+2.5 +29 +2.1 - is. r-0.r.1: +21 +2.o i + 34 +2.5 

~;l.T ----~~;-- .... ;;_-~·· ---~-~;·· ..... ~.-~- :·---~~-- -----~2:~· f--+·-~~-· ... -~~-~-
c+a. ,l .. ...... ... ...... - 41 -o.s ! +oo +2.6 I + 46 +2.o 

... ..... .... . ........ ·····-····· ···•······ ·-········- 1····----·--
+93 -12.5 +70 +I.9 .... ....... +83 +2.3 I + 59 

+87 +1. 8 ' -100 -o. 9 +75 +LG j -tlOO 

+1.6 
+2.1 

.. ······ ............................................. ········1··-~·-···· ........... . 
----1--~-

+2.9 +2.2 -0. 7 I-- · · · · · · · · +2.1 !-········· +2.2 
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Tirn UNITED STATES COAST SURVEY. 

KEW.-llECREMENT OF ARC.-INCLINATION 0}' ZElW-POlNT-Co11timw•1. 

,Jnly 7. 
dt 

i 

tlowu. d f np. d t up. d t tlo~u. : 
d<P d<f> ti</> d.p i 

.Jul.\''°' 
di ll]). ,,,. 

1

1 Ilt•:rvy t•ntl ,Jul.\· 7. Heavy ewl .J n3y 8. Ifrav,v end .Tul~· K lfoavv t•1Hl: 

!---•. -'------ --.-. ------ --.-.--------.-.~----1---.. ----,-
+ 20 +2.rt 117 +2.1 +:i.o 

16 -0. 8 -13 -0.6 

....... ........... .......... . ....... 
19 -0. 7 -37 -1.4 

+ 31 +2.3 -20 -0.6 +27 +:!.U 

- 23 -o.;i + 41 +2.1 + 3:;: +1.s -45 -1.0 +4.:i ·t2. :i 
- 3:1 -0.6 + 56 -\-2.4 + t~l +2.3 -19 -0.4 

- 80 -1.0 + 74 +2. () -49 -0.6 +n -T-:2. 0 

-138 -1.:l + rn; +2. :1 +n1 +2. a -92 -0.8 +"4 +J., 

,July !I. 
di 

+'.!» 

+;=..c.: 

+tm 

237 

Ilt·:tvy t•ud 
11)1. 

ti qj 

+2.l 

+1.9 

----------------
Mean. --0. ~ .. ~;-~-~1== -f-2.0 

----! 
-J!!.1 I 

----. . -----

1 

July 9. Ht·aY~'t'IHl July o. llt>"'n·.v c·11d ,July 10. Hrav~ entl Jul,Y 10. HPa\',Y Put1\.July10. Ht•:tT,\- t•IHl 
dt 1lown. d t U}l. tf f Up. rf t tlown. i d.t up. 

8. 
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90 
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30 
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-0.5 

-0.~ 

.. 
+ 16 
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+2.0 
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+47 
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+~- 4 
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-0.9 
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-0.4 
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+ 3!) 

-0. 7 I~-~~--
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-0.8 
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.. 
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The i11clinatio11 of the r.ero-poiut having thnt1 been ascertaiuP<l, the time of ead1 obscn-atiou 
of amplitmlP t~1 tl1e rig·l1t mul to tlw left was cmTect.1~11 for i1wli11ation so as to givl' tlie ti11w of 
re:whiuµ; an are on ('ach si1l1• of tlte vertieal of ai1 iut<•g'J'~i.l 11mul1er of t1•.11s of rni11utt>s. The nwa11s 
of the results for rig·ht au<l left were then taken, i11 l'a,.;es whPre obse1Ta tious were made on hotli 
sides. A t.ahlP 1·akulat1•1l from tlw formula was tlwn Plltered, g'iviug t-fu for t>Vm'_v h>n miimt.PS of 
<P, aull from thi,; t.ltc vahw oft" was uht.ainecl. 'fhe fullm1-ing· tahles show the re:sult. 'l'he hour.~ are 
01nitt1•1l. 

l'NITED STATES COAST SUlffEY-PARIS.-DECREMENT OF AlW.-CALCULATION OF lu. 
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l:-XITED ST~TEti COAST SGlYEY--BERLIX.-DECREMENT OF .AHC.-CAUTLATION or lo. 
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1 

N. 

' • '"- s '"· s m. m I m. •-

~~~ ~ -24- 4.1 ·;~--4;,- 24 7 ~1- ~ 

1

, 13 ~3 
120 ..... 

: 110 1\ 32 39 32 54 32. 8 :11. 7 21 29 21 2'L 21. 4 20. 3 

.Jul)' 9. .Jul;· JO. 

Mcai1 

8. x. "-

m. s. m. m. 8. 111. s. ·m. 

rn 21 1:1.4 19 !} 19 13 Ht. 2 26. 1 

2i 4 '!.i '2i.1 2ti.O 

, 100 1a a1 46 37 40 37. 7 31. s 1
1 

26 211 26 11 26. a 20. ~ 3.2 20r 3~ t-lr 

: ~: -~---~-- ·-~~--~~-- -~:;· -~~.-~·1! 38 :w 38 57 38.9 20.6 

70 21 58 48 58 25 58.6 3'l.1 j ......................... . s2 ::m 5:.! a4 5~. 6 ~w. 1 

6() 27 ........................... -·--· 1 .......... ···-······ ... .. 

: ~ i--~--~~-- ··~--~-- .;.~. -~-~-/: .. ~--~~-· __ ;; __ ~ ... ~:~. :~:~ 
I : 

i4 36 75 74. l:" 2;1. 9 

91 4 111 9 Yl. 1 26. a 

-------· ----- ~---·----~---



 

244 HI~POH'r OF THE RFPEIUX'l'E~DENT ()}<' 

Thr colons affixed to observations in thP a hon• tahle imliPate thm;e wltich were considered, at 
the time of maki11g· tiH'lll, of inferior ntlne; arnl tl1t> l'~jedions han~, in almost all cases, been made 
upon the exdnsin• authority of tht• original not~s. 

It will be seen that th<" >al11e of t,,, whidt oup;ht to remain constant for each experiment, fre
q1wntl.'· un<lPrgoes a progn"ssi n' chang•~. On this account three sncce,;siYe valnes of the 1•.onstant 
han· het>n atlopted for each experime11t, 011p from </' = ~o to 1/; = 110, a second from rJ; = L~o to 
tP = J :l, and ;1 t11ir1l from l/J = 1° to rJ; = ~ 0. 'Yithin each of these limits there is in no caRe any 
change whiel1 could occasion a 1'l'Jl,.;ihh· error in the c•orreetion for arc. 

The value., of t., haYing hee11 obtai11e>tl, thP 11ext ;;tep was to get the ,·alue of lf1 at the mean 
instant of eai:h ;;et of tran;;its. This \\·as !lmw h~· suhtnwtinµ; t" from the mean time of each ;;et, 
entering· tlte nilne of t - to in a table, aIHl taking- out tliat of <P. 

The nf'xt st(•Jl wa:-; to find tlw iutegral /
1
,J rJJ2 tl t. ThP formula, obta.iue(l h_y tl11• integratio11 

of the expre;;>iion for r/J givPn a\Jo, e, i", 

J. 2 l 1 , z, I · j ,-- } ( l.i2 a-) ( . 
l/J < t = - c l/J - 2 (;2 oµ;. ;;Hi. t -va c - ! Ir (t - f11) + ~ ~2 - c t- f11 ) 

lu some of tltc calnilations, tlie;;e three tcrtll" wt~re calcuhltetl for th!.• ob8erved yalne:-; of rp aml 
(t - t0). 111 other caste's the integral wa;; takeu ont of a table eo1rntructetl for the Jmrpo,.;e. 

Tilt• cm-r1•ctio11 of e:u-h intern1l between the ;;11ccPRsin' ;;ets of transits was separately caleu
latetl. The approximatp vaht(•s of the 1·01·rectlons were g·enerall,r a>; follow;;: 

From l/J = ~o to <P = 1 ~o 
From l/J = 120 to lfJ = 10 
From l/J = 10 to I/;= l/io 

-0.0;;;1 
-0.04;! 
-0.0:l:l 

Co1Tt~ction. 
~------~ 

-0.0:!:J 
-0.0Pi 
_().()14 

All the oh:-;en·ation,.; of arl' at llohoken, whe.11 the Ge11eva Oluppnrt was emplo,ycd, were made 
on a scalp di,·hletl into t!Pcimal partis of the radiu,,;. Tl1fa &cale being freel~' monthle, was card"ully 
placed with it,.; zero exactly muter· thP poiut of the pendulum, 'whe11 hanginµ; fre11; iso that it was 
not i11 genernl found worth while to ob;;en·e the arc 011 more thau one side, during· the ohserYations 
taken i11 .Jn11e, ::-ltiph'mber, anti Ol:toher-lmt one allowance for po;;ition uf zero (0.00043 on Septem
ber 25) being· found neeps,,;ary in thPRI' ;wrie;;. h1 the observatimrn taken iu December and in 1878 
leRs care was taken in placing· the seale, alHl the a.rn wa::1 alway,,; obRerved on both sides, except 
between 0.024 an<l 0.010 on the left, wl1P11 it was hidden from view by one of the su11ports of the 
lower platform of the pendulum rccein\I'. 
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The following table" gin~ the ohseryations of are iu detail, followe<l h~· tlie calculation of indi
nation, made according to the methods before given. 

UNITED RTATER COART RT:RYEY-HOHOKEl\, .Jl;l\E, 1R77.-nEC'RK~IENT OF PEl\lH'LCM ARC.-Fl'LL 
PRESSURE.-SOLill S\TPPORT. 

TIME~ OF RF,~CHlNli DU'FERE:\T ,DlPLI'JTDE>i. 

Jmw ll 14 15 

tn. 1n. 'm. 

380 

:no 
360 

a:.o 

340 

330 

320 

310 

HEAVY RXU rl'. 

l•.i 17 19 

HI. 

. 300 13.2 :!4.9 4~.4 

290 2fi. 1 14. 7 

'..!ti Mean. 11 

m. in. m. JJL m. 

3k. B 

I. g 20. 44 41. ~ 

8. 6 21. 30 

,280 14.6,17.6 178 f10.4 1;i.4 :).1 21. 98 44. 8 

m.98J 270 

2GO 
I 2il0 

25. G 2:J. 89 

<24. 88 I 

240 

230 

22.0 ..... ··--·- ................................ . 

23. l 23. 1 31. {i 5$. 8 20. Ii 14. 4 27. 07 

220 24. 5 

210 21. (\ 25. 7 

200 22. 7 27. 0 

190 24. 6 

180 

170 32. 2 

24. 5 

26. 0 

27. 2 I 35, 4-

56.' 
;'18. 3 

36. 6 61. l 

6~. 5 

160 34. 6 33. 8 41. 7 

11. o ao. o 15. :~ 

22. 9 12. 4 31. 2 Hi. ~ 

24. 2 13. 8 :J2. 6 17. 9 

25.6 15. 1 34. 1 19. 3 

27. 1 35. 6 

24. 0 

30. 84 

31. 09 

33. 91 

3:). 4~ 

37.34 

132. !i 

67. 3 

70. l 

73. 7 

ir.o :n. 2 36. :i a5. 3 4:i. o 67. s 32. 2 2i. 6 40. 5 26. u 39. n 

140 33. 0 37. 3 70. 1 . . . . . . . . . . .. .••••. 27. 8 

130 34. 8 *· 6 39." 47." 72.1 36. 0 . • . . . . 44. 4 29. fi 

120 37. 1 : 48. 5 42. 4 49. 8 74. 1 28. I 46. 4 31. 2 
110 46.3 44.9;52.4 40.4 30.1 49.2 33.9 

' 100 42. 5 49. 6 55. 5 79. 8 43. 5 32. 7 37. 2 

90 45. 7 i 53. 9 

80 00.2 ! 58.9 

51. 0 

56.0 

59. 0 83. 2 

87. 5 

46.6 36.2 55.5 ..... . 

41.10 91. 6 

43. o::; oo. 7 

45. 34 101. 5 

47. 91 110. 6 

51. 01 116. 6 

54. 39 125. 9 

llEAn E'Xl1 HUW!'.. 

14 15 

62. I) •••••. 

6-l.4 .. 

68. 9 

70. i 

77. 0 

81.1 

86. 2 

HM. fJ 

103. ,, 

39. 2 

-11. 7 

4-7. 4 

53. 6 

56. 2 

lH 

31. 3 

34. :; 

:m. o 

38. 0 

;{fl. ~) 

47. 0 

!H. g 

:iR.1 

60. 6 

64. 8 

68 .. ) 

17 :w ~J ~lean. 

1u. m.. m. 1n. m. 

52.l 13.3 2.0 29.7 4.7 

i)'j. 2 
50. {! 

60. f; 

6:1. 7 

20. () 

21. i' 

23. 4 

7. 0 34. 8 

8.4 36.2 

H. 7 
11.6 

10. 2 3ti. l 13. 4 

i:1. 0 

34. 40 

36. 07 

:19. 41 

24.~~ 41.'.! 16.5 40.9fi 

66. 0 2Ci. i l.J. 3 4~. 8 18. 4 42. 641 

6R2 

72. ~ 

71<. 3 

so. n 

R?. 0 

90. 7 

94. 2 

3H. 0 

17. 8 

22. 2 

25. 0 

27. l 

4i. :J 

50. 0 

5~. 3 

54 9 

23.1 

2a. G 

41. 5 fi8. l 

44. 7 61. 2 36. 4 

4-8. 2 . - . - . . 64. 1 39. 4 

50. 7 66. 9 .i;t 1 

74. 9 40. 5 

81. 3: .... 

4'). 06 

47. 61 
49. 6-l 

J:!. 50 

.'4. 91 

fii. 81 

60. 74 

64. 04 

67. 30 

70. 00 

7+. 74 

(79. 80 I 

81. 5 107. 6 ~3. 5 :"9 .. l 84. ~t) 

117. 'j 86. :! 

90. 7 

127. 2 84. l 9;;, 8 

l:l4. 7 90. 1 102. r. 
142. 8 96. 2 110. 2 

152.!! ,103.4 117.4 

112. 0 81. fJ: .. . .. • 87. 7 88. 66 

liG. 4 68. 0 9:1. 40 

121. 2 ........ -- ·- 9i. 4 73. 2 9~. 3(i 
128. 2 95. 4 ..•..• 10-1. 4 80. 9 lOf>. 86 

136. R 10:i. ri ... _ .. UL:! 88. o u:L rn 

144. 2 - 119. 2 121. 42 
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UNITED STATES COAST SURVEY.-J>ENDL'LUM, HOBOKEN, IN VACUUM APPARATUS.-SEPTEMBER AND 
OCTOBER, 1877.-HEAVY END DOWN.-H. F., OBSERVER. 

TIMES OF REACHING THE DIFFERENT AMPLITUDES. 

Full pressure. ! 15 iru.:-heR. fl inches. 1! ind1. ! inch. l inch. Means. 

30.2 ll---- ---- ----·------------: 
Oct. 5. Od. 5. 

S•pt. 27. Oct. 5. Oct. 5. Sh 
11

, 
Sb Ji!h 14h 

Are. 30.3 30.2 
Oct. 1. Oct.!. Sept. 29. Oct. 3. 

12' 9> Sh 

i 
1------~-- --------------·------
I 

i . 0370 

m. 

36() ....... i 
350 46. 7 ... 

340 48.1 

330 

.0820 

31U 

300 

200 

280 

.0270 
200 

250 

240 
2.10 

. 0220 
210 

200 

190 

180 

.0170 

160 
150 
140 

130 

i .0120 

58. l 

93.8 

98. 4 

104. 4 

'"· 
26. 5 

2i. 8 

31. l 

34.3 

35. 6 

36. 8 

38.3 

40. 6 

43.4 

45.3 

47. 8 

51. 5 

54. 8 

57. 6 

61. 0 

67.1 
68.3 
71.3 
75.5 
80.1 

85.4 

m. 
54. 3 

:W. G 

61.8 

63. 

64.6 

65. 9 

68. 2 

73. 0 

75. 6 

m. 
54. 7 

57. 0 

63. 2 

6.5. 3 

67. 7 

70. 0 

72. 6 

75. 3 

78. 4 

81. 3 

/ 83. s 

I·· .. ~;:~· 
78. 5 j 95. 5 

:~:~ I 99.5 

85.0 I 107.8 

88. 2 I 1J3. 0 

I 
·······--1·········· 

' 95. 0 123. 3 

98. 5 

103. 0 

107. 7 

113. 5 

130. 3 

135. 7 

143.1 

153.1 

m. 
7. 5 

9. 8 

15. 8 

·18. 2 

20. 6 

22. 9 

24. 8 

27. 2 

30. 2 

35. 2 

38. 5 
43. 9 

48. 3 

52. 4 

58. 3 

65.1 

70. 6 

76. 5 
80. 8 

88.2 
95.6 

106. 2 

110 106. 6 89. 5 160. 2 112. 6 

m. 

27 

321 

371 
4lt 

461 

55 

m. 

n 
81 

901 
9~ 

104 

111 

120 

154! 

164 
179 

rn. 

16 

30l 
48 

65 

127! 
144 

lb':! 

181 

1117 

217 
245 

,-J :: 
111 I- ________ _ 

272 

2118 

317 

335 

362 

136 

144 
156 

167 

182 

199 

i 244 

260 

278 

387 
416 

297 442 
1 .................. .. 

!····· .. ·-- 516 

I 371 563 

m. 
16 

33! 

49 

71 

96! 

121 

144 

HIB 

191 

218 

249 

274 

302 

330 

359 

31l4 

429 

461 

489 

527 

573 

215 I a96 ................... . 
100 ua.2 oo.s 124.o i 167.7 120.a , ............................. .. 

:m .. m. 
3o.~a I 15 

---1--' 
m. 

1 

ni. 

!~:: ! ~:: 
29. 3 1· .. 
30.7 , ....... . 

.. ~~::··1 :::: 
34.6 I 20.5 

35.8 I 22.s 

:17.1 I 25.1 
38.3 I 27.6 

40. 6 

42. 0 

43. 5 

45.4 
47.9 

51.2 
53. 6 

55.1 
7.6 

60.6 

63.6 
67. 5 

71. 2 

75.7 

80.4 

85. 7 

89. 3 
96.3 

30. 6 

34. 0 

35. 8 

38. 7 

44.1 

i8.3 
52.3 I 

59. 4 

65.4 

70.8 

76.3 I 

81. 9 

88. 3 

95. 7 

106. 0 

112. 7 

120. 3 

'----~~ :
0

~
1 

_::~~~:~~1~:::::1 ... ~~~:~ .. ·--~~-~:_~_ .. _1 
__ ~_i::::::::::~:::::~::l:::~::::::~--~~~~1~=~::! 
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UNITED STATES COAST seRVEY.-PENDl'.LFM OBSERVATIONS AT DIFFERE:l'l"T PRESSURES.-DECEM
BER, 11'77.-HEAVY END CP.-OBSERVATIONS OF ARC. 

TIMER 01' HK\CHINn THE IHPFERE1'T AMPLITUllE8. 

December 23 23 

Haromrt'r 30.5:; 30.55 

Ri;:htor ( 
left. j R. 

• 039 

38 
;n 
36 35. 0 

35 35. f; 

R. 

12. 5 

12. 9 

H 12 12 1~ 

30.25 29.0: 29-"-

L. It. L. IL R. L. H. 

1G 

29.0~ 

L. H. 

2. ~ 

:u 
'.!. 9 3. 6 

16 

29.08 

L. R. 

47. 4 

lU 

27.~3 

L. R. 

·--··· 22. 4 

16 16 17 

27.23 l:i.O:~ 

L. R. L. R. L. R. 

17. 8 17. 9 

18. 6 18. 7 

. 034 

33 

32 
31 

ao 

:ts ...... 47.l 22.0 ..••.. ~. 0 8. 9 

15. 5 
16.0 

16 .. " 

.. ···- -- - -- - .... 48. 4 ............ ------ li.8 
18.:; 18. 4 

.029 

28 

17. l 41. 0 ............ ------ '.!tl.8 

27 
26 

3<J. 7 

40.4 

41.2 

17. 7 

18. 5 
8. 3 

u. 7 42. 1 o. 6 8. 'j 9. 7 .. -- . :hi. 2 
25 42. 0 20. 1 --- 43. 0 

.024 

23 

2'2 

21 

20 

. 019 

18 

17 

16 

15 

.OU 

13 

42.9 

43. 7 

44. 7 

47.1 

21.8 

22. 8 

23. 8 

25. 0 

19. 7 

43. fi 43. 9 

.... -- 44. 9 

.. 20. 4- • 47. 2 

21. 8 .... - . 48. :! 

48. 2 26. l .. --- ...... 49 .. i 

49. 4 , 27. 4 -- . 24. 1 -- -- -- 5o. 8 

50. 7 28.7 

52. 2 30. 2 -- -- -- 27. 0 -- -- -- !>3.:, 

53. 8 31. 8 ....•. 28. 9 55. 2 

6. 7 

. 21 . .i 

-- -- 28. 3 

30. 2 .... 

- 53. 6 5-i. 7 

53. 6 

56. 7 
14-. 6 ... ,r:;7, 7 

15.6 58.9 

18. 3 

-- 19. 7 

-- - ---- .. 21. 3 

------ ---- ........ ---- -- 23. 0 66. 0 

55.8. 3.1.7 -------- .......... 57.3 117.2? ------------ ...... 25.0 67. 9 

70. 0 57.7 35.7 ------ 32.l - 59.4 117.2? ........... ------ 27.0 
12 59. 9 37. 7 . 61. 7 20. 5 -- 29. 4 72. 3 

ll 62.3 39.8 -----· 36.0 ------ 64.2 23.5 ----- 32.0 75.1 

10 64.8 42.4 ------ 38.4 66.8 27.2 ------ 49.7 29.8 35.1 72.9 78.0± 

26.6 ------ .•••.. 12.9 

13. 2 14.:; 
27. 8 --- - --
29. 0; 29.1 

14.2 ]fi.5 ...... 24.3 30.2 3().3 

15.fl ------ 24.6 25.4 31.7 31.9 

17. 5 ::!fj.4 ·----- 33. 3 

18.5 27.6 ------ 34.8 

.... -- 34. 3 

...... 35. 7 
19.7 29.l ------------

...... 37.1 ...... 22.0 

···-·· 38.4 ...... 23.7 

..... 39.9 ---· 24.7 

41. 3 

.•.••. 42. 9 ·-·· -- 28. 2 

... 43.3 ...... 30.2 

---- .. 47. 3 -- 32. 6 

30.3 ...... 38.1 

31. 7 ------ 40. 2 
33.3 ------ 42.3 

35. 4 

39.1 

41. 5 

-- 43. 7 

46. 8 ' 

49. 6 

52, 2 
j,), 2 

., ~8 -·· ~9 
. - 52. 8 37. 3 .. - 6'2. 7 

55, 8 35. 1 41. 1 52. 0 52. 6 - .... 6i. 1 . 
. 009 

08 

07 

67. 5 45. 5 41. 4 41. 0 70.3 30.9 32.2 ...... 75.2 53.7 59.1 37.1 •••••• 

40.4 ...... 

56. 3 -- -- -- 71. 4 

76. 6 7G. 6 ! 

- 004 

. 003 

...... : ...... -·---· 44.9 - .. - 36.01 .... --
48. 2 48. 4 

..... ---------- .. -·---· ------ 79.9 
., .................. 84.0 90.6 

02 ---·--'------'- .......... -:116.0 114.7 ................ .. 

34. 5 -- .. -- 78. 0 ± .. - .. - 56.1 -- -
59. 5 



 

248 HEPORT O.F '!'HE SUPERil\"'TENDENT OF 

PENDT:LFM OBSERVATJONS AT nTFFERENT PRESSCRES.-DECEMRER, 1H77.-HEAYY END lTP.-OBSER-
• YATTONS OF AR.C-Co11ti1111e<l. 

De.cen1hn1· 17 23 ]II 10 

Baronwfr 7.5] 

rn 

ll.9± 11.7:>± 0.82 0.81 0.7± 0.7± 0.4± 0.4i 

. 039 

38 -- . 
~j' 

:u; 

:t:) 

.u:H a6. J 

L. R L. R. L. R. 

50'! 

:.n 57. 7 s~.1 ;)5 55 

3•.1 J:-t 1 4-!t 4-H fiO 60 

:n 15. ;-, ! 1;,.11 >J.i ~.I 6.) 6.) 

ao m m 10 70 

.029 -····· 64.6 
!?H 

27 

:_J;fj 

65.8 66.4 21.0 

68. o .. 2a. i 

mt 9 70. a 
7:!. 0 72. 6 26. 1 

. 0~4 74.] 74. 8 29. 0 

2:1 ...... 77. 4 

:!l. 9 

24. 4 

:?6. ~ 

30. i 

··•·•• 80. 0 ,. - ......... . 
2) 

20 

8'-.!.'.! 

8:1. J 

:!6. :J 

66 66 70 76 

il ! 7'2 82 82 

7i !-'~ HS 

~:! K'.~ ft.) 94 

87 RO 101 101 

101 

1117 
11-1 

114 

121 

3ti 

40 

44 

4X 

. 019 - .•••• 88.1 •••••• 41. :J uo 
18 .. - - - . 90. 8 ' -••• - - 4!i. 2 138 

17 -·---- 94.a ..•... 48.:1 H7 

14-1 

lf'H 15:.! 

1fi4! 161 

10 --•1 .... m 
Hi ••.... 10".!.4 167 

. 014 

13 

12 

11 

10 

. 009 

- - - ... l!~i. 9 

... - .. 11:!. 0 

.122. 4 ' 

.128. 3 

.....• 135.:> 

OH .•• __ . 14:1. 0 94. 4 9I>. 0 

07 

• 

177 

189 

201 

21:.-

229 

17;; 171 
186 183 

19H 

210 

222 

194 

22fl 

R. I.. R. L. R. L. R L. R. 

10 11 

14 16~ 

20 :.!I 

31 31 

:16 :J6 

38 - - - - . 

4-~ 41 

54 i)~ 

5H 58 

66 fl4 36? :n 
72 71 42 42 
i:;:u 78 49 47 

41 41 :J4 ;14 87 85? 5+ .;2 

D3' 93 60 5D 47 4G 40 40 

;'):,? [12 4;) 4;, ] 00 100 67 66 

6G 

11 ! 

7~ 

'.;8 !il 

6.; 57 

71' G3 

7H 70 

51 107 ](MJ 

58 114 114 

&i 122 12J 

71 129 129 

74 

81 

90 

)'(j 8.5 76 78 13~ 138 109 106 

2£i 

33 

9J 

91l 

1'17 

11:1 

42 124 

';0 13:l 

IiQ 14.1 

69 - 1'>4 

70 ,---- 164 

9l 

103 

17fi 

189 

:wa 

8;) ....• 14-R 

9'2 

100 

108 

- 156 
- -· l6fi 

176 

117 186 

126 .. - .. 197 

l:l6 21l 

148 222 

~14 

170 247 

- 18'2 - 26~ 

rnn ..... 2so 
:no :Jo1 
227 ..•.• 32'.:! 

114 

122 

1:i2 

141 

26.1 

. 282 

304 

330 

0.46 

R. 

21 

28 

:16 

47 

56 

67 

77 

0.38 

.R. 

() 

0.39 

I-. R . 

:i8. 8 
6:J. 9 

70. 2 

47. 7 

52. !=I 

75. 8 . ·-·-·· 
-18 8'2.B ·------
!15 'Kl. H 

62 95. 9 

103. 2 

77 108. 5 

115. 6 

125. 3 

134. 5 136. 5 

142. 2 14:3. l 

191 

206 

220 

150.2 153.1 

160. 5 

171. 5 

194. 7 

203. 5 

214. 3 

228. ;i 

240. 5 

237 272. 8 

253 

···-·----·-··i·············· 
365 

388 i ...... ····----' 
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UNITED STATES COAST SURVEY.-PENDULCM EXPERIMENTS AT HOHOKE]'; AT HIGH TEMPERA'fl"RE8-
APRIL AND MAY, 1878.-DD:!INUTIO]'; 'OF ARC-Continued. 

I ARC. I 

1--1-----
1 Date··--: April 24. 

j Bar---·-: l.24 

I Ther.... 92 

l ~i~~. or 1 l1::__~ 
.034 

33 

32 

31 

30 

. 029 

28 

27 
26 

25 

.024 

23 

22 

21 
20 

.019 

18 

59 

58 65 

63 70 
68 76 
74 82 

80 87 

April 26. 

:!.25 

100 

R 

····--·---

5 
10 

16 
21 

27 

17 ............ -·--. 
16 ............ 52 

15 1..... .... .... 00 

I 

• 014 ]--····--·--· 67 
13 1···.. .. .. ... 76 

8.5 12 i-···-----·-· 
11 1··· ............ . 

April 24. 

29.91 

91 

H. 

·--------
14. 5 

15. 3 

16. 7 

21. !) I 

22. 8 

23. 9 

25. 8 

• 
29. 7 

34. 2 

36. 7 
40. 1 

...AJJril 26. 

29.92 

97 

L. 

.52. !"1 

•..i. 0 

Fi4. 7 

S5. 7 

n. 

5.1. 0 

53. 7 

54. 4 

55. 4 

59. 2 
60. 6 

61. 8 

63 4 

64. 9 

68. l 

70. 0 

72. 2 

74. 6 

77. 4 

HEAVY F.Sl) Ul'. 

A.pri1 2-6. 

29.92 

91-l 

L. R. 

- - -------

29. 9 

29. !J 30. 6 

30. 6 

31. 5 

31. 7 32. 4 

32. 6 

34. :i 

34. 7 35. 5 

36. 3 

37. :J 

38. 2 

39. 4 

40. 4 

41. Ii 

--···· 
44.1 

45. 6 

47. G 

49. 2 

51. 2 
53. 2 

55.5 

58.1 

61. 2 

i 

April :iu. 

:10.oa 

ma 

L. It. 

·------

8.0 

8. 7 

9. 6 

10. 4 

......... 

... 

········ 

7. 7 

8. 4 

v. a 
10. () 

]], 0 

14.0 

lfi .. 3 

rn.a 

17. 6 

JR.~ 

20. (j 

24. 0 

25.8 

28.1 

30. 4 

a2. s 
:li;.6 

10 1······--···-,---······ 
'°: 1:::::::::::.1:::::::::: __ :_:_:_-__ --_·_--_._~:~--1--·--·--- ~:~ ... 

39.] 

43.4 

S. Ex. 37--32 

April :iu. 

30.03 

10:1 

I~ 

r.o.1 
!'>0.1'\ 

:'it. 4 

!"t.!. 9 

53. 7 

R 

50.1 

50. 8 

.il. a 

.?2. ~ 

52. 7 

53. 4 

58. 0 

59.1 

60. a 
61. :J 

62. j 

f4. 1 

m. il 

6Y. '.! 

71. 2 

73. 3 

75. j 

78. 2 

81. 0 

:May 2 . 

29.113 

9.i 

L. 

7. ;l 

1-l ., 

!ii. 7 

10. 3 

11.1 

12. 0 

JL 

b. 0 

8.1! 

9. 4 

10. 0 

10. 8 

11. 8 

13. a 

16. 4 

Ii. 6 

18. g 

:!1. s 
2;t :~ 

2.'i 1 

:n.o 
:J3. 7 
:16.6 

w.o 
43. 8 

May2 

21l.93 

!-ffj 

L. R. 

r.1.2 
t.O. H 

:.J.fi .·,1. R 

:;2. ~ ,;3, :3 

5~L 7 :)4-. 1 
;14_ ;1 

56. 'i 

5i. 6 

58. 7 
59. R 

61. l 

It!.~ 

H4. H 

66 -.. 
6K.~i 

itl. :1 

i:.'. :i 
74. {l 

76. ij 

70. ~ 



 

2.10 REPOHT OF 'rHE SUPERINTENDENT OF 

PENDULUM EXPERIMENTS .AT HOBOKEN AT HIGH TEMPER.ATURES-.APRIL AND M.AY, 1878.-DIMINU
TION OF .ARC-(',1utiuued. 

ARC. HE.A\"}.' ENJI c1·-coNTINUEIJ. HEAVY ENll DOWN. 

---------------------------- -------------------~---

Date.... May 10. May 10. 

29.93 

Ma,Y· 11. :lt!ay 11. Meau. May 4. May 5. May 6. May 8. Mean. I 

Bar . • •. 29.93 30.00 30.00 29.96 29.83 29.90 30.00 29.88 29.92 

95.3 Tbn . .. 92 93 94 94 96.5 97 94 95 95 
·I Rigl1t_ or ~ L R 

left. ) · · L. R. _L_._R_. ___ L_. _R_'-_ --J~~ _L_. __ R_. __ L_. _R_. __ L_. _R_. ___ L_. _R_. ___ R_. _i 
.034 

33 

32 

31 

30 

.02!1 5S. 3 

57. 5 
58. ::l 

28 ' ...... 14. 1 59. 0 59. 7 . 44. 2 

44. 3 44. g 'Zl ·---- 15.1 59. 7 

26 

25 

.024 

Z.J 

2'2 

21 

20 

lfi. 1 . - _ 6ll. 7 6L 3 44. 9 4:=>. 9 

rn. 9 10. ~ 61. 7 62. 1 4a. 9 46. 8 

- - 47. 7 

- ..... - .. 6G.1 

20. 8 - - - - - . 66. 3 50. 8 
22.1, ..••. 67.e ...... 52.1 

27. 0 

27.1 27.8 

27.9 28.6 

28. 7 29. 4 

30. 1 

30. 0 31. 1 

31. 0 .. 

- 3:1- g 

34. 9 

36. 2 

- . 37. 3 

0.19 23.:l ...... 68.9 -· 53.4 . 38.7 

18 ...... 24. 7 ...... 70. 3 ' f>4. 8 ... - ..• 40. 1 

17 -· 26.2 -····· 72.0 56. 3 -- 41. fi 

16 

ia ...... 29.5 : ...... 1:s.2 59. 7 . 45. l 

.014 -····· 31.6 "·-··· 77.3' ..... 61.7 47.0 
13 ·•··•· 3:3.9 ...... 79.5 i ..•... 6:J.9 ....... 49.3 

12 ....... 36.1 ..... 81.8 ..... 66.4 ....... 51.9 
11 ...... 38.8 ..... 84.5 , ...... 6Q.O • ...... 54.5 

10 '. ..... 41. 8 87. 7 ...... 72. 0 57.4 

36. 73 

;17. 5!.I 

38. 49 

39.44 

40. 38 

41. 42 

45. 02 

46. 42 

47. 9.1) 

49. 65 

51. 36 

53.30 

55. 46 

57. 8Q 

00.39 

63. 37 

....................... 1 

21. 9 
2B. 4 

21. 9 24. 9 . . . . . .. 16. 9 

23.l 26.5 ....... 18.6 

24. 5 28. 3 

'.!6. 2 

28-1 

29. 8 il4. 2 

. ...... 36.2 

17. 2 20. 2 

19. 0 22. 1 

20. 7 24. 0 

22. 5 . 

24.4 27. B 

............. 59.1 

8. 6 

8.1 12. 0 

59. 4 60. 6 

61. 0 62. 1 

62.4 63. 4 

64.1 65. 2 

65. 7 67. 0 

67. 7 

9.9 14.0 ' .............. · 

11.8 .............. 72.6 

38. 3 
40. 6 

43. 0 
4,), 8 

48. 9 

30.0 ............. ! ....... 74.7 

32. 4 
34. 8 

37. 4 
. 40. 3 

. 21.3 ! ....... 77.0 

....... 23.3 1 ....... 79.6 

....... 25.8 
28. 6 

··•••·. 82. 3 
85. 2 

---·------i 
I 

··--····--1 
29. 78 

31. 52 

33. 36 

35. 28 
37.28 

39.46 
41. 74 
44. 02 
46. 56 
49.W 

52.1 4.3. 7 

···•··· 46. 8 

. 31. 7 87.9: ' 52.W 

~5. 52 

i\9. 1 . . . . .. • . . . . . 38. 0 ........ 95. 7 

62.8 ....... 54.4 ........ 41.7 ....... 99.5 

67. 4 .•.... 58. 6 ! ....... 46. 2 ....... 103. 5 

72.1 ....... 63.2 • 51. 2 ....... 108. 0 
77. 5 ....... 68. 2 .................... 113. 2 

83. 5 ................................... 119.3 

......... 125.5 
....... 133. 6 

59. 08 

62.72 
66. 86 

71. 30 

76. 32 

81. 9' 
87.90 

95. 00 

.009 ·----- 45.4 

08 ...... 49.4 

... 90. 9 75.5' 

.................. 79.6' . :~:~, ----~~~ .. , .••.••. 116.0. :::::::~~--~" :::::::.~~-- ::::::::::::::!--~~~:~ .. 
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UNITED STATES COAST SURVEY.-PENDl'.LUM OBSERVATIONS OF nECEMBER, 1'"'77.-CALCULATIONS 
OF POSITION OF ZERO FOR EACH SWING .. 

10 10 IZ H l Dec.) 1--i---- (First.) ---(La•t.) (Fir•t.) (Last.) (Fir"tl. --,-L-as_t._) ---·- --

1 : '' I •' '' '• " " " " _a_. t __ a_q, __ a_i __ d_.q, __ d_t __ a_.,,_ d t a <1> __ __ a_t ___ a_q,_ 

I 

38 1 .................... ----·---· -1 -.00018: 

371 .............................. ---
86 ;...... ...... ... . ... -2 33 

35 i------ ......... _ ............... --1 l7 . ___ _ 

. 034 
1

...... ........ ----- ·-··--··· -2 :ru +u 

+1 
-..... +2 
..... +1 

33 1 .............................. --1 
I 

32: .............. ' ............ -. .. -2· 
14 0 -. 00000 

20 -2 40 

+. 00033 

40 

2U .... 

I :~I:::::::::: :::: ~~:~. ~·-~~~~,,-~ 25 -2 
o -I 

~9 () +. 00000 .... 

I ! • 

I ·0

: 1:::::: ::::::::: :::::: ::::.::::-~ 
' I I 27 1--···· ......... -1. 2 - 4B I 0 

I ;: ltt::~ +.oo~ +~~;· +··--~--~ 
I . 1;c· ~, o 
! os .... !+o.6 + os 1 ... 

.007 i 

0 -1 
13 -1 

0 -1 
12 -2 

o. 

14 -1 -

14 0 

14 -I -

13 
25 

17 

14 

(I +1 
+1 
+1 

() , .... 

14 .. 
17 +o. 4 +. OOOH 

14 .... 

-0. 4 -. 00012 

... +<J.2+ 
.................... 1...... ..... ..., .. 
I ·u: /:::::: :::: :::t:::: ::: .. --·= ::::::::===----· _·_·_· __ ·_·_~=-13-=--.:_ ~ft+_o0-0n2 ~~ 
iMeatt ...... +.0002'J: ...... -.00016 ..... -.ooou .... -.ooorn' ..... +00004 .... +00010

1 
..... +00022 ... +oo062f .. -.00004 

I ' 



 

HIWOUT <H' 'rHE SUPERI~TENDENT OJ<' 

PEXDULUM OBHEl~Y ATIOXIS OF DECEMBER, 11'77.-CALCULATIONS OF POSITIO::'ll OF ZERO FOR EACH 
SWING-Continued. 

Jh•t·. 

dt j(Pr.:!:!f>. tit 

. o:m 
3R 

37 
:~6 

:J5 

• O:J4 

33 

tl<b 

a2 -0.1 -. 00012 

:n 
30 

.029 

28 

26 

.ll"M -f-0.8 + 73 

.+o.7 

·,+1.0 

. 010 +o. 6 + rn +5. 3 

09 

08 

• (MYI 

. 003 

oi 

Hi 

(Pr. 29, 
tir~t.) di 

d<I> 

. 00167 

167 

.. 
143 ... 

129 +1. 3 

185 +;..1 

194 

219 .... 

--------- ·-·--· ---------··---------
16 16 16 17 17 19 19 

I (Pr.29, I (Pl-. 27. ~ (Pr. 27, 
l(Pr. 15.) (Pr. 7t.) (First.) 

I 
last.) d t I firat.) dt last.I tit 

I ""' 
dt dt dt (Last.) 

d,P j d,P tlq, d<I> d<I> d<t> 
l i 

---·-

--·-· ---·--·-· ·-· 

.... +0.1 '00013 - ······-·· . 00000 
+0.1 12 ........... ---------1 

....... ! 
I 

.00160 . 00100 +o. 9 . oorno .. . . ...... +o. 4 . 00025 • -1 20 ---· 
.......... +o.4 25 .......... 

0 . 00000 : 
120 .... 0 0 

0 i 0 

l 

... +0.1 8 ... 0 
l 

0 o! 
133 ·---· --······· ---·· +o.6 33 0 +1 17 

18 : 0 
.+1.:i 162 +0.1 8 +o.4 21 -1 14 +1 17 l 

162 +1.:i 138 +01 8 +o.6 26 0 H 20 i 
150 .150 +u.2 l:J +o.7 32 ............. : 

179 +6.U 1"8 

196 +5.4 170 208 

200 191 218 0. 0 

188 

+. 00026 ...... +. 00172 . +. 00166 .. +. 0015ti . • • +. 00174 ... + 00008 . +. 00026 ..... -. 00002 . - ... +. 00008 l 

A.DOPTED M.EAN8. 

---------
De<. o.. .. +. 00022 

4, 8....... -. 00016 I 
111 ......... +00006 

12 ........... +. (11)038 

14 ........... -.000<» 

16 (Pr. 22!) •• +. 00026 I 

16 (Pr. 27, 29) +. 00166 

17 (Pr. 15) ... +. 00008 

17 (Pr. 7t> ... +. 00026 
19, 22, 23 • .. . . • 00000 

... - .. - ..... -·-·- ---------
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UNITED STATES COAST SURVEY.-HOBOKEN, 1871', APRIL AND MAY.-DIML'.\TTION OF ARC.-I!\CLI
NATION OF ZERO-POINT, RIGHT mi1111s LEFT. 

[Fo1· each reading of ar~ apparent L the iliff..rt>JIC'" j, ginm.] 
--- ------ __ ,_ ______ ·--- --- -----------

: • 0330 

20 

10 

300 

290 

April 24. _\pril 21l. April26. April 30. 

----- -----------
l_~t iP

1

~~:4 1_d_t __ d_<l> __ d_t~-d-<1>_ dt 

.. ~ ........... I "" :::I :.; . oo~: 
1.:.:: .. 1 

....... 1 o. 7 

m. 

78 ............. .. 

HEAYY END UP. 

April 30. 

dt : d<f> 
------

m. 
.......... 1 ............ .. 

0. 7 

! 0. !) 

. 00100 ' ............ .. 

100 ! 0. 5 . 00071 

0. 8 gg ' 0. 4 67 
' 

. 00050 

33 

. 00118 ....... j 71 .............. 1 .......... . o. 7 
- --------1------

87 ·----- . -··. ·-· ------ - -------!. -----
I i . 

. 00100 

: . 0280 

70 

60 

50 
40 

133 0.5 . oooro I 
14 ............. . 

0.4 

o. 6 

. 00057 I 0. 5 

67 , ...... 

71 

63 ll. 5 63 

0.5 

0. 4 
63 .............. i 0. 7 
50 .............. 1 .... .. 

100 ' 
100 

133 0. 4 57J 0.8 80 0. 4 

U3 0. 7 70' .......... .. 0 6 

........ J .. ··· 62 ! . 

57 0. 'I 70 
tiO: 78 

50 .. .. .. . 00100 I 0. 6 

O.Q 100 I 0.5 

I 

75 I 
56 

, Mean -~ ~oo:.:2J~~:~-~00064 i -~----~-o~~~ =-~~ 00084 .= .00012 ~ .00050 = ·-:~--~ ... ooo~-
HEA YY END UP-CONTINUED. IIEAVY END DOWN. 

Miiy 11. Mayll. _ Ma~----~-;r.. ---_ ~~~=1-~;8~-
di d t d</> dt d</> dt I d</> ctt d<t> il_A_p_ril_' _

2
_
6

_ 

' ' I - 11· 26 

dt i d<j> 
I 

1 .. ~: ........... ~: ......... : .. ~: ......... ' .. ~-.. ..... ..~ ............. ~: ........ : :~ 
20 

1 
........... -- ............. : .............. ,...... .... .. ........... 1.2 .00080 :I Mav 2 

.0330 

10 I .. .. . • .. . .. . .. 3. 0 . 00'.WO '.. .. .. . .. .. . .. .. .. .. .. 1. 1 73 I' . 
300 1 ............ 0.1 .-~~~~~-I 3.4 220 l.o 771 

1 .............. 1 0.7 88 i' 3.8 227 3.ll .00182 1.1 61 ii 290 

. 0280 0.7 88'. ..... 219: 3.1 175 ........... 1.3 72'1 
70 .00086 ...... ......... ...... 211 I 3.3 174 3.9 .00231 ...... 611 
00 100 1.1 UOj' 4.4 217 1 ...... 1791 4.1 223 .............. , 

: ........... l~ .......... ~~-' :::::: :::::::'!"~:~ .... l~~ ::::::: .... ~~~-::::::::::::::ii 

10 

10 

11 

11 

6 ! 

8 

SUMMARY. 

! Heavy end 1 Hoovy end 
up. down. 

. 00064 1 .............. ' 

86 

60 

84 

72 ............ .. 
50 

100 

84 , .......... ~·-·1 
IJ6 .............. . 

9!l 

. 00216 
178 

............ .' 222 

~-~~--- -~_1=-:;;-1= .00216 [= .00178 ,--.. -. -:-;222 = -~7lj Mea_n_• __ _:_ __ ._000_1_8 ____ ._002_04_ 



 

254 REPORT OF THE SUPERINTENDENT OF 

The December ob~,;ervations were col'I'ected for inclination by the proper additions to the time 
of arcs observed on the right si<le onl~·. For the ob11ervations at high temperatures, the observed 
times on the right side were taken, and the arcs col'I'ected, 

In heavy-end-up obiserYationis, all days except the first, by -0.0004 
In heavy-end-down observations, May 4, 5, and 6, by -0.001 
In heavy-end-down observations, May 8, by -0.00035 

The differential formula connecting the arc and the time was next found. Only three constants 
were employed, as has been alreadJ stated, the observations not being sufficiently numerous or 
sufticiently exact to admit of four. The equa.tion, then, is 

D,.p = - bcp-ccp2
• 

b ( )-' Hence, tp = c 0'., - 1 , 

{6J cp2 d t = 1b { bt - ~at. log·. ( 0'"'-1 )-( @"'-1 )-' ~ + O. 

= 1: c2 {Nat. log.( 1 + ~ cp )- ~ cp } + C, 

and t =~Nat. log. ( 1 + cbcp). 

The constants b and c, for heavy end up, calculated from the observed times of decrement, but 
not <\Orrected by least squares, are given in the suQjoined table. 

From the obserYatious of decrement were deduced, first, an equation of the form 

b + c 'Pm= n, 

'Pm denoting the mean Yalue of cp ;, and, second, a Yalue of c. · As c has been supposed proportional 
to the densit.y of the air, we find 

312 ~ vp 
c =0.0 ;) ~~

r 

By substituting these values in the equations b + c 'Pm = n, we obtain new values of b, called 
"second reduction" in the table; the "first reduction" haYing been obtained with the original 
values of c. These second v,alues answer to the formula 

b = 0.0013 .,.,. + 0.00435 p" ... -"'. 

For the observations in which the hell-glasses were on the receiver, these alone being compar
able with one another, the values of b, thus calculated, are given in the table, along with the values 
from the reduction of observations of decrement. Also in illustration N-o. 36, before alluded t-0. 



 

T 

cs (;'eodNu: s·1.1 ITC'\'. P('l!dvlum nt lloholren ./)er·1·crnent nf' .o.11 ·c 

Ohsernttlo11s of Jun,- lo 77. Gnw1·u suppol't with bell _qla~~·s&'i' otY'(x) 

and Obrs of' \pp!,,_. JJi·1: rd prrssu.JY's of'a.hout 'JO in. wlih glasses 
on !aj compared wilh. cu rt't' .'/1·1 n1 1:1 · J:Zu·op('an Obs Rf'psold Supp•irt 

Sum n(' h P 1.1p :X h. e. do H 71 

i I -t------ ---· 

-+---------- ·-- -----~ -r -- -----~- -

+ - -~OQJ 

--+--- I --

__ U:l_O • 

. 91 
IS· 

'$ 

I I I 
--~--r------!_____ +-

G> 

.. _1§_()~ 
I 

r---- --
I 

I 
~ 

I 
+-

·---1"----- ·-1-

i 
~.1\18 

' -t-

I 
11'.QJ 

I 

1 
I 
I 

100] 
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"CNITED STATES COAST SURVEY.-PENDULTJM AT HOBOKEN.-DECREl\IENT OF ARC. 

[The constants b and "· as det1uced from the obHervatiou8, comparet1 wiU1 vahws deptmt1cnt ou pres•nre. and tem
perature of the air.) 

1877. 
JunP ...... 30.12 

Sept.andOct.' 30. 22 

15. 08 

4. 99 

1. 50 

0. 50 

0. 25 

J'_ "'P I -i;'-:; </>m ( b+c</> m 

, I 
··--.----1---

1 

19. 7 1. om 29. 65 ' 5. 48 . 021 i o. 0364 +o. :18 

i 
18. o 1. 010 29. 92 "· 49 023 I o. 0469 +o. 91 

18. 8 1. 013 14. 89 3. 88 : O:l05 I . 0270 , 39 

20. 5 1 1. om 4. 9-0 2. 23 . 023 I . 0146 . 13 
20. 3 11. OJ8 ' 1. 48 1.22

1 

. 024 , . OOR4 . 09 :, 

20. 5 j 1. om o. 49 o. 11 . 0345 I . 004~ + . 02 ! 
20. 6 i 1. 019 , o. 20 o. ;;o . 021 1 . 0032 . - . o:i I 

29. 81 10. 5 I o. 984 30. 30 5. 47 . 0225 I 0. 0470 ! +i. Of> ; 

21. 20 10. 4 u. 984 27. 64 5. 23 . 018 I . 0421 o. 8·1 , 

December ... : 

22. 45 10. 8 0. 985 22. 80 4. 75 . 017 . 0327 ' . 57 i 
. 15. 02 10. 5 : o. 984 15. 26 : 3. 88 . 01851 . 0264 . 50 l 

I 7. 46 9. 8 0. 982 : 7. 60 ' 2. 74 . 021 I . 0176 ! . w I 
0. 7i) 9. 9 0. 982 0. 76 0. 87 . 022 . 00il2 . 01 

I o.40 lO.o o.983 o.41 o.s:i .023 I .0046 ! .01 ! 

_..1._p_r_.1,.,,_
8

-_
1

!_·M_ay_)_2_9._9_2~_3_0._1 _1.012 21.u1 -~~-·01~Lo_:~oo, ~.si · 

p Excess 
0. O:H2."J of c. I 

I 1 

0. 0013 I 
b, 1st b, 2d .. t_ : Excess 
red'n. red'n. { +o. 00435 .,; !! } ! of b. 

l {/T I 

0. 0242 

0. 93 -0. 0'2 o. 0259 0. 0254 

• 4-6 I - • 07 • 0189 • 017,) 

. 15 - . 02 . 0117 . 0110 

. 05 I + . 04 . 0063 , Q\,73 

. 02 

. 01 

. 00 . 0042 . 0044 

- .04 . 0040 

o. 95 + . lU o. 0250 

.87 l - .03 .0270 

. 71 - . 14 . 0230 

.48 + .02 .0171 

. ~ ! - . O:i . 0136 

.0029 

. 02:>7 

. 0265 

. 0206 

. 0175 

• Ol2G 

. 112 . 01 . 005~ . 0050 

. 01 1)(1 • 0045 . 0043 

I 
0. 87 - • 03 0. 0243 o. 0238 

I~-

0. 0252 +. 0002 

, 018'2 I 

. 0110 

. 0066 :+ 

.0044 

. 0035 

o. 0'251 

. 0~40 

'0219 

. 0182 

. 0132 

+. 0006 

,+ 25 
13 
7 

. 0051 + 

. 0040 i+ 
I 

o. 0249 i-. 0011 I 

From the calculated b and n we obtain valueR of t0 , ·which are given in the following tables. 
For the observations of June, 18i7, without the bell-glasses, the values of band c given by the 

observed decrement of arc, were used unaltered. 
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UNITED STATES COAST SURVEY.-PENDCLD1 AT HOBOKEN, JUNE, 1877.-CALCULATION OF t0 • 

[Quantities in brackete correspond to observations not on the even thousanllth, but on arcs tliftering a little from 
those given in the firnt column. 

HEA YY ENV UF. HEAVY ENI> DOWN. 

<P ;::! ;-: ::j ;e ~ ~ g gi ~ ;::; ..;. 1._-"'i ;e ~ ~ .; "' .; .. "' ~· 
~ ~ ~ " ~ ~ ~ "' ~ " ~ "' " § " ~ ~ ~ 

" " "' 5 " "' " § " ~ " " "' ,.. 
" = = = .; = = = = .; = = = ..., ..., ..., ..., ..., ..,, .., ..., ..., ..,, ..., ..., ..., 

·----- ------· ----·-- ------ --·.------·----· 
m. "" m. ni. m. m. m. "'· tu. m. m. m. m. m. m. m. I m. m. 

.038 ······- r2o. 4J 50. 7r -··· 
37 i··-··········· 53. 4 [14. 7]' 21. 0 

: 
47.1 8. 3 57. 0 24. 7 59. 7 

36 ..... +----· ...... ,. 1-·--· '1""'"1'""" ....... I ....... ]·-····- ··-··· ....... 
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PENDULUM OBSERVATIONS OF DECEMBER, 1877.-CALCULATION OF 10 FOH EACH 8WING-Continned. 
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H65. 0. 4 

1365 0. 5 ,: 

39. 0 

39. 5 

39. 4 

39. 6 

39. 8 

39. 9 

48.:;! G0.5 

49.1 ... i 1265 o. 5 ' 

1K :s ::!:!. 4 ;i. 1 2~. 2 2a. :! 21. ;; 21. fl 16.2 29.G 

...... I 1165, o. i , 

u.o o.5 10 ..... , 106.>+o.a 
lH. l 3. 0 2~. (j :!2. K ~1. 6 -21. (i 

18.2 -22.U -2.8 j ~!?.7 -2:l.O i 21.8 

... +17.9 .. _ ...... :+~2.6 1 :+22~: 

16. 4 29.:; 

16. 4 '-29. 1 

+16.fi 

13. 8 0. 8 09 : ...... : .00005 -0. 4 

13.7 0.5' 08 ....... 1 ...... :1+59.l. ----

-13.6 !+Lo!) .001 +41.n :+-lJ., 1-

HEDl.JCTlON TO A VACLTM. 

l t ix 1wt m\Ual to red nee observations with the reversible pendulum to a vacuum, because the 
formuh1 for comhi11i11g the results with heavy end u11 i1nd heavy end down, namely, 

• 
i>< s11p1101wd to eliminate the atmm;pl1erie eJfoct; and it really does so if the hollow bob is staunch. 
:S-evP1theless. there is a great advantage in reducing to a vacuum, for in that way we may use the 
revPrsible pe1ulnlnm as two invariable pendulums, combining them hy the formula 

Iu om· 1wndnlum It,,: 11,, = 7 : ;~; hence, the usual formula gives a T which is ><Ul\ject to t of the 
pJTor of T,, and ~ of the error of T,,, while the prnposed formula gives a T wldch i!l subject to only 
-,711 of the error of T. and ·lo of the error of T,,, so that its eITor is only ,~0 of that of the other. 
It is trne that it is 0>01tH»what dittfrillt to ascertain the amount of the atmospheric correction which 
must be applied before the second formula can he used, but it will be shown that it is not impos
sible. Nor will it lw su~ject to any mwertainty which will hr. sensible unless under changes of 
pres1mre amounting to a considerable fraction of an atmosphere. 
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lfat if thi8 i8 so, it may be asked, wh~· nse a reversilJle pendulum at all~ The reply is, that we 
have thus a continual check upon our work: and also a 111eai1s of studying knife-edge eff'e!'ts, etc. 
Moreover, the fatal effect of auy accident to the pernlnlmn is thnR insnrf'd agaim1t. Another 
adYantage of the reversible pendulum is that tlw center of oscillation can he ascertained with 
exactitude, it.s position hl'ing· a neeessary datum for calculatiug the effect of the atmosphere. 

The presence of the air lengtliem; the period of oscillation of the peudulnm in no less than 
four distinl't wa.yt1: 1st, h;;· itR hno;vancy; :.!11. h,y heing caniPd alo1tg with ill inclot1ed parts of the 
JJendulum i 3d, by the hydrodynamic eft'l'Ct Of its pressure; and itli, by itR Yiscosit;;-. 

In reekoning the buo:vancy of the ail', it "ill make a good deal of dift'erenee whether the hollow 
hoh is upeu or tightly closed. H slwultl he 1p1ite stauucl1; otherwise, Hie atrnospheric eft'eet is not 
eliminated. Jf it be so, t11e air it contains is to he consi11ered as a part of the pemlnlum; otherwise, 
uot. It is believed that our hollow bob iR tight. To ascertain the ,-olume of thiR air, wt• han• to 
co11sider that if tlw hollow wer1• fill!~d with bras14 the center of mass wonltl lie at the eenter of figure. 
'flrn exh;ting brass whose center ii' at a dh;tarn·1• ~ (It., - h,.\ from the <·enter of figm·,.. aml the brass 
which would be n•<[liined to fill t11e hollow boh arnl whidt would be at the distarn·1·, say o (whieh 
can bt• mea11nred), from the c1;nter of figure, wonhl then he in Pqnilibrium about the centt>r of figure. 
Hence, thl'ir Yolumcc: an: in the ratio of :\ (h,i - h .. ) to o. It is neees:mry to asRume a density for the 
air in the bob. Then the mass of the pernlnlum ohtai11ecl by weighing and eorreetell for the buoy
Hlll\V of brass in air mu!'t be further iuereased by the mass of air in the hollow hob, b;r multiplying 
it by 

Cl + ~(It,, - Ii,,) Pei), 
0 !'1 

whPre /I:• i;; the supyio;;pd tlPnRity of thi;; air and r•i is tl1at of braKs; and thiR l'nrre<'ted ma8R of the 
11endnlnm must lw used in all the l'OIT\'l'tion;,; affecting the inertia. The ntlue of h" - lz,, muRt also 
he dimiuished by the ratio of the mm;s of air in the bob to the correeted mass of the pendulum 
multiplied by ('.? o + Ti., - h,,). The"'(' correctim1R heing appliecl we shall haw (putting /'z for the 
de118ity of the circnmamhient air) 

and a Rimilar formula will hold for T, replacing h, hy 71,, in the denominator. 
Besides the air in the hollow hob, a large yolume j,.. inrlosed within the open tnhe which forms 

the stem of the pendulmu. The volume has to be calcnlate1l from the mea~mred dimension,; of the 
tnbe. Let this volume be "z and let it;; radin;; of gyration about th<' center of mass lw r2; then tlw 
formula for the period will be, with heavy t:>nd down, 

and with heavy end up the same formula will hold after substituting 71,, for h,, in the denominator. 
The l Ji" in the denominator is hest replace(! by (P + lz}) wherf' r is the rad inf' of gyration of the 
pendulum about its center of mass. ThiR quantity cau he a,;cer1ained h~· au approximafo reduetion 
of the times of oscillation t-0 a vacuum. 

Thirdly, the ordinary pressure of the atmosphern, due to its weight, m~kes the pendulum carry 
air with it, and increases its inertia. This effect. was first diseovered by dn Buat, but particular 
attention w:IB brought to it hy Bessel. It has been sul~jected to rnathematieaJ analysis by Green, 
who has given the formula for the period of oscillation of any ellipsoid making oscillations, n~ry 
small as compared with its own dimensions, in an infinite incompre8sible fluid. The air is suffi
ciently incompressible under the gentle movement of tbe pendulum, and the limitation to very 
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small oscillations, though particularly insisted on by Green, is probably immaterial. His formula 
is as follows : 

Let the equation of the ellipsoid be 

and let x be in the direction of the oscillations. Then calculate the quantity 

("JO 

1~ =!ab cf v'fa2~+/):; ~!+/) (& +/) 
() 

and the effect in question will be as if the inertia of the ellipsoid were increased hy ___!__ . f.!:. 
1- .F P1 

\Yhen the ellipsoid is one of revolution, the integration can be effected in finite terms. 

If a= c (that is, if thP oscillation is in the equatorial plane) put "!!_ = cos m, and we lrnve . a, 

F = z cotan 2w ( ~2 ~ _ - 1 )· 
Slll - w 

This formula is suitable for an oblate spheroid. If it is prolate, imaginaries are avoided by put

ting~= cos w, when b . 

.F = i cosec 2w ( 1 - cos w • cotan w • log tan ( 'S2 + ~) ) 

If l> = c (that is, if the oscillations are on the polar axis), put ~=cos w, and we have 

F = cot 2w ( cosec w • log tan ( ~ + ;{) - 1 ). 

This formula is suitable for a prolate spheroid; for an oblate one, put~ = cos w and we have, 

F = cosec 2
w ( 1 - ta: w ). 

\Yheu the ellipsoid becomes an infinite cylinder swinging transversely, we readily see by the 
second equation that F = z, and the coefficient of the effect is unity. In the case of a sphere, all 
the equations have indeterminate forms. 'Ve may consider the last as being the simplest. When 
w is made infinitesimal this becomeR 

Hence, the coefficient of tlu~ effect is ~- In the ca1-1e of a plane oscillating tangentially, the first 
equation shows that F is a zero of the second order, so that not merely the coefficient, but also 
the whole eftect, vanishes. The same is true of a cylinder oscillating longitudinally. In the case 

of a circular disk oscillating normally, we have to put in the last equation w = ~- It will be con-

venient to substitute ¢' = ~ - w and t\Jen put ¢ infinitesimal. This gives us 

F = sec2 ¢' ( 1 - (0i - ¢) tan ¢) 
=1-®¢ 

2 
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Then, the coefficient of the effect is 

If R be the radius of the disk, the volume of the iufinitesimally thiu spheroid is j ff' .;'. HencP, 

the effect is ~ ~ R3
• The effect for the sphere erected on the circle iR ~ ~ R'. So that we find 

that the effect of the circular disk is ~ that of the sphere erected on it. 

The following little table will show the run of the function : 

EQt:ATORIAT., OSCIL· ·I l'OL.\.H UtSCILLA· 
LATIO~S. TlONS. 

. ]. 78 
0. 31\l 

l. 01 
0. 500 

J.14 
o. 704 

1. 22 
0. 8Ci0 

,i 2. 374 
.. L 

1.115 2. 13 

.1. 
o. 500 

2. 23 
l 

0. 210 
:f.38 

0. 082 I 
2:1o6 

]. 000 0. Ol)O 

On examining this table, we see that, iu reference to equatorial oscillations, 1st, tl1e flatter the 
spheroid the less the resistam~e not only absolutely but relatively to the displareml'nt (or cross-sec
tion, which, in this case, is in the same proportion); 2d, that tlti:s clrnnge of the coefficient with a 
change of shape of the spheroid is greater and greater the tlatter the spheroid and less and less the 
longer it is, until it must soon become insensible. 'fhi" shows that a moderafrl~- long c)·linder ma~- he 
treated a8 infinitely long; nay, more, that a moderately long ellipsoid may he treated a8 an infinite 
cylinder, the small amount of air which fiow8 over its ends not relieving the ti.ow of the rc8t, percept· 
ibly. But the flatter the ellipsoid the sharper becomes its edge, which quickly sheds the air. A 
short ellipsoid thus bears hut a very slight resemblance to a i;hort c:vlinder which bas no 8UCb edge. 
Yet a large proportion of air must ti.ow over the euds of a short cylinder. Accordingly, in the 
absence of any mathematical analysis, it is difficult to treat an ol~ject of this form. The ettect. of the 
shedding of the air is shown iu the table relating to polar oscillations. '\Ve see here that the more 
prolate spheroid8 not only resiRt. les8 proportionally to their bnlk (the cross-section remaining the 
same), but also less ab8olntely. The ratioR of successive numbers here for bodies nearly spherical 
are about the squares of those in the other table. Here, as before, the sharper the point:> the greater 
and greater is the effect of furthcr,sharpeuing, and l'ice 1,ersa. ·when the spheroiu is moderate].\ :flat 
the absolute hydrodynamic effect is -nearly the same as for a circular disk; when it is moderately 
pointed the effect, relative to its volume, is very small, but, iu comparison to its own magnitude, is 
very variable. 

A rough estimatt1 of the effect on a short cylinder oscillating transversely may be obtained as 
follows: First, compare the effects on a sphere and a cylinder having the same volume and resist-

9 . 
ing section. The ratio of the diameter to the altitude of such a cylinder will be 128 'C)3

, or nearly 

1.09. This cylinder will undoubtedly have a greater resistance than the sphere and less than a cir-
4 

cular disk equal to the diametral section of the sphere. But the effect on the disk is only IC)' or 
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about 1.27; so that if we take thP cftect on the cylinder as 1.18 (for it must be somewhat nearer 
that on the tbsk), we cannot be TeQ· far out. This would be suppmdng it to carr.r 0.59 of its dis
placed air. This is about the sarne that is carried hy a urolatc ellipsoid whose axes are in the ratio 
of ../2 : 1. A ,shorter cylinder must <"any less air and a longer one more, relati 1·eJ;y to the volume. 
Rut the difference cannot he so great as the difference of ellipsoids from the ;;phere. Vi'e ma.'· con
sistently snppose that e\cery cylinder carries as rnud1 air as a i-:pheroid of the same volume, tltt> 
ratio of whose polar axi8 to its e,qnatorial diameter is ../2 x 1.09, or 1..54 that of tlie ratio of the 
altitude to the diameter of the cylinder. 

Stokes has sllown that tlw bydrodyuamie cfteet is largcl,'I· increased by the walls of the veHsel 
containing tl1e pendulum. In the case of a sphere of rarlius a in a spherical vessel of radius IJ, the 

. . . b" + 2 a" 
rat10 of mcrement is fp_;:._ 1~3 • In the case of au infinit.e cylinder in a concentric vessel, the ratio 

is ~;-'!-~: · For large values of b these expressions coincide. The case of an ellipsoid in a cylin

drical ve8sel has not been solnid; but an estimate of thP effect may be made, as follows:, A cyliii
drical vessel would probahJ.,- act on an o8cillating sphere to one-half the amount of a spberical 
ves8el of the same diameter; but if tlw oscillating bod~- is an oblate spheroid, whose polar axis 
coineitles witl1 that of tlie vessel, the Ycl'lsel has relatively less effect, because most of the air 
escapes in tltat direction. Iu the case of a sphere, half tlw air escapes toward the side;.; and half 
to the top and bottom. If the ellipimid, ini,;tead of having the eoeftieient of the hydrodynamical 
effect ~' like the sphere, haR only !h we may say that only A escapes in the equat-0rial direction and 
is affected by the cylindrical envelope. In geueral, therefore, we ma.'- estimate this small quantit;y 
sufficiently by multiplying the eorrecti011 for the sph~re in a spheriual envelope by the <~oefficient 
of the hydrodynamic effect. 

In the fourtl1 place, even if the air had no weiµ;ht and eommquentl;y no statical pressure, it 
would still affect the motion of the pendulum in ,·irtue of itH vi1wosity. ThiR effect forms the subject 
of a fine investigation by Stokes. He sl1ows that the ,-isco1'ity of the air cauRe:s a decrement of the 
amplitude in a con:stant ratio. This is the cause of the phenomenon represented by the second 
tenu of the equation 

D, </! = - a - b </! - u !/!'. 

In t,he eaRe of au osPillating, sphere tllis part of the deeremeJtt consists entirely of two terms, 
one proportional to tbe square root of the nscosity aud the other to the viscosity itself. In tlle case 
of au infinite cylinder, two similar terms constitute the hulk of tlie effect. In the case of a plaue 
oscillating tangentially, only the tC'.rm proportional to the square root of the Yiseosity ap1>ears. In 
all three casei-; the forrnul:-e of Professor Stokes exhibit a remarkable relation between the eifoct 
on the <lecrement of the arc and tht• effect on the period of oscillation; namely, that that term of 
the former which iis proportional to tlw square root of the ;iscosity is identical with the only con
siderable term of tlu• latter. In fad, the viscosity introduces into the differential equation of the 

motion a term in ;i ~ and a term in ~
2 

t~· The former of these has a part which varies as the square 

root of tbe viscosity,. and the eoefticient of this part is equal to the coefficient of the term in 
d2 8" 
df2. 

:By the viscosity is here mea11t what Stokes terms the index of internal friction and Maxwell 
the kinematical viscosity. It is the quotient of the retardation of the velocity at any point of the 
fluid caused by the excess of the velocity at this point over the mean velocity in the neighborhood 
divided by this excess. Analytically defiued, it is 

. 
µ1== -o---...~~ .. v.-----~ .. --~ 

(a~+ aa~ +a~) v 
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The dependence of the viscosity of air upon its pressure and temperature has been one of the 
chief objects of physical inquiry iu our day. That it is inversely proportional t-0 the pressure is 
fully established, this beiug equally the predictiou of the kinetical theory of gaseR and the result 
of a,ll the experiments, whether tl1ose by Graham and Me;\'er and Springmiihl on transpiration, or 
those of Maxwell and others on the oscillation of plane surfaces. In respect t-0 the dependence 
upon temperature, opinion doeR not Reem to bp qnite unanimous. ~evertheless, the experiments of 
von Ohermayer, of Kundt and \Varhurg, of Wiedemann, of Holman, arnl of Puh,j, all concur in 
showing that, in the case of air, the vise-0sit;y as here defined Yaries nearl;\· as the t power of the 
ab1-1olute temperature. 

Inasmuch as the function of the Yi;;cosity always appears in the formulre multiplied by the 
density of the air, it follows that the logarithmic part of the decrement will appear as two terms. 
Namely, for heavy end down 

and for heavy end up, 

And the effect of the resistance on the period of oscillation will be for heavy end down 

T k2 vp 
JT=.'C) rn;. {/.,.' 

and for heavy end up, 

T ~ vp 
.:JT='c) l h., {/ 1:. 

It must be remembered that this supposes b to be expressed in parts of the radius, it being an 
angular quantity. 

'rhe theory of St.okes supposes that the friction between the air and the pendulum is not 
infinitely less than that betwt>en two layers of air, so that no !'!lipping of the air over the pendulum 
can take place. He adduces some factR in rmpport of this hypot.hesis, but Messrs. Kundt and \Var
burg showed in 1875 that this is not true. It is, however, easy to show from their observations 
that the amount of slipping is insignificant. They find, in fact, that the coefficient of slipping, 
which is the depth to which the Rolid mu;;t he considered to be composed of air in order to account, 
on the hypothesis of no Rlipping, for the degree of motion on its surface, is inversel,v proportional 
to the density and is at ordinary pressure and at the freezing-point of water equal to -lo of a micron. 
Consequently, eveu at a pres1mre of only t of an inch it would only amount to Tl;-0 mm. Now, a;; 
the radius of the stem of the pendulum is 2 cm, the friction could not be reduced by this slipping 
more than 101uu part, which is quite imperceptible. 

It has been renderell probable by Stokes that a large envelope about the pernlulm.1 will not 
much affect this correction, but this will not probably be the case when the pendulum approaches 
near to the envelope in swinging, and the rate of (lecrement is our only guide in the matter. 

It is, now, necessar,y to apply the general formnlai to the calculation of the values of the coef
ficients of the atmospheric correctfons. 

The eff'l'et of the buoyancy of the brass is half the ratio of the moment of gravity on the dis
placed air to its moment on the pendulum. All these calculations will be made in C. G. S. absoluh~ 
units. We are, however, unacquaiutecl with the absolute unit of temperature, and it become!'.< 
necessary to adopt one. The unit chosen will l~e 2730 + rno = 2880 of the Centigrade scale; so 
that the absolute zero being taken as zero, 15° C. will be a temperature of unity. This choice is 
made becans~ 150 C. is the mean temperature at which it is desirable to make pemlulum-experi
ments. Centigrade degrees will always he spoken of, but .,. in the formulre and calculation will 
denote the absolute temperature divided by 288 Centigrade degrees above the absolute zero. The 
coefficients of pressure will relate to ONE ABSOLUTE ATMOSPHERE, by which is meant one million 

S.Ex.37-34 
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gramme:s per centimeter (second)2• This may be eonverted inti> the pressure of a height of mercury 
by a calculation like the following: 

Names of quantities. Nnmbern. Logarithms. 

1.133405 Density mercury at oo C. compared with water at 40. _ _ _ _ _ 13.5959 

Absolute density of water at 40 ____ .. 

·" Multiplying, Absolute density of mercury at 0° ..... . 

Gravity at Paris (60"' elevation) _ .... ___ . _______ . ___ . _ - _ 

.·. Multiplying, Absolute specific gravity of mercury at Paris .. _ .... - .. - . 

.·. Dividing, 

One absolute atmosphere _____ - - ..... _ . _ . . . . . . . . . . . .... 

One absolute atmosphere expresHed in centimeters, pressure 
of mercury at 0° at Paris at eleYation of 60m . . . . . . . .. _ 

0.9999!.J __ g_r_ -
(cm)3 

-4 

13.5957- -~r~ l .133401 
(cm)3 

980.88 c~ 2.991616 
s 

13335. 7 g(r )
2 

4.125017 
cm s 

1000000 gt 2 6.000000 
cm(s) _ · 

74.!)86 1.874983 

This iK equal to 29.63 inches pressure at Iloboken ar. 150 C. At London it is lel'!s h;v 0.03 inch, 
a quantity which produces hardl,Y a perceptible effect in the time of oscillation of the pendulum. 

To find the density of the air under this pre;,;sure, we have. according to the experiments of 
Regnault (\\'iillner':s Experimeutalphy:sik, 3ter Band, 3te Auft.a,ge, S. 1:33), the absolute density of 
dry air free from C02 at oo C. and pressure 76 cm at Paris (Gm elevation), 0.0012932. This sup
poses a slightly different ah:solute density of water from that above assumed; but that is a matter 
of uo consequence. 'fhen we have 

Dtm:sit,y dry pure air at Paris, standard atmosphere _ ............ _ ... . 
Centimeters, pressure in Paris, stall(lard __ . _ ......... ___ . . . . . . .. ___ . 
Centimeters in absolute atmosphere . . . __ .. __ . _ _ _ _ _ _ ... _. __ . ____ . 

·"Density pure dry air at o° C. under one absolute atmosphere ______ . _ ... 
')l""l'3 

Absolute temperature of 0° C. = ;~8 - _ ...... _ - - - - .... _ - ... - . -

.0012932 
76 
74.986 

.0012760 

.·. Deusit,y pure dr,y air at 150 U. under one abi,mlute atmosphere . __ . _ _ . .001209;i 
Conection for usual amount CO, (1 + .:>21J x 4 x 10-•) ___ . __ ............... - ... . 

. ·. Dcn:sity common rlry air at 150 U. under one ab:solu1 e atmo8phere .. ___ . .00120!.!7 

Log. 

7.11Hi7 
1.88081 
1.87498 

7.10584 

9.97677 

7.082Gl 
0.00009 

7.08270 

Thi:' moi8tnre was uot observed during the pendulum-experiments but is belim•e1l to have been 
as much as would br- contained in air at a little less than rr !'latnmtion at 150; or say that the density 
was diminished by ~ thousandths. The density of the air taken may then he taken at .001206 at 
150 U. nuder a pressure of one absolute atmo;,;phere. 

Our pendulum never hadng been weigheu in water, it is necessary to estimate its densit;v. 
The brass of which it is composed may be supposed to be of the same density aR that of the Prus
sian pendulum-meter, which density is given by Bruhns a:s 8.5. But the pendulum c;ontains a 
certain amount of Rt,eel. The knives have as their dimensions 9.55 x 1.8 x 1.4, the product being 
24 (cm)3• A part ii> beveled off', hut other steel about the pendulum will make up nearly the amoimt. 
The entire Yolume of steel would be therefore 48 (cm)3. We may take it at 45 (r'.m)3. Assigning to 
steel the density 7.82 the mass of steel would he 352 gr. The entire mass of the pendulum has 
heen ascer1ained by weighing to he 6308 grammes. Subtracting the mass of the steel, we have 
for that- of the brass 5956 grammes. Dividing this hy the assumed den:sity of the hraRs we have 
701 (cm)" as the volume of brass, and 746 (cm)3 as the total volume of the metal in the pendulum. 

Then for the deni;ity of the metal we have 67
1a4o~ or 8.46-gr • 

6 (cm)3 
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But, a part of the pendulum is thf' air within the hollow bob. To find the volunw of this, we 
haYe the following data, obtained by memmrernent: 

We then calculate as follows: 

h. - h,, = 39.292 
0 = 59.25 

~ (hd - h,,). - - . - - - - - - - - .. - - - - - - - - - .... - - - - - - . - - - - - - - -
()_ - - - . --- . - ... - . - ..... - - ... -- - - - -- . -............ - ---

Hl.G!IG 
;}9.2;i 

1.29438 
l.772G9 

Hatio volume hollow to that of metal . . . . . . . . . . . . . . . . . o.:);t!4 9.521GH 
Volume metal ... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 4Jl 2.8727H 
Volume hollow ............. _ . . . . . . . . . . . . . . . . . . . . . . 248 2.3\144;; 

The accuracy of this calcula,tion can be checked by another. The hollow of thP boh is a 
cylindrical ring. The thickness of the metal is said to be 0.1 cm. The exterior lliameter of thP 
bob is b~- accurate measurement 11.4 cm. Its interior diameter wonld, therefore. be 11.2 em. Tiu' 
exterior diamett>r of the stem Oil which this ring titis is 4.;);i. Tlten the inner diameter of the hollo\\· 
ring would he 4.55 cm. 'fhe ext,erior height of the hob iis ;~.175 cm; then, its inner height wouhl 
be 2.!)75. Calculation from these data, gives as the Yolmne of the hollow ~40 (cm)'; tlms contirmiug, 
in some measure, the deusit,y of brass assumed. 

The total Yolume of the pendulum, so calcnlat.ed, is H94 ( cm)3• Then the allsolnte <lcnsity of 

the whole hi 63;) (e7:p. And the ratio of the density of air at 15° and under 1n·essm·e of one ahso-

.. 001206 
lute atmosphere to that of the pendulum is -6:35 -- .0001900. To get the effect of bnoya1wy with 

heavy end down and up, this r;1tio is to be multiplied by one-fourth the distanct:>. between the knift>
edges (which is lOl).(ll cm), di\i(led by the tlil'ltance of the center of mass from the point of support. 
This gives, for 11eavy ernl (]own and up, .00011682 T,,, and .00015Gi'i T.,. Enrn shoultl the density ot' 
the bra11;; he in error by 2 per cent., the resulting error in the rela,tiYe graYity of two t1tatio11;;, whert> 
the barometric difference was 5 inches, would be inappreciable with heaY~' end up (much more with 
heavy end down) in the sixth place of decimals. 

All the remaining parts of the atmosph.eric effect are inYersely proportioual to the moment of 
inertia of the pendulum. Experiments to be described below show that in vacuo at H.obokt•n at 
150 c. 

Tl= 
T.2 

T.,2 - T,,2 
2 (Tl+ T,.)2 

1.01~045 

1.011465 
.000380 

1.01175;) 

Then it follows that the square of the ratlim; of gyration about the center of mass is 

From this we find the two radii of gyration to be vGH<l~l.O and vJ();t{:~ <'Pntimeh'rs: and tlw 
two moments of inertia, the mass being G:308 gr, are 43\l~ x 10' gr (cm)' and rn1;1 x JO• gr (cm)'. 

To find the effect of the air iu the tube forming the stem of tht:> p1>rnlulnm, we have the following 
data: 

Ceutiruetcrs. 

Dia,meter of tube ... _ ...... _ ... _ .. _ .. _ . . . . . . . . . . . . . 3.119 
I.iength _ . _ ... ___ .. ___ . ________ .. __ .. ___ . _ . __ . ____ . . . . . . . . . . . . 1:.?:1.0 

Distance center to knife. __ ............ _ . _ . . . . . . . . . . . . . . . . . . . . . 50.00 
Square of radius of gyration of the pemlulum about it;, center of 

mass parallel to knife edges __ ................ , ......... - - . . 2111 
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This gives for the solid contents of the tube 1515 (cm)3, for the square of the radius of gyration is--

(50.00)2 + i c3.:9)2 + (12~.6)2) = 3774 (cm)2, 

The two moments of inertia of the pendulum are, with heavy end down, 4387 x 104 gr. x (cm)2, 

and with heavy end up 1911 x 104 gr x (cm)2• 'Vhence the effect of this air is to add to the times 
of oscillation .0000786 Ta and .0001807 Tu, respectivel,v. 

'''e come now to the hydrodynamic effect. The greater pa.rt of this is due to tlie stem of the 
Jlendulum. This is a cylinder whose dimensions are-

Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... _ .... . 
Diameter _ ........ _ ... __ ..... - - - - ..... _ . ___ .. _ . ___ . . - - - - - . - --

Ceutiuieters. 

123.8 
4.33 

From these data the solid contents are found to be 1823 (cm)'. Hs radius of gyration being 
slightly greater than that of the tube, may be taken at ../ i:f°rfff cm. Then, the air having the 
standard densit.,y, the moment of inertia is 8310 gr (cm)', and the effocts on the periods of oscilla
tion will be 

.0000946 Td and .0002169 'l',,. 

'Vhen the pernlulum is on the GeuenL stand, tl!e effect of the walls of the cylinder have to be 
taken into account. If the bells are not on, only the 90 middle centimeter;:; of the stem al'e affected. 
'l'he square of the radius of gyration is thus reduced to 3176 (cm)2, only 84 per cent. of that of the 
whole cyli11tler. The solid contents are ouly .727 of the whole, and hence the affected moment of 
inertia is ouly . n7 .:. .84 = .61 uf the whole. The diameter uf the c~·linder is '.l5 cm. Hence7 the 

ffi · f · · •> (4.33r 61 o·,-- "· h · t· " a d coe c1ent o currect10n IS ~ ( 25)2 _ (4.:J3)2 x . = . vi I ; WuIC gIYes or ueavy en OW11 

and up 
.0000036 T,, and .0000081 T •• 

But when the bells are on the whole is affected, and the coITections are 

.0000058 Td and .0000134 T •. 

The two bob,; are not precisely of the same size. Their dimensions are 

SOLID BOB. HOLLOW BOB. 

Centimeters. Centiurnters. 
Diameter .......•............................ _ .... _ 11.48 
Height .......................... _ . _ . . . . . . . . . . . . . . . 3.25 

Their solid contents are 

336.3 (cm)3 325.0 (emf 

11.42 
3.18 

But a part of this volume has already been reckoned as a part of the stem of the pendulum. 
Owing to the influence of the re-entrant angle at the junction of the hoh and stem, whicl1 must 
cause an increase of the effect, it will be better to leave this core as a part of the stem than to 
include it in the bob. The volume of this core is 

e (4.33)2 (3.18) = 46.8 (cm)3 for tl!e light bob 
and 'C) (4.33)2 (2.2ti) = 47.9 (cm)3 for the lieavy one. 

Subtract these from the Yolumes already obtained, we get as tl1e true volumes 

278.2 (cm)3 for the light bob 
and 288.4 (cm)" for the heavy one. 
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The &Juares of the mdii of gyration of tliese bobs about their centers of mass, parallel to the 
knife-edges, are 

i ( (4.~t__"'14_(11.42)2 + (3.~8)' ) = 10.16 (cm)2 

1 ( (4.~)~_+4 __ (~L~8)2 + (3.2
3
5)2

) 4 = 10.29 (cm)2• 

The center of each hob is distant 9.283 cm. from the nearest k11ife-cdgc. Hence, the Rquarcs of tlw 
rttdii of gyratiou about the near knife-edges are 

(9.283)2 + 10.16 = 9G.33 (cm)2 for the light bob. 
(9.283)2 + 10.29 = 9G.46 (cm) for the heavy hob. 

And about the far edges the value for both is 

(109.28)2 + 10 = 11954 (cm)2• 

Then, using the Rhrndard density of air, we find for the momeut of inertia of t11e air 11ispla('ed 
by both llobR, with htmvy end down, 4190 gr (emf, and witl1 l1eavy Pnd up, 4045 gr (cm)2

• 

'fo calculate what proportion of the displaced air i~ to be eonsidered. as carried along, we first 
find the ratios of the axe>; of both cylinders. These are--

For the light bob . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .278 
Por the solid bob .............. _ .......... _ .................. _ . _ . . .283 

These are to be multiplie1l hy 1.54-, to find the cosine w. \Ve tltu:-; find w for light bob 64°.6 an1l for 
the heavy bob 64°.1. Hence, we find., by Green',; formula, for the coefficient of tlw efi'ect, .278 for 
the solid boll aml .272 for the hollow one. This gin•s for the effective moments of inertia, 

\Vith heavy end down .......... _ . . . _ ......... _ ..... _ ... . 
V\Tith heavy end u:p ........ _ .... _ ........ _ ..... __ ...... . 

1244 gr. (cm)2 

1185 gr. (cm)2
• 

Whence, the effects on the time of oscillation are 

.0000141 Td and .0000:.no T,,. 

Putting 27 cm as the d.iameter of the bell-glasses of the Geneva support, it appears that their effects 
upon the correction for the bob are 

.0000021 T,, and .0000046 T,,. 

We have now taken account of the following amounts of disph1ced air: 

Displaced by the stem. __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . 1823 (cm )3 

Dis1Jlaced hy the light bob.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278 
Displooed by the heavy boh ..... _ ...... _ ................. _ . . . 288 

Total.... . . . . . . . . . . . . . . . . ............ _.............. 2389 (cm)3 

But the whole amount displaced hy the pendulum may be reckoned thus-

Displaced by metal ...... _ ............ _ .. _ .. _ . . . . ....... - .. 
Displaced by hollow of bob ..................... - . . . . . . .. . 
Contents of tuhc of stem ......................... _ ... _ .... . 
Incloscd in frames ............. _ ... _ ....................... . 

Total ......... _ ............•.......•...... _ ......... . 

746 (cm)3 
248 

1533 
16 

2543 (crn)3 

There remain, therefore, 154 (cm)3 dis1Jlaced by the knives, and apparatm; for holding them, by 
the collars whlch secure the bobs, and by the little cylinders at the emls of the pendulum. The 
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position of the eeuter of mass of this air may be estimated as 3 cm outside the knife-edges and its 
radiu,.; of gyration al1out iti,; center as 2 cm. The hydrodynamic efiect should be taken as equivalent 
to carrying the displaced air, ais a part of this air enlarges the cylindrical stem and the rest is so 
shaped as to ofter \'cry great resistance. Hence the effects are 

.0000105 Td and .0000241 T •. 

If we, now, add together the various parts of the effects of buoyancy, of inclosed air, and of air 
mtrrietl outside, we have the total calculable eff~ct proportional to the atmospheric density, as follows: 

Buoyanc,y .............................. . 
Air within stem _ . . . . . .................... . 
Air within frames ......................... . 
.A.ir without stem. . . . . . . .................. . 
Air without bobs .......................... . 
Air without knives, etc .................... . 

Sums .............................. . 

Heavy end down. 

682 x 10- 1 

795 
24 

946 
141 
105 

2693 

Heavy end up. 

156,lj x 10- 7 

1826 
70 

2Hl9 
310 
241 

6181 

'Vheu the pendulum swings upon the Geneva support. without the bell-gfasRes we have to increase 
t.hese effects by 

Effect of cylinders . . . . . . . . . . . . . . . . . . . . . . . . . . 86 

Smns. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2729 

\\'hen the bell-glasses are in place we have in addition 

Effect of bells on stem . . . . . . . . . . . . . . . . . . . . . 22 
Effect of bells on bobs . . . . . . . . . . . . . . . . . . . . . . 21 

Sums.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2772 

71 

6252 

53 
4G 

6351 

The result of this calculation is probably a little too small, owing to neglected terms, and can 
hardly be too large. 

The calculation of the eifoct of viscosity on the time of oscillation depends on the variation of 
the decrement of the are with the pressure. Experiments were made upon the Geneva support at 
Hoboken at various pre;o;sures. The observations of arc made during these observations, as 
has been explained above, were reduced according to the formula 

IP=-b<P-c([>2 , 

a heiug supposed zero in order to diminish the number of unknown quantities. The coefficient c 
was supposed proportional to the density and one factor was taken for all the experiments, while b 
waR left to be determined independently for each. The result is that all the abnormal variations 
of tlH.' decrement which are considerable are thrown upon b, so that the latter presents an appear
ance of greater irregularity than properly belongll to it. The results of these experiments are 
sl10wu in illustratio11 No. 37 c. Those with heavy end down have been brought to heavy end up by 

h. 
multiplying them hy 1- • The time is expressed in minutes; the pressure in inches pressure at 150 C. 

ri,. 

at llolwken. H will be seen that the observations satisfy sufficiently well the formula 

b = .0013 .,.t + .00435 l .,.-•. 
When the bell-glasses were removed, the time of decrement was noticeably increased; but this 
is partly <lne to tlw change in the value of c. Upon the Repsold support there is scarcely any sen
sible difference between the time of decrement from that in experiments of the Geneva support with 
the bells remond. This is shown on illustration No. 36. To compare the observations of arc at 
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Paris, Berlin, and Kew, with those at Iloboken, the;-.- were recalculated with only three constants. 
These as correcwd by least squares are 

b = .0001082 (units: one second of time and one minute of arc.) 
c = .000001125 

t0, reckoning from 1° 10' = 8001". The agreement of these values with observation is shown below: 

'f (Obs.) 'f (Cale.) C-0 
130' 129'.9G -0'.04 
110 109 .85 .15 
100 100.17 + .17 

80 80 .05 + .05 
70 69 .89 .11 
50 49.91 .09 
40 40.12 + .12 

Reduced t-0 <lecimal parts of radius, minutes of time and heavy end up, these values become 

b = 0.0214, c = 0.76. 

Observations of June, 1877, at Hoboken, giye 

b = 0.0242, c = 0.58. 

Allowing the European observation;; a weight of 3 an<l combining the values of c, we have 

c = 0.72. 

Substituting this value, we find for b at Paris, Berlin, and Kew ...................... . 
And at Hoboken ..................................... . 
b (weighted mean).......... . . . . . . . . . . . . . . . . . . . . . . . . . 

0.0224 
0.0212 
0.0221 

The curve drawn in illustration No. 36 is calculated from the Eurnpean coefficients, and the 
agreement of the ob;;ervatiom; taken at Hoboken before the bell-glasses wt>rn put on is shown hy 
the near coincidence with it of the point;; clistinr,ruished uy crosse;;. The pointis <li;;tiuguiHhed by 
circles are obtained from a combination of all the observations taken in 1877 with the hells ou, 
when the pressure was about 30 inches. The t0 taken in each case was the one that made the mean 
excess over the curve equal to zero. The influence of the uell-glasses in anesting thP motion of 
the pen<lulum is thus very strikingly shown. The value of b, with the hells on, under a prt>s><nre 
of 30 inches, appears by the abO\-e formula to be 0.0251 for a minute of time. The mean of tht> 
a.~periments with bells off, as just shown, gives b = .0221; so that we may assumt> that the viscos
ity effect is one-seventh larger with the bells on than off. 

To calculate the effect on the period of oscillatfon, we take the coefficient .00435, we multiply 
it by v'29.63 to bring it to one absolute atmosphere, we divide it by 60 to briug it to see:-i11ds, and 
finally we divide by 'c), and we get as the eflect, with heavy end up, .0001256 T,,. To find rhc effect 

with heavy eml down, we simply multiply by ~:, which gives .000054S Td. ·when the hells ar~· 
off, t of these values a.re to be taken. 

At. excessively low pressnreR the whole theory of atmm1pheric viscosity fails, because thf1 fun
damental hypotheses are then violated; and, therefore, the real eftect. of YiRcosit.v at ! inch press
me will probably be somewhat smaller than calculation would make it. 

Experiments have been made at Hoboken on the Geneva support, in ord<•r to dPkrmine the 
effect of atmospheric pressure a posterfori. A series of experiments were made in Septembt>r, 1877, 
with heavy end down, and another in December, 1877., with heavy end. up. '1'h1• duration of eadt 
experiment was generally long, and the agreement of the results is all that conld be expertt>d. 
These observations were made by Mr. Farquhar. The temperature, during the Septt>mbn experi
ments, was about 200 0.; that during the December experirnentR was ahont 10° C. They have 
been corrected. so as to bring them exaetly to these temperatures. The resultR of these experi-
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ments are exhibited on illustrations Nos. 37a and 37b. It will lw ~;een that the si<lereal time of 
oscillation, with heavy end down, satisfies the formula 

8. 

Ta = 1.006072 + .00000985 p + .0000081 ;Ip; 

and those with heavy eud up, the formula 

T .. = 1.005740 + .110002264 p + .0000234 ;Ip, 

where p is the presimre in inches at 15° C. 
Taking one ahsolnte atmosphere, or 29.63 inches, as the unit of pressure, and reducing the 

coefficients to 150 C., we have the general formulm, 

8. 

Td = 1.006027 + .0002969 ~ + .0000442 ~1;, 

T .. = 1.005785 + .0006.598 ~ + .0001271 ~~. 
The values which we have obtained iJ., priori are 

Td = x + .0002789 !!_ + .0000551 j_p ' 
{I.-

T .. = y + .0006388 !!_ + .0001263 ~ p . 
T {/ T 

The difference between observation and a pri01·i calculation is perhaps not greater than ought to 
be expected. The values which have been used in tlie reductions are 

+ .0002917 ~ + .0000512 ~' 

+ .0006694 1! + .0001175 f,P. 
T vT 

TheRe valneH were mmd before the last calcu1ationR of the a priori valueR were com11foterl, a.nd 
it was not thought worth while to change them; but the a priori YalueR are i·reforred. 

COEFFICIENT OF EXPAN8TOX. 

The coefficient of expansion of the pendulum has been determined, by comparing it directly 
with a meter obtained from the German Imperial Eichungsamt and there designatwl as Normal 
.Meter No. 49, and also b,Y assuming it to have the same coefficient as the pendulum-meter, the 
pm1dulum-meter having also been compared at different temperatures with No. 49 .. Tl1e coefficient 
of expansion of No. 49 has been absolutely determi1wrl by comparil:lon with meter made for tlie 
purpot1e and marked "U. S. C. S.-C. S. l'.-18i8.-A." The comparisons hani heen made 

Between No. 49 at 1;p and A at 3° 
Between No. 49 at 30 and A at mo 
Between No. 49 at 40 aud A at 40 

and between No. 49 at 180 and A at 180 

The two meters were compared by means of the vertical comparator bel011ging to the reversible 
penclulum. They stood in two vertical hrass tubes, 41 cm. in diameter aml It m. long, polished on 
the exterior and elosed at the bottom by a foot terminating in a conical point. One of t,hem rested 
in t11e step 1lesigne~i for the pendulum-meter, and was held at tlie top in a stirrup, movable upon a 
screw in 1mch a way as to vary its distance from the microscope. The metm· rested at the bottom 
of the tube in a species of trap, in which it was compreHsed just sufficiently to hold it in plooe. At 
about ~ m. from the bottom it wus lightly held, by springs 011 it8 four sides, into a frame which was 
capable of being moved in any direction, by means of four horizontal Rcrews penetrating the walls 
of the brass tube. India-rubber washers aud nuts kept the screw-hole.<; water-tight. Opposite the 
lines at th(' t.op an<l bottom of the meter, two windowi,; were i11scrted in the brass tube, set,ting into 
little sashes forme<l of bntss casting. These windows were made of plate-glass, about, 3 mm. thkk, 
which was carefully selected with a view to the parallelism of its sides, and placed in the sash in 
snch a way that the slope of the wedg~ should be horizontal. These glass windows were kept 
water.tight by rubber washers, having a brass washer over them 8Crewed down by four thumb-
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screwR. At the oppoRite Ride of tlw tnbe, a little alJo,·e the mi<ldle of th1• meter, wa:o; a thircl \Yin
dow through which a thermonwter pla\•Pd within the tuhe could he read. Thrsc tubes werr fur
nished with stop-eocks at tltt> bottom, aml a rapid l'Urrent of water WH8 kr.pt rnnninp: tl1rongl1 them 
during tltf\ meaRnrei'l awl for at leaRt an 11onr preyiou8. The l'A>mparator, tnhes, arnl rnf'terl' 11aving 
been put. iuto perft>ct adjm;tnwnt, fop tnbr.s wer<~ fixed tigbtly in tlwir plact>s h~- 8Crt'ws, and 
remained nu moved during the whole of the rxperimcntR. !'articular care was ta k\'11 that thPy 
should not tum on their axes, so as to alter i11 any degree the effect of refraction iu thP glass win
dows. The comparator was not fixed, since it was necessarily turned from onP meter to the other, 
and alRo cl1anged i11 length hy a fraction of a millimPter, when the temperature was changt>d, a screw 
being prm'i<led for tl1e 1mrp0Re. The two meterR were separated from one anothn aud from the 
comparator by means of screens about 4 mm. thick, consisting of light wooden franws with tin-plate 
on the two 8irles, and loo!'lel~- filled in the interior with cotton batting. 

The coPflicit>nt of expa11Rio11 of No. 4!l iR el1e1·ked l\Y comparisons at yariom< temJH'ratures with 
the platinum meter of the Gennan Bichn11gRaiflt; for the coeflicieut of' expausion of plat innm has 
been accurately determined by Fizeau. 

As one of the most prominent Jiyiug metrologish; has stated his <'OJ!Yintion that the <'oefticient 
of' expansion of a lll!'h'r may he ex1wcted to be different in th!' Yertical and-horiz011tal po;;itions 1t 
is proper to examiue thiR queRtion. LPt tl1e meter he of hn\s11 and ]pt itR croRR-section he 2 (cm)'. 
The solid contents of this meter will he. 200 (cm)3 and its mass may he taken at HiHO gr. The 

modulus of elasticity of hrass, according to 'W~ ertheim, is 9 x 1011 gr. (s))
2

• This is not tlw sanw at 
• (cm 

all temperatures, however, anrl judging from the analogy of copper we may suppo,;e it !'1 part 
smaller at 100° than at o0 • If the meter be set up on end the nwan J>ressure of its own weight 

2 

is i 1680 x 981 ~T- 8 
• l,et the exiiansion from oo to 1000 be J:' in the horizontal Jlosition. Let the 4 cm. 

lr.ngth of the bar in the hori11ontal position at oo·c. be 1 meter. Let it hr heated to 100° C. in this 
po8ition; its length will then be 1 + .r'. Let it next be placed iu the vertical position; then, its 
length will he reduced by its weight to 

(1 + x') (1- +t x 420 x 109 x 10- 11
). 

Let it, next, be cooled to 0° itud its length will be 

(1 + x') (1 - a x 420 x 109 x 10- 11
) (1 - x). 

Let it, next,, be brought to the horizontal po~ition, and its length will be 

(1 + :i:') (1 - H, x 420 x lOH x 10-ll) (l - x) (1 + 420 X 109 x 10-11
). 

But it is, now, in the original condition so that this length = 1. This gives the equation 

x' - x:::;: 42 x 109 x 10-11
, 

a quantity too small to be detected. 

The following is a summary of the results of the comparisons between meh.•rs A and 49 : 

Tem11. of 49. Temp. of A. A-49. 

0 0 µ.. 

+13 + 3 +130.5 
3 13 -247.3 
4 4 - 58.8 

18 18 - 57.7 

These results are all satisfied to the last place of decimals by taking the coefficient of expansion 

µ.. 

of A= 18.95 for 10 C. 
of 49 = 18.8:3 for 1 o C., and 

A - 49 at oo C = - 59.3 

The comparisons are given iu detail in the su~joined table. 

S. Ex. 37--35 
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UNIT.ED STAT.ES COAST SURV.EY.-CO!'.:lPAIUSONS OF M.ET.EHS "A" AND "49." 

lt• temperature Centigrn1le of A. Iv 1tm1peI'Hlnre of 49. l 

- --1-- -1-----~-·--- Correetecl /~;~:~lj 
Datti. , Timt". : ! (tA+t49 ) ~ (H-t49 ~' A -49 ~ - to 8° :!4 to+a0 ; mf-'all ! 

___ [ ___ !---·-------- ! A-49 (+130.5)f 

. I h. m. : 0 c ,,.. 
'May 14 ___ ..... · 7 57 +s.:i-2 +138.7 

14 I 0 40 I 8.54 +4.68 +120.0 

14 '1 __ _...... 8.65 +4-80 +123.6 

14 8. 30 +"- 25 j-142. l 

14 ' 
14 

14 

14 

rn 
15 

15 
Ii; 
•' 

15 

15 

15 

I.fl II OU 

16 21 00 

16 2'2 00 

16 : 23 00 

16 

16 0 30 

16 3 30 I 

16 

16 

16 8 30 

8.ilf3 

8. 38 

8. 70 

8. 91 

9. 11 

R 7~ 

8. 22 

8.W 

8.40 

~-50 

8. 61 

K94 

7. !JO 

7. 28 

7. 42 

7. 5R 
1.n 
8. 9! 

8. 9'2 

8. 85 

9. 84 

17 22 00 3. 45 

17 22 30 4. 04 

17 23 30 4- 58 

17 .......... 6.00 

17 6. 46 

18 4. 06 

18 

18 

18 

18 

18 

l8 

18 

15 

30 

50 

08 

20 

"° 15 

20.21aoi 

20
1

2145 

20 22 00 
20 22 20 

20 23 30 

20 23 45 

20 45 

20 15 

20 50 

4. 05 

3. 96 

4. 04 

4.14 

4. 22 

4. 34 

4.46 

18.19 

18. 26 

18. 32 
18. 45 

18. 65 
18. 70 

18. 72 

18. 76 

18. 75 

+i.24 

+s. 24 

+4·9il 
-+ 5. 11 

+1.:13 
+4. 80 

+o. ao 
+5. 29 

+0.10 

+s. 05 
+:;. 06 

+1.84 

+140.8 

+141.5 

+132. 5 

+1:!7.8 

+105. fl 

+121.1 

+rn9. 9 

+139.8 

+133. 5 

+rni.o 
+133.4 

+1~1.8 

-·4.16 -216. 6 

-4. 95 -245. 3 

-.'i. 02 I -247. 7 

-.). 09 -:3:"!1. 4 

-4. 99 -247. IJ 

-5. 14 -:!.JI. 5 

5 ').. -:.!.17. 4 

-5. :1:.! -2;;s. 4-

-4. 73 -23G. 2 

+o. 02 

-0.().! 

+o.M 
0. 00 

+o.03 
-0.02 

-0.01 

0. 00 

-0.02 

0.00 

0. 00 ' 
+0.02 I 

0. 00 

0.00 

+0.01 I 

0.00 i 

0. 00 

-HJ, 01 

o. 00 

+0.01 

+0.02 

+o.03 

- 59.2 

- 62. I 

- 55. 5 

- 61. 0 

- 58.1 
- 58. 5 

- 61.5 

- 57.~ 

- :;o.4 
- .3ll.2 

- 60. 4 

- 56. 9 

- S7.4 

- 57.1 

- 57.0 

- 56.8 

- 57. ! 
- 55. 3 

- 57.2 
- 56. 8 

- 56.1 

- 57.1 

µ.. 

o. 0 

0. 0 

-0.1 

0. 0 

,,__ 

-12.l 

+12.1 

+ 7.6 
- 0.5 

O. ll - 9.l 

o.o - 9.1 

-0. l I + 0.4 
-0.1 - 4.2 

-0. l +25.3 

-0.1 + 7.6 
0.0 I -11.3 

0. 0 -ll. 0 

o.o U< 

0. () - 1.9 

-0.1 - 2. 3 

-0.J + 6.0 

0. 0 

+0.1 

+0.1 

0. 0 

0. 0 

-0.1 

-0.J 

-0.l 

-0.2 

+0.1 
o.o 

-0.l 

-0.2 

-0.3 

o. 0 

0. 0 

0. 0 

0. 0 

0. 0 

0. u 
0.0 

0. 0 

0.0 

0.0 

o.o 

0.0 

-0.1 

-0. l 

-0.1 
-0.1 

-0. l 

-31.B 
.. 1. 9 

+ 0.8 

+ 3.4 
- 0.4 

+ 5.3 

+ 8.:l 

+12.1 
-10.2 I 

- o. 8 

+ 1.5 
- 1.5 

0. 0 

- 1.1 

--1 o. 8 

+ U.4 

o. 0 

+ 0.8 
o. 0 

u. 0 

0. 8 

o. 0 

0. 0 

-0.4 

o. 0 
0. 0 

-0.4 

o. 0 

-0.4 
-0.8 
-I.I 

IL· 

+126.6 

+132.1 

+rn1.1 

+rn2. 6 

+rn1. 7 

+1:i-2. 4 

+132. B i 

j--133. 5 

+130. 7 
+128. 6 

+128. 6 

+128. 8 

+129.7 I 

+129. 7 

+131.0 

+127. 7 

-248. 4 

-247. l 

-24G. 8 

-248. fl 

-248. 3 

-246. 3 

-249. 2 

-246.4 

-24.5.6 

- 59.9 

- 60.6 
- 57.1 

- 61.2 

- 59.5 

- .57. 7 

- 61.1 

- 57.8 

- .55.6 

- 58.2 

- 60.4 

- 57. 7 

- 57.4 I 

- 57.1 I 

- 57.4 

- 56.B ' 
- 57.4 

- 55.8 

- 57.3 
- 57.3 
- 57.0 

- 58.3 

-3. 9 

+1.6 

+o.6 
+2.1 

+1.2 

+L9 
+2.3 

+3.0 

+0.2 

-1.9 

-1.9 

-1. 7 
-0.8 

-0.8 

+o.5 
-2.8 

(-247.:l) 

-1.1 

+0.2 

+o-5 
-0. 7 

-1. 0 

+1.0 
-1.9 

+o.o 

+1.7 

(-58.8) 

-1.1 

-1.8 

+1.7 

-2.4 

-0. 7 

+1.1 
-2. 3 

+1.0 

+a. 2 

+o.s 
-1. 6 

+1.1 

+1.4 

(-57.2) 

+0.1 
-0. 2 

-'-0. 4 

-0. 2 

+1.4 
-0.l 

-0.1 
+().2 

-1.1 
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The comparison1S made between the Herman Normal Meter No. 4!J and the platinum meter of 
the Eicbuugsamt give 

No. 4!J - Pl. M = - 24 .4 + J0".09 Ti, 

where .,., denotes the tempemture Centigrade; and the followiug table 1Shows the agreement of this 
formula with the obisei·vatiom; communicateu by Profeissor Forister: 

TJ No. 4B-P1. M. Same, r,alc. 
0 µ. /L 

+ 3.25 + 8.2 + 8.4 
6.28 :~!J.2 39.0 

23.55 213.1 213.2 

Fizean'1S coefficient of expansion for platinum is at 0° C., S".68 for 1° CentigradP; at 11 o C., 
tl1e mean temperature of these comparison1S, thiis coefficient becomes S" .72. Hence the c&fticient of 
expansion for )leter No. 4!J, as deducted from the1Se comparisonR, is JH".81. '!'hi;; agrees very well 
with the absolut.e uctermination above given, which may therefore be adopted. 

The comparisoms betweeu the pendulum-meter auu No. 411 are not very satisfactory in tl1eir 
results, but they show that the coefficient of expansion of the' former i" certainly the smaller of the 
two. The following table shows the observed results as compareu with the fornrnla 

U. S. Pendulum-Meter - ~o. 4H = - 1:1".::~ - 0".448 T 1• 

Date. Tt le. s.-No.4ll. Same, ca!c. Calc.-ObA. 
1878. 0 /L µ µ 

March 20 !W.25 25.0 22.4 + 2.6 
21 rn.6s 21.2 22 .. 1 0.9 
22 20.14 22.9 22.3 + 0.6 
2a 19.9:1 22.0 22.2 0 •) •"' 
24 16.84 19.l 20.8 l.i 
25 13.37 19.5 19.3 + 0.2 
26 8.11 17.1 Hi.!l + 0.2 
26 14.07 18.5 19.6 + 0.9 
27 10.58 16.6 18.0 - 1.4 

The pendulum itself, compared with No. 4!J at H5° C., and at 10° C., gives the following equation: 

Pendulum - No. 49 = - 191".5 - O".G7 7 1• 

The coefficient of expansion of the pendulum, therefore, as given by these comparisons, is 

18".83 - 0".67 = 18 .lG. 

The coefficient of the pendulum-meter, just found, is ,s".83 - o .45 = 18".38. The mean of 
these two valueis is 18".27. 

The coefficient of expansion of the pendulum was also cletennined from its rate of osc11lation at 
dilforent temperatures, a spe,cial series of experiments at high temperatures being taken for the pur
pose. The results are given below : 

Ol1se1·vet:l Ye.Ines __ .. __ ..... . 

DifTereuces .................... . 

UV.AV\" E:Sh llOWN:. HEAVY E.s'll UP. 

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

,, '• 

...•... 5 a:. s i' i. ooor.37 36. :1 
t 19. 4 1. 006400 10. 2 ' 

1'11 

.. 
1. 0-06719 

1. 006.~fi 

·--'------------
16. 4 : . 000137 26. l . 00011<3 

1 

Correction fo-r atmospheric tem]lerature ... + 16 + I.S 

-----: 
. 000153 . 000241 

i--'----·------
Effectfor10C ·-··· .. ·········--····---! ...... : • 0000003 ' ... , . 0000092 
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These girn as the coefficient of expansion-

From oscillations \\ith heavy end down........ . . . . . . . . . . . . . . . . . 18"".5 
Prom oscillations with hea,-y eud up.... . . . . . . . . . . . . . . . . . . . . 18 .3 

The Yalue 18 .a has ht\en used in the reductious. 

(;OHRECTIONS FOR THE WEARll'\G DOWl'I A~ll IWn'illll'\G OFF OP THE li.l\IFE-EDGES. 

If fi kilogranmws' weight he put upon au absolutely sharp knife-edge of steel hardened in oil 
a]l(l having a hearing lt•ngth of ~ centimeters, the ~te(•) edge will hie' cru,;lietl until the breadth of 
tl1e bearing surface iR 1 micron. Aceordingl~-, from the Yery beginning·, a kuifr-edge will wear 
down and round off. The wearing down arnl the 11lunti11g will haYe Yery different effects upon the 
period of oscillation. 

'fhe remo\·al of the point of support of a pendulum from its center of urns:,;, will have an effect 
which i8 readily calculate1l, thus : 

d T - d. -- - + h - - .. - - + h . 2 - 'Cl ( r2 ) - 8 2 
( r2 

) d h 
g h g h h 

For a reversible pemlulum, 

Hence, we have, 

d T 2 = - T z h,, - h" • d h,. 
u .. ltd+ h,, h,, 

If a pendulum rolls upon a cylindrical surface of radius r, the ilrntantaiwous axis of rotation 
is the irnltantam,mts line of contact; and a velocity of rotatiou about this axis is equivalent to the 
,;ame velocity of rotatio11 about the liue uf contact in the equilibrium position of the pendulum 
combined \\ith such a translation velocity along· the length of the pendulum as is necessa,ry to tix 

tlte instantaneous axis; this is ~!'sin~ rp. ~~· It follows that the amount by which the vis i'foa 

of tlu• pemlulnrn i,.; aftected by a cyliudricity of the knife-edge is of tlie order of p2 rp 2 and m:ty con
o;eqtwutly be neglected. The moment of gravity is, however, obYiously the same as if the axis of 

the cylinder were t.lu• axis of rotation, that iH, it is multiplied by ( 1 + )i ). Hence we have 

a T2 = -T2 f'. 
h 

1f the t-1edi011 iK not circular, then ohviously some sort of a mean radius of curvature must replace 
f'· If the section is tlatter than a circle, tlmt is, if the lower parts in rt>}>ose han' the greater radii 
of curnttnre, tlmn the mean ratlins, and com-;equently the effect 011 the period of 08Cillation, will be 
gT(lafer for 81llall arcs than for lar·ge one8; while if the sectiou is somewhat poiuted downwards the 
n•venm will he the case. 

\Ve know too little of the lami of crushing and grinding to he able to calculate tl1e radius of 
cnrntture from the amount worn off. lu fact, the ratio wonhl prohabl_y <lepeu<l on the hardness of 
the material. Neither can the radius he measured tlirect.ly with an,v accura<~y. But it may ohvi
ou,;ly he Yer~' largf'. \Vhen the pendulum is first brought down to rest on the e<lge, why may not 
thP hlu11te1l surface be nearly fiat 1 If it were so, the small 0Hcillatio11 throngl1 40 or 50 could not 
round the edges enough t-0 make the ratio of the radius to the wearing down at all small. Under 
these circumstances it il:l a question deserving consideration and experimental ex:tmination whether 
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it would not hP hetter to ,..q1hNtit11te for k11ife-edge8 cylindcrR of llH='HRlll'ahle diarnPter-"ay of f> 

millimeter:-;. 
Our own experimmit,.; a1'q1ys lJegan with a half-amplitn<lt> of '.:P and ended with a liaif-a111plitwle 

of ~0 ; hut tlw tinw of int<'l'lllP<lhtt<· tran,.;its of the iwndulurn H<'.J'ONfl tlw n•rti<'a l was ohr;Pl'YL'.<l \Yl1eu 

the half-amplitmk reaehe<l J~D aHd l''. The iHtcrval;.; of time l><'twe<'ll the '.;l0 and lF' oh:,wrnttiou" 
were too .~lwrt to fonml tlll,Y 1muelnHi01rn upon; lmt if we compare thP mean 11eri0Ll of mwillatiou 
while the ar<'. iH d<·seernli11g fro111 ~o to 1c with the uwan period whilt• the tm· is <le:-;<·1·11di11;.:· from 
1 D to !! 0 , we do not tiud, aftc1· th« rnma1 <'Ol'l'ectiou for are, any ded<kd dift'creuee hetweeu them. 
This i~ slHJWll in the following t.ahk: 

~tntion. 

i Pari:-i ....... 
Duwn ..•......... 

l:p -··· 

\ Down. 
lh.·tlin l rp" .. 

( lhnn1 
Kvv. ( rJI.--

IIolwken. " . -- -· - { 1)mn1 

rl'"" 
L •" -

--------- --~--- -----~~T- --
PhHIOlll"i UI-' rnsr:IL.LA'JJO'\. ! l•UFEHE~l'E. 

(('orn~C'tt•tl f~n· Hl't·, ]H't'"'"1l11:, 

kmpt·1·atun·, a.ml rak of 

tinw kPt'}l(•r.1 

s. 
1. 00()0:13 1. 006i1."10 

1.0U6HK1 1. UOGHI~ 

1. 003901 1. 005t:B/ 

1. OU6U:!8 J. 00603:1 

]. 00."1!:131 1. {10."{!30 

l, 00tl0;)4 l. llU60j(i 

1, OiH\:1:'1."1 1. tlt1H:Jt1i' 

1. 006350 I 
1. (1(16.).Jb 

-3 

+a 
-4 

+:; 
-1 

+2 
+a 

There are, it i:s true, ,.:light indications here of a con·eetiou Yarying with the amplitude all(l different 
for the Hepsohl :support, used at tlH· Europ(•au stations, a))(l for the tleJHe\'a ,.;upport, n:se<l at 1loho
ken; hut uothiug can ht• c-ondndml with certainty. 

'l'!H• measures of l<>ngtlt Rh ow, iii !'ad1 cm;e, an i11ert'as1~ in the di8tance he tween t Ill' kuife-e<lges 
from 8ta.tion to station. Tim;; we luwe-

µ 
lnereao;e of leugth from I'ariR to Berlin" _ ..... _ . " .. " _ " ... __ . _ . __ . ___ . 4.1 

Berlin to Kew _ " ___ .. ____ .. _ . _ .. _ . ____ . _ _ _ _ _ 3.1 
Kew to Hoboken . _ " _ " . ___ .. _ .. _ . _ . __ " . _ _ _ _ _ 8.9 

Thi,.; incremw cannot han• heen iu au~· degree due to tlw wearing <lown of the k11ite-edg1·s, for tlw 
reason that the measures wen· made between the ceuterR of thr !='dges, which portions do llOI hear 
upon the sn11port aud appear, even now, uearl;r slmq>. The inerea,.;e iis mo,.;t probably 1lrn· to ~w1·u
mulations of cocoa.-hutter, etc., under the steel of the kniYeis wlwre they bear 011 tl1(' l11ws,.;. Thl, 
effect is, therefore, tl1at of a. wearing down without auy blunting. 

'l'he only indication which we lia\·e as tot.he adnal wearing down and hluntill{.!' i,; <1Prin•d from 
the difference between the 11eriods of osc1llatio11 with heavy end dow11 aml 1111. The 1litlt•H•11c1• 
will be 

20 2 
c - 2i ;; h - 21 f'· 

It is highly ol\jectionable to infer the values of <' 71 aud p from the num h<•r,.; whid1 an· to he n1<etl to 
determim> the force of grnYi(y. It is fort.uuate. rherefore, tliat the whole of the w1•ariug and blunt· 
ing which it ii' nece1'sar,v to fakt• aceonut of for the European stations, took plaee, all at mwc, at 
Berlin, after jnst one-half of the work th1•re had beflt 11one. 'l'hc change i,.; therpfore dPdnciblP 
from the Berlin observations alone, and that from the diffen•nce of tlie. first half and Ja,o;;t half of 
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them, i]l(]epe!l(lently of the mean of the whole. 
11t•a ,._.,. ('JHl down, at Bt>rlin, art> as follow: 

The ditterences of T, with heavy end up und 

Pin.;t four days. 
s. 

0.000153 
0.00013G 
o.oooun 
0.000140 

:Mean. . . . . . 0.000140 

La«t four days. 
s. 

0.000123 
0.00012G 
0.000131 
0.000123 

0.000126 

Wlwn thp;;e nwam; are correctt>ll for tlie measured ehang-e of length from that at Paris, tliey 

0.000142 ().000128 

Now, tlw ;;amc tlifferencP at Paris is-

First four days .... _ ...... ___ ... _ .... _____ . _ . _ . _ . ____________ . 
s. 

0.000144 
Secoud four lla,Ys ............. _ ....... _ .. _ ......... _ . . . . . . . . . . 0.000140 

}lean ..... _ . _ ............ _ ........ _ ..... _ ... _ ........ , . 0.(100142 

which ag-rees exactly with the first four days at Berlin; arnl the same clitfore1we at Kew, after cor
rectio11 for tht• rneasnred chaug-e of leug-th from Paris, i,.;-

First four day;; .. _ .. _ .. ____ . _ .. __ . ___ . ________ ..... _ . _ . ___ .. _ . 

Second four clays 

8. 

0.000128 
0.000129 

l\leu,n ........ - ......... _ . . . . . . __ ... _ ..... _ • . • . • . • . • . . . 0.000128 

which agrees ex:tctly with the last four flays at Berlin. 
t.o take account of a11y other hlnntiug- in Europe tlian 
separate the effects on T" and T,,, we luwe 

'\Ve thn" find tl1at it is quite unnecessary 
that which took place at that time.* To 

DERLIN. 
Ta T,. 

s. s. 
First daJ·s ............ _ ................ _ ........ . 1.0058980 1.0060378 
Last <lays .... _ ...... - . - ....... _ ................. . 1.0058988 1.006024G 
Chang-es .. +os -132 

The negati,·eR of half these changes are, therefore, to he applied to the observations at Kew, aIHl 
cm]~- tiw tirst 4 days' obRervatious at Berlin are aYailable. The deduced Yalues of the wearing 
clc'1w11 allCl of tiH' radiuR of cnrYature of the section are 

,, h = 1 F .5 f' = 3~". 

TlwHe results agTee well with direct obsen·ations of the edg·es, which have bem1 made under a high
power microscope, with illumination through the ol~jecti,-e. 

Tim reg1!lar ,;et of obHernttion;; at Hoboken were made upon tile Geneva support, fastead of 
tltl' l{pp,.;olcl support, whi(•h lutrl bee11 used before. Now, it is a matter of observation that the 
r~t!ge;; do not e\·en yet, after all their wearing, reHt 0\-er their whole length UJ>Oll the lfopsold support, 
but 011ly near their ends. On the other l1aml, on the Geneva support, tliey rest nearer the middle. 
Tlw 1;011st>qnt·11cP i,.; that wlaen the Ue1wva support was used, quite new and uublunted parts of the 
P•lges cam<• into play~ so that the edges should have been in the same state as at Paris; and this 
will he assmued to haYe bec>n the case, though the clifforence1-1 of the supports in other respects 
prenmt a ver.v elmm comparison. 

• lt will be ohsern·tl that thi8 <·omparison of tlw differetu'<• of T.i and T,, at different st-a.tions could not. have been 
mad<' if the atmos11heric eorrtJC•tions had not first heen ap11lied. 



 

TIIE UNITED STATES COAST SURVEY. 279 

The two knives cannot be asstuncd to he alike, either i11 n•spect to the distarn•p,.: of tltt· i•clges 
from tlw pla11es of the hearings of tlw skt'l on tl1e hra1's, or in tl1e figm·\• of tlH· Pdg·1·,;; hut iuas
mnch as they itre interchanged and l'qnal 11mnhers of PXpPriments made i11 thP two po,.:itio11", this 
inequality can have no effect on the tiual result. Rut to exhibit the agreement of si11gk 1la~·s' 
experime11ts, the inequality should first lw allowed for. ln the J>aris <•x]>eriments :tllll tlw tiri<t 
experiments at l~erlin, there was 110 perceptible difference between them. Tims, we foal 

Excess of time on o8cillation on knife l ora that on knife 2. 

Paris ...•.............. 
Berlin (first <layi-;) . . • . . . . . . . . . . . . . ........... . 

s. 
+0.00000~ 

-0.000002 

Weighted nwan. . . . . . . . . . . . . . . . . . . . . . . . +0.000001 

s. 
-0.00000:'\ 
+0.00001-i 

+0.000001 

Bltt for the last days at Bcrliu, aml for Kew, tbe <liffereuct• is quite perceptible. 

E.rceNs of time of o.~cillation 011 kn(t'e 1 o1'er that on lm(f'e 2 . 

Berlin (lm;;t days) .............. . 
Kew .......................... . 

\Veigltted mcau. _. . ... _ 

. ~. 
+ 0. 00000 Ii 
+0.000004 

+0.00()()(14 

. ~ . 
+0.000010 
+0.00000."i 

+o.ooooo!i 

Ralf tht>sc amounts will be applit'd \Yith tl1eir appropriate i-;igns iu exhihiti11g the resultK of si11gl!· 
days. At Hohoken this eorrectiou dit:lappeurs ag·aiu. 

CORRE('TIO"l' FOR THE RLIJ' OF TH1" K~IFE-EllGJ<:S. 

There is, aeeordi11µ; to Hessl'l, another effect rhw the lrnife-cdges, whid1 hai:; ren'rnP signs, with 
heavy end up and down, and which is cousequently 11ot elirninaterl in Thl' fommla for the reYPrsiblP 
pendulnrn, altho11gh it i:-< eliminated when the periods of oscillation are eomhiut>d h,\ the formula 
suitable iu considPring it atl two invariable p!'.ndnlmm;, to wit: 

This action may lw termed the slip of the knife-edge, as it is Rupposrd to be (hW to a motion 
which the knife i8 compelled to make, and whieh no elastic force resists. 

In order to detect the existence of such an effect, a stiff steel knitting-ne('dle wa,.; .,Jip]wd 
through the notch in the snpport of the knife-edge, while the pl:'mlulmn wa8 in positi011, allCl W;ts 
then brought up into contaet with thr edge hy copper wirer; fastPned to its extremitieo; arnl al,.;o to 
a franw mounted on the head of the pcndulnm-tmpport. These wires had conRirlerahle 1Pngtl1, 1<0 

that the knitting-needle was free to mm·e iu the direction of it1< l!mgth, while tlw friet ior1 011 tl1e 
knife-edge was Yery great, so that if the edge ltall any sli11 the knittiug-rn·Prllt> must l\t<('illati· i11 tht• 
direction of its le11gth. In order to obser-H' an;v such motion a hit of <'miYex spPC'taele-lPn1< of lo11g
focus was attached to one end of the needle, aml a plmie pie(·•· of glas;.; wa1< ln·ought np llParf,,· 
against it; with the aid of a lamp burning alcohol with i-;alt, Xewt011'1-1 ring·s wt<ri> proclm·pd :rn<l 
were ohsen·ml with a microseope, according to the well-known nwthod of Fbwau. Thi· l'P>'nlt of 
this experimellt was that, with the largest oseillation of thP 1w111l11lnrn, uot thP l('ast slip conlrl hP 
detected in this way, so that it. seemed that there could he no slip as gTeat as cJ,, of tlH' waYe-lengtl1 
of the D line; that ii-;, none amounting to ;,1;} of i37i of a micron. 

As this result was unexpected, not to say Rnrprising, tlte apparatus was r~riti«·ally stndied; 1n1t 
it seemed impossible that any slip should occur at the point of (•.outa<'t of thP edge with the 1ieecllP 
without showing itself in this way. 

It might lw., however, that., instead of a tnm slip, the edge waK turned at eaeh oscillation, so 
aR to produce a. motion similar to a slip; for such au eifoct would uot I.Jc detected l>y our experi111eut. 
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CORRECTIOX FOH SHOln'EH LENGTH "'ITH HEA YY END UP. 

\Yhe11 the hea'"." eJl(l is <lown the pernlnlnrn i,.; Htretdtl·tl by a gTeatf'r length. Calculatiug from 
the known eoeff:leient of elai:>tieity of hra,.;s, this ,.;tretehi11g is fou]!(l to amount to lµ.O. I 11 the meas
ure,.; of length this amount ha,; acconlingly uniform!~- bt>en alldt>1l to tlw le11gtlt \1-itlt lteayy enu np. 
Tlwr1• i», thereforn, a 1•orrl'l'tion of + 10 in the s1JYeuth place to lw a1l<led to T;, to bri11g it to what 
it 1Youl1l he if the pemlulnm were as long as tlw re<lnce1l 11was1ue;;i rnakP it. 

THE CORRECTIOX FOH THE FLEXnm OF THE f;l:l'l'ORT. 

ThP work 11po11 thh; eorrection Lax hfie11 so exte11siyp that it iH thought hest to resern• the full 
acf'otlllt of it for a separate paper. It ha;;i been show11 hy th!· 1uiter that, if a horizontal foree erpial 
to th!' weight of the uuit of mass detlects the point u.f support tl1ronµ:h a distlmce S, and if J\1 is the 
mass of the pemlulum, h the !listauce of th!' center of nws;,: from the poi11t of support, aml / the 
!t•ngth of the correspon<linf~· ~.imple pcndulnm, then tl1e t'lfoct of tlH' s\\·a~·ing of tl1e stand witl1 fl1e 

moYmwnt of the pendnlum i;;, to lengthen the square, of the JH•riod of oscillation hy T2 ~f ~2~1 ; and 

the effl»ct on ). the length of the seconds' pemlulnm fonud with the ren~n;ihle pernlulum is to make 
~ Jc 

it too short hy 1\f H /· 'l'his supposes tht1 support to ht> perfedl,v elastic, and without any differ-

enc<' lwtwC'en statical ancl dynamical elasticit~-. 
... The quantity 8 has been found from a long serieR of experiments to hP eqnal to onnn.0;~40 for the 
Repsol<l support. At Paris a larger Yalue (0'""'.0371) was fouud, hnt tlw larger Yalne has 1101 heeu 
nsed in the reductions. Possihl~· it should haYe been n>1ed. 

\\~hen thP R<'psol<l triprnl rests 011 a tlcxihle support of any kind the Yahw of S is of conrne in
cn'W<P•L At IIohoke11 tlwre was no snch increase. lt is not belieYed that this rn<·rt>ase was a co11-

si1leralil<' quantity at either Berlin or Ke,w, but the first O!'casiou will he st'izeu of mcaRuring· it. At 
Pm·is 1t may aceount for t11p larger Yalue of S th<'re ohta,i1w11. At Ge11Pva thP pernlnlurn was 8Wnng 
on a wornlen support. 'rI1e effect of which may he estimated aR f{1llm~": Profe;;sor Plantamour 

fimls that the correction l\I S; for his pendulum swinging 011 thii,; wooden :,;upport fLt GeneYa was 

omm.17::?4, and at Berlin 011 a pier i,dmilar to that on which the Coast Suryey pernlnlmn tripod rested 
the same correction was ()mm.1a;;7. 'l'hn difterence, or omm.0;1G, may lw taken as the effect of the 
tkxnrP of tl1e wooden stand. Sow, the following are the data concerned, which di:lfor for his expPri
ments and for Olll'S: 

SwiSR peuunlnrn. Amerkan pendulum. 

l\Lm;s of pendulmn .............. _ ...... _ . _ . . . . . . . . . 30.30 gr. 
Hatio of seconds' peudnlnm to length between knives.. 1.77 
Ifoig·ht of edge above feet . . . . _ . _ . _ .. _ . , .... _ . . . . . 1 m. 

G::>08 gr. 
1 
1.3 m. 

It follows that tlw effect of the flexibility of' the wooden table would be greater for the Coast 
> (}308 1 

Surw.v pemlulum in the ratio ot :·m:;o x 1.77 x ( - 1.13) = 1.98; so that the correction for our 

pelllluJnm swinging OH this table will be ()mrn.217 + ()mm.071 = ()mm.287. 
For the GeneYa support, S('t up as it was at Hoboken, t.!1e total vahw of S (for metallic part 

arnl piers) was found to be omm.00405. For the Rtiffest support the total va.Jue was omrn.oo:n. 
M. Plantamour has observe!l a pheuomenon whieh he supposes to be due to the pendulnm-

1mpport nut yit>hliug so much under the oscillatiom; of the, pe111lulum as the amount calculated from 
the statical tlt>xnrP. l~or a woode11 support the hypothesis is ccrtainl,r admissible. For a metallic 
support it should only be admitted with extreme caution. Elahorate experiments at Hoboken seem 
to show the ratio of statical to dynamical tlexure to he as 263 bi 257'." \Vhether or not, supposing 
the difference to exist, th.~ st,atical or dynamical 1iexnre ought to be use<l iu calculating the correction 
h:ts not been made out h.v ~my mathematical anal,ysis. In the corrections applied in this research 
the statical value has been used. 
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LENGTH OF THE PENUlTLVM. 

The distance between the knife-edges of the pendulum depends upon the <:om1iarisons shown 
in the following scheme : 

Pendulum. 

United States Pendulum ::\ieter. 

German Pendulum Meter. German Normal l\ieter No. 49. 

German .~formal Meter No. 1605. German Platinum l\Ieter. 

The comparisons between the German meters were made in the Imperial Eichungsamt at Ber
lin, and the results communicated by Professor Forster. In addition, Brulm.;'s Heport 011 Professor 
Albrecht's Pendulum Experimentr: gives a comparison between the German pendulum meter and 
what he calls "Der :;"l;"orrnalmeter der Eichungskommission," also made at the Eichnngsamt in lfor
lin ; but as it is impossible to tell specifically wliat he means by this expression, as tlie German 
Eichungskommission states that it never had any intention of establishing an independent standard 
of its own, and as the result given by Bruhus disagrees entire!.'' with the results of other compari
sons, this compariRon must be excluded. It is possible that the German pendulum meter received 
some injury between the time of Brubns's comparison and that with No. 1605, communicatecl by 
Professor Forster. If such was the case, the injury probably occurred before the first comparis~ 
between it and the United States pendulum meter, for, as then noticed, when the position had lieen 
adjusted by meam; of tbe spirit-~evel, the scales at the top and bottom of the tube were uot in the 
same vertical line. 

One set of comparisons between the two pendulum meters was made in 1875, and another in 
1877, by means of the vertical comparator belougiug to the 1-~nited States apparatus . 

.M:eter No. 49 in its comparison with the pendulum meter, and with the pendulum, was sup
ported at the bottom on a foot made for the purpose. 

Comparisons between the pendulum and pendulum meter were made before and after ever;1-
swing, at first; but at Kew and Hoboken it was thought sufficient to make one comparison before 
and one after each change of kuife-edges, in addition to those made at the beginning and end of 
the series. 

The order in which micrometrical readings were taken in these comparisons waR as follows: 

1. Metallic thermometer. 
2. Meter below. 
3. Meter above. 
4. Pendulum above, bright edge. 
5. Pendulum above, dark edge. 
6. Pendulum below, bright edge. 
7. Pendulum below, dark edge. 
8. Meter above. 
9. Meter below. 

10. Metallic thermometer. 

The method of adjustment of the stand aml comparator bas been alrl:'ady desl'ribed ill the 
first part of this report, under the head of "Instruments." The length of the comparator wa8 
made nearly a mean between those of the pendulum and pendulum-meter, and its middle brought 
to a le>el with the middle of the pendnlnm. The middle of the meter was then raised to the same 
height, its foot moved until the Yertieal lines at itH two ends were simultaneously in coincidence 
with the vertical webs of the two microscopes, and both ends brought into perfect focus. The 
adjustment of the compamt-Or, once made, was never disturbed; that of the focus on the standard 
was often repeaood. 

S. Ex. 37--36 



 

282 REPORT OF THE SUPERINTENDENT OF 

The lines of the metallic thermometer observed 011 wern tlle tlmee 11Parest the three lines one
te11tL of a millimeter apart at the hegim1ing of tlw meter-scale. Care was taken, however, to 
observe on tht• same three hue" i11 every comparisou at the same station. vVhen the metallic ther
mometer wai-; below, the reading of tl1e meter taken in conjuudion with it ;nu;. not repeated; when 
it was above, at Berlin and Paris, the meter-scale aboYe was read twice. At Kew, the meter-scale 
below was read first and last, and the scale aboYe with the thermometer but once. A calibrated 
mercnrial thermometer was read to humlrt>1lths of a degn•e Centi~'Tade before and after each obser
vation of the metallic thermometer. The corre.ctions of this thermometor will lw given in another 
place. The mark at thl' end of one meter, and the two lines at the distance of one hundredth of a 
centimeter on each Aide, were observed on at Paris and Berlin; at Kew and Hoboken the lines 
observed on wen• tlwse at distances of !lfl""'.!17, !H)"m.!J8, am! fJWm.Hfl from the zero of the scale. 
Thn~e readings on each line of the meter-scale, or nine in all, werP taken at Paris ; two r(oadiugs 011 

each line at Berlin and Kew, and but one at Hoboken, it heing found ach-isable to finish the com
parii-;on a;; quickly as possible, that the a11paratns might not he affected hy the heat of the bo<l~-. 
In the readings on the pendulnm, the method followed at Geneva was used at all other stations. 
The oNler given above, of ohsm·Ying on edge hrig·ht and edge dark, was not at first strict!~- observed. 

In reduciug oho;en·ations of Jpugth, aecount must be taken of the yalne of a revolution of the 
micrometer-screw, of tlte distancP between the lines 011 tl1e meter-scales (if the 8amp ones were not 
always observed on), and of tlte varying eompression of the seales compared when they supported 
var~·ing \Wights. 

In cakulating- the last-mentioned allowance, the coefficient of elasticity of brass given b;y 
\Y crtlwim, namely, 

927100000 

for one- gramme of weig·ht supported and one square cm. of cross-section, was used. 
Measures of the pendulum give as the cross-section of its tube 2.35(crn)2. The adclitional 

wPig·ht carried with heavy end down is 2095 g ; hcnc1· the pendulum iR then longer by 

2095 - - . = 1:' 0 
2.35 x 927100000 .. 

Taking the same cross-section for the tuhe of the pendulum meter, and the weight of the 
ml'tallic thenuometer P<Jnal to 1hat. given l•J B111l111s for the thermometer of the German meter, 
2213g, itR com1H·ession, when the thermometer is above, i8 P.O. _ 

'l'lte crosR-sPction of meter No. 4H is 1.80(cm)2 and half its weight 7.57 g; hence it is longer when 
measured horizontally than when measured vertically hy 01'.5. 

O~ THE LEJli(:'fHI' OF V AHIOCS MICROMETRIC SCALES EMPLOYED 11\" THIS RESEAHCH. 

1. The Cnited 8tate.<J gla.~.~ deciweter-scale of centimeters.-This .-cale is upon a piece of glass 
0.2!1 cm. thiek and roughl_y eut into a rectangular shape of 14.3 cm. by 5.3 cm. The lines are about 
o.::\4 cm. long and are inrlo:,;ed between two longitudinal lines which rnn the whole length of the 
plate. Lines o, 5, 10 are longer than the others. The, lines are <>tcllecl, are 20 microns in thickness, 
and are excessively bad. They are eitJ1er filled or 11tained by the etching acid, but the tilling (or 
wltich<'Y<'l' sort it b11) is all on one side. 

1 have applied to Assistant Hilgard, by whom this scale was made, for information in regard 
to its corrections. Profossor Hilgal'd replies that the decimeter is l'Orrect to rnilooo part, but he 
does not state, at what temperature. 

The di:tterent centimeters of this !male han· been compared together by Assistaut C. A. Schott. 
I copy the following from a duplicate record found in the archives of the Coast Survey : 
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FEB!ffAHY 21. 1872. 

A(~jnsted micrometer and dire<,tion of scale, rnenKured with lower Rcrew," in onll'r to ohtai11 
measure;; on the same part of tlw st~rew for the whole range of the 8cale: 

Scale, 0 to 1. 
J,ower guide-line, upper screw 80.202 or A. 
L'pper ..................... 7:u;~ 

Set upper screw to. . . . . . . . . . 76.96 
Temperature, 730, 

0. 1. 

74.507 GG.581 
516 583 
516 [)83 

f>21 593 
516 588 
513 585 
510 582 
514 588 
508 583 
508 58± 

:Mean .. 74.513 55.585 
Difference .... 18.928 

2 to 3. 
Upper scale......... . . . . . . . 80.34 
Lower . . . . . . . . . . . . . . . . . . . . . . 7:3.84-

Temperature, 73°.5. 

2. 

74.604 
610 
604 
G02 
(i04 
60() 

606 
602 
606 

GOl 

Mean.. 74.1>05 
Diflerence .... 18.H25 

77.09 

3. 

55.679 
686 
682 
{;80 
679 
680 
679 
678 
fj''"r"';: ,,J 

677 

G5.G80 

1to2. 
Upper scale ... 
Lower ..... 

80.3:) 
7:3.80 

:'.\Iilldle ..................... 77.0H 
Temperature, 730,s. 

1. 

7±.431 
420 
4!!8 
4:12 
430 
429 
42H 
430 
42H 
4:11 

:Mean . . 7 ·1.430 
Difference .... 

:~to 4. 

18.!(-H 

2. 

f1fi.f10(i 

498 
4!l4 
GOO 
4!l8 

500 
500 
499 
496 
4!18 

Upper scale ................. 80.24 
J,ower . . . . . . . . . . . . . . . . . . . . . 73.76 

Temperature, 730.5. 

3. 

74.255 
257 
259 
26() 

2114 
26() 
2ti0 
2<ll 
:w2 

Mean .. 7 4.'..!()l 
Difference .... 18.!140 

77.00 

4. 

55.:-)~~ 

:n7 
327 
320 

::.5.:t~l 

• Call~d 0 formerly. 



 

284 REPORT OF THE SUPERINTENDE.KT OF 

4 to 5. 
Upper scale........ . __ ,_. 79.83 
Lower scale . . . . . . . . . . . . . . . . . 73.42 

Temperature, 730,5, 

4. 

74.502 
495 
493 
490 
497 
494 
493 
497 
497 
493 

76.63 

5. 

55.556 
556 
550 
557 
558 
561 
558 
554 
557 
556 

Mean .. 74.495 55.556 
Difference . . . . 18.939 

6 to 7. 
Upper scale ................. W.79 
Lower scale ............. _ . . . 73.32 

Temperature, 730.4. 

6. 

74.425 
424 
422 
424 
425 
426 
422 
426 
426 
427 

l\Iean. . 7 4.425 
Difforence .... 18.939 

7. 

55.488 
484 
488 
486 
490 
485 
480 
484 
489 
483 

55.486 

76.56 

5 to 6. 
Upper scale.... . ......... 79.80 
Lower scale. . . . . . . . . . . . . . . . . 73.34 

Temperature, 730 .3. 

5. 

74.577 
575 
581 
577 
578 
577 
576 
576 
578 
576 

76.57 

6. 

55.682 
683 
683 
686 
685 
686 
678 
679 
679 
678 

Mean .. 74.577 55.G82 
Difforence . . . . 18.895 

7 to 8. 
Upper scale ................. 79.79 
Lower scale. . . . . . . . . 73.33 

Te~}lerature, 730_4, 

7. 

74.498 
494 
496 
498 
502 
499 
496 
496 
498 
499 

Mean. . 7 4.498 
Dllference .... 18.921 

8. 

55.578 
575 
576 
578 
571 
572 
579 
580 
577 
585 

55.577 

76.56 
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8 to u. 9 to 10. 
Upper scale ................. 79.78 Upper scale ................. 79.78 
Lower scale ................. 73.32 Lower scale ................. 73.30 

Temperature, 730.0. 

8. 

74.424 
423 
421 
424 
420 
421 
421 
420 
426 
424 

7U.55 

9. 

55.498 
494 
493 
492 
492 
492 
496 
497 
491 
496 

Temperature, 730,5, 

9. 

74.466 
458 
458 
463 
468 
458 
459 
462 
463 
463 

76.54 

10. 

55.547 
545 
543 
547 
550 
547 
549 
549 
551 
544 

Mean. . 7 4.422 55.494 Mean .. 74.462 55.547 
Difference . . . . 18.928 Difference ... _ 18.915 

Repetition of measure 5 to 6. 
Upper scale ................. 79.77 
Lower scale. _ . . . . . . . . . . . . . . . 73.15 

76.46 
Temperature, 730,s. 

5. 6. 

74.474 55.577 
474 575 
468 574 
472 572 
475 572 
476 573 
477 576 
474 576 
475 578 
469 573 

Mean •. 74.473 55.575 
Difterence . . . . 18.898 
First di:fforenoo 18.895 

Mean... . • . . . . 18.897 

285 
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The probable errors of thetie measures, as calculated from the sums of the residuals, and from 
the sums of their l"qnareti, are shown in the following table: 

I 
I Probable t:'ITur uf one puint.ing in 

Line. 
ro-111us of' rev. 

:-------------- ·-----.--------

I 
From [<l.] 1 

l<'roru [<l.2] i Mean. 
I 

I 

2.4 3.1 2. 8 

2.5 2. 5 2. 5 

l.O 0.8 0. 9 

1.9 2. 0 2.0 

1.9 1-8 1.8 

I. 9 2. 0 2. 0 

3 2. 8 ~. 5 2.6 

4 I 2. 0 2. 2 2.1 

4 I 2. 2 2. 2 2.2 

I 
1. 7 1. 9 1.8 

1.1 1.2 1. 2 

I 
2. 2 2. 0 2.1 

I 2.4 2. 2 2.3 
I 1.2 1. 2 1. 2 
I 1. 6 ]. 5 1. 5 
I 2.2 2.1 2.1 I 
I 1.4 1. 5 1. 5 
I 2. 6 2. 7 2. 7 
i 1. 6 1.4 1. 5 
I 1. 9 ]. 7 1. 8 I 

I 
2.9 2.6 2. 7 

10 1. 8 1.8 1. 8 

Mean ... 1 1. 96 1. 95 1. 95 

It appears from thiR that the probable error of the measure of one centimeter by 10 pointings 
on each of its limiting line,; is only ± 1.9;") ..; f 6 thousandths of a revolution or 0.46 micron. The 
values of the different centimeteris of the Reale, according to Mr. Schott's measures, are as follows; 

-----------~---- -

I 
Length in-

Centimeter. 

Revolutions. 
True centi-

meters. 
' 

Oto 1 18. 928 i 1.0001 

1 to 2 18. 931 i 1. 0003 

2to 3 18. 925 

I 

0. 9999 

3 to 4 18. 939 1. 0007 

4 to 5 18. 939 I 1. 0007 

o to 6 18. 897 I o. 9985 I I 
6to 7 18. 939 

I 
1. 0007 

7 to 8 18. 921 D. 9997 

Sto 9 18. 928 1. 0001 

9to 10 18. 915 I 0. 9994 

1\fean . I 18.926 ! ............ I 
------ ____ ! _______ , _____ I 

2. Glass cen#meter, Ko. 1, aml otJ1er seal ex ruled upon Ridherfu.ril?s tmwhine.-Thil' centimeter was 
ruled upon the best ruling-macl1ine of L. M. Itutherfurd. It is upon a piece of glaiss 0.20 cm. thick, 
3.5 cm. broad, and 3.G cm. long. Though used ,January 16, 1878, it is marked "Jan.18, 1878, No. 1, 
181lj/if rev." The lines upon this scale are about 2 cm. long and one micron broad. 'l'hey are filled 
with black lead and rnrnished over. The limiting lines of the centimeter are each midway between 
two bundles of 10 lines each, distant from one another by rl-o rev. The limiting lines are distant 

34-f15 rev. from the nearest lines of the bundles. The extremities of the limiting lines are marked 
hy crosses roughly cut by hand. The measures are to be made over a longitudinal line, which is 
marked by crosses at the two ends. 
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On .January 16, 1878, this centimeter wa1,; superpoi-;ed face to face, upon the centimete.r .i to 6 on 
the up11er scale glass decimeter-scale of ceutimeten;. The difl'erence wa,.; measured upon a HutLerfurd 
screw-microIUeter. 

Beginning of cm.: 

Cm. No.1. 

r 
83.405 

.40(j 

.40-1 

F. s. ()-6, 

r 
83.3~~u 

.334 

.334 
r 

83.40i) 8.'l.335 Di:fI: = 0.070 

End of cm.: 

fi4.49a 
.4!14 
.4!11 

64.4fi1 
.44-T 
.449 

64.4!13 U-1.449 Diff. = 0.044 

Cm. No. 1 louger than 5-ll . _ . . . . . . . . . . . . . ....... - . . . .. . 
Cm. U. S. 5-6, too short by . . . . . . . . . . . . . . . ... . ........... . 

Cm. No. 1 too short by . . . . . . . . . . . . . . ..................•. 

Cm. X o. 1 ................... _ .......•....... 

Rcpeti.tion of the same comparison. 

Beginning of cm.: 

Cm. No.1. t:. ~- 5-6. 

r r 
64.679 64.630 

.681 .634 

.686 .634 

64.682 64.633 Diff. 

End of cm.: 

83.596 83.518 
.597 .517 
"')95 .51() 

83.596 83.517 Diff. 

Cm. No. I longer than 5-6 ............................. . 
Cm. U. S. 5-6, too short hy ........................... - - - -

Cm. No. 1 too long by _. _. ·: ••.............. _ - . - ........•• 

Cm. No. l ______ ........ __ - .. - _ . - . ~ - - - - ... - ... - · 

Mean of two~comparisons .................. -....... - - •. - · 

0.02() 
0,02() 

0.00:1 

= 0.fJ998 cn1. 

r 
= 0.049 

= o.ow 

o.mo 
o.o:w 

0.001 

= 1.0001 

0.9999 



 

288 REPORT OF THE SUPERINTENDENT OF 

Comparison of Cm. No. 1 with U. S . • '3-4. 

Beginning of cm. : 

u. s. 3-4. Cm. No. 1. 

r r 
.476 .433 
.475 .433 
.474 .432 

.475 .433 
r 

Diff. = 0.042 

End of cm.: 

.552 .516 

.552 .517 

.553 .518 

.552 .517 Diff. = 0.03fi 

Cm. No. 1 shorter than U.S. 3-4 ......... . 
U. S. 3-4 too long ..............•......... 

0.007 
0.013 

Cm. No. 1 too long. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.006 

Cm. No. 1 ... _ ..•..... _............... .• . . . . . . . . . . = 1.0003 

Repetition of comparison, with low power. 

Beginning of cm. : 

u. s. 3--4. Cm. No. 1. 

r r 
.530 .042 
.532 .040 
.. 532 .040 

r 
.531 .041 Diff. == 0.490 

End of cm.: 

.452 .956 

.452 .958 

.453 ·.955 

.452 .955 Diff. = 0.496 

Cm. No. 1 shorter than U. S. 3-4 .................... - .... . 0.006 
U. S. 3-4 too long. . . . . . . . . . . . . . . . . . . • . ................ . 0.013 

Cm. No. 1 too long. . . . . . . . . . . . . . . . . ............ . 0.007 

Cm. No. 1 ...................... _ .. _ ............ __ = 1.0004 

Mean of <'A>mparisons with U. S. 3-4 ...................... . 1.0003 
Mean of comparisons with U.S. 5-6 .....••..... : . ....... . .9999 

Mean of both cm. No. L.......... . . . . . .. . . . . . • . • • = 1.0001 
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On 1878, January 17, measures were made on the Rame Hutherfunl ;;cn·w-micromPter. using
revolutions 55i to 150~, of the U. S. 5 centimeters from 0 to 5, the 5 centimeters from 5 to IOi arnl 
also fi\'e measures of the Cm. "N"o. l, so as to coYer the same part of the screw. 

U. S. ~ decimeter 5 to 10. 

5. 10. ii. 
r. r. r. 

150.180 55.652 ] :'.>0.183 
.18] .65:3 .184 
.181 .654 .185 

150.181 55.653 l.j0.184 Difli:weuc1; HJ.:i~!I 

U. S. i decirneter 5 to O. 

5. 0. 5. 
r. r. r. 

150.6±6 56.054 UO.H38 
.6±7 .054 .6;)5 
.645 .054 .635 

150.64() 56.0:)4 150.G;:{fi Hilforence ~14.5K7 

After a complete readjustment the measureR were i·cpeated. ''Filar 10" and "Filar 8" signif\ 
two different positions of the cross-wire. 

10. 
r. 

55.663 
.666 
.667 

55.665 

r. 
56.054 

.053 

.053 

56.053 

0. 
r. 

5.5.6±7 
.653 
.656 

55.652 

r. 
56.041 

.038 

.Oil 

56.040 

S. Ex. 37---37 

U. S. i decimeter 5 to 10. 

Pilar 10. 

5. 
r. 

150.181 
.180 
.180 

150.180 

Piw,r 8. 

r. 
150.574 

.571 

.572 

150.572 

U. S. ~ decimeter 0 to 5. 

Pilar 10. 

5. 
r. 

150.231 
.229 
.228 

150.229 

Pilar 8. 

r. 
150.615 

.614 

.617 

150.615 

10. 
r. 

55.659 
.662 
.662 

55.661 Difference 94.517 

r. 
56.052 

.052 

.mil 
56.0i)2 Difference !l4.5l!l 

:\Ieau \14.5H\ 

0. 
r. 

55.655 
.65.5 
.657 

55.656 Differenc(• 94.iii:J 

r. 
56.0H 

.04i 

.044 

56.044 J)ifiereuce 94.578 
Mean !)4.574 
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First measure. Second measure. 
r. 

94.574 
94.ti18 

.056 

r. 
0 to 5 ....... _ . 94.G87 
5 to 10. . . . . . . . . . 94.529 
Difference . . . . . . .058 
Diff. in microns.. :n 30 
Diff. microns, according (.o Schutt, 33 

Om. No. 1. 

r. 
Beginning .... li:>0.754 
Eml ......... 131.841 Diff. 
Beginning .... 131.48.5 
Ernl ......... 112.570 Diff. 
Beginning .... 112.684 
End ........ - 03.778 Diff. 
Re ginning .... fl3.824 
End ......... 74.913 Diff. 
Beginning .... 74.756 
End. -- - ..... 55.842 Diff. 

r. 
18.91.3 

18.915 

18.906 

18.911 

18.91-1 

~leap ............. __ . . . . . 18.9118 
l\Iean of decimeter. . . . . . . . 18.fll04 

Length of centimrter. . . . ...... . 
By measures of' January 16 .... . 

Concludell value . . . . .......... . 

cm. 
1.0001. 
1.0001 

1.0001 

This vahw lias a prohahle error of lei'<,; than rut'iou· 

Mean. 
r. 

94.580 
94.524 

This centimeter is t>qual to tidOll~ teeth of HnthP1t·1ml's machine, and as it is 101500 too long, 
we conclude that G80H h\eth make a <·.entimet<'r at onlinary temperatures, Ray about 18° U. 

]i'rom an invp;,;tiµ;ation w11ich will he pnhlislwd elsewhere, it has been ascertained that tbe 
acci<lPntal f'rror of po;-;ition of a lirw rnled 11po11 Hntlwrf1ml',.; machim• i:-; only :l::Ol'.01; tbe periodic 
error differ11 greatly 1m 'lifterent plates, but never amou11t11 nearly to 01',1. "'e, therefore, adopt 
the following values: 

1 mm. of ti81 teeth= lmm.0002 
Yo mm. of 08 teeth= 9fl,,..87 

1 h mm. of 7 teeth= 10".28 

ON THE TENTH8 01'' MILLB1ETEHS AT THE El'm:'i OF THE \'. 8. C. S. J>ENDl:LFM-METER, AND ON 
THE 1'CHE\Y-HEYOL1'TJON:'i OF THE REPf'OLD VERTICAL CO.\IPARATOR, 

The TT. 8. l'. S. p1~1Hlulnm-nwt.er iR 11imilar to the German pendulum-metP.r described in the 
publication of tlw Hoyal Prns11ia11 Geodetica1 Institute for 1870. At one end, tbe meter begins 
with three lines ruled at distarn·es of 10ths of millimeters. At the otl1er eud there i,; a scale of 
similar lines. The following· table8 8how the comparison of a part. of thi!< scale with a millimeter 
scale of tenth;; (Xo. ;l) rnled upon l\lr. Hutllerfur<l's machine. 

Tbe figurei,; in parenthesi,; indicate the order of th(l pointiugi,;. 

1878, Februa.ry 4. 

GLASS SCALE. 

mm. mm. vim. mm. mm. 
D.5 0.4 o.a (),;.! 0.1 

r. r. r. r. r. 
(1) 0.023 (2) 1.001 (3) 1.987 (4) 2.983 (5) 3.981 

(10) {).()] 7 (fl) 1.007 (8) umo (7) 2.986 (6) 3.990 
(31) 0.004 (:t~) O.!l!lfl (3:3) UISO (34) 2.981 (35) 3.9()9 
(40) 0.007 (:~9) 1.000 (38) 1.976 (37) 2.972 (36) 3.968 

O.o13 1.002 1.983 2.980~ 3.977 
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METAL SCAt.E. 

ni. m. m. m. 1/t. 

1.0002 1.0001 '.1.(\()1)(\ 0.\1~~\) 0.9ll9i< 
r. r. r. r. r. 

(11) ].988 (12) 0.9Rfi (13) l.!180 (14) .'.:!..!)/;~ (li"i) 3.97(J 
(20) -i.995 (l!l) O.!JSS (11') Ul78 (17) 2.US± (Hi) :um 
(21) 0.000 (22) o.ns2 (2:~) 1.9!1() (24) 2.!l8(J (23) 3.968 
(30) i.99\J (29) 0.\192 (28) 1.985 (27) 2.H8U (21l) :um> 

J.994~ 0.987 1.\184 :!.HS~ 3.971 

SECO.NV SEltIEf':. 

\;LASS SCALE. 

mm. m-ru. mrn. mm. mm. 
0.5 0.4 0.3 ():~ 0.1 

r. r. r. r. r. 
(1) 0.04iJ (2) 1.024 (3) 2.030 (4-) :w:~i (ii) 4.023 

(10) fl.061 (H) 1.042 (8) 2.ll3fl (i) :w:rn (6) 4.024 
(31) 0.011 (32) UJ19 (;);)) 2.\10~1 (:H) 3.010 (~15) ·i.001 
(40) 0.04-1 (39) 1.020 (38) 2.011 (37) ~).OOH (30) -1.000 

0.039~ 1.026 .'..!.021 ~W:!q 4.012 
METAL SCALE. 

m. 1n. ni. '111. n1. 
1.0002 1.0001 1.0000 O.n!)99 0.999fl 
r. r. r. r. r. 

(11) -i.969 (12) 0.913 (13) 1.970 (14) 2.~172 (13) 3.962 
(20) i.989 (19) 0.91)0 (15) 1.!174 (1 i) 2.967 (16) B.054 
(21) 1.987 (22) 0.986 (23) 1.\180 (24) 2.97G (25) 3.969 
(30) i.980 (29) 0.980 (28) 1.9()9 (27) 2.974 (26) 3.065 

1.981 0.982 1.973 !!.972 3.962~ 

Felmw1·y 5. 

THIRD SERIES. 

GLASS SCALE. 

mm. mm. mm. mm. mm. 
0.5 0.4 0.3 0., O.l 

r. r. r. r. r. 
(1) 0.005 (2) o.9u1 (3) 1.979 (4) 2.9!Hl (5) 3.994 

(10) I.995 (H) 0.995 (8) 1.993 (7) 2.tl!l() (GJ 3.!m 
(31) l.9Bl (32) 0.980 (:\:)) l.!){)!) (34) 2.9().J (:33) 3.!!78 
(40) 1.989 (39) 0.1)86 (38) 1 \!74 (~~7) 2.971 (30) :3.!172 

1.992~ 0.988 1.979 2.!Hfl 3.9i!l 

METAL SCALE. 

m. "" m. 'IJL m.. 
1.0002 1.0001 1.0000 O.fl<.lfl!I 0.9998 

r. r. r. r. r. 
(11) 1.982 (12) 0.992 (13) 1.978 (14) 2.!l80 (15) 3.974 
(20) 0.001 (19) 1.000 (18) 1.flfl(I (li) 2.fJ90 (Hi) 3.972 

(21) 0.001 (22) 1.00() (2~1) Ulll2 (24) 2.H88 (25) 3.973 

(30) 0.004 (29) 0.997 (28) 1.991 (27) 2.!18() (2tl) 3.977 

I.997 0.999 l.988 2.!)86 3.974 
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FOURTH SERIES. 

GLASS SCALE, 

mm. mm. nim. nnn. mm .. 
(l,f, 0.4 o.:~ 0.2 0.1 

r. r. r. r. r. 
(1) ll.03li (2) 1.049 (3) 2.020 (4) 3.011 (5) 4.orn 

(IO) 0.037 (!I) 1.028 (8) 2.012 (7) :UIJfi (fl) 4.024 
(:JJ) o.o:n (32) 1.017 (33) '.WOO (34) 3.000 (35) 4.008 
(40) 0.037 (:~~l) 1.023 (38) 2.000 (37) 2.999 (36) 3.{196 

o.m:J 1.029 2.008 3.006~ 4.012 

METAL SCALE. 

m. UL m. m. m. 
1.000"2 1.0001 I.0000 0.9999 0.9998 
r. r. r. r. r. 

( 11 ) i.H92 (12) 0.990 (13) 1.992 (14) 2.982 (15) 3.978 
(20) 1.ll94 (19) 0.{19() (18) 1.986 (17) 2.982 (16) 3.973 
(21) J.Hn!I (22) 0.9!1."i (23) 1.98."i (24) 2Ji80 (25) 3.974 
(:!O) 1JmU (2!1) 1.000 (28) 1.993 (27) 2.985 (26) 3.974 

1.9!1G 0.99.i 1.989 2.!)82 3.975 

February 6. 

FIFTH SERIES. 

GLASS SCALE. 

tit-JI/, mm. mm. mm. mm. 
o.:; 0.4 0.3 0.2 0.1 

r. r. r. r. r. 
(1) i.91)0 (2) 0.{)83 (3) 1.981 (4) 2.990 (5) 3.987 
(10) i.989 (ll) 0.986 (8) 1.980 (7) 2.990 (6) 3.980 
(31) 1.n,;a (J2) O.!J6!1 (33) l.!)68 (34) 2.!)77 (35) 3.969 
(40) l.!liO (3\1) 0.970 (38) 1.951 (37) 2.962 (36) 3.973 

i.!175~ 0.977 1;970 2.980 3.977 

METAL SCALE. 

m. m. m. m. m. 
l.OOO'J 1.0001 1.0000 0.9999 0.9998 
r. r. r. r. r. 

(11) i.1182 (12) 0.985 (13) 1.984 (14) 2.978 (15) 3.972 
(20) 1.9!14 (19) 0.9{)0 (18) 1.982 (17) 2.980 (16) 3.970 
(21) 1.U92 (22) 0.990 (23) 1.985 (24) 2.9~1 (25) 3.972 
(30) 1.996 (29) 0.994 (28) 1.989 (27) 2.981 (26) 3.972 

1.mn 0.990 1.985 2.!)80 3.971! 

SIXTH SERIES. 

GLASS SCALE. 

nrn1. mm. mm. mm. mm. 
0.5 0.4 O:'J 0.2 0.1 

r. r. r. r. r. 
(1) 0.020 (2) 1.007 (3) 1.999 (4) 2.990 (5) 3.986 

(10) 0.024 (9) 1.010 (8) 1.998 (7) 2.991 (6) 4.000 
(:H) [.985 (32) 0.979 (33) 1.976 (34) 2.973 (3.5) 3.970 
(40) 0.002 (39) 0.990 (38) 1.968 (37) 2.982 (36) 3.980 

0.008 0.996t 1.985 2.984 3.984 
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SIXTH SEIUES-l'ontiuucd. 

~11'~1'AJ. ~CALE. 

111. m. m. Ill. ill. 

1.0001 1.llO<lo 11.!J>Jm1 iUl!J!J~ 0.9H~!i 

'/". r. I'. r. i·. 

(11) 0.001 (!:!) O.!l!l:l ( J:l) 1.!l!lli (14) :!.!1!10 (1.)) -l..OJO 
(:!O) 0.01:! (l!J) 1.001 (lX) l.!l!lli (J 7) :!.!l!lll (llii 4.01!1 

(:!l) O.OO!J (:!:.!) 1.0011 (:!:;) um;; (:!4) :!.!l,'\.J (:!ii) -J..O:!:) 
(:'!0) 0.008 (:!!l) O.!lflj (!!~) 1.!)!17 ("-. _,) :!.!l,>;4 (:!Ii) 4.0]!1 

0.007~ O.!l!l8 l.!l!Hi !!.!J("i 4.018 

Felmrarp 7. 

SEYE.\TH "ERIE:<. 

Gt..-\:-<S SCALC. 

mm. 111m. ill/II. inlu. JUUi. 

o.;. U.1 o.:i u.·l fl.I 

y, i'. I'. r. r. 
(1) 0.0'.W (:!) 1.0:!:! H :!.Olti 14) :;.00.1 (·'i) -J..01.'.I 
(10) o.o:t.i (!l) 1.0:!0 (Ii) :l.001 (I) :1.0:!:J (G) -J..0111 
(:H) 1.!JS:? (J:l) 0.97:l (3~{) ].!l(i:! (:IJ) :!.!Iii:! (;Jjj J,H{i() 

(40) 1.9!10 (:ill) o.mH (:)1\) l.!1(.i;; (:li) :l.!Hi!l (;W) :J.!180 

0.007~ 1.0Hl l.!l87 :!.\l!lO 3.!191 

ME'l'AL .SC'ALJ~. 

m. m. m. JJt. m. 
1. 0001 l.0()00 0.!19\11) 0.!~l!H 0.9!J!li 

r. r. r. I'. r. 
(11) 0.018 (l:l) 1.0:!1 (l:l) :l.018 (l-J.) :l,008 (1.i) 4.o:w 
(20) 0.02:; (l!I) r.0:10 (18) :!.O:lO (17) :wo; (Hi) l.O;),I 

(21) 0.021 (:!:!) 1.0:!:l (j;~) :l.Olii (24) ;),Ill:! \:!.->) 1.o;m 
(:)()) O.Ol!l (2!1) 1.0::;; (:!ti) 2.011 (:!i) :1.00:; (:!{ii 4.o:n 

().020 l.02:i :!.OJf\ :wo11. -i..o:;:; 

EIG'.llTH SERIES. 

trLA~S t'CALE. 

mm. mm. mm. mm. mm. 
0.5 o.~ u.:1 0.:! (I,] 

r. •/", r. r. r. 
(1) 0.030 (.2) 1.014 (I I U~lO (±) 2.H!Jii (.i) :J.!1!17 
(10) 0.011 (H) l,004 (8) Ul!l.l (7) :!.!1% (G) ;;,(l(I,) 

(31) i.983 (32) 0.!180 (;):)) 1.!177 (:l+) :!.!ljG ( ;;;;) ;).!lj'{; 

( 40) o.ooa (;J!J) 1.0()0 (:18) Ul80 (:r1) :l.!178 (:'U) ;\.\17\i 

0.00'4 0.999~ l.H85 2.!ISG ;J.!ISfi 

i:\lltTAL 8CALK. 

m. m. m. m. 111. 

1.0001 1.0()(l(l 0.99'J9 O.!l!l!).~ 0.99fl7 

t•. r. r. r. r. 
(11) o.oor; (12) 1.0l;J (l:J) :!.000 (14) ~.!J!).J (1D) 4.0l!J 

(20) o.ou- (19) 1.016 (18) 2.010 (17) 2.!l\l;, (lH) .I,()]!) 

(21) O.UIO (22) 1.013 (23) 2.00i (24) 2.!l!J7 (2.-·) +.om 
(aO) o.orn (2!1) 1.0{J'j (28) 2.00i (:!7) :rno:i (:!H) 4,0:!I 

0.010 1.012 2.005 ~.fJH7 ~ 4.0W~ 
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February 8. 

NIKTH SERIES. 
GLASS SCALE. 

·mm. mm. 1nm. mm. mm. 
o.;; 0.4 0.3 0 i) 0.1 

r. r. r. r. r. 
(1) O.O:JJ ('.!) 1.034 (:3) 2.03:-> (4) ;3.025 (5) 4.011 

(HJ) 0.0:>8 (U) 1.022 (8) 2.021 (7) 3.028 (Ii) J.016 
(31) O.OOG (32) i.00:1 (:l3) 1.!l!IO (34) 2.!J83 (:35) 3.993 
(40) 0.00!1 (3!1) 1.000 Ul8) um::; (37) 2.!.l!IO (36) 3.993 

0.02!! 1.015 2.010 3.006t 4.003 
M_ET.AL SCALE. 

m. m. m. ni. m. 
1.0001 1.0000 0.9999 0.9998 0.9997 
r. r. r. r. r. 

(11) 0.020 (12) . 1.020 (13) 2.0H (14) 3.011 (15) 4.0:36 
(20) 0.029 (1!1) J .02.3 (18) 2.01!) (17) ;),012 (16) 4.036 
(21) 0.0:30 (22) 1.024 (2:l) 2.0JG (24) 3.010 (25) 4.031 
(:m) 0.018 (2!1) 1.024 (28) 2.010 (2'i') 3.011 (2G) 4.031 

0.024 1.02:1 2.01;3 3.011 4.033t 

February 10. 

TEKTH SERIES. 

GLASS SCALE. 

nim. nun. m.m. mm. mni. 

O.:i 0.4 0.3 0.2 0.1 
r. r. r. r. r. 

(1) O.OOG (2) 1.001 (:3) l.!JDO (4) 2.98!J (5) 4.007 
(10) 0.02!1 (!I) 1.010 (8) 2.0(J!) (7) 2.993 (6) 4.012 
(:ll) 0.000 (:12) 1.010 (:J;)) 2.00;3 (:'!4) 3.000 (35) 4.013 
(40) 0.021i (:m) 1.018 (:38) 2.00!J (37) 3.004 (36) 4.018 

0.015 1.010 2.003 2.U96t 4.012-~ 

METAL SCALE. 

m. m. n1 .• m. 1n. 
1.0001 1.0000 0.9999 0.9998 0.9997 

r. r. r. r. r. 
(11) 0.04() (12) 1.041 (l:l) 2.042 (14) 3.023 (15) 4.054 
(20) 0.050 (l!l) 1.041 (18) 2.041 (17) ;3.02,3 (16) 4.0;i.') 

(21) 0.044 (22) 1.()4;{ (2:3) 2.040 (24) 3.m2 (25) 4.052 
(:lO) 0.04:3 (2!1) 1.0Ml (28) 2.o:rn (27) 3.02() (26) 4.059 

0.04G 1.04:~ 2.040 3.026 4.055 

Febnmry 11. 

ELEVENTH SERIES. 

GLASS SCALE. 

mm. mm. nun. mm. mm. 
0.5 0.4 0.3 0.2 0.1 

1·. r. r. r. r. 
(l) 0.034 (2) 1.(124 (3) 2.om (4) 3.010 • (5) 4.022 

(10) 0.024 (!J) 1.0lS (8) 2.006 (7) 3.010 (H) 4.014 
(31) i.9ti\I (:!2) 0.974 (33) 1.964 (34) 2.964 (35) 3.976 

(40) i.985 (39) 0.972 (38) 1.964 (37) 2.974 (36) 3.980 

0.003 0.997 1.984 2.989g 3.998 
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ELEYENTH SERIES-Conthm.,11. 

l\!ETAL bCALE. 

m. 111. m. m. m. 
1.0000 0.9999 O.H99i3 0.99\17 0.8\l9G 

r. r. r. r. r. 
(11) 0.021 (12) I.02:; en) 2.011 (14) :u14J (1'"i) 4.028 
(20) 0.034 (l!I) I.Orn (18) 2.019 (li) :t041 (1()) 4.orn 
(!!l) 0.0:14 (22) 1.02i) (2:)) 2.01;) (24) :rn:1; (2") 4.0lf> 
(~)0) 0.032 (29) 1.0UI (28) 2.014 (2i) 3.0:10 (2G) 4.020 

0.030 1.022 2.013 ;1.0;1; 4.020 

TWELFTH SERIES. 

GLASS SCALE, 

,mm. mm. m1n. mm. mm. 
0,5 0.4 o.:i U.2 0.1 

r. r. r. .r. r. 
(1) 0.010 (2) 1.001 (8) l.Htlti (4) 2.\177 (5) :tn7•• 

(10) 0.028 (H) l.020 (8) 1.992 (i) 2.H8i (6) 3.!l!l2 
(31) 0.000 (32) O.!l80 p:I) 1.116± (:{4) 2.H60 (3;;) 3.!liO 
(40) 0.000 (39) 0.9!l3 (38) UliO (3i) 2.n:;2 U1G) 3.!liO 

0.009t O.\l\18~ Uli8 2.9G9 3.\lii 

METAL SCALE. 

m. m. 'J'lt. 111. ·m. 
1.0000 0.9999 0.9'J98 0.9997 0.9\~JG 

r. r. r. I'. r. 
(11) i.!li9 (12) O.Hrn (13) 1.!l(j;j (14) 2.!1!1:-i (1;;) 3.\lGO 
(20) f.ll91i (l!I) o.mn (18) l.\li 4 (1i) 2.nnr> (Ui) 8.!110 
(21) i.99:1 (22) {>.\18;; (2:1) 1.\liO (24) 2.!l!ll (2;;) 3.9Hli 
(:.10) 1.\190 (29) 0.98:1 (21'\) 1.!l(i4 ('>-' _,) 2.\1\Jl (241) 3.!li4 

i..1.189~ 0.984~ 1.!liO 2.9!13 ;3_\j(jj 

THIRTEENTH 8ElUES. 

GLASS SCALE, 

nnn. 'J'nm. -n1m. mm. mm. 
0.5 0.4 0.:1 0.2 0.1 

r. r. r. r. 1·. 

(1) 1.99:1 (2) O.!l82 (:I) 1.9(14 (4) 2.!llli (5) :l.!lUl 
(10) 0.010 (!I) 0.()84 (8) 1.tl70 (i) 2.970 (H) a.HI~> 

(31) l.!170 ( 3:!) U.!li4 (:~:~) 1.!l51 (:{-1) 2.9:>:~ (3.J) ;l,!)Hfi 

(40) 1.99;~ (3\1) 0.!182 (:.18) 1.968 (3i) 2.0{\0 (3G) 3.!lti7 

I.\l91;t 0.980t 1.963 2.UG:!;! ;}.91ii 

METAL SCALE. 

m. m. ·m. m. nt. 

1.0000 0.9999 0.9998 O,H9(J7 O.H9ilt1 

r. r. r. r. r. 
(11) 0,041 (12) 1.030 (13) 2.012 (14) 3.037 (15) 4.010 

(20) 0.043 (1!)) 1.030 (18) 2.020 (17) 3.040 (lli) 4.010 

(21) 0.039 (22) 1.028 (23) 2.013 (24) :to2!' (2.J) 4.010 

(30) 0.03fl (2!l) 1.030 (28) 2.008 (2i) :1.0~IO (26) 4.0li 

0.040t 1.029~ 2.013 3.084 4.012 
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February l '' _,, 

FOCRTEENTH 8EIUE:,o. 

GLAS8 ~CALE. 

mm. lltill. llllil. mm. mm. 
o.~. 0.4 0.:1 O.:! 0.1 

r. r. r. r. r. 

(1) O.OtiO (2) 1.0-!0 (:l) 2.02fi (-!) .1.0 .. rn (ti) 4.0;14 

(10) (),(Hi;: (H) 1.0fiO (8) :?.o:r;· (i') 3.o:iu (Ii) 4.0i>l 

(:H) 0.020 (:t!) 1.014 (:l:l) 2.00j (:l±) ;ui10 ( ;);) ) 4.014 

(40) o.o:::i (3!1) 1.02/'l (31'l) 2.00S (37) 3.011 (:31i) 4.02;i 

0.044 1.0352 '.2.0l!J~ 3.02.'.i 4.030 

)JETAJ. SCALE. 

1/l. m. 1n. "'· ni. 
1.0000 O,!l9!l!l 0.!19\lil U.!J!l!l7 o.~J!lfi 

r. r. r. r. r. 

(11) 0.021 (12) 1.01 Ii (1:1) 2.000 (14) :J.028 (15) 4.00() 

(20) 0.01 !I (UI) l.02!l (18) 2.010 (17) :to:lO (W) :Ul!W 

(21) 0.0:11; (22) 1.022 (23) 2.0l:l (24) :rn:rn (2i)) 4.oo:i 

(:m) 0.0:;1 (2!!) 1.01!1 (28) 1.!l!Hi (2i') :J.O:W (2G) 4.00G 

0.02i' 1.021 ~ 2.00."i :l.028~ 4.00:3 

FIFTEENTH SERIES. 

GLASS ~CALE. 

mm. mm. 'mm. nnn. 'llt'm. 

o.:. 0.4 o.:; 0.2 0.1 

r. r. r. r. r. 
(1) 0.020 (2) 1.002 (:3) 2.003 (4) :).()08 (5) 3.!l!l7 

(10) 0.018 (!I) l.lll !J (8) 2.001 (7) 3.004 (G) 3.!Jfl2 

(31) J.989 (:32) 0.!!80 (:.l3) 1.!184 (34) 2.!182 (35) 3.~l7G 

(40) 0.012 (3!1) 0.\1!1!1 (:~8) l.ll74 Ul7J 2.!J80 (3G) 3.!H!J 

0.010 1.000 1.!190~ 2.H93~ 3.\!86 

METAJ. 8CALE. 

111. 11/.. 1n. m .. 1n. 
1.0000 0.99\l!I O.!l!lllt' 0.999i 0.9996 

r. r. r. r. r. 
(ll) o.orn (12) 1.0Hi (1 :l) 1.fl9..t- (14) 3.025 (15) 4.004 
(20) 0.028 (11l) 1.027 (18) 2.00fi (17) 3.035 (16) 4.005 

(21) 0.030 (22) 1.022 (2:3) 2.013 (24) 3.027 (25) 4.004 

(:10) 0.0211 (2!1) 1.024 (28) 2.010 (27) 3.024 (2H) 4.00() 

0.0:.lfi 1.022 2.00fi 3.038 4.005 

The following- tables exliihit the results of all these measure,;;: 
frLASS SCALE. 

mm.. mm. mm. mm. -mm. mm. mm. mm. 
o.r. to fl.4 0.4 to o.:l o.:l to 0.2 0.2 to 0.1 

r. r. r. r. 
First series ... --... - . -. -..... - 0.989 0.9812 0.997 0.9962 
Sel'ond series . - ... - ...... ~ .. - -. 0.98j' O.H942 1.001 0.900! 
Third serie;.; ____ ............... 0.!185~ 0.991 1.000 1.000 
Foul'th series ............ - .. ' ....... 0.986~ O.fl79 0.99S~ 1.005 
Fifth series ........... _ 1.00li 0.9H3 1.010 1.000 

:!\'fea.n ..•.............•.. 0.994 0.988 1.001 0.998 
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GLASS SCAu;-Continned. 

mM.. mm. m.m. nim. nim. mm. mru. mm. 
0.5 to 0.4 0.4 to 0.3 o.:l to 0.2 o.~ to 0.1 

Sixtll serieR ..................•. 
Seventh serieR ................ . 
Eighth series ................. . 
Ninth RerieR .................. . 
Tenth 1-leries .................. . 

l'tiean ..............••... 

EleYenth series . . . . . . . . ...... . 
Twelfth series ................. . 
Thirteenth serieR .............. . 
Fourteenth series ............. . 
Fifteenth 8eries ..... . 

l't1ean ..............•... 

Mean of 15.... . . . .... 

r. 
0.989 
0.986 
0.9!1.'i 

0.9932 
0.9942 

0.992 

r. 
0.9!14 
O.H8!l 
0.989 
0.9912 
0.!190 

0.991 

0.!192 

Probable error of a mean of 15 = ± 0'.001. 

METAL BCALE. 

First series ............. . 
Second series. . . . . . . . . ....... . 
Third 8eries . . . . . . . . . . . . . . . .. . 
Fourth Reries ...• 
Fifth series .... 

Mean .................. . 

Sixth series. . • . . . . . . . . . . . . . . .. 
Seventh series . . . . . . . . . . ..... . 
Eighth series ................. . 
Ninth series • • • . . . . . . . • • . . .•. 
Tenth series .................. . 

Mean .•.... 
S. Ex.37-38 

m ... 
1.000:.l 

to 1.()001 

r. 
0.989 
1.001 
1.002 
0.999 

0.999 

0.998 

m. 
1.0001 

to 1.0000 

r. 
0.990 
1.0042 
1.0022 
1.0012 
0.998 

0.999 

r. 
0.989 
0.988 
0.986 
O.!l95 

0.993 

0.990 

r. 
0.987 
tUl7!1 
0.9822 
O.!J84 
0.!1902 

0.985 

0.988 

1n. 
1.0001 

to 1.0000 

r. 
0.997 
0.991 
O.!J89 
0.994 
O.U95 

O.!J93 

1lt. 

t.0000 
to 0.99'J'J 

r. 
0.998 
O.U91 
0.9U3 
0.992 
O.U96 

0.994 

r. 
0.9!W 

1.003 
1.001 
0.!)97 
O.!J\14 

0.099 

r. 
1.005 
0.9!11 

O.!l9H 
1.0052 
1.003 

1.001 

1.000 

1il. 

1.0000 
t-0 O.W!J9 

r. 
0.998 
0.!19!) 

0.!198 
0.993 
0.995 

0.997 

m ... 
0.99'Jl1 

to 0.9Wtl 

r. 
O.!J9l 
0.9912 
0.!192 
0.996 
0.986 

0.991 

r. 
1.000 
1.001 
1.000 
0.9\)i 
].OlG 

1.003 

r. 
1.0082 
1.008 
}.(10;) 

1.00() 

O.HH2:\-

1.004 

1.002 

m. 
O.!l!*J'J 

to O.ll9'Jt' 

r. 
O.tl!)(I 
O.H90 
0.988 
0.992:l-
0.991:l-

0.9!}0 

m. 
O.ll'Jl18 

to O.llll97 

r. 
1.(131 

1.0272 
1.022 
1.022~ 

1.(J29 

1.1)26 

297 
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MF-TAL SCALE-Continued. 

m. m. Ill. fll, 

l.UOIMI II.fl~ 0.9991" 0.99H7 

to 0.9fJ99 t .. 0.!l9!1i' 1o 0.99!)7 to O.HH!lli 

r. r. r. r. 
Eleventh series ...... _ .. _ ...... 0.992 0.!193 l.022~ 0.9822 
Twelfth series .... . . . . . ··- -- .. U.995 0.98il 1.020 U.!178 
Thirteenth series . .. . ·-- ............ 0.98!1 0.!184 1.021 0.978 
"Fourteenth series 0.!1!12 O.!l8£i J.024 0.974 
Fifteenth series . . . .... ..... ' ....... 0.99H~ O.!l8~~ 1.022 O.!l77 

Mean. . - .... - .. - - .•..• 0.9!1:~ 0.9811 1.022~ 0.978 

Prohahle error of a m!lan of ir; = 0'.0006. 

'l'he following tahlP shows the apparent inequalities of different, rnvolntio118 of the screws: 

Ext·t>:~~ of tnf'a~n1·1• 011 

Jr to 2r :i' to :~' :~r to 4r 

()n~l" TIW:181ll"P Oil 

-. 
W Lo 1' Jr t.o :::1· ir to :~r 

in. m. r. 
1.0001 to 1.0000 0.006 r. 
1.0000 to 0.99fl\1 + 0.001 + 0.003 r. 
0.999!1 to 0.9998 + 0.005 0.001 
0.9999 to 0.99!17 + 0.003~ 

----
.Ylean ....... _ .. 0.002~ + 0.004 + 0.001 

By glass scale .. 0.004 + 0.012 + 0.002 

These results accur<l iu showing certain ineqnalitie::; in differeut parts of the screw; but I ,;hall 
neg·lect tlH•se as heiug of no importance for the measnres of the pernluluu1. Them would semn, 
from these measureis, to be au inequality in the spaces 011 the glass i>cale; but measures malle with 
a higher power ltave proved that tltese are simply due to comitant enor" of .i mlgmeut iu liisectiug 
the lines on glass. 

The meau value of the divisions of the glaiss scale (giving the milldle two Llouble weight, 
according t<1 the requiremeut of the theory of least squares) is or.!l!l;i, whence we may assume 

.f0 millimeter = W.996. 

This gives us for the spaces on the metallic scale 

ni. m. m. nt. 

1.000::! l.0001 l.0000 ll.9fJ9'J 

to 1.0001 to I.0000 to 0.!!999 to 0.9!l\Jt' 

,mm. mni. mm. mm. 
0.1002 0.0997 0.1001 0.0994 

0.1003 0.0998 0.0995 
0.0997 0.0990 

0.1002 0 .. 1.000 0.0999 0.0993 

nt. 

0.9\l91'l 
J,u 0.999i 

mm. 
0.1030 
0.1026 

0.1028 

m. 
lUl!YJ7 

to 0.99% 

rmn. 
0.0982 

0.0982 
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The following are eo111piLri1,;011s of the spaces lletweeu the three lines at the hegi1111i11g· of 1 lw 
meter with those between the lines 0"'"·.l, 0'""'.:!, 0""".3 of the same gla:s;.; Reale: 

Finst com1)(1ri11011. Secu1111 eumpari111m. Trnip .. l:P .. i ('. 

OL.\:-0:.~ ~CA.LE. HLA~~ S<'ALI-:, 

11.:l o.~ II.I o.~ O.:L o.l 

)'. r. r. /'. I'. 1· 

0.!14:! l.!J:-1:! :!.!J:!l 1.0:!1 :!.om ;l,Olii 
O.!IH 1.\140 :!.9:!:! l.OOG :!.00.i ;),01 Ii 

::\I Pall .... 0.!14:1 Ul:\fi :!.9:!1 '.\lpa11 ... i.01:-1 :!.01:! ;-1,11 lti 

~E:r.AL !!WALL :\IET.\L 'l'Al.E. 

-II.Ii 11.0 +11.1 ---II.ti 0.11 +11.1 

0.!liH 1.!170 :!,!lHi 0.!1\10 :!.O:!:! :I.OJ!! 
1.00:! UIH:! :!.!170 1.0:!0 :!.OW ;),O:!li 

}leau .... 0.!190 1.\IHl :!.!Hi!l :llL•au .... 1.00G :!.01!1 :LO:!:! 

O.HH:! Ul!li :!.HHO 1.01;) 2.0lli :uu.-. 
1.00;j l.!l!HI :!,\lj(I 1.0HI :!.011!1 ::.oo;i 

:llPau .... 0.!l!lt\ 1.\1\13 2.\li;) :lleau .... l.OHi :!.Ol:l :\.11]11 

(iLA:-;:-\ :--lt'ALE. G-l.A8~ ~l'.\LE. 

0.!111 1.HHH :!.!JOj 0.\1!14 2.000 :1.0011 

0.!107 UIJO :!.H!H o.mm Ul\1.-, :\.00-1. 

:\J ea11 ... O.\IOH l.H!l!I :!.H!HI :Ueau. O.HH7 1.!IHH :>.OOH 

The ahon· mea:snrc::; were mad<' on the part of the metallic lines us1rnll~· u:setl. The fullowiu~ wen· 
taken somewhat nearer the line separating the meter-scale from tl.Jat of the metallic thermomt>t1~r: 

Third cu111pari8on. 1:)0 c. Fourth cmnparixo11. FijU1 compari1w11. 
HLAH~ HCA Ll:, (i-J~AS:o;. ~CALE. HI.A~~ ~L'A LE. 

0.:1 11.:.l 11. l U.:J 0.2 11.l 0.:1 ll.:! II.I 

r. r. r. r. r. r. ,._ r. I'. 

1.032 :!.05(1 :un 1 1.01:! :!.IHK ;uio3 1.0lH ::.om :1.01:: 

1.040 2.0.):! 3.0:!H 1.0:!0 :w01 :woli 1.031 :!.0:!.1 :LOO:! 

Mean .. 1.0:lli :!.OM 3.0:!;) :\lean .. I.Olli 2.010 3.ll05 Mean .. 1.024 ~.O:.!:! :wo-. 
:\IET.\L SCALE. ~U:TAI. SCALE. )fET.\L !"i( 'ALE. 

-11.l !I.II +0.1 -(1.l 0.0 +0.1 -II.I II.fl +11.1 

I.OHO :!.Oiil :l.05;) 1.010 i.mm :rn14 1.00S 1.!l!I:! :!.!IHS 

l .OH6 :!.()50 ;l,Oi:! 1.00;) l.!!!10 3.01\l 1.00X 1 .1Hl7 :\.\JOii 

1\lean .. 1.0H3 :!.Oiil 3.0H3 l\lea11 .. l.008 l.!1811 :.wrn :\lean .. ].()OX Ul!l5 :!.mi." 

1.orn :!.048 :3.03(i 1.011 umo ;{.002 1.010 1.HSS 2.\19\1 

l .Oi'i:! 2.°'30 3.04:! 1.009 UJ81 ;{,OlHi 1.007 1.\187 ::.oox 

Mea.n .. 1.0Hfi :!.04!1 :~.o:m .Mean .. 1.01() 1.H8;) ;mo± .Mean .. l.OOS 1.!ISi ::.004 

HLARS 8(.)ALE. HLA~S SCALE. H LAI"~ R(' A LE. 

l.01() 2.0:!6 3.014 O.ll!IO 1.tl!IO 2.!W.J O.!li4 l.H!IO :!.\18H 

1.{l3H 2.01:~ 3.024 l.On :.!.010 3.orn O.!liO l.!li!I :!.!Iii;} 

Mean .. 1.0:.!4 :.l.019 3.0Hl Mean .. 1.002 2.000 3.00.'i Mean .. 0.\17:! l.!IS4 2.Hi5 
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The following are the results of these comparisons: 

GLASS SCALI;;. 

First comparison . ___ . _ .. - . __ . . . . . ... _ .. ____ .. _ . __ . 
Second comparison . _ . _ . _ . . . . ___ . ___ . __ . __ . __ . _ .. _ . 
Third comparison . __ . _ .. - . . ................. ___ .. _ . 
Fourth comparison ___ . __ - _ .. - - . _ . _ .. _ . ____ ..... _ .. _ -
:Fifth comparison ...... _ . - . - ................. _ .. . 

METAL SCALE. 

o.:~ to 0.2 

r. 

0.9Hl 
1.005 
1.005 
tUJ!l6 
1.0()() 

0.999 

0.2 to 0.1 

r. 
0.993 
1.007 
O.!l85 
1.000 
0.988 

0.993 

-0.1 to 0.0 0.0 to +0.1 

First comparison . . . . . . . . . . . . . . . . . . . . . . . . . _. _ ..... . 0.9!13 
Second compari8on ... __ . . _ - . - . . _ _ _ _ . _ _ _ . . .. ___ - l.OO:l 
Thinl comparison _ .. ______ . _ . _ .. _ _ _ _ _ _ _ _ _ _ _ _ _ .. O.!l85 
Fourth comparison . . . . . . . . . , .............. ____ . _ .. 0.979 
Fifth comparison ................ ___ .. _ ......... . 0.!183 

0.!189 

From this it appears that the values of the spaces on the metallic scale are 

-0.1 to 0.0 

98M.(I 
0.0 to +0.1 

100M.8 

O.!l84 
1.001 
1.001 
1.023 
1.010 

1.004 

ON THE YAJ,D: (ff THE SCREW-REVOLlTTlONS OF THE t:l'l'.EH MWlWSCOPE OF THE REPSOLD 
VERTICAL COMPARATOR. 

On 1878, .Januar~- 21, a glass scale of 68 teeth of Rutherfnrd's ruling-machine per division was 
measured h.Y this micrometer. The following are the results: 

Liu" 1 to line 2. Lim' 2 to line :l. Lilw :1 to line 4. Lilw 4 t.o lhw !i. 
(0' to tr) (1' to 2') (2' to :Jr) (:Jr to 4') 

r. r. r. r. 
1.000 0.994 0.999 0.997 
1.000 0.9!)2 0.99!) 0.993 
1.005 1.000 0.9<J6 0.993 
1.008 O.!l!:J4 1.003 0.99:3 

:Means. 1.003 0.995 0.!)9!} 0.994 

Tlw prohahle t~rror of each mean is ± 0'.001. We, therefore, have for the corrections of tenths 
of millirneten< measnrPd on these parts of the screw in order to bring them to the mean value 
betwPNI F and 2r 

r. r. 
0 to 1 
1 to 2 
2 to 3 
~~ to 4 

r. 
-0.006 
+0.()()2 
-0.002 
+0.()()3 

Tile corrections to bring the means of three lines measured on three part.'l of the screw to the 
middle are: 

Correction to mean of or, l r, and 2r, to hring to 2r 
Correction to mean of 2r, 3r, and 4r, 
Correction to mean of tr, 2r, aml 3r, 

= + Jr.002 
= - or.9!)9 
= + 0'.0013 
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The valu1's of the two re,·olutions from l r to 3r are best obtained from the observations made in 
comparing the pendulum with the standard at difl:crent stations. 

m. m. r. r. 
At Geneva, 0.9!199 to 1.0001 011 pendulum-meter measured 1.994 ::!:: 0.001 
At Paris, - 0.0001 to + 0.0001 011 same meter mea<'inred l.!l\ll ± 0.001 
At Berlin, - 0.0001 to + 0.0001 on same met~r measured J.!)UG ± 0.001 
At Kew, - 0.0001 to + 0.0001 on same meter measured 2.001 ± 0.001 
At Hoboken, 0.9097 to 0.9\)09 on same meter measured 2.022 

The known values of the1:ie inten-als giYe for the measure of / 0 of a millimeter 

r. 
From Geneva observations . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 1.H!Jfi 
From Paris observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.99~1 

From Berlin observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.999 
From Kew observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.00± 
From Hoboken observations ... 2.001 

As the focalization of thi8 microscope is made with difficulty, it it;; not surprising that itR mag
nifying power ishouhl differ by some thousandths of itself. The focalization at Berlin wai< part.ku. 
htrly good, aml 1r.999 may be taken as the true Yalue, giYiug for the value of one rtwolution 
betwoou 1 r and 3r 

VALUE OF RCREW REVOLl:TIONS OF THE LOWER MICROSCOPE. 

Oorresponrling dit1tances meat1nred with the lower microscope, between marks on the peudu
lum-meter, were obtained from the obserYatious at the different stations, as follows: 

m. m. r. 
At Geneva, - 0.0001 to + 0.0001 measured 1.087 
At PariR, 0.9099 to 1.0001 measured 1.991 
At Berlin, 0.!lm)9 to 1.0001 measured 1.091 
At Kew, 0.9997 to 0.9999 measured 2.014 
At Hoboken - 0.0001 to + 0.0001 measured 2.002 

Hence, by substituting the values of the intervals, we obtain as the value of .f0 mlll. in reYolutious 
of the microscope screw : 

r. 
Geneva observations . . . . . . . . . . . . . . . . . . . . . . . . . 1.990 
Paris observations ........................... . 
Berlin observations ......................... . 
Kew observations ......•. 
Hoboken observations ....................... . 

1.992 
1.092 
1.093 
2.005 

Adopting, as before, the Berlin value, we obtain as the value of one re,·olution, 

omm.1004 

RESULTS OF OBSERVATIONS OF LENGTH. 

Professor Forster gives as the length of the German pendulum-meter, compared witll No. 1605, 
in a letter dated June 24, 1878 : 

B. P. - 160.5 = - 10::1'4 . .5 - 01'.2 (r' - 17°.0). 
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The following i>' the tram;latfon of a communication from Professor Forster, i.,riving the length 
and distance betwee11 the lines at. the end of meter No. 49: 

BERLIN, 1lfaroh 29, 1878. 

N11111111ar.11 1~f' the results of comparisons of lengths between the standard meter No. 49 and others. 

1'.' o. -!H is a bmi;s bar with a shoulder at each end. 'l'he surfaces of these shoulders are in a 
J10rizo11ta l planP pa:,.;sing through the axis of the bar. J,et intD surface of each shoulder is a silver 
plate lt~rdng three lines ruled on it. The contact-cylinders H8Pd for compariRons hetwwm thiR bar 
(which iH a liue measure) and end measures ma~- be considered a part of No. 49. 

Sta11dard No. -1!1, described above, was carefully compared at different tf\mperatures with stand
anl meter No. 1603, belongfog to the" ~orrnal Rtamlards Commission." No. 1()05 is a line mea::mre 
of l1rass, entire),\- prismatic in form. 'l'he (lefining lillel'i are rnled on silYer platt>R let into the sur
face of the bar. In these comparisons, both bars were supported ou a plane surface of brass. :N" o 
1605 had repeatedly been compared with the platinum meter belonging· to the commissiou. Tlrn 
len:.tth of the platinum meter was derived from compari80ll made in 18ti0 betweeu it ~Lud the rnHre 
du C'oll>i(~rvatoire aud the metre des Archives. But the direct cornpariRons between No. 1605 and 
the platinnm meter were not as accurate as the direct comparisons between tlie plati11u111 meter 
and No. -!f!, the rcsult8 of which will be given farther on. 

ThP ahsolnte length of our platinum meter is not as ,vet k11ow11 with sufficient accnrac,v, because 
the c•omparisou hetweeu it and the metric' dt>s Archives gave a result ditteriug :1earl~" 0.0~""" from tht' 
rP>mlt of comparisonR lietween it and the metre du Conse1Ta.toire, '1"hile tlw actual difl'ereuce hetwee11 
these Paris meters iR said not t-0 exceed 0.003'""'. 

At the same time, neither the direct nor the indirect comparisons between No. 4n and the pla
timun meter ha,vP m; much Yalue as the more accuratf' comparisons betwt>en No. 49 with No. 1603, 
because in tht>se last comparison8 the errors due to our former defectfre arrangementis for isecuring 
uniformity of temperatures are lesR sensible on account of the similarity of the material of which 
both harR are composed, tlurn in cornparisorn; between braRR and platinum, and al80 hecamm it will 
soon he i•os8ihlfo to c·omparP, by the aid of the most refined means, No. lGo;; with the new protot..'-JlP. 

The re8ults of all comparisons referring to No. 41l will be giYen in the following pages, and will 
serve as data for a final reduction at some future time. "\\re begin with tlie most important, namely, 
the cm11pari80118 between No. 49 and No. 1605. 

'l'he line>1 defining the length of No. 4H an• each midway hetwet>n two other lines distant from 
them ahont 7"'"'. The latter are used in connection with the contact-cylinder in compari,,;ous 
between No. 4!1 and end measures. Therefore, No. 1605 could he compared with three setH of 
11wter,deti11i11g· Jines 011 No. 49, t,() wit: 

\Vith the meter defined by the central lines of each group of 3 near the ends of the har. 
\Vith the meter defined h;r the outside line on the left hand and the iuside liue 011 t11e right. 
With the meter defined by the inside line on the left and t11P inside line on the right. 

Of course, all these measurement.~ refer to that part of the transverse lines lying midway between 
tlw two longitm1i11al ones. 

V er,v accurate micrometrie measurement!'\ give the following values for the four spaces hetwepn 
the transvt>rse linPH of No. 4fl, at a temperature of oo C. Ueginning 011 the ontsidt:• of one end of' 
the bar the seYeral lines arn uumhered consecutively, 1, 2, 3, and beµ;inuing 011 the insi(le of the 
other ernl, 4, 5, 6: 

mm. mm. 
Space 1-2 = 7.3796 ± 0.00016 
Space 2-3 = 7.8761 ± 0.()()022 
Space 4-5 = 7.3782 ± 0.00023 
Space 5-6 = 7.3774 ± 0.00018 

Putting .001 millimeter = µ, we find from the foregoing measurements that the meter defined 
by the line8 1-4 is longer than that defined by t.he middle lines 2-5, hy 1".4, and also that the 
meter between the lines 3-6 is longer than the meter between the lines 2-5, by 1".3. 
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By making use of the values thus found and reducing all compariHons bPtwt'en No. HiOo and 
No. 49 t-0 the meter defined 011 the latter by tbe middle or principal liues 2-5, we get: 

T,•m]><,r:ttnre ({'.) Ko. 160:> - Ko. 49 

0 /L 

4.07 39.5 
21.5:) 42.0 
21.61 42.1 
2~~.42 41.4 
23.44 41.55 
23.47 40.65 
2:3.4fl 41.4f> 
23.63 41.60 
23.80 42.45 
25.:37 42.45 
2.'l.48 41.65 
25.59 41.95 

Heducing these results by least. sqnarm; we deduce the following fornrnla for the difference of 
length 1605 - Ml : 

fl. 

3~l.Otl - 0.110 t 
1605 - 4!} = t -::!-. I ' 0.42 :r: .019 t 

where t starnls for temperature iu terms of the Centigrade scale. The prohable errors of the 
nmnerical qnantitiei'i ar<~ denoted by tile figures having the ,,;igu" ::l:: pretixed, aud the;;e will 
throughout this paper be written below or IH'Xt to the quantitieti to whicll they refer. The follow
ing table, calculated h;y the abo•·e formula, gives the differences in leuAth (1HO."i - 4!1) aml their 
probable crror15 at the given temperaturet:i : 

Tt'lll]>erat.nr ... 1605 - 49 
0 ,u. /L 

() 39.1 ±: 0.4 

+ i) mi.6 0.3 

+ 10 40.2 0 ') ·-
+ I;; 40.7 0.1 

+ !!() 41.3 0.1 

+ 2ti 41.8 0.1 

In regard t.o the comparisons between No. 4!l aud the vlatiumn meter (end memmre), it is nC'ces~ 
sary t-0 explain the manner in whieh the contact-cylinders were nt:ied. The coutaet emls of the two 
c_vlimler15 I and l [ are spherical snrfa.ce::;. A ghtsl5 scale, which cau be dit:itinctly see11 by miero
;;copet:i supplied with the uecesisary retleding apparatus, with transverse and two long-itu<li:ial lint's, 
is let into Ute axis of each cylinde.r iu t>LH:h a manner that the point on Uie sixth t.ra11sY<'rs•· liue mid
way between the two lougituclinal line15 is iu the neuter of the sphere of which the splwriml co11t:wt 
surface iH a part. The transverse li11es itre reckoued from the contact ;;nrface aloug tlw axis of tlw 
cyliucler. \Vhet! the two cylinders are iu contact the relation between tht· 1;um of the radii of the 
two spherical aunt.ting Hurfaces aud the dit:itauce lmtweeu the transverse line:,> hefon' mentioned is 
independent of small variations in the inclination of the axes of' the cylintler:s to each other. \\" e 
can therefore deduce with perfect accuracy the linear Yalue of the sum of thl' two radii by 111ea1'Ul'

ing the dil5tance between the specified transverse lines when the c~·limlers iirP i11 contad, amt 
can thus reduce the pointings on the centers of the spherical surfaces to their point of eoutaet; a 
reduction which is neces;;;ary in the comparisou of the end measure with the line measure. lll'
c11mie the reference-points of the scales are in the centert:i of the splH'reti of whieh the abutting 
surfaces are part, no sen1Si1Jle error need be apprehended from changes in the r\llative po,.;ition of 
the axes of the c,vlinders when they are in conhwt with the abutting :surfaces of the end mea. .. ure. 
The length of the sum of the two radii of the two c;rlin<lert:i in contact, that is, the distance 
between the specified tr.tnsverse lines, was measured on a good transverse comparator, and was 
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referred to the same standard scale used in measuring the auxiliary spaces on standard No. 4!l. 
Thus the reduction of the distance between the defining lines of the eylinders when in contact with 
the platinum meter to the length of the platinum meter itself, can be referred to the same standard 
scale, and will be liable to the same errors as the redudion of the extreme lines 011 No. 49 to the 
middle or standard lines. As far as the nse of the auxiliary <listancei,: measured on the transverse 
comparator are concerned the effect of errors of graduation of the standard scale to which they 
are referred might Iran~ hf~en eliminated from the comparison hetweeu the line and end measure. 
Full attention was not paid to tld:s consideration i11 these. comparisons. However, only the differ
ences of the errors of graduation of adjacent lines of the standard scale came into account, and 
tl1ese were <letermiued with extraordinary precision, and were carefully taken into account in the 
cmn1mtatio11;;. 

The distance between the defining lines of the glass scale!'< in the axes of the cylinders when 
the latter were in carefully adjusted contact is given by the following expression: 

mm. mtn. 
c = { 14.7432 + 0.000162 t. 

± 0.00026 

For the sum of the auxiliary spaces 1-2 and 5-6 on No. 4U, we get in conformit;); with the values 
previously gi veu: 

s = { ± 

mm. 
14.7570 

0.00024 

nun. 
+ 0.000265 x t. 

At any tcmprratnrc t0 , the exf•.esR of the sum of the outside auxiliary space8 on No. 49, over the 
snm of the spacl>s between the point of contact of the cylinders and the defining lines of their 
scales, is therefore 

µ 

s - c = J +± 13.8 
l .35 

µ 

+ 0.103 t. 

'fhi,; \'ahw represents the correction which must be applied to the di1forence in length between the 
t>xtrt>me linei; on No. 4!1 and the distance Letween the defining lines in the cylinders when the 
latter are in contact with the abutting surfaces of the platinum meter. 

Our eonlJ>arisons give directly : 

~ (Pl + C) - (1605 + S), 
and, therefore, 

Pl - . 160t:i = l + S - C, 

and substituting the foregoing numerical values, 

µ µ 

Pl - 160t:i = ;. + 13.8 + 0.103 t. 

In this way were obtained the following difterences of length between the platinum meter, defined 
hy the distance between the middles of its end-smfaces, and standurd No. 49, defined by the dis
tance between tlie middle transverse line near each end, measured midway between the longitudi-
nal lines: 

Temperature. Pl - 49 Cale. - Obs. 

/1 µ 

+ 3.25 8 ') ... 0.2 

+ 6.28 3H.2 + 0.2 

+ 23.55 213.1 0.1 

From these values we deduce the following expression by the method of least squares : 

µ µ 

Pl _ 49 = { + 24.4 - 10.086 t 
± 0.20 ± 0.014 t 

b;)· means of which the following tabulated values are computed: 
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Temperature. 

0 

0 
5 

10 
15 
20 
25 

Pl - 49 
f!. ,, 

+ 24A ± 0.20 
26.0 ± 0.15 
76.5 ± 0.12 

126.9 ± 0.13 
177.3 ± 0.17 
227.8 ± 0.23 

305 

The uncertainty lH·irtaining to thP1m ,·alnes may be much larger than the probable erron; indicate 
because of the mwertaiut.Y of the rela,tiYe expansion and of the imperfect methods of' determining 
the temperatures, and because the o1Jservation8 are not sufficiently numerous. 

If we take the result of the comparison made in Paris between our platinum meter and the 
metre des Archfres, namely : ::\Ietre des A. - Pl = - 3" .01, we obtain the equation : 

J\L d. A. - No. 4fl = f + 21".4 - 10".086 t }· · 
This equatiou, lwwe•er, is su~ject to doulJt ou ae<.!onnt of the imperfediou of the comparitsons 
at Paris, preYiously mentioned, a doubt which cau onl~· be removed at some future time witl1 the 
assistance of the more accmate equation eRtablished between 1()0;} aml 4fl. The direct cornpariRon 
between our platinum meter and the metre des Archives (A) appears much less complete than the 
inrlirect comparison through the medium of the metre du Com;ern1toire (C). On the assumption 
made at Paris that thr coefficient of expansion of A, C, and Pl are near}~· equal, thr following
results were obtained for the indirect comparisons. Direct obsen·ations between C and Pl gaYc: 

C - Pl = - 16".2 

But according· to subsequent cltiterminations (Prod~s -Verbanx de la Section Francaise, 1870), 
A - 0 = - 3''-2, it would follow that A - Pl = - 19".2, and using this last equation, we get: 

A - 49 = + 5".2 - 10.086 t, 

and if for 10 Uentii,rrade we take the expansion = 8".60, we obtain: 

mm. nun. 
~o. 49 = 999.9948 + 0.01869 t, 

a value subject to a much greater uncertaints than is indicated by the proba,ble errors given aboYe 
011 account of the imperfections of the Paris results. 

The results of the scale \'alues of the cylinders are given iu conclusion (the line.'! designated hy 
1 are those nearest the contact ends)· 

Space. c~·liuder I. Cylinder II. ,, µ. 

Line 1 to 2 54.2 49.4 
1 to 3 104.3 50.1 100.7 51.3 

1 to 4 154.5 50.2 148.7 48.0 

1 to 5 207.8 53.3 199.4 50.7 

1 to 6 252.8 Mi.0° 249.7 50.3 

1 to 7 305.5 52.7 303.4 53.7 

1 to 8 ;{55.8 50.3 352.7 49.3 

1 -ro 9 407.8 52.0 401.3 48.6 

1to10 454.0 46.2 452.9 51.6 

1to11 504A 50.4 503.6 50.7 

For the Imperial Commission on Weights and Measures. 
[Signed] FOERSTER. 

The comparisons made in 1875 between the U. S. and German pendulum-meters give: 
U. S. meter German meter = + 131".fl, 

and those made in 1877 give: 
U.S. meter German meter = + 131".3; 

The mean of these values, or + 131".6, is adopted. The comparisone; in detail are given in 
the following tables. The unit is one-thousandth of the revolution of the micrometer-screws. 

S. Ex:. 37--39 
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UNITED STATES COAST SURVEY.-COl\IPARISONS OF PRCSSIAN AND U.S. PENDULlJM STANDARDS. 18i5. 

Date. 

.rum· 17 
17 
17 
w 
IH 
Ji< 

10 
19 
21 
21 
21 

22 

.July 

'l'btlt·. 
Which 
tin~t. 

fl.10 p. m. (Pr.? 
U.ltlJi.m. i r.R. "? 

6.24p. m. 
lo.:Wa.ui. 
10.50 a. m. 
4.15p.m. 

11.00 a. m. 
1.au1•.m. 

10.15 a. Ill. r. s. 
II.IO a. m. Pr.'~ 

2.;:->C.lp.m. 
10.00 a. m. { r. 8. 

11.00 a. n1. ' Pr. 
11.45a.m. U.S. 

:LIO p. m. U. 8. 

9A5 H. m. U. I:'. 
}U.00 a. Ill. U.S. 

' Jmw 2.'i 10.00 a. u1. Pr. 
2.i 10.:,;) a. m TT. S. 

:2.> . 4.0.~ p. m. : 1:r. 
26 9.55 a. m. : ~ Ir. 
26 i Hl.30 a. m. i C'. S. 

.June ~u i 10.00 a. m. : ) P. 8. 
'.!9 , 10.20 a. m. ! l Pr. 
w j 10.35 a. m. { u. s. 
2!) 1 10.55 a. rn. ' Pr. 

29 i 4.15 p. m. ; L. S. 

: Jmw 23 l0.311 a. m. 
2a :.!.4-Ei p. m. 
24 10.20 a. rn. 
24 10.50 a. HI. 

24 : 4.20 p. m. 

,June 26 11.45 a. m. 
28 10.25 a. m. 
2~ 10.45 a. Ill. 
28 4.30 p. m. 

{ 
r.s. 
Pr. 
r.s. 

'C'.S. 

{
Pr. 
U.S. 

{
Pr. 
i::.s. 

{
Pr. 
U.S. 
Pr. 

{
U.S. 
Pr. 

l lT. s. 
Pr. 

BOTII THERMOMETER SCALES DOWN. 

rrus~iau. r.s. 

Below.' A11ove. Below. 

1362 
2041 
2041 
:?lHJ 
::!14;; 
2124 

21~3 

;.!556 

2.531 

2.548 
2M9 

2877 
!:!8U!1 

2R:l8 
2833 
::!8:l1 

28H8 
'.:?841 

2"38 
28;~.~ 

2842 

1263 
J0:2fl 

1043 
894 
9:{9 
941 
920 

1224 
1107 
lOH6 

111~ 

1116 
1117 
JO~Y 

1086 

1077 : 
10;,j 

112:1 
20fiS 

1037 
z:?:?O 
219;, 

2193 

2212 
240,:; 

245i 
2.J.l4 
:t4:t5 
245!! 

27,~9 

2755 

1309 
:!:103 -1016 

23'!2 ' - 998 

2295 i -1206 

226"' i - 11 ~;l 
230:1 -1203 
2541 I -1:13:! 

2367 . -1445 
2:~:!7 -1459 
2:~fi.X : - l 43:1 
2359 -14~7 

2351 I -1429 
233.t ! -1417 

2353 I -1445 

2642 ' -1471 
2616 i -149'2 

+ 2>l3 
+245 +1261 
+295 ! +1293 
-f- :JO +12.;; 
+100 , +rno6 
+ 7;): +1258 

+ 91 +1294 
+133 +1460. 
- 90 j +1355 I 

-117 +1:at 
- 77 +U;Jt> 
- U3 +1a:H 
-102 --:--1327 
-122 ' -,-l:l41 

- !l6 ; +134U 

-117 
-139 

~l:J54 

~l:J5:1 

BOTH THERMOMETER SCALES lT. 

1458 
141:1 

J.101 
1427 
!:If>() 

"1am 
1387 
137fi 
1377 
142:! 

2871 
'.!872 

29:1:~ 

29.il 
293!~ 

-1419 '1 -1l6 +!30:1 ' 

1829 
1829 
1824 
1820 
1823 

1707 
Hi94 
1696 
1689 

1727 

' 

-14.'>4 

-1437 
-1406 
-1481 

-1447 i 

-1454 ' 
-HBO 

-1458 
-1420 

- -------- -

-llH +13~1i 

-144 +1w:i 
-138 +1268 
-177 +1304 I 

-122 +1325 ; 
-135 +1:irn 
-128 i +1332 '· 
-131 : +1327 ! 

- 96 : +1324 ! 
I 

I 

19. 6 ' 
19. 7 
HJ.4 
19. 4 
19. 3. 

2932 
29'2fi 

2906 

2981 
2973 
2794 

lK 8 : + 81 
)9.~: + 16 

rn.o'+ 65 
18. 8 + 45 
19. 7 . 

20. II ~ 

19. 1 

12 

40 

20. 2 ' - :12'2 
21. 5 ; - 34-!J 

19. 6 31 

l!l.7 + 
10. 4 26 
19. 3 91 
19. 5 ::Jfi 

19. 91 + 87 
20. l + llfJ 
20. 2 + 12f> ' 

20.2 + 138 
19.7 + 51 

PR!'SSJAN THERMOMETER SCALE l'l'. C. S. DOW);. 
------- ----- - -- , ________ _ 

~87 

287~ 

2879 
2879 
2881 

2841 
2833 ' 
2835 
2828 

1182 
1212 : 

1204 • 
1205 : 
1211 

1384 
1359 
1349 

1392 ! 

2788 i 
21w I 

;;:: I 
277;3 

2830 i 
2824 i 
28241 
2827 

' 

244;) -1705 
24i~ -1666 
2479 -1673 
2445 : -1117~ 
2466 . -1670 

2763 I -1457 
2697 : -1474 
2688 . -1~6 

2719 -1436 

-343 +1362 ' 
-321 +1:145 
-310 +1365 
-341 +1333 
-309 +1361 

- 67 +1390 
-127 ' + 13-17 
-l:J6 1 +13:i(I 

-108 ! -r 1028 

20. I 

rn. s 
rn. 7 
19. 8 
19. 7 

19. 6 
IQ. 4 

19 . .!i 
19. 1 

+in I 
+ 70: + ;,1. 

+ 74 
+ HG 

+ 10 
20 

12 
54 

PRUSSIAN THERMOME1.'ER SCALE DOWN. U. S. DP. 

2608 
2603 

2601 
2599 

2587 
26).) 

2fl08 

2539 

2547 
2546 

1180 
1188 

1179 
1172 

1197 
1175 
1193 
1098 
1084 
1099 
1086 

1829 
1805 
1810 
1811 
1817 
18'24 
1821 
1736 
1744 
1741 
1748 

1689 - -14~8 ., 
1694 -1415 
1C79 -1422 
1688: -1427 
1708 -1300 
1686 ! -1440 
lti78 -1415 
1589 -1441 
1572 -1458 
1500 -1448 
1583 i -1460 

I 
I 

-140 1' +1288 
-111 +rn04 
-m \ +m1: 
-123 I +1304 

-1091 +1281 i 
-138 +rn02 
-U3 +1272 
-147 I +1294 
-112 I +1286 

-1461 +1002 I 
-165

1 

+1295 I 

20. 6 - 181 I 
21.3 - 330 
21.2 - 315 
21.2 - 324 

2U. 5 - 215 
20. 5 - 227 
20. 7 - ~39 

21.l - 327 
21. 2 - 333 
:n.o - 293 
21.0 I - 306 

I 

629 
·127 
4::!7 
:16~ 

:~:~>-: 

tl~7 

-2fl7 
-371 
-:-w2 
-318 
-:Jl::IZ 

-407 
-37i 

-684 
-ti95 

+3-la 
+:io:! 
+342 
+286 

I 
.... I 

-308 
-3H7 
-367 

-36:J i] 
-:l7o I , -368 
-367 , , 
-37::!; 

-362 
-3-16 }-:i.>4 

-361 

-374 } 
-:mo ' -371 
-:ms 
-a77 

+4-52 ·-:36;, 

+495 ' -:l80 
..\-497: -3n 
+;12 -374 }- 37a 
+43."i -:lfi-1 

-:ila 

-4n 
-429 
-480 
-473 

-466 ! 

-360' 
-389. 

-349 ! 

+4Y8 II 

+638 
+632 
+629! 
+526 l 

+532 I 
+554 i 
+s1s 1 
+614 ! 

+585 I 
+594 I 

I 

-:t72 

-402 
-402 ', }-402 

-378 
-406 :- . 
-:JH7 

-456 ,--- ·-

-389 i} 
-401 I -398 

-403 I __ 

! -400 

-317 .l 
-308 11 

-?l'. 11-310 
-,'«)a, 

-311 i 
-305 ...... .. 
-315 ,. ..... .. 

-2111 '} 
I 

-281 : 
' -200 

-292 
-288 i \ 

:-=aoo-1 
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UNITED STATES COAST SURVEY.-COMPARISONS OF PRl'.ssgN AN]) e. s. PENDlTLT::M STAKTlARI>R. 11"!7i. 

BOTH 'l'HEKMOMETER SCALES ])OWN . 
.. 
~ ~ 

" ~ . . 
;:: ~ 

Pruasian. r. s. ,§ - "' ~ ·~ 
~ = ~ " ~ 

Date. Tirnu. 
"\Vhich : = ~ 

;= 

~ = g ~ t ~ t. .~ -~ " ·i fir!it.. ! " " ·~ = .= :;: 
Bdow. AL0Y1'. : Below. Aho'°'e.; ~ r.i. "" 'l. = ri rf.° 

i :::; ::. ~ "" ::. ;:. 
------

(kt. 16 l'. s. 2:l8fl 1603 193fi 247~ ! - 783 
: 

542 +1325 + 16. 2 -547 +291 ---i-~3~ 

Hi 10.]:! a. llL J>r. ~:179 1600 19:J8 2470 - 779 + ;);)2 +1:111 16. 4 -571 +239 -PHO 

]ti 10.35 u. m. L'. H. 23i2 1591 1937 2466 - 71-Cl + 529 : +1310 JU. 7 -6:J2 +21fi +848 

16 10.51 :l.Ill. J•r. 236:J 1584 1931 2470 - 779 + 539 +1~18 lU. 9 -64!"1 +177 -+ 822 

16 ll.2:! a. rn. F. ~- 235:; 47H 1886 1.)(j/ -1874 : - 519 
' 

+1a55 17. 2 -700 + :rn +iOO 

16 11.3'2 a. m. J•r. 2374 4tifi 1952 1:1Bfi -18&3 - !;66 +1322 17. a -769 --:- 4~ +s1~ 

16 11.JXn.m. LS. 2:171 505 19:11 1398 i -1866 - 553 +1313 17. :! -805 + 26 +831 

rn 1.09p.m. r. H. 2482 1694 1879 235G - 788 + 477 +12W 17. '.! -80..1 ~- a1 -t 8.36 

16 l.16p. m. Pr. 2487 1686 1873 ~:!64 - 801 i' 491 +1292 17. l -806 + 44 +8ri0 

17 11.llla.m. J>r. uru 162:< 18~7 2~197 - Rll + 5JO : -+ 1;.r21 
: 

IH. ;{ -591J +21'.:! -t RO.R 

17 11.:10 a. rn. r. ti. 2434 160~ 1~9[, 23W I - K'~6 ! + 484 : +1310 lll. 3 -614 +19Y +813 

17 11.42 a. m. J>r. 2421 1608 1888 2384 ' - 81:1 + 400 +1aoo 16. 4 -671 +Hil -+ 822 

17 11.53 a. rn. L s. 240H 161LJ 1X7H ::!:-:t!~;i - 79~ I + 5lt:i 
: 

+1314 rn. 3 -68t +137 1- ~.!:~ 

Results of comparison;.; lwtwceu the pe111lulum-meter a111l No. 4H, also between the JH'!Hlnlnm 
itself aud Xu. 4~1, have a.lread;r heen give11, under the head of Coe_tfident of BJ111111.~iu11. 

The re;;ult before given of comparison between the pendulum and Xo. 4!1 was obtained when 
the i'\cmwi-; l101<ling the knife-edge in place were tightly screwed np. With these screw:,; loo:-;enetl, 
the diftereuce was at 100 C. 

.Pendulum No. 49 = - 190".6, 

the result before obtaiued being - rnH".ri for 10° t;. Neither result is of auy \'ahw in determiniug 
the length of the pendulum. 

The 11wa1mres of length of the pendulum, as eompared with the pendulum-meter, cOITected for 
the value of micrometer-screw revolutions, reduced to heavy end dowu for the penduhuu, a11d to 
metallic thermometer down and mean of iines mum, 100.00, and 11)(1.01 of the meter, gin· l'or Pen
dulum minus U. S. pendulum-meter-

/l 

At Geueva . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ ..... . -H18.i 
At Paris ... : ................................................. . -UH.:! 
At Berlin ........... _ ........ __ .. _ .... __ ...... _. __ ..... _ .. ___ . -lii.1 
At Kew ........................ _ .... _ ........................ . -174.0 
At Hoboken ........ _ ....... _ ... _ ... __ ... _ . _ .. __ . _ ... _ .. _ ..... . -1 H.i.1 

The i1~jnry the pendulum received between the Geneva obserTationi:; and tho:-;e at Pads. and 
the work necessary t-0 remedy this injury, iieeount for the great discrepancy het.wec11 tilt> leng·th 
at, Geneva aud that found elsewhere. Taking the remaiuing me:1sm·p:-;, however, tlwir di:-;<,rndam·e 
will he seAn to he far greater than can be accounted for b~- errori:; of ohservatiou, wliilc th<• pro
gressive character of this disagreement renders it unlikely that it ii; due to tht· g-n·a.tt>r tightues,; of 
the screws holding the knife-edges at. 01w place than at anotl.wr. It is no grt>att'l' tha11 rna~ lie 
probably ascribed to accumulations of oxide, &c., nuder the hearing imrface:,; of the kni\·~""· The 
comparis-0ns in detail are giveu in the following tables: 



 

308 REPORT OF THE SUPERINTENDENT OF 

UNITED STATES COAST SURVEY.-PENDULUM AT GENEVA.-LENGTH. 

[Heavy end up is corrected by +11' .0 to~bring)t to heavy end down.] 

I>ate. ABOVI<~. BELOW. 

-----, P-:5t. 1- P-St. 

Pend. longer CORKECTlON. 

than stand. ------;---Heavy end 
(d.)<lown, 
or (n.) up. Stand. Pend. , 

1 
Stand. [ Pend. j 1 uncorrectf'd. Abo,~e.: Bt>low. 

Co1rectt-d 
lP.ngth. 

Sept. 5 d. 2'266 
d, 2219 

u. 2195 

n. 2185 

: Sept. 6 u. 
u. 
d, 

d. 

2250 

2190 

2190 

2184 

!Gel 

1007 

1675 

1687 

16!l4 

16901 i 

1657 

1687! 

Sept. 7 u. 

8 u. 

2253 1677 I 

2"..39 ' 1657l 

Sept .. 9 d. 2257 

d. 2220 

u. 2210 

u. 2199 

8opt.13 u. 
u. 
d. 

d. 

2084 

2036 

2040 

2072 

Sept. 14 u. 2149 

n. 2113 

d. 2101 

d. 2089 

! Sept.15 tL 2137 
11. 2119 

u. 21H 

11. 2113 

, Sept. !611. 2140 

d. 2121 

u. ' 2122 

u. 2094 

1730 

17~3 

1691 

1707 

1234§ ' 

1224 
12581 ; 

1283 

1248 

1263 

125.3 

1257 

1275 
1278 

1276 

12fl5 

1273i 

126i)i : 

1260t 

1263t i 

-605 

-542 

-li20 

-498 

2101 

2120 

2117 

2130 

-556 2122 

-499l : 2131 

-538 2121 
I 

-496! : 2126 

-576 i 2134 

-5811! i 2152 

-527 

-500 

-li19 

-492 

2146 

2170 

2298 

2317 

-849t I 17os 

-812 : 1703 

-781! : 1725 

-789 1762 

-901 1752 

-850 1733 

-848 1732 

-832 1747 

-862 1739 

-841 1742 

-838 1738 

-848 1750 

-1366! i 1733 
-855! ' 1742 

-861/r 1742 

-830! 1737 

3473 +1372 

3599 + 1479 

3591! ' ., 14741 

3628 -1498 

3595 

3621 

3552 

3602} 

359,~ 

3588! 

+u1:i 
..,-1490 

+1431 
..,-1476! ; 

+146l!r I 

-i-1436!' 

3581 --t-1435 

36'73 -i-1503 

3748 -i-1450 

:l!llt;t ' +1499! i 

2865! ' + 1157 i 
2877 -i-1174 

2894! +116Ql 
2915 +irn:J 

2812 

2900 
2812 

2891 

2830 

2887 

2830 

2898 

285:.Ji 
2882i 

28531 
2913i 

+1060 

+1167 
+1080 

+1144 

+1091 

+1145 
+1092 

+1148 

+11201 

+ll40} 

+1111! 
+n76t 

Mean ................................ ··············~············ 

-1977 -2 
-~0~1 -1 

-19'.l4t -I 

-1996 -1 

-202!l -1 

--198!11 -I 

-1969 -I 

-1973 -1 

-203H -1 

-2018 -1 

-1962 -1 
-2003 -1 

-1969 -1 

-1992 -1 

-W07 -2 
-19116 -2 
-1951 -2 
-1942 -2 

-1961 -2 

-2017 I -2 

-19'!8 -2 

-1976 -2 

-1953 -2 

-1986 -2 

-1930 -2 

-1996 -2 

-1987 -2 

-1996 i -2 

-1973 ' -2 

-2007 -2 

+7 
+7! 

-1-7 
+1 

+1 
+8 

+7 
+7 

,,. 
-198. 6 
-~02. g 

-199. 3 

-199. 4 

-202. 7 

-198, ~ 

-197. 7 

-198.1 

-203. 6 

-201. 6 

-197. 0 

-201. 2 

-196. 7 

-199. 0 I 

-200. 5 

-198.4 

-195.9 

-195. 0 

+s -195.8 

+6 -201.5 

+s -193. s 
+6 -198, 4 

+:. i -196. 0 

+6 -199.4 

+5 -192. 7 
+6 -199. 4 

+o -100. 5 

+6 -200. 4 

+o -197.1 

+s -200. s 
-198. 7 



 

THE UNITED STATES COAST SURVEY. 

UNITED STATES COAST SURVEY.-PENDULUM AT PARIS.-LENGTH. 

[Heavy end up is corrected liy +1" .0 to bring it. to heavy end down.] 

Date. ABOV.K. BEi.OW. CORRECTION. 

j Heavy end I ! p _ St. 
i (<\.) du"ll, I 

P-St. 
1 Pend. longer 

than stand. 

/ a.nd (u.) up.: Stand. ; l'end. ! 

I 
1876. I 

.ran. 25 n. : 2373 

u. 2378 

I 

d. 2356 

d. 2367 

1467 

1479 

1426 

1461 

Jan. 26 u. ; 2417 1451 
U. 2370 I 1445 
d. 2376 1437 

d. 2372 1459 

Jan. 28 d. 

<l. 
u. ' 

i Jan. 29 u. 
! u. 

2400 

236:J 

2374 

2382 

2362 

1473 

1456 

1428 

1433 
1401 

Feb. 2 u.
1 

2-093 ! 1792 

u. 2112 1832 
' d. 2132 1836 

Feb. 3 d. 2148 

Feh 4 d. 2144 

d. 2141 

u. 2140 

u. 2136 

Feb. 9 d. 2143 

d. 2153 

u. 2139 

u. 2138 

Feb. au. 2130 
u. 2135 

d. 2336 
d. 2377 

Feh. 21 d. 2405 
d. 2399 

u. 2388 
u. 2403 

Feb. 22 u. 2397 
u. 2383 

d. 2361 

d. 239' 

1837 

1855 

1854 

1839 

1847 

1844 

1832 

1844 

1859 

1883 
1868 

1570 

1592 

1604 

1003 

1586 
1006 

1593 
1587 
1591 

1597 

: Stand. Pend. 1 Wll'orrectt\d. I .Above. , Below. 

-906 ' 1"41 
-s99 I 1as~ 
-930 1550 

-906 1536 

-966 

-925 

-939 

-913 

-927 

-907 

-946 

-949 

-961 

1558 

1"47 

15"4 

1547 

1564 

1546 

1547 

1554 

1539 

2444 

2413 

2365 

2400 

2392 
2402 

2393 

2414 

2406 

2391 

2387 

2390 

2405 

+ ooa 
+ 861 
-i 81.'.) 

+ 864 

+ 834 

+ 85& 

+ 839 

+ 867 

+ 842 

+ 845 

+ 84() ! 

+B36 

+866 
Cha.uge of knift~~edges. 

-301 

-280 

-296 

-311 

-289 

-287 

-301 

-289 

-299 

-321 

-295 

-279 

-247 
-257 

-760 
-785 

-801 
-796 
-802 
-711'1 

-804 
-796 

-770 
-797 

1283 

1278 

1291 

1279 

1280 

1274 

1281 

1280 

2815 

2797 

2779 

2787 

2812 

2796 

2812 

2792 

+1532 ! 
+1519 

+uss ' 

-i-1508 

+10.l2 

+1522 

+1531 

+1512 

Change uf knife-edges. 

1268 
1275 

i2n 

1273 

1272 

1274 

1523 
1537 

2817 +1M9 

2801 l +1526 

2813 +1Ml 

2826 +1553 

2883 

2826 

2523 
2536 

+1611 
+1552 

+1000 

+999 
Change of knife-edges. 

1542 

1531 
1541 
1542 

1545 

1545 

1544 

1544 

2550 

2558 

2544 
2559 

2605 

2547 

2517 
2527 

+loos l 
+1021 
+10-03 

+1017 

+1000 

+1002 

+ 973 

+ 983 

-1809 
-1760 

-1745 
-1766 

-1800 

-1780 

-1778 

-1780 

-1769 

-175i 

-1786 

-1785 

-1827 

-1833 

-179\1 

-1784 

-1819 

-1/f.ll 

-1809 

-1832 

-1801 

-1848 

-1847 

-1836 

-1832 

-1858 
-1809 

-1766 
-1784 

-1809 

-1823 

-1805 

-1814 

-1864 
-1798 

-1743 
-1780 

-3 

-3 
-8 
-3 

-3 
-3 
-3 
-3 

-3 

-3 
-3 

-3 
-3 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-2 
-2 

-2 
-2 
-2 
-2 

-2 

-2 

-2 

-l-4 

+s 
+a 
+a 

+3 
+3 

+a 
+a 

Corrected 
len~h. 

----
,,. 

-180.6 

-175. 6 
-175.1 

-176. 6 

-179. 6 

-177. 6 

-178.4 
-178.6 

-177.5 

-175. 8 

-178. 2 

-178.1 
-182.3 

-183. 0 

-179.6 

-179.1 

-182. 6 

-182. 8 

-181. 6 

-182. 9 

-179. 8 

-185. 5 
-185. 4 

-1~.3 ! 

-182. 9 

-18fi.5 

-180. 6 

-177. 2 

-·179. 0 

-181.5 

-182.9 

-180.1 

-181.0 

-186.0 
-179. 4 

-174. 9 

-178.6 

Mean....................................................................................... -180.3 

Corrected for compreaaion of at&ndard . _ ................................................ - . . -181. 2 
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310 REPORT OF THE SUPERINTENDENT OF 

UNITED STATES COAST SURVEY.-PENDULTTM AT BERLIN.-LENGTH. 

[Hea:vr end up corrected by +1" .0 to bring it to heavy end down.] 

ABOVE. 

Date. ; -- ------i P - Rt. 
! Stand. · Pernl. 

-----i 

1876. 
Apr·_ 19 d_ 2293 

Apr. 20 d. 2247 
d. 2258 

u. 2245 

u. 2275 

Apr. 24 d. 2259 
d. 2248 

u. 2239 

1862 

1869 

1869 

1931 

1897 

1879 

1879 

1878 

-431 

-378 

-389 
-314 
-378 

-380 

-369 

-361 

llELOW. 
', 

------~: 

Stand. Pend. 

1179 

1174 

1180 

1180 

1165 

1167 

1159 

2490 

2473 

2526 

252'l 

2491 

2496 

2518 

-; 
: Pend. !anger CORRECTION. 

uncorrected. .Above. Belo'\\. 
1

1 

Corrected 
length. p - St. ' than stand. I 

---- ------1-----
i 

+1312 -1743 0 +5 I 

+1311 

+1299 ! 

+1346 

+1342 

+1326 

+1329 

+1359 

-1689 

-1688 

-1660 

-1720 

-1706 

-1698 

-1720 

0 

0 

0 

0 

0 

0 

{) 

+5 
+5 
-.-5 

" -174. 8 

-169. 4 

-169. 3 

-165. 5 

-171. 5 

-171.1 

170. 3 

-171.5 

Apr. 25 d. 2257 
d. 2257 

1877 

1895 

1853 

1878 

-aw 
-362 

1161 2595 ' +1434 

1159 ' 2558 +1399 

-1814 

-1761 

rej. 

0 
0 

0 

-176. 7 

u. 2224 

u. 2245 

Apr. 26 d. 2257 

d. 2257 
u. 2236 
u. 2244 

1881 

1881 

1872 

1884 

Apr. 28 u. 
u. 
d_ 

d. 

2'.!00 188"! 

2270 1872 

2276 i 1890 

2270 1895 

: ,\pr. 29 u. 2242 
u. 2226 
d. 2227 
d. 2".!47 

Apr. 30 u. 2248 

u. 2257 

d. ~'233 

d. 2258 

: May 2 u. 2272 

u. 2269 

May 3 d. 2262 

1870 

1872 

1882 

1889 

1865 

1865 

1832 

1869 

1915 

1914 

1872 

-371 

-367 

-376 

-376 

-364 
-360 

-384 

-3911 

,-386 
-375 

1157 

1162 

1161 

1163 

1164 

1165 

1163 

1160 

1162 

1167 

-372 1157 

-354 ' 1156 
-345 1156 

-358 i 1153 

-383 

-392 

-401 

-389 

-357 

-355 

-390 

1157 

1156 

1146 

1159 

1151 

ll50 

1152 

2540 

2543 

25.52 

2538 

2550 

2560 

2562 ! 

2534 

2567 

2568 

2593 

2577 
2545 

2558 

2608 

2592 

2533 

2551 

2646 

2593 

2603 

+1383 

+1381 ' 

+1391 

+1375 

+1386 

+1395 

+1399 

+1374 

+1405 
+1401 

+l436 

+1421 

+1389 

+1405 

+1451 

+1436 

+1387 

+1392 

+1495 

+1443 

+1451 

-175! 

-1748 

-1767 

-1751 
-1749 
-1755 ! 

-1783 

-1772 

-1791 

-1776 

-1808 

-1775 

-1734 

-1763 

-1834 

-1828 

-1788 

-1781 

-1852 

-1788 

-1841 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+6 

+5 

+6 

+6 

-175.0 

-174. 4 

-177.3 

-175.6 
-174.5 

-175.1 

-177.9 

-176.7 

-179.7 

-178.2 

+6 i -180.4 

j-6 -177. l 

+6 -174. 0 

+s -176.9 

+6 

+6 

+6 
+6 

+6 

+6 

+s 

-183. 0 

-182.4 

-179. 4 

-17a7 

-184. 8 

-178.4 

-184. 7 

Mea.n ........... ....................................... __ .............................................. . -176. l 

Corrected for oompression of stand .................. . -177. l 

----------------· 



 

THE UNITED ST.A.TES CO.A.ST SURVEY. 

l'NITED STATES COAST SlTRVEY.-PENDULUM AT KEW. 

[Four observations in parentheses rejected on account of temperature. 
Heavy end up corr<•cted l>y +I" .O to reduce to heavy end down. 

311 

All observations on mean of 9997th, !1998th, and 9999th lines correctetl h~· -:WOIL.4 to reduee to mean of 9!J<.J<.Jth, 
10000th, and lOOOlst.] 

--
I 

AHOV&. J:IELOW. Pend. longer CORRECTION. 
I Concdcd 

Date. 
i Stand. )-Pend. 

P-St. P-St,_ than st,and 

: .A.hO'\'e.) Below. 
length. 

St,and. Pend. UilC'OITected. 

, _________ :--1-- -----

1876. µ. 

Jmic 29 d. : (1936 2299 +363 10-03 3124 +2121 -17118 -1 +7 -176. 6) 
30 <!.I 1950 ····-············ ·-············ ··--·-··-· ·--·-······· 

d_ 1924 2204 +2AA 1012 3016 +2004 -1724 -1 +7 -173. 3 

d- ]597 1609 + 12 2684 2426 - 258 + 270 0 -1 -173.3 

d. 1605 1612 + 7 2672 2405 - 267 + 274 -1 -172. 9 

; Jul,\' 6u. 1868 2697 +829 2733 3299 +566 + 263 -:2 +2 -173. l 
I u. 1781 1635 -145 2666 2246 - 420 + 274 -1 -171. !~ 

: July 611. 1510 16.52 +142 I 2370 2239 - 131 I + 273 -172.1 

u. 1481 1631 +ir>-0 2360 2245 - 115 + 26.'i -172. 9 

I 

July 10. --1 (1580 1669 + 89 2448 2337 - 111 + 200 -180. 4) 

10 .•. (1536 1602 + 66 2442 2294 - 148 + 214 - 1 -178. 9) 

11. --! (1515 1616 +101 2434 2307 - 127 + 22~ --177. 6) 

- -----1 1476 1601 +125 2434 2291 - 143 + 268 u - l -173. 5 

............ 1 1492 1624 +1a2 2435 2300 - 135 + 267 0 0 -173. 7 

Mean .................... ···---·-····· ·------·-··· -173. 0 

Corrected for comj>ression of stand ··········-···· ···········-·--····· -174. 0 

-- - --~--- - -- ---- -- --- - ------------ - - ----·- -----·--



 

312 REPORT OF THE SUPERINTENDENT OF 

UNITED STATES COAST SURYEY.-PENDULlJM AT HOBOKEN.-LENGTH. 

----:~~-. ---·- --------~:o~~---~-IPend. 1o:i-;·1 ____ l _____ ·-
P-St. :---,---' P-St. ' erthan , Cor. !Corrected 

' I ' ;.staud. un-: below_ length. 
Stand, Pend. 

1 

! Stand. i Pend. corrected. , 
Date. Obs. , ______ _ 

1876. 
April11 

11 
P. 
P. 

11 P. 
12 i s. 
12 I S. 

12 I S. 
13 ' s. 
13 s. 
13 

14 

14 

14 

16 

s_ 
s. 
s. 
s. 
s. 

16 ' s. 
16 

16 

16 

s. 
s. 
s. 

17 S. 

17 ' s. 
2:l, S. 

23 ' s. 
23 : P. 

23 P. 
23 ' P. 
24 P. 
24' P. 

24 P. 
24, P. 

24 P. 

2;1 r. 
24 

24 

p_ 

r. 
24 ~ Jl. 

24: P. 
i May 25 P. 

25 1•. 
' P. 25 

25 P. 
2;; · r. 

26 

26 

26 

26 

27 

27 

p_ 

s. 
s. 
r. 
P. 
l'. 
l'. 

28 P. 

' June 16 ' P. 
16: P. 

16 : s. 

--:-~--:-1-: 

2021 ' 2511 +400 ; 2116 1 2207 ' + 91 

1985 2152 +167 2072 ' 1884 -187 

2002 1' 1888 
2015 I 1831 
2001 1834 

1997 

1975 

2011 

2014 

1980 

2004 
199.:1 

2004 

1993 

1995 

2028 

201~ 

2020 

2021 

2033 

2029 
202{1 

2035 

2042 

269.5 

2689 

202:! 

2021 

1959 

1956 

1961 

1785 

1829 

2142 

2173 

2133 

2104 

2170 

2159 

2129 

2156 

215-0 

~ll8 

2217 

2207 

2213 

2222 
2217 

2207 

2013 

2017 

2634 
2646 
1970 

1965 

1850 

1857 

1855 

2059 

2091 

1865 2140 

2524 I 2814 

252.1 2811 

1861 2134 

2081 

2083 

2049 

2060 

2065 

2058 

1937 

1907 

1911 

l8ll4 

18a3 
1877 

2351 
1252 

1968 

1D55 

+145 

+198 

+132 
+119 

+124 

+166 

2057 

2062 

2067 
+164 I 2074 

t125 2052 

+l63 

+155 

+mo 
+199 

+187 
+192 
+189 

+188 

+ns 
- 22 

- 25 

- 61 

- 4.1 

- 5,q 

- 56 
-109 

- 99 
-106 

-174 

-244 
-227 
-246 

-224 

-2'J9 

-23.) 

-237 

-243 

-247 

-l!l;"i 

-198 

-193 

-201 

-182 

-19'Z 

-175 

-426 
-427 

-433 

-429 

-423 

-406 

-463 

-435 

-441 

- 68 
- 62 

- 66 

- 70 

- 27 

- 57 

+a1 
+ 57 

+ 66 

+5-0 
--;-- 61 i 

+ 42 

+ 58 

+ss 
+ 59 i 

+ 61 

- 56 

- 51 

-459 
- « 

16 ' S- I 1Q56 

2431 

2452 

2444 

2445 

2457 

2451 

2302 

2288 

2280 

2267 

2147 

2143 

2182 

1526 

25-01 

2529 ' 

2511 

+274 

+262 

+275 

+200 
+288 
+273 
+3fl(} 

+360 

+395 

+385 

+302 

+393 

+360 

+381 

+378 

+asa 
+259 

+26e 
-169 

+274 

+533 

+r.74 

+554 

2053 

2060 
2077 

2071 

2070 

2067 

2081 

2084 

2073 

2034 

2640 

2750 

2755 

2037 

2010 

1969 

1115 
1981 

2121 

2133 

2135 

2855 

2829 

2143 

1649 
1651 

1636 

1648 
1639 

1648 

1479 

1483 

1551 

1539 

1964 
195.~ 

2412 

1532 

2238 

2231 

2230 

1811 

1818 

1838 

1839 

1815 

1810 

1813 

1882 

1873 

1877 

1866 
1899 

1802 

1898 ' 

1608 

1613 

2317 

2326 

1614 

1604 

1506 

1540 

1540 

2053 

2071 

2069 

2785 I 

2802 

2086 

1700 : 

1709 

1702 

1698 

1700 

1690 

1537 

1541 

1402 

1478 

1908 

1902 

1953 

U88 

2467 
2454 
2'51 

+229 

+223 

+221 

j3ID 

+442 
+359 

+365 

+368 

+395 

+399 
+362 

+406 

+402 
+ass 
+397 

+380 
+393 

+371 

+380 

+aaa 

+4-04 ' 
+402 

+372 

+386 
+370 

+350 

+354 
-j336 

+3.15 
+342 

+324 

+341 
+369 

+315 

+no 
+299 
+311 

+329 

+335 

+331 

+351 
+307 

+32"J 

+319 

+322 

+315 

+a11 

+200 
+318 

+304 
+351 

+333 
Mean-----·-- .... -- ................ -.. -... -.--- .................. --· .. ··-·- .. 
Corrootion redncing to m""'1 of 91!99th, 1ooooth, and lOOOlst lines of pendn-

lnm-meter- - -· ·--·- __ .. , ...................... _ -·--- - .... - ·------. - - ....... . 

Length of pendulnm -·--. ------ - ------· --·-- - -.. · .. -- .. ··-----· ........ - - - . 

0 

0 

0 

+1 

+l 
+1 

+1 

+1 

+1 
+1 

H 
0 

0 

0 

+1 
0 

0 

0 

+1 

+1 
+1 

+1 

+1 

+1 
+1 
+1 
+1 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

+l 
0 

-1 
-1 

-1 

/L 
+40,5 

-\-35. 4 

+31.9 

+44.1 I 

+35.8 i 

+36. 4 ! 

+36. 7 

-j-39.4 

+39.8 

+a6.1 
+40,5 

+40.l 

+aR.5 

+39. 7 

+38, 0 

+39. 2 
-j-37.1 

+38. 0 

+35.3 

+40.3 

+40.1 

+n 1 

+a8.5 

+36. 9 

+34. 9 
+35.3 

+33.5 

+33-4 

+34.2 

+32_4 

+34.1 

+36.9 

+31.5 
+a3.o 

+29.9 

+31.1 

+32.0 

-j-33.5 
+33_ l 

+35.1 ! 

+ao_7 
+32.3 
+31.11 

+32. 2 

+31.5 

+31.7 

+28.9 

+31.ll 

+30.5 
+35.2 

+33.4 ! 

+35.3 

-200.4 
------

-165.1 
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CONCLUDED LENGTH OF THE l'ENDCLtrn. 

'l'he indirect comparisons of the l~. S. pt'tHlulnru·meter with the German mete1· So. 49 give the 
following· result, wheu reduced to 15'.J C.: 

U. S. meter - Germ·an pendulum-meter ....... _ .. . 
Gerrnan pendulum-meter - So. 1605 ............ . 
No. Hi05 - No. 49 . . . . . . . ........... _ ....•...... 

l7. S. meter - No. 49 ... 
Direct comparii:mn, F. S. meter - No. 49 . . . . . . . . . . . . . . . . . . ........ . 

p. 

+131.6 
-103.1 

40.i 

12.2 
20.0 

The mean of these rnlue8, or -16µ.1, is taken, the likelihood of error of the two methods being 
e8timated a,; equal. Tl1e had temperature conditious at N t>w York lrnve prevented a more accurate 
determination of this quantity; but a new determination will he undertaken at the first oppor
tunity. 

But we ha Ye, for 100 C.: 
µ 

No. 4\1 - 1\I = + 277.2, hence 
G. S. pendulum-meter - 1\1 = + 261.1 

The length of the pendulum at the different stations is, therefore, as follows: 

Geneva . . . . . . . . . . . . . . . . . . . . . . . . .............................. . 
Paris .. - - .... . 
Berlin .... . 
Kew. . ........ . 
Hoboken ................... . 

CENTEii OF MA.St>. 

cm. 
100.00624 
100.00799 
100.00840 
100.00871 
100.00960 

The qua11t,ity hd - '1 11 , or twice tht• diRUmct• of the center of lfHl1'S of tbe peudulum from tlw 
ce11ter of figure, was obsen·ed at the heginning and end of each i:;eriei:; of experiments, and al>lo 
hefore Gud after each transposition of knife-edges. Tht> apparatui,;1 method of observing, etc., hani 
been elsewhere de8cribed.• Comparison;.; at tlie F. 8. Office of "\Yeight1' and T\It>a1;11re8 show that 
the 39 centimeters on the staff of tl:w bala11ce, from 17 to 56, are 0.14 mm too long. 'J'hii:; corre('tiou 
applied, we obtain for hd - hu, 

mn. 
At Geneva .. _ . . . .. _ ... _ ... _ . .. .. . . . .. . . _ .... _ . .. . . . .. . . .. . . .. . . 39.284 
At other stations .... _ ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . .......... - :m.2H2 

These are the valuer; u8e1l. The separate olt,;ervatioui:; are sl10wn i11 thP following talile: 

;i. The itlea of <let.f'rminin~ tlu~ centier of mass of a I't'Vt.·1-siblt· pe11tluhnu, instead of 1uovlng- a \n·ight upou it! 

hel011gH exdusively to Bes~.,l. 

8. Ex. 37--40 
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UNITED STATES COAST SURVEY.-CENTER OF :MASS OF REVERSIBLE PENDULVM. 

GENEVA. 

HEAVY ENV. LIC111T &NH. 

:Date. 

Knife at 
heavy end 
and direc ·u 1 }~irma.. 

ofmarked ; -~ading / ~adin;: ;~:u~~ Reading 
I Concluded. 

/w .- hu i Ii,;·· ho 

___ J __ _ 
t'Itds. 

1875. 
: Sept. 2 1 forward_ Up···--

Down ... 

Sept. 2 2 forward. Up ..... 

Down 

:inmi~dle.1~end. linmiddle. at end. ---~ __ _ 

17068 I 01032 : 56037 00706 16036 55!131 
17069 01028! 50038 00701 1604;)! 55337 

16086 I 00049! , 50039 00706i 160361 55332! , 

16086 00053! : 50037 00704! 16032i 553321 

I 
39295 Ii~ 
39297 5 

39'296 

3930-0 

Sept. 3 2 forward . Up . . . . 16087 00046 

00045t 

56036 

56037 

00701! 

00700! 

16031 

16042! 

55334t 39303f 

Down... 16008 

Sepj. 9 ' 1 forwanl. Up . . . . . 16040 
'Dowu... 16040 

Sept. 17 2 forward . Up . • . . . 16046 00001 

Down ... ' 16045 i 00002! 

50035 

5wa4 

560"28 

56027 

00695 

tl069H 

00689 

00688! 

1603!)! 

160381 

16045 

160421 

55336' : 39294 

55340 

55339t 

55339 

55338t 

39300! 
3930] 

39294 

39296 

Mean at Geneva ................................................. ....... . ···········-······--·····,l 

39296 

39298 

39299 

39301 

39295 

39298 

lietwt:en Gt:utrva aud Paris observations, t)1('l pendulum was bent and strai~htened. and the knife-edges were made 
parallel &ml ground. 

PARIS. 
- ---------,~---,: ~~·-·-

Jan. 29 ,i 1 forward 

Up . .. . . 17024 

Down ... --······· 

Up-···· 
Down .. 

17023 ' 
17023 

Jan. 29 I 2 forWat'd rp ---·· 17017 

Jc"'eb. fi 2 forward 

}-.eh. i 1 back 
i 

! Jreb. 14 l ba.ck 

Feb. 14 2 back. 

: Fob. 24 2 back. 

Down .......... . 

L"p ..•.. 
Down ... 

Up .... 

Down 

17018 

17017 

17014- I 

Up . •••. 17016 

Down ........ . 

r'p - .... 170-03 
Do'\\'Jl __ _ 

Up ..... 1 17003 

009771 

00973! 

00975 

00971 

00959t 

00961 

00060 

0-0960 

009611 : 

00960 

009471 
00946 

00943 

00947 

50051 

56011 

56012 

50052 

56050 

56050 

56055 

0-06921 
0069!! 

00656 

006541 

00650 

00651 

00694 
0()692j 

00696! 
00696 

00689 

0-068fii 

00694 

006941-

16046' 

16050/r 

16048 

16052 

160571 
16056 

16058 
16060 

16054 

16054 

16054.t 
16056 

1601\5! 
16057 

lll060 

16056 

55358! 

55358 

55355 

55356! 

5536'! 

55361 

55360 

55361! 

55361 

55364-t 

f!5361 

55361)f 

39312 ' } 
3~3071 

39'&07 ' ~ 
393041 ) 

39'J02 

3!Y.101} 

3!Y.«lli 

39302 

39312 

393071 

39305! 

39307! 

39301 } 
393041 : 

Mean at Paris.----··._ ... ···--.·---· ............. _ .. -· .. -- ... ____ .......................... . 

39310 

39306 

39302 

39302 

39310 

39303 

39300 
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CENTER OF MASS OP.REVERSIBLE PE~IHJLUM-Continnetl . .._ 

BERLIN 

HkAVY EN1). LIGHT ENI>. 

Diite. Firrnu. 

I 

1 
Kniff>.at 

'heaYy end 
and dire<'t'n 
of mark~<l 

end8. 

Re,ading Reading Re.a.ding Re.ading 
in middle. at. end. iu middle. at end. 

, __ _ 
I 1s16. 

Apt. 21 Up . 
])own .. 

17019 

A.pr. 24 1 forwarfl Up-···· 17019 
])owu. 

.Apr. 27 2 forward. L'p ..... 
])own 

i Ap1·. 27 ~ ba('.k _ 13p _ 

llown 

May a ............ Vp .. .. 
Down. 

June 3 I hack .... Up 

Down 

June 3 2 back .... Up ..... 
Down 

Mean at Berliu 

17009 

17009 

16900 

16996 ' 

17014 

·-

t:p ..... f 17014 
))own ... 

1 

........ . 

1876. 
June 30 ~ ......... . 

July 6 2 •••. 

Jul~- 6' 1 ..... . 

rp .... . 11004 

l>own 

Fp . 
})own 

170(t4 

00962 

00960 

00960 

00959 

00947i 

00946* 

00931 

009'.J4!! 

00929! 
009310 

00951 

00951 

00938\ 

00940. 

009441 : 
(){IQ.16 

56054 

56030 

50040 

56008 

56040 

KEW. 

56045 

006790 ' 
00681 ' 

00658!; 

006-~9 

006()7! 

0065:J 

I 

00671 

00671! ' 

00672 

00670 

00670 

00683 

006881 
00700 

16057 

16059 

16059 

16060 

1606'i 

16063. 

1606111 

16062!! 

16066~ 

160641! 

160751 

160730 

1605911 

16058 

1605911 

1601\I 

July 11 rp ..... 16ooa 00930 56056 0069"2!; 16063 
: Uown 0092~. i ........ .. 00691 : 160660" 

553U. 

55."l73 

55.16ilt 

55369 

553720 

5.5:l7i 

55372 

55371!: 

i 

55369 I 

55368i ! 

5.-5368 

55370 

55374 

55361 

55363!: 
5."365 

I I 

I Condudoo.1 
h .. -1 ... I ''"-b,, I 

39317!; 1-i-- \ 
:!9316 

39314 I 
:1: \l 39310 I 

l i 
39310!: } .': 39312 
39313! 

39310!: 

39309 

39304 'l 
39297 I 

39302!; j} 
:~9304 

311.105 I} 
39307 

I 

39315 it 
39317!: 15 

39309 l 
39306 I 

I 
39310 I 

39300! I 

39303 

39396 

39308 . I 

I 

39'193 

:l9arn 

39307!: 

39300!: It 
39'.!98t I 5 a9299; 

M68.D.atKBw .... •• •••••• ...... ••• ........ .. . . • ........ ....... ..... .. . ' 393{).l 
--=~~-~-=i_ ____ _ 

HOBOKEN. 

1877. -
.Apr. 8 2 forward . Up 16995 I 00033 56054 00687 16062 55367 39305 

39300 
Down 0092fl 00693 ' 16066 55361 39'l9f> 

Jane 17 2 forward. Up ..... 170!\4 00989 56050 00678 16065 55372 39'J07 
39305 

Down_ 00985 00678 16069 55372 39303 

1878. 
y,.y 6 1 forward. Up 17046 . 01003 I 56046 00686 1~3 55360 39317 

391ll3 
Down. 00995 1 ......... 00685 16051 55361 39310 

:MMn at Hoboken ...................................... ·······-············· ........ -·-······ 39300 

315 
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PERI01)8 OF 08CIJ,LATION AND v4LFE8 OF GRAVITY. 

Tlie pl'mlnlnrn was swung in H ohokm1 in variou1> way1>, t.o wit: 
1. Thf' regular ;,:et was made on the Geut>Ya support with the lwlls off. This "et ca1111ot he 

eomparl'd with others 011 the Uepsold support, if the reductions bP made ou the pri1wipk of the 
reYeri'iihlc' pe)l(lulnrn, owing fo the difiereut wa~·s in which the knivei:; rest on the two support::;. 
Tlw f'.omparison may, howeYer, be made ou the principle of the i11n1riahle pendulum, so as to 
eliminate this ettect. 

~. Sets of experiments were made at Yarious 11ressures 011 the GeneYa support with the hells 011. 
The kuifl•-edges 11ot having- been intt'rchanged, tlwsc are Rtrictly only comparable among themselves. 

:~. Half a regular set waR made on the Geneva support with the hcllH 011 at ahont ;35o C. 
Thne were a few additional experiments at this temperature with heavy entl up at diffemnt 
presfmre8. 

4. The pendulum was Rw1111g- 011 the Hf'pt;old support anrl a]Ho Oil a very stiff support haviug 
the hea1l of the Repsold support as a part of it (so a,s to han' tht> ;;arne hearing oil the lmiY\~::;). 
The o~ject of these experiments wai;; to fleterrni11e the t>ffect of flexure of the support. 

A conspectus of all these ex1wrimentR is given in the follmYing table: 

l'lwiod11 of o.~dllation <~f the penrlulmn at Hoboken,: reduced to onr absolute atmo.~pheri• and to J;)O c., 
anil to ralues on ri,qid .rnpport ll'ithout bell.~ or eylindel'. 

Ht"'avy t~nd tlovni. HPaYr end 1111. 

No. No. 
Pn•s:-:.- T•·wp. Ko. thousand 1'1·ess- Temp. Nn. tlwnsan<l 

111'1'. ('. Td da~'M. oscillalfons. ur~. c. T., day/'3. osdllationi-;. 

0-" GENEVA ~FPPOllT. 

With bell• 011.-Rer11ilar 8Cf to <lcfln11ine grt11'il!l.-Ji.11i1·eH i11faclw11y1'<l. 

i11. x. in. ·'· :m 20 1.006344 8 42 ~)0 '..!O i.ooti5:n 8 18 
With bell• 011.-Ar hif/h temperaftlt't''-f. 

iu. x. -in. c 8. 

:m 3.') 1.006346 4 22 ;~o 35 1.006..544 4 rn { Knives inter-

30 34 1.006530 :.! 
cliangrd. 

Ii 
')] ;)8 1.00653:) 5 ~Knife No. l. ~. 

1-1 34 1.006521 1 2 4 

With l1ellB 011.-At 1'!1rio11.< p.-exx111"ex.-h:rdfe Xo. 1 al haug rnd. 

in. 8. in. c x. 

30 18 1.006349 :~ 16 30 10 1.00653!1 :~ rn 
29 11 l.0065GO 2 7 
27 10 1.00(;537 1 '* 22~ 11 1. OOG.'J.rn ~ 

1.) 18 1.()06337 2 20 15 10 1.00654;") l :~ 

7t 10 1.00().')33 2 10 
5 20 1.()06336 1 15 
lt 20 1.006342 1 21 

1 10 1.006524 1 11 
a 9 1.006530 4 53 4 

.L 9 1.006532 4 73 10 

ON REPSOLD SUPPORT. 

One day, kn\fc Na. 1 at heat'Y 1md; two daye at light 011d. 

ht. () 8. in. G 8. 

30 14 l.006..'l5.5 3 4 30 14 1.00651() 3 4 . 
ON STIFFEST SUPPORT. 

Knife No. 1 at light Mui. 

in. 8. in. c. 8. 

30 14 1.006366 1 2 30 15 1.006544 1 2 
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The reductions in the above table have been made with the a. prfori conKtauti; of atmoi;11herfr 
effoct, and with the coefficient of expaul"ion, lKl'.31'\ per degree Centigrade. A con(•ctim1 of 
+ rn x 10 for inequality of knives has been applit>d to the three last results with heaxy end up at 
high trmrwratures. 

The agreement of tl1e seYeral experime11ts of the regular set is shown 11;y tlw fullowiug tabl(' 
of the observed. periods (uncorrected for the effect of the cylinders and of flexure): 

Hoboken.-Regular 1;et. 

Ohs. T,, Ohs. Tu 
.~. 8. 

l.006352 1.006559 
3'°'') ·>- f)()(J 

:161 ii46 
360 ii.58 
;),58 r.44 
350 fl3!l 
363 ;;51 
:3.5() 534 

Mean . -- .. 1.0063.')7 1.006541;; 

The agreement of the 1:1eYeral experiment:-1 of the half set at high te111peratnn»< i:s :shown iii 
foe following table: 

Hoboken.-Ha{f" set at high tempera.ture.~. 

Ohs. T" . ~. 
1. 0065~);) 

fJ.!1 
53fi 
534 

ObH. T. • 

8. 

1.006709 
713 
708 
708 
706 
716 
708 
709 

It will lw :seen that th(• mean results of the experiments of the reg·ular set agret> as well as 
eould be expected with tho:se made at high temperatnre:s; •Nhi(l]J show:-1 both that the eoeftieient of 
expansion i;; corn•ct, and also that the corrndion for lwll·glas;;e;; i,.; liappil~- 11C1t iu erro1·. Further 
to 1•m11pare these two ~mts of experiments we may calculate the mean T2 which i;; w be used wh1"11 
the reduetion i1:1 made 011 the principle of the rm·ersible pendulum, and also the mean T2 whicl1 i1< 
to be used when the reduction i:,; rnad.e on the principle of the inv<ufable pendulum. De11oti11g tht• 
former by [T2 Hev.J and the latter lly [T2 Inv.] we hale algebraically 

The values will be 
[T' Im-.] [1" l{,n-.] 

s" ,,.2 

From reg11lar set .....•. _ ...... _ ........... _ .. _ ......... - 1.01284H 1.01:mo 
From i set at high temperatures .... _ .. _ ... __ . . . . . . . _ .. _ 1.012850 l.01:!3H!) 

Difterenee, in seconds, per d:ty . _ ..... _ ... _ . _ ..... _ . _ . __ .. 0'.3 o·.5 
\\Te may ne:i..1' examine the experiments at variou8 p1·essures. Their concordance with one 

another is very good ; but the reader will hardly desire to set> thP ;;i11gle experimeut:-1 set forth 
here; particularly as all the means are given in the tables at the eml of this paper. 'V"' may 
exhihit [T2 lnv.J and [T2 Rev.] for pairs of experiments under nearly the same pressure but in 
reversed positious. But these results can have no value in the determination of gravity; nor can 
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they lw expected to accord with those jrn;t obtained, for, not to speak of the non-interchange of 
k11ife-e1lges, the observations in the two posit.iom; were taken at intervals of months, under condi
tions ,·ery different in manJ respects, and were never intended to be nsed for obtaining gravit~·, 
lmt only to show the yariation of the period and decrement of arc "ith the pressure. 

From experiments at 30 iuches dowu and 30 inches up. __ . _ 
From experinwuti,; at 15 inc he" down and 15 inches up. __ . _ 
From experiments at 5 inches down and 7~ inches up. __ - _ 
From rxperiments at 11 inches down and 1 inch up. ___ ... 
From mean of experiments at 1 and ! inch down and experi-

[T' Inv.] [T" Rev.} 

l.012M5(s)Z l.01242i>(s)2 

1.012842 1.012376 
1.012832 1.012389 
1.012836 1.012424 

ments at 
1

4
0 

inch up._ .. _ .. _ .. _ . _ .. __ . __ . __ . _____ . _ 1.012841 1.012415 

The agreemeut is sufficieut to show that the coefficient of atmospheric pressure is well determined. 
\Ye pass now to the experiments on the Hepsold 1mpport and on the stiffest support. These 

were not very carefully made, being only intended to show that the effect of flexure was really 
what calculation had predicted. Upon these supports the knife-edge rested on steel instead of 
~.:-lass, and consequently the reduetious on the principle of the reversibls pendulum are not com
parable with re1mlts of experiments on the Geueva support until the slip shall have been measured 
on both stands. The reductions on the principle of the inYariable pendulum are, however, com-
parahle. 

From experiments on stifl:est support _ . _ - _____ _ 
From experiments on Repsold support._. __ . __ .. __ . 
From regular set ______ - - _ - - . - - - - - - - - - - . - - . - - - - - . 

J Repsold and stiffest support, in seconds, per day. 
.J RepBold support and regular set . __ . _ . ________ - -

[T'' Iuv.] 
l.012879(s)2 

1.012&35 
1.012846 

l'.0 
o•.6 

[T• Rev.] 

1.012512( 8 )2 

1.012514 

OS.1 

\Ye may now proceed to compare the results at the European stationH. First, the results of the 
single experiments at eacl1 station will be compared, with only such corrections aH vary from day 
to <lay. );ext, tlw valueR of [T2 lnv.J and [T2 HeY.] will be given for each station after correcting 
them for the wear of the edges so as to rmlucC' them to what they would have been for Paris, just 
after tlw knh·es had been ground. Lastly, we shall rn;e the determinations by the principle of the 
reversible pendulum of the absolute length of the seconds' pendulum (still uncorrected for slip) at 
each t'ltation, in combination with th<• det,erruinations of 1·elative gravity on the principle of the 
invariable pendulum, in order to find four independent values of the length of the secondH' pendu
lum at lc'ach statiou. These, being corrected for elevation, will be comparable with the results of 
other ex11erime11ts. The Hol.Jokeu experiments on the Geneva support cannot be used to deter
mine ['l't lfov. J m1til the slip has been ascerta.ined; those made at Hoboken, on the Repsold sup
port, must, therefore, be used in place of them for the present. 

Par-is.-Periods of oscillation. 

Heavy end down. Hea.-y end up. 

s. s. 
1.006051 1.006192 

048 210 
047 190 
0!8 195 
048 185 
052 185 
062 208 
053 213 

Mean. _____ •. - . l.00f:t051 1.006197 

The results on the last two days at Paris were afi:ected by excessive damp. 
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Cs rlcodetic .S'ravei· J'endul.z.un ai: Jloboken 

Cu1·ve show1j'.9' .Logart..thm.ic part 07 thf decrem.ent. of' tlu' 
a;m.plil-Udc of' osczllai:ion at d.rfT'erent. pressures, colizp,u;ed 
with the rorrnLLla~. _____ _ 

b = . 00] 3 I: + . 00.!i ~~ S 12 i T - ir 
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x ObservaJi.ons of' 18 7 7, Ji e. down -----~-~ 
0 up 
)I( 

~~-+-"\:--~+----.,.---~-~~-
18 7 8. hz:'fh ternpo·aL1.1rt:"s '.'8 

. 24• 

G I 29I 
--+--~----i---~---~--~--+---------~----+----'--'~ 

1, 

I 

~--t---+--
i ·- ----~---+ +- ---·-

' ----------

+· 
I 

I 
- +-

____ ! -- ~o! 

l-----+----+---+-----1--\--~----+------+---+-----1---~---+--"-'1~2~1 
I 

' i 
-l----' -'"-~ 

I 

' ' ' -t 



 

THE UNITED STATES COAST SURVEY. 

Berlin.-Pf't'iods of oscillation. 

Heavy end down. Ht>avy end up. 

s. s. 
1.005899 1.006052 

901 037 
89G 026 
890 036 
901 037 
896 034 
899 046 
895 034 

----
Mean .......... 1.005898 1.006038 

Kew.-l'eri-Ods of oscill.a,tion. 

Heavy end down. 

s. 
1.005935 

30 
29 
27 
25 
31 
28 
31 
29 
30 

Mean. . . . . . . . • . 1.005930 

HeavJ· end up. 

8. 

1.006077 
68 
73 
64 
70 
71 
64 
66 
70 
66 
59 
63 
72 
73 
66 
74 
77 
67 

1.006069 

The following table shows the results of Paris, Berlin, and Kew in comparison: 

Paris . . . . . . . . . . . . . . . . . . . . . .............. . 
Berlin . . . . . . . . . . . . . . . . . . . . . ............. . 
Kew .................................... . 

[T2 Im-.] 

1.0121042( s )2 
1.0117925 
1.011&360 

[T'2 Rev.] 

1.0116956( .~ )2 

1.0113!134 
1.0114548 

Di ff. 

408G 
3!1!H 
4012 

319 

These differences involve double the square roots of the sums of tlte squares of tl1e errors of 
the periods of oscillation wit.h heavy end down and with heavy end up. Therefore, tlw Berlin aud 
Kew differences are remarkably close together, while that at Paris is rather divergent. The exper
iments at Hoboken show a wide discrepancy in this difference, owing t-0 the nse of tl!e. Geneva 
support. Consequently the (T2 Rev.] cannot be used. 

Now, reducing the values of [T2 Rev.J to mean solar time and dividing int-0 the length of our 
pendulum at Paris we obtain the length of the seconds' pendulum at the several stations. The 
mtios of the [Ti Rev.J at the difterent stations, being inYersely as the length of the secondR' pendu
lum, may be used 1:-0 obtain the length of the seconds' pendulum at any station from the Yalue 
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deduced from the [T2 Rev.] at any other station. So that at each station we shall have not ouly a 
valm• of the 8ecomls' pernlulum deduced from the [T" Rev.] of that station but also two other value" 
deduced from the [T2 Um·.J of the two other stations. 'J'hese three values will have nearly equal 
weight. They are as follows: 

For Paris. m. 
From Paris obsen·ations . . . . . . . . . . . . . . . . . . . . . . . . . . . .\!939390 
From Berlin observations . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 02 
Frum Kew observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

~lean . . . . . . . . . . . . . . . . . . . . . ... _ ... _ . . . . . . . . . . . . . . . . . . . .9~i39337 

Reduction to 11ea-level ..... - ........... - ................... - ... + rn.3 
Seconds' peudulum at Paris reduced to sea-level. . . . . . . . . . . . . . . . . .9939500 

For Berlin. m. 
From Pari:-; observations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9942:162 
From Berlin obseiTations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9942452 
From Kew observations . . . . . . . . . . . . . _ . .9942382 

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9942399 
Reduction to sea-level. . . . . . . . . . . . . . . . . . . ..................... + 83 
Seconds' pendulum at Berlin reduced tu sea-level. . . . . . . . . . . . . . . . .9942482 

For Keir. 
From Paris observations ..................................... . 
From Berlin observations ..................................... . 
From Kew observations. . . . . . . . . . . . . . ....................... . 

m. 
.9!!41757 
.9941830 
.9!:141740 

~lean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9941776 
Reduction to sea-level. ...................................... + 14 
Seconds' pemlulum at Kew reduced tu sea-level. . . . . . . . . . . . . . . . . . .9!)41790 

:No comparison can be attempted between these results and those of previous experimenters 
until the former have been corrected for the slip of the knives and the latter have been reduce1l 
anew according to modem methods. These matters will be treated in the :-;econd part of this report 
with results which will be found satisfactory. 

The pendulum at Geneva was virtually a different pendulum from that used at the other stations, 
because of the accident that befcl it after the Heneva experiments. These experiments can, there
fore, only be reduced ou the principle of the reversible pendulum. The couconlauce of the single 
experiments is shown in the following table: 

Tl 
1.012599 

581 
589 

GENEVA. 
Tu:i 

1.012814 
775 
797 

607 79~ 

593 789 
580 767 
582 763 
598 783 

The resulting value of the length of the seconds' J)Cndulum after correcting for flexure in the 
mannN explained nutler that heading is 

Length of seconds' pend1tlu111 a.t Geneva. 
m. 

Experiment8 of Coast Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.993556 
Profe:ssor Plautamour's result. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.993550 

The appendL>d tables show the details of the experiments at the different stations. 
H.espeet.fully submitted. 

C. S. PEIRCE, 
.Assistant. 
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UNITED STATES GEODETIC SURVEY.-PENDULVM: AT PARIS, 1876. 

1 Time of tram1it. 

It. 1n. 8. 

26 42. 545 

39 55. 317 

a 41. 846 

M 30.1166 

28 36 04. 848 

49 17. 572 

13 00. 006 
3 57. 273 

Feb. 2" 

F<'b. 4 

Feb. 14 

Ff'b. 21 

Feb. 22 

49 57. 380 

6.109 

26 56. 663 

17 44.781 

21 3.'l.132 

35 26. l.2'l 

58 24. 349 

43 50. 526 

42 04. 281 

56 OD. 340 

19 09. 561 
11 36. 262 

22 51.895 

36 55. 946 

59 57. 201 

55 45.135 

18 49. 010 

35 211. 05.l 

55 51. 888 

48 50.446 

4-8 01. 742 

03 15.. 250 

28 4. HNI 

18 38. 379 

S. Ex. 37-41 

HEAVY END DOWN. 

Intervals. ' Cor. for 
arc. 

1 Number Time, one 
Corr. time. ~ o&cilla. oscillation. 

tions. 

8. 

792. 772 

1426. 529 

3049. 120 

792. 724 

1422. 514 

3057. 187 

788. 729 

1430. 5M 

3048. 118 

830. 990 

1378. 227 

2726.177 

845. 059 

1380. 221 

3146. 701 

844.051 

1381. 255 

3347. 934 

1000. 043 

1222. 83i; 

3178. 5;)8 

91& 508 

1488. !M,6 

3034.183 

• 04.5 

.042 

. 032 

.045 

. 042 

. 031 

79'2. 727 

1426.487 

3049. 088 

792. 679 

1422.472 

3057.156 

788 1. 0059987 

1418 59922 

3031 59644 

(5237) 

788 1. 00>9378 

1414 59915 

3039 59743 

(5241) 

Change of lrnife~erl~es, from No. 2 t.o No. 1. 

. 047 

. 042 

.032 

. 047 

. 040 

. 027 

788. 682 

1430. 512 

3048. 086 

830. 943 

1378.187 

2726.150 

784 

1422 

3030 

(5236) 

1. 0059721! 

59859 

59690 

826 1. 0059843 

1370 59759 

2710 59594 

(4906) 

Change of knife-edges, from No. 1 to No. 2. 

. 049 

. 042 

. 035 

052 

. 043 

. 036 

845. QlO 

1380. 179 

3146.666 

843.1199 

1381. 212 

3347. 898 

840 

1372 

3128 

(5340) 

1. 0059642 

59613 

59674 

839 l. 0059583 

1373 59811 

3328 59790 

(5540) 

Change of knife-edges, from :N" o. 2 to No. l. 

. 056 

.035 

. 035 

. OM 

.043 

. 032 

990. 987 

1222. 800 

3178. 523 

913. 454 
1488. 903 

3034.151 

994 

1215! 

3159i 

(5369) 

l. 0060231 

80054 

60209 

908 1. 0060006 
1480 6Q15:i 

3016 00182 
(5404) 

·, 
i 

Rate. 
Cor. for Cor. for i Period, 

pressure. temp. ! corrected. 

4 22 

+23 

+23 

+23 
+23 
+23 

+23 

+23 
+2.1 

+ 8 

+ 8 

+ 8 

+ 8 

+ 8 
+ 8 

+ 8 

-t 8 ' 
+ 8 

+8 
+ 8 ' 
+8 

+8 
+ 
+ 8 

-----1~-· 

-79 

-62 

-62 

-62 

-59 

-59 
-.')9 

-25· 

-25 

-25 

-15 

-15 

-15 

-09 

-09 

-09 

-41 
-41 

-41 

-36 

-36 

-36 

+800 

+796 

+792 

I 

11. 0060731 

i 662 

: aso 
i<L 00605-09) 

+ 788 I i. 0000121 
I 

+ 781 I 657 
I 

+776 ! 480 

l(l. 0060475) 

+766 

+769 

+769 

l. 0060450 

592 

42~ 

(I. 0060473) 

+ 80~ : 1. 0060034 

+soo 
1 

548 

+815 : 39'Z 

+BJ2 

+845 

+830 

!<J. 0060477) 

: 1. 0060487 

451 

497 

1 (1 0060484) 

+ 765 1. 0060347 

+760 570 

+756 '~" 
(!. 00605211 

+475 1. 0060673 

+475 496 

+469 645 

:(l. 00606171 

+ 400 1. 006043d 

-t 4.0~ 529 

+400 !),~ 

(1. 00tl0528) 
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Date. 

Jan. 2ti 

,faJJ.. 29 

l/eb. 21 

}'ch. 4 

F'eb. 9 i 
I 

Feb. 14 

Feb. 21 

Feh. 22 

Time of transit. 

h. m. 11. 

33 30. 148 

38 20. 301 

49 42.111 

11 52. 245 

27 10. 797 

32 56. 946 

43 22. 790 

Ofi 45. 096 

28 57.261 

42 00. 507 

47 52. 620 

58 20. 449 

20 28. 6()1 

37 42. 073 

43 50. 238 

53 51. 932 

14 .'\. 338 

15 38. 392 

21 46.116-0 
31 50. 357 

f>4 54. 778 

57 20. 800 

3 27. 026 

13 40. 71IT 

37 49. 623 

9 17. 620 

lfi 01. 129 

25 41. 719 

47 33. 776 

42 43. 316 

49 23. 814 

59 17. 467 

21 13. 570 

REPORT OF THE SUPERINTENDENT OF 

PENDULUM AT PARIS, 1876-Continued. 

lnterv11ls. 

.. 
350.153 

621. 810 

1330.134 

346. 149 

625. 844. 

1332.166 

346.113 

627. 829 

1327. 152 

368. 26.5 

601. 6D4 

1213.406 

368. 2Cl8 

603.6ll'1 

1384. 421 

366. 226 

fil3. 761 

1448. 836 

403. 509 

580. 590 

1312. 057 

400. 498 

593. 653 

1316. L03 

Cor. for 
arc. 

.017 

.018 

.015 

.020 

.019 

.014 

HE.A. VY END UP. 

------··1·-- -- --· ,--
' . Number ; Time, one 

Corr. time. oscille.- 1 .llat· 
i '. i OBCl wn. 
j nous. 

-- ·-1·---i-- -

350.136 

621. 792 

1330.119 

346.129 

625. 825 

1332.151 

348 1. 0061379 

618 61359 

1322 61415 

(2288) 

344 I. 0061899 

622 61500 

1324 ' 1. 006156:! 

(2200) 

Change of knifo-edge8, l'rom ~o. 1 to No. 2. 

.021 

. 019 

. Olb 

.021 

.019 

. 014 

346. 092 

627. 810 

1327. rn7 

368. 244 
601. 675 

1213. 892 

344 1. 0060814 

624 61058 

lam 61692 

(2287) 

966 
5118 

1206 

(2170) 

1. 0061311 

61455 

61294 

Change of knife-edges, from No. 2 to No. 1. 

.023 

.018 

.015 

. 024 

. 017 

.015 

368. 245 
603. 679 

1384. 406 

366. 202 

613. 744 

1448. 821 

366 

flOO 

1376 
(2342) 

mu 
610 

1440 

(2414) 

1. 0061339 

61317 
61090 

1. 0000494 

61377 

61257 

Change of knife.edges, from No. 1 to No. 2. 

.024 

. 017 

. 017 

• 024 

. 018 

. 014 

403.485 

580. 573 

1312. 040 

400.474 

5Q3. 635 

1316. 089 

4()1 I. 0061930 

577 611)?.A 

1304 61656 

(2282) 

398 i 1. 0062161 
5llO ! 61610 

1308 61842 

(22116) 

R t 
II, Cor. for Cor. for 

a e. ! presRnrt>. t.Pmp. 
Period, 

COITf'Ct~d. 

----~.!-------- ~---' 
I I 

+2:1 
+28 

+23 

-f-08 
+o8 
-t--08 

+os 
+os 

+os 

+-08 
+os 
+os 

+os 

+os 
+os 

I i .. 
-183 

-183 

-183 

-152 

-152 

-152 

-127 

-127 

-127 

-050 

-050 

-050 

-031 

-031 

-031 

-017 

-017 

-017 

-000 

-090 

-090 

-087 

-087 

-087 

1. 0061911 ! 

1889 

l!UO 

(1. 0061922{ 

2410 

2010 

+631 2065 

(!. 0062102) 

-Hll6 ' 1326 
+s14 1568 

+614 2202 
'(I. 0061897) 

+641 1910 

~8 2061 

+649 1001 

(1. 0061946) 

+- 2006 
+681 1975 

+682 1749 
I (1. 00618471 

1170 

2053 

+085 

+685 

+68a ! 1931 

:11. 0061847) 

+376 

+a73 

+368 

i 
I 

2237 

2231 

! 1003 
I (t. 006!!0781 

I 2458 

1904 

2131 

(1. 00621211) 



 

Date. 

.. 
: Apr. 20 · 

, Apr. 24 

f Apr. 25 

Apr. 26 

Apr. 28 

Apr. 29 

Apr. 30 

May 2 
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UNITED STATES COAST SURVEY.-PENDULUM AT BERLIN, 1876. 

REA VY END DOWN. 

I 
Tim"A of transit. · ITit.Prvals. Cor. for Period, Cor. for . Number I Time. one , Cor. for 

arc. ' COM'. bmP. oscilla.- I o~cillation. Rate. i pressure. 
tions. , 

temp. COIT(>-Ci;ed_ 

h. m. s. a. 
7 46 6. 276 

R 00 27. 356 

25 22.154 
!I 15 45. 845 

58 29. 726 

12 56. 855 
37 11. 415 

26 50. 885 

52 42. 42< 

8 34.!1!12 

8 31 10. 033 

9 22 11. 466 

7 24 10. 687 

39 9. 489 

03 22. 545 

53 58. 330 

55 51. 699 

JO 10 35. 938 

10 35 ]. 069 

11 :J6 z:J. 675 

JU 4 4.87:! 

10 19 11. 200 
10 44 35. 2".!6 

11 33 5,;. 599 

48 32. 618 

10 3 18. 235 

HI 27 33.128 

11 17 49. 445 

10 9 4. 300 

10 23 33. 445 

10 47 48. 008 
10 37 29. 499 

861. O!<O 

141>4.798 

3023. 691 

867. 429 

H54.560 

2979. 470 

772. 565 

I.>:J5. U41 

3061. 433 

898. 802 

1453. 056 
3035. 785 

884. 239 

1465.131 

3082. 606 

900. 387 

1523. 966 

2960. 373 

885. 617 

1454. 8113 

3016. 317 

869.139 

1454. 563 
21181. 491 

. 051 

. 044 

. 032 

• 050 

• 1143 

. 032 

!!61. 029 

1494. 754 
3023. 659 

867. 079 

1454. 517 

2979. 438 

I , ---1------- ---

1 
8"6 I 1. 005s1w 

1486 i 58910 

3000 I 58744 

(5348) I 

~2 !' 1. 0058853 
1446 58900 

2962 58872 

(5270> I 

20 

20 

05 

05 

Cha.uge of knife-edges, from Nu. 2 to No. 1. 

• 046 

. 046 

. 032 

772. 519 

1534.990 

3001. 401 

. 053 898. 749 

. 043 ! 1453. 013 

• 032 3035. 7 53 

. 052 

• 043 
. 033 

• 053 

.044 

. 032 

884.187 

1465. 088 

3082. 573 

!JIJli. 334 

1523. 92:2 

2000. 341 

768 ]. 0058841 

1526 58945 

3043! . 58817 

(5337!) 

893! 1. 0058747 

1444! ' 58934 
3018 58824 

(5356) 

879 1. 0050011 

1456! 58963 

3064! • 58949 ! 

(5400) 

001 

1515 

2943 

(5359) 

1. 0059'201 

58891 

5892:l 

Change of k:nife-ooges, from No. 1 to No. 2. 

. 052 

. 043 

. 032 

. 051 

. 043 

. 032 

885. 5ti5 

1454. 850 

3016. 2<!5 

869. 088 

1454. 520 
2981. 459 

880i : 1. 0057524 

1446i i 57726 

2999 5763d 
(5326) 

86' 1. 0058889 

1446 58921 
:lll64, 58904 

(5274) 

+ 20 

+ 20 

+ 20 

+ 20 
+ 20 

+ 20 

20 

20 

20 

24 

24 

24 

+1266 
+1266 

+1266 

20 

20 
20 

-05 

-05 

-05 

-50 

-50 

-50 

-47 

-47 

-44 
-44 
-44 

-18 

-18 

-18 

00 

00 

00 

-09 

-09 

-09 

+ 235 ' ]. 0058960 

+229 9114 

+219 8988 
• (1. 0058990) 

+ 163 1. 0058961 

t-154 ' 8999 

+141 8958 

(1. 0059011) 

+133 ]. 0058947 

+127 0045 

+120 8910 
(1. 0058954) 

'160 l. 005888~ 
,15.1 9063 

.,.135 8935 

+ll7 

+no 
+103 

+077 

+012 

+o69 

+o78 
+014 

+072 

(1. 0658959) 

1. 0059090 

9035 

9014 

(1. 0059031) 

1. 00.>9254 

89J9 

Jl9fiR 

(1. 0050007) 

1. 005ed57 
90;,7 

8963 

(1. 00.>8970) 

-24 +078 I. 0058923 

-24 ! +076 8953 

-24 +070 8930 
(1. 0058934) 



 

324 

l)ate. 

Apr. 20 

Apr. 24 

Apr. 2:. 

Apr. 26, 

Apr. 28 i 

Apr. 29 

Apr. 30 

:May 

REPORT OF THE SUPERINTENDENT OF 

PENDULUM AT BEHLIN, 1876--Continued. 

I 
i ! Cor. for 

Time of transit. j Intervals. 
arc. 

I 

----!------, 
h. m. s. ~ 

10 39 53. 808 

4il 21. 794 

55 55. 008 

11 17 55. 051 

10 39 34. 322 

44 44. 200 

55 42.192 

11 18 22. 348 

.. 
327. 986 i . 018 

633. 814 i . 019 

1319. 443 . OH 

309. 878 

657. 992 

1360.156 

. 017 

. 020 

.OH 

REA VY END UP. 

I Nnmber 
Corr. time. I oscilla

\ tions. 

Time.one! 
oscillation. ' 

----

327. 968 

633. 795 

1319. 429 

309. 861 

657. 972 

1360.142 

326 1. 0060368 

630 60238 

1311~ 60458 

(2267i) 

308 1. 0000422 

654 60734 

1352 60240 

(2314) 

Change of knife-edges, from No. 1 to No. 2. 

10 (0 17. 215 

46 13. 008 

57 10. 481 

11 19 31. 024 

10 24 38. 854 

29 50. 2«I 

40 46. 193 

11 16. 807 

7 26 20. 727 

31 12. 494 

42 45.149 

8 5 17. 247 

7 49 31. 597 

55 27. 757 

8 47. 463 
28 19. 558 

7 58 J. 799 

A 3 17. 204 

13 51007 

35 46. 9'M 

8 14. 734 
14 24. 588 

25 6. 451 

46 46. 262 

295. 793 

656. 473 

1340. 543 

311. 392 

655. 947 

1350. 614 

291. 767 

692. 65.5 

1352. 098 

356.100 

619. 706 

1352. 095 

315. 405 

633.ll03 

1315. 917 

309. 854 

641. 863 

1299. 811 

.020 

.020 

.014 

• 017 

.020 

.OH 

.017 

. 021 

. 014 

. 020 

. 018 

. 014 

295. 773 

657. 453 

1340. 529 

311. 375 

655. 927 

1350. 600 

291. 750 

692. 634 

1352. 084 

356. HO 

619. 688 

1352. 081 

294 1. 0060306 

6531 60490 

1332§ 60255 
(2280) 

309§ 1. 0060582 

6.52 

1342& 

~304) 

60230 

60335 

290 1. 0060345 

68~ 60044 

1344 

(2322,j) 

60141 

3f>4 1. 0060452 

616 59870 

1344 60126 

(2314) 

Change of knife-edges, from No. 2 to No. l. 

.018 

.018 

.OH 

. 017 

. 019 

. 013 

315. 387 

633. 785 

1315. 903 

309. 837 

64L S« 

1299. 798 

313! 11. 0060191 
630 ! 60079 

I 
1308 i 60420 

(22511)\ 

308 ! 1. 005964:1 

638 I 00251 

1292 I 
c2238> I 

60356 

Rat~. 

-20 

-20 

--20 

-05 

-05 

-05 

+20 

+20 

+20 

+20 
+20 

+20 

-20 

-20 

-20 

-24 
-24 I 

-24 

-15 
-1.') 

-15 

-20 

-20 

-20 

Cor. for Cor.-~1 Peri~~-
pt·cssurP. temp. co1Tected. 

I ----.---1 

- 13 + 158 i I. 00604.93 

- 13 +158 ' 60363 

- 13 

-114 
-ll!I 

-114 

-106 
-106 I 

-106 

- 89 

- 89 

- 89 

- fi2 

- 52 

- 52 

- oa 
- 03 

- 03 

- 06 
- 06 

- 06 

- 48 

- 48 
- 48 

+ 157 60582 

+102 I. 0060405 

+101 60716 

+098 60219 

+081 

-t 080 

+079 

l. 0060301 

60484 

60248 

+ 089 I. 0060602 

+088 

+086 

60249 

60352 

+ 144- l. 00604-17 

+139 60111 

+rn1 

+ooR 
+095 

+091 

+097 

+oos 
+088 

+OSI 

+oso 
+077 

1. oooor.w 
59938 

60190 

1. 0060267 

60153 

60487 

1. 0059656 

00263 
60365 



 

T;IIE UN_l';r~D STiAXES.C04\.ST SU~VBY.. 325 

UNITED STATES GEODETIC SURVEY.-PENDU.LUM AT BERLIN, 1876.-SECOND READING OF FILLETS. 

Date. Time of transit. Intervals. 

REA VY END DOWN. 

Cor. for Con'. time. 
arc. 

Number Time, one 
oscil.la.- oscillation. 
tions. 

Rate. 
Cor. for 

pressure. 
Cor. for 
temp. 

Period, 
corrected. 

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

..!..pr. 20 

Apr. 24 

Apr. 25, 

Apr. 26 

h. m. B. 

46 6. 276 

0 25. 343 

25 22.154 

15 45. 846 

58 29. 727 

12 56. 855 

37 11. 417 

lie 50.8ll2 

52 42.430 

!! 5 34. !1119 

8 31 .030 

9 2'2 11.470 

.. 
859. 067 

1496. 811 

3023. 692 

867.128 

1454. 562 
29rn.465 

772. 569 
1535. 031 

3061.440 

• 051 

. ll44 

. 032 

.o;o 

.043 

.032 

.046 

.046 

.032 

859. 016 

1496. 767 

3023. 660 

867. 078 

1454. 519 

2979. 433 

772. 52:1 
1534. 985 
3061. 4418 

854 1. 005S735 

J48R 589IS 

3006 587i9 
(5348) 

862 l. 0058910 

1446 58914 

2962 58855 

(5270) 

768 1. 0058893 
1526 58879 

3043i 58840 
(5337§) 

1·····--······-······ ·······-···· ........... ··--········ ·········· ---

20 

20 

20 

05 

05 

05 

+ 20 

+ 20 

+ 20 

-05 
-415 

-05 

-541 

-50 
-541 

-47 
-47 

-47 

+235 1. 0058945 

+229 9122 

+219 8943 

'(1. 00581193) 

+ 163 1. 0050018 

+154 0013 

+141 8941 

+13.3 

+127 

+120 

(1. 00590171 

1. 0058999 

8979 

8933 

(1. 0058956) 

:-···---············· ············ ·--------·'············ ········-- ............ : ............................... -··········· 

Apr. 28 

Apr. 29 

1 Apr 30 i 

May 2 

9 55 52.194 

10 10 35. 934 

10 35 1. 062 

11 26 23. 673 

10 4 4. 89'.l 

10 19 11. 26U 

10 44 35. 225 

11 33 55. 598 

g 48 32. 615 

10 3 18. 248 
10 27 33. 126 

11 17 49. 446 

10 9 4. 303 

10 23 33. 441 

10 47 48. 007 

11 37 29. 497 

88:!. 740 

1465.128 

3082. 611 

906.368 

1523. 965 

2960.373 

8&>.633 

1454.878 

3016. 330 

869.138 

1454. 5116 

2981.490 

.052 

.043 

.033 

.053 

.044 

.032 

.052 

.043 

.03:.l 

.051 

.043 

.032 

883. 888 
14'i5. 085 

3082. 578 

906. 315 

1523. 921 
2960. 3U 

88.5. 581 

1454.. 835 

3016. 288 

869. 087 

1454. 523 

2981. 458 

87Slr 1. 0059055 

H~ 58942 
30641 58992 

(5399iJ 

901 l. 0058990 

1515 5813& 
294l! 58923 

(5359) 

880t 1. 00577 06 

14461 57691 

2999 57646 

(5326) 

864 1. 0058877 

1446 5131142 
2964 58900 

(5274) 

20 

20 

- 20 

24 

24 
24 

+ 1200 

+1266 

+1200 

20 

20 

20 

-18 
-18 

-18 

00 

00 

00 

-09 

-09 

-09 

-24 

-24 

-24 

+ 117 1. 0059134 

+no 9014 

+103 9657 
(1. 0059058) 

+077 l. 00;;9043 

+072 8932 

+069 8968 

(1. 0058969) 

+078 1. 0059041 

+074 9022 
+072 897[· 

.(1. 0058997) 

+078 1. 0058911 

+076 8974 
+010 8926 

(I. 0058936) 



 

326 REPORT OF THE SUPERINTENDENT OF 

PENDULUM AT BERLIN, 1876.-SECOND READING OF FILLETS-Continued. 

HEAVY END UP. 

-- ----- ----- - ----~---~------------· - ----~-------.. 

C £ 1 Number Time, one : CoT. for I Cor. for Period, Date. Time of transit. Intervals. or. or 1 C t' : Rate. arc 
1 

orr. 1me. ! oscilla- oscillation. ' temp. corroored. pressure. 

i 
tions. I 

1---1-~ 1---- ·--------'---'---
h. m. .. . . 

Apr. 20 10 39 53.808 

10 45 21. 795 327. 987 . 018 327. 009 326 . 1.0000399 -20 - 13 +158 1. 0060524 
10 55 55.606 633. 811 . 019 633. 796 1!30 : 00254 -20 - 13 +158 60379 

11 17 55. 056 1319. 450 . 014 1319.432 13111 i 00480 -20 - 13 +157 00604 
(2267!): 

Apr. 24 10 39 34.319 

10 « 44.199 309. 88() . 017 309.81!3 308 ~ l.0060t27 - 5 -114 +102 1. 0060410 

10 55 42.186 657. 987 . 020 657. 967 654 60657 - 5 -114 +101 60!!39 

11 18 22.345 1300.159 . 014 1360.145 1352 60244 - 5 -114 + 98 6()223 

(23141 

i Apr. 25 10 40 17. 219 
10 46 13. 007 295. 788 . 020 295. 788 L 00fl0136 +20 -106 + 81 1. 0000131 

10 57 10.480 657. 473 .020 657. 453 00490 +20 -106 + 80 60484 

11 19 31.001 1340. 521 . 014 1340. 507 60090 +20 i -106 + 79 ll0083 

Apr. 26 

...................... ···----·····,·········· .... . .......... ----······ ······-···,·········· -·····---··· 

.......... :::::::::::::::::::::::::::::::[:::::::::: 
___________ ., 

·······-·--···-·--·· ·····--·---· .. ·-· ---·······-· 
I 

Apr. 28 76 20. 728 

31 12. 491 291. 783 • 017 291.746 290 1 l. 0000201 -00 - 52 +1« I. 0060279 

42 45.140 692. 649 .021 692. 628 688t . 59900 -2V - 52 +139 00023 

17. 248 1352.108 • 014 1352. 094 1344 60223 -llll - 52 +131 60282 
(23221) ! 

Apr. 29 49 31. 594 

7 55 27. 735 356.141 . lt20 356.121 354 ; 1.0059915 -24 3 +98 l.OO!ill986 

8 5 47.463 619. 728 .018 619. 710 616 60227 -24 3 + 95 60295 

8 28 19. 558 1352. 095 .014 I 1a52:os1 1344 60126 -24 3 
! 

+ 91 80190 

I Apr. 30 

(2314) I 

58 1. 801 
I s 17. 204 315. 403 . 018 315. 385 Slat 1.0060128 -15 6 +97 l. 0000204 

lS 51. 007 633. 803 .018 633. 785 630 60079 -15 6 + 95 00153 

35 46.925 1315. 918 . 014 1315. 904 1808 60428 ..:15 6 I + 88 t!Oi95 

i (2251!) 

I M&y 20 9 14. 732 

I 14 24. 593 309. 861 .017 3()11.844 308 1. 0059870 -20 - 48 + 81 l. 0050883 
I 

25 6.441 641. 848 .019 641. 829 638 60016 -20 - 48 + l!O ll0028 I 
! 46 46.260 1299. 819 .013 1299. 806 1292 60418 -20 - 48 +77 60427 
I (2238) _I_ 



 

.. 

THE UNITED STA.TES COAST SURVEY. 327 

UNITED STATES COA.ST SURVEY.-PENDULUM AT KEW, JULY, 1876. 

HEAvY END DOWN. 
------------··--·- - -,------··-- - ------------- --------~-----------------

Interra.ls. ; 
Cor. for Number, Time, one Cor. for Cor. for Period, 

Date. Method. Time of tra.nsit. Corr. time. oscilla- Rate. 
are. oscillation. pressure. temp. oorrect.ed. : 

tions. 

---------
h. m. .. .. 

July 1 A 10 21 7. 884 
D 10 36 32'. 320 924.436 .055 9'24. 381 919 I. 0058552 +1269 -41 -293 1.0059487 

D 11 2 46. 510 1574.190 .045 1574.145 1565 58435 +1269 -41 -296 367 

D 11 51 56. 675 2950.165 .029 2950.136 2933 58425 +1269 -41 -298 355 

(5417) : (1. 0059381) 

July D 42 58. 365 

c 58 35. 845 im.480 .054 937. 426 1132 1. 0058219 +1281 -50 -291 : I. 0059159 

c 21 52. 006 1396.161 .041 1300. 120 1388 58501 +1281 -50 -300 432 

B 8 12 44. 764 3052. 758 .032 3052. 726 3035 58405 +1281 -50 -305 331 

(5355) (l. 0059328) 

July 3 A 6 52 30.199 

D 10 46. 638 1096.439 .059 1096. 380 1090 l.005SM2 +1275 -60 -329 1. 0059418 

A 31 19. 845 1233. 207 .035 1233.172 1226 58499 +1275 -60 -333 381 

A 21 53. 837 3093.992 .033 3093. 959 3076 58384 +1275 -60 -334 265 
(5392) (1. 0059322) 

July 4 B 47 30. 365 

D 2 52. 780 922. 415 .053 9'..!2. 362 917 1. 0058473 +1271 -53 -311 1. 0059380 

A 6 26 30. 049 loll7. 2611 .042 1417. 227 1'09 58389 +1271 -5.1 -322 285 

A 7 17 51. 973 3081. ll'M .032 3081. 892 3064 58394 +1271 -53 -328 284 

(531!0) (1. 0059301) 

July 4 B 10 9 10. 507 

A 10 u 41. 1182 931.475 .053 931. 422 926 1. 0058553 +1271 -51 -334 1. 0059439 

B 10 4,8 10. 172 1408.190 .042 1408.1'8 1400 58200 +1271 -51 -333 087 

B 11 40 42. 517 3152. 345 .033 3152.312 3134 58430 +1271 -51 -329 321 

(5460) (1. 0059281) 

Cba.nge of knife-edges, from No. l to No.2. 

July 7 D 6 25 10. 062 

11. 0059321 
I 

B 6 40 30. 456 920.394 .052 920. 342 915 l.0058383 +1297 I -29 -330 

c 7 4 35. 883 1445. 427 .042 I 1445. 385 1437 58351 +1297 I 
-29 -342 I 211 

I c 7 56 21. 945 3106. OO'l .03"d I 3100. 529 3088 58384 +1297 ! -29 -357 : 295 
I l<I. 0059295) (5«0) 

i 
July 7 B 10 31 28. 644 

' 
D 10 47 16. 214 947. 570 .05' 947. 516 IU2 1. 005855ti +1297 -26 I -388 i 1. 0059439 

B 11 11 18. 607 1«2. 393 .042 1442. 351 1434 58236 +1297 -26 -388 i 119 

D 12 4 :lG-142 3186. 535 .033 318fl. 502 3168 58403 +1297 -26 -386 I 288 

(55U) 
I r- 0059270) 

July 8 B 6 28 fl_ 506 

I A 6 4.q 50. 039 943. 533 .055 943. 478 938 1. 0058400 +1310 -22 -342 11.0059~~ 
B 7 1 46. 412 1436. 373 .042 1436. 331 1428 58340 +1310 -22 -345 

B 7 59 3'.!. 460 3106. 04,8 .033 3100. 015 3088 5833\l +1310 -22 -346 I 2s1 

(M54) j(J. 0059293) 

July 9 B 7 16 52. 359 
I 

A 7 32 33. 873 941. 514 .054 1141. 460 936 1.0058333 +1287 -43 -318 ! ]. 0059259 

B 7 56 32.24,9 1438. 376 .042 1438.334 1'30 58280 tl2S7 -43 -325 I 199 
B 8 4,8 46.480 3134. 231 .032 3134.199 3116 58405 +1287 -43 -330 319 

(5482) l{l. 00511277\ 

July 10 D 7 22 ati.981 

D 7 38 20. f86 940. 600 .OM 940.451 9115 1.0058299 +1300 i -50 -255 1.0059294 

B 8 a 84. 305 1513. 819 .&43 1513. 776 1505 58312 +1300 I -50 -261 I 301 
1. 
! A 8 58 51. 827 3017. 522 .032 3017.490 3000 58300 +1300 i 

-50 -269 I 281 : 
(5«0) 

i 
{1.0059289) 



 

.ttJ1P01tr OF 'THE SUPERIN'.PENDENT OF 

HEAVY END UP. 

---~-·-----~- --~---1 cor.ror ---. -TNumb:.-~~ •. on~f- -· ::· r~~ 
Date. 'Method.· Time of transit. Int<!rvals. ! Corr. tune. oS-Oilla· : illat· I Rate. 

I arc. tione. , osc ton. I pressure. 

------, 

July 1 

July 2, 

July 2!. ... 

July 3 

July 3 

July 41 ....... . 

July 4 ! ...... . 

July 

July 

\···· .. 

, j I 
1··· 

1:::: .... ! 

.1 ......... 1 

1·•·······! 

1 

........ i 

....... ) 

I I 

h. m. B. 

12 4 38.635 

12 10 35. 776 
12 22 3. 866 

12 43 40. 584 

5 12 52. 612 

5 19 54.123 

30 29. 920 

5 53 52. 226 

8 26 28. 214 
8 32 50. 506 

42 56.119 

9 38.2<11 

5 36 32.199 

5 42 50.446 

5 53 32. 2ti2 

6 16 20. 400 

39 10. 524 

45 43. 885 

56 00. 545 
10 19 1. 766 

4 45 55. 609 
4 52 31. 981 
5 3 15. 808 

5 26 34.123 

35 40. 095 

7 42 16. 473 

7 52 12. OO'l 

~ 15 6.168 

5 28. 179 

9 12 10. 591 
9 22 30. 259 

9 45 32.484 

12 4ll. 318 

12 9 18. 675 
12 19 "8. 451 

12 42 28. 501 

357.141 

688. OllO 

1296. 718 

421.511 

635. 797 

1402. 306 

382. 292 
005.613 

1362. 088 

378. 247 

641. 816 
1368.138 

393.361 

616.660 

1381. 221 

396. 372 
643.827 

1398. 315 

396.378 

005. 529 
1374.186 

402.412 

619. 008 

1382. 225 

392.367 

1129. 776 
1300. 000 

. 020 

'020 

'013 

'019 
.017 

. 013 

. 021 

. 018 

. 014 

. O'l2 

. 019 

. 014 

.023 

.018 

.014 

.023 

. 019 

. 014 

.022 

. 017 

.015 

. 023 

'018 
. 014 

.023 
• 019 

. 014 

357.121 

688. 070 

1296. 705 

421.492 

635. 780 

1402. 293 

382. 271 

605. 595 

1362. 074 

378. 225 

Ml. 797 ! 

1368.124 

393. 338 

616. 642 

1381. 207 

396. 349 

643. 808 

1398. 301 

396. 356 

595. 512 

1374.151 

402. 389 

619. 650 

1382. 211 

392. 33' 
629. 757 

1360. 036 

I·=l1 ~: 419 L 0059475 +1281 

632 59810 + 1281 

59491 I +1281 1394 

12445) 

380 

602 
1354 

(23.16) 

376 

638 

1300 

(2374) 

I. 0059763 

59718 
59631 

1. 0059176 

59514 

59755 

391 ' ]. 0059795 
613 59413 

1373 59774 

(2377) 

394 ; 1. 0059619 

640 59500 

1300 59717 

(2424) 

394 '· L 0059797 
59'l 5~4 

1366 59671 
(2352) 

400 1. 0059725 
616 59253 

1374 59752 

(2390) 

300 1.0059846 

626 60016 

1352 59438 

(2368) 

+1281 
+1281 
+1281 

+1275 

+1215 

+1275 

+1275 

+1275 

+1275 

+1271 

+1211 

+rn11 

+1211 

+1211 
+1211 

+1271 

+1271 
+1271 

+1211 

+1211 
+1271 ! 

- 92 

-ll4 

-114 

-JJ4 

-117 
-117 

-117 

-140 

-140 

-140 

-133 

-133 

-133 

-126 
-126 

-126 

-119 
-119 
-119 

-118 

-118 
-118 

-114 

-114 

-114 

Cor. for ~eri::. · 1 

temp. corrected. 1 

I 1. 0060675 
429 

-253 - 699 
1(1. 0060612) 

- 21a 1. 006-0429 

-221 756 

-226 432 

:(1. 004!0515) 

-263 1. 0060664 

-269 613 

-272 523 

'(l. 0060569) 
I 

-243 i 1. 0060068 

-248 I 401 

-257 633 

:(1. 0060481) 

- 284 i 1. 006()653 
-28'1 268 

-2111 625 

i (1. 0000(>38) 

-232 l 1. 0060532 

-237 ' 408 

-247 i

1 
615 

-274 
-276 
-278 

-200 
-271 

-274 

!<L 0060547) 

\ 1. 000067tl 

I 
200 

545 

I (1. OOOOlSO) 

I 1. 0060609 

I 
135 

631 

(1. 0000409) 

I 

-273 i 1. 0060730 

-275 I m 
-276 319 

\(l.0060M()) 

I 



 

THE UNITED STATES COAST SURVEY. 

PENDT.:LUM AT KEW, JULY, 1876-Continued. 

HE.A VY END UP-Continued. 

-- ---1--

Date. M~thotl.1 Time of transit. Interva.ls. 
Cor. for . Number Time, one ! Rat~. 

Con:. tIWe. oscilla,- ill 1. I ~ al"('. osc a IOU. 

I , tions. : 
-----·---·---~------ _____ .__ 

h. m. s. 
Change of knife-edges, frum No. 2 to No. L 

July 

July 7 

July 7 

July 

A 
B 

A 
A 

D 

D 
ll 
D 

II 
B 
B 
B 

c 
D 

D 
lJ 

July 8 ; C 

D 
D 

ll 

July 8 : II 

< KeJe(·ted.] i 

July 9, 

July 9 

July 10 

,July 10 

B 
B 

B 

D 
A 

D 
D 

D 
D 
D 
ll 

II 

B 
B 
]I 

B 
D 

c 
c 

22 10. 009 

5 28 34. 302 

.. 
383. 293 

39 4, 04;; 629. 743 

1 21. 989 I 1337. 944 

40 40. 053 

8 47 14. 392 

57 56. 216 
20 52. 395 

9 30 20. 421 

9 37 o. 814 

g 47 32. 348 

]() 10 10. 642 

12 22 54. llfi 

12 29 22. 447 

12 40 16. 361 

13 2 52. 405 

21 29. 981 

28 2. 341 

5 38 48.184 

48. 372 

9 12 54. 420 

9 19 14. 691 

9 30 30. 691 

9 52 20. 428 

6 14 46, 203 

6 22 2, 823 

6 31 48. 308 

6 54 24, 353 

9 16 14.154 

9 22 40. 466 

9 32 56, 136 

9 55 24.160 

5 28 2. 285 

5 34 48.116 
5 44 58. 357 
6 22. 794 

9 35 56.118 

9 43 26. WO 

9 53 1. 879 

10 15 41. 910 

394. 339 

641. 824 

1376.179 

400. 393 

031. 734 

1358. 094 

388. 332 

653. 914 

1356. 044 

392. 360 

645. 843 

1380. lSB 

380. 271 

67ti. 000 

1309. 737 

436. 620 

525.485 

l35il. 045 

38ti.312 

615. 67() 

1348. 024 

406. 431 

60ll. 641 

1404. 347 

"49. 682 

581.479 

1354. 031 

S. Ex.37-42 

.022 

.019 

.014 

. 023 

.019 

.015 

.023 

. 019 

. 014 

. 022 

. 020 

. 014 

.023 

.020 

.014 

099 

.O'JO 

.013 

.022 

.018 

.015 

. 023 

. 018 

.014 

. 023 

.018 

.014 

.023 

.019 

.014 

383. 271 

629. 724 

1337. 930 

394. 316 

641. 805 

1376. 164 

400. 370 

631. 715 

1358. 080 

388. 310 

653. 894 
1356. 030 

392. 337 

645. 823 

1380. 174 

380. 249 

675. 980 

1309. 724 

436. 598 

525. 467 
1356. 030 

386. 289 

615. 652 

1348. 010 

400. 408 

609. 623 

1404. 333 

449. 659 
581. 460 

1354. 017 

381 

6~6 

1330 
(2337) 

392 

638 

1368 

(2398) 

1. 0059606 

59488 

59624 

1. 0059082 

59639 

50073 

398 ' l. 0059548 

628 59156 

1350 59852 
(2376) 

386 1. 0059845 

650 599()8 

1348 59570 

(2384) 

390 1. 0059923 

642 59f>48 

1372 59577 

(2404) 

378 

672 

1302 

(2352) 

1. 0059497 

59226 

59324 

434 1. 0059862 

582 59570 

1348 59570 

(2364) 

384 

612 

1340 

(2336) 

404 
606 

1336 

(2346) 

447 

578 

1346 

(2371) 

1. 005961\9 

590"13 

59776 

!. 0059004 

59785 

59692 

I. 0059485 

598f32 

59562 

+1297 

+1297 

+1297 

+1297 
+1297 
+1297 

+1297 
+1297 
+1297 

+1297 

+1297 

+1297 

+rn10 

+rn10 

+ 131() 

+13!0 

+1310 

+1310 

+1287 

+1287 

+1287 

+1287 

+1287 

+1287 

+1300 

+moo 
+rnoo 

+1300 

+1300 

+1300 

329 

, I-

! Cor. for I Cor. for 
preissure. temp. 

Peripd, 
corrected. 

- 68 

68 

- 68 

- 64 

- 64 

- 64 

- 63 

- 63 

- 63 

- 56 

- 56 
- 56 

- 47 

- 47 
47 

57 

57 

- 57 

-106 
-106 

-106 

- 98 

- 9R 

- 118 

-lH 

-JH 

-lU 

-11[, 

-115 

-115 

! 

-264 

-304 

-308 

-314 

1. 0060588 

«l4 

589 
(1. 0060!")55) 

1.0000011 

564 

59'2 

(l. 0060490) 

-320 1. 0060462 

-321 069 

-322 i64 

[l. 0060530) 

-323 1. 0060763 

-324 W2!i 

-325 4-86 

-265 

-270 

-278 

[I. 0060623) 

0060921 

541 

!W2 

(l. 0060615) 

-270 1. 0060480 

-273 206 

-276 301 
(1. 0060303) 

-232 1. 0060811 

-238 51:; 

-249 5()2 

[l. 0060562) 

-29'2 J. 0060508 

-293 5b"ll 

-294 671 

(I. 0060639) 

-216 l. 0000574 

-213 758 

-217 661 

(!. 0060571) 

- 226 1. !>060444 

-231 816 

-237 510 
(1. 0060572) 



 

330 REPORT OF THE SUPERINTENDENT OF 

L'NITED STATES COAST SURVEY.-PENDULUM AT HOBOKEN. 

REA VY END DOWN. 

I I 
Date. Chr. l 1 

Time of tra11sit.1 Intervals. Cor. for I Corr. time. 

- - ---- _!__i !---_:_1---
June 11 380 D 15 33 13. 345 

h. m. 1. I s. I 
A 49 3. 937 950. 592 . 056 950. 536 

June 14 387 

Jnnt• lfi 380 

June 16 a80 

B 
B 

A 

D 

B 

D 

D 
n 
D 
D 

B 

ll 
ll 
D 

16 16 18. 874 

17 8 24. 798 

13 59 53. 591 

14 14 44. 815 

38 14. 865 

rn 3o 14. 824 

rn 22 38. 937 

:rn 12. 769 

o9 17. 020 

16 45 50. 878 

14 28 30, 999 

43 4. 571 

15 10 53. 272 
59 55. 059 

1634. 937 

3125. 924 

891. 224 

1410. 050 

3119. 959 

753. 832 

1444. 260 

2793. 849 

867. 572 

1668. 701 

2941. 787 

. 048 

. 031 

. 051 

. 043 

. 035 

.044 

.046 

• 027 

• 050 

• 049 

.029 

1634. 889 

3125. 893 

891. 178 

1410. 007 

3119. 924 

753. 788 

1444. 215 

2793. 822 

867. 52'J 

1668. 651 

2941. 758 

N uru ber j Time. one 
osclUa- ; oscillation. 
tions. 

944} 1. 0063913 

1624} ' 3952 

3106 

(5675) 

4047 

885} ' J. 006406l! 
1401 4289 

3100 4273 

(538flt) 

llate. 

- 57 

- 57 

- 57 

-288 

-288 

-288 

749 1. 0063923 ' - 68 

1435 4214 - 68 

2770 4200 - 68 
(4960) 

862 1. 0064056 - 68 
1658 4240 - 68 
2923 4174 - 68 

(5443) 

Change of knife-edges. 

~Tnne 17 202 

June 19 202 

J UIW 20 202 

Jum~ 22 202 

, June 29 I 202 
I 

B 

D 
B 
]) 

B 
B 
B 
Jl 

u 
D 

15 54 32. 711 

16 10 51. 967 

16 36 40. 868 

17 26 28. Silo 

14 15 2;. 293 

29 40. 743 

55 18. 561 
15 45 M. 822 

15 4 14. 856 

20 o. 891 

c 14 31 41. 930 

A 44 53. 972 

B 15 12 33. 942 

c 16 1 24.137 

D ! 10 24.685 

B 21 10. 950 

A 46 1. 924 
B 11 30 27. 294 

979. 2.56 

154R 901 

2988. 012 

855. 450 

1537. 818 

3036. 261 

946.035 

792. 042 

16.59. 070 

2931. 095 

826. 265 

1490. 974 

2685.370 

.055 

• 044 

.029 

.050 

.047 

.038 

979. 200 

1548. 857 

2987. 982 

855. ll99 
1537. 771 

3036. 223 

. 053 ! 945. 981 

. 047 i 7QJ. 995 

. 050 1659. 020 

. 029 2931. 066 

. 048 826. 217 
• 046 1490. 927 

. 030 2685. 340 

973 

10.'!9 

2969 

(5481) 

850 

1528 

3017 
(5395) 

l. OM.1720 

4048 

3934 

1

1. 006352.5 

3946 

i ~717 

940 1. 0063tl31 

787 1. 0063471 

164Bt 3814 

2912! 3745 

(5348) 

821 1. 00fi3547 

148lt 3636 

2648t 3582 
(4951) 

+142 

+142 

+142 

+240 

+240 

+240 

+336 

+336 

+336 

+426 

+426 

+426 

-60 

-60 

-60 

-63 
-63 
-63 

-51 

-51 

-51 

-32 
-32 

-32 

-54 

-54 

-54 

-39 
-39 
-39 

-59 

-46 

-46 

-46 

-53 

-53 

-53 

Cor. for 
tem11. 

-363 

-3tl3 

Period, 
correcktl. 

1. 0063433 
472 

-3tl3 567 

(1. 0063518) 

-377 1. 0063341 

-:-377 561 

-377 545 

(l. 0063516) 

-430 I. 0063368 

-430 659 

-436 645 

(1. 00tl3607) 

-472 1. 0-063484 

-472 668 

-472 002 

-432 

-432 

-432 

-456 
-456 
-456 

(1. 0063604) 

1. 0063376 

704 

590 

'(1. 00tl3584) 

1. 00tl3270 

691 

462 
(I. 0063497) 

-416 1. 0063396 

' -386 ; L 0003375 

-386 718 

-386 6'9 
(l.0063ll30) 

-404 1.0003516 
-404 605 

-404 I 551 
(1 0-063561) 

I 
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THE UNITED STATES COAST SURVEY. 331 

UNITED STATES GEODETIC SURVEY.-PENDULUM AT HOBOKEN, 187i. 

Dat;i. Chr. Methot!. 

, ,June 11 202 C 

June 14 387 

June 15 380 

'June 16 380 

i Juuo 17 202 

D 

A 

A 

H 

c 
l' 

D 

.\ 

A 

B 

c 

B 
B 

c 
j) 

B 

B 
D 
II 

Time of transit. Intervals. 

h. 1n. 8. a. 
14 11 38. 249 

18 15. 367 

29 24. 260 

48 31. 797 

16 13 38.972 

19 53.944 

30 :>. 987 

56 20. 856 

14 15 I. 901 

20 22. 026 
3() 52. 683 

53 24. 044 

13 22 44. 800 

28 45.183 

39 27. 9:n 
14 1 19. 039 

14 47 8. 665 
:;;; 0.975 

15 5 o. 698 

2;) 36. 797 

397. 118 

668. 893 

1147. 537 

374. 972 

612. 033 

1574. 869 

320.125 

630.657 

1351. 361 

360. 3li3 

642. 748 

1351.108 

352. 310 

719. 723 

12:16. 099 

June 19 20:l "XOXO ,. 16 11 16. 343 

June 20 , 202 

D 
A 

1l 

.A. 

.A. 

B 

17 40. 855 

29 19. 951 

48 4;), 042 

H 7 40.020 

17 48. 012 

38 36. 656 

384. 512 

699. 097 

1163. 090 

HEAVY END UP. 

I! ;.. -
Cor. for 

arc. 

' Number ,E .... ::'.~ Time, one I 
Cun·. time. ot1~ocnills.a- mleillation. Uatt'. ~ 

I () ~ 
,cor. fur 

temp. 
reriod, 

correctP,.<1. 

-,-~·--1 

. 020 

. 016 

. 010 

. 021 

. 018 

• 016 

. 017 

. UIS 

. 013 

. 019 

. 018 

. 012 

397. 097 

668. 877 

1147. 526 

374. 951 

612. 015 

1574. 853 

320. 108 

630. 6.19 

1351. 348 

360. 374 

642. 729 

1311. 096 

ChanJrf-' of knifo.f"dl!ea. 

'018 

'019 
.011 

. 021 

. om 

. 010 

. 017 

. 011 

352. 292 

719. 703 

12.16. 088 

384. 491 

6!19.078 

1163. 079 

607. 975 

1248. 633 

394t : l. 0065830 

664! ! 5872 

1140 ti019 

(2199) 

+ 94 

+ 94 

+ 94 

-JB9 -30fi 1. 006S479 

-109 -306 5521 

-139 -306 5668 

(1. 00655901 

3720 ' 1. 0065820 -288 -141 -323 1. 0-065068 
608 I 

l564f ! 
(2545) 

6038 -288 

6594 -288 

318 : 1. 0066299 - 68 

626t ' 6069 - 68 

1342! 
1 

5909 - 6H 

(2287) 

35g ' l. 0066304 

638~ i 6233 

1302! ; 5998 
(2299) ' 

68 

68 

68 

-141 -323 5286 

-141 -323 5842 

-114 -37R 

-114 -371 

-114 -3f.4 

73 

73 

73 

-:J!l!I 

-394 

-391 

(1. 00655961 

I. 0-065739 

5516 

5363 

(1. 006i\4.571 

l. 00657&1 

5698 

5466 

(1. 00655771 

350 1. 0065497 +142 -119 -368 1. 0065151 

715 

1228 

(2293) 

5780 +142 -119 -36'; 54.15 

5861 -f-142 -119 -368 5516 

38'2 I. 00652~! +uo 
694! 5927 +240 

115..';t 5591 +24-0 

(223'l) 

004 

1240! 
(1844i) 

1. 0065815 

5564 

+240 

+240 

(!. 006543,5) 

- 97 -386 1. 0064979 

- 97 -386 5684 

- 97 - 38C. 53!8 

-l:J6 -345 

-136 -34:1 

(1. 006.';;J8!l) 

1. 00655i4 

5323 

J ,June 22 202 D 
c 
c 
B 

16 22 58.. 721 

27 32. 028 

37 27. 006 

57 35.297 

I 

June 29 202 .A. 
B 
B 
D 

6 0.137 

10 58.584 

21 44.824 

40 39.187 

273. 307 
fl95. 898 

1207. 371 

298. 447 
646. 240 

1134. 363 

. 012 

. 015 

. 011 

. 016 

. 019 

. 012 

273. 295 

a95. 883 

1207. 360 

298. 431 

646.2W 

1134. 351 

271! 
592 

1199! 
(2063) 

1. 0006110 

.5586 

5531 

:l96i 1. 0065133 +426 

642 5734 +426 

ll27 5231 +426 

(2065t) 

-112 

-112 

-112 

-321 

-321 

-321 

1. 0066013 

54Jl9 

5434 

(1. 0065512) 

-121 -335 1. 0005103 

-121 -33?'> 5704 

-121 -335 5201 
(1. 0065343) 



 

~32 REPORT OF THE SUPERINTENDENT OF 

UNITED STATES GEODETIC SURVEY.-PENDULUM AT HOBOKEN, 1877.-SWINGS AT LOW PRESSURES. 

Datti. 

. Sept. 25 

i Sept. 26 

! Sept. 27 

Sept. 29 

Oct .. 

: Oct. 

REA \Y END DOWN. 

[All tPmJttmttnres in low-press1ire ancl high-temperatnrP ex1>erime11tH arP to he corrected h~· + 0°.:l C.] 

PreRsUr(•. Temper. 
ature. 

In. 
30. 25 67. 6 

15.19 66. l 

30. 25 68- 5 

o. 50 68. 3 

4. 99 68. 3 

L50 68. 0 

"' _g , Time of transit. 

~ 
h. m. s. 

A 10 48 26. 194 

A 

A 

A 

A 
A 
A 

A 

A 

A 

A 
A 

D 
B 

A 

B 
B 
D 

D 

B 
lJ 
n 
D 
B 
lJ 

D 
B 
D 
B i 

A! 

11 45.1125 

11 27 2ii.156 

11 57 54. 8:J5 

10 48 22. 909 
11 H 26. 903 
11 41 32. 780 

12 23 24. 403 

8 .'i{) 47. 365 

9 1 15. 420 

19 34. 448 
58 14. 881 

IO 12.887 

10 38 21. 285 

11 8 15. 753 

11 37 59.106 

12 17. 109 

12 35 59. 323 

13 48. 930 

13 42 28. 560 

14 12 50. 654 

14 fi7 16. 812 

15 24 6. 555 

15 55 2. 794 

16 25 57. 012 

17 9 32. 831 

17 29 4. 007 

18 2fl 24. 687 

18 57 57. 142 

19 34 33. 931 

.A 18 49. 961 

D 49 38. 866 

B 10 19 42. 950 ' 
B IO 51 26. 588 

D 11 23 1.196 

D 12 11 51. 086 
B , 12 31 21. 201 

B 12 48 29.189 

B ' 13 24 56.llU 

B 13 53 7. 292 

D 14 28 10. 769 

D 15 39.367 

D , 15 33 22. 956 

D 16 1 31. 528 

JI 16 41 46. 912 

D 17 6 24.907 

B 18 16 19. 357 

.A. 18 41 «. 122 

I i 

Intervals. 

.. 
ll5Q. 431 

ll79. 531 

1829. 679 

963. 994 
222.). 877 

2511. 623 

628. 055 

1099. 028 

232lJ.4.~3 

1861<. 398 

1794. 468 

1783. 353 

1638. 003 

1842. 214 

1909. 607 

2079. eao 
1822. 094 

2666.158 

1609. 745 

185ti. 237 

1854. 218 

2615. 819 

1172. 076 

3439. 780 

1892. 455 

21116. 7sg 

1848. 905 

5404. 084 
1903. 638 

1894. 611 

29"29. 890 

1170.115 

2".47. 755 

1680. 348 i 

2103. 477 

2068. 598 
1903. 589 

1748. 572 

2355. 1184 
1477. 995 

41!MI. 450 

1524. 765 

·----·------------------

Cor. for 
arc. 

. 044 

. 022 

. ou I 

. 042 

. 053 

019 I 

. 032 

. 030 

. 026 

.146 

. 127 

.112 
• 098 

. 091 

. 085 

. 082 

. 061 

. 076 

• 04-0 

.042 

. 037 

. 042 

. 017 

. 044 

.020 

.020 

.121 

.166 

. O'l8 

.021 

. 012 

.009 

.161 

.100 

.096 

.074 

. 055 

.040 

.045 

.020 

.046 

.012 

, Num.ber ! Time one i 

Corr. time. I oscilla- , osci1l~tion. ' 
tions. 

-----i---- i---· 

1159. 387 

1179. 509 

182ll. 665 

963. 952 

2225. 824 

2511. 604 

628. 023 

1098. 098 
2260. 407 

11'68. 252 

1794. 3H 

1783. 241 

1637. 905 

1842. 123 

1909. 52"J 

2079. 548 

1822. 033 

2666. 082 

1609. 70S 

1856.195 

1854. 181 

2615. 777 

1172. 059 

3439. 736 

1892. 435 

2196. 769 

1848. 784 
5403. 918 

1903. 610 

1894. 590 

2929. 878 

1170. 106 

2247. 594 

168Q. ll48 

2043. 381 
2008. 524 

1903. 534 

1748. 532 
2355. 339 
1477. 975 

4194.404 

1524. 753 

1152 

1172 

1818 

(4142) 

]. 0064123 

4258 

4164 

9.18 i 1. 0062129 

2212 2495 

2496 2516 

(5666) 

624 : 1. 0064471 

1092 4084 

2246 4145 

(3962) 

18;)7 

1783! i 

1772l ; 

1628 

18.11 

1898 

2067 

1811 

2650 

1600 

1845 

1843 

2600 

1165 

3419 

1881 

2183! 

(33834l) 

I. 0060592 

0785 

0598 

0842 

0748 

0705 

0706 

092"2 

0687 

0656 

U677 

0677 

0681 

0592 

0649 

079'2 

0767 

1837i 1. 0061410 

5371 1281! 

1892 1364 

1883 1535 

2912 1394 

1163 1101 

(138Qfli)' 

2"234 1. 0060850 

1670 i 1365 

2050 0760 

2056 0014 

18112 0962 
1738 0596 
2341 1.252 
1469 1095 

4169 0985 
1515l : 0990 

(2m511I 

Rate. 

+ 13 

+ 13 
·I 13 

+ 13 

+ rn 
+ 13 

+ 13 

+ 13 

+ 13 

Period, 
C'.OJTPC'.tt:>d. 

l. 0064136 

271 

177 

·(l. 0064173) 

1. 0062142 

508 

52!l 

(1. 0062457) 

1. 0064484 

097 

158 

:(1. 0064194) 

:~~: 11. 0060~~~ 
+12R 0726 

+.128 0970 

+128 0876 

+128 0833 

+128 0834 

+128 1050 

+128 0)<15 

+128 0784 

+ms os115 
+128 0805 

+128 0809 

+128 072ll 

+128 0777 

+128 0920 

+128 0895 

:(1. 0060879) 

+ ' 1. 0061419 

+ 9 2ll7 

.+ 9 373 

+ D &44 

+ 4-03 

+ 110..;. 
:(1. 0061879) . 

+ ; I. 0060859 

+ 1374 

+ 0769 
+ 9 0923 

+ 9 0971 

+ 06IJ5 
+ 1261 
+ 9 1104 

+9! 0944 
+ i owe 

f <L OOIJOWll) 

I 



 

Date. 

Oct. 

Oct. 

Oct. 

THE UNITED STATES COAST SURVEY. 333 

PENDULUM AT HOBOKEN, 1877.-SWJNGS AT LOW PRESSURES-Continued. 

: Pressure. Temper. I -g 
ature. , j 

In. 
0. 25 

14. 98 

14. 98 

30.16 

___ I __ _ 

68. 5 

64. 4 

64. 3 

64. 7 

D 
D 
c 
D 
B 

D 
D 
B 
B 

D 
B 

B 
D 

D 
B 
D 
D 
D 
B 
B 

D 
B 
B 
D 

A 
D 
D 

B 

A 

B 
B 

A 

REA VY END DOWS-Continued. 

Time of transit. 

h. m. s. 
9 46. 910 

ll 37 20. 754 

1U 14 43. 954 

10 30 46. 646 

11 7 16. 707 

11 37 36. 784 

12 6 5. 210 

12 41 6. 999 

13 13 34. 839 

l:J 38 10. 828 

14 4. 704 

14 36 45. 175 
15 11 42. 930 

15 39 47. 164 

16 44. 881 

16 33 16. 614 

17 8. 567 

17 34 10. 790 

18 10 26. 929 

18 49 43. 208 

9 I. HO 

9 17 52. 833 

9 54 48. 623 

11 54. 9'25 

11 13 7. 823 

11 32 58. 754 

12 46. 697 

13 18 12. 864 

13 30 39. 866 

rn 42 22. 876 

14 2 26. 846 

14 49 ! 17. 896 

Intervals. 

.. 
1773. 844 

224a. 200 

1502. 69'! 

1650. 061 

1820. 077 

1708. 426 

2101. 7!'ll 

1947. 840 

1475. 989 

1793. 878 

1720.471 

2097. 755 

1084. 234 
1437. 717 

1771. 733 

1971. 953 

1682. 223 

2176.139 

2356. 279 

1071. 693 

2215. 790 

4086. 302 

1190. 931 

2087. 9'3 

4226.167 

703. 010 

1203. b'70 

2811. 350 

Cor. for 
arc. 

.148 

.168 

.104 

.107 

.118 

. 098 

. 105 

. 089 

• 066 

. 071 

. 065 

. 069 

. 052 

. 041 

. 04~ 

. 047 

. 037 

• 044 

. 042 

• 063 

. 068 

. 038 

. 067 

. 061 

. 038 

. 037 

. 034 

. 027 

Corr. time. 

1na. 696 
2243. 032 

1592. 588 

1649. 954 

1819. 959 

1708. 328 

2101. 684 

1947. 751 

1475. 923 

1793. 808 

1720. 406 

2097. 686 

1684.182 

1437. 676 

1771. 68.5 

1971. 906 
1682. 190 

2176. 095 

2356. 237 

1071. 630 

2215. 722 
4086. 264 

1190. 864 

2087. 882 

4226.129 

702. 973 

1203. 636 

2811. 324 

: : 
Number 

oscilla
tions. 

Time, one ; 
oscill.a.tion. 

Rate. Period. 
corrected. 

--1-------

1763 1. 0060669 

2'221l! 0695 

14931 0851) 

1640 0695 

1809 0580 

1698 0825 

2089 0718 

1936 0697 

1467 0825 

1783 0617 

1710 0854 
2085 0844 

1674 0824 

1429 0714 

1761 0676 

1960 Oi45 
lb'72 0913 

2163 0542 

2342 0790 

(347041 

1065 1. 0062253 

2202 2316 

4061 2211 

(7328) 

1133! 1. 0062223 
2075 2082 

4200 2"212 
(7458t) 

6981! 1. 0064037 

1196 3846 

2793! 3805 
(4688) 

+ 

+ 

+ 

+ 
+ 
+ 9 

-t- 9 

+ 9 

+ 
-r 

+ 
+ 

1. 0060678 

704 

859 

704 

589 

834 

727 

706 

834 

626 

863 

853 

833 

723 

685 

754 
92'2 

551 

799 

(l. 0060746) 

+ 129 1. 0062382 

+uD 445 
+129 340 

+129 

+121l 

+129 

(1. 00623781 

]. 0062352 

211 

341 
(1. 0062306) 

-;-129 1. 0064166 

+129 3975 

+129 :193~ 

(1. 0063979) 

Oct. 5 ! 30. 16 64. 5 D 
B 
D 

B 

14 58 45. 016 

JS 10 56. 685 

15 30 7. 029 

15 15 15. 206 

731. 669 

1150. 344 

2708.177 

. 039 

. 032 

• 027 

731. 680 

1150. 312 

2708. 150 

727 1. 0063686 

1143 3972 

2691 37al 

(4561) 

+129 

+129 

+129 

1. 0063815 

4101 

3860 

{l. 0063913) 



 

334 

Date. 

1877. 
Nov. 30 

Dec. 

Dec. 

Dec. 

Dec. 10 

Dec. IO 

: Dec. 12 

REPORT OF THE SUPERINTENDE~"'T OF 

PENDULUM AT HOBOKEN, 1877.-SWINGS AT LOW PRESSURES-Continued. 

Pressure. Temper
ature. 

In. 
0.39 

7. 4,7 

0.35 

0.42 

0.67 

o. 72 

29.87 

51. 6 

51. 3 

51. 0 

50. 6 

50. 5 

48. 0 

48. 7 

48. 8 

49.4 

48.8 

50.8 

A 

A 
A 

A 

A 

A 

D 
B 
D 
B 

Il 

Time of transit. 

h. m. B. 

13 50 25. 592 

H 45 4.562 I 

15 n 16.464 
16 17 6. 318 

17 15 16. 274 

17 38 42. 309 

11 10 8. 716 

11 18 38. 728 

12 29 8. 732 

12 31 40. 604 

10 46 34. 876 

B 11 30 42. 130 

B I 12 30 42. 790 

B 13 34 50. 774 

B 14 31 44. 256 
B 15 27 37. 353 

D 

B 
B 
B 
R 

D 

15 33 29. 256 

16 33 2. 802 

17 43 40. ll99 

19 10 34. 758 

19 45 48. 809 

20 :l4 54. 576 ! 

B I 12 30. 8'25 

D 12 44 21. 2113 

D i 13 27 16.098 

D 14 lil 33.072 
B 15 28 30. 747 

B 
11 
B 
B 

15 31 29. 314 

16 34 47. 093 

17 43 24. 675 

19 41. 431 

HEAVY END UP. 

Intervals. 

.. 
3278. 970 

2411. 902 

3109. 854 

3189. 956 
1406. 035 

510. 012 
4230. 004 

151. 872 

2ti47. 254 

3600. 660 

3847. 984 

3413. 482 

3303. 097 

3573. 546 

4238.197 

5213. 759 

2114. 051 

2945. 767 

2331), 468 

2574. 80& 

5056. 974 

2217. 675 

3797. 779 
4117. 582 

4696. 756 

1 
Cor. for 

arc. 

.240 

.111 

.005 

.064 

.017 

.032 

. 081 

.000 

.195 

.156 

. 091 

. 044 

. 026 

.194 

.122. 

.070 

. 015 

. 014 

.171) 

.117 

.112 

.023 

.166 

.082 

.040 

Corr. time. I Number Time, one 
oscilJa. oacillation. 
tions. 

3278. 730 

2411. 791 
3100. 759 

3489. 892 
1406. 018 

509. 980 

4229. 923 

151. 872 

2647. 069 

3600. 504 
3847. 893 

3413. 438 
3353. 071 

3573. 352 I 

4238. 075 

5213. 689 

2114. 036 

2945. 753 

3260 1. 0057454 

2398 57510 

309"2 57435 

3470 57326 

1398 57353 

(13618) 

507 1. 0-058777 

4205 59270 

151 57748 

(4863) 

2632 1. 0057253 
3580 57274 

3826 57221 

3394 57272 

33.'!4 1 57202 
(16766) 

3553 

4214 

5184 

2102 

2929 

(17982) 

1. 0057281 i 

57131 

57270 

57260 
57197 

Rate. 

+3s7 

+367 

+367 

+367 

+367 

+369 

+369 
+aoo 

+353 
+a53 

+353 

+353 
+a53 

+353 

+353 
+a53 
+353 
+a53 

+389 

+389 

233-0. 298 I 

2574. 688 

5056.862 

2217. 652 

2317 

2560 

5028 

2205 

1. 0057389 

57375 

57403 

57379 
' +389 
: - +389 

3797.613 

4117. 500 
4696.716 

(12110) 

3776 ' 1. 0057238 

409( 57401 
4670 i 57208 

(12540) 

Period, 
corrected. 

I. 0007821 

877 
802 

693 

720 

(1. 0057784) 

1. 0059146 

9639 

8117 

(1. 0059540) 

1. 0'•57606 

627 

574 

625 

555 

(1. 0057597) 

1. 0057634 

484 

623 

613 

550 

· (1. 0057579) 

1. 0057778 

764 

792 

768 

(l. 0057778) 

l. 0057627 

790 

597 

(1. 0057009) 

D 
D 

13 3 U.877 

13 38 42. 675 2127. 798 .024 2114 ' 1. 00651~ 
I 

2127.774 +283 I 1. 0065439 

Dec. 12 29.95 

Dec. 12 29. 03 

Dec. 14 ' 30. 24 

52.1 ' 11 
11 

51.1 

48. 6 

B 
B 

11 
11 

. Dec. 16 ' 27.20 ! 50.2 D 
D 

: Dec. 16 ' 21. :It 50.2 D 
11 

15 39 35. 317 

17 00 12. 625 

17 24 27. 023 

18 15 46. 9541 

18 15 36.941 
18 52 1. 055 

8 

2' 47. 072 

47. 32~ 

8 10 118. 858 

8 " 6.577 

4837.308 . 039 4837.269 
j 

4806 i 1. 0065062 1. 0065349 

3079. 933 .031 3079.002 3000 1. 0065039 +283 1. 0065322 

2UU.114 .026 2184.088 2170 1. 006'922 1. 0005247 

2220.249 .038 2220.211 2206 1. 00Mil9 1. 0064715 

1987. 719 11187.688 1975 L 0064218 
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PENDULUM AT HOBOKEN, 1~77.-SWINGS AT LOW PRESSL'JIBS--Continued. 

HE.A VY END UP-Continued. 
------- ------------

Date. 'Pressnre. · Temper. 

1877. 
1 Dec. 16 

Dec. 16 

Dec. 16 

Dec. 17 

Dec. 17 

' ature. 

In. 
29.15 

29. 05 

22.45 

15. 02 

7. 45 

50. 2 

50. 5 

50. 9 

50. 4 

50. 5 

n 
D 

D 
D 

B 

B 

B 

D 

D. 

Time of transit. 

h. m. a. 
9 06 56. 915 

9 40 39.025 

9 51 20.849 

rn 22 u. 955 

11 21 36. 680 

11 59 43. 101 

12 ?~ 32. !)g1 

13 20 16. 792 

16 52.821 
D ·17 26 51.046 

Dec. 19 : O. 64 

Dec. 19 

I Dec. 22 

Dec. 22 

i 

I Dec. 23 

I 
I 
I 

I I Dec. 23 I 

I 

I 
I Dec. 23 

I Dec 23 

1.00 

0. 38 

0.81 

OA6 

0. 62 

30.55 I 

so. 55 

t 

50.1 

50. 0 

49. 7 

I 

D 
B 

B 
D 

B 
1l 

D 
B 

B 

B 
B 

n 
D 

B 

49.5 j DD 

DD 
DB 

49.0 I DB 
' D 

'DD 

49.0 D 
B 

D 
ll 
D 

49.6 D 

B 

48.9 D 
B 

12 38 2. 610 

13 39 30. 870 

14 42 54.668 

15 44 36. 884 

11; 51 9.164 

16 53 14. 595 

17 55 43. 088 

lR 56 O. 814 

11 44 24. 745 

12 7 34. 722 

14 3 40. 572 

17 

2 54. 889 

56. 626 ! 

40. 764 17 34 

18 30 28. 843 
19 2 12. 749 

19 41! 50. 573 

4 22 53. 989 
4 48 42. 354 
5 10 8. 774 

6 40 36. 960 

13 .a. 405 

19 39.117 
47 1. 082 

14 16 35.199 

10 37 55. 017 
11 10 22.653 

11 14 86. 834 
11 48 2.889 

Intervals. 

.. 
2022.110 

1868.106 

2286.421 I 

3464.2-05 

5098. 225 

3688. 260 

3803. 898 
3702. 216 

3725. 431 

3748. 493 

3617. 726 

1389. 977 

6ll65. 847 

3554. 320 

7501. 737 

1004.136 

1903. 906 

2677. 823 

1548. 365 

1826. 420 I 

1986. 445 

395.5. 712 

5241.965 
1774.116 

1947. 636 

2006. 055 ! 

Cor. for i 

arc. 

.033 

.030 

.036 

.063 

.093 

.216 

.104 

.048 

.162 

• 072 

.032 

.088 

.248 

.053 

.051 

.005 

.041 

.036 

.047 

.043 

.135 

.145 

.076 

.012 

.037 

.043 

Corr. time. 

2022. 077 

1868. 076 

2286. 385 

34M. 142 

5098.132 

3688. 044 

3803. 694 
3702.168 

3725. 269 

3748. 421 

3617. 694 

1389. 889 

6965. 599 

3554. 267 

7501. 686 

1604.131 

1903. 865 

2877. 7ffl 

1548. 318 

1826. 377 

1986. 310 

3955. 567 

5241. 889 

1774.104 

1947. 599 

2006. 012 

Number Time, one 
oscilJ.a. oscillation. 
tions. 

2009 1. 0065092 

1856 1. 006lill6fi 

2272 ' 1. 0063402 

34-la 1. 0061406 

5068 ' 1. 0059455 

3667 

3782 

3681 

(11130) i 

1. 0057388 

57361 I 

57506 

3704 1. 0057 421 

3727 37475 

3597 57531 
(11028) 

1382 I 1. 0057084 

6926 57174 

3534 57349 

7459 57227 

1595 57249 
(20896) I 

I 

I 
189.'l I 1. 0057390 

2662i i 57416 
(455.'if): 

I 
1539! i }. 0057278 

1816 i 57142 

(3305t)! 

I 
I 

1975 ! 1. 0057266 

3933 57379 

5212 57347 

1764 57279 

(12884) 

1935 1. 00651 JI 

1993 I 1. 0065289 

Rate. 

+356 

+a76 

+376 

+335 
+335 

+335 

-f-406 

+406 

Period, 
c-orrected. 

1. 0065448 

1. 0065421 

1. 0063670 

1. 0061782 

1. 0059831 

1. 0057723 I 

696 

841 

(1. 0057752) I 

1. 0057756 

810 I 

86e 

(1. 0057813) 

1.0057490 

580 

755 

63'3 

&54 

(1. 0057628) 

1. 0057700 

8!!2 

(1. 0057813) 

1. 0057684 
fi48 

(1. 0057611) 

]. 0057672 

785 

753 
685 i 

(1. 0057741) 

1. 0065517 

l. 0065695 



 

336 REPORT OF THE SUPERINTENDENT OF 

~ITED STATES GEODETIC SURVEY.-PENDULUM AT HOBOKEN.-SWINGS AT HIGH TEMPERATURE. 

Dak. Pre&sure. Temp. ; '8 Time of transit. 

HEAVY END UP. 

Number 1 
• 

Inte als i Cor. , C t· oscillo. Tm_ H\ o_ne 
rv . .: for arc. OIT. ime. .., 

tions. oscillation. 

~ !Cor. for 
~:temp. 

~ 'to35°C. 

Period, 
corrected. F. ~ 

::a 
----------------- ---- -------- ---i--· 

1878. In. h. m. 1. 

Apr. 24 1. 24 D 11 52 17. 358 

12 25. 088 
12 18 20. 755 

12 30 31. 137 

92. 5 ]l 

92.6 D 
92.0 D 

Apr. 26 2. 25 B 11 3 13. 343 

11 24 0. 891> 

11 53 54. 768 

12 24 6. 767 

Apr. 24 29. 888 

Apr. 26 29. 886 

Apr. 26 29. 890 

Apr. 30 30. 000 

99. 3 ]l 

100.8 , D 

101. 5 ]l 

B 

89.9 D 

90.5 B 

91.0 'D 

D 
96.5 ; ]l 

97.0 : D 
97.8 ' D 

D 
97.8 D 

97.9 · D 
98. 6 ]l 

D 
102.. 8 B 

102. 8 ]l 

102. 7 D 

10 11. 240 

10 19 46. 835 

12 32 16. 830 

10 50 8. 937 

49 46. 929 

57 4. 888 

31. 263 
25 41. 330 

28 27. 344 

9 33 Y. 253 

9 42 12. 885 

10 5 51. 38'2 

4 59. 956 

12 1. 115 

21 49. 060 

44 53. 336 

Apr. 30 30. 007 ........ B 47 45. 072 

9 55 33. 220 

10 5 '%1. 224 

10 26 40. 780 

May 2 29. 897 

Moy 2 29. 892 

May 10 : 29. 899 

May lo 29. 892 

May 11 29. 9ti8 

29. 980 

102.7 : D 

102. 5 : D 

102.3 , B 

D 
95.2 · D 
95.4 . D 

95.6 B 

11 05 33. 347 

11 13 58. 729 

11 28 44. 682 
11 46 26. 759 

D , 11 49 35. 047 

98. o : D 11 55 31. 417 

96.3 ID 12 03 26.6111 

96.7 ; D, 12 22 53.429 

D 

91.1 D 
91.5 , D 

9'J. 3 D 

. B. 

9'2.5 i D 
9'J.5 'D 

92.8 D 

]l 

93.7 D 
94.0 D 

94.4 B 

10 11 18. 725 

10 17 37. 254 

10 27 11. 098 

10 51 59. 023 

10 55 38. 701 

11 12. 735 

11 13 22. 82-0 

11 33 30. 913 

9 42 29. 411 
9 48 56. 995 
9 58 28.1145 

10 21 35.106 

D : 10 25 16. 895 

94.4 B 1 10 112 48. 935 

94. 3 B j 10 42 40. 894 

94. o D i 11 10 411. 181 

.. 
787. 730 

775. tl67 

730. 382 

1247. 553 

1793. 872 

1811. 999 

695. 595 

749. 995 

1072. 107 

437. 959 

506. 375 

1210. 067 

281. 90Y 

543. 632 

1418. 497 

421. 859 

587. 945 

1384. 276 

468. 448 

594. 004 

1273. 556 

505. 382 

885. 953 

1062. 077 

356. 370 
475. 202 

1166. 810 

378. 529 

573. 844 

1487. 925 

4M. 034 

610. 085 

1208. 003 

387. 584 
631. 850 

lll86. 2fl() 

452. 040 

591. 959 

11188. 287 

.042 

. 035 

.028 

.038 

.034 

. 022 

. 030 

. 012 

. 006 

. 020 

. 011 

. 010 

. 018 

. 016 

. Olfi 

. 019 

. 014 

. 010 

. 027 

. 016 

.on 

. 025 

.016 

.006 

. 019 

. 013 

. 012 

.017 

• 013 
. 011 

.022 

. 014 

.010 

. 016 

. 012 

.010 

.024 

.012 

.012 

787. 688 

775. 6.".J2 

730. 354 

1247. 515 

179tl. 838 

1811. 977 

695. 565 

749. 983 

1072.101 

4.'17. 9.'l9 I 

5-06.314 

1210. 057 

281. 891 

543. 616 

1418. 482 

421. 840 

587. 931 

1384. 266 

468.121 

593. 988 

1273. 545 

505.357 I 

885.1137 

1062.071 

356. 351 

475. 189 

1100. 798 ! 

378. 512 

573. 831 

148'1. 914 

454. 012 i 
610. 071 

1208. 083 

387. 51!8 

571. 838 

1386.250 

452.016 

5111. 947 

1888.575 

I 

783 L 0059872 
i + 8 :------ +100 

771 60078 + 8 ' ...... + 91 

726 59972 + s [ ...... +128 
(2280) 

1240 

1783 

1801 

(4824) 

: 1. 0060605 + 8 

60785 ' + 8 
60949 + 8 ... 

-244 

-316 

-352 

691 

745 

1065 

(2501) 

L 0066064 

66886· 

66696 

43G I 1. 0067 563 

503 66885 

120'l 67030 
(2140) 

+ s I -59 +178 
+ 8 : -59 ' +157 

+ 8: -59 +135 

+ 8 -60 

+ s I -60 
: + 8 I -60 

- 78 

-100 

-135 

1. 0059980 

60177 

60108 
(1. (,060088) 

l. 0060369 

60477 

f.0505 

(1. 0060497) 

). 0066191 

66992 

66780 

. (1. 0066670) 

1. 0067459 

66733 ~ 
66843 

1(1. 0066936) 

280 

540 

1409 

(:!'..!29) 

1. 0067536 : + 8 -60 -135 ' 1. 0067349 

66963 + 8 i -60 ' -13> 66776 

67296 + 8 -60 : -164 67080 
·(l. 00670~9) 

419 ]. 0061780 -85 i -328 1. 0067358 

584 67312 - 9 -85 -328 66890 

rn1s 67389 - 9 -85 I -328 66967 
(2378) 

465 1. 0067263 : - 9 : -87 -328 

000 67593 9 ' -87 . -320 

1265 67549 - 9 -87 ' -313 
(2320) 

502 

880 

1055 

(2437) 

1.0066873 . -45 ! -61 ' - 28 

67466 : -45 : -61 - 36 
670"..4 i -45 -61 - 43 

'(l. 0067017) 

1. 0066839 

67177 ! 

67140 

: (1. 0067060) 

1.0066739 

67324 

66875 

1(1. 0067007) 

354 . 1. 0066U2 -45 -60 - 64 ; 1. 006624-0 
472 67563 . -45 -60 - 71 67387 

' ' 
1159 67282 . -45 -60 - 85 67092 

(19&;) 

376 ' 1. 0066809 

570 67211 
1478 

(2424) 

451 

600 

1200 

(2257) 

67077 

1.0066785 

67178 

67358 

385 l. 0006701 

-068 67570 

\(1- 0067011) 

+28: -62 

+28 -62 

+135 i 1. 0066910 

+lu 67291 

+zs -f2 + sr. 

+28 ' -60 + 78 

+2s -60 + ;s 
+28 -60 + 64 

67128 

:(1. 0067132) 

I 
' 1-0066831 

67224 

67390 

i (1. 0067734) 

+28 -78 + 28 : 1.0066679 

+28 -78 + 21 67541 

1377 

(2330) 

67173 +28 -78 0 61125 

«II i l. 0067171 
581! 67128 

1677 67288 

(l1714) 

+28 -81 0 

+28 -81 + 7 

+28 -81 + 21 

I 

l (1. 0087153) 

·1' 1. 0067118 
87080 

I 8'1201 
1(1. 00871111) 
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PENDULUM AT HOROKEN.-RWINGR AT HIGH TEMPERATTTRE-Continurd. 

HE.<l VY END DOWN . 

. ----1---1---~l---------·~-~----1~·-------,-~-.-_-. 1· 
; I Temp. ~ i Cor. ' Nmulwr Time, one .§ g i Cor. for, Period, 

corrected. Date. 'PTessure. F .§: ; Time of transit. Intervals. for arc. Corr. time. oRcilla~ oscillation.: Rate. ;..: gj ;tf'mp. to 

___ II' ___ ' __ ·_!~ j i-----1--- -----~~ ---- ~'-3-sa_c_'·_ 
1878. In. o ! l h. 1n. 1. I 8. 

1 

May 4 I 29. 794 .••..••. ! D 9 19 15. 340 [ 

I 
I 96. o I B 9 31 37. 201 .'Ii 

97. 3 I D 10 59 34. 625 

741. 861 

1371. 955 

3905. 469 

1

9681D 95429.156. 

May s f 29. 868 .•.. ~ .. I B 9 13 26. 830 ! 

I 
94. 0 I D 9 26 12. 843 i 766. 013 

May 6 30. 027 

May 8 29. 84:3 

94. 2 I B 9 49 22. 897 1399. 054 
94. 8 i D 10 54 11. 255 i 3888. 358 

I 
....... i D 

95.1 ! D 

I 
95.1 l B 
95. l I B 

I 1 

1--~~.-;-·i ~ 
96. l : D 

94.0 I B 

I 

i 
11 05 53. 067 I 

11 15 40. 900 i 587. 833 

11 33 32. 896 ! 1071. 996 

12 30 31. 132 i 3418. 236 

9 57 19. 379 II 

10 9 35. 213 735. 834 

10 30 23. 375 

11 23 35. 137 

' 1248.162 

13191. 762 I 

.041 

. 039 

. 031 

. 038 

. 036 

. 028 

. 026 

. 028 

. 030 

• 042 
. 036 

.034 

741.820 

1371. 916 

3905.438 

765. 975 
1300. 018 

3888. 330 

587. 807 

1071.968 

3418. 206 

735. 792 

1248.126 

3191. 728 

737 

1363 

3880 

(5980) 

761 

1381 

3863 

(6005) 

584 

1065 

3396 

(5045) 

731 
1240 

3171 

(5142) 

1. 0065400 

65414 

65563 

1. 0065375 

65301 

65571 

1. 0065188 

65427 

65389 

1. 0065554 
6[>533 

65307 

-45 -16 - 75 : 1. 006.'>264 

-45 i -16 -108 65245 
-45 i -16 -133 

I 

-45 -24 + 25 
-4S -24 -t 8 
-45 -24 - 17 

651J69 

(1. 006,;327) 

1. 0065329 

65240 

6548fi 

i (1. 0065409) 

+54 -40 - 33 ~ 1. 0065169 
I 

j +54 -40 - 33 I 65408 

I 
+-55491' --·4.01 - 33 i : (1. 0065356) 

- 91 1. 006:;3&1 

1

-59 I -21 - 75 65378 

-59 I -21 + 25 , 65312 

: 1' :'(1. 0065338) 
1 , I 

65370 

NoTE.-For addendum to this appendix see end of volume. 

S.Ex.37-43 



 

338 REPORT OF THE RUPmnNTENDENT OF 

A P l' E N D I X N o . I 6 . 

[Reprinted from tlw l'.nit<'<l States Coast SurY"Y Report for 1"71.] 

COMPARISON OF THE METHODS OF DETER1IINING HEIGHTS BY )JEANS OF LEVELING, VERTICAL 
ANGLES AND BAH0:\1ETHIC )lEA:·wm:s, rmm OBSEHYATJON;; AT BOJJE(;A HEAD AND IWSS 
MOUNTAIN, CAL., BY GEOlWE DAnnsox ANH l'HAHLES A. SCHOTT, ASSI:,iTANTs, Cl\ITED STATES 
COA8T SL:lffEY. 

In the spring· of 181i0, Asliii<hmt Georgf' Ih1vidiion organized a syRtem of ohseryatiom; of 11eig-hts 
with a Yi<'w of deh,rmiuing Ute refraction of the atmoo;pltere in the climate of California, and to 
give data for relatil·e ntlues of heiglits determined from leveling opera,tion;.;, from measures of 
zenith-distances, and from re:ulii1gs of the atmospht>ric pressure. The stations selected were Uodega 
Head, on the sea-coast, about fifty statute-miles northwesterly of San Francisco, and RoRs ~Imm
tain, about fourteen rnilt>s to the northwanl of J3odega Head. The "head" is about :2±0 feet and the 
"mountain'' a Lout 2210 fe1~t above tlle level of the oeeau. Sia1ting from Bodega Head, tl1e line 
passt>s for ahout onP-thil'd of its length close to the coast-line, an<l at two-thirds it crosses the deep 
Yalley of the ]{nssian Hivcr. Local cnrrcnt8 of the atrnm;phere, due to thiR valley, ma.y po;.;sihly 
cause di.~tnrhaucPs in thf' normal refraction. 

The two statious \H~Te occnpied in l\larch, 18fl0, and beh\ een the 20th and 27th hourly oh1'er
vatio118 (from 7 a. m. to ii p. m.) were made of r<:1ciprocal and simultaneous zenith-tlis1ances, and of 
the pressure, temperature, and moisture of the atmosphere. 

'l'he height of Bodega Head was determined by lernling in Angufit, 18GO, lmt it was not till 
1872 that an opportunit.v offered for carr,viug the levels np to Hoss l\1ountain. The rP1mlt8 of this 
paper will he given under the three dh-isions of the su~ject stated in the title. 

1.-TIIE RBSl'.1,1'8 OF 'l'HE LEVELING OPEHA'l'lONS. 

These operations licing· well understood, and presenting nothing new or of special interest, the 
following liri<•f Ktaternent. will Rnffice: 

The Pleva tio11 of Bodega Head was determined by spirit-level by Assistant. George na.vidson, 
August 20, 18GO. The staff could be l'ead hy nwans of a vernier to 0.001 of a foot. Ile found-

Bodega Head mark ahove bench-mark near titlal station_..... 2~14.6 feet. 
Heduction to ground, ol' top of copper bolt . . . . . . . . _ ... _. _ .. - 0.1 
Reduction to half-tide len~l of ocean ...... _ ........... _ .. _.. + G.6 

Hence Bodega lleatl, ground, ahorn ocean _...... . . . . . . . . . . . . 241.1 feet= 73m,49 

By direction of Assistant Davidson, the elevation of Ross ]\fountain was obtained by spirit
level in January, February, and )lareh, 1872, by l\fr. S. R. Throckmorton,jr., aid, United States Coast 
Sun·ey, assisted by l\fr. H .• J. '\Villey. The leveling8 commenced at.Bodega Head, and received a 
rough check by striking high-water mark at Salmon Creek; from here the line of level crosses a 
ridge of about 250 feet, and de~cends again at t11e l{.m,;sian Hiver to tide-water level; the ascent of 
Ross l'llountain was retarded by wet and wind;r weather, and in returning the work had to be 
abandoned after descending about 1,350 feet, on account of the wet and spongy ground. The 
check-level,; during the descent were sati::;factory. The leveling-instnunent, by Stackpole & Bro., 
of New York, was borrowed from General Alexander, United States Engineers. The rod was com
pared with the standard steel-yard, at G2° Fahrenheit, and the extreme length and intermediate 
graduation were found to agree with the standard. 
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The resulting difference of leyel is as follows: 
Ross mountain, stone mark ahoYe gromul, Bodega Head .............. l!IC:l. ;;;; 
Reduction of mark to gronml at lfoss .:\fountain . . . . . . . . . . . . . . . . . . . . . + 0. 85 

Ross ::\fountain, ground, a bow~ Bodega II Pad . . . . . . . . . . . . . . . . . . . . . . . . l!:lli±. 40 
And hy preceding result, Bo<lega Hea(l, grmrnd, ahm·e half-tide Jen~! of 

ocean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2±1. 1 O 

Hence, Ross )fountain, grnn11d, aboye half tide of ocean . . . . . . . . . . . . 2205. ;;o foet, 
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or 672.2:~ meteni, and the (]iffere11ep of height of the ground at each station ;)(18.7 4 meters, with au 
estimated probable error of ::!:: 0"'.0G. 

2.-l':,EsuLTS OF IIOL'RLY OilSERVATIO::'\S OF TIECil'l~OCAL AXD s1:11rVl'ANECH"S z:E::'\ITII·DISTANCE8 

FOR DJPFERENCE 01•' IlEHHI'l' OF ~·ui.; '!'WO S1'ATIO'.'i8. 

The olmernttimrn at l~odl•ga Head, betwPeu J\Iarch 20 and l\lard1 27, lKGO, werP made hy E. 
II. Ji'auntlero;.·, aid, F1iitf'd 8tatP8 Coa;;t SmTPy. IJp lltiPd tl1P 10-iiwli Yf'rtical ein·lp No.,"\{); it i;; 
graduated to 3', and reads by ± Yerniers to ;)" e:wh. Its optkal pmn•r was rather weak tor the 
work requirell. Uue diYisiou of the leYel equals :>" .n:1, as <ldcrmi1wd lly Assil;taut I>aYi<lRon in 
1859. The ax:i8 of tlw Yertical circle wat; H~ .. ; inches (1..38i nwtt•rJoi) aho,-e grom1d, aml the eleYa
tiou of the heliotrope shown to Hoss )fountain wa:-; th~\ same. ThP zenith distane<•x of the Hoxt; 
:M 01111tai11 hdiotrope were measured on fiye day" at en~r.r fnll lionr (t>xcPpting 011t• on th<• first <lay) 
between 7 a. m. and ;; p. m. inelm;i\·e. J..:aeh nwasnre consists of six repetitious of tlte tloul!le 
zenith-distance, and was corrected for defect of Yerticality of axiti a" imlicate1! by the le,·d. 
Irnmediatel,r before and after eaeh measure, the barometer, with attaeht>tl thermometer, and the 
dry and wet bulb thermometers, ·were rea<~, and the state of th1• weatl1er 11ote1l generally, including 
direct.ion arnl Yelocit;r of wind. The cistern of the mercurial barom!'tPr, Ureen :Xo. 1;34;1, was 
0.33(; meter abO\·e g-round. Its index-correetiou, when co1111ian•d with Gn~eu·s mercurial barometer 
No. 1:34i, which wa" statctl to he correct, wa8 -0.010 ineh, wliich conection was applied to the 
tabular results. a1' well as the graduation-corrections of the thermometen; Xo. lfj, used as dry and 
wet bulb, and of X o. 3, used as dry lmlh, aft€r the accidental breakage of wet bulb :X o. Hi. Theise 
corrections am giYen fnrtl!er OIL 

'l'he observatiom; at Hoss .Mountain, between 1\larch 20 and March 2i. 18GO, were made b~
ARsistant George Davidson. He used the 10-inch Gambe.r wrtical circle :Xo. 21-i; it iii gra1lnatt•d 
to 5', and reads by± Yer11iers to 311 each. Its optical power was considered weak. Om· diyi;;ion 
of the level equals 6".2!J, as determined hy Assistant D:n-ich;ou. The axis of the Yertical circle 
was Ill iuches (1.549 metl•r) ahoY<i the ground; the heliotrope shown to Bodega Ilead was 011 a 
level with the vertical circle. Double zenith-di8tauces of the Bodega Hmul heliotrope \rnre 
measured hourly, between 7 a. m. and 5 }). m. inchrnive, on fiyc days, and at four morning-hours 
on the 6th day, when the obsernitions had to he diseontinned on account of wet arnl stormy 
weather. The measurement of the six repetitions of the double zenith-distance wns comnwnced 
exactly at the full hour, and the average time occupied in makiJJg them was abont ih-e minutes. 
The level was read twice before and twice after reven1al of the circle, and the results were corrected 
for defect in vertieality of axis. The barometer aml at,tached thermometer aud the dry and wet 
bulb thermometers were observed as at Bodega Head; the state of the weather was carefully 
noted ever:( lwur. The cistern of mercurial barometer, Green No. 13±7, which wat' borrowed 
from Lieut. R. S. "\Villiamson, United States Topographical Engineers, was o.;J78 meter above 
ground. The instrument is of the Smithsonian pattern. The thermometers were ~ o. H, dry hnlb, 
No. rn, wet bulb, and the comparisons by McA!liHter & Bros. wlth a standard, and again by 
Assistant Davidson, gave the following index-corrections to the thermometers used at the two stations: 

To No. 8 ............................ . 
To No. 13 .....•.••••.................. 
To No. 16, dry ....................... . 
To No. 16, wet •..•.................... 
To No. 3 .. _ ..................... . 

All the thermometers have Fahrenheit's scale. 

0 

0.0 
+o. 6 
+o.9 
+1.2 
+1.1 
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TABLE 1.-Resulting zenith-diBtances, measured at Bode.11a Head, of the heli-Ot1·ope at RosB Mountain, 
1l[m·clt, 18GO. 

! Hour of day. 

7 a.m --···--·· 
H a.m __ 

9 ~L Jll •••••. 

' 10 a, rn . _. 

] 11 a. m .. 

:Xnou ..•••••.... 

lp.m ......... . 

:.! p.IlL ••...... 

20th. 

("j 

~K. 4-

t[;J5. ~1] 

t[lLH}, 

30. g 

15 3 

f'~C :1:l'+ 
- -- -1-- ! -I 

I 
I 

1 

\ Re8ultiug 
21"t. 24th. i 2i;th. I 26th. 27th. j rutan from 

1 I , fi't' davs. 

I --i----------'- --~---
7. 8 

14. 9 

29. ;j 

3L 7 

33. 8 

[:><. ~] 

33. ::! 

1 I I ' 

22.9 ! 8.0 1,, 6.5 I I 
20. 4 6. fi 16. ~ 31. 5 

[~-'- fi] I 18. g I 33. :i I 38. 1 

[4o. ~l 

31. 7 

:35. 4 

~~-ti 

32. 4 

23.o i 17.7 39.6 I 
19, 1 [20. 3j • _________ I 
11. 5 ~~:: ::::::::: I 
20 g 14.9 

12. l 

17. 3 

29. 4 

[30. 4] 

25. (j 

2G. 3 

22. 4 

23. a 
' . 

3p.m......... ~:l 4 '.};'°).8 i '27.3 18 [) 14.2 1---- ---1 21.7 

1 4p.m......... 24 6 
1 

29.6 , 20.0 I 16 .; I 14.9 
1 

......... 1 21.1 

5p.m .........• ~~~!~-~~1-····-~j--~ 

! lt::~,~~''.~. '.la.i'.~ / _2; :1 1 _ __2_r.. :__ --~4~~-l·~=~J--.-~~-
Tl1e last col1111111 contains the hourly moam-; from fiye dttys of obsernttious, rejecting the yalues of 

the 27th, as 11 broken day. The maximum value on eacli day is indicated hy au inclosnre in brackets. 
The 1)robahle error of any one mean zenith-dh<tance, from fiye days of obi:<ernttion, is about 

:l: 2" .l. 

TABLE 2.-Resulting zenith-d·istanccs, meaBured at Rorss JJfoimtain, of the heliotrope at Bodega Head, 
March, 18GO. 

~no :1;;'+ 

1 Hour of day. 
I • . 1 

Resulting i 20th. I 2l8t. ! 24th. , 25th. : 20th. 27th. uwa11 from 

' I five da.ys. 

·~---- -~---~---------
I 

44. g I 68. 4 87. 3 79. 4 ti9. u 82. 0 91 36 10. 0 I 
58. fj I 85. 0 91. 2 81. 8 68. 3 90. 2 17. l 
7U. 4 I 90. 2 93. 5 86. 2 81. 3 05. 3 26. l 
81. g 

I 
87. 6 [98. 4] [87. 5J 77.1 90. l 27.1 

81. 0 90. 2 96. 8 84.1 [87.2] .......... \ [27. 9] 

[89. 7] 88. 0 92. 0 : 77. 6 83. 2 !--·--·----' 26. 3 

87. (j [90. 6] 94. 4 77. 2 77. 3 1--··-·····1 25. 4 
82. 8 89. 4 89. 8 77. 9 66.2 1··--------1 21. 2 
87. 7 82. 4 93. 0 78. 5 73. 9 

1 ··----·--
23. 1 

89. 4 80.1 90. 7 82. 4 79.4 .......... , 2.1. 6 

86. 7 80. 0 i 89. 2 80. 5 69.4 21. 3 

'------I 

I 91 30 19. 3 25. 5 i; 32. 4 I 21. 2 : 15. 7 --·······! 22.8 

7a..m 
8 a. tu ...•.... 

I 
Ua.m ........ . 

lOa..m ...•...... \ 
1 n a.m ........ .. 

I
Nrnm ........... j 

. 1 p.m .......... 1 

\ 2p.m ... . 
3 p. ID ........ ! 

1

4 p.n1 .......... j 
5p.m ..••..... _____ , 

l Rt"8ultrng claily : 
mean ......... 1 

The obi:;ervations on the 27th are omitted from the mean. Tlie daily maxima are indicated by 
brackets. It will be noticed that these maxima of measured zenith-distances all occur in the fore
noun, and that they appear to connect t.hemselves with the time of the daily maxima of the 
atrnuspheri-0 pressnre (for which see tables further on). The average hour is near 10 a. m. This 
may possibly be quite local, and may be connected witli the setting in of the sea-breeze about that 
time-a phenomenon which renders the dail.Y fluctuation of temperature at San Francisco so 
different from the ordinary occurrence. The Bodega He:ul station seems to be slightly more 
exposed to this influence, as might be COI\jecturcd from its position close to the sea-coast .. 

•To complete tho tahk., the Yalue 15".5 waH here interpolated; it was found h~' comparing the ohsened zeuith-ilis
tarn:.e at, 7 a. m. 011 each da~- with tho mean of the 10 ohRerved ienith-ilistanc•_•s of the day respectively. This difference 
is lll".7, which suMr:wtetl from 26".2, 01· the mean of the 10 observation~ 011 the 20th, gives 15".5. 

t :Measures unreliable owing to high wind; the mean, or 33".6, will hereafter be substituted in the place of these 
lne.asnrea. · 
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The probable error of any one mean zenith-distance from five days of observation is about 
::!: 1".9. 

The heliotrope and im;trument being Om.038 higher above ground at Bodega Head than at Ross 
Mountain, the angle 0".3 subtended by thiR difference will be subtractfre to the resulting tabular 
zenith-distances at Bodega Ilead and additi?!e to tliose at Ross Mountain, in order that the com
puted differences of altitude may at once refer to the ground at each station. 

TAilLE 3.-Re.~ultilig atmo8pheric pressures obsen:ed at Bodega Head, the heir1ht of the mercurial 
column being corrected for ini1e.r-error and its temperature reduced to that of freezing water. 

MARCH, 1860. 

Ilonr of nn.y. 20th. 21st. 24th. 25th. 26th. 
ltf'8Ultin_g 

27th. mean from 
five days. 

--·----J Inches. Inches. Inches. I Inches. Inches. ! lnehes. : Inch~s~ 
7a.m ..•.•..... ; ("J 29.715 30.038 I 29.920 29.817 I 29.833 

Ba.m .••••..... ! 29.689 .715 .038 Ii .930] .827 29.765 .840 

9 a. m . __ .... . [ . 731 . 7:U . 04'.:! 1 . 922 . S::12J . 779 . 852 

10 a. m .••. - ..... ! [ • 749] ! . 739] . -049] i . 923 . 8321 . 780 . 858] 

lla.m •........ [ .i49, .732 .048 'I 925 .82;) .856 
Noon ...•.•..... 1 .744 .722 .040 913 80f.t , -···----

1 
.846 

1 p. m .... - ..... '. • 739 . 713 . 018 . 897 . 791 ....... __ . . 83'2 

2p.m .......... ' .741 
1 

.702 30.000 I 878 .7i4 .....•... .819 

3p.m .••••.... ~ .733 I .679 29.9871 . .S71 .761 :......... .806 

4 Jl. m .... - .... I . 733 I' . 668 . 960 . 860 • 747 : • . . •• • . . . 79:; 

5 p. ID-----· .. · 1 . 730 65Y . 959 837 . 732 ..... _.... . 783 

L~can •••..••. ---;,;;-1--;-;;-I 30.017 129 ~8 _2~-795 ;==-29.8~9 1 

*Interpolated \alue for this hour 29.674 inches. usin~ the obser11cd difference at 7 and 8 at 
Ross Monnta.in. 

Inclosed values indicate the daily maxima of pressure. 
The readings on the 27th are not used in thP means. The surface of the mercury in the ciistern, 

in contact with the index-point, was om.336 above ground; hence, to reduce the observed pressure 
to the ground, 0.001 inch is to be added. 

TABLE 4.-Resulting atmospheric pressiires observed at Ross Mo'untain, the height of the mercurial 
colmmi being referred f<> the tcmperatiwe of freezing 1catcr. 

MARCH, 1860. 

I ' Resultinj! I 
Hour of d"Y· 

: fiYe dnys. i I
. I I , I 

2-0th. 21st. 24th. 25th. '! 26th. j 2ith. ! mean from j 

1------ ·---- ___ , ___ ---- ---'--- ·-·--·---' 

7 a.m ......... . 
8 a. m .••••. ___ _ 

9 a.m ......... . 
lOa.m •....•••• 

lla.m .......... . 

Noon .......... . 
lp.m ........ . 
2p.m .....•.•.. 

3p.m .....•••.. 
4p.m ........ . 
5p.m ...••..•.. 

Inches. Inches. Inches. Iiu:hu. Inchea. : Inches. In<he;;. [ 
27. 618 2i. 617 2i. 930 27. 844 27. 737 2i. 676 27. 749 

. 633 . 624 . 934 . 846 . i4i\ . 691 . 756 

.M .E -~ .Wj ·™ .M -~ 

. 869J j' r . 1ss1 , . 713 I . 772J · . 651 . 636 .948 

. 656] . 642] . 949] 

. 650 . 638 • 947 

. 645 • 621 .931 

• 637 • 602 . 919 

.630 . 59i .898 

. 626 • 576 . 884 

. 622 .572 . 877 

.852 .754 !··········1 .7il 

::~ : :~~ ;::::::::::1 :~: 
.803 .721 '·····--···1 .736 
. 793 • 701 • 724 

. 782 

. 775 

. 693 

. 078 
. j . 712 I 

. 705 i 

------,-------·---i ' 
MAAD .••.•••. 27.6.18 27.615 i 27.024 27.825 27.729 i·····--···i· 27.746 

' ! 

The readings on the 27th are not used in the means. 
To reduce the observed pressure to what it, would have been on t,he ground, add 0.001 inch. 
The next following tables contain the obserYed temperatures of the ail' and of evaporation; 

all the readings were corrected for index-errors of thermometers. The readings on the 27th are 
omitted ; maxima are indicated by brackets. 
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TABLE 5.-0bserved temperature of the air and aj evaparation at Bo1lega Head, March, 1860. 

20th. ---~t_h_. --- 25th. ---2-6
7

l_h_. ___ i Mean of five <lays. / 

-D-r
0
--.---W--e-t.- Dry. Wet. -D-r.-\".---W-c-t.- Dry. Wet. Dr)·. Wet. I 

21st. 

Hour. 

Dry. i Wet. 

46~0F.f 
47. 7 

49. 2 I 
51. 0 ' 

7 a. 1n ..•••.•.. 
1 

8 a. m ......... 1 

9 a. m ......... 1 

10 a. m ........ . 

*48. 0 '4G. 1 

49. 4 46. 7 
50.5 47.3 

50. 8 47. 9 

43. 4 42. 8 

50. o 4G. o 
52.::l 47.2 

55. 4 49. 7 

46. 7 45. 6 

48. 4 47. 0 
:.3. J 49. 8 

5ti. 5 53. 2 

48. 4 46. 8 

52. 9 49. 3 
55. 9 51. 2 

[57. 9] 53. 0 

c 
4H. 5 48. 5 

50. 9 49. 5 
52. 3 i 50. 6 

53. 5 51. 0 

47.2:F. 

50. 3 

52.8 

55. 2 
11 a. m ......... ! fiO. 8 47. 9 i p7.9] 51.0 59.4 52.4 56.1 51. 5 54. 8 51. 7 55. 8 50. 9 

Noon ..••..•.. 
1 p. m. 

50. 6 

[50. 9) 

50. 0 

4G. 8 

47. 3 

46. 5 

5i. 0 

57. 5 

G3. 5 

f.O. 7 

48. 4 

60. 5 

[ 60. 7] 

58. g 

53. 3 

54. 5 

54.2 

55. !) 

55. 2 I 

55. 5 

51.3 

51. ,') 

53.1 

56.1 

56. 9 

[08. 41 

r,3_ 8 

54. 2 

5(i. 0 

[50. 21 

50. 3 

51.1 

51. 6 

51. 7 2p.m ...•.... 

3p. Ill. 49. 9 

49.1 

46. a 52. 4 48. 3 58. 3 53. 8 53. 9 

53.0 

51. 9 

51. 5 

56. 5 

f50. 4 

55.1 54. ~ i 51. 1 

4 p. IU. 46. 0 51. 6 47. 7 57. 9 53. 7 55. 9 54. 3 

5p.m ..•...•.. 

53." 

1

. 50. ti 

52. 7 50. ~ 
I 

48. 7 50.1 47. 7 56. 5 52.3 51.6 51.1 55.5 M.1 

Moan .•...•. :~~~---:~~~~~~!~! 53.5G I~ 
---------

"* 'l'beso two Talues an- intc111ulatf•tl. 

T.AIILE 6.-0uscrved temperatures of the afr and of 1maporation at Ross .Mountain, Jllarc71, 1860. 

20th. 21st. Uth. 2Gth. 26th. 

Hour. 
i I I 

Dry. \\Tt~t. Tlr;v. Wet. , Dry. Wet. _l Dry. l \Vet. Dry. \Vet. Dry. Wet. 

~:-. -n-.. -.-.. --· ---=---=-- -:-:-~~ ~~- 5. ~ I-;: 1!;. 49. 6 ---:- --4~;.·~:. 39. 5 F. 

8 a. m .. _ •.. - . . 4Ci. 0 36. 6 43. 6 36. 6 43. 1 40. 2 48. 7 \ 43. 6 f1l. 6 44. 7 46 4 40. 3 

Oa.m ..••..... 4R5 3!.l.'7 1 47>.3 38.7 4:-:i.1 ! 4J.(j i 54.4 ! 4l-l.G 56.5 50.2 50.0 43.8 

10 a. m ... - . . . . . 49. 7 42. 2 4-7. 7 41. 1 48. 2 ' 4a. o I' 55. 2 ! 47. 8 57. 5 49. 5 51. 7 44. 7 
11 a. m ......... : 51. 3 44. O 49. 3 42. 7 51. o 4r.. (J 56. G 50. G 60. O 52. 5 53. Q 47. 3 

Noon .......... [5~.2] 44.8 50.7 4:tJ 53.7 4Kil 57.0 f>0.8 6'.LfJ 54.B 55.2 48.3 

I Ji. m. 52.1 43. 6 [52. OJ 43. 3 (f>G. 9] 50. 3 57. 3 i 50. 5 j rl33. 4] 55. 6 [06. 3] 48. 7 

~ ~:: : : ~ ~ ~ ~. ~~: ~ ~- ~ :~: ~ :~: : ~::: :~: ~ II [~~-:I i :~: ~ :~: ~ I ~~: ~ i :: : :~~ ~ 
4]l.Tll.---· 47 7 42 7 46 y 40 4 52'.8 47.1 [38.4} II 52.1 50.2 52.3 53.0 46.0 

fip.rn ..••. 43.3 4tJ.O 45.0 38.l 50.0 45.1 54.5 48.9 57.8 47.7 50.l 440 

Mean ....•• ~-:i~~~~~~,~-~1~1~l~~1--:5 36 

Uollecting our preceding mean results, we Im Ye the following data for computation: 
March 2U, 21, 24, 25, 26, 1860. 

j ObstJrved zenitl1 di8tance 1

1 

·-~~::;her=-~ressure ! .A.tmo~pl1eric tem~-r-Tempcrature of I 
I ~~------- ! at- I perature at- cYaporation at-

lIOUT of day. 

; Ross Moun· l Bodega \Hoes Moun·'. Bodega Ross . Jwdega I Ross 
Bode1<a Hea<L: __ tain~ __ J Head. ta.in. I Head. Mountain Head. Mountain ·--·-1--1 

10. 3 
l,I 1"

2
ch

9
.e
834
s. 

7 a. ru... . . . . . . 88 33 11. B 91 36 
I 

8 a. m......... 17.0 17. 41 . 841 

9a. m .••..•••. ! 29.1, 26.4 
1 

.853 
lOa.m .•.•.•••. I 30.1 27.41 .859 

l!a.ru ...•.•••. I 25.3 2a.2/ .857 
Noon.......... 25.0 26.6 .847 

ln;~~~:W ~ 47.

0

2 F. I 45.: F. I 46.

0

0 F. 39.°, l!'. 

.%7 ~a R4 ~7 ma 

.766 52.8 fiil.O I 49.2 43.8 I 

. 773 ! 55. 2 51. 7 51. 0 44. 7 

. 772 

• 765 

. 751 

55.8 

56.0 

56. 2 

53.6 

55.2 
56. 3 

50. 9 

51.1 
51.6 

47. 3 

48.3 

48. 7 1 p.m ......... , 22.1 2-.'i. 7 .833 

2 J>. m .. - - .•••. : 23. 0 21. 5 . 820 . 737 55. S 55. 2 .51. 7 47. fi 

3p.m ......... / 21.4 23.4 .807 .725 i 54.2 54.8 51.1 48.0 
4 p. m ..••.••.. 

1 
2-0. s 2s. 9 . 100 • na I 53. s 53. o 50. 6 46. g 

' ·~: : ~ : ~ ~ ;:_,, "_: :t_~;1 __ " :~1 : ~-~-1:-:-s~~;-:-:-:-o-j-_-:-::-:-6-
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Notes respecting .~tate of the weather at the two Mations : 

MARCH 20, 1860. 

Bodega Head.-At 711 wind strong, ,,~XvY.; atmosphere hazy. At 1!11 wind blowing a gale. 
Ros.~ Mmmtain.-At 7tt moderafol,\' dear, sky 0 .. 1 coverecl with cirrus and cirro-stratus; wind 

moderate, N)."'\Y.; fog to seawar<l and in Russian River. At 8h fog disappeared in Itussian Hiver 
Valley. At lOh fog forming along tlrn coast r;outh of Bodega,; appe,ars to hlow fresh on the water. 
At ll1' wind north, light, weather getting· a little thick. At noon, Romewhat clearer. At 1tt wind 
moderately strong, X~HV. At :311 atmosphere very hazy. At fJh wind moderately strong, N. 

l\IARGH 21, 1860. 

Bodega Head.-At 711 weather clear, wind light, E. At 11tt wind light, SE. At 21i wind fresh, 
SW. At 311 horse-tail clouds. At G11 thick clouds overl1ead. 

Ros.~ Momitain.-A t 711 weather clear, calm. At 911 wind very light, \VSW., cirro-stratm; to 
northward. At 11" wintl light, S. by \V. At 111 light wind, SS\V. At 41i sky 0.9 covered, threat
ening to the northwe,,;tward, wind SSvY. increasing. At [Jh wind S., light. At 5h 1;,m parhelia 
formed, showing three-fourth,,; of a circle, lower part, not vh;ible; two very bright prismatic images 
of the sun, and a faint one at vertex. 

l\IARCH 22 AND 23, 1860. 

Weather quite stormy. At 8 a. rn., on the 22d, most se,·ere squalls of wiud, with rain, from 
Lhe SS\V. On the 23d occasional squalls; wind SSV1-. 

MAIWH 2!, 1860. 

Bodega Head.-At 7h clear; wiml light, SSE. At noon wind light, SW.; atmoRpht~re clear. 
Ross 1lI011ntain.-At 7h clear, wind Yery light, ESE.; snow on all the mountains eastward. 

At Sh wind light, E. b~' X. At !)11 wiutl light, ESE. At noon sky half coYered witll cumulus, wind 
light, S. At Jh wind light, \VS"W., and S. for the rest of the tlay. 

MARCH 25, l."60. 

Bodega, Hetid.-At 7h weather clear; wind very light from E. At JOb wiud light, S'11-. At 
noou fresh from T\'. At 211 fog forming rapidl~- on line to Hoss l\lountain. At 3h heliotrope seen 
over the line of fog; scud f:lying over station. 

Ross .lllouutain.-At 711 clear, wind S., ligJ1t; sky O. At 111 wiud light, S"'. .At 211 fog forming· 
rapidly oYer water, and coming in. At 311 fog jnst inside our line, heliotrope seen oYcr edge of 
fog-cloud. At 411 an<l [ih wind light, \V. aud :X\Y.; clear. 

1\1.A.IWH 2G7 1860. 

Bodega Heall.-At 711 clear, light wind, \VX,V.; atmoRphere hazy. At 3h wind fresl1 from S\Y. 
Ross "1iounta-in.-At 71t clear, wind moderate, N.; atmosphere haz-'~ to S. At !111 wi;1d ,-cry 

light, SViT.; haze ou line of sight. At 10h almost calm, clear. At noon wind Yery light, l~XE. 
Jb to 311 wind light, S. 4b to 5h wind very light, SSW.; clear. 

MARCH 27, 1860. 

Weatlier cloudy, sky cm·ered with cirro-Rtratus and emnulo-stmtus; valleys covered with fog. 
Wind light ESE., between 711 and 1011 . After lOh rain in N~W., working toward SE.; wet and 
stormy, with heaYy gales from SE. round to S\V. For the six succeedhig days the fall of rain waR 
registered !l1 inches. 

The diredion of wind given in the above notes refers to the true meridian. These notes are 
extracts from the more copious record. 

The geographical positions of the .~tMions are as follows : 
Bodega Head.-Geodetic latitude, 330 18' 18". 7; long·itude, 1230 03' 49".2 west of Gree1rnich. 
Ross Mountain.-AstronomicaI latitude, 330 30' 10''.0; longitude, 123° 07' 13".1 west of Green-

wich. 
Geodetic distance of stations 22482.2 meters, aud azimuth of line from Bodega Head 167° 18' 
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35", and reverse azimuth from Ross :'.\fountain 3470 16' 29", counted from the south point around 
by We8t. 

We have also the radius of curvature" to the earth's surface in latitude 'f and in azimuth a 

= a (1 - e2
) _____ _ 

(i - e2 + -;;i- cos;-; co~-; a) (1 - & sin2 rp) ~ 
where--

and the semi-axes, according to Clarke, 

hence--

a = 6 378 206 meters 
b = 6 356 584 meters 

radius of curvature to our line = 6 361 215 meters. 

Reduction of ob.11ervations of zenith distances.-For reducing these observations, we shall make 
use of Dr. Baucrnfeind's investigations respecting atmospheric refraction, as presented in Nos. 
1478-1480 and in Nos. 1587-15!:10 of the Astronomische Nachrichten (1866). These developments 
are preferred to others on account of their completeness and for the mason that the simple funda
mental assumptions made respecting the physical constitution of the atmosphere apparently lead 
to results in tolerably close conformity with experience. 

TeITestrial refraction between any two stations is conceived as the difference of the astronom
ical refractions of a ray of light passing between them, and the equation to the refracted ray is 
determined with consideration of tl1e particular circumstances of atmospheric pressure and tem
perature, as noted at the intersecting stations. 

Let-
O.o = 0.00027895, a mean value for constant of refraction, at 
/10 = 29.6 inches (75J•nm.83) of atmospheric pressure, and 
U0 = 5070_7 Fahr., counted from the absolute zero; 
fJ = observed atmospheric pressure, the mercurial eolumn being at the temperature of 

freezing water; 
o = obserYed temperature= 4590 + -r, where.,. must be expressed in degrees of Fahren

heit's scale; 
00 (1 [ 7 .67983] [3 • • • 

a = o~~ O.o = 4[)!) + -r the rectangular brackets: mcluding a logarithm and (1 to be 

expresRed in inchcR ;t 
r0 = the radius of curvature to the earth's surface in the latitude of the middle point of 

the arc joining the stations and in the azimuth of the line; 
m0 = a second constant (for a given latitude and elevation) depending on the refraction, 

and = 0.007464 for th.e latitude of Konigsberg; its values for various latitudes 
are given in the following table: 

i Lat / mo log m, I Lat. [ mo Jog mo Lat. mo log mo I 

:-~- o. 008300 -~ 91907 • :1 i o. 007740 I, ~88875 - 5~ I o. 007547 7. 87782 • 

10 s2sa • 91666 42 ! 119 8756 s2 52s 1668 I 
20 8135 . 91040 "'3 i 6!fl 86B2 53 510 7564 I 

ao 1939 • a9911 44 I 675 sws 54 491 1454 I 
~: ~::~ : ::~ :: I :~ ~;~ : :~ ~:! I n ~ .•w n1 ml ~ M a - 1

1 
38 7800 • 89214 48 ' 602 8093 70 262 6109 

:~ ~~: ::: i : i =~I ~= : ~:~ =I 
• A table giving t.be logarithm of the radius for various latitudes and azimuths is appended to this paper. The 

uncertainties in the figure of the earlh make the sixth place of the logarithms unreliable. 
t For the centigrade scale and millimeters of pressure-

ll0 = 28'2°.I II= fr/'2".8 + r antl a = (!3_:~!_9Sl] /1. 
+ 
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h = elevation of observing-station above the sea-level; 
h (1 - y)6 a 0 5a 

y = mo ru and m = I+--n;,; y · ; · ni0 ; also r = ?~i ; 
p = r 0 + h; 
d = horizontal linear distance between the two stations at the sea-level, expressed in nwter;,; 

d . . . fii.3144251Jd 
¢ = ·- =distance m pa,rts of railms or -- · ···- in seconds of arc; 

~ ~ 

J h = differe.nce of height; 
: =observed zenith-distance; and 

(cos2 
: + 1 - v) 

p = m ······· -cosrc--

{ 
cos2 

; + 1 - v 2 11 cot ; 
2 

11 (p - 3) cot2 t; } 
J li = P 1' cot: + · --2siii2_:_ · ¢' + 3 insfo2 ~ cf• + 6 m2 sin2 ; 1•3 + · · · · 

H = elevation of observed station = h + J lt. 

Applying these formulre to the hourly observations of zenith-distances, we obtain the follow
ing resulting values for difference of height: 

!:.h from o bscr"ntions 
at 

H01u. ,-g 
~ 

-m .. 

7 a. lU . - . - . . +ooo. 36;i 

8 a. m...... 599. 881 

9a. m...... J98.623 

1 10 a. m...... 598.fi78 

11 a. llL.. 599. 119 

Noon...... 599.161 

l p. m . a99. 489 

2p.m •••. 5Wl.374 
3 p. m. __ __ 599. 525 

4 p. m ...... , 599. 576 

i -~ 

I ~ 
l--'"'--
1-~~-1~7-l 
I 219t, 126 

59~. 014 

5118. 081 

:198.11:1 

fl97. $9(1 

!l9i. 7fi'.2 

597. 32;) 

59i. 338 

597. s:a 

'Iii. 

.598. 370 

. fl02 

. 3lil 

. 320 

. 617 

. 528 

.ti~5 

. 350 

.531 

. 714 

. 98:l , 5p.m .. ----: 600.sog 
1 

597.4fi~ 
I , , ____ _ 

:Means . _.... +599. 473 1-597. 590 .)9~. 538 
'fn. 

±0.041 

These results are shown graphicall,Y on the accompanying diagram, which also giYes a rep1·e
sentation of the observed pre.ssure and temperature of the air at the two stations. 

It will be seen that the accord with the result from the leveling-operation is quite close, the 
difference only amounting to 0'".:ll; but if we compare the results derived from the two stations 
separately, we have a difference of lm.88, which reduces to 1"'.3fi if we confine ourselves to the 
hours between 9 and 4, both inclusive. This would indicate that the adopted eonstant of refrac
tion requires a small cl111nge to suit the particular circumstances. The obsen-atio11s at Bodt>ga 
Head give too much difference of height, and the observations at Ross Mountain too little differ
ence of height. In either case, the constant employe<l makes the ra;1· of light pass above the true 
height, which indicates that the adopted radii of curyature of the ra~· are too great, or tha,t the 
assumed refraction is too small. If we increase 11;1 or v b,r one-ninth of its value, we find results 
which, in their mean values, are almost identical, viz, from observations at Bodega Head, 598".69; 
from Ross Mountain, 598m.35; mean, 598"'.52; and after omitting results for the hours 7 and 8 a. m. 
and 5 p. m., when the atmosphere is too much agitated hy current.<>, from observations at Bodega 
Head, 59gm,40; from Ross ~fountain, 593m,58; mean, 5~18'".49. The character of the curves, as given 

S. Ex. 37--44 
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on tlrn diag-ram, remains the same for any small change in a0, but the investigation of the angles 
of rcfra{~tfon makes the desirability of any such change a matter of doubt. 

Let-
z and Z1 =the true zenith-distances at the lower and upper stations, refraction having no 

existence ; 
H and H 1 = the known (by level) elevations of the two stations; also H 0 = ~ (H + H'); and 

d '!' r 0 = the same quantities as before. 
Then the values of Z and Z' can be found from the expressions-

1 (Z' + Z) = 90° + 11/' 

t (Z' - Z) = tan-1 
{ H' d H ( 1 - ~: - 12~02) } 

And the angles of refraction become--
J '.: = '.: - Z; also the total refraction r = J: + .d !;1 = 4' + 1800 - (!; + C') 
L1 ::'== :'- Z' 

In our case Z = sso 34' .'32".9 and Z1 = 910 37' 3611.1. 

The following table contains the resulting refraction for the hourly measures: 
- - --- ---- -- -- --~, 

Observed angle of 
refraction at 

~ 

Hour. 180° ..; ·~ 
-(<;-t;;') \" § 

~ 0 

" ;;:; 
~· "' "'" "' 0 0 

"" 
;::; 

--

7 a.m -9 22.1 2 46. 9 1 21.1 1 25. 8 

8a.m ...... · 34. 4 34. 6 15. 9 18. 7 

9a.m ...... j 55.5 l 13. 5 3. 8 9. 7 

I 
10 a.m ...... : 57. 5 j 11. 5 2. 8 s. 7 

11 a.m ...... i 53. 5 ! 1;1. 5 7. 8 7.9 
! 

Noun ..••••• I 51.6 ! 17. 4 7. 9 9. 5 

1 p. rn_ -···-' 47. 8 21. 2 10. 8 10. 4 

211. Ul •••••• : 44.5 ! :ti. 5 9. 9 14. 6 

3p.m ...•.. : 44. 8 24. :! 11. 5 12. 7 

4 p. UL ••••• ~6. 7 ; 2:,!.:1 13, 1 10. 2 
5Jl. Ill ....... 33. 7 ;i5. 3 20. b 14. 5 

'fhe values for the total refraction, r, show the ordinary diurnal variation, the refraction 
being least soon after 10 a. m., as exhibited in the second figure of the accompanying diagram, 
whel'e, however, the value or ~ r is represented. 

These results from the ousen·ed ref'ractious present the anomaly of the refradion at the 
upper station being greater than the simultaneous refraction at the lower station1 except at the 
afternoon-hours 1, 4, and 5, when the reverse takeis place. 

Owing to thi8 fact, we do not think it ad~i8able to make any change in the value of a0• 

The augle of refraction for any particular 8tate of the atmosphere with respect to pressure 
and temperature may be found from the following expressions given by Bauernfeind: 

{ 
4 1i - m (5 - 6 1') i 

.d ~ = ~ v ''' 1 - -- -3 v------- Po v1 - (! p + 1) Pn2 u,2 - •.•.• f 

{ 
8 v + m (5 - G 11

) } J ~'= 1 v ,,, 1 - _____ 3_v ____ Po q1 - (p - 5) Po2 q12 - •••••• 

for the lower and upper stations; also the difference of refraction: 

..1 :' - 4 !;1 = i Po i/12 { 2 v + m (5 - 6 t•) + v (p - 9)p6 '/' + ........ } 

cot: -m (cm;2 :- + 1 - v) where Po = -- and p = 2 - as before. 
m cos C" 
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Applying these formuloo, the angles of refraction at the lower station should he greater by 
1".1 than the corresponding angles at the upper Rtation. 

The cauo;e of the appareut anomaly of au observed greater refraction at the upper than at the 
lower station may be due to difference of station-errors or of that part of the deviation of tltl::' plnmb
line which is effective in the vertical planes passiug through the two stations. This cause would 
be a constant one. Or it ma;y Le due to a difference in the law of decrease of temperature with 
increase of height; thu,;, the more rapid tlte decrease of temp»rature, the smaller the refraction, 
and, on the contrary, the iilower the decreast> of temperature, th<' greater the refraction. "'ith a 
sufficiently rapid decrease of temperature tl1e refraction may become zero (and even be negative); 
with no decrease, or for a constant temperature, the refractioH is very large, aml will yet iucrease 
should the temperature iucreai:;e (with the height) instead of decrease. "'inds at <lifierent alti
tudes, the currents haYi11g difiereut tf•m11erature, suffieicntly explain such occurrences. 

Small defects in the absolute value of tile atmospheric temperature are of little com;equence 
with regard to measures of height; thuH an increase or decrease of 10° Fahrenheit would only produce 
an increase or uecrease of om.14 in the difference of height of Bodi•ga Head and Hoss l\lountain. 

In using the ordinary simple expre;;sions for difl:erence of heig·ht, taking the ray of light to be 
part of an arc of a circle, or the refractions equal at the two stations, which answer well enough 
for short distances and small heights, a knowledge of tlie so-called C<Hfficient of refraction (k) 

1 
may often be desiraule; it is nearl;r 2 v, and ma;v be found for any particular pressure and tem-

perature of the atmosphere by-
2 

2 k = v (1 - 2 Po •/' + (2 - 3 p) Po2 V' 2 
- • - •••••• - • ) 

the letters having the same signification as before. In the present case we find for 9 a. m., at 
the Bodega Head station, k = {}.088, whereaH for that hour the reciprocal and simnltaneous zenith
distances* give k = 0.092, as found by-

k _ 1 180 - c: + ~') 
-2+ 2•/' 

The following table contains the values of~ v for fatitude 38° and for various atmospheric 

pressures and temperatures: 

Pressure. I aoo F 500 F. 70° F. 9(\0 }""'. '1' I . I 

30 inches .... ·II o. 094 0. 090 0. 087 0. 084 I 
28 '."ch ea ...... ! 0. 08-8 O. 08-1 (). 081 ·o, 078 i 
26 mclu•s ...... , O. 082 0. 078 ', 0. 075 0. 073 1 

24 inche~ ~~~ -: _ o.~76 __ o. 073L~~07~- -~o~ 
Furtlrer and more extended observations for the daily variation of refraction haYe been 

autbolized by the Superintendent, and it is to be hoped that these may soon be made. 

d sin .,j. (r' - ') · · -" 11 · * The values of k for each hour and the values of t.h found by ----,:;---'--'- are contamed m the io owmg 
eost(,-,;+ w) 

table; 

Hour. k . t>.h . 
___ / __ / 

! m, [ 
1 7 a. m...... 0.114 ; 598. 48 · 

, Sa. m ..... . 

I 9a. m ..... . 
10 a, m .•.... 

.106: 

. 092: 

'090 i 
Ua.m ...... 0931 

. 59 

. 42 i 

.42 ! 

. 72 : 

'65 : Noon....... .OM 1
1 

1 p. m ...... 

1 

. 097 . 76 · 

2p.m...... .099 .48 i 

3p.m...... .099 .67, 

41i.w...... .09811 
598.84 

5 p. m...... . 106 599. 08 
-----

Mean. - - - 0. 099 I .598. 64 ± om, 04 
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3.-RESULTS OF HOlTRL y OBSERV A'l'IONS OF 'l'HE A'l'1WSPHERIU PREssnrn ];'OU Dll'FERENCE 

OF lrnIGIIT OF THE STATIO:XS. 

In the present state uf harouwtric 11ypsouwtr,y it i;; mos1 de,.;irnl1l(' to make and 1liscn,.:s 
barometric obsenations specially umlertaken with a ,-iew of contribntiug information re;.qwdiug 
the daily and tlle annual variation in <ledueed height!'. lt is only li~- meaBH of sucL ol>sen·atio11,;, 
made iu <lifi'erent dimate-s and uml1•r difth·e11t ('.ircnmsta11cc,.,, tliat we can :-;t·•·m·e tlw fournlatiou for 
corrections to be applied to computed t1iffere11ces of height;.; mea;;uretl barometricall,y at any hour 
of the day and any sea,~on of the year. 

namoml, ahout ltilO, appears to have lwen tl1e tir:;t to notice tu .. relation lietwee11 hm·oml'trie
ally-<leduced height8 and tlw time of the day when thn;e measure;; 'n~n· tak1·n. The annual 
variation was al8o indicated by his results. Kreil propo,.;ed the use of ammal means of pressure 
and temperature to secure reliable results, especially for tlte cao;p wl1P11 tlw two station" lil~ 110rizo11-
tally a great distance avart . 

.Among those w!Jo lrnYc more recently occupied themseln•f< with this ,-;ul~ject ma~· he nwntiont>d 
Profes8or Plautamonr, J)r. Bauernfeind, Dr. Hiil1l111anu, aIHl :'\fajor \Yilliam,;on, l'. S. ~.\. Pla11ta
mour's Tables of Corrections have bemt n·1n·oduced in tht• }1Ptl'.orulogical and Physieal Tabl(~s, 
publis!Jed by the Srnitlumuiau lnstitutio11 (third edition, 183!1). Fmther information will be fouml 
in Riihlmann's small but YalnalJlc work: ''Barometric }Jea:"im·ement:,; of Heights arnl their 
Relation to tlte Uon;;titutiou of the Atmo,.pherl','' },eipzig, 1870. * 

Amo11g the c011dmdo11s reacla•d are tu1' following·: J)iften•11ct'" of lu•igltt;;, 1iarometrically 
determined, aPlwar to attain their maximum YalnC' shortly before tlte time of greakst ll<'at of the 
day; they decrease rapidly dut'i11g· the aftemoou, and "lowly dming· the night, reaehiag their rniu
imum ahout one or two l1mms hefore ;;nurise. From the least to tltP greatt'M Yahu· tliP. ri:-;p is rapid. 
Thiis daily rnriation in the compute(] heights appear:-; folly dt•\'elopl·d oul_y for those days on which 
the insolatiou of the grouml is complete under a clea1· :"iky, aud t!Je loss of 11eat dnriug the night hy 
radiation is not. internqJted. 011 cloudy or wiwl;y dayo: the aurrlitmle. of the variation is much 
diminiished, ·without, howeyer, totall,\· disappearing. The magnitrnle of the rlaily Yariation, heisides 
being dependent on the season of the year, is aft'eeted h~- local eirenmstauces, eonuected with the 
capacity of the ground for a!Jsorptiou and ra<liation of lteat. llesultiug heighrn, dt,tern1iiied from 
daily or monthly means, also show an annual perio(l; they are found too small in winter and too 
great in summer. The amplitude of the annual Yariation is less than that of the daily .-ariatiou. 
Heights determined from annual means generally give results differing little from the truth. 

Observations arc recommemle<l to be made at the following hours, w!Jeu the daily and annual 
variatiom; are supposed to pass through zero-value: 

In January, at 1 p. m. 
In February, a,t. 10 a. m. and 4 p. m. 
In March, at 8 a. m. and 6 p. m. 
In April, at 7~ a. m. and 7 p. m. 
In May, at 7 a. m. and 7 p. m. 
In June, at Gk a. m. and 9~ p. m. 
In July, at 6rr a. m. and 9,Z p. m. 
In August, at 7 a. m. and 7rr p. m. 
ln September, at 8 a. m. and 6 p. m. 
In October, at 10 a. m. and 3[ p. m. 
In N oYem!Jer, at 10~ a. m. and 2~ p. m. 
In December, at no time. 

These hours refer to the mill<Ue of each mouth aml to an average statP of the atmosphere, and 
must be considered as correct only for the actual circumstances untleT whieh they were obtained; 
how far they apply to our varioui; climatic conditions remains to he ascertained experimentally. 

The recognized cause of tlie daily variation iii the computed di:ffercuces of heights is the defect-

~This pamphlet contains a hiBtorica.1 ~k<•tcl1 of the developmeut of barometric hn.>sometry, and includes a com
pilation of the principal baromctril' formulae offered by va,rious writer~, chrouologieally Rrrange<l; alRo a table of the 
literature of this branch of meteorology. 
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ive mean temperature introduced by the supposition that the mean of the observed temperatures 
at the two stations equals that of the intervening stratum of air. The daily variation of tempera
ture, under a clear isky, is lt•ss the higher we rise above the snrfac<:'>, and is very small in the higher 
strata. The tlwrmomet.ers, whi1'.h caunot be elevate1l sulllcientl,Y tu place them above the influence 
of the radiation and conduction of the ~mil, can, therefore, give but Yery defeeth'e information 
respel'tiug the temperature of the elen1h'd strata of air, except iu the case of an overcast sky. The 
problem of barometric measures has, therefore, been inverted, and the mean temperature of the air 
has been computed from the observell pressures, and the difference of altitudes otherwise known 
or determiued. This process leads to a ,;ystcm of corrections to the observed temperatures to be 
applied in the computation of ordinary hnil';ometric measures by mean:,; of the barometer. 

It matkrs comparatively little which of the generally-recognized barometric formnlro is used; 
fur the case in hand we select from the' dass of formuhe which introduce a distinct term for 
obsen'cd humidity, that girnn by Dr. Riihlmann, for which see his work on Barometric Measure
ments of Heights (Leipzig, 1870), or Astronomical Table,; and Formulae, by Dr. C. F. \V. Peters 
(Hamburg, 1871). Plantamour',; a.nd Bauernfeind':.; formulai give almost identical results, which, in 
the pre,;ent case, are abont thn•e-fonrtlu; of a mfltpr in excess; on the other hand, Laplaee'H, Baily's, 
and Loomis' formulae, all based upon au average degree of humidity, give results about one and 
one-half meter in defrct of tlw result hy Hiihlmam1's formula. 'l'he effect 011 the calculated heig·ht 
of the term, in vol Ying the hygrometric state of tlrn air, is comparatively small; in the present case 
the result for complete 8aturatiou being :.Jm. 7 greater than the result.-; supposing ahmlute drynes8. 

Let~ 

h = difterence iu height, expressed in meters; 
b', b" =atmospheric Jlressure at the lower and upper Rtations, both readings reduced to refer 

the temperntur~ of the mercury to that of freezing water; in the term involving the 
vapor-pressure II' and b" should be expresRed in millimeters; 

t', t" = atmoRphcric temperature, expreRsed in centigrade scale, at the lower and upper stations; 
111, 1111 =the vapor-pre:,isure, expressed in millimeteni, at the lower and upper stations; 

z = height of lower station above the sea-level; and 
'f' = mean latitude of the stations : 

then-

11
1 

11") 
( 

~,.. ~ t' + t") ( b' + b" h = 18400.2 1.00fo1 + 0.0036/IJ _
2
_ 1 + 0.378 -

2
-

X ( 1 + 0.002623 cos 2 r.p) (1 + 2 -:,_±_l~) log b~ 
6318150 I>" 

The logaritlnns of these terms are tabulated," and putting for convenience--

log { 18400.2 ( 1.00157 + 0.003G75 ~tt") } = A 

log { log b' - log b" } =B 

log { 1 + ~:3;s G: + 6~: ) } =C 

log { 1 + 0.002623 cos 2 'I' } 

log { 1 + ii;,Jr~ } 
we have-

log h = A + B + C + D + E 
If T and T' = temperature of dry and wet bulh, e = maximum vapor-tension at T'; then 

<F = e - 0.0008 (T - T') b 
and in case the wet bulb is coated with ice, 

<F = e - 0.00069 (T - T') b 

• Riihlmann's Table I (also that given in Peters' tables) requires a small correction, easily applied, in the la.st place 
of decimals, to produce perfect accord with the numbers in the formula. It has been supplied in the preseut application. 
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15
1 + 15

11 b' + b" The mean value of ,, or -- ~- 2~ and thf" mean pressure b = ----
2 

- form tl1e arguments for 

the table giving the value of C with sufficient approximation. 
The following table contains the resulting diff('rences of height between Bodega Head and Ross 

Mountain for each of the observing-hour;,;, and their excess (indicat-cd by a minus sign) over the 
true difference, as found by the spirit-level: 

~ ----------- -

Hour. h 598.74-h. 

-----------' 

i 7n. ,,, .. 
7a.m ...... ! 598. 80 - 0. 06 

8a.m ...... ! 600. 98 - 2. 24 

9a.m. 
I 

U05. 5~ - 6. 78 
' 10 a. m .••••. 607. 65 - 8. 91 

11 ::t.lll .••... 608. 84 - 10.10 

Noun ···-··· 609. li - 10. 43 ~ 

lp.m ...•.. 610. 34 - 11. 60 

'.:!JJ.lll .••.• 609. 73 - 10. 99 

3p.m .•.... 608. 94 - 10. ~o 

4p.m ...... 607. 98 - 9. 24 

fip.m ...... 60!. 32 - 5. 58 

--- ----- -- - ----·------

The small effect of variations in moisture in these results has already been stated; to ascertain 
effects of small changes in pressure and in temperature we ha•·e-

where-

-r- =i\(t'+t"); 
a = 0.003675; 
M = modulus of common logarithms; and 
db"= -db'. 
Supposing an error in the reading of the baromeh~rs of 0.00-! inch, or 0.1 millimeter nearly, t-0 

ha,Te been committed at each of the stations (but of opposite signs), we find dh = 2.3 meters; hence, 
in the mean value from five days of observations wc may expect a remaining uncertainty of nearly 
one meter. 

Supposing an error in the reading of the thermometer of 10 Fahrenheit, nearly 00.2 centigrade, 
we have dh = 0.4 metre, showing that the nncertaint,\- in any one of the 1thovc hourly rc8nlts arising 
from imperfect readings of irn;trmmmts may be taken as ·dnr of the height nearly. 

The computed differences of height for each hour are shown in the accompan;ring '.liagrarn, 
to which has been added the resulting vapor-pressure at the two stations, as computP(l from ::\lajor 
Williamson's table.* The deduced vapor-pressures, as well as the observed tcmpcraturPH at the 
two stations, are strictly local results, and give no true indication of the lmmidity and temperatiue 
of the intervening stratum of air. 

The true difference of height aud the pressure at the two stations being known, we tintl tlie 
mean temperature of the aif depending upon these data by-

1 ( h 
T" =a k (log I>' - log//') i) 

where 7, represents the constant in the approximate expression

b' 
h = k (1 + a -r) log li" 

But it is more convenient and accurate to make use of the tables, forming the valueR B-+-01~~ -+--E, 

•Professional Papers of the Corps of Engineers, Unite•! St.ates Army, No. 15, New York, 1868. 
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and entering tbe first table, which gi•e,-. the Yalue of 2 r directly. Converting the hourly values of 
.,. so found into their equintlents iu Fahrenheit degrees, we obtain the following numl)ers: 

" 
~ 

-

- " ;~ " .5 

~ 
"-
~ ~ f.Sl 

~ E· " ;2 -Hnnr. 
~ ~ _, s x 

' 

" 
, 

~ ~- l 
!:: 

" ~ c 
E §.E -- ~ " § " " ~ " §~ ... "' 

t 
~ " w < u 

0 0 0 

7 a. llL ... 46. 4Y 4Li . .i. F O.OF. -f--1.0F. 

8 a. 111 .• 48. 4 4G. 4 -2. 0 -0. G 
g a. DI 51, 4 4:J. 6 -:). ' -2.6 

10 a. m ...... 53. 4 46. 0 -7.4 -4.2 

11 n. n1 ...... S.1. 7 4o. " -8.5 -5.l 

Xoou !);), 6 4fi. 8 -8.8 -5.8 

1 p. Ill ....•. 56. 3 46. 4 -9.9 -6. 0 

" JI. Ill ....•. 5:1, " 46. I) -!J.2 -5.!"1 

" p.m 04. i) 4:l. 9 -8.6 -4.fi 

4 JI· m .. ;;:~. " 4,'j, T -7.5 -3.3 

:51~- m ... --- 51. 4 4ti. 6 -4. ' --2. fl 

Tlrn numliers in the last column are interpolations from Plantamour's Table XI, p. D. 82, of 
third edition of the Smithsonian ~Ieteorological and Physical Tables; they refer to March 24, and 
were connnted into degrees of Fahrenheit. 

'\Ve thus arrive at the remarkable result that the temperatlll'e of the iutervening stratum of 
air is nearly constant, viz, 460.!!, and sliowtl apparently no trace of a daily variation~ the rays of the 
sun passing through wiUwut sensibly heating it. The daily variation of temperatlll'e, therefore, 
would seem to be confined mainly to the laym of air in coutad and close proximity to the eartli's 
surface. The correcti01rn derived from l'lautamour's table (deduced from observations at Geneva 
aud the great Saint Bernard) :ue smaller than those deduced from our observations, but the h1tter 
refer to a clear sk;r (the heliotropes hiwiug been St'en every hour). 'l'o ma.ke Plantamour's correc
tiorn; a11swer for our cmie, they require to be iucreased by two-thirds of their amount; for the case 
of au overcast Bky, they 111u8t bn lliluinishBd possibly by one-half or more. The one-third of the 
total solar radiatio11, which may he absorbed by the atmosphere, is probably consumed by the 
proeesscs of ex:pamsion and evaporation, and thus give8 no SCI18ible heat. In the present case, 
however, the <laily nuiation of temperature iis very small, owing to the proximity of the ocean, 
and different mid apparently less anomalous results may be expected for stations farther removed 
from the coast. 

To estimate the eft(,ct of a small nror in the observed pres1mre 011 the deduced mean tempera
ture, and supposing, as before, il l/' = - d b1

, we have, from 

l\i(l+ac) ('1 1) 1 

d '= a (lug- b1 _: log7/1) b' + b11 db 

the relation d r = 10.8 d b'; hence, for d 1>1 = 0.1 millimeter, d , = 10.1 centigrade, or nearly 20 
.Fahrenheit, which shows the extreme sensitirnness of the operation. 

If the barometric observ:1tions a,lone had been :waih1ble, the safest re1mlt that might have 
been deduced from them would have been tllat interpolated for the epoch 7i a. m., which is 600'".5, 
and 1"'.8 in excess of the true yalne. }~rror about 3 h of the difference of heights. 

Addendmn.-The approxirnate and Yery convenient formula, specially applicable to aneroid 
barometers, and giving the difference of height in feet, viz: 

_ diff. of readings .:1 h 
.:1 1i = 54500 !lunl<;rreadiiigs ± 10 ft. ± 200 ' 

. ,. R u· . d B d H d 1 "4"'00 2·083 1 ,. gives 1or oss mountam an o ega ea J ri =a ,) + 57.577 = 971.7 1eet. This formula 
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supposes the temperature of the interYening air to be 5!'i0 l~ahr. For every degree of mean tem
pernhm~ i11 cxce88 4h of .d h is tD be added (or Hnhtracted for eYery degree in defect.) In our 
case, the temperature of the air is 520.s Fahr., hence the correction - !).(l feet and the resultiug 
difference of height Hlu2 feet ± v'-i!F +(ll~)2 or ±: 1± feet. The true tliffereuce i8 19G4.4 feet. 
The approximate formula applies to differences of heights not exceelling about 3000 feet. 

a.m. 
7 8 9 JO 11 Nooti 1 2 3 

p.m. 
5 

v ----i-----~----;------f-----T/r"-T-~------j----i-----
9 I I I I ____ ... I • ............. I I 

::10·f l : l l l ~L l \ l 
-----1------,----r--~~:::---r---+---1--~----r-----

1 r I ,,." I I I I I'-...., 1 • • 

8 ------1------i ---;;t"'-----l------r----+------i----4 -----"j\---- Difference of height from ob-

7 r-----l-----~----,.<~-'>-----+----.:-----1-----+-----:------~-'<---- 8t:rt'ed atnwsphe.-ic pre88111"Co 
(i /- 1 : ,/ I 1 1 1 1 1 l \ at the two stalion8. 

: 1:~~~~E~iE~~F~~~E-:~~~~==~E=~I~~~j~~~-=~E~~~ 
~ 1 r I I I I l I l J 

~ 1-----:-1---1-----:-----;-----:-----;----;----1-----;-----

~--~--=)====~=--=---.-r====i~--~~~:t==~=t~-~=l~==--r~-~r~~-~---
600 ~)-,L'-j-----+----+----~-----:----+----+-----+---+-----

9 -=---=--=-1==--=---==---=~;o-=--=-=-=~r=====:J::---=-~--::.-_:/==-=-===i=--==--------=i:------=-==1==--=--=t-=--=-= From leveling operati011. 

59R ----J-------l------i-------f------~-----+----+---~-----l-----
1 ~ l ~ 1, 1 I, ! I 

ai.11. 

I I I 1 
: 1 J I I J I I I 

in. l I I I I J I +J ,..... .... - .... 1·-. ............. l 

0.3~ I -----~-----~-:::==-.+----+----~4--.:_-_1 _____ ~----t:-_::-_: Vapo"-JJrC8Bure at Bodega Head . 

. 30 ~-;~ .. +::==--=-----r----+----+---~--- ~----~-----~---+----
·:: ~~---+----t----+----+---+----+-----~----+----r-----. i- ----;-----+-----1----;;r----r---1'.:-:--1--:-,;-,.~----t:;-,- ---
24 I I ! ,, I I I -...J........ ' I ' · -----,--------r, -----tr--+

1 
----1-----t-

1 
----1-----1------1

1
---'.,;;:- Vapo,.-preasu1·e at Ro•• Jlount-

22 
I _ .... ..., I I I 

-20 ----1---~~~::---;----:-----r-----i--------:-----;-----t-----
. ---+-;;,..L---i-------r----i-------r----- r------,------1-- ----1------
18 -----!' I I I J I I l l . -----;-----i------;------:----t-----t-----;------T-----;-----

, I I I I I I I I I 

I : I : I ! ! I I 

S. Ex. 37--45 
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Table* of logarithms of radius of curvature to the ea.rtlt~& .rn1face, for rarious latitudes and azimuths, 
based itpon Clarke's ellipsoid of rotation (18GG), and for metric unit. 

----------

j 
L-~TITl"JIE. 

~40 :wo 2i':O ;we ::J~O a4° 3b'O 
~ 

0 

:Mt•ridian. 0 U. 802-l-7H Ii. so2:1rr1 6. r:o21~'.:'. n. 1"102K>2 I Ii. 80291'.'J-; u. 803129 G. 80:J:.74 

:!49F. :201:-i 2i:lH :!~HO :mo+ 3145 3280 

lU ~5~1:i ~tififl 2791 2nrn ao.:>t 3rno 3;~2 

l;) 264cl :?i.)6 2.Si5 :moo :n3o 326ii 3404 

!.!O :!7{i(j :2.S7J !.!990 :Jill 3236 ~3(ifi :lf>OO 

:Jo 309:J :nm! 3~!!6 :140,-j 3318 3636 :3757 
40 349fi 3.-1.HO :11i71 ::'i'llH :ist» 3967 407~ 

[10 39:23 amu 40i0 .i1:m 4~3:J 4;;19 4407 

Go t:l:2;'; 43R4 !446 4312 4'.>80 46.l(l 472a 

70 ,165:; 470~ H5:} 4~07 48li:> 4!~:::1 4980 
7:) !776 4821 1860 491>' 4969 50~:2 Ll-076 

80 48.ff; 4909 4();J;j 49!)0 3047 [)()!Ii 514ti 

85 4!tJa 496:1 !)00G i1tl-W ;)()\)f_} 514:1 fll!Y.2 

Prirm' \'crtical., il-0 u. 80494~ !.i. H04U81 6. Kn:.u2:: ti. SO.JPfifi G. ~tJ.J112 ti. 80;;];,9 6, 80f):!07 
I 

38° 4-00 4~0 440 41\0 4~0 50" 

----~-- - --- - ' 

lferidian. ti. 81J:3'42~ n. 80~f1T~ fi.Sll::ti:W tl rm:l880 6. 804035 6.804189 6. 804:142 

:J43(l :Jf,Rfi 373!1 ~180:! 404t) 410!.J 4351 

10 3478 3626 3775 :1!.:126 4077 4221' 4il78 

15 354fJ 3690 383;; 3982 4130 4277 4423 

20 36.17 3776 3917 4039 4201 434:; 4484 

30 3880 4006 4133 4!?6~ 43Hl 4519 4647 
40 417{1 4289 HOO 4511 4623 4735 4846 

jf) 4+98 4390 468:1 4777 4871 4965 5058 

60 .17g7 4il73 4949 :>1120 5104 5181 5257 

70 5041 1i104 5166 522B 5293 3357 M20 

75 51:!3 5190 5248 J307 53U4 .~,423 5481 

80 fi201 52:-14 ii308 5363 5417 •H72 5526 
8;; 524~ 5294 5345 5307 ri450 3502 5554 

Prim~ ,~('rtical. 90 fj. HU52f\fi 6. 80f•:l07 ti. 8U5J58 6. 80.'i4ll9 6. 80!3460 ti. ~05.512 6. 8055fJ3 

A more extended taUlt- will Ue fo1wt1 aprwuded to the third coufrHmtiou (.Appeudix No. 18) rtlating to hJ']>sometry. 
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APPENDIX Ko. 1 7. 

OBSERV ATIO.XS or A'F:\IOSPHERIC REFRACTIO:X-COXTIUBUTIOX Xo. II. 

DETERMINATION OF SEVERAL HEIGHTS BY THE SPIRIT-LEYEL, AXD MEAsnms OF REFIUC TIOX 
RY ZENITH -DISTANCES, ALf'O Ol3SER\'}.,TIONS OF THE HARmrnn:u, AT RAGGED ).!OFNTAIN, 
MAINE, IN .JCLY, ACGCST, AJ\lJ SEPTEMBEH. 1571, BY F. \\". l'EHKL\S. »'l:HASSISTXNT. RESCLTS 
DEDTTCEU AND REPORTED BY CHARLES A. RCHOTT, ASSISTANT. 

FEBRUARY 2J, 187fi. 

Iu connection with the determination of the heights, h,\- means of tl1e spirit-leYel, of se\·eral 
trigonometrical stations on the coast of .Main(•, a serie;.; of special: obseryatious were made for 
a)llount and for daily Yariation of the atmospherie refraction, compriRing uot only the hours of the 
da;y but also those of the night. 'l'he zenith-di8btm·es mca:-;nred itt Hagged .:\lountain fiu·ni.s11 not 
less than 2~7 honrl,\· determinations of thP refraetio11, and along lines of ,-arions lengths aud 
azimuths. The meteorologim1l ohservatiom; at lfaggwl :\fountain include the atmospheric presl!lurc, 
temperature, humidity, direction aud force of wind, kind aml amount of clomls, and the condition 
of the atmosphere. Similar ousern1tious were made at :\Ionut Desert and at White Ilea(l Light. 
Ragged Mountain is situated near the ocean, nu the west sidP of Peuolnscot Hay. lts position, as 
well as those of tlle other stations iucluded in Mr. rerkins' operatio11s, i8 shown on progress sketch 
No. 4. The work was eouducted uuder speeial imitructiom; gi,-en to the observer by .Assistant R 
n. Cutt'"· 

The first series of special observations for atmospheric refraction, undertaken by the 8lll'Yey, 
was made in Califomia, near the eoa,,;t, by Assistant G. Daddson iu 18u0. Au account of thesr 
obsen-ations, i11 detail, and a disetrnsion of the results drnlueecl from them is contailwd in .Appendix 
No. 11; Coast Survey Heport of 18il, reprinbld as Appendix Xo. 16 of this report. The present 
series diffPT8 from this in the occupation of lmt one station, including measures during night, aml 
in the use of long lineR. 

It has been determined to ascertain lly meant; of the Apirit-lcvel the lrnights of a nnmlwT of 
primary triangulatiou stations, sitnatetl 1war the ..'1..tlantie and consequently easily acce8sib1e from 
tide-water, to se1TP as base-statio11.~ for tlH· detPt'lllination of 11eights of stations in the interior hy 
means of the zenith-distances, reciprocal lmt non-simultaneous, which haYe accumulated during 
the progress of the work; :and it waR principally with this Yiew that the operations in ('harg·e of 
Mr. Perkins were nutlprtakeu. \Ye shall first gin\ thl' retmlts from ;;pirit-le\·eliugR, 11ext those 
deduced from the zenith-distance;;, and conclude with a s1m1mar.r of the meteorological results. 

A.-RESULTS OF THE OPERA'l'IONS BY SPIRIT·Ll<~VEL EXECUTED KEAR TUE EXTRAXCE TO 

PENOBSCOT BAT IN 1874. 

The Wlirdemann piYot spirit-level, C. S. No. 2fi, was used for an the lines, awl a similar irrntrn
ment, C. S. No. 21, was used in 1875 in the check leveling of a part of tlw li1w to nagg·etl, which 

. was not quite satisfactory in the prceeding year. Each line was lernled twice, in oppositf' direc
tions, the difference in the results amounting to a fow millinwters. Th<' iustrnment was adjust('d 
eaeh day before commencing operations, aml at other times when needecl. Three readings of the 
staff were taken, one on each of the three fixed threads in the focus of tlw telescope, hy whieh 
means the distance of the staff beeame k11ow11, and correetions to the ob,,;cn·erl difference of heights 
for curvature and refraction for unequal distanees could be appli<><l; the lenil was read iu eouuec
tion with the pointing arnl a small correction applied when nec<h"<l for deYiation of line of collima
tion from- horizontality. The stan~s were divided metrically and were of "tanclard length. The 
levels ancl results are referred, by means of tidal bench-marks, to the half-tide level or mean surface 
of the Atlantic. This level is capable of being ascertained with more precision and in briefer time 
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than either the mean low or mean 11igh water level, e8peeially in places where the diurnal inequality 
of the tides has a sensible Yaluc. 

Resulting hcightll abm'e the mean leuel of the Atlantic. 

1. Tidal bench-mark at Camden Harbor ............ _ 
Ilench-mark at Eaton's House ............ _ .... _ 
Ragged }lfountain 8, grountl. . ................ . 

cistern of barometer .. _ ..... . 
ycrtical circle No. 100 ...... . 
Yertical circle .No. 37. . . . . - .. 

2. Tidal bench-mark at Bar Harbor. . . . . . . . - ...... . 
Jlfmmt JJe.~ei-t 8, ground . ...............••... - .. . 

top of mountain .............. . 
heliotrope .................... . 
cistern of barometer . . . . . .... . 
ridge-pole, hotel .............. . 

3. Jfotinic1tR lYeRf liight. 
he1wh-mark at light-house ..•.... _ - ..... . 
ridge-pole, keeper's house ........•....... 
lower parapet of light-hom;e .....•....... 
focal plane of light ................. - ... . 
roof of light-house .. __ .. _ ..... _ ........ . 

4. Owl's Head Light. 
bench-mark on tower ...... - ..•.......... 
lower parapet, edge of hla.t"k w1 hmtern .. . 
focal plane of light. . . . . . . . . . . . ........ . 
gutter of roof of light-honRe ..........•.. 

5. White Head Li[tht. 
bench-mark on-tower ................... . 
ciRtern of barometer. . . ................ . 
ridge-pole, keeper's house ............... _ 
lower parapet. _ ........................ . 
focal plane of light ..................... . 
roof of light-house ..................... . 

fi. Tmwnt'.~ Harbor Light. 
bench-mark on tower ................... . 
parapet ... - .......•.................... 
focal plane of light ..................... . 
edge of roof of light-house .........•.. _. 
ridge-pole, keeper's house .... _ .......... . 

Meters. 
0.046 

69.849 
396.58:3 
:~93.5!)5 

398.267 
3!)8.275 

3.155 
464.884 
465.414 
466.343 
468.321 
469.883 

11.415 
2·1.59.'5 
25.162 
27.fi54 
28.804 

2i).877 
30.J88 
32.003 
33.009 

13.535 
18.334 
22.053 
22.435 
24.173 
25.087 

13.510 
19.637 
21.008 
21.679 
22.273 

or 
Feet. 

0.15 
229.16 

1301.14 
1291.33 
1306.66 
1306.6!) 

10.35 
1525.22 
15'..W.tl6 
1529.68 
1536.17 
1541.62 

37.45 
70.85 
82.55 
!J0.40 
!l±.50 

84.!IO 
99.70 

105.00 
108.30 

44.41 
60.15 
72.35 
73.61 
79.31 
82.31 

44.33 
64.43 
68.93 
71.13 
73.08 

To the above may he added the height of Sebattis _1::_, ground, viz: 243. 7 40 meters (799.68 
feet), as leveled by Assistant G. A. Fairfield in 1872, who referred it to the half-tide level of Mer
IJ·meeting Bay. I propose to add 0.230 meter to refer the height to the mean level of the ocean. 
Height of Selmttis 6, ground 243.!IHO met.ers, aml of crotch on signal, as observed upon by Mr. 
Perkins, 255.344 met€rs. 
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The geographical positions of these stations, derived from triangulation, are as follows: 

Latitude. Longitude. 

0 II 0 II 

Ragged Mountain /\ . -. - .. - ... - . ' .. ~ 44 12 44.25 ()!) ()\} 03.47 
Mount Desert 6 ... . ----- ..... .... 44 21 04.13 68 13 35.30 
Matinicus West Light . - - . - - . - - - - ... 43 47 01.44 68 51 l!J.07 
Owl's Head Light ................... 44 OJ :n.04 69 02 38.87 
'White IIca.d Light 43 58 42.i);) 69 07 ,,- :-~) .. . ·- ... ·- ....... 

""""'·'''""' 'l'enant Harbor Light ................ 43 a1 ;JH.18 ()!) 11 0;i.G8 
Sebattis 8 .. ... ·-. --- - - - - - - .. --- 44 08 3ti.70 70 04 42.37 

The azimuths and distauees from Ragged \ to ea ell of thetie statimrn are: 
Aiirnnth. Di•tance. 

Jieters. St. mileR. 

To Mount Desert L.. . . . . . . . . . . . 2i>7 5:.! OG.55 7J:l84.39 4ti.84 
To l\fatiuicu,; Light ............ . 3;)3 ~> ,~ 

-" !!~ i33HIO.O 33.06 
To Owl'r:< Head Light .......... . ;327 ~j 35 li'l·'.lG7.4 9.86 
To vVhitP Head Light . . ...... . ;1;;5 17 40 260114.4 Hi.19 
To Tenant Harbor J,ight ....... . 5 34. 14 28rn;:u1 17.44 
To Sebattis _I\ . .. _ .... _ ........ . 84 2(l 28.00 'i4i349.37 46.33 

B.-RESULTS OF OBSERYATIO:'\S OF ZEXITH - DISTAXCE8 AT RAGGED l\torNTAIN FOR THE 

1\TEASURE OF AT::\10S1'HElt!C REFRACTION. 

The observer aimed at hourly observatio11s of tlw zenith-distance of one or another of the 
ahoYe objects ; at night a light-house war:< exclusively observed. From ,July :!'..! to Angm;t, 6 
inclusiYe IH• n,;ed tl1e 12-i11ch Oarnbey Yertical Circle, C. S. Xo. 37; after tlii;; date, to the close of the 
work, the 10-iuch Yertical Cirele, C. S. No. 100. The obsnvations -were taken in sets of frn• repe· 
titions of the double-zenith distance, 011e set jm.;t before and auotLer just after each full hour: each 
h0tuly tabular result thu,; con;;ists of 20 measure,; of the zenit!J-distance-correctc<l for want of 
levd, for which therf\ wern five f'.nm11let1• readings to each set for Circle Xo. 100. Circle Xo. 37 was 
kept lernl as far as practicable. Tht• tabular resulting ze11ith-uistances ; an• reduced for height of 
instrument at H.ag·ged !\fountain, ahm corrected when neecssai·y for heig·h t of object obsern~d upon; 
they are referred to the triangulation r:<tations 8 at l\iount Desert and Sebattir:<, and to the focal 
plane of the lights. 

Resulting zenith-distances obserred at Ragged )jfountain in 187 4. 

:!.10T'XT DESERT, i = 9<P 13' + 

I .ru1, August September 

Hour. 1-.. -,,--2-3--al 
---------------- -------

25 26 
I 

---1-~---·-- ·------ ------ ------ -- ----

5 a. m .. 1 ........ 50.D 4:!.5 46.1 

1 
6a.nL.I 15.6 t.5.7 37.i 50. 3 

45. 4 

7 a. m. ·I 07. 9 34. l 2H. 3 5~.] 

Ra.m .. 1---·---· 4-4..0 36.:\ 

1::::·r· · ~~:: ~~-~I:: . ::::::· ~~:~ 
'lla. m .. j .. 44-. 7 

Noon -- J-- 37. :i 55. !! 

1 p. UL. J. . . . . . . 4-:!. 4 4-4. 8 

2p. m. , ........ , 43.8 

:Jp.m .. ,. ...... : 46.0 

4p.m .......... 38.5 

5p.m .. 29. 9 

:;o. u 
40.1' 

21. 2 

10.1 1····----

72. 6 

67.1 

09. B 

67. 6 

63. 8 

60. 8 

I 68. 2 

55. 7 

00. fi 

i -- ... 

....... 
3;::_3 16. 6 48. () 

23. 5 23. :~ 4~.o 

36. 5 24. 9 64. 7 

47. 4 3!1. -8 j'";'.~ 

no. o ... 83. l 

65. 3 >1:1.0 

6K4 84. 2 

ft(). 4 S:J. 2 

57. 9 75. 7 

41. 9 75. 4 

---· 

12 

---··--· 
4ti.ii 4j, ~ 

32. 8 a.t. 7 

36. ;'j :!ft u 
5H. 7 U:!. II 

i:i. ~ 70. 3 

';"";'. () 73. 0 

80. (I 73. 0 

7K R 74. 2 

75. (j 

73.3 

---·-·· 71. 3 

68.1 

6p.m .. 33. 2 

7p.m .. 44.1 I 

70. 3 59.6 

67.1 64.8 

i .... .. . . 43. 8 .. I·....... 33." 

I·::::::: ... '.~"~-- : : : : : ::: ,. -:-~:·.:.·: · · ~- ~- · :--r:~-.~--1 
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Resulting zenith-distances observed at Ragged Mountwin in 187 4-Continned. 

Hour. 

Midn't .. 

ln. m 

2 a. m 
aa. m. 

4- u. Ill . 

5 a. in 

~ 
7p.m. 

8 p. ILL. 

9JLIU .. 

: 10]). m .. 

11 p.m" 

18. 8 

~~- 0 

2'2. ~ 
:n.o 

MATL.._-ICUS WEST LIGITT, '~ 90° 3:>' + 

20. 0 

21. 8 

21. 4 

20. 0 

26. 0 

24. 3 
33. g 

27. 8 

28. 2 

August 

19 20 

11. 2 ... ~02.9 
27.1 :+ 11.2 

21. 0 -:+07. 7 
32.1 

25. 4 

22. 0 

31 6 02. 4 

...•.. ·-02. fi 

-0-0.9 

·-··-··'-13.9 

-03.~ 

... 
.. 

September 

23 8 

40. 1 19. 5 
4.l.:l 08. 6 

40. 2 14.1 
52. l 14. 5 

. ....... ; 24. 5 ... ........ 
--------i 47. 4 12.1 

......•. 1 .....••. 1---·---· ·-· 

.......... -.. -. ·i 53. 9 

40. 2 34. 7 

49. 1 31. 7 

49. 9 27. 7 

53. 6 29. 5 

OWL'S Rl:A 1J LIGHT, '= 91° 22' + WHITE Hl'~AD LIGHT,.;= 900 5.5' + 

27 30 

o a. m 
7 a. m .. 

8 a. UL ;,l'(_ 0 

9 ll. 60. l ();).:1 

10 a. m G9. 4 6:l. (f 

11 a. m .. ' 60. 2 6.>. ~ 
Noou .. i}\J, 0 6:!. p 

1 p. m 60. =~ 64. 5 

2 p. m .. Ml. A 60. 3 

3 p. m .. 61. 4 65. 2 

4p.m .. ' 57. 8 6~.6 

!i p. m. 5fi. iii m.n 
6p.m. 52. 6 G1. ~j 

7 p.m. 55.1 

Aug. Seu,.t. 

29 

z;,, f' 19. 2 

~9. 0 IK4 

11. :1 
17. 7 

17. !) 

rn. :i 

1···· 

22 

1 +02. 2 
·-Ol.9 

I -t-04. 4 

+:.!o. 7 

+01 :i 

OG. :~ 

17. :-, 

rn. 4 

21. 4 

lH. 5 

:!:{, 7 

2u.:; 
22. 7 

23. 5 

19. 7 

17. (I 

-j-09. 7 

. ... -m.s 

TENANT'S HARBOR LIGHT,.;= 900 f>2' + 

.August 
Hour. --~-·~---·-

22 

6 a. m.. 19. 3 

7 a. ni.. 26. 5 
~a. m. 

9a.. m .. 

10 a. m .. 

11 a. m. 
Noon .. 

41.6 

40.0 

35.o 

27.3 

43. 5 

41. 2 

41. 0 

29. l 

Scpterubrr 

-01.4 17. 1 

22. 0 

28. 7 
32. 9 

36. 4 

I p.m. 

2p.m. 
3 p.m 
4p.m. 
5p.m. 

6p.m. 
7p.m .. 28.2 ' .. - ..• -· i ... -·-···· ·- ... -- . -- ..... '~ 

Rt~ptPmlwr 

27 

.-28.4 +HJ.7 

-12. 6 -22.1 .. --··-- -20. 2 +oo. s 
-11.X 20. ;_; 

23. 2 

20. 0 

21. 7 

17.R 

Hour. 
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The most direet method of testing these obserYatious and of dedueing from tl1em the coefli
cient of refraction is to compute the true zenith-distances Z at Hagg<·d l\Ionntain, as if 110 refraetion 
existed, and to compare therewith tlie obsern~d zenith-distances ~, which giYcs tl1e ,-alue of m L;\
a simple relation. 

Let-
z Z' Le the true zenith-distances in case of no refradion; 
H H 1 the known heighh;, by spirit-level, of these two i,;tatiom;; 
s p •!' the length, radius of cnn·aturfl, and angle subtended of the arc of a great circle join

ing the stations respectively; then-

~ 
t (Z' + Z) = 90° + t •I' 

I -1 H' - H I H 1 + 11 N
2 l z - ; Z' - :;1 

t (Z - Z) =tan (------ ; 1 - -,-- - . , ) also m = -- and m = --
s { .!.p 1:! ('2 ' "' ~-

With our data and the relation "' = -
8 

-111 we compute the following zenith-distances Z at 
fl arc 

Ragged: 
0 // 

True zenith-distance Z to Mount Desert ................. . 90 17 103 
True zenith-distance Z to .:\latinicu8 1Aght . . . . . . . . . . . ... . !JO 38 12.1 
True zenith-distance Z to Owl's Head Ligllt. . ........... . 91 23 15.!) 
True zenith-distance Z to \Yhite Head Light ............. . 90 56 09.3 
'l'rue zenith-<li;;tance Z to Tenant';; Harbor Light ......... . 90 53 a5.o 
True zenith-distance Z to Sehattis ....................... . 90 '>~ _, 06.4 

Correction of observed zenith-distances for local df;fiection of tlie plumh-line.-The prer,eding 
geodetic computations, being based upon au assume(l ellipsoidal figure of the earth, refer to the 
geodetic zenith, whereas the obsen·ed zeuith-ilistances refer to the disturbed or astronomical 
zenith, the same as tht> obsen·ations for latitude and a7i111nth made at HaggP.d in r,onnection with 
the triangulation. Referring for fnrthm· explanatiP:1 t.11 ( 1o:tst Sun'e.Y Report for 1869, Appendix 
No. 7, we have-

J 'f' = a1>tronomical minus geodetic latitude = - o . !)0 r. o .04, deflection in the meridian, 
J a= astronomical minus geodetic azimuth= - O'' • ..; l k 11 :!7, detlection in azimuth; 

hence deflection of the zenith in the plane of the prime 1·p1 t i1·a I 

J1w = - Jacot <p = + I ,..;,; 

and total deflection of the zenith 

.dz = v (.!.10)2 + ( .8;~)2 = 1".22 

and the azimuth of the disturbed zenith is a. = 420,7 nearly*. The correction to the obsen·ed 
zenith-distance is found b,r 1".22 cos e, the ang-le ' being· known from the azimuth a, and the 
azimuth of each line. \Ve have correction to obserrnd zenith-distance-

: of Mount Desert . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
of Matinicus Light ....... - ................................ . 
of Owl's Head I.Aght. . .................................. . 
of White Head Light . . . . . . . . . . . . . . ..............•........ 
of Tenant's Harbor Light .................. -. .............. . 
of Sebattis . . . . . . . • . . . . . . . . . . . . . . . . ..... , ............... . 

II 

=-1.0 
+ 0.4 
+ 0.3 
+o.s 
+ 1.0 
+ 0.9 

Instead of applying these corrections directly to each ; it was more convenient to apply them 
with their signs reversed to thei.J: respective Z as computed abm·e. This being done the following 
table of resulting values of the co-efficient m was obtaiued: 

----··--·------------------
•In this ca~e the disturbed zenith is to the ~outhward antl westward of tho geodetic or undi8turbod zenith at 

Ra.gged. 
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Resulting coeffi&i'.ent of refraction from observation,<; of zenith-distances at Ragged Mountain, coast of 
Maine, in ,July, Augnst, nnrl Sept~mber, 1874. 

Jt'LY 

; liouL 

22 27 30 31 

22_ 11--=--·-==-
~ ~ ~ : ~ 

i :E ~ ~ s ! fm 
t ~ -e ~ ! ~l~r~ if ,., cc .... 

19 20 23 24 

Midn't 

p ~~~-~-~I[~.§ 
~~ ~~£ lt~:B 
~~I~~~~~~ ---- -- ·= .0945 = .1048 j~:-:1.~:~ ... 1130 ----- ----

..... 0956 ;, - - -1----- .1048 :i 
.0880 
.0856 
.0880 
.0811 
.OQ71 

.0838 

1 a. m __ 
2a. m .... 
3 a. m .. 
4 a. m ....... . 
5a. m. 
fia. m .09~ .O.-l-14 

7 a. m ..• 1000 .0$9~ 

.0877 

.0912 
.0343 .Ut\83 '.05;,~ 8a. m. 

9 n. m. 

10 a. 111 

11 a. m __ 

. UfJU7 . 0302 . 0240 . 086~ . 0602 

.0835 .0315 .0206 .0794 .0604 

.0~49 .03()() .0191 .0800 .0580 
Noon .0~711 

l.,P. m ... ·····1 ·0R:>H 
2 Jl. m ... -----1 .1185:1 

.0323 .0247 .0806 

.0298 .0216 .0848 

. 0308 .0298 .08"25' 
3 p. m_ ..••••• 1.084:1 

4 p. Ill ...••••• , .0874 
!'"ip.m .....•... 0909 

.0277 .0203 .0840 i ··-··· ·-···· 

.0347 .025:3: .094;) 

~ Jl. m ........ 
1

.0Rfl(j 

1 p. ru ........ 
1 

.0851 
81>. ru ... ___ .. ; 
9p.m ' 

1~;.:::: ::::::[::::::: 

.031<6 .036'2 .0991 
.044R .0473 

.o:u.to 

arGnn 

.0744 
' .0757 

.0764 

.0755 

.0770 
0783: 

.0787 

.0766 
.1003 -. .0972 
.0980' ..... '.0916 
. U984 .0952 
.0928 -• - .. - .0949 

···~; T:1i•.;:
1

·•·•••, r1,•.~1··••••1•••••• 
. '.0791 ----- ii, .0566 ----·-1.1 ...... 

.0730 :::::::::::r::: 
·····-1-----

1 
--····1 ···-- ······:·-···· 

.. : ...... !----·· ...... ! ••. 

.il985 

I 

_!~~~:~~: :~:~:-. --~~7~·: 
' .0594 

.0649 

.0723 

·,--···, 

.0796 

.0748 

.0604 

.0582 

.0558 

.0592 

.0531 

.0497 

.0542 

.0533 

.0578 

.0603 

.0696 

.0856 

.1099 ······11·-·-·. .0880 

...... -···--· .1129 _____ 11----- ___ .. 
1

.0828 ·---··r··-·-·' 
----··,·----- ··---- .1119 ...... !/-···· 1------· .0823 -···· ..... . 
,··--·· --··--: ··--·· .11931····--il--·-· 1------' .0802 ............ , 
=-..:.:.::..===::_---==-~-.::.-::.==..=-..::::_:::=---:..===---=---==-----:::=-----=...--=:. 

SEPTEMBER 

2.> 26 I ~· i 28 ! 29 1 I I 2 I 9 12 
-- -- --1-- i-- --I--' --- -- --,-- ---- --1---- --1--'--

I I -:: I" ...; I ~ ..; -~ +! -P ' q 1 1, .;,:; i ii : 
'ft ! ft - 1' ~ • ,..., ~ ~ ,..., ~ ;.-:i ~ , , ~ ~ : !

1
1 

~::.·· t-i ~ ~ : -~ ~ 11,' ~ I ... ... ~ s... H 6 "6'tt • ';ii ... ,, 
: ~ ; ~ ! ~ ~ "d ~ ~ ~ -0 -~ ~ ·~ ~ j l 
~ ! fii ~ J A ~ ,:; ~ J ,:; ! ~ ] A ~ ~ .!l 1 ~ 
~ § ~ I ~ in ~ ,. ~ • ~ rn ;a~ S -~ E .~ ~ :=_ S I t: ~-... :::: --1 ...... - p1·__,lc'!l - ..... - "" - - ""''~ 
~ ~ ~ I -? i ~ o i .c \ § ~ ti --= E = ~ ~ ~ 1 -£ .~ 6 : 

1ff •••.·.~· = -~Iii!~: ~Iii 
0

1°1·1,~ ···• ": , ™;•~ l,.l~_Ji,I 
7a.m ........ U9:l6 .0!136i.0960j.107:1 .0856 1;--···-,·073a' .0907 .1050 ------ .0802 .0898 , .0672;· ii·osoo 1 

El~: •~·~'71 T ,•~11:1~i,:-··n+<:Bli1•~:dT 1 :n:~: 
l p. m .0159 ; ...... --·---j ·-·········· .. 0691 1, ...... j .oss1, ...... --····:···· .. , .••••. ··--··i·····-1 .01os ..... _,, .••••. , •••••. 11.0727

1 

g~ •...... •~•••••· + . i:i71i:'.:b 1 •··.1 L·f ::H•~. 
6p.ID------· .0975 ·····- .•••. 1--·-··I····· 11···-·-11·0771 --·-··1···--· ...... , ...... ···--· ··---·1····--l ·01841 ··---!·····-I ·····1·01001 
~;.:: ....... ::: .. _:_::.1::::::1.::::.:::::::· :::::: :·::::1:::·:: ::·:: 1:::::: ::::: ::: __ 1::~:::: :.1::.:: 11.::.: .. :::: l:::.::1 
9 p. m .•.. - --···· ·-·---, ..... '-···--,I···--· I ........ ····1 ··· ....... ·i······ ... ··- ··----! -09291-·-··· ... ···ii-···-··-··· I··-··· 
~~;.:: ::.::: .. ::::: :::::.:_:::: !::::::11::::::1 :::::: .::::: ::: :::::.::::::. :::::: ::~:::1::~1::::::1:::::t::::: ::::::r::::1 

Hour. 



 

THI<: UXITIW STATES COAS'l' SUHVEY. 3<11 

The combina.tion of the foregoing tabula,r reslllts of tl1e cutJftkie11 t of J'('.fr,wtion to a 8}1Nfeinatic 

series, showing the law of the tlaily \;ariatioa, iH a. nrnttel' of l'iO:ne <litlicult~·. ccmsilleriug the broken 
character of tl1e inrlividua,l dail,v serie,.;, a1Hl tl1P fact that the 1lay ohsernttious <Ll'e hnt Ye.ry Hlight I.' 
conneded with tlw night ohservatio11s. 

111 the fir,,;t phice, WP recognize tlw fad that the refraction varie8 01· ma.'· nu·y more from day to 
day-though frequently it may l>P 1warly coustaut for days or weekl'l, showing either a uormal, au 
extremely l;igh, or au extremel,y low valne-thau the amonnt. of tlu~ or<li11nry range of the 11i11r11a I 
variation. Tims, ou .lt1ly ~'j <LIHl :rn, t.he refractfou was le>:s than oue-half its Hornial value, yet 
clearly exhibiting the dail,\· ''ariation, whose rnuge ordinarily amom1ts to about 011e,tJ1ird of thP 
mean Yalue of the cocfiicieut. \\" e may tlurn concei ,~e onr problem to be a::< folio WK: The ,,;ca ttt~n·d 
honrly \'alnes on ead1 da,,· pre:-\cut a portion of the tlaily variatiou, more m· lt>s,; <'onformi11g· tu tlw 
mean t.ypu, yet. colleetin1ly either abnn•. or l1t•.luw it, awl n•1ptil'i11g an i1ulex-eorrt>etio11 to hri11g 
them, as it were, to tl1e proper ~werage level. 'I'o do this strictly \n• han° to com part-' the hourly 
re;mlt.,; of eiwh day with tlw cmTospo111li11g· l'esults of eYery other 1lny, a111l from thP coru\Ji11atio11 of 
all these oonlJmrisuns to ([educe tlut syste;u of differences or imlex ('Orrections to Pal'l1 day, wl1it-li 

is found b,\· applic;1tion of tht' mdho;l of leao;t sq mtres.* H1nn·,·1·1·, oil <U't'1Ht11t of tl11• irreg·nhtrity 
and loose couuectiou of our ill(li\'idual serie;;, uothiug more t!Jau a close app1·oxi11rntio11 to this most 
proballlc result is uet\tlt>(l. It w~1s ctl'ectetl as follow.,;: TltP six most complete srrites hetween tlw 
hours ti a. 111. awl tip. m. were u11ite1l to a meau; to this mean, ,..,Pr;e,.; w1·re refen·eil hy 11wa11s of 
ditlereuces, amt th~n iucorprir<ttrnl with it en•ry otlier series successi\-cl,\' iu the or(ler of h•ugth of 
<fail,\' series. 1'hi;,; pro<lnceLl the tir'4t approximatt\ sm'ies, in which :.!) I ,-,1lne,.., were ust•tl. Lt 011ly 
sen·ed for aHcertai11ing the final iudex-correction for Pach day. A table of differc11<·1•s \Ya;; for111e1l 
b,\- conqmring t•very ohservetl value with itt:l corresponding- \'alue iu thP approximate sel'ie,;. awl tlw 
mean of tlw ditforence;.; on 1ml'11 day gaYe the i111le~-eorret·tiou to all thP nhHPtTatiom; 011 that tlay. 
Aftpi· applying tlwsp coneetious, tit<· rl'spectin\ honrly mean,.; wPrP takeu. ln thP followi11g· 
table column 1 <·outains tlw reforenc<:> tn the hour,.;; column~ contains the appt'oximate :-writ•:< of the 
nilnes of re±htcti011; column ;1 the mean systeurntie ,.;erim;; col11111 n 4 the 11n111 her of da.'-s of ohst'r
nttions for each hourly value; and colnm11s r; awl Ii the 1inal result,; of tht' <lail5· Yariatio11 of the 
mPall eoetlicient of rnfmctiou tletlncetl frolll •HH' oh;.;e1Tations. The diJforenee hPtween the value;.; 
of colnums ;) aud f) is uoustaut an<l eq1rnl to - o.ouos, arnl reduees the ,.;yst.l~111ati(' ;.;erie.s to n1hws 
which would han' Leen fonu<l lrnd 0111· ob,.;el'\'ation:-; imtfore1l 110 hreak. lt was found by first i11tl'r
polatiug n1l11e;; for 7 a. 111. for tl1osP 1byH when ohse1Tatious \H'l'l' wanting at that hour h.'· means 
of all other ohsernttions uu each day awl the kno1n1 hourly n1riatio11 of tlw refraetiou. The nwau 
of 27 values was .01'.l3G, which, comJMt'ed with .01'.l11, g.1n• tho co1Tectio11 its stakd. Tilt' next most 
complet<l hour -i,.; ()a. m., for which the same re~rnlt was obtailwd. Uolumn (i co11t.ai11s thP hourly 
difference from the mean .084!1. 

~·,-- - _,, 

>;,1·•te~1mtic I Fiual i Dails \·11ri- Fi1rnl Dail· 
Hour .\pproxi-

.;t>rie~ of! atiou of Houl'. ~\]l}ll'OS.i ~si..tematk 
"· 8(•ri1~~ of ation of 

mat(~ i::ierh·~. 8Cl'll~x. I m. j coefficient_ mutl' seriPs. Sr'l'it..18. 1·twfth·i;•nt. 
, _____ 

Mi1lnight . ont-1:1 . Ol!8K 'Q9811 +· m:n ~oou. ·- . tJ717 . 07:?1 l~ . Oil:> -.01:w 
I a. m .O!Ki.t .mno 096:! +.IJII:l 1 p. UL. . 0712 . Oil7 12 . l)jl)!i -. oi.io 

1 a. rn ... . 0974 • O!ldll . Oll72 +. V12a :!p.m .. . Oi!!O . 0;:~:1 ]II . (lj;!:J -. 1l124 

3 a. m. . 0961 .0067 '09.';9 +. OllO :~ ll· m .. .072H .Oi:to hi . il7:!::? -. 01:r; 

411. Ill . 0988 .0998 '0990 t.OHl 4-p.m .. . 07tlli . 07t)J ]II . ffj.-,:i -. (1090 

5a. m .0894 . 08';4 ~'5 . 081ti -.OOU:J 5p.m .. '0801 • 0Mii7 fd . Oi!l!i -. 00.-1-1• 

Ga. m ..•. .O~t.3 . 0836 Ill . 0828 -.oo::n H }l. UL.' • OX40 . OHlH 12 . U:-'lll -. oo;m 
7a.. m ... .085!.? . 0844 20 . 08:16 -.001:1 7 p. Ill .. • IJ.Hf:)j . 08{il • OS.):J j • 0001 

8 a .. rn ... .0800 .0804 16 . 0796 -.uo:-l:t ' K p. m .. 
1 

. wn:t .nmm .omu -f. 014:2 

9a,. m .... • 0745 .0747 14 . o7:rn -.0110 ' • lOO!i .mm'j . ot1Xf1 '0140 

i 
9 p.1n .. 

1() !l.. Ill . 0714 . 0714 12 .0766 -. 01~~* IO p. u1..] . Jorn . 1001 . OH!l!t T 01:-)()f 

11 a. m .0714 . 0715 l3 .070i -.OU2 11 p. m .. ! .ion • 111<14 • OCJ!)(i t '0147 I ... 

*Minimum. tllaxinnm1. 

---------
*The method is worked out and numerically illnRtrat.t>cl ia au applkatiou to certain J,,ng H<'riPH of obH<'rvati01'" of 

temperatu:rewithaviewofdeducingalawofsecularvariation, iu the" Smithsoni::m CnntrihntionHtn Knowl1\llg•>, No. 277, 

.Tables, &.c., of Atmospheric Temperature in the United Stat.es, &c .. , hy C. A. 8dwt1. W>~shiugt<m, March, 11"ft," p. :IO·.!. 

S. Ex.37-46 
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Referring to the accompanying diagram, showing the final values of m, as observed at Ragged 
Mountain, it will he l'\een that we may note the following concl1Jsious: 

Dail!J 1·ariatio11 l!f the coefficient of refraction, from ob.~en~a.fion8 at Ragged Mountain, Jl,le., July, 
August, and Septeml;cr, 1874. 

' ' ' ' ' ' ' ' ; ' ' 
I I I I I I I , l I I I I I l • , , I I j I 1 t I I I 

.1100 +--1--+--i--+--t- -t-~--!--i--L- +--t -+-+-~-- ~ - _,__-+- -+--+-~--+- -:t--+.--+- -+---+-
: I ! 1 I I I l I I I I 1 I I I l I I I I l I 1 I I I I 

.1060 '.- -t--+--+-+--+--+ --t--+-+--J.-+-+-+- +-.+--+- _!__+ --+-+--+--i- --\-- ~ -+-+--t---
1 I • I I ! I I I I I I I I l 1 I I I I j ! J I ! I j 

.1020 ~--t-+-+--1- -+- -+-+- -!- --+-+- t--+--+--t---+ --!- -~ ---.+- -i- - f- --1- --l- -.+-J.--f--t--i. - -
! I l I I ! 1 I I l ! ! I I l ! I I I I ' J ~ 1__+ I I I 

. 0980 ~ --t-+-+-4--~ - - +- -.+--+-+-+ __ ,_ -+- -4- --+- +- +-+--+-+- -+- ;:--=--+-_.;.'"::--.+~- --+- -
1 I I , l l I I : I I ! I I I I I ! I I l l 1 I 

• 094-U ~--i---+-+--r--+--f -l--1--l--+- -~-- -(---!· -+-+-+-+-+- -+ - ,-+--.!- -+-+-+-+-+--
! f I I I I I I [ I 1 I I I ! ! I I I I I i I I i 

.0900 !--+-+--+-+-+--+ +--+-+-+--~- ~--+-t--+--+--+--+ +--l- -+-+ ··f 
( I l I I ! l I ! I I I , J • I I l I I I I : f I i l 

. osoo r-+- +-+-+-....)._--+- _ ~ --+--f-- -:- _ .... _ ·:-- + --J.-+-+-+--+.-- -:- _ -~- _ -~--+-+-+-+--+- _ 
, l l I I I l I~'!, I I 1 ! 'l l I I I! I I I l I I! .0820 IL-;--r--:·---;--;--; -f--:=-=1~-1· ·-;- ;·-·t-;-;-;-;-;_:.1 ;-;-;-;-;-;--t--

.07~0 :---1--t- --;-;- -t--;--,- -;-~- ~\J-- ~- --; ·-;-:-;~;-7 --r-~;- -· t-:-;-;-t- :---;- -

.0740 :---t--r--+-+-~---i---:--.;.-_;. -,' --·~'-'-:---+-- -+-+--+-+ ---+-T--i---1--+-+-f--+--f-
: 1 , , : r 1 1 1 1 i ""'' 1 

1 
1 • I 1 ! 1 I 1 J l 1 1 

.0700 : - -1- ~- - ~ --+-+ -T- +- --~·- -f-+--..'.:--..--::.r=--=-~--==--=-r--1-4---f--:--r--+-+-+--+-·t--+-
f : r 1 ! I 1 I l 1 1 1 1 I 1 1 1 I 1 i 1 I 1 1 I 1 I 

L--~- --:----:- -+-+--1- - -~- - +-+.- .+- -;· - -'.- --~--+-+-~-+-+-...;- - ~ _.J. _+ ~ - ! -+--\ _ 1. __ 
I : l I I I I l i I I l I I I I [ l 1 I I I 1 I I I 

~ -.- -+ - -+ -+ -+-+-+ -+--!--+-+- -,'- - .l..-+- +.-+-+- +- -+- -r-+--..--..;- - ·;- -+- -,· -~- -
l i I I I I ~ l I 1 I I I I I I I I I 1 I ! I I I I l ! 
~-7-+-~-~-+-+-+-+-+-+-"-+-+-+-+-+-+-+---+-+---J-+-+-+-+--

I , M. 1 2 3 ~f ! 6 7 a !9 10 1~1 ~. 1 i ~ ~ s ffi 1 m m 10 1:1 Nil. ' ~--.\------:--....,.-;--~.---..--~-----;---.----.--r-y ---;-T -1- ~---~--+- ' . . -!Jj---t.--
~ r I I ' l ; I / ;:v._ I I I I I I I i I I I p ·M I r ~ I ! I I 

;-- ;--t-··;--;--T--t- -;- ~-;-;-;-;--r--t-;--:-;-T-:-1-·:--;- -~ -1-:-;--t-
1 1 _ __L_ I _ I 

.1100 

.1060 

.1020 

.0980 

. O!l40 

.0900 

.08f»I 

. 08'20 

.Oi80 

. 0740 

. 0700 

The clail_v variation of tlw atmospheric refraction fa RyAtematfo; it if1 least in amount about 
10 a. m. au<l greatest in amonnt ahont 10 1'· m.; it is 11carly constant and small from Hn a. m. to ;~ 
p. m., rluri11g \Vbich period of the <lay vertical angles for lt,vpsonwtriC' purpoi'ies Illa;\· he made with 
tlw great(•st ailYantage, and whenew~r accuracy is desired the,v shonl<1 he confinerl to this interval; 
it is nearly constant and largp from 8 p. m to 4 a. m.; the night hours are therl'fore not. snital.Jle for 
o!is1•tTati011s of lit'ighfa hy Yertical an1d1~s. Betwem1 -! a. m. au<l !12 a. m. the refraction iH rapidly 
tleclining, :u; may he 11otieed by the gradual apparent sinking of <list.ant object;; toward and below 
the horizon ; the re,·ersP is the cas1' h1,tween tlH' ho11rs fr,m1 3 p. m. to 8 p. m., when these objects 
g-raduall~· make their appearance. For questions a.f! to iut.erdsihility of distant ol~jects, as for 
instancl' in reco1111ail-\1'a11ces for triangulations of the first order, the morning hour after twilight aud 
tlu• Pnmi11g hour JWPCPtliug it are thosP which the observer should selt>ct. 

Comparing tlw rnmlts at RaggP.d Mom1 t.ain, on the Atlantic, with tho8l' at, Bodega Head and 
Hoss :\Iountaiu, 011 the Pacific, we find them to run parallel, 10 a. m. bei11g the Lour of minimum 
refraction, hut the low value continuing a little longer 011 tlw we8tl·rn coa'lt Rtatiou:-<, viz, h'om U a 
m. to 4 p. m. That m i8 Jmmd largl'I' at llodq:a llt'Hd aml lfo•:-< J\fr1rntai11 tlwu at liagged l\Iouu
taiu is ;1imply au aecideutal efrc11111sttmn, ci,.ii:-ti11g dmiug· 1lie fin' da~ s of ubot'JYation at thl fmml'I' 
stations. 

To a1'•\ertain thl· effect of small enors iu h the differenee of kvel, i11 N the distance, and i11 r: tLt' 
observed ieuith-distance, on the computed value of m, we make u;;e of tl1e formula-

l t ,.. 1 - 2m 2 1 - m .z t 2 ,, 
i = 8 co ~ + -- --- 8 + ~---- - s co ~ + 

2p p 

which by <lifferentiation becomes-

dm = - !!... dh - P. (cot r: - 2
h) ds - -f- dr: fl- ff s ssm2 r: 

For the line Ragged to Mount Desert these coefficients become• 

dm = - .00112 dh + .000007 rls - .00041 de 

• '.'le last term bas to be multiplied by arc 111 since (is expre118ed in second.to. 
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If we suppoRe dh =Orn.], ds = 1m aJHl d~ = :!" we at once Ree the great accuracy with which the 
various values of 111 liaYe been found. A11 error in :; iN the mw most to be feared aud for short lines 

the term - --/' 2 ,. d~ becouiefl iirelio111i11ant ·, tlmN in the diNta11r5e to Owl'N Head LiglJt, nearh.- 1G 
• N SITJ ~ ' 

kilometers or about IO statute mile,,;, au error of hnt l" in the observed zenith-distance prodnl't'S 
au error of U.00:!0 i11 tlte deduced coefficient of refradion; the ntlne8 of 111 deriYt•1l from this short 
line are not, entitled to as mnch confidence as other .-alues depcudiug 011 lm1ger lines. 

To indicate, in general, the eon<lition of the atmosphere, a table of rneteorolog'i<:al olJs<•rYations, 
at noou, is 1wrewith appmuled for each 1lay 011 whid1 the refractiYe power of the atmosphere was 
mt>asured. 

26 : 

'.!.7 

28 

29 

Se11t. 1 

5 

12 

Mean 

(. 086j 

. 088 

. OJ2 

. O:!f. 

. 1181 

(. 053) 

07() 

. 076 

(. 066) 

(. 086) 

{. 01'4) 

{. 058) 

(. 064) 

. 053 

. (lj,j 

{. 084) 

(. 080) 

(. 09fi) 

(. 085) 

. Ofi9 

. o.;o 
(. 078) 

(. 093) 

(. 067) 

. 070 

(. 063) 

. 073 

. 07l 

JJleteoroloftieal ob.~eri•atimi.Y, Ragged "1lountain. 

t ..Atmo:;;- TPrn1wrH-
plwrfr Pt\'~· t11r4• of air. 

f;ttr·(·in 
inc ht·~- }'ah. 

28. 668 70. :! 

. nn 74. 0 

. 62:! (if). 4-

. 4:17 ()4. 4 

. .'."1H~ 7:!. s 

. 4:'.il !ii-'. 4 

. 65!) ii8. :! 

. 77~ i GR 0 

. GG!I 64. :1 

.{-:]!) 64. 5 

.rlHi 00. (i 

• !iOF-: 01.8 

.660 51'3. 7 

. ooa 01. 8 

. 892 63. 7 

. 923 m·,. ~ 

• l'."(i8 68. 0 

. if.I!-\ 71. ~ 

. U77 G:J. 0 

. ,-149 63. 8 

. 604 62. 8 

.fi03 68. 0 ·- 62. 9 

. 472 63. 6 

. 564 63. 7 

. 769 61. 2 

. 780 60. ~ 

28. 668 &4-•• ~ 

; lliH~ 
Dry-wet 

Lulli. 
Fali. 

5. 4 

7. () 

~- 0 

:!. 4 

4. J 

.i. 2 

1. 4 

3. 8 

:J.'2 

5. G 

0. u 

4.' 

4. r) 

5. 7 

5. 6 

6. I 

i.] 

6. 4 

5. 9 

H. 4 

4. ~ 

5. 7 

3. fi 

a.5 
3. 9 

1.9 

5.3 

4. 6 

Dir<'ction 
(tnw). 

X.K. w-. 
t-'. s.w. 
s.w. 
N. w. 

s. s. w. 
N. \\" . 
K. w. 

N. 

x. w. 

x. w. 

\\'. s. "--
N. X w. 

w. 

N. K. E. 

8. E. 

E. 

>:. S.E. 

E. 
E.S. E. 

w. x.w. 
X.N.W. 

w. s.w. 
s.w. 
N. w. 

N. X. w. 
K 
x. 

CJuud:s. 

Foret'. Kind. Amount. 

Ci.-Cn ... 
(I 

('n ··-- 0 

Cn ... .. 4 

Ci-Cu .... 

2 (:11 3 

C11 --······ !l 

Cu ;} 

Cu .......... 5 

\Ci.-SL. .. \ 
lci.-Cu .... J 

...... ---··----
\ Ci .. St. l 4 
~ Ci.-Cu ) 

\ ('i.-St. ... ) 
6 

I Cu ... ) 

Ci.-Cu. 2 

5Ci .. 8t ... ( 7 l Cu .. St ... l 
Ci.-tu ....... :1 

1l:du ... } 6 

I 

lc1 .. St .... 
Ci. Cu .. st._. 7 

Ci. Cu.-St... 8 

I Ci. Cu.-8t._ 5 
Ci. Cu .. St.. 9 

Ci .. -······ 
Ci. Ci.-St. 4 

Ci. Ci.-St .. 8 

Cu ...... .. 6 

Ci. Cu .. 8t .. 6 

f __ i 
Ci. Cu .. St. .. 

I 
.. ····-· ·-·-· ...... 

..A.ppt·aranct• of :iky. 

llazy. 

])n. 

no. 
Hazy a. m .. dear p. lll. 

Haz)·. 

Clear. 

Do. 
H:1zy. 

f:.ligl1H~- hazy. 

Clear. 

Fog. 

Clf'ar. 

llo. 

Do. 

Very snwky. 

lJo. 

Do. 

Smol~y . 

llo. 
Hazy. 
~liµhtl~· Jrnz.l·. 

V("r.Y :·mwky. 

llo. 

Smoky. 
Clf'ar. 

Hazy. 
Cleal' n. m., hazy p. m. 

*Value... biet.w~.._~u parent.l1f>St->S are int<•rpolah~d from obser\~atious at ot.her hour1:1- n1Hl known dail,\· v.al'iation. 
t Mercur~· nt 32° Fn.hre.nheit. 
~ Correctod fo1· imlex-tlitferPnce of the two thf'nnomf'tnrs. 

It does not appear that any of these meteorological obser\·atious lrnYe any hut a remote rela
tionship to the ollserved amount, of refraction; the rate of change of temperatur(• with altitmle on 
which the amount of r·efraction i11 a great. measure depends, is not, in fact included, uor ·can the 
temperature of the inr,ervening stratum of afr be made, dirl•ctly, a matter of ohsern1tiou. There 
is no marked feat.nre in the mett'orologfoal record on ,July 27 arnl Jul~· ;Jo, at whicl1 time tlH• refrac
t.ion was remarkably immll, most probal>ly due tu a raµid dimiuut,iou of temperature with height; 
it is noted that the clouds were low. It seems probable that the refraction is smaller with weswrly 

• 
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and rrrrater than the awragr arnomit with easterly winds; tl1is may he explailwd by a more equable 
1lil'ltrilmti11n of temperature acl'ompan;ving easter]~- winds, whereas during the prevalence of westerly 
wind,.; th(• hig·lwr strntn of tlw air are coole1l morc ravidly. !11 general, n•fraction iB grc1tter the 
gre<Lter tl1t• atmospheric pres,.;ure and the lower the atmm;pl!eric temperaturn. 

The reimlts of two ;.;hort 1'eriPs of meteorological ohse1Tations sinrnltaueons wit.Ji those taken at 
JfaggPd l\Ionntain are ap1wnded; one at l\Tonut J)p.sert, tl1c other at \'\'hite Head f,igbt. TheRe 
ohsern1tiom; rPfor tu Hoon and the results an; eorrected for imlex-errors of iustnuuents; the 
tempt>ratnrP of the mercury of the bamrrwter is at :t~o Fa hrenLcit. 

1~7+. 

Aug-. '.t{ (.0U4l 

~4 .1rJ:: 
2.i .01r, 
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:!i 1.0K.-1) 

~._..: f .DHG) 
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. ::;-ii<; !l!J. 7 .. • w. Cu .. 

rn4 ;,~.'"' 7. + x. E. 

OHtl 3B. 0 :J.:l N. r;. 
.tJO!I Ii:!. 4 ~I. 7 E. CL-en ]() 

' .>4:~ f.i4. 9 7. a x. E. 
, 4-~X fi:t ti 4. 4 E. s. E. ]I) 

. '.!.-,2 G2. 5 !J. ~ w. 0 

,1[eteorologica,/ o/J.~erHiNon~ at 1n1ite Hwrl Urtht. 

~9. 7.)2 li9. ll 7. I x CL-l'tt 

~ft. R.i!) 114.1 4." w. Cu.-!olt 

BO. ORK no. 'i 2. + "' {'11 .•.. 

ao. n:: :i-6. 0 :l . .X x. 1:. Ci.·('U 

A ]l}lt'Hl'RIH'(' 

of H°k,Y. 

Cl(•OT'. 

Haz~·-

Fo,!!, hflz~--

\f'J'Y liazy. 

Do. 
]lo. 

J)o. 

CJ1,m·. 

Clt-ar. 

Do. 

no. 
Uo . 

C.-M:ETEOIWLOGH'AL ommRY A'l'JON8 AT UMH:ED }IOr~TAIN, AT }!0{11'\'J' DESERT, A::\D AT 

WHlTE HEAD LI<HIT; T\\'O SHOKl' smrrI.TA"NEors SETR. 

In 1;ornwctiou with the i1n-e~tigatiou of tlw refraction the part~· of Subassistallt Perkins spcnred 
two short series of hourly simultaneous meteorol •gical observations, OUP at H<Lgµ;ed '.\lonntaiu and 
\Vhite Head Light, and the other at Rag·ged Mou11tain aucl .Mount Desrrt, which, in part, lia\'e 
already hee11 l'('t(•rrecl to ahO\-e. From these l'lt>ries I propose to present hrit>tl.v tlie liypsumetric 
n•sultH 1lependi11g on the observed heightR of the barometric columns. It slw11ld lw remarlH~d, 
however, 11mt tlrn daily meteorological ohsen·atiom:; at Raggt;d }fountain extend on•r the whole 
time the station wa~ occupierl-that is, from July 22 to Septemher 18, 1874. 

Baronwter Green Xo. 20--!!l was ust•d at Hagg(•d Monntain, aucl haronwt<'r Grt>en No. 1!J37 at 
\\'hite Head Light and at Mount Desert; they are 111Pr(·mfal instrnments, and to the latter a difti.•r
pntial index-correction of +0.011; inch has been applie1l to make its inclicatious comparable with 
those tJf Xo. 204H; tlie heig·htR of the merenrial colnmns arc reducl'd to the temperature of :i.;° Fah. 
The readings of the thermometers are correetetl for slllall errors of graduation. The talmlar mun
hers for August 26, !l a. m., at Hagged Mountain, arc interpolations. 

The mean ''alues from eight days' observations show a pressure maximum he.twet>H !l and 10 
a. m. and a pressure minimum ahout 4- p. JU. The temperature of the air as wPll as the differPnce 
hetween the readings and the dry and wet lmlh1-1 is great,est hetween the hours 1 arnl :l p. m. 

'l'he hourly values for di1forenees of height are computed by Dr. Uiihlmanu's for-mnla, and tlley 
are <'.Ompared with the tnw differenee of height as determined by means of the spirit-level, viz: 

Bnrface of cistern of mercury of barometer at l~agged Mountain a.bore that of barometer at. 
Whitt- Head Ugbt a75.2Hl meters, aud 8urfac1> of mercury·at Ragged }lountain belou: that at 
Monnt Desert 7 4.U:!U meters. 
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59. 6 2. 9 j J:l. 6 1. 9 ;l6. a o. 9 63. o a. n ' 58. 5 6. 1 

64. 1 :.1. 7 61. 0 4. 2 58. 0 1. 8 Ul. 1 ::::. 0 r,.1, 4 :.. ] 

;io ; :.: . .i 
4F. 8 :1. 4 

5~. 5 

.15. 4 0. ~ ! Y>. ::i o. ,) 
::.2. 0 1. 1 5,j, 8 0. 7 

:i6.4 0.9: 5t).0 1.4 

~a.m .. I Hnggetl Mtu 51. 7 

) Vlhit.- Head Lt. ;ri. R 4. 0 ;*' 1 1. 5 .-,;, 4 O. 6 

:lfi. 0 
na.m .. 

l. 2 5 RaHn-ed Mtn 

(White HPad Lt. 

5 Hagged Mt11 

1.;; 58. 4 

0 7 

1.() 

n. fl 0. p 66. 2 l)J.O 9. 6 fl7. :! 
lOn.m .. ,( ll'hit1•llP,,,lLt. 

61.6 2.!l ;)7.R 1.9 

67.l 6.0 64-.9 5.2 :;9, :1 1. 8 

61. fl 2. ~ 

60. !l 2. a 

61.7 2.4 '6~.4 11.3 ri4.H 4. 2 

;)9. 0 4. ~ 

5R.O 1.4 

59. 0 1. i 

11 a.m. 
5 HaJ.!g-ed 1\1 hi 62. 4 :·L fl 

) WhitP lfoatl Lt. 69. 4 6. ii 
til. 8 :J. 0 

66.2 6.2 

ij!J. 0 3. 7 : 6'~. _=) 11. 4 

U:!. 8 2. 8 10. 7 e. 2 

60. IJ 

:m. 7 

1. !t 

~- 0 

5Ragµ:t~dMtn 6~LH :k.) 6:t7 :t!l Hl.2 1.9 72.0 :!.4 1)4.410.:l, 60.2 ;,,:~ 61.'..! 2.4 

Koon··'~ Whif.cHcndLt. 69.0 7.1: 04.1 4.0 60.7 2.4 61.7 2.~' i2.l H .. ) f){).0 ;::,fl 61.l 2.:-1 

l]•.m .. ~lh1g:µ<'tlMtn fi3.4. 4-.5 ti4.'.l 4.1 63.4 2.0 74.0 4.fl ~'>6.4 11.0: 61.7 :i.6 G:!.O 2.4 
! \Vl~itr. Head Lt. OR fl. 6. ~ fJ2. ~ 3. 4 61. 4 :!. 5 6:!. :\ 2. 9 ' 73. ~ 17. 0 i 36. 8 4. ;-, 60. 4 2. 1 

5Unggt•flMtn 62.4 4.2 65.9 2.9 63.7 1.8 75.2 7.0; 68.~ l:!.7 6:.!.0 4.7 6') •J :!.!-'. 
2

Ji.m .. <"-'"hitl'IleadLt. 68~7 7.3 fil.7 3.1 59.:1 :!.<l 63.ll 3.0 73.!! rn.7 j:i;,; : •. o ~ltt.li ~.o 

3p.m .. 

4p. m .. 

l 
Ragg1~d :Mtn 

Whit.. Bmcl J,t. 
I Ragge.d M tn .. 
( Whit,<' lfoad Lt. 

61.9 3 .. 7 fl6.g 4.0 64.0 1.0 7'i.O 8.7: 0!1.8 lJ.7 62.0 r1.fi 61,}.: :! .. -i 

66. 1 5. ti 62. 2 3. 1 fl8. 4 2. () 114. j 3. 0 7:t u ] .-). 8 : fi9. {I f). ~{ :-)\:J. 1 1. " 

61. 7 3. 9 0-J. 8 1. 5 62. 9 2. 0 76. 8 12. 8 68. 9 9. 7 ; (}] . .-, ;").] • ;)9. _; :!. 1 

67 .. 0 6.~ 62.2 2.H 57.7 0.7 64-.4 '.!.9 i 66.7 11.:1 60.l :-1.:I :;...:_ii 1 H 

5 Ragi;wd M f.11 .. 
Op. m. · 

1 

(White HP.ad Lt. 
61. 2 3. 0 61. 8 2. 3 61. 4 2. 0 ' u. Q 10. 6 : 00. f, 8. µ ' 60. ;; :1. 2 ;;;;. 0 ]. 

66. 0 6 . .'1 6'2. 6 2. 8 56. 4 1. 7 74. 4 H. ~ i 61. 2 ;\ fi ; :i6. 4 ~- 0 i'1i. i 1. 

60. 3 3 .. 5 60. 8 2. 5 5.$. 5 2. I 71. 2 9. ll ; OJ. 8 8. 7 ; 38. ti :t 7 .,,,. ;, 1. 
6p.m. 

5Uai;:~Mtn .. 
, ( Whit" Head Lt. 63.4 5.1 6'2. 3 2. 7 55. 4 1.0 73.1 !J. 4 , r,g_ f.: 2. 2 fi7. 3 0. ,l.l. 57.] 1. 

:,o. 1' 1. I 

0 . .'"1 

1.. 
;-,7.;; 0. 4 

,l!J. H l. 0 

.1.-.::. 1' 0. fl 

;JH_.-1 1.4 

.-,n. 7 1 . ..i 

;,!I.Ii ] ·> 

•io.o 1.1 

;)!I.:! 1.:1 

:;o. :! 1. 4 

:1K!J l.:l 

58. ,-; o. p 

57. 4 0. ~ 

jB_ () 0. fl 

1 rm. 7 o. ~ 

O}' 

2. 3 

J. 

I o 

'.L 7 

:1.1 

!l9.t3 :;,] 

61. (i 

61. Ii ;~. !I 

4. 

'.).fl 

4. H 

I. 

Ii. 

I. 

li:!. K -t. 7 

H4. 2 

fi2. 0 .j 1 

m.::. 
no.:; 4. 1 

M.H 2. !l 



 

366 REPORT OF THE SUPERINTENDENT OF 

110111'. 

tin. TH. 

~ration. 

11'17.J.. 

( Ra.gg~d "l-ltn _. 

t 1tonnt J)e"'1~1·t 

.. i R~g-g:Nl )ftn .. 
7 a. m _ 

; llmmt Dt>i-1.ert. 

~U. lll. 

9a. m. 

IO a. m 

; ~ Rag-ge{l Mtu 

t )lonut DeseTt 

~ Ra;!g-e<l ~Un .. 
t XIouut Dcsf·rt. 

sUagf!:wl:Mtn .. 
l Mrnmt Dc~ert.. 

5 .Kagged lltu . 
11 a. ni. · ( Monnt Dt"Ml·Tt. 

Xoon 

lp.m 

'.!p.m 

-t-p.111. 

fip.m 

tip.m 

( Jfagge-d 11tn . 

~ llmrnt Dei·wl't. 

S J{ai;g-Pd )iltn 

l .lluunt J)psr-rt.. 

( }{ag~Pd ~Jtll .. 

I 2\.tount D~st~l't .. 
) Ra;:::g,•d j\1tu .. 

I Mmmt l>e~l'rt 

~ Hag~ed litu .. 
f .:\lount Desnt .. 

~ Raggt·tl Mtn ... 
( ~Iount De~py·t. 

) ltaggt!cl l\ltu .. 
t _lfount Ueilt·rL 

Inches. 

. 58fJ 

. :~] !l 

. ;")9:l 

. ~rn 

. 325 

. 606 

. 3~7 

. 60{) 

. 604 

. 3:28 

. 60:: 

. 338 

• t~Otl 

. ;{:l7 

.f\()!) 

.:J4:! 

. (i:.!l 

. 3.AJ 

. 6:Ja 

. 370 

. 647 

. ;i73 

. 6:1!) 

. 391 

Ra.qged }lfounwin and "lfount Desert. 

Inches. 

. ~'.24 

. 017 

• 88fi 

.o;n 

. li9:l 

• {);~:3 

. 80:? 

. r.:14 
• 892 

.6:l'.l 

. 88.) 

. (;38 

. 87G 

. 6:13 

.877 

.620 

. 880 

• &24 

. 87/:l 

. 620 

BAlWllfETmc l'RES:':t:Im. 

Inches. 
. 910 

. 66~ 

.mo 

. 67~ 

.9:ll 

.fi8:.! 

. 94~ 

.m;.; 

. 043 

. 600 

• !J.12 

. 671 

.9n 

. 666 

. urn 

. liZ,O 

. 9il0 

. 641 

. f'92 

. G:J4 

. 879 

. 625 

. 886 

'62;) 

. 880 

. 626 

Inches. 
. 8!)] 

. 6:ll 

. R9f; 

. 640 

. H~:: 
. i;:m 
. 894 

. &Hi 

. 887 

. 6:18 

. 87~> 

.6Jti 

. ~6>' 

. 60!1 

. ~46 

.. )97 

. 8:W 

. 586 

. 8:l:J 

.5Ti 

. 819 

. .570 

. 81!". 

. ['61 

R20 

. 565 

Inches. 
. 804 

. Ei4:':'• 

. 800 

. r>4:~ 

. 794 

. 810 

. 057 

. 80:1 

. 803 

. 702 

. 529 

. 77i 

. 7il 

. 508 

. 7;.9 

. 31:.! 

. 748 

. 564 

. 749 

. 497 

l1tche1<. 

.0134 

. 43:-, 

. 6"~ 
• 4:J:2 

. 686 

.44fi 

. tm:~ 

.434 

.6!J:! 

. 438 

. ti~~ 

.420 

.67/ 

.428 

. 667 

.418 

• 6;,i:l 

. 3!17 

.632 

• 393 

.64] 

. 386 

. 636 

. 891 

. f>48 

. 420 

Indus. 

. 584 

.334 

. f>87 

• :337 

. !399 

. 34{} 

. HU'.l 

. 357 

. 604 

. 858 

.6o:J 

. 360 

. 594 

.ar>4-
• 590 

. 344 

. G83 

. :J:~2 

.!179 

.325 

• 574 

. :JJH 

• 574 

.::nG 
• ;)68 

. :317 

I Hrhe8. 

. :)99 

.:w2 

. 598 

. 303 

. 580 

. 281 

. ,;:;82 

. 289 

. 585 

. 273 

.. )54 

. 202 

. 252 

• 530 

• 24-1 

.. 500 

. 2~3 

. .'.)11 

. :!2:~ 

. 50~ 

. :!42 

. 512 

. 237 

. 529 

. 253 

Ra~~ed Mount 
Yountaiu. l lcsert. 

I11che8. 

28. i35 

. 741 

. 741 

. 749 

. 750 

. 74:1 

. 737 

. 730 

. 719 

. 714 

. 710 

. 712 

. 716 

Inches. 

2H. 47f> 

.480 

.483 

. 490 

.489 

.481 

.478 

.469 

.461 

.45[, 

.4fifi 

.454 

. 461 

TIUIPER~\.TURE OF THE A.IR A.ND DIFFERE'<CE OF' DRY AKD WF.T RULH THERMO.>IJ<:TJms. 

Hour. Station. ' Aug. ~4. ..Aug. 25. Aug. ~6. .Aui;. ~7. Aug. 28. Aug-. 29. Aug. 31. Sept. l. Mean. 

fi a. m. 

i a. m. 

8 a. n1. 

Oa. lll. 

c .F. 

\ ltaggt•d Mtn . ' 50. 4 2. :~ 

l Muunt l>t'tWl1.. ! 50. 8 l. 8 

\ Ragl!:t><l 1'Itn ,' 51. o ~. 7 
-~ )J onut Ut·~f·rt ' j:!. :1 :~. K 

\ ltag~t·d ~1 t11 . :-13. 7 3. 4 

l 1l1mnt D•·i-;t"rt. :;:1. 1 4. 4 

5 l~a ~gt>•l 1\.1 tn . f)l). 4 

l )f ouut Dt'8t>1'L ! .r .. t tl; 

3. 6 

lOa. m .. ' ~ H;1g;,?:l:'d 1\ftn :19.0 4.1 
~ Mount l>t»'it·rt. . .';6. 4 5. ~ 

~ Rair#!t•d ?fltn m. O 4. 0 
11 

a. ni · l ~tount l>C'Sf'I"f. :ii'i. 4 fi. O 

;o;c1u11 
\ Haµ;µ;ud 1\ftu .. , m. 8 

l )1 mmt Ut:>st•1·t.. 5U. 7 

\ ltu~;!'Hd Mtn . 
111· 111 · · l ::\fount Ut•se11. 

63.~ 5.5 

5!.I. 8 7. ~ 

::>p.m. 

4p. UL 

f•p.m. 

) Rngg-.. d Mtn 64. 9 6. 7 
I ~fount I>eaet·t.. 61. 3 8. 4 

~ l~ag}!t1d Mtn . . 03. 8 6. 2 
{ ~tount Jl..-st>rt b'2. i 7. 7 

{ Uag-i:ed Mtn . H;J. >< 5. 9 
t .Mount Ul'sf'rt. 61.;; 8. O 

~ R"t.!"~t·d :.\ttn 62. o 4. {~ 

l Monnt l'eNPrt .. 1 00 4 8. O 

( Rngg<'il Mtn , 59. F 4. 8 
~ )fouut l.>esert. ,'jK 0 5. 7 

0 }', 0 ]<', 0 ]<'. o V o F. '.) J<'. 0 Jr"'. u J1"". 0 J4'. 

53.2 3.9 55.0 3.8 51. 5 3.8 

54. 6 6. J 

M. ~) 3. !~ 

.)5. ~ 7.(1 

57.4 4-.8 

r,s. o s. ~ 
t',O, 0 4. ,r, 
j8,8 7.9 

51. 0 4. 1 :J4. s 4. 2 

52.8 5.3 55.8 f).9 

M.4 a .. 1 55. o :t4 

fl5.8 5.7 f-,6.0 fi.7 

57. 6 4. 7 ;)9. 0 4. !-J 

f1RR 6.1 .i8.1 G.;; 
j9, 2 4. 6 I 63. 7 ;)_ (") 

60.5 0.1 60.4 6.6 

57. 8 4. 7 61. () :s. 3 60. 6 3. 9 

59. 8 7. 2 61. 6 6. 6 , G2. 3 4. 4 

5!!. 6 5. 0 61. 2 3. 6 61. 8 4. 8 

59. 1 6. 4 60. 1 5. 7 66. 4_ 5. 8 

!il. 5 2. 2 ' fl6. I 4. H 

r.3. o 3. s : 56 .. 3 3. s 
55. 0 3. 7 ! 57. 6 i 5. 5 

6:-l. 0 5. 9 6.1. 4 :t 2 G4. fJ ;). 0 56. 0 3. 9 i 59. 6 ' 4. 5 
GO. 1 G. 2 6:l. 7 7. 5 69. fl 7. 2 •i7. !) ;j, 0 : 59. 9 

67.-0 6.fi 64.4 J.l 66.4 .'i.8 f1RO 5.0 61.9 : rt.l 

61.;) tJ.7 61.9 4.4 72.9 7.7 I 59.i°> 6.2 

t)2. tl 5. 7 61. 7 5. 1 66. :.! 5. 3 69. 6 tL 1 64. 5 5. 9 68. ~ 5. 4 60. o fl. a 6Zl. 9 

58. ~ ;'j, :1 ~Kl. 4 :). 4 61. 5 (i. 9 62. 0 6.;; 64. 0 5. 9 i2. 2 7. 1 .:!J9. 3 4. 5 

62. 4 5. n 6:1. 6 5. 2 67. 2 5. g 71. 4 e. 7 66. o 6. o 10. o :l. 2 62. o 6. 1 i 6.i>. 4 

,;7, 8 6. 4 58. 8 4. 8 60. z 6. 2 "8. 6 7. 0 6-0. l :;. ;, 72. :i 6. 1 61. 2 8.1 

6:1. 7 G. il 6t'1. 2 ti. I 68. 0 7.1 71. 8 6. 9 6.;. 0 5. !l 71. 0 .. ,, ; 63. 8 8. 4 66. 3 

.>i-:. 1-i 7. 4 59. 11 ;l. ;1 fl~. 4 5. 7 64. 9 7. 3 , oa. 6 4. 4 7~. 2 6. 7 62. il 9. 2 

64.u 0.1 64.H 5.9 · 68.0 1.2 11.0 ri.4' 66.5 u.0 n.o s.5 64.o s.7 oo.s 

;;Y. H 1. 7 tiI. 7 .ri. 8 i fi:t 5 6. g m. !l 7. ~ i 64. 9 4. 4 73. o 6. x 62. 5 R. 9 

f;,t.;, 6. 2 r,.;, o 6. r. : fi7. 8 ti. 6 71. 2 6. 7 66. 4 f» 7 74. 4 6. 7 64. o 8. 3 fl7. 4 

61. 4 6. 9 61. 2 5. 7 · m 7 6. 9 m. 4 7. :i 02. :i :i. s 72. 4 7. 2 59. 7 7. 5 i 

64. (l ;;, 9 6:1. 5 0. 7 67. ~ 6. i 70. H 6. 7 64. 4 4. 7 ; 74. 5 6. 9 65. 2 8. 9 i 66. 9 

,;9, 4 il. 1 59. 1 5. 3 61. 0 7. 4 fJ6. 0 66. 16166'.32 •. 63 4. 9 ' 71. 0 6. 3 58. 7 8. 2 
63. ~ 5. 8 64. 7 6. 0 ' 65. 8 5. 7 69. 6 4. 9 ' 72. 8 6. 8 ' 65. 2 8. 7 ' 66. I 

.56. :J 6 . .5 58. 8 fi. 6 : 62. 8 7. 2 b7. 1 7. 0 I 58. 5 ~- 9 : 68. 4 5. 0 Mi 4 6. 0 I 

r-.o.8 :l.4 na.o fl.5 ti2.n ~dl 67. 8 ii. 8 · G:"J.2 4.6 ! 71 .• 5 6.fi 63. 7 7.5 64.3 

;14_ n 7. 1 5R 4 5. 3 ! fiA. 9 8. 5 66. i 6. 1 ' r.1. R 1. 4 6(>. 2 4. 6 54. 3 /). 4 

58. 8 4. 5 61. ~ 6. g : i'iR /.I: n. 7 n:i 2 fi. 3 ;-lS. ~ 3. 0 SR 8 6. 8 f51. 8 6. 7 61. 7 

55.~ 4.5 59.0 4.5 59.l 6.8 64.4 3.8 50.5 l.8: 64.4 4.2. 52.9 4.1 

61. 3 

; 5, 4 

m.s 
5. 7 

00. 9 

' 6. 4 
ll3. 0 

6. 5 
fill. 4 

6. 7 

63. 3 

6. 6 

62. 5 

; 6. 2 

131. l 

5. 8 

59. 8 

' 5. 5 

58. 7 ! 

' . 

6.:J 

6. 4 

5. 9 

6. 3 

6. 7 

6. 9 

6. 7 

5. 7 

4. 4 ! 
I 

-- ------·-·-------~ 
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Re.mlt,ing <htferences of height. 

s ~ . .. i ! - E 
.. 5 ~ =-= I i: -"' ~ • I ~ -= i -..s 0::6 t: s ~ ~ !c e 

"" ~ 
E ~ ~E ~ E " ~~ 

~ "' >-l " ~ .:=: ~ 

~ ~ 
- '? 

~ Hour. I . ""~ ~ ;'.:) " -:: ..,, 
~ 

~ -~ 
~ ~ :,., .s ~ . ·€ " ~ 

~·~ ~ 
.;: := 1:1:. ~a. ~ ~ ~ E ]~E -K '- - "" ~ ~ i:; .;: , 

~~- - - c "" ~ ~ ;;; :;,,, ~ -1 
""' "' ~------ -

m. m. o ·F. 0 }', 0 }". c 1''. "'· m. 

6a.m. .379. 59 4. 38 54. g 49. 0 - :j, g --·-········ 76. 57 1. 93 

7 a. m. 379. 04 4. 68 5~. 7 49. l -- H. 3 0.0 77. 09 !!. 4G 

Sa.m. :JSl. l:i 5. 80 :17. 0 49. 0 I - ~. () -2.0 71L 62 2. 00 

9a.m 3R'.!. 24 6. 98 ;;x, 7 49. :J ' - !). 4 -G.8 Ti.21 '.!. 59 

10:1.lll 3)':1. Oli 5. 80 6(1. fi 52. 7 - 7. 9 -7. 4 71'.. 01 :1_ :rn 
1la.ru. 382. 7G 7. 50 6:?. '.! 5~. 0 -rn.:1 -Ri} 7l'. 9fl 4. 34 

Xoou 3Rl. \J4 6.(iri r~1. u !'"H-. () - 9. () -8. R Ti. 6!1 :t 07 

lJJ.m 3R1. 9:1 G. 6'l fi:i. 7 !'"l-1. fl - 9. l -9.9 7it 42 a. 7» 

2p.m 381. 90 fl.fi.J- 6:--1. fl .-,.i. H - 9. 0 -H.2 77. ;.7 2. fl4 

3p. m 382. 42 7. ]f} 64.1 ;..i. 3 - 9. R -8.(i 77. 78 ~;. ] ;j 

4p.m 380. ]!I 4. 03 63. 1 so. 3 - 6. 8 -1 • .i 7ti. ]] l. 4~ 

j Ji. JH .•• 3>'0. :J4 :;. o~ 6~. l 5,J. 2 - G.H I -4.$ ii. 07 :.!. 45 ... 
6p. Ul 319. ,)3 4. ~7 60. ~ .-..i. 8 - 5. 7 75. 89 1. :.!7 

The results hy 1-Whlrnann's formula arc int.crnwdiatc between those hy Loomis' formula anrl by 
Plantamonr's formula. Thus for 11 a. m. we h:we, b,v L., :.liHm.;)j; l1y H., ;{,"i~"'. iU; and by P., 
383"'.iiO. The differences of height, as deduced from thP barometric ohseiTa tions during tlie day, 
art' 11R uRtutl too great, and if we eompute the templwature of the i11te1Teniug stl'atn111 of air from 
tlteile observations, antl the known difference of height hy spirit-len~l, wn tiud tlJP alHn-e apparent 
temperaturn-corrnctions. These compare fairly, in extreme nrngnitmle, 11·itlt similar corrPdiom; 
dedncetl from tlw obse.rvatiou.~ at Hoilega. Ileatl and Ro.~s :\1ou11hti11, in California; ;mt tht> fad that 
all the computed height~, eYrn t.ho;;e at tlie earliest hour, are too great, ii-;, perhaps, to he explained 
by the intlnx of cold air in tlte Perwhscnt Valley. It wlll be notieell that the ohRernition~ at 
Haggetl Monnt<tiu and White Heatl Light ;.;till lean1 to the intervening stratum of air a daily Yaria
tion, not ''ery much smaller in amount tlrnn thP daily variation reeorde(l at the two station,,;: 
whereas the obsen'ations on t.ltc coast. of Oalithmia left. that stratum in a st:•tl' of uniform tem1wrn
ture throughout the day. '.L'he explanation of this tlitl'erence is 110 1loubt k1 ht' songht for in ln<'al 
causes. The fact that ou tl1e coast of Maim• hourly ohserrati011s, comllH'uced at fi a. m., do not 
include the true difference of height; ma,v be rcgar1led as unexpected as the uniform temperatnrl' 
of the inten'eniug· nrns~ ;;;· the air deduced from the California ouseiTatious. 

The obRervatioIJs at. Hagged Mountain and 1\[mmt Desert cannot be made to yiehl a reliahlt· 
resnlt. for the temperature of tlw air between t.lrnste stations, owing to their great tli,.;t.anee aml ;;mall 
difforcuce of height; yet they point uumistakitllly to the fact that, with air i11 motion and for snt.:11 
distance, the surface of strata of eqnal density camwt be 1·.ouce11tric with the equilibrium surfacp 
of the ocean. 

It is evident that further observations are desirable, and that barometric h_vp;;ometry cairnot 
be-made the basiN of exaet <lctermirrntious of heights. 

Respectfully submitted by 
()JlAH. A. SCHOTT, 

Assistant. 
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APPJJNDIX No. 18. 

O~ ATl\f08PlHJl{lO REFRAU'fLON AND AIJ,JUST:\II<JXT OF HYP80:\1B11RlU lVll~AS

FRES-CON'l'InBUTION No. III. 

DETERMINATIOX OF THE COEFFICIENT OF h'EFHACTWX FROM: ZENITH-DISTANCE:'; OBSERYED IN 
NO]{TllEHN <<EOI:GL\, HY AS>i!ST.\::'\TS C. 0. HOl'TELLE AND F. P. WEBBE]{, 1:\' 1~7:1 ANU l"74, 
A:\Ll ADJl~i"'T,IE:-iT OF lHFFEIU:NCE>i OF HEIGHTS BY APPLICATION OF THE :\fETHOD OF LEAST 
SQ!~ARE:';. DISC'l'SSIO:\' AND h'El'ORT BY CHARLES A. SCHOTT. Ai'iST1'TANT. 

MAY 1:1, 1876. 
'flw measnres for refra<·tion and beiglltll of stations dist·ussed in tltispaper are those taken in 

com1twtio11 1dth that part of tlw p!'imary triangulation which trnverses Xorthern Georgia; these 
ohsern1tions will tlt1~rpfore mmhle us to exhibit tile amount of variabilit.y in the atmospheric refmc
ti011, arnl its effel't 011 tlw measurns of heights a,; ordiua.rily met witl1 at a. consitlerahle 1listauce 
fro111 tlil' st>a coast aud at <tltitude.; betweeu 1000 and 2300 feet, and rna:v thus be contrasted witl1 
tht• rn:rnlt,.; ohtainctl at stationii 11car tlw coa;;t, as at Bodega Hrn1d, Ca,Jiforuiit, aud lbt Ragged 
:\[ountain, "'.\1e. (set• AppPlHlice;; Nos. Hi and 1', of this report), where the ol1s1•1Tatious were 
Jlrincipall,v <lirPeted to tlw study of the law of daily variMion in the refraction. The present imper 
i:< therefore to some extent 1'U}1ple111e11tary to tlwi,;e comrnu11icatio11s, inasmuch as it presents re
,.;nlh' of n>f'ractio11 obtai11erl nrnlPr clift'erc11t eornlition:s; the ;;econd part coutaim; 01e method of 
retlndiou of hypsometric rneasm·es applicable to tlie emm under consideration, witl1 remarks for 
111otlificatiou to ;;;nit otlier 1·ircum;;;ta11ces, the 1m1all errors existing among tlw separate mea1mres 
being: clispt:>rsetl by the H8t' of the method of least Rquare:-;. Xumerical examples are i11trotluced 
for illn1-1tmtio11, no co111mnnicatio11 l!aving" been made on this ;;;ul~ject heretofore. 

1.-ltESUL'l'S OF AT3108Plllmw ItEFRAC1'lON OBSERVED A'r .S'£ATION8 IN NOR'l'HERN GEORGIA 

IN 187:~ AND 1874. 

That part of the primary triangulation along the southeastern tlank of the Appahtchian 
,.;y.-;tem of mnu11taiHs, which crosses Northern Georgia anrl whicl1 comprises the stations "South-
11·pst, :\fol1ll1<, and Xortlw:ist Rt~l' (see Appendix X"o. 1:!, Coast Survey Report for 1873), Stone 
:\Ionntain, Ac~ukmy, Sw1»it, Kene-1;1w, Sawnec, Pine f;og, and Omssy," was executed in the years 
187:~ and 187 4, by the parties of Assh~tants 0. 0. Boutelle and F. P. 'Vehber. The vertical meas· 
nres :mi tho,.;e ordinarily taken at primary stations for the determination of heights and comprise 
donble-zenith distances as will! a;;; differential micromHtric mea1mres. One turn of the eye-piece or 
ltams<len microuwt~\r of the ;IO-inelt tlteoilnlite, C. S. No. 1, was found to be as follows: 
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At ~ortlleast Base, 1873 .... . 
At Kenesaw, 1873 ......... . 
At Sweat, 187:~ ............ . 

= 43" .270 ± 0" .075 } 
43".523 ± 0" .o;;± Mean, 4:v1 .:{G:.! ± 011 .oa1 
4:1" .2£1:\ ± 011.(1±2 

One turn of the eye-1,iece micrometer of the 20-inch theodolite, C. S. :Xo. 3, was fonnd

At Sawnee, 1873............ = 5'..!11.G:?!) ::l 011 .083} 
At GrasS.)', 1874 . . . . . . . . . . . . 521'.45.i ± 011.104 )lean, 5211.;-,30 ± 011.016 
At Skitt, 187 4 ....... _ .. __ .. 5211.525 :I: 011 .040 

Scale: coo~lro 

Part of trianfJUlation in Geo·rgia.-... lleasures of zenith-distances. 
Gras:u; 

/}. 8 

/ 

0 {j ta /§ en 

7 
:ltoneJtftn. 

at.miles 

North 

369 

N. B.-The arrows indicate measured zenith-dista.nccs; the lines 1 .. 2 and 1 .. 3 were leveled, hence the measured 
zenith-distances are not indicated. 

The vertical measures were generally taken between 10 a. m. and 4 p. m., or during that part 
of the day when the refraction is least and most st-Oady, and extended only occasionally to 5 p. m. 
or. even later. All measures were referred by the computer to the ground; that is, they were 
corrected for height above ground of instrument and of ol1ject observed on. If any conditions 
existed between the zenith-distances as directly observed and the micrometric differences of zenith
distances the small discrepancies were dispersed by avplicatiun of the method of least squares. 
The resulting zenith-distances tabulated below are those referring to our proposed geometrical 
nexus of stations, all others having been omitted here. 

S. Ex. 37-47 
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Soutlurest Ba1le. 

C. 0. Boutnlln, 1873. :Mier. diff. February 17, 19, 21. 
Theod. Nu. 1. Zeu. di't. .March i, 14: Vert. Cir. 
1\-o. 2-i. 

0 II 

Middle Base .... --·· .. -- . C=89 55 41.1 
Northeast Base ------ - ·----- 89 fi9 20.3 
Sweat ..... ___ . __ ........... 89 37 53.7 
Kenesaw ........ -· -...... - . - --- 89 36 10.1 
Stone - - . - ----.. -...... ----. - 8!) 26 21.G 

Middle Base. 

C. 0. Boutelle, 1873. Mier. diff. f'ebruary 3, 5. Theod. 
No. 1. Zen. dist. February 12. Vert. Cir. No. 32. 

0 

Southwest Base. _ . __ . . . . . . . c = 90 
Northeast Base . . . . . . . . . . . . . 90 
Stone 89 

Northeast Base. 

II 

Oil 34.2 ! 
00 38.5 
24 30.6 

C. 0. Boutelle, 1873. Mier. di ff. l\I:m:h 18, 20, 21. The0tl. 
No. 1. Zen. dist. Mar~h 23. Vert. Cir. No. IM. 

0 fl 

Middle Dase ... _ ............ C = 90 01 43.0 
Southwest Base .. _ .... _..... 90 05 09.4 
Kenesaw . . . . . . . . . . . . . . . . . . . 89 43 22.7 
Sweat. . . . . . _ . . . . . . . . . . . . . . 8!J 39 51.7 
Sawnee ....... _. _ .......... _ 89 40 31.2 
Stoml ...... _ ....... _ . ___ . _ _ 89 24 04.0 

Stone Mountain. 

C. 0. Boutelle, 1873. Mier. cliff. December 19, 20. 
Theod. No. 3. Zen. dist. December 18, 19. Vert .. 
Cir. No. 24. 

0 " Middle Base ................ c = 90 43 30.0 
Northeast Base -- - -- .. - - . - .. 90 43 20.8 
Southwest Base ......... 90 41 56.8 
Academy ---·· ............ 90 30 55.7 
Sweat .......... - - ·-. ·- - --- . 90 08 58.9 
Kenesaw ................... 90 07 05.0 
Sawnee .................... 90 04 43.1 

Su:eat Mountain. 

F. P. Wel•ber, 1873. Mier. diff. September 30, October 
1, 2, 3. Theod. No. 1. Zen. dist. October 4. Vert. 
Cir. No. 32. 

0 II 

Southwest Base ............. t: = 90 33 37.2 

Kenesaw. 

J?. P. Wd1her, 187:1. )ficr. tliff .• July 21, 2:!, 2r-., 29, ao, 
Angust 2, 4, 7, 8. Theod. No. 1. Zen. t1ist. August 
16. Vert. Cir. No. 32. 

0 

Southwest Base .......... _ .. C = [)0 
Northeast Base _ ... _. _ .. _.. 90 
Stone ............ _ . _ . . . . . . 90 
Sweat .............. _ . . . . . . . 90 
Sawncc .................. . 
Pine Log .................. . 

Saw nee. 

90 
89 

II 

36 15.2 
31 28.4 
13 03.4 
11 28.0 
07 44.6 
54 41.7 

C. 0. Boutellt', 1R73. Mier. diff. October 31, November 
3, 7, 11, 8, 10, Decemher 4. Theod. No.1. Zen. dist. 
N overn ber 7, 8. Vert. Cir. No. 24. 

0 II 

Northeast Base ............. C = 90 35 lG.5 
Academy __ ....... _ . . . . . . . . . 90 33 05.9 
Stone ........ _ .... _ . . . . . . . . 90 17 08.2 
Sweat ..................... _ 90 16 14.4 
Kenesaw . . . . . . . . . . . . . . . . . . . 90 14 20.3 
Pine Log ...... __ ...... _ . . . . !JO 01 43.!J 
Grassy ............ __ . . . . . . . 89 23 48.8 

Acar],emy. 

C. 0. Boutelle, 1874. Mier. dilf. December 7, 8, 9, 10. 
Theod. No. 3. Zen. dist. December 9, 10. Vert. Cir. 
No.24. 

0 II 

Northeast Base ............. ~ = 90 08 11.4 
Sweat.... . . . . . . . . . . . . . . . . . . 89 57 09.3 
Sawnee ............ _ . . . . . . . 89 42 51.5 
Stone . .. . . . . . . . . . . .. . .. . . .. 89 39 00.1 

Pine Log. 

F. P. Webber, 1874. Zen. <lil-lt. August 3, 4, 5. Vert. Cir. 
No.32. 

0 II 

Sweat ................ : ..... t: = 90 28 20.0 
Kenesaw . . . . . . . . . . . . . . . . . . . 90 23 23.4 
Sawuee . . . . . . . .... _ . . . . . . . 90 19 09.5 
Grassy . . . . . . . . . . . . . . . . . . . . . 89 38 05.3 

Gras81J. 

Northeast Base ... ___ .... . . 90 31 43.4 C. O. Boutelle, 1874. Mier. diff. July21, 23, 28, 31. Theod. 

Academy .......• , . _ . . • ... _ 90 23 21.4 No. 3. Zen. dist. July 31, August 1. Vert. Cir. No. 24. 

Stone...................... 90 09 37.0 o /1 

Sawnee . . . . . . . . . . . . . . . . . . . . 89 58 49.3 Sawnoo .................... ~ = 90 50 53.9 
Kenesaw . . . . . . . . . . . . . . . . . . . 89 55 32.5 Sweat . . . . . . . . . . . . . • . . . . . . . 90 45 59.0 
Pine Log . . . . . • . . . • . . . • . . . . . 89 46 58.9 Kenesaw ....... _ . . . . . . . . . . . 90 39 35.9 
Grassy ........ _............ 89 36 07.9 Pine Log .. .. .. . . .. . .. . .. .. 90 37 29.3 

N. B.-Instrument No. 24 has a vertical circle of 8 inches; instrument No. 32 one of 12 inches, 
both by Grun.bey. 
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DETERMINATION OF THE COEFFICIENT OF ATMOSPHERIC REFRACTION FROM OBSERVED ZENITII

DIS'fANCES. 

To determine the coefficient of refraction (m) from ohsen·ation8 at two interdsihle statious, we 
require either the measure of one zenith-distance ( n combined with the k11own difference of lleight 
a;; found by ;;;pirit-level, or the mea;mre of reciprocal zenith-distances, which may be synchronous 
or not. In the first case we have the most fa\·orable condition for finding the Yalue of 111, and if 
simultaneous observations are made at both endR of the line additional information is obtained 
respecting the difference of refraction and cun·ature of ray of light. In the second case we have t-0 
assume the refraction the same at both stations, aml, in general, the path of light t-0 form a part of 
an arc of a circle; in the third ca;o;e of non-simultaneous ohservations we can only find an average 
value of m obtaining at the times when the two measures were made. It should also be remarked 
that. the obserYed zenith-distances should be corrected for local deflection of tlle plurnb-linP in the 
directiou of the azimnth of the line whenever we possesR the means of doing it.* In tlte case 
before us the measures :: and ::1 are reciprocal and, as the dates indicate, not Ryndn·o!lous. and the 
average value;; of m will only he approximate orn's since the a1'snmption in the follmYing formula 
of the pencil of light as part of a circle iR uot in conformity with the law of changt•. of density of 
the air with height. Supposing :: and ::1 r1~tlnce1l to the grournl (for height of tcles1:ope and of 
ol~ject Rig·hted) 11 =the horizontal distance between the two stations, f' the radius of cnrvaturet 
corresponding to this line, then 

where 'I'= 
8 

f' sin 111
• 

nn' vs 
Respecting weights on account of mrmber of observations, we may assume with Bessel w =---

11 + n' 
where n = the number of measures of :: and n' those of ::1

• For the present application it is pre
ferred to let n ·n' represent the number of days on whkh zenith-distances were observed instead of 
tlie number of imli'ddual ohserYatious, siuee tbe refraction generally Yal'ies more from day to day 
than on the same day between the hours 10 a. m. and 3 p. m., to which interYal the observations 
of zenith-distances i,;hould be confined. No attempt has heen matle to correct obsen·ed zenith
distances foF daily variation, t the refraction being sufficiently constant for times within about. three 
hours from noon. The two measures for m over the very short lines from )Iiddle Base to e!Wh 
end of the base arc here cxcluclecl. 

Resulting values for coefficient of refractuni. 

0. 0480 85 

Southwestilas('l-St.one ......................... . 660 138 

Southwest Base -N ortheaet Base .............. _ 538 65 

NortbeastBase -Stone ......................... . 795 i 85 

Sweat -Stone ....... -................. . 768 135 

Swe1>t -Northea.st Brum ............... . 738 ! 80 

62(i 104 

858 149 

7'ifl 141 

*See contribution No. II. 
t Sec table of log p appended to this paper. 
t See observa.tions by Hossard at Angouleme, in May and .Jnuc, 1844, from da,·break to twilight; of G. David

son, assistimt. Coast Survey, at Bodega Head, Cal., in March, 1860, from 7 a. m. to 5 p. m. ; a.nd of F. W. PerkinH, sub
assistant Coast Survey, at Ragged Mountain, Me., in '.July, August, and 8eptember, 1874, at all hours of day and 

night. 



 

372 lUJPOHT 01<' THE SUPRHfN'l'ENDENT OF 

From the eousisteucy of the above individual re~mlts of ni we infer that no unusually large or 
small rdbwtim1 ohtai11Pd during t.lie times of measures. 'fhe iwerage heig·ht above the sea of tlie 
ten station;.; is 5:!0 m~·ters (li'Oli feet) Yery nearl.L \Ye po,.;sess no complete meteorological records 
in connection with the aboYc measures. TJ1c yalue of m = O.OilG will be uRecl for linf\s observed 
only iu one dire('tion, as Academ;r to Nortll('a8t nase and Gras11;r to Kcnp,.;aw, and for the compu
tation of lwigh ts of a m11u her of secondary olticcts connected with this triang-ulation.* 

2.-COMPUTATION OF HEIGHTS OF STATIONS FROM 3IEASURED DIFFER:KNCES OF HEIGHTS, 

WITII APPLICATION OF TIIE ME'l'HOD OF LEAST SQUARES. 

The computation of the differences of heigltto; from observed zenith-<listanceo; may be made by 
mea118 of tlw following· co11Ye11ic11t formnlm: 

For the case of ref'iprocal zt>nith-ffo;tances, either synchronous or not-

• • [ h + h1 .~ J Iii - h = s tm1 2 (.1 - .) 1 + ·> + 1., 2 - . - - . (1) ..... /' , .... p 

wherP h j,., the lrnnwn !wight a bm·e t.Jw ,.;ea or tlm ,.;tarting level for- the nwasnred diffore11ce of 
lwigltt an(l 71 1 thP heigl1t of the station opposit(•, .~and f' refer to the sea-level and s tan~ ('.:'1 - ;) 

fumishcl'l au approximate \·alne for 7i 1 to be usetl for the thinl term ~'--: 11•. The value of log f' is 
2 (' 

taken from our ta lJle with the argmncnts, latiturle, and azimuth of liiw. 
For tllt· case of zenith-distances obsern1d upon ouly at one end of a line, whiclt ueccssitates a 

knowledge or assumption of m-

1 l t l-2m-~• 1-m z tz" 
1i1 - i = s co.~+ --· ·>"- ,,- + ~~- .~ co • 

~ ,, p 

reducing by means of tabulated factors for various values of m to-

s2 s2 cot2 
" 

h1 - h = s cot : + :M - + ~ ---· _ -- .. (i) 
p f' 

1?or the cal';e nuder cousilleration our initial level is that of Stone Mountain, ascertained by 
meanH of Rpirit-h•n•ls to he 51~)"'.HJ8 ahove the half-tide level of the ocean. In eonnection with 
this operation executed partl;1· uucler ARsistant, C. 0. Hontelle't< direction in 1873-'i 41 partly by the 
engineers of the railroad between Beaufort, S. C., and Augusta, Ga., the Port l~oyal and Beaufort 
levelings were connected directly with tidal obser\'ations. The results, expressed iu feet, are as 
follows: 

Height above mean sea.-level. 

Beaufort, S. C., hench-mark on wharf. __ .... , . - ... _ ...... _ . _ ... _ 
Page'is Point, S. C., mark on ground_ . _ .... ____ . _ . __ . __ . _ . ___ . _ .. 
Yemassee, S. O., mark on ground .. _ ... _____ . _____ ... ___ . ___ . __ 
'Villow Oak, S. C., mark on ground .. - - . . . _ . _ . _ .. _ .. _ . __ . _ . ___ _ 
Augusta, Ga., o;tone post. near Port Royal Railroad office . ____ ....• 
St-0ne ·village, Ga., granite post front of Grauitt Company office . _. 
Stone Mountain ground at C. S. 6 station . _ . _ . _ . _ . ____ . _ . _ .. _ . __ 

6.85 
19.44 
22.93 

1:35.34 
1:32.36 

1037.44 
1686.20 

The spirit-levelings of the base-line in 1872-'7.1 gave the following results: Micldlc Base above 
Southwest. 13ase (i.!}04 meters and Nortl1east Base ahove Southwest Base 7.684 meters; the base is. 

'.For comparison of this value of tn with other valnes refcrriug to the sea-level (or to other levels) we may 

use 8truve's p1·essurc-factor t:i~:ti where B equals the barometric reailing expressed in millimeters. The average preas-

11 re at Ow S<'a-level in latitntle +:we is nearly 71).tmm, and 48mm,4 less or 715mm,6 nearly at an altitude of 520m, hence 

for the sea-level our Yalue would become O.Oil6 7~~6 or 0.0764 nearly, a.pparently a normal value. According to 

Banernfeind's table, h01.vevl'r, •t change of +i.9 inches of pressure wonld change m from 0.0716 to 0.0773. 
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connected with Stone M01mtain by means of zenith-distances. Our observations determine for 23 
lines* the differences of heights from reciprocal measures for which consequently no knowledge 
of m is needed; for two remaining lines, Academy to Northeast llase and Grassy to Kenesaw, 
observed only at one end, we use the value of m as deduced above. These differences of height 
were computed by formulm (1) and (2) with the following results arranged for positiYe differences, 
in each case the first-named station being the higher of the two: 

Computed differences of heights from mea.sures between ten stations. 

IJl. 

Stone Mountain - Middle Base. ___ = + 188.78 
Stone l\fountain - South west Base. 195.28 
Stone Mountain - Northeast Base_ 188.21 
Sweat - Stone l\lountain _ 3.76 
Sweat - Xortheast Base. rnu.14 
Sweat - SouthwestBase. 
Stone l\fountain - Academy ... __ . 
Sweat - Academy _ ... _ .. 
Pine Log - Sweat . _ .... __ ... _ 
Kenesaw - Sweat ...... _ .. . 
Kenesaw 
Kenesaw 
Kenesaw 

- X ortbeast Base .. 
- SonthwestBase. 
- Stonel\Iountain. 

197.52 
167.69 
Hi9.87 
197.40 

35.24 
224.62 
232.21 

38.49 

Sawnee - Stone Mountain _____ _ 
Sawnee - Northeast Base. ____ . _ 

Sawnee -Academy---···-·-··· 
Sawnee - I{enesaw . _ . _ . _ . _ ... . 
Sawnee - Sweat .... __ . __ ... _ .. 
Pine Log - Sawnee. __ . . . ___ .. __ 

, Pine Log - Kenesaw ... _ .. _ .... . 
: Grassy - Sweat ....... _ ...... . 

Grassy - Sawnee _. ____ . __ . __ . _ 
Grassy - Pine Log . _ .. ____ .... 

Also-
Aca<:lemy - Northeast Base ...... . 
Grassy - Kenesaw ........... . 

m. 

=+ 8f1.30 
2j'4.16 
252.4:1 

46.27 
83.85 

113.rn 
Hil.52 
486.70 
403.17 
289.Gl 

19.38 
4iil.G3 

These results contain the unavoidable discrepancies due to errors of obsen·ations and to 
changes in refraction; they therefore call for a suitable method of combination and adjustment 
in order that we may assign the most probable values to the heights of the stations. 

A.DJUSTMEN'1' OF IrnSUL'l'S l<'OR DIFFERENCE 01<' HEIGHTS WITH APPLICATION OF THE METHOD 

OF LE.A.ST SQUARES. 

Supposing h1 - h0 = J h1 a resulting difference of height between the two stations h1 and h0 

determined either by zenith-distances at one or at both stations, then for any circuit of connecting 
heights or hypsometric linkage we must haYe the condition I: J h1 = O; that is, if we start from 
any point ho all(l return to it through a series of intermediate conuectetl differences of height this 
must bring us back to the starting level. Thns in any triangle in which the three differences of 
height are measured we have the condition-

0 = J h1 + Ll 1~. + .L1 h. 

J1~or convenience, the numbering may be from left to right (same as the turning of the hands 
of a watch). 

In two triangles having one side in common we have-

0 = J h1 + J l1.:i + J k 
0 = - J h + L1 h3 + L1 h. 

the - sign being due to a change of direction. Adding these equations we ohtain-

0 = J h1 + L1 kz + J 1"3 + L1 h, 

which is the condition for closing the circuit of a quadrilateral. 1Ve thus arri\'e at the im1wrraut 
fact: In a geometrical figure composed of connected triangles it suffices to satisfy the conditions 
of the single tdaugles in order to have all other conditions satisfied. This matel'ially simplifies 
the establishment of the conditional equations. In a triangle having three differences of heights 
measured we have one condition7 in a quadrilateral with four diflereuces of heights we have 
also one condition, in a quadrilateral with a diagonal and five difl\~rences of heights we have two 
conditions, in case of two.diagonals and six ditterences of heights there are three conditions, the 

~The line Southwest Base to Northeast Base is here omitted since the difference of height found by spirit-level 
(7m.684) is far superior in-accuracy to the value (7 ... 90) found by the zenitb-tlfatance•. 
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fourth circuit being satisfied by reason of the preceding three. In a quadrilateral with a central 
point and eight differences measured we have four conditions. In any circuit or linkage made up 
of n sides in which n differences of heights are measured we have but one condition ; in short, for 
any circuit let p =number of connected points and rn =number of measured differences of heights 
between any two of them, then numl1er of conditions = m - p + 1. 

If a series of hypsometrical1y connected points begins at one whose absolute elevation (above 
the sea) is known and terminates at another whose elevation is likewise known, it is obvious that 
there must be as many measured c1ifferenoes of hAights as there are connecting links, and conse
quently there can be but one condition, hence for this case rn - p + 2. 

Absolute elevations are generally determined by means of the spirit-level, connecting them 
with a tide-gauge for which the reading of the half- tide or mean level of the ocean has become 
known from a series of tidal observations, extending rarely over less than one lunation. For greater 
precision two such series, half a year apart, should lie employed. Where there is a large diurnal 
inequality in the tides the ohsernttions 8honld be more extended and successii'e high and low waters 
h1 12 h3 14 h5 l6 etc. may be combined as follows: 'Form successively the values~ (h1 + 3 l2 + 3 h, +z.), 
k (I.,+ :J h3 + 3 l 4 + h.,), k (h3 + :J l4 + {J h5 + 10 ), etc. etc., each of which will be an approximation to 
the mean sea-levfll, and a series of such results will indicate the degree of convergence towards 
a mean value arnl give the means of judging of its probable error. Tisually it suffices to take 
it P,'h- St.) 

The coeflicieuts of the conditional equations can be had by developing the expression of h1 - h 
according to 'L'aylor's Theorem. Putting 

II h , t" l-2rn 1-m 2 2 = 1 - 11, = s co ~ + --.,--· ir2 + ---- s cot r:, 
~ p p 

and difforentiating with regard to s r: and ni, we Lave, with sufficient accurac~', 

8 s2 
d H = cot r: d s - ~ d r: - si·u2 ,.. <l rn. 

Slll • p • 

Thi:s expresl'\ion may be simplified by putting d s = o, since, in all cases where the distances are 
known by triangulation, they are, or ought to be, known with greater accuracy than is needed for 
the purpose of determining heights; we can also put sin2 r: = 1, since C genemlly differs but little 
from uoo. We then obtain the following simple form for our conditional equations: 

82 
d H = - s sin 1" d r: - - d m 

fl 

where d C is to be expressed in seconds. Owing to the irregular variations of m and our inability 
to compute it from observed meteorological conditions, it is, in general, not advisable to determine 
a correction (d rn) to the introdtw,ed ,-alue of m. Since different values of m obtain, or may obtain, 
on different da,ys, we approach closest to its actual values in the case of reciprocal observations, 
especially if synchronous, and the elimination of m in the computation of the differences of heights 
gives to the above equation the simple form• d H = - s sin 111 d r:. Even in the case of one zenith
distance to each line it is advisable to settle upon a value of m, guided rather by its value under 
similar circumstances than to deduce a correction to it from conditional equations. We shall, how
ever, give an example of its introduction further on. Relative weights may be introduced according 

to the number of days of observation n n.1 at ea-0h end t of a line whenr,e ic = ~. Applying the . n+~ 

"This method i~ developed l1y General Bayer, see "Die Kiistenvermessung uml ihre Verbindung mit der Berliner 
Grundlink, etc., etc.," von J, J. Bayer, etc., Berlin, 1849, pp. 434-4:l7. The reader may also consult Schleiermacher's 
method, which takes into account the terms in d ~ and <l 111, as giv<'n in Dr. Ph. Fischer's "Lehrbuch der hiiheren 
Geodiisie,'' Darmstadt, 1845, Part III, pp. 186-199. It is presented in a form rather too heavy and inconvenient for 
general use, and is, moreover, com1>licated by the .introduction of two sctA of equations of correlatives, designed to 
obtai1t finally for solution n smu.ll~r uumber of e•1nations-a process of <lonhtful utility. 

t If observations are made a.tone end only, the relative weight will be '.i· 
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preceding method to the adjustment of height in the vicinity of the Atlanta Base, we arrange the 
computation as follows : 

1-~=~;~~~-~:-<~tft!l':::-~-! ---, ---·----
' l1eiµ;ht. fCorrec.;-

! -~are 1u 
-- i tion. 

Designation. Amount. ~ 

m. 1-- -
~'.-h, +r.~~: :: Ii} lly spirit-level. 

ha-In 0. 780 

h'1-hi Hl8. 78 1' V1 

h1 -li2 19;'). 28 t'2 

h7-/i1 

h5-1'1 

h.-h, 
fu:.-h2 

h1-hio 

hs-1110 

h"J-hc·, 

h.t.-hs 

h.t.-/i3 

188.21 

3. 76 

i 190.14 
197. fi2 

167. 69 

169. 87 it·, .. 
197. 40 

~fa 24 

224. 62 

Vs 

'" 
V5 

V7 

Vs 

V9 

1'11 

-0. 0797 

. 0861 

. 0791 

.1974 

.122"~ 

. 1181 

.1076 

. 2161 

.1591 

. 0738 

-0.15j7 

Desi~nation. Amount. 

h4 -h2 

/!4 -h'T 

h6 -h7 

h• -hs 
hr, -lno 
m -h.i. 
Ju -ho 
h. -h. 
h9 -kt 

hs -ha 

hs -h< 
hs -h9 

h10-k~ 

hs -1'4 

111. 

+232. 21 

38. 49 

86. 30 

274.16 
252. 43 

46. 27 

R3. R;) 

113. 73 

161. 52 

486. 70 

403. 17 

289. 61 

1!l. 38 

451. 63 

Number of conditions. 

V12 

vu 
V1' 

Vl5 

Vl6 

,,., 

-0.1288 

. 2148 

• 231G 

.1669 

.1G75 

• 2338 

.1604 ! 

. 2175 i 

.1876 ! i 
• 2322 i 
.1543 

.1625 

.1106 

-0. 2958 

Counting in the lines 2 .. 1 and 1 .. 3, but omitting the line 2 .. 8, also including the lines 3 .. 10 
and 4 .. 8, observed at one end only, we have m = 27 and p = 10, the point 1 counting, as well as 
2 and a; hence numbe(of conditions among measured differences = 18. 

Formation of oonditional equations. 

Circuit 2, 1, 7 .. ~ h2 - h-i = - rn5.28 + 0.08Gl '1?2 

h1 - h2 = + G.904 
h7 - h1 = + 188.78 - 0.0797 1\ 

0 = + 0.404 - 0.0797 V1 + 0.08Gl 1'2 

Circuit 1, 3, 7 .. ~ h3 - h1 = + ~·:so ., 
h7 - h3 = + 181'.21 - 0.01911•3 
h1 - Ti-; = - 188. 78 + 0.0797 1?1 

I. 

0 = + 0.210 - 0.0797 1•1 - 0.07911·3 . . . . . . II. 

Circuit 2, 5, 7 .. ~ h5 - l"t2 = + 197.52 - 0.1181 v6 

7t7 - h, = - 3.76 + 0.1974 '1'4 

~ - h7 = - 195.28 + 0.0861 1.'2 

~ 0 = - l .• "i2 + 0.0861 v2:+ 0.1974 v4 - 0.1181 Vs •• _ ••• III. 

The remaining equations being formed in a similar manner are as follows : 
0 = + 1.83 - 0.0791 V 3 - 0.1974 V4 + 0.1222 V5 • • • • • • • • • • IV. 
0 = + 1.56 - 0.0861 Vz + 0.1288 V12 - 0.2148 '1113-......... V. 
0~= - 0.55 + 0.1181 v6 + 0.0738 v10 - 0.1288 v12 .• •.•• - • • • • YI. 
0 = + 2.08 - 0.0791 v3 + 0.1557 v11 - 0.2148 i•13 •••• • • • • • • VII. 
0 = - 1.14 + 0.0791 v3 - 0.1076 V7 - 0.1106 v24 ••••• - •••• VIII. 
0 = + 0.89 - 0.1222 v5 + 0.2161 v8 + 0.1106 1'u-......... IX. 
0 = - 0.35 + 0.0791 i,3 + 0.2316 V14 - 0.16G9 '1115 ••• - •• - •• - X. 
0 = + 2.35 - 0.1669 v15 + 0.1675 v16 + 0.1106 v24 •••••••••• XI. 
0 = - 3.27 - 0.1557 v11 + 0.1669 V 1s - 0.2338 1:11-......... XII. 
0 = + 2.34 + 0.0738 V10 + 0.2338 V17 - 0.1604 1119 ••. - . • • • . • XIII. 
0 = + 2.19 + 0.2338 V17 + 0.1543 V22 - 0.2958 1125. • • • • • • • • • XIV. 
0 = - 0.32 + 0.1604 Vrn - 0.2322 V21 + 0.1543 V22. • - - • • • • XV. 
0 = - 0.64 + 0.1501 v9 - 0.0738 Vrn - 0.1876 V20- - •• - • - - - - XVI. 
0 = - 0.18 - 0.1591 v9 + 0.1604 '1?18 + 0.2175 V19- .•• • • • · - • XVII. 
O = - 0.50 - 0.1876 t'oo - 0.1625 v23 + 0.2958 v2.'i· •..•.••.• XVIII. 
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.Equations of correlatives. 
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T 
Ci c. Ca c. c, c. c, Cs c. C10 Cn C12 Cu c •• Cu Cl6 C11 C1s 
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Normal equations. 

------- ~.----c. 1-~.---1~:~--- c. c. r c.---- r~" -, -~~. [~~~ 1_~'1' _I_~~ ~"-l-~-
O=+o.404 +.0169 -.0095 i +.0074 i-·-- --·· -.0074 ·········· ·········· ········-· ··•····· ····1 ········· ·········· ......... ·····----, r··---- -- ···------·i----·-···-
O=+o.210 -.ooos +.01s91-·-·····.··I +.0094 ·······-·· .....•.... +.0004 -.0094 -.oon4 II·····-·····-······ ......... ······----1······-···:·········· ......... :·········-! 

~~~~~ 1~::: <~I ~.~ .. =:·~. t~ I ~ ~ : : ·~·~ - ~ om ~ ~ ! :;: ;:"'"' + "'" I <. I < L i 
' . i I 

I - ·~= :: :~; :: =~~I~-~.. < "F>' t 
0=+2.08 --··-····- +· 0094 .... ·--···1 +.0094 

0=-Ll4 -. 0094 ······-··· -.0094 

D=+0.89 
I 

·-·····-·· ........... -····- ·-·-1 -.0299 
I 

0=:-0.35 ........... -.0094 ---····-··! -.0299 

0=+2.35 

i::::::::::::::······ .................... '-····· -'·······-· -.0245 +.0245 +.0418 +.0943 -.0418 ···--····· .......... 11····----·· ... . 

0=-3.27 -.0485 ········· ··-······ -.0418 -.0418 +.1723 -.0820 -. 0820 ·-·---- . ......... ····i····.······ 
0=+2.34 I +.01091-······ ·---· -, -···-·-- ·····-···· ·········· -.0820 +.1315 +.0820 -.0386 -.0109 -.03861····: ..... 

---1- F !-: i ~°'~ ------- i --------- ---------- ---------- - """ . --- - - - -----0=+2-19 

0=-0.32 

0=-0.114 

0 =-0. l~ 

0=-0.50 

C1 = -57.513 

Cz = - 31.723 

03 = + 30.311 

c. = + 4.264 

(15 = - fi.718 

06 = + 22.8B2 

These values satisf.v the equations. 

Resulting 11alue.~ of the correlatives. 

U, = - 8.831 Cm=+ l:J.-193 
Ca= - 1.378 Cu = - 29 . .'J60 

0 9 = - 0.620 012 = + 3.920 

On= -14.2:!1 

I 
0 16 = + 9.31 !I 

Cu= - 4.11!~5 Cn = - 0.181l 

C1s = - 0.870 ! Orn = - 2.nso 

8 
IJ:l 
t.;J 

~ 
'""' 1-3 
[':tj 
c 
r.n 
~ 
8 
ti;: 
r.n 
a 
0 
> 
Ul 
8 
Ul 
~ 
;:ti 

~ 
~ 

i:..o 
-1 
-1 
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In the following· tahle8 are given tl1e corrections 11 1 v2 113 •••• " to the observed zenith
distances, also the corresponding corrections to the di:tterences·of heights,+ the corrected differences, 
alHl the absolute heigl1ts. 

i Corr('(•tion to ; 

I or d S· 

1~------· 
i ,.. =+3.083 

I 1'2=-1.8.)0 

V3 =+5. /43 

I t'.i=+7.i12 

V5=+l.194 

t'G ="T""l, 314 

t'T =-+- 0. }41-\ 

'!Jg =-0.201 

1'19 =+ 2. 016 

t:ll =--3. 971 

Vu=+4.G88 

dJI. 

1n. 

-0. 24G 

+ 0. 1"9 
-0. 454 

-1.522 

-0.146 

+o. rn5 
-0. 016 

+ 0. 043 

-0.:321 

+o.um 
+ 0. 618 

+ 0. 71~ 

-1.007 

CorrPctec1 dift"i-·r1'll<'l'H of 

hrigh1s. 

'l>l. 

li1-h1 =- + ]!";8. 534 

,,,_,,, -- 195. 439 

'11-h3 = 187. 756 

k1-h1 = 2. 238 

hs-h3 = lli9.994 

h.;-1'2= 197.675 

h1-h10= 167. 6i4 
lis-hw=- Jfl9. 91::1 

Jt9-Ji.~ -- Hl'i. 079 

kt-h5 -- 35. 247 

h-l - hJ = 225. 238 

h1-h'J= 232.92:! 

h,- h1 = 37. 48.1 

CorrPction to ~ 
or d ;. 

Va=+ 3.125 

'VIS =---1- 4. 955 

1'16=-4.918 

'V11==-7.80::! 

VIA =+3.170 

t!1~ = - 0. 034 

1120=-l.660 I 

tr~ll = + O. 30:~ ! 
t1zi~-o. 76G 

... -+o. 363 

1!'.a =-6. 327 

""~+o.s.17 

dH. 

m. 

-0. 827 

+ 0. 824 

+J.824 
-0. 508 

+ 0. 007 

+o. 311 
-0. 070 

+ 0. 118 

-0. 059 

+ 0. 700 

-0. 248 

Corred.ed ditferences of 
heights. 

711. 

hs -h1 =+ 85. 576 

hs -113 = 273. 333 

ha - hto= 253. 254 

hs - h; = 48. 094 

/u; -/u; = 83.342 

h• -h· -- 113. 737 

h, -Ju. = 161. 831 

hg - hs = 4Rft fi30 

'" - h6 = 403. 288 
hfl -h9 = 289. 5.)1 

hw-Jis = 20.080 

hs - iLi = 451. 382 

The correctious r1 1·, r:i ••.•• apply directly to .Z (!:1 - ~) or singly to the observed :1 and :- of 
each line l'especti\·eI,,,-, with the giYen sigu to the smaller zenitl1-disfance and with it8 sign reversed 
to the larger zenith-distanee. Thus, for example, in the case of i13 referring to difterence of height 
7'7 - h3 

:-3 = 89° 2±' 04".0 + 5".743 = 890 24' 09".743 =corrected zenith-distance at Northeast Hase. 
:-7 = 900 43' 20".8 - 5".743 = 900 43' 15".057 =corrected zenith-distance at Stone Mountain. 

~ (~7 - :,.) = + 2372".657 

and by formula (1) h7 - h3 = + 187m.756, same as given in the table. 

Resulting heights (.rnrface of ground at center of mark). 

Middle Base ...... _ ............................ . 
Sonthwest base ... _ ............................ . 
Northeast Uase .... __ .... _ ........... _. _ .... ___ . 
Kenes~tw ...................................... . 
Sweat Mountain ........................ _ ...... . 
Sawnee .................. _ .................... . 
Stone :\fountain .. _ .. ____ . . . ...... _ .. _ .... _ . _ .. 
Grassy ....... _ ............................... . 
Pinc l .. og . . . . . . . . . . . . . . . . . . . ................. . 
Academy ....................... _ ....... _ ..... _ 

m. feet. 
h1 = 325.414 = 1067.(H 
h2 = 318.510 1044.fJ\l 
h3 = :-J26.rn2 rnrn.rn 
h4 = 551.432 1809.18 
h5 = 5lfi.186 HiU3.M 
,,6 = 59!!.526 
717 = ii1:3.fJ48 
718 = 1002.814 
hu = na.263 
ltrn= 346.274 

1966.!17 
lGSG.20 
3290.10 
2340.12 
1136.08 

Dl~'l'ER:l\'.IINATION O:F THE PROBABLE ERROR OP THE RESlfL'l'lNl~ HEIGHTS. 

To determine the probable errorR strictly, as required by the method of least squares, would 
he 1mnece88a1-il~- laborious. His therefore proposed to snb8titute, in our case, the following more 
i;imp1P process, possessing all rnquisite accurac~- for our purpose: 

Squaring tlw angular correetions rl ~ :ts found hy the preeeding adjustment, and taking the 
;;quarc Toot of the avcragt• square, we find the aYerage e1Tor of a zenith-distance = ± 311.77. How-

• As found bv t.he usual eqnat ions of the form t' = ~ (a C 1 + b C, + c C3 + ...... ). These corrections are given . p 

iu I be a lmve ta,h]p in fop column helldetl '' Cnrr~etfru tu \ ur d (" expressed in 1'!'comls. 

t Found hy d H = - • ar<' l" <I ( expr~d in mPteffi. 
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ever, in connection with the use of equations of correlatives, we mie the formula for the mean 

error in= Jl~~] wheu nc =the number of comlitiom; which had to be strict I~- satisfied. \Ye find 
ne 

m = ± 4".44, hence the probable error "> of a zenitli-distancc = ± 311.00. Tlti;.; amount is princi
pally due to variations in refraction and subordinately only to errors of observation; supposing, 
however, an equality of effect from these two independent sources of error, each would be 
3.00 
\IY.- = d:: :.!".1:!, a small ,-alue. 

To compute the probable eITor e h in auy measured differeuce·of height, we have 

"Ah= =f s arc 111 ·~. 

For Hues occupied only at one end, we must add to thi" expression tlte effect of the uncertainty in 
2 

tlu· adopted coefficient of refraction or 'f ~ em; the value of 'm previously found is ± 0.0010; hence 

the formula 

The vahw of e Ah for each line* is given in the following table: 

I 

' ~fral"mred 

I 
Measured ~ft",asul'ed 

rlitfenmcf' J>robable rlifff'ren('e Proba.ble difference 1,robable 

of height. I error·. of height. eITOr. of height. error. 
I 

i 

m .. '"· h-.-h1 ±0. 239 h9-h& ±0.477 h• _,,, ±0. 701 

h'1-h2 . 258 h4-h5 . 221 lu -h5 .481 

h;-hJ . 237 h4-1t3 .467 h!~ -h-6 .652 

hr.-h1 • 59:! 114-h, . 386 h<J-h-4 .563 

h5-/io . 367 h.t-h1 .644 hs-h5 .697 

h>5-h'l . 3fi4 h.t>-h7 .695 hs -Ii< .46.1 

h1-hl(I . 323 Ju;-h3 . 501 h•-h• .487 

h:s-hl(I • 648 lw-h10 .502 hm-hs . 332 'f 0. 081 = ± o. 342 

hs-"4 . 887 1' 0. 585 = ± !. 06.1 

1f 'h = probable error of height of an~· one starting point and c: .•. h = probable error of differ· 
ence of height of a point determined from it, then the probable error of this last point will be 
{,,riven by ../ ,~h + •2 ,. 1,. 

'"We now compute the probable error in height of each point successh-el~- (and, if need be, by 
1mccessive approximations), commencing with the first one of known height (generall;v gfren hy 
spirit-level), next taking that adjacent point which is best determined from it, and so 011, ahrnys 
selecting the points in the order of least error, mainly depending on shortness of side and on 
number of connections, with other surrounding points already disposed of. Owing to the mutual 
support of two or more connected points, it will, in general, be necessai·;\- to tletermine first a pre
liminary probable error for each. Let e1 • 2 e3 ••• equal the probable erron; obtained for the 
same point from a number of surrounding points and connected with it, then, nuder th<· ;.;upposition 
that the several determinations are independent of each other, the probable error of itN height 
will be 

1 
E = 

or, by making· use of the weights ( ic = ~2 ), its weight will he w = 101 + u·2 + 'll'" + ... 

• The average dista11ce heing nearly 33 kilnmeterA, the average prohable error of a difference of height becomes 

± Om,487, which is neady tii:l~ of the horizontal distance. 
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' his formula., however, must he mmd with great caution, since, in reality, the prohahle errors 
assigned to stations, preceding, do not generally possess such independence as it supposes; in fact, 
this independence occurs onl;v exceptionally. In all cases where the mutual interlacings of the 
differem~es of heights are disregarded, the above formula would lead to erroneous and contradictory 
probable errors; for int<.tance, such as giving a smaller probable error to a subsequent station than 
the probable error of a preceding station on which it depends. 

On the other hand, if we ackance from station fo station, along a direct and single route by the 
comhiuation of 'h •::.hi 'ah. &c., and finally for the last station combine the starting-and the a(.ICU
mulated probable errors or v ,2h + ,z;:;: we should fall into the error of neglecting the mutual support 
given each height by those smTomHling it; in other words, we should neglect the ettect of all other 
routes bPsides the direct one used, arnl our probable error would necessarily be too large; whereas 
ill our tin;t suppm;ition of independence of data the resulting probable error would be too small. 
It will thus be seen that a ju<liciouR combination of the two ways of arriving at an approximate 
evaluation of the probable nncertainty in the heights assigned, must be made by the computer, who 
will be gni<led by special considerations, meeting· the exigencies of special cases as they present 
thcmsel ,·es. 

The prolmble error ,,, or that of Stone Mountain, which depends on a leveling operatiou, is 
common to all the heights, and has been estimated to equal ± om.35; it will he added at thf' end to 
the relati,·e probabfo errors found as follows: 

l~or each of the three base-liue stations the probable error must he the Rame, since we consider 
the spirit-len:ling perfect in comparison with measures of vertical angles ; it is therefore equivalent 
to the combination of three measn.re8 for the same point, having the probable errors 

hence-

e = :I: om.141, 

which answt>rs for Houthwest Base, for Middle Base, anrl for Northeast Base. Tlw nPxt best deter
mi1wd hl'ight is Sweat Mountain, having three lines to it, eaeh shorter than the corresponding li11es 
to Kenesaw. 

Sweat 11fountain. 

From Stone Mountain 
From Southwest Base_._. _. ___ . __ . - . _ - - . _ - .. 
From Northeast Base __ . __ .. ___ . - _ .. __ - - - - . -

m.. m. m. 
::!: 0.000 ± O.fi92 = ± 0 .• 592 

± 0.141 ± 0.354 = ± 0.382 
::!: 0.141 ± 0.~~67 = ± CL::J93 

where the first prouable error is that of the starting station, the second that of the measured diffor
ence of height, and the third the resulting probable error of Sweat Mountain by each of the three 
converging lines. Combining the above thret>. value8 we obtain the first approximation, 

Similarly: 

From Stone Mountain . - - _ 
l•'rom Southwest Base ___ _ 
From Northeast Base - . - _ 

Kencsaw. 

± om.ooo 
±Om.141 
±Om.141 

±om.644 
±Om.:18H 
±Oll'.467 

±±O< :·4
6~41 ~.First approximation, 

l . . ! = ± om.2s2. 
±Om .. 148 4 

Now, introdnciug this fourth line, Kenesaw to Sweat, we have for Kenesaw and the measured 
rlift'l•rence ±om.282 ±Om.221 =±om.358, and combining this with the first three values, we obtain 
finally e5= :I: Om.204. • 

Similar]~· for Kenesaw: For Sweat and the measured difference ±Om.249 ±Om.221 = :1:om.333; 
henee from 4 converging lines ··= ± om.215. 



 

THE UNITED STNl'ES COAST SURVEY. 381 

We 11°xt tm::t Sawnee and Academy, and lastly Pine Log and Grassy, with the following 
results: 

Prob. error relath·e Final prob. error 
to 8tone Mountain. of height. 

Stone :Mountain. . . ........................ . 
Southwest Bas~ ........................... . 
Middle Base., . . . . . . . . . . . . . . . . . . . . ....... . 
S ortbeast Base ............................ . 
Sweat Mountain . . . . . . . . . . . . •.............. 
Kenesaw ................................. . 
Academy ................................. . 
Sawnee ................................. . 
Pine Log ................................. . 
Grassy ..................•.................. 

11'l. ni. 

± 0.000 
0.141 
0.141 
0.141 
0.204 
0.215 
0.209 
0.2()(; 
0.301 
0.33!! 

± 0.350 
0.377 
0.3i7 
0.377 
0.40;) 
0.411 
0.408 
0.440 
0.462 
0.48:.! 

ADDITIONAL REMARKS AND EXAJl.fPLES FOR A.Il.JUSTJ\fENT OF HEIGHTS ::\IE.A.SURED FNDER 

CONDITIONS DIFFERENT FROM THOSE OBTAINING A.DOVE. 

To render this communication more generall~· useful the following examples of adjustment are 
i11trotluced, suiting other conditions or requirements than those sullsisting in the \'ertical mea;.;ures 
treated above. · 

(a.) Determination of a correction to an assumed Yalue of the (•oefficient of refraction to be 
found from the conditions among the mea1:mred differences of height. 

In this case it is essential that the connecting lines (horizontal distances) should var~· greatl;1· 
in length. The weight of any measured difference, ah, uiminishes with increasing distance and 

may be taken proportional to ~' but with i·espect to the coefficient of refraction the weight will be 

inversely proportional to the square of the distance (see preceding formula for e ), showing how 
rapidly with increase of lli,;tance any error in m will affect. injuriously the Yalue of .Jlt, for which 
reason it has been found necessary, for refined work, to keep the distance between \·ertical angle
stations confined within certain practical limits. Very accurate results may be had if the distances 
do not exceed 24 kilometers (abont 15 statute miles), and satisfactory results may yet be cxpccwd 
with limits inside of 40 and m·en 50 kilometers (25 and 31 statute mile8 re,;pedively). Be.mud 
these limits the value of the work may be improved by increasing the number of days of observa
tions (always confined within tlHi favorable hour8 of the da.r), and b~· increasing the number of 
conditions or links and by simultaneous reciprocal observations, or generally by spirit-leYel checks. 

\Ve cull the following example from measures already emplo~·ed. 
6 Given, difference of height 11 3 - lt.i = + 7m,684 hy spirit - le\·el. 

7 

117 = 513"'.948 absolute height above half-tide level of the oceau, and the 
following 6 measured zenith-distances, as shown in the anncxf.'d cut: 

At station 3: n. Corr'11. 
: to 5 890 39' 51".7 1 1'[ 

At i;tation !J: 
: to 2 900 33' 37".2 

to 7 900 09' 37".0 

At station 7: 
: to 2 !)00 41' 56''.8 ~ ?';, 

to 3 !)()O 4,'V 20".8 !.! r6 
to 5 so0 08' 58".9 2 l'3 

also log. distances (expressed in meter>:) and log. cnnaturP. 
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log. II. log.(!· 
2 .. .:) 4.38fi&{ fi.80370 
:1 ... [j 4.40149 li,80448 
~ .. 7 4.24!)47 (i.80473 
:J •• 7 4.21274 0.80:{64 
5 .. 7 4.60!.188 6.80414 

"~ith m = 0.0ilti + r 0 and the alJoYe values of ~ we compute the differences Jh, also the coeffi

dents s sin 111 and~' and find 
p 

m. 

\Ii,, -11" = + 1!)0.40 - 0.1222 l'1 - f1H.6ii 1'0 

I h, - lz2 = + 1!)8.29 - 0.1181 t'2 - !J;J,;J2 Vo 

hr. - h; = + .J.2!) - 0,1!)7;) 1':1 - 260.38 Vo 

1 
h7 - h, = - 2.23 + 0.1975 V4 + 260.38 'l'o 

h; - h2 = + lU.).50 - 0.08(;] V,; - 4!1.4i) 1!o 

h7 - /t3 = + 187.8:1- 0.07!11 Vti - 41.8() Vo 

The cil'cuit" 2, ;{, 7; 2, 5, 3, and 2, 5, 7, and the measures at the endr:< of the line 5 .. 7 furnish 
tlw followi11g four conditional equations in which the Yalue Y = 100 1:0 bas been introdur,ed to 
facilitafr the numerical work: 

Cornlitional equations: 

( 0 = + 0.014 + 0.075!) v 
) o = + o.21Hi + o.on3:l v + 0.1222 n1 - 0.1181 1~2 

+ 0.0861 1'5 - 0.0791 V5 

) o = - 2.:mo + 2.1 tl•:il V - 0.1181 i·2 + 0.197 5 v,, + 0.08(il r,, 
( 0 = + 3.0liO - 0.1975 r 3 + O.Hl75 r, 

If we <lo not intend to introduce special weights witl1 respP-ct to numhcr of observations or 
days of ohsernttion, that if;, if we suppose n = l, we may complete the process of computation by 
forming· the equations of correlatives antl the normal equations and their solution will giYe the 
following- yalues arnl results: 

and 

(' 1 = - 4.17:! f \' = + O.i:I03 
( '.2 = - 8.ii44 l Vo = + 0.0050 
C:i = + 0.628:{ m = 0.076(1 
c, = - :~8.!ll 

m. 

( '.'• = ~H.~4~ 
~ ·,, = ;il G.,18,, 
\ I '"'I' ,,_3 11:.="-'··"' 
. Ii" = ;rn~.li(l!I 

" 
\ 1'1 = -1.04 

I V2 = + ~.!)3 

1 
t':i = + 1.81 
v. = - 7.()8 

V5 = -0.~1 
1~G = + 0.33 

m. 

\ ;,, - h:i = + rno.031 l h5 - h2 = + 197.715 
/tr, - lt, = + 2.4.18 

1 
lt7 - h5 = - 2.4:~7 
h1 - lt2 = + 195.21n 
h1 - h:1 = + 187.595 

Bnt if speefal weights are to he introdticed depending on 1mrnhcr of observations, we have 
first to 1•1iminate Y from the ab•we conditional equations anrl find-

l
. 0 = + 0.2;);){1 + 0.146.') 'l'1 - 0.1416 I'; - 0.08Gl 1'0 + 0.0791 l's 

0 = + ~.81'.~14 + 0.1181. 1.'2 - 0.1~~~ V;i ~- + 2.3700 1'5 - 2.2564 116 

0 = + ,UWOO - 0.1:)1;1 v3 + 0.19w 11
4 

hence the equations of correlatiYes and normal e(iuationr;: 
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Correlatives. 

C1 
n 

-----· 

·V1 +0.146;) 
1 1'2 -0.1±16 

0.5 ·V;, 

1 1:4 

0.5 'l'5 -0.0861 
0.5 r" +0.0791 

C2 

+0.1181 
-0.1975 

+2.3700 
-2.2564 

.Kormal eq11atfons. 
o, 

. ~ O = + 0.2::\:W + 0.0483."i 01 - 0.0079!1 C2 

·---- O = + ~.8994 - 0.207!!~1 C1 + 5.38}~7 C2 + 0.0~(~~0 (', 
0 = + .U)()OO + O.Ol.l.10 C 2 + O.OaS;1] C:i 

-0.197;i 
+o.rn75 

I ., ~ ,.. . .,,. 
,~C1 =- 1 •• 11U 

) 0 2 = - . O.H424 
{ C:i = - ."i2.084 

II 

.'r1 = - 1.11 

'

1'2 = + 1.00 
.r:i = + ;).21 

-\r, = -10.29 
11·, = _ o.±:) 

l"r, = + 0.42 

Comparing these values with the corres11onding preceding ones, we notice hut trifling changes 
excepting in l'o and v4, on which the introduced weights have acted most couspicnonsl>-· 

To find the value of Y we may substitute in any one of the original conditional equations, the 
t.hird gives Y = + O. iG, hence 110 = + o.oorn and 111 = 0.<>792. 

Ill, 

Finally, we have h, = 513.H5 nearly. 
It,,= 516.24 
Ji,, = :3:.W.4fi 
h2 = 318.78 

(b.) Oases will often occur in practice which, from their nature, do not require any very refined 
and laborious process of adjmitmeut; we may he satisfied with a moderate degTee of approxima
tion to the most probable values iu caRcs of vertieal measures in tertiary triangulation, or in 
bypsometric reconnaissances, or even in plane-table practice for the location of contour-lines. 
Excepting the reconnais-;ances~ the side8 will tlien he so short that au~- small defect i11 tht• adopted 
Yalue of the coetlicieut of' refraction will Lave no sensible influence on the resulting difference of 
height.;;. 

ViTe may therefore assume that the value of' 111 is sufficiently well known to require no further 
improvement, and ma~' operate. directly on the computed differences of JwightR, still employing 

suitable weights according to the formula 11 or the formula !. _ n.ii, , the first for meaimres of a 
s s n+n, 

zenitll-dh;tance at one end of a line, the second for zenith-distances at both ends. Our principal 
object will be to disperse the existing small cm1traclictions in the computed differences and thn8 to 
rrnder them consistent among theruseh-es. 

Hesurning the abm-e example, and supposing the difierences of heig-11t, deduced from tlw 
measures, subject t-0 corrections l'i t'2 ••• 

We have g·iven: 
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Equations of c-0rrelatii1es. 

------------ ~-------------

w~• 
.~ 

Conditional eq1wti1ntR. 
n 

-------

\ o = - o.?1: + ~5 - rr. :],j.20 
< O = - O.J06 + i,1 - t'2 24.:~7 
( (} = + 2.;')00 - Vz + l':i + Vs 20.:rn 

0 = - 3.0GO - ?'3 - V4 
40.7:~ 

8.88 
8.lG 

Normal equations. 

(0=-0.014+17.0401 + 8.8803 
)-0 = - 0.206 + 49.57 C2 + 24.37 C:i 
·; 0 = + 2.500 + 8.88 C1 + 24.37 0 2 + 53.61 03 - 20.36 C4 
( 0 = - :toml - 20.36 03 + 61.0ll 04 

Hence-

111. 

~ 
C1 = + 0.02822 
C2 = + 0.03001 
C:i = - 0.05258 

. c4 = + 0.0:~2.>(i l 
V1 = + 0.7;)() 
1'2 = + 0.550 
'V3 = - 1.733 

1/l .. 

I h;, - lt3 = + 191.156 

\ h, - 11'2 = + 198.~:o 
,,5 - h1 = + 3.i><>7 

.: l~ - h5 = - 3.556 
j 1t1 - h2 = + 195.282 
~ lh - h:i = + 187.5!)!) 

and 

-1·1 ' 

'V3 

t'4 

1~5 

v6 

01 C2 

+1 
- 1 

+1 
-1 

"'· 
1'4 = -1.326 
1!r, = - 0.218 
'l,'6 = - 0.231 

m. 

~
lt1 = 513.948 
h, = 517.505 
h3 =326.34fl 
712 = 318.665 

C3 C4 

-1 
+1 -1 

-1 

+1 

i 
I 

This last method recommends itself by itoi comparative simplicit;y and tolerable approximation to 
clmie accuracy. By omitting weights tlie results would lose considerably in yalue; although unity 

may ue substituted for n, the fa~ 01 
1 should never be omitted. 
fl 

The following tables for log 1\1, log X, and log p are appended to facilitate computations of 
heights. Tbey depend upon the fonnuhe 

M=l- 2_m N=l-m 
2 

Radius of curvature in merhlian _ a (l - e
2

) __ _ 

(1 - & sin2 So)' 

Radius of curvature perpendicular to it ----- a -----
(1 - r? sin2 'f )' 

Ifadius of curvature in azimuth a• a (1 - &) ______ _ 
(1 - ff+ t2 cos2 a cos2 <f) (1 - & sin2 <f)! 

where a = 6378206 meters log a = 6.8046985 
b = 6356584 meters log b = 6.8032238 

log tfl = 7.83047 

See "Comparisons of Standards of Lengtlu.;," etc., by Capt. A. R. Clarke, R. E., London, 
186(), p. 287. 

----------------. 
~In term8 of ra.rlim1 of meridian Pm and of perpendicularity pP, the radius of cnrva.tnre in azimnth equals 

f'~ = Pm{>p ; also P = 2 PoP'll!' 
Pm sin• a + f>p cos' a 45 po + p..., 
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rn 

0.050 

51 

5~ 

53 

54 
55 

56 

.'17 

58 

59 

0. 060 

61 

62 

63 

U4 

65 

66 

67 

68 

69 

0. 070 

71 

n 
73 

74 

75 

76 

77 ! 

78 

79 

LogM. 

0. 65321 

63225 

6:>128 

60031 

64933 

U4836 

U4738 

U4U40 

64542 

64444 

9. 6(345 

64246 

6!147 

64048 

63949 

63849 

63749 

63649 

63548 

63448 

9. 6;!347 

63246 

6.'3144 

63043 

62941 

62839 

62737 

62634 

62531 

62428 

Table of log Jlf and wg N. 

96 

97 

98 

99 

100 

100 

101 

102 

103 

LogN. 

9. 978 

77 

76 

76 

75 

75 

75 

74 

74 

!J. 973 

73 

72 
72 
71 

71 

70 

70 

69 

69 

9. 008 

68 

68 

67 

67 

66 

66 

65 

65 

64 

"' 
o. 080 

81 

82 
s:i 
84 
85 

86 

87 

BR 
89 

O.OliO 

91 

92 

93 

94 

95 

96 i 
97 

98 

99 

0.100 

Log .l\1. 

----
D. 6232[1 

6222] 

62118 

62014 

61910 

61805 

61700 

61595 

61490 

61384 

9. 61278 

6117:! 

61066 

60959 

608!\3 

60746 

60638 

60531 

60423 

60315 

9. 60206 

I 
j_a_ 

1 ::: 

I 106 

1 .. 

107 

108 

LogN. 

9. 964 

63 

63 

62 

62 

61 

61 

60 

60 

60 

9. 959 

59 t 

58 

58 

5i 

fi6 

56 

55 

55 

9.9f>4 

385 
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'/_able of logarithnis of radiut1 of curvature to the eartlt'8 .~urface for ·varfous latitudes nnd azimuths, 
based upon Clarke's enipRoid of rotation (1866), and for metric unit. 

Azimuth. 

Meridian ..... 

10 

15 

20 

25 

30 

35 

40 

43 

50 

55 

60 

70 

75 

80 

Perpendicular 00 

Azimuth. 

0 I 

6. 802368 6, 802423 

2387 

2444 

2538 

2664 

2820 

3001 

3201 

3414 

3635 

3856 

4069 

4~71 

4608 

4734 

4828 

4886 

32° 

244:.! 

2498 

2G90 

2714 

2868 

304G 

32!4 

3672 

3889 

4099 

4297 

447:, 

4630 

477.fJ 

4847 

4904 

4923 

i fl. fi02988 I 6. 803058 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

75 

so 
s.:; 

j Perpendicular 90 
I --~----------·-

3004 I 

3052 

31:!0 

3236 

3367 

3518 

36~6 

3864 

4049 

4233 

4412 

4580 

4731 

4863 

49ti9 

5-047 

5112 

3074 

3120 

:nm 

3300 

3428 

3576 

3740 

3915 

4005 

4276 

44.)1 

4615 

4703 

4802 

4995 

5072 

5119 

5135 

6, 802479 

2498 

2553 

2644 

2766 

2918 

3093 

3288 

3495 

3709 

3923 

4130 

4325 

4500 

465.3 

4776 

4867 

4923 

4942 

6. 803129 

314li 

3190 

3265 

3366 

3491 

3636 

3796 

3967 

4143 

4319 

4490 

4650 

4795 

4921 

5022 

5097 

5H3 

5159 

6, 802537 

255fi 

2610 

2699 

2820 

2969 

3142 

3333 

3537 

374i< 

3958 

4162 

4354 

4527 

4678 

4i90 

6. 803:!01 

321i 

3261 

3.334 

3432 

3696 

38.32 

4019 

4191 

4363 

4530 

4686 

4828 

4950 

5049 

5122 

5Hl8 

51"1 

LATITUDE. 

6. 802597 

2615 

2669 

2756 

2875 

3022 

3192 

3380 

3580 

3788 

3994 

4195 

4384 

47112 

4822 

490!1 

4963 

4981 

o. 802659 

2fi76 

2730 

2815 

2932 

3076 

3243 

3428 

3625 

38'29 

4031 

4229 

4415 

4382 

4727 

4845 

4931 

4984 

5002 

LATITt:DE. 

4072 

4239 

4407 

4570 

4723 

4861 

4980 

5076 

5148 

519'~ 

5207 

6. 803348 

3362 

3405 

347:; 

3568 

3684 

3818 

3967 

412!J 

4288 

4611 

4760 

4894 

5ul0 

.1104 

5174 

5217 

5231 ' 

6. 802722 

2739 

2791 

2875 

2990 

3131 

3200 

3477 

3671 

3871 

4070 

4264 

4446 

4610 

475a 

4869 

4953 

5006 

5023 

8. 80342'2 

3436 

3478 

3546 

3637 

3749 

3880 

4025 

4-179 

4338 

4498 

4652 

4797 

4928 

5041 

5133 

5201 

5242 

5256 

6. 802786 

2803 

2854 

2937 

3050 

3188 

aano 

3528 

3718 

3914 

4109 

4:JOO 

4479 

4640 

4780 

4893 

4976 

!;027 

5044 

6. 803497 

3511 

3552 

3618 

3706 

3943 

4083 

4234 

4388 

4.'">44 

4694 

4835 

4962 

5072 

5161 

5227 

5268 

5281 

30° 

6, 802852 

2869 

2919 

3000 

3111 

3246 

340f} 

3580 

3766 

3958 

4150 

4337 

4512 

4669 

4807 

4918 

4999 

5049 

5066 

6. 80..~fl73 

3586 

3626 I 

:moo 
3776 

3882 

4006 

ll42 

4289 

4439 

4590 

4736 

4873 

(996 

5104 

5190 ! 

5254 

5294 

5307 

I ----, 

6. 80'Z919 

2936 

2985 

3064 

3173 

3306 

3461 

3632 

3815 

4003 

4191 

4374 

4546 

4700 

4835 

4943 ! 

5023 

5073 

5089 ! 

41° 

6. 803650 

3662 

3701 

3703 

3847 

3949 

4070 

4202 

4344 

4400 

4636 

4778 

4911 

5031 

5135 

5219 

5281 

5319 

5332 
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Table of logarithnis of radius of curvature to the earth's surface for 1x1rions latitude8 and azimuths, 
based upon Clarke's ellipsoid of rotation (1860), and for metric 1mit-Couti111wrl. 

Azimuth. 

·--------___ 42_0 _____ 4_3_0 __ -4:__ I 450 

Meridian ___ . 

10 ' 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

6. 803726 ' 6. 803803 

3739 

3775 

3835 

3917 

4017 

4133 

4262 

4400 

4541 

4683 I 

4820 

4949 

5066 

5166 

5248 

5308 

5345 

3815 

3850 

3908 

3988 

4085 

4197 

432!! 

4456 

4592 

4730 

4862 

4987 

5100 

5197 

5Zl7 

533:; 

13371 

5383 

6. 803880 

3892 

3921i 

3982 

4059 

4153 

4262 

4382 

4511 

4643 

4777 

4905 

5025 

5135 

5229 

5307 

5363 

5397 

5'109 

6. 8039fi7 

39138 

4001 

4056 

4130 

4221 

4327 

4443 

4.567 

4695 

4824 

4948 

f>004 

5170 

5261 

5335 

5390 

5435 

LA.TIT'GDE. 

4fi0 

6. 80403j 

4045 

4077 

4130 

4201 

42S9 

4391 

4503 

4623 

4747 

4871 

4901 

5104 

520-5 

5293 

5364 

5417 

5460 

47'.J 

6. 804112 

4122 

4153 

4204 

4272 

4357 

4455 

4563 

4679 

4798 

4918 

5033 

5143 

5240 

5325 

5394 

5445 

5470 

54-86 

LAT!Tl7DE. 

6. 8041><9 

4100 

4228 

4277 ' 

4343 i 

4425 

4519 

4623 

4735 

4849 

4965 

5076 

5181 

5275 

5357 

5423 

5472 

G502 

5512 

49° 

4:!75 

4303 

4350 i 

4413 

4583 

4683 

4791 

4900 

ii012 

5118 

5219 

5310 

5389 

545:! 

5499 

5537 

6. 80~342 

4378 

4484 

4559 

4647 

4743 

4846 

4951 

5161 

5257 

5420 

54~1 

5526 

5554 

5563 

5P 

6. 80441i' 

4427 

44;;2 

4495 

45&4 

4626 

4710 

4802 

4901 

5002 

5104 

5203 

5295 

5379 

5451 

5510 

5553 

5579 

558R 

--------------.---------------------!----- --------

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

Perpendicular ..••• - .. - . . 90 

6. 804493 

4502 

4526 

4568 

4624 

4692 

4773 

4861 

495.11 

5052 

5150 

5244 

5333 

5413 

5538 

5579 

5604 

5613 

6. 804567 

4576 

4599 

41lll9 

4693 

4758 

4835 

4919 

5101 

5195 

5285 

5370 

5446 

5513 

5566 

5606 

5630 

5038 

6. 804641 6. 804714 

4649 4722 

4672 4743 

4710 4779 

4761 4828 

4823 4888 

4896 4957 

4977 5034 

5063 5116 

5151 5199 

5240 5284 

5326 5.'i67 

5407 544.1 

5480 5513 

5594 5621 

56.12 5657 

5655 5679 

5663 5687 

6. 804786 

4794 

4814 

4848 

4894 

5017 

5090 

5168 

5247 

5328 

f:t407 

5480 

554-6 

['603 

5649 

5683 

5704 

5711 

6. 804858 

486:> 

4884 

491:> 

4959 

Wl4 

5076 

514-6 

5219 

529;) 

5372 

5516 

5578 

5633 

567ti 

5708 

5728 

5735 

6. 804928 

4934 

4953 

498:1 

5025 

5076 

5135 

S201 

5270 

.5415 

5485 

5550 

5610 

5661 

5702 

"733 

5752 

5758 

6. 804997 

5003 

5021 

5049 

J089 

5137 

5193 

5320 

5457 

5584 

!\641 

5689 

5728 

5757 

5775 

5781 

6. 805064 

5070 

5087 

5114 

5151 

5197 

5249 

5306 

6498 

5671 

5717 

57[}4 

0781 

5798 

5804 

NOTB.-The dlluensions of the earth are not sufficiently well known to render the sixth place of decimals in the ,,.aJue of log p reliable. 
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APPENDIX No. 19. 

l I Yi' ; .METHIC FOlUIUI .. .A BASED UI'OS Tlll~RMODYX.Al\UC PIUNCIPLES. 

[l\fA y 30, 1878.] 

The application of the dynamical theory of heat to 1mrometric measnremeut of heights, though 
dating back but a few year;;, appem·8 promi:-;ing eYen in its, a8 yet, re:-;tricted use, and the barometric 
forrnnlw at present ordinarily emplo;n•d may pu,;:-;ibly in fl1e course of time he superseded by it. 
As a supplement to the paper Appendix So. 1G of this Report, I haYe thought that a brief 
acconnt of the theory and a test of the same, nsing the reliable data fumished in that ~~ ppendix, 
might he hotlt instructive and of practical Yalue. 

Two important papers on the 1ml~jeet ha,·e hee11 pnblished hy Prof. A. "\Veilenmann, from -the 
latter of which, entitle<l "C eber ein ahgeiimle1tes .Aneruidbarometer uud Beziehung zwischen 
Luftdruck, Temperatnr und Hi:ihe in dcr Atmo;;phiire" (Yierteljahrschrift der Schweizer Natur
forschenden Gesell:-;cbaft, Ziirieh, 181H), the following· account has been prepared: 

Let (~ reprPsPnt thP total heat contained in a kilogramme of gas, Ethe dynamical equiyalent of 

a unit of heat or 4:!:3.:i expressed in kilogrammetres, and put A = ~ : also let T =absolute temper· 

ature or - :.i1;30 for the centigTa<lc scale, c = specific heat of gas at constant pressure, p = total 
external 11ressure, r =volume of a unit of weight and H a constant for each particular gas, then 
the fun1lamental thermodynamic equation;.; are 

dQ = c dT - AH T ~Ip (1) 
p 

JH'=RT 
If dlt represents au iuJiuitcly small ehang-e of height then 

. H 'l' 
dh = - --- <111, hencl' rl Q = c rlT +A rlh 

j> 

From the8c eqnatiom1 l'rofes;mr ""Teilmunann deduces the following bypsometric formula.: 

[ ( 
jli ')All lj•"l] 

A (lt2 - h1) = e Ti 1 - iii " e' 1 + Q2 - Q1 • (4) 

when• h1 and 11 2 the J1eights above tlw half.fol<> len~l of the oc<•~Lll of two places i11 the same Yerti· 
nal, p 1 nrnl p., the cmTeRpornling pre8surn>< of tlw atmospherP, 1'1 tlie absolute tempera.tnre of the 
air at thC' lower station, and Q1 and (J2 the ahimlnte quantity of 11eat coutaine(l in one kilogramme 
of air at tlic lower aml upper stations rcspedfrel.r-

-Culler the ><nppm;ition that 011 dear da~·s, e,;pecially in Rumuier on afternoons, aml whell nu 
eonde11><ation of vapor tak('>< phwc, the interYening colnm11 of air lleithcr loses nor gairn; heat, the 
t•xprPsi<ion (J) <'ha11geR into the l'li11111le form 

112 - h1 = _!!__ T1 (1 - (Jl2
)",") • (;"i) 

A 1'1 

In L\ppendix Xo. Hi of this Heport, referred to ahoYe, this remaTkable eonRtancy of the temp· 
PratuTe of tlie atmrn;plteri1· column is shown to hold by meau8 of the inversion of the barometTic 
formula. 

A and I~ change slightl,Y with the geographical latitude a11d with tLe altitude, A }{ remaining 
constant, R and c changP slightly with the humidity of the air. These relations are expressed by 

A 0 ri A- .. - . . . . .. 
- (1 + p cos:..! I') (r + h1) (r' + h2) 

(I'+ hi) (r + h,) (1 + o .. '178 P~) R =Un (1 +.~cos 2 I') ----,,--- • 
fl 

C =Co+ O.liHl ':': 
p 

(fi) 
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where r. = yapor i1rest"mre of tl1e air expressed in millimetres of mercurial eolumu, <f = the 
latitude, p =the earth's radius; Ao and R0 answer for latitude 43° and for the st~a-level. For dry 

air c = 0.237 51. For the earth's radius we can take p = 63G6200, also A 0 = 4~4 and H0 = 29.280 for 

metric unit;;; (3 = 0.002626 according to Bessel. 
If b1 and 712 are Ute reading:o; of a mercurial harometer at the lower and upper stations respect

ively, then 
P1_b1 (p + h2) 2 

112 - b2 -c;;-+ It il' 
and for the aneroid rearlings a 1 and a2 at the lower ai1d upper stations 

]>1=~ 
Jh a1 

Developing expression (5) into a com-ergent seriei; it becomes 

h2 - h1 = R Ti zP1[1 - ~AH z-E.i +~(AR)' 
2 (t ]11)

2 
- ••• J 

Pz 2 C Jiz U C Pz 

where l is a hyperbolic logarithm. 
The first term, or 

which for the mercurial barometer changes into 

H = H (-1 + 2_!~!1 ) ::\1 T 1 log bi 
/ 1 b2 

M being the multiplier for eommou logarithms or 2.:~u2c;s::; 
Put 

then with sufficient accnraey 

(7) 

(8) 

. (H) 

(10) 

(14) 

S = 29.28(} (1 + j<J COS 2 'f') (f• ±_ 71_1) ~/I ±_~z) (' 1 + 2 + 2\l.~~-'!'1)-. 
f' I' 

(-1+0,:;7,..,_;:- )'."11 .• (Iii) 
/1 / 

where 

hence 
• ( ](i) 

and finally 

[ 
1 A II l (A H)2 1 CA H)'' 

h2 - h1 = H 1 - ~ c 1\- + (; -c'l';_" - 21 '' '!'; + (17) 

and wit11 sufficient accuracy up to differences of height of 4000 metres 

11., _ h1 = H _ I_I c~ 11) + ~ cA-~)2 

• 
~ (' 'f1 b c 'I1 

The computation is facilitatecl by tabulation of 8 1 or the part of S which i::> independent of the 
humidity faDtor, for various hrights h2 and temperatures '.1\. 

For ordinary application we have, with sufficient approximation, 

log S =tabular value of log 81 + 0.000004 .1 T + O.lG3 '.': 
b 

The table for T 1 = 27 ;;o and h1 = 500 is as followR: 

- h2 - -;~~o 1··· ~~~-! 40'~-
----- --- ----1---. 

m. I i ' 
0 1. 83-o4i ! 1. X3-02!f J 1. 83010 1. 82990 

1000 M J ao I 17 ~997 77 

1.82fij'O 1. 82:U1 

llO·' 

1. 8cV3~! 

40 

47 2000 61 I 43 i 24 3004 8{ I 

i !~~~ ~! I ~ ---~-1 __ :_~~-~ ____ :~_I~-~~-: ___ ;_~ -

(21) 
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UTh 'd . d th f; t 2 x 29·280 Ti . th . f s . t l 'tt d ~' n en an anero1 1s use , e ac or ---------- m e expression o is o ie om1, .e . ..l' or 
fl 

the value t a rough approximation only is needed, we may put log t = 7.9924 -10. 

Applied to the case of Bodega Head and Ross JI.fountain, California, the computed difference 
of hei1d1t for the hours 8, 9, 10, 11, noon, 1, 2, 3, 4, 5, are 597m.S, GOl.G, G04.1, 604.5, 604.0, 604. 7, 
H04.2, G03.0, G02.7, GOO.:\ reRpectively, the true value hy spirit-leveling being 598m.7, Compared 
with the best resnltR from the ordinary barometric formula, the differences appear reduced to 
nearly oue-half of the old residuals,* ~'et the diurnal variation in the results remains strongly 
expressed. 

lt would also appear that the new formula gives the true difference of height about 8:! a. m. 
and ;)~ p. m. 

CHAS. A. SCHOTT. 

• i"eu diagram, pag~ :.153 of this Report. 
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APPENDIX No. 20. 

[Reprinted, with ad<litions, from the "Cuitt·d 8tafrs Coast 8urvey Report for 1871, Appen<lix No. 1;;.] 

ON THE ADAPTATION OF THIANGl~LATIONS TO YARIOl'S CONDITIONS, DEPEXDING OX THE COXFIG

UHATION OR OROWIAPHIC CHAUACTER OF A CO"C!ITRY AXD OX THE DEGHEE OF ACCTRACY 

AIMED AT, WITH DUE CONSIDERATION OF THE TUIE AND MEANS ALULABLE; ALS'.) NOTE:-; 0\' 

THE METHOD OF OBSElffll'W HOlUZO"!\TAL ANGLES A"!l;D IHHECTIOX8 IK GEOJJETlC i:iDffEYS. 

BY CHAHLI~S A. SCHOTT, ASSil:iTANT CNITED STATES COAST AXD GEODETIC SURYEY. 

"\Vhateyer the design of a geodetic operation, whether it be to include and dcfim• a portion or 
the entire surface of a. country, or only its coast or boundaries) or whctht•r its purpose he to meas
ure arcs of' the meridian, of the parallel, or inclined arcs (as a contribution to tlrn data for ai,;('.er
taining the figure of the earth), it must in all ca8es be hased upon a triangulation, the f.-'Teater or 
less complexity of which will de]Jend cliiefly and necessarily on the hypsometric features of the 
country and on the nature of its surface. 

Geode8;r may briefly he defined as one of the applied sciences which has for its object tlic 
determination of' the figure and size of the eartl1 and of detPrmiuiug geographical positions Oil its 
surface, usually referred to three co-ordinates, Yiz, latitude, longitude, and altitu!lt~, and whil'h is 
occupied with problems or relations between such points. It is thus distinguished from ordinary 
surveying, which cxclwlcs astronomical observations and within circumscribed limits regards tlie 
geometrical surface of the earth as plane or exceptionall,'I· a;; spherical. 

Tlie adaptation of a triangulation to these various conditions, while at tlie 8ame time paying 
proper attention to accuracy, economy, and rapidity of execution, requires special consideration;; in 
eaeh case. Before discu8sing these conditions more closel.r, I10wenir, it will he advantag(•ous to 
refer briefly to the different kinds of triangulation. For tlte sake of convenience the,\· han· been 
classified under the heads primary, secoudar~·, and tNtiary. 'l'hese may be defined as follows: 

Primary triangulation is cliaracterizetl b,'I· tlte ma.rimu111 den•.Iopmcnt which the config"lll'atiou 
of the country admit;;; of. Its sides ma,y frequently t>Xcee<l mo kilometers (about 100 statute milt•s) 
in length, while the_y rarely descend below 30 kilometerx (about 19 miles) for llill,\' or sliglitl,\· umlu· 
latiug surfaces, and never below 20 or 25 kilometers (aliout l'.;l or 15 mile8) in perfoctl.v Ie,·el coun
tries. Primary work is executed with the greatest possible accur:wy. The 1111c1•rtai11t~- iu its 
resulting linear measures may be less than about 100\,00 of the lcngt!J, and ii,; rarel.Y as great as 
6oioo (which represents an error of about l inch to the milA). To reach a hii:d1er Rtaudard of 
excellence, as for instance 200

1
000 , or even a smaller fraction, requires tlH• application of the most 

refined mean;;; at our disposal. 
Tertiary tria.ngnlation, which should he accommodated to the wnnt:> of tlw topog-raplwr aJHl 

the hydrograpbi>r, 11ractically brings its sides down to the minimum IPll/.!,"t.h clema11dPd for plmw
table work on a large scale (between about 2,,1,, 0 and nt0 ,,). 'l.'lH':V may lw H8 :,;hort a;, 12 or !!2 
kilometero; (1 or 1~ miles). Oruiuarily, the o;iues yary between ;) and 1' kilometerR (a hont :~ alHl •i 
miles). In this work an uucerta.inty of 5 ioo in the resulting distances is commonlr eonsidere<l a 
lower limit. ,,1-~Tio ma~· be taken as uppt:•r limit, and Hl>r"' b abont au avnage nilur. 
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Secoudar,,~, or the intermediate, triangulation simply effects a connection between the above 
extremes. Its accuracy ma.v commonly rang·e betwet>n 20i 00 and ,, 0 i 00 of the length. 

Any one of these claJ:l.o;es of triangulation may be formed of a distinct or separate series of 
combinations of tTiangles, aml the primary elass always does so; or the secondary and tertiary may 
coyer the same area as the primary, iu which case tht'.Y are directly checkeu by it. .Any series of 
triangles (or combinations of triangles) dcsig-ned to connect two distinct positions, such as opposite 
boundaries, terminal points of an arc, or separate branches of a triangulation-for instauce, those 
running along a coast or up a riYer-should bf~ laid out and measured as a main or principal series, 
along which di.~tan«c.~ and a::.imuth8 are carried forward in the most accurate (relath·ely) and 
expeditious manner. The termination of such branches is usually strcngtbenel1 by the measure 
of a check-base anti of an astronomical azimuth. 

If a conutry is to be co\Tered with a net-work of triangles (or combination of triangles), the 
question will arise how to arra11ge these in the most effectiYe manner. l'r e may, for instance, 
gTadualJ,'I~ coYer tlle wliole area with contig·nous triangles-all measured with equal eare-taldng 
ad,-antage of the surface irregularitici\ so as to expand to the greatest scale practicable. This system 
ha" the uisadYautage of lea1liug rapiuly into an unmanageable number of conditioni\ to be satisfied 
in the adjustment of the parts. ThiR necessitates the parceling out of the nrt-work into cPrt.ain con
m~cfod, yd in a measure arllitrary, figure8, not too extensive to he separately adjustable; and require8 
a further adjm;tment to remove the discrepancif's along thr junction or hmmrlary lines of the cont,ig
uous figures. Ou the other hanu, we may first surround the surface hy a connected series or chain 
of primary triang·ulations, to sen-e as a jm111e-1rork in wliich other primar;\~ e!]uidistant and parallel 
trr11·er.~e series may he iuserted; and after ~u\justing thi8 figure* we may introduce a second system 
of parallel Reries of subordinate triang-nlation at right angles to the former in order to ent or sub
diYide the inte:r:jacent (rectangularly.shaped) areai'i left by the preceding S,\"Stem, and we may continue 
such subdivision of arcaR until the whole surface is covered sufficiently with trigonometrical sta
tions. This prodnceR the so-called gridiron s.rstem. In adjusting any i,;y;;tem, the preceiling one upon 
'IVhich it depends is taken as not subject to any further correction. .AR in the first method, e\·ery 
afl rnntage must he taken of the natural facilities offert>d by the ground, and sometimes diagonal
or tie-series may be more alh-antageous than rectangular connections. For the survey of a coast
line or boundary, we may nm a main series on more elevated ground parallel to the general direc
tion of the line, and select for it the most suitable ground. Lateral branche:;; at intervals may 
connect the main serieR with the coast or boundary. .A series of triangles following a mountain 
range or axis of elenttion may advantageously rest with one side on the crest or slope, and 'IVith 
the other on the plan!' at tl1e foot of the elevation ; hnt the most fayorable case of configuration 
iR that of a valley of the proper width in comparison with the relative elevations and a well-shaped 
trian~ulation resting on the crest of the ranges or hill8 on eaeh side. The most difficult ground 
to traverse for primary triangulation is heaYily wooded parallel ridges, closely packed and of 
nearly equal lwight, running at rig·ht angles to the direction of the triangulation. 

The geneml direction and character of a triangulation ha,ying been decided on, we haye next 
to consider its composition. ~\. Reries may be formed of a single Rfring of triangles, of a douhle 
string or hexagons (or of other polygonal figures), of quadrilaterals, or it may be composed of any 
irregular combination of triangles. Since any of these systems may find its proper application, 
iwcording to circmnstanees, a somewhat closer examination of their relative merits seems to be 
demauded. 

The plainest form is that of a single string of equilateral triangles, and is the one to be 
adopted when economy and rapidity of execution arc the first requisites; the hexagons (connected 
either axially or hinged) commend themselves when a large area ii,; to be covered; and a third 
form, that of quadrilaterals, offers itself as the one po:;;sessing greate8t strength or admitting of 

• 111 g<'ncral, to P1ose an~· circnit or chain of triauglPs returning into itself four equations must be Ratisfied, 
which 111ay lw t·onsi<lt'1·etl as arising h1 t.lw following manner: First. The. l""!Jlh of the connecting si<le must come out 
the same, whether we arrive at it hy computation from one directio11, or from the OPJ'Osite. SP.eondly. The. resnJt,ing 
azimuths of this line mnHt lie the same. Tl1irclly aml fourthly. The latitm1e aml the ltm!Jilu.ilwof one of the end-points of 
the line, rcspecti ,-ely, must i;how no discrepancy. In the c1tBe of primary traverst'I! the circui1" arc mutually dependent, 
and req nire to be treated collectively. 
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the greahlst accuracy. The relative value of the usually mixed systems may lie judged from tlleir 
characteristics when compared with the three simple systems just mentioned. 

If we take for the unit of length the maximum clistance at wl1ich it is aikisable to place two 
stations for observation, in conformity with the nature of the grouud, the effieieucy of the ilrntru
ments, and the means at our disposal, we may estimate the relative value of the tl1ree systems 
under various aspects by examining their re~mlts for a g;iveu equal linear extent. Since nint> equi
lateral triangles, reaching to five units, carry us nearly as far a1:< thre0 hexagou;; (:{ v:r = 5.~0 
nearly), and slightly surpass seven quadrilaterals, having diagonals of unit-lcugth (7 vT = 4.95 
nearly), a length of five may be taken as a convenient measure of comparison for relatin1 ,-alue. 

The following table exhibits such numbers as are required for comparison: 

Composition. 

~ 
"';; 

--~- [-·;~~~~~~:.-.,;:ilate;al---~ ... -.~.-:-:-:-.~~---~=-~:-.~ .:. . . ...................... . 
II i Hexa,gons, hinged_ ..•..•...................•..... : ........ ··············--·-

~ ... 
~ ,_ 
~ 0: ,, s " " ~ ~ 

11 
5. 2 17 

- " :S ~ f 
'jJ_ 

~ 
... ~ 

g c 

:~ ~ 
,_ 
~ 

~ 
-" '":" 

~ § 0 ~ ,.. ~ I z 
D 4. 5 9 
34 21 

m Quadrilaterals, squarea .... o •, • • • ••• ••o. • • •• • • • • • • ••• ••••H • • 0 ••• 0 • • 0 • ••• ••. • • 4. 9;") 16 20. o a .. ~ i 28 

----~------- ---·--- --·----~----~: __ ---~ 
With respect to tlle number of .~tations to he built up or occupied, system I is the most favora

ble, and II and III are almost equal; with respect to length of side.~, of special importance when 
lines have to he cut through heavy woods or brush, system I is least unfavorallle, and system III 
slightly better than system II; with respect to area covered, system II is by far the most ad 1 l'lnta
geous, the ot11er systems showing but one-half and les;;, than the hexagonal; this system appears, 
therefore, best adapted when spread of triangulation is most desirable; but if axially arranged, 
the hexagons are less favorably dispose<l, being narrower and lacking the salient points of the 
ordinary connection. With respect to the number of geometrical conditions,* s.Ystem III is the 
most favomble, and, with these conditions satisfied, it will be capahle of giving tlw greatest rela
tive accuracy. Strength, however, is here gained at the expense of area. Generali~·, for compara-

*If in system I, n = number of stations, not. lcs.• than 3, thim nnmher of conditions = 11 - 2; for syAtem 

II, n =number of stations, not lcas than 7, and forming complete hexagons, number of ('Onditions = 
7 n-: 14

; for 
a 

1<ystem III, n = number of stations, not less than 4, and forming eomplet<' qna<lrilaterals, nmnher of condi
tionH = 2 n - 4. 

t In the measures of directions at a primary station, Rhnuld a line offer special difficultieo from its gr<' at lenhrt,h or 
rom want of t.ranspa.rency of the atmoophere, the expedient may hf' adopted of erecting a signal at a mod .. rat.. dis

tance in or nearly in its direction and measuring micrometrically the angular difference of the two ohj.,et8 nuder favor
able circumstances. The use of so.called referring objects is not in general recommended, a;i it uunP-ce&saril~' increases 
by one the number of directions to be fixed, unless it be itself one of the trigonometric.al stations, namely, the one visi
ble unde.r all observing conditions. 

S. Ex. 37-50 
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tiYely flat snrfa<•es, the hexagonal, and for countries traversed by mountain ranges, the quadrilateral 
s;ystt'm may hr· employed with advantage; "\\hile for rapidity of work and cheapness a string of 
o;ing'lc triaug·lcB is m1o;urpassed. Yet how<wer complicated, mixed, stretched or distorted the actual 
l'chemP may be, 1rn always keep iu Yiew that the greatest care is to be given to the measures con· 
11t>de<l with t11P rnaiu series, wliile at the same time due attention is g·fren t() the secondary oqjects: 
tit us sa \'ing· reoccupation of the primary stations in connection with U1e subordinate work.t 

Two otlwr ;;;ystenrn of s1uYey may here be noticed designed to meet the i;pecial difficulty where 
want of lm•adth makes the ordinary methods imtJ)plicable. Their use applies to the case of a nar
row sea-ht•aeh frinµ:ed \1'ith \mods which it, may be undesirable or impracticable to penetrate. The 
s;-.·stem first to he described, aml which has heeu sucrnsisfull;'\' t•mployed on certain parts of our 
southern coast, consists in actually measuring a series of conneeted lines as in base-measures, either 
with l'()(b or wires, the termini of each line being at the ma.rirnum distance admitting of intcrYisi
hilit~-, and in measuring the angle between the lines or their difference of azimuths at each junction. 
Eacl1 one of sucl1 lines may he composed of a number of broken lines, but the parts are referred 
to the Ringk r-itraight li11c at the termination of whidi angles arc measured. Owing to the expense 
and delay of line meaisnres the application of thiis method is limited. In the second auxiliary 
metl1o<I, dne to StruYe," these ol~jections are met by t11e substitution of a number of small base
lines-that if<, one for each loug line-and located so as to he at 1·ight angles and bisect each other as 
u.•arly aii may he, thus tiJrming a se es of greatly dra"\\n-out qnadrilateralfl. The horizontal angles 
am then measurerl at the ends of .e little base, also at the terminal points of the long line, the 
le11gth of which thu,,; becomes known. The lmse may he from one hundred to seyeral hundred 
meters in length, and that of the long liue or diagonal may be from ten to fifteen times that of the 
hmw. ..Azimuthal differences are measured as before, and the computation of the latitude and 
1011gitndl' of the points is effected aR in ordinary triangulation. This laRt expedient may be of 
oeca,;ioHal assistance when operating on shores obstructed by water-courses, lagoons, or swamps. 
Islarnls or rocks, lying off shore at no great distance, frequently su1iply the means of caJ:rying a 
snhonlinate series of triaugulatiou along shore. 

OCEAN 

The following remarks on the length of primary base-lines, and on their distances apart, may 
fin!l a 1woper place at the conclusion of this paper: In the present state of practical geodesy, 
primary base-lines of a length of about 10 or 11 kilometeris (nearly (l~ statute miles) represent a 
fair average.t The intervening primary triangulation varies greatly in extent. This depends 
principall:; on the size of the triangles and on the accuracy of the measures; yet ordinarily any 
two primary h:Hm-lincs may be found separated by a distance from fifty to eighty or even one 
hundred times the average length of a base; that is, from about 500 to 1000 kilometers (about 300 
to GOO miles). 1'ertiary base-line!'\ are usually between ~· and :lz kilometers (about z and lz statute 
milt's) in length, and in a chain of tertiary triangulation not otherwise checked they may follow at 
intervals of about 40 or 70 kilometers (nearly 25 or 44 miles), or at distances about 25 times their 
leugth. Secondary base-lines are usually from 8 to i'i kilometers in length (about 2 t{I 3 statute 
mih;s), and the distance between two such base-lines should not exceed 50 times their length. It 
will be well to expand gradually the length of sides from the base, about doubling or tripling the 
sides at each step until the desired average length of the primary side is reached. 

• AstronomiHf•llf• Na1·hricht.eu, No. 3:~1; (1837). 
t Thirteen Jim•• of the Coast Survey average 6.2 statute miles; ten of the Indian trigonometrical survey, 6.6; 

autl 8even of the English ordnance survey, 5.9 miles. 
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The properties of a base-line, or, more strictly, of its theoretical equivalent, han~ blwn lmt 
little investigated, aud a few remarks respectiug its definition may not hne be deem\'11 ont of 
place. 

A base-measure may be conceived w proceed from the starting point A. 011 the surface of a 
spheroid, in a iilane containing both its Yertical and the terminal point 11, and to lte continuell t-io 
that at any point of it, its linear element is situated in the plane pa88iug through its normal a111l 
through the termini A and B. A curve so traced will in general be of 1louble emTattlr(·, and lir 
between (excepting the case wheu A and B are on the ~mme p~iralll'l) tile two plane elliptical arc" 
a and b, which re8ult, the first from the intersection of the spheroid by the Yertkal plane rnntaiui11g 
the normal of A and the point B, the second from the intersectiou of tlte plane containing the 
normal of B and the point A. The element of the curve at A will nece8sarily coincide "·ith tltc 
arc a, and at B with the arc b, and the curve will be similarly related to tlte8c arcs; that is, the 
same curve will he traced out whet.her we start from A toward ll or from n towanl A. lt haR. 
from its definition, the property that for auy point in it the forward and backward azimutlis difter 
l&l0 ; and since the terminal pointR A aud B lie in the plane of its normal, the azimuthal plaue 
must contain the chord or straight line joining A and B. The cun·e will also he mark\'d out hy 
the junction of the foot-points of normals let fall from every point of tl1e d10rd to the Rnrfa.cP of tlil' 
spheroid. The curve, 11eing situated apparently in a direct line between thP terminal points, may 
be distinguislrnd hy the 1rnmc "direction-line,'' the name base-line haying been giyeu to the liue 
actually measured, and which is composed of a number of straight lines, each of the leui!·th of tltc 
measuring apparatus. Dr. Bremiker" pertineutl,Y remarks that the name "gemleti1· line'' shuu1d 
properly have been given to this curve, since it U(ltually enters directly into the two fmula11w11tal 
geodetic operations, viz: the linear and angular measures; the latter on account of the taugPH<',\' of 
the curw\ to tbe plane of the arc a in which the line of collimation of a theodolite RtatiOJH'd at A i8 
situated. The name" geodetic line," however, is already appropriated for the shortest lilw (and 
which does not alwa.ys lie between the ares a aml b) that can he drawn between two points on thP 
surface of the spheroi<l, and which al8o differs in direction from the cmTe here eonsillered. 

NOTES ON TIIE METHOD OF OBSERVING IIOitIZONT.AL .ANGLES OR DlRECTIOC\'8 l:"r tilWDEl'IC 

SURVEYS. 

It is here proposed to review brietl,r the methods followed in taking angular horizontal mea811l'••s 
at trigonometrical stations. 

The angular measures made in the olller trigonometrical surveys generally ext1'1Hled only to 
those particular angleR which actually formed part of the triangle,,, thuR invol•ing the minimum 
expenditure of labor. The method of measuring angles by application of the priul'iplt> of re1wti
tio'u, first proposed by T. Mayer, sr., in 175:!, aml introduced a few years later (17iiii) into a,.;tru
nomical and geodetic practice hy Borda, was a marked improvement in all ease:-; where in,,;trnment,.; 
had to he employed whose weakest part was their graduation. This metho1l, tltongh still follmn•1l 
in cases when the instrumental means aYa.ilable recommend it ftworably, is being· gTadw11ly 
superseded by the method of ohserving directions in series. Thi" change is mostly 1l1w t<> gTt·at 
improvements in the con:-;truction of the mechanical and optical parts of tlleodolite::;, mon· C<'lH'1°ially 
to the superior accuracy of the graduation of the circle and tlw iutl'oductiun of rnierometer 
microscopes. 

The method of obserYing in seriefi is specially referred to by Gauss (in Astronomisclw ::'\al'11-
richten, No. 6, 1822) and by BeRsel in hiR practical work "Die f~ml11111•Rs1mg ill Ostpre11,.;:-<e11,'· etc., 
Berli11, 1838, where the method is more fully developed. 

The same method of ohKening was adopted hy Strm-e, in 182~ (see Ast. ~aeh., No . .J.j)~ in 
consequence of the method of repetition used by him in the preernling- ycat' pro\·ing· nnsatisfaetor~·. 
He remarks as an important advantage of the new method, which determines for eYery oltiect the 
position on the fixed azimuth circle of the vertical plane passing through it iwd the ol~ject ohserrn11, 
that the angular distltnces (combining the directions two h;y two) of the oltieets become known with 
equal accuracy. 

* Studien iiber hohere Geodasie, Berlin, 1869. The name "field-line'' iB suggested hy Ur. BrPmiker, who givl's 
the equation to the curve on page 66 of his pamphlet. 
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An angle may be considered as formed by the difference of two directions, and let µ equal the 
probable error of a direction. Suppose there are three objects to be observed at a station and the 
angles mea1<nred between the first and second, also between the secoml and third, then each angle 
would he sul\iect to the probable errorµ v'!., but the angle between o~jects two and three would be 
afil•eted with a probable error of 2 /J.. If, however, the three objects had been observed in series, 
the probable error of any one of the angles would only be,, v2; moreover, the labor involved 
would only be 3 in comparison to 4 as in the method of observing angles. Thus, in general, it will 
be more advautag-eon8 to observe in series. 

Hoth methods of observing have been used in the Coast Survey and are still in use, according 
to the character of the work and the construction of the instruments. Jn 1817, Superintendent 
Hassler used the twenty-four inch Troug·hton theodolite, the circle being placed generally in three 
positions l:!(P apart, when ohsening in series; in this he has been followed by his successors in 
office, who to iusure greater accuracy have increased the number of positions and series. , The 
method of series is now almost exclusi\•ely followed in the more refined geodetic operations as in 
primary triangulations. 

L sing either method, a complete observation will include or is composed of two measures; one 
with telescope direct, the utller with telescope reversed (alidade turned 1soo, and telescope 
reversed ahout its axis of support, without changing piYots or Y's), in order to eliminate any 
defect arisi11g fro111 imperfect collimation from inequality of height of Y's, and irregularity in form 
of pivots. 1n ca.~e the Y's are too short to permit, the complete turning of the telm;cope, the latter 
must lie lifted uff its Y's aml, after reYersal, carefully repl:K\ed, the same pivot resting on the same 
Y as hdore. Experience has shown that the use of repetition is not unfrequently accompanied by 
the intro1luction of constant errors; whether this arises from the effect of drag, of imperfect con
struction of clamping apparatus, or from nt11er causes, is immaterial so long as they exist. In fact, 
the l1igh expectations entertained for the principle of repetition were not realized, and it was 
evident that certain small errors were simply repeated instead of being eliminated. 

ruder all circmnstauces, however, it was desirable to introduce certain conditions or checks, 
such as tlw 111ea1rnre of all the angll•s around the horizon, known as the closing of the lwrizon, or 
the measure of whole arcs together with their parts or so-called summation-angles. 

Iu No. 2117 of the Astronomiscbe Nacltricbten, Dr. Bremiker mentions as the older method of 
measures of angles, one practiced in the measurement of the French arc, also adopted in German 
survess li;y Oeneral Miifiling and b,v other g·eodesists, which consists in measuring separately and 
"tu~cessively enr,Y aug'le formed by two adjacent directions including the first again, thus closing 
the horizon as shown in the figul'Cs. 

2 I. 1 2 . I 2 
~y--/ 

~\ (?) r---- - 3 

/ 

4, 

There is therefore but one condition bet,ween the measures, no matter what the number of 
directions at a station may be. 

In the sun'ey of Hanover, Gauss employed (according to Dr. Dremiker's article above cited) 
a method of measuring independently every angle subsisting between every direction and every 
other one, as shown in the figures. 
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2 

Angles measured: 
1-2 1-2 1-2 

1~1 1-3 
2-3 1-4 

2-3 
2-4 
3-4 

The number of conditions for 2, 3, 4, ;3, efo., directions at a station are o, 1, 3, 6, 10, etc., 
res pee ti 'Tely. 

Su1)posing, now, that angles are to be measured by repetition, the following scheme may be 
proposed which the obserYer may keep in mind, and to which he may adhen~ :u; closely as circum· 
stances of time, weather, and expense may permit him to do. Supposing, for instance, the num
ber of primary directiows at a station to be 5 (and the process described will be sirniJar for a11y 
other number), we first take the indispensable measure of each siugle angle, inclusiYe of closing 
the horizon : 

K amel;r the angles 
1-2 
2-3 
3-4 
4-5 
5-1 

2 

3 

4 

To increase the accuracy of the result, we next measure all the combinations by twos, viz, 
the angles-

1-3 
2-4 
3-5 
4-1 
5-2 

We will further increase the accura-0y by measuring the combinations of threes, ,;z: 
1-4 
2-5 
3-1 

5-3 
And, fina11y, we may measure the last combinations by fours, viz: 

1-5 
!:l-1 
3-2 
4-3 
5-4 
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This will insure the dosing of the horizon in several ways as well as the combination of 
measures known as summat10n-angles. Differently arranged these angles are-

1-2 2-B 3-4 4-5 (5-1) 
1~) 2-4 ;~;; (4-1) (.'i-2) 
1-4 2-5 (2\-1) (4-2) p-:~) 

1-ri (2-1) (3-2) (4-3) (u--t.) 

where the angles inclosed in parentheses an· those not included in the method first mentioned. If 
we stop observing after the third combination, the five angles given in the last line would remain 
unrnea,;ured. Stopping short at the preceding combination, the angles in the last two lines would 
have no existencP and the accuracy of our re.~ult,.; would he 1n·oport.ionally dimi11ished. 

For the modern precitie measures we employ in preference instruments whose well-graduated 
azimutllal circle is firmly supported, and is witliout any clamp or tangent-screw attachment, its 
graduations being sim11l.v viewNl throug-h (;rcnerally) three micrometer-reading microscopes. This 
circle, however, can he chauged i11 po;;itiou either b,v meam; of a revoking stand or by turning the 
circle itself in itR collar, where it is held by slight frictiou, so as to bring other parts of the gradua
tion succeRSiYely into nse. 'l'lw;;;e positions may lw said to take the pl™Jt• of the repetitious of the 
other method. The 1rnmher of positionR shonld be a prime number, generally selected from the 
number!'< :~, 5, I, 11, 1:1, 17, rn, 23, etc., a smaller number for the better graduated circles and a 
larger m1e for inforior ouPs. 

For these more refined measures Bessel's method of obsen·ing directions or so-called arcs or 
series is generally followed. Thus, for auy one position of the eirele a number of such series are 
ma<h•, each consistiug of sneeet<>dYe pointings and readings of all the (observable) signals in the 
order of tllc graduation of the circle, and after the reading of the last direction in reversing the 
teleRcope (tlle readings now differ very nearly 1soo from the corresponding ones first made) and 
observing each signl11 again simply in th11 re.-erse order, 11ndiug with tlle first direction. 

''" e shall thus obtain a sericR of readings of the directions 1 2 3 4 5, followed by 
5 4 a 2 1, the circle ancl telescope having been reYersed. 

The mean i;; taken for each direction as the result of the series. From any complete series 
one or more directions may oeeasionally be wanting by reason of unsteadiness or invisibility, 
and we may hegin the measnreR with any one we choose. Thus we may have directious 
2 3 4 ;; or 1 2 ;; or 2 5, etc., etc. 

Instea(l of arranging observations in tl1is way, we may change the scheme by shifting the first 
object iii each mm· series Ro as to carry the alidade necessarily over every part of the circle. Thus, 
for an.y one position aud, say, five tlirectious~ we would have to observe-

1 2 3 4 5 
2 3 4 5 1 

3 4 5 1 2 
4 5 1 2 3 

5 1 2 3 4 

each series with telescope D and R. After this we would shift the circle to a new position, and so 
continue tbe series, their total number depending on the degree of accuracy desired. 

Should the number of directions be so great as to render it doubtful whether the circle would 
remain undisturbed in position (sometimes on isolated hills and on high posts a regular turning of 
the support in azimuth is obserYable depending on the period of insolation) the breaking up of the 
series into two may be performed by omittiug one or more directions in each series, difterent, how
ever, iu Nuccessive series, as, for instance-

1 2 3 or 1 2 a 4 5 or 1 2 3 4 
2 3 4 2 3 4 5 6 3 4 5 6 

3 4 5 3 4 :j 6 7 5 6 7 8 
4 5 6 4 5 6 7 1 7 8 1 2 

5 6 1 5 ~ 7 1 2 
6 1 2 6 7 1 2 3 

7 1 2 3 4 
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each direction being still ob1;erved an e•iual number of' times. The principle of i,;ynunetr;1· in com
bination is adhered to both in the method propo1>ed for the measures of angles and for that 
of directions, in order to have, as near as may lw, e•pial probable errors to the resulting angle,; or 
directions. 

In order that no time or accuracy may he lost in the measures of the primary directious, the 
secondary objects Rhonld he olll'mrved by themselves, a;; occasion offers, •'.are being taken to conned 
them with one or more primary direetions. 

The computer ma;\· select any one din~ctiou for his initial or zf~ro (or :IGOO) din•ctio11. Should the 
observer have selected one of th·e directions as a reforriug· direction (as has been done in the Ord
nance Survey of Great Britafo since 1840) hy reason of its general Yisibilit;.· or superior steadiness, 
this direction would appear in every series, a.JHl in secondary work would materially assist in dimin
ishing lauor when deducing the results by an approximate method. A special referring mark uot, 

otherwise connected with the triangulation wonld become 11ecessary in the not unfr<\qucntly occur
ring case when, hy reason of g-reat distances, the sig·nals were neYer simultaucom;l.'· 1 isible, aml a 
ma1'k may be established if equality in the probable error of each direction is desired. 

V\'hile it is not expeeted, and as a rule is eYeu com;i•krell impracticable, to han' a completel;1· 
systematic record nf angular measures at au;1· one station of the form proposed, tlw prec<'lling 
remarks Will haYe served the purpose for which thPy WCl'P intended, by directiug the obsel'Yer's 
attention to ach·antageous methods of procejlure. The computer will, of com·se, apvl,Y the method 
of least squares for the deduction of the most probable resulto; from these measures iu accordance 
with the particular system of ohserving which mar han1 heen followed. 
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APPENDIX No. 2 1. 

ON A CHART OF THE MAGNETIC DECLINATIOX IN THE lTNITED STATES, CONSTRUCTED BY 

J. E. HlLGARD, ASSISTANT l:'NITED STATES COAST AND GEODETIC SURYEY. 

UNITED STATES COAST AND HEODETIC SURVEY OFFICE, 

Washington, D. 0., J7dy I, 1879. 

SIR: I suhmit to yon herewith, for publicatiou in the Coast Survey Report for 187(), if deemed 
proper, a chart of the mag1ietic variation in the l~nited States. This chart, which shows the lines 
of equal magnetic declination (so-called Isogonic lines) for the year 1875, is mainly based upon the 
observations made during the progress of the coast survPy up to 1877, anrl tho8e made under my 
direction during the period 1872-'77, at the charge of the fnnd bequeathed for s<;ientific research by 
the late Prof. Alexander Dallas Bache, held in trm1t b.r the National Academy of Sciences. 

When the income of this fund became available for its ol~iects, l proposed, in 1871, to the 
board of direction, then com;isting of Professors .To8eph Henry, I,onis Agassiz, and Benjamin 
Peirce, that a portion of it should be devoted to thP iuYestigation of terrestrial magnetism in the 
Unitetl StaLes, that sul~ject lJeing one in which Professor Bache had taken much interest, and in the 
investigation of 11.'hich hi~ had been personally engaged. Moreover, while this was a subject of gen. 
eral importance, there was not at that time any provision made for its prosecution on the part of the 
government. The hoard of direction having approved of my proposition, an allotment was made 
for several years in succes8ion, and the observations were prosecuted under my immediate direction 
by observers whom I personally instructed in the work. In this way observations of the magnetic 
declination were made at 250 stations, distributed over a very large area of the interior country, at 
180 of which stations the dip and horizontal intensity were also observed. These observations will 
be published in detail under the auspices of the National Academy of Sciences. 

Subsequently, when on the extension of the scope of the Coast Survey so a8 to embrace the 
interior country, yon proposed to undertake the requisite magnetic observations, the board of 
direction of the Bache fond deemed it best to close the work that I had been carrying on, and t-0 
publish the results obtained in the most available form, beside printing the observations them
selves as a matter of record. Such publication can best be effected by combining them with all 
similar clata available, and giving a graphic representation of the general result. 

In the accompanying map (Illustration ~o. 24), this has been done for the declination (or 
\ariation of the cornpas8) which is the element of the most practical utility. Since the data 
obtained by the Coast Survey form a very large part of the material used, an early publication 
in the Coast Survey Heport is thought to he the most advantageous mode of giving the results to 
the country. 

The incessant demands made upon the office of the Coast and Geodetic Survey for information 
relatiYe to the variation of the compass in different parts of the United States bear evidence of the 
appreciation in which is held the similar map given in the Coast Survey Report for 1865 and pub
lished in 1867. The present map cannot fail to meet acceptably the constantly-increasing demand, 
as it is not only brought up to a more recent date, but is based upon a very much greater number 
of original observations in the interior. 

In its construction I have made use of all available data up to 1877, including, notably, beside 
the two principal sources already mentioned, the magnetic observations made in connection with 
the sun'eys of the Great Lakes aud of the Northern an<l the North western Boundaries by the United 
States Engineers, and those made under the direction of the General Land Office in tracing some 
of the principal meridians and base-lines for the surveys of the public lands and the boundaries o 
some of the Territories. Moreover, some very valuable observations have been furnished by pri-" 
vate observers, which will be specified in another place. 
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It was fortunate that, for the conl'truction of this chart, tht: researches of my eolleaguc, Afisi:-;t
ant Charles A. Schott, on the secular variation of tlrn mag-netic dedinatiou in the ruitPd Stat\~s 
were available, without which it would have been ditticult to reduce the obsen-ations to a coJJ1mo11 
date, with some approach to accuracy. His Jatel"t paper ou this snl~jP1'.t, pri11ted re<·tmtl~-, will ht
found very U"1efnl for reference. 

J<'or a separate pu1llicati1m, it will probably be convenient to print ::\Ir. Sd10tt's map, illnstratiug· 
the annual change, on the obverse side of the chart of magnetic decliuatiou, iu order to makP the 
sheet available for use without t,J1e aid of au explanatory text. 

I am indebted to Mr. A. Lindenkohl, chief draughtsman in the Coast and Geodetic Sun-ey 
Office, for his valuable aid in the gra.phic construction of the lsog-ouic li1ws. 

Y ery respectfully, 
.J. E. IIILGAIW: 

A.~.~istant COiu;t a11d Oeodetic Surrey. 
CARLILE P. PATTERSON, Su11erintentlent. 

S. Ex. 37--51 
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APPENDIX No. 22. 

A STATEMENT CONCERNING THE RELATION OF THE LAWFUL STANDARDS OF l\fEASrRE OF THE 
CNITEIJ STATEI-\ TO THOSE OF GREAT BRITAIN AND FltANCE. BY .J. E. HILGAI{D, ASSISTANT 
CKITED 8TATE8 CO_.\ST AKD GEODETIC SFRYEY. 

UNITED STATRR UOART AND GEODRTIC SURVEY OFFICE, 

Wruih-in.<JtOn, .J). C., Jt1ly 8, 1879. 

SIR: I submit the following statement in relation to the Amuican, British, and French stand
ards of mcmml'e, conceiyed in a hril'f' and categorical form, in order to explain statements hereto
fore made from this office, as well as to giYe trustworthy tlata for hooks of instruction. 

lt is desirable, for the sake of perspicuity, that the following principal Rtatements should be 
made: 

1st. There is no difterence between the standards of weight of Great .Britain and tho1.e of the 
United States. 

2d. The standartls of volume in thli United States are the same as those lawful in Great .Britain 
prior to 18:.!fi. 

:.>d. TD.ere is no difference between the standards of length of Great Britain and those of the 
United States. 

4th. The relation of the AmPrican and British Rtandards to the French metric 11tandard8 is not 
determined with extreme precisfon, but the legal enactments [see Annex I] will suffice for all pur
poses, except those of great scientific accuracy. 

MEAS1Tl{E OF 'WEIGHT. 

In regard to thP 1'1tandards of measure in customary use i.n the United States, it should be 
obsprved that the;y haYe been inlu,rited b,y our am·t>stors from England together with t.lw. common 
law. ~o enactment by Cong-ress has eYer been made declaring partieular measures in the keeping 
of the government ai'! staudartls, except the standard troy pound of the Mint of the United States 
at Philadelphia, which is au exact copy of the Imperial troy pound of Great Britain procured in 
1827. 

Elaborat1> comparisons, made at various times from the year 1855 up to the present date, of 
this tro.v pound, containing 5,760 grains, and of the commercial or m•oird11poi11 pound, contafoing 
i,000 grains, derived from the former, with copies of similar weights derfred from the standard 
pound of Great Eritain, haye shown that there is not so much as one-thousandth of a grain out
standing between the money-standards of the two countries. 

l\IE.ASURE O:P CAP .ACITY. 

Of the measures of capacity, which are not measures of great precision, it is oµly necessary to 
say, that tile old British wine-gallon of 231 cubic inches, and the old ·winchester bushel, containing 
2,150.5 eubic iuches, are the recognized standards in the United States, as they were the lawful 
standards before the separation of the colonies from Great Britain, no subsequent enactment having 
been made. 

MEASURE OP LEXGTH. 

The measure of length, which is the yard of 36 inches, is legally in the same condition aR the 
measure8 of capadty. The standard yard of Great Britain was lawful in the colonies before 1776. 
By the Coustitution of the United States the Congress is charged with fixing the standard of 
weights aud measures (Art. I, sec. 8); but no imch enactment has ever been made by Congress, 
and therefore that yard whieh was standard in England previous to 1776 remaius the standard 
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yard of the United States to this day-the same, being also true of the commercial or" avoirdupoi8 '' 
pound, and of the gallon and bushel, as ahoYe stated. 

It must not be supposed that thi1; is a matter which, iu ''iew of the great questions of public 
policy engrossing the attention of Congress in earl;1· yearl'l, had remained without due cou'1ideration. 
'The journals of both houses of Congress show that committee;; were earl,v appointed for the 
consideration of the t-mhje,ct. A Senate committee reported on :!\larch 1 ~ 1191, that '•it would not 
be eligible at present to introduce an;1· alteration in tlrn measures and weights wbich are now 
used in the United States." Otlu~r reports were ma1le from time to time, and in .January, 18'.W, a 
committee of the House of Representatives presented their concln8ions, whicli were: ''That little 
should be done; that standards conformed to those in most eommon use among us should lw accu
rately made and carefully preserved at the seat of goYernment; that correct models should l>e 
placed in different districts of the country; and that the proportions aud relations between these 
should be ascertained." 

.Again, on l\Iarch 11, 1822, a committee report was submitted to the same body, making recom
mendations for rendering "uniform and .-tal>lc the mcasnres and weight8 which we at present 
possess." 

Thus after full consideration for thirty years, it. was agreed that the matter was in a satisfac
tory shape, in virtue of our inht'I'itance and tratlitious, a11d that JJO legislatiou was adYisahle. 

Finally, in 1836, an act was paElsed directing tl1e Secretary of the Treasur;\· to cause copie8 of 
the weights and measures adopted by the Department as i,;tandanls, for the use of custom-houses, 
to l>e supplied to each State, "t-0 the end that a uniform Rtandard of weights and measures may 
be established throughout the "C nited States." The standards so "adopted'' were those of Great 
Britain, as before described. 

The actual standard of length used was a bronze scale of 82 inches, snbdh·ided on silYer to 
tenths of incbes, whicl1 had been prepared for the Coast Survey of the United States by Trough· 
t-On, of London. The 30 inches comprised between the 2ith and c;;~d inches, found equal to the 
average of tbe whole sea.le, were taken as the standard yard, and the temperature at which this 
was considered to be a standard, that is to say, equa1 to tlH· British Staudaru Yard, was presmuetl 
to be 620 Fahr. It l1ad, howeYer, neYer been directly compared witb that standard, but was sim
ply copied from Troughton's own scale without subsequent Yerifieation. 

In .England, the old standard yard, known as Bird's Standard of 1rno, had in the mean time 
been found to be inadequate in definition for the increasing requirements of science, and a new set 
of standards oflength, weight, and capacity was com;tructecl between 1816 and 1826 of sucll finished 
workmanship and precise definition as was required by the science of the time, and e,·ery effort· 
was made to reprodnee, with tlu~ greatest possible exactness, the olcl standard pound and yard. 

Not long after this important work had been accomplished, the standards so constructed were 
destroyed by the burning of the Parlhtment building·s in 1834. They have since been reproduced 
by reference to all of the former accredited standards with which they had been originall,,· com· 
pared, and are now known as the "Imperial Standards." Some fifty copies of these standards were 
constructed and intercompared, and certain of these haYe been Rent t.o the lJnited Staks. The 
avoirdupois pound of i,000 grains is fouml to agree within one-thousandth of a µ;rain with the 
avoirdi1pois pound of the United States, derived from the l\Iint-pouucl beretoforc mentioned--an 
agreement which leiwes no question outstanding as to the identity of the units of weight of Great 
Britain ancl the United States. 

The comparison of the Trought-On scale heret-0fore mentioned with tlte Brouze Standard Yard 
No.11, received from Great Britain in 185G, shows the former t-0 be longer by uearly one-thousandth 
of' an inch in the yard, or, more precisely, 0.()(}085 inch. By very recent comparism1s, 110wever, 
made by myself at the British Standards Office between the standard Imperial ,vartl and Bronze 
No. 11, the latter was found to be 0.000088 inch shorter than the former, whicl1 may be stated in 
the form that it is of standard length at a t~mperatnre of 620.25 .Fahr. Hence wc infer that at 62° 
the Trough ton scale is too long by 0.00076 inch, -0r that it is standard at 59.S Fahr., instead of 62° as 
formerly assumed; and this correction will apply to all measures that have bee.n derived from it. 
This change, although sensible in operations of extreme scientific precision, is really of no conse
quence in ordinary practice, as it amounts only to the 1: 45,000th part of the whole leng~h-a degree 
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of accurncy which is seldom required. The correction does not exceed the thickness of one of the 
lines that define the yards supplied to the States. 

:Extrenw :tccnrac~· in thi8 matter is beset with great difficulties, for in addition to that of ascer
taining for each particular bar the rate of dilatation b,Y temperature~ there is an uncertainty in 
regar<l to permanence in the length of the bars themselYes. Of the two standard yards presented 
to the CniH•d States, one is of hronze (Xo. 11), and the other of Low-1\Ioor wrought iron (No. 57). 
Thesr arr found to have clianged their relatiw length by 0.00025 inch in twenty-five years; the 
hronze bar being now rf:'lath-ely sl1orter by that amount. This subject is undergoing further inves
tigation. 

RELATION OF YARD TO METRE. 

Statements in regard to this relation l1ave ·rnried excessively, comparison between the two 
sta11danh1 being subject to two great difficulties: firM, their clifterent nature and definition, and 
st•<~ornl, their incommernmrahilit~- in h~ngth. ThP metre is a platinum bar, cnt to length (an· end
measure), and standard at the temperature of melting· ice (32° J<'ahr.). Tbe length of the yard is 
defined hy lirws drawn ou a hrouze bar, standard at a temperature of ti2° Fahr. Tlte difficulty of 
making accurate corupaifaons of lf:'ngths so differently defined is at once apparent; moreover, as 
their relatin~ length is sucl1 tliat the metre is somcthina; longer than 39.37 inches, it is necessary first 
to lleriYe the latter length from the yard of 3G inches by minute ,.;ubdivi,.ion into a scale of equal 
parts, and the addition of the odd arnounL a process which invokes so many successive operations 
that the probahle error of tl1e result is largely increased by an accumulation of uncertainties. 

From these circumsta11ce:,: ha,-e arisen the dift'eretH·es in statements of the length of a metre 
exprer.;scd in iuche:,;. One of the earliest trustwortli~· compari8oni; wai; that made h;y Kater, giving 
the Yalue, generally quoted, of 3U.370i9 inches. This comparison was made with one of the earlier 
British standards. A more recent determination is that made by Clarke, at office of the British 
Orduance Snr.-e~·, between a number of the new British stalHlards and several well-.accredited 
copies of the metre, which g'ivc, very accordantly, a value of 39.37043 inche;;. It appears that in the 
latter observatiom; the coeflieients of expansion of the bars used were more accurately ascertained 
th:rn in the former, awl as between these two values the latter probably deserves the preference. 

It must h!~ obsen·ed, that since both yard and metre are material things, no legisla.tive decla
ration in reg·ard to their relative value can have any force other than to define what shall he con
sidered lawfnl equivalt>nts. 'l'his circumstance being recognized, when tlle metric standards were 
made optional in the Gnited States, Congress, instead of stating the equivalents with excessive 
minutenc:,:s, as was done in Great Britain, merely defined the relation which shall be held lawful, 
to a degrf:'e of precisi011 suilicieut for practical purposes; thus we find in the table annexed that 
the lawful equivalent of a metr(' is 39.37 inches. 

Ju the l'uited States, I>rofessor Hassler, first Superintendent of the Coast Survey, made very 
careful comparisonH between one of the origiual iron metres and the Troughton 82-inch scale. The 
records of bis experiments am not now extant, haviug been de1<troyed by fire in 1843, but he has 
published his results, Yiz: One metre= 39.38092 incbe;.; of the bronze yard, reduced to 320 Fahr. 
He made u:,;c of a coetticieut of expansiou resulting from some experiments made by himself upon 
a brass wire, which value is much too large; but we cannot now correct his reduction, because we 
do not know the actual temperatures of comparison. Using Mr. Hassler's rate of expansion, viz, 
0.0003783 incl1 in one yard, for 1° Falu., and redncing his result to the standard temperature of 
the yard (fl20 Fahr.), his succes:,;or, Professor Bache, found the value of the metre t-0 be 39.36851 
inches of the Tronghton scale, then the only accredited standard in our possession. When, how
ever, we apply to t.he latter the correction of 0.00076 inch in a ;yard, found as above stated, and 
ascribe to it the rate of expansion of other bronze allo.)·s-for instance, that found by Airy, from 
Shee11:,:hank's observatiomi, for the bronze of which the new Imperial standards are made, viz: 
.000342 inch per yard-we find one metre =39.370fr! inches, as follows: 

Hassler's value of metre, reduced to 620 ...... _ . _ ........ . 
Correction for difference in rate of expansion _________ .. __ . 
Correction for excess of Troughton scale in on\:) metre . _ .... 

Hassler's comparisons, corrected reduction ......... _ . _ ... . 

39.36851 
+ o. 00119 
+ 0.00084 

39.37054 



 

THE UNITED STATES COAST SURVEY. 405 

a value which differs very little from that obtained h~· Clarke, although it cannot 1ie clainwd to 
possess the same degTee of trustworthiness. In fat•t, if we substituk in tlw a hove rndud.ion the 
rate of expansion for the bronze of the British stanrlar<ls re<•ently deter111i1wd h,Y }'izcan, Yiz, 
0.0003i'il inch per yard, we shall get 3tl.a7o:!:>. 

The value 30.868.'"i inches, deriYed as abon· mentioned from 2\lr. llas:-der's comparismrn, was 
used in the Coast Suryey for stating the equiYaknts iu ;i·ards of distan«Pii k11mn1 in rnetrPK, :irnl it 
has been so employed, as stated in tlrn respectiYe places, in ,·arions list,; of geographical position;; 
and tableR for projections in the Uoast Surn·y lleportR, from 18Jl to 18G8. Sin<·e that time it has 
been deemed advisable to ernplo;i· the value obtain«:>d h~· Clarke, Yiz, :rn.;r;o-! inches. The t·<mYer
sion, is readily made with H'Q. sufficient accuracy, h,"I~ inerea,;ing the cli8tauce:-; in yanl,.; h,Y their 
1:20 OOOth part. A tahle of equivalent>; is gfren below (Annex 11). 

It is not practicable to attain greater precisio11 in com1>ariso11 m1til after tlie eornplt>tion of the 
new intern:itioual metres now in course of coustrnctiou at tht· 111ternati01rnl Bnrean of ".eights 
and Measures in Paris. vVhen the construct.ion of these shall lmn~ ht'ell perfected, alHl wlten tlie;1~ 
shall haye heeu thoroughly intercompared, it will b(• u;.;efnl oncie more to attempt to arriYe at a 
closer comparison of the yard and metre than we now posses:-;. 

In order to make such a comparison with the least number of sncccssiye operations, I haye 
devised the followiug scheme: Divicle a yard into fom parts b~- successin~ bisecti011,;; diYiding 
again the sum of three of these parts into eight equal parts by suc•c•e,,.sive bisections, Olll' of 
these eighths addecl to the yard will giYe thP leugth of the uwtre with a degree of 1n·edsion n•adily 
within the reach of the comparator; that is to say, the length "·ill lw ;m.;r;.-, inehcs. Two hars 
corresponding·ly divided have hee11 prepare1l for this purpose, a11cl i11terco111pariso11 is in progress. 

Y ery respectfully, 

To CARLILE P. PATTERSO~, 
Superintendent. 

,J. E. IIILGAim, 
.A.~sistant Coast mul Oemletic Sun·ey 

in cliar[!C of reri;fication of Standard.~. 

ANNEX I. 

An act to authorize the 1181\ of the metric s~·stem of weights and rueaRures. 

Be it enacted by the Senate a.nd Hon.~e of .Representatfres of the Fnited State.~ i11 Congress a.~semble<l, 
That from and after the passage of this act it shall be lawful throughout the 'Cnited 8tates of 
America to employ the weights and measures of tl1e metrie system, and no eoutrad or dealing-, or 
pleading in any court, shall be deemed invalid or liable to ol~jection hecanse the weig·hts or uwas
ures expressed or referred t-0 therein are weights or measun•s of the metric system. 

SEC. 2. An<l be it further enacted, That the tables in t11c schc<lnlP ]ieretofore am1cxed Khall be 
recognized. in the construction of contracts, aud iu all legal proceedings, as e;;tahlisl1i11g, i11 terms 
of the weights and measures now in use in the United States, the equirnlents of thP weig·lttis aud 
measures expressed therein in terms of the rnPtrk system; and said tables may be la\Yfnll.Y used 
for computing, determining, aud expressing in customary weights and measures the weights and 
measures of the metric system. 

1lfeasures of length. 

l-------M_e_tr_ic_d_e_n_onun_· _•t-io_n_•_a_n_d_'"_"1_u_••_· _--------_·_··-_-_· 1--~~6-.-2~1 -.·i·-7~-ru-_

1

_

1 

__ e_s~.,~~~:-~~~~u ~1:~~~~~~:~- i~~:~---_----
Mvrlameter. - -- - - • · - · .......... - ................ 10,00-0 metei·s. 
Ki~om ter 1 000 meters l 0.62137 mil(•, or 3 280 foet 10 inc•ltP"'. 
Hecto:ie~;::::::::::·:~::::::::::::~:::::::::::: 1 lOOme~rs: I' 3~8 ~eetlinch. 
Deka.meter ............. ---------------------·--· JO meters. 393.7 mrhcR. 
Meter .......... - ............................. _. 1 meter. I 39.:17 inch<'s. 
Decimeter........................................ 1-10 of n met,er. 

1

1 3.937 ~nches. 

~ill\:1~~1"::::::::::::::::::~:::~~~:~::::::~:::: 1~i:!~f: ::!,:~: Z:~~~ i~~~: 
--------·---
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1'1Iea,mreH of surface. 

Mt>tric tlP11omination~ aml \alUl'S. EquivalentR in df'nominationsi in use. 

Bt1dare . -- -- - ..... --· ...... ·--· ............. 10 000 8(]lWI'l' mr:h'rs. 
Al'f_' ...•• ----· .•......•.. -----···· . . ... .. . 100 s~iuarc un~tcr~. 
CPntan•. ........................... l squar(•mett<r. 

2.471 acrrs. 
llfU:i St]liare vards. 

1 530 squart• hwht's. 

,1fea.rnre8 of capacity. 

Mcnfr denominations mul Yalut>B. Ecp1h·aknt~ iu tlrnon1iuations iu use. 

- , :Xumlwr 
i of litt·r:;. Ctthie rnmumn_·. Li1p1i<l or wino measure. 

, Kilolit<>r or Fiterli 
1 Htwt1olit1·r ..... . 

Dt>kalih:1· ........••... 
Litt~1· -- - . - .. - - - ••. - - ... - --- I 

! ____ ,. 

l 1mo i 1 cu hit' nwt{•l' ... 
){)O ' 1-10 of a i'Hhk mf'tt·1· •.. 
10 10 cuhfr dp(·iuwtt•rs .•.•... 

J l t'll hie' <l~clmt•te1· .•.••. 
1 1-0 1-10 of H 1·nhi(' dt'cinH~fot•. 

1 :JOH cu hi ' Yar<h~ . ! 264 .17 ~allons. 
lmsl~. ':1111i ;:,;~·,,-jl~;c:ks , ~t).417 gallons. 

!tOd ~1uart.s ........................ ' 2.6417 galluns. 
(J.t>tJ8 quart.... 1.0G07 i1uart8. 

Deciliter ...............•... 
rt•ntillter ----
Milliliter ..... . 

J.JO(J JO l'Hhif' l!f'1lfimt>tl.:'l'S .. -
1-111011 J cu hie ('ent.imekr .. 

G.11J22 eubh· incht'S ---·- . . 0.84i'i g-ill. 

~::;~r ~;~i:i~ ~~~}~. --! ~:~~8 ~~~~ ~~~:~~-

Weights. 

Metric dcuomiuationR aud v:ihw~. R(1uivalf'nt.s in denomina
tfons in use. 

Name!:-!. j :X11rnhf\r of \\rt'ight. nf wlrnt q1rnntif;"\· of watt•r at ma~imum 
I gramR. t1ensit'. ..Avoirdupois weight. 

~~~);];~;;1:~1:~;::'.l::::·::~::~~:;;::.;:::::·::j 1 ~~ii~~ 
Ht•t•to,!!"nrn1 ....... . •...........••........••. 1 100 

~~.~~:i:rarn :::::::::::::::::::::::::::: ·····:! l~ 

~;~\ii~;~:::::::·.-~:::::::::::::::::_·:::::: I l~li~~ 
Appro>erl July 27, 1866. 

J i'ubic n1Pt('r ............................. . 
1 bec:tulitcr ........••..........•......•....... 

JO litt'lli -- . . . . . . . . .... - ... ·· .•... •·· 
1 lltt·t·__ .... 
] rlt:>('iJitPl" ..•...••••.•..••••••••..••.••...... 

10 euLic C\'ntimder ........••••..........••..... 
1 1·ubfr <·H1tiuwtt.•r ..........••..•.•.•...•...... 

1-10 ()f a cu liic eentim<•ter ...... . 
](I c·nbk millimPlPrR. __ ........... . 
l cuhiv millimeter 

ANNEX II. 

2204.6 poumls. 
22fJ.4-6 JHlllllth. 

22.04-6 pounds. 
2.2046 pounds. 
;t5274 ounce~. 
().3527 ounce. 

lTi.432 grains. 
1. f>4J:l grains. 
0.154;) grain. 
0.0154 grain. 

COMPA.IUSOX OF TA.HDS AND :METRES. 

1 rn<'tre = 1.0!)3623 yartl = W.37043 inches. 

Yar(hi. I 
I Yards. 

-I 
1. on:m~:i 

I 

~.1R7246 

I 3. 2808()9 
4. 3744H:! 
L. 46~11f:i I 6. f)tnTm 
7.fl!i5:-m2 

I 8. 74tl9ilG 
9. 84260E< 

1 ................................................... . 1 ........................... ., ......................... . 
2 ...................................................... . 
:l .................... . ........................ , 
4 ....................................................... 1 

!1 •••••••••••••. 
:J •. . ................................. . 
4 ........................................ ., 
5 ······••··•· ...................................... . 
6 ...................................................... . 
I••••••••••••··········· 
~. . ........................ . 
9 .. ,. .................... ···········• ................ . 

7 
8 . -· •.••.•.•.••.•... - . ···- -
H 

I 

Metres. 

0. 914392 
1. 828784 
2. 74~175 
3. 657567 
4. 5711159 
5, 486351 
6. 400743 
7. 315134 
8. 229526 
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APPENDIX No. 23. 

LIST OF Pl-BLWATIONS HELATING TO THE DEEP-SEA INVE~TIGATIOXS CARRIED ON I'.'\ THE 
VICINITY OF THE COASTS OF TUE l'NITED STATES C·WEH THE ACSPH'ES OF THE COAST 
SUH VEY. 

The following list of publications relating to the character of the hottom aml the Fauna of the 
sea, in the vicinity of the coasts of the T:nited State>;, under the auspices of tile Coast SmTPy, has 
been prepared by L. F. Pourtali~s, late an Assistant iu the Coast Surve~·. In the beginning·, the 
investigations were mainly restricted to rnicrnseopkal examiuations of the specimeus of bottom 
brought up by tlie sounding·-Iead, and the aim was originally to fiud thereiu aids to irnvig-ation. Later 
on, the dredge was brought iuto re<1nisitio11. arnl the grt>atly i11creast'd amount of material was 
worked up and published at. the expem;e or nuder the direction of the :Museum of ComparatiYe 
Zoology. 

1850. On the Di;;;tribution of Foraminifora on the Coast of .New ,Terse,\-, as shown hy the off
shore Soundings of the Coast Survey. B,\· L. ·F. Ponrtales, Assistant Coast Survey, Proc. Amer. 
Assoc. for Adv. of Sc., Charll'ston 1\Ieetiug, 1850. 

1850. On the Order of Succession of Parts in Ji'oraminifera. By L. F. PourtaH~s, Assistant 
Coast SmTey. Proc. Amer. A>isoe. for AdL of Sc., Charleston Meeting, 18.iO. Also Amer .• Tourn. 
of Sc. and Arts., 2d series. Vol. II. 18iil. 

1851. Bxtracts from the report of Professor L. Agassiz t{) the Superintendent of the Coast 
Survey on the Examination of the Florida Heel'.-;, Keys, and Coast.* Coast Surve,Y Report for 
1851, and reprinted in Coast Survey Report for 1866. 

1851. Microscopical Examination of Soundings made b,Y the United Statt>s Coa8t. SurVP,\- off 
the Atlantic Coast of the United States. By l'rofessor .T. \.Y. Bailey. Smithsonian Coutrilmtions 
to Knowledge, Vol. II. 

1853. Letter of the Superintendent to the Seeretary of the TrPasury reporting the Diseovery hy 
Lieutenants-Connnamling Craven and :\Iaffitt., of a Bank p,ast of the Hult' i::ltream. Coast Snrn•y 
Report for 1853. Also noticed in Proc. Amer. Assoc. for Adv. of Sc., Cleveland l\Ieeting, 18.';3. · 

1853. Extract from Letter;; of L. F. PourtaleR, Al:isistant in the Coast Survey, to the Su1wri11-
tendent upon the Examination of Specimens of Bottom olltained in the Exploration of the Gulf 
Stream hy Lieutenants-Commanding T. A. J\1. Craven and J. N. }laffitt, G. S. :K. Coast SmTey 
Report for 185.3, and Proo. Amer. Assoc. for Adv. of Sc., Cle\•cland :Meeting, 18.J3. 

1854. Specimen Box for Deep-Sea Bottoms, hy Lieutenant-Commanding T . .A . .l\L Crarnn, r. S· 
N. Coast Survey Report for 1854. 

1855. Instrument for procuring· Specimens of Bottom in Sounding, by Lieutenant-Command
ing B. F. Sands, U. S. N. Coast Survey Report for 1851'i. 

1855. On the Characteristics of some Bottoms from the Cape Florida Gulf-Stream seetiou. By 
Professor J. \V. Bailey. Coast Survey Report for l8;ili. 

1856. On the origin of Greensand and its Formation in the Oceans of the weseni Epoch. By 
Professor J. vV. Bailey. Proc. Boston Soc. Nat. Hist., 1856. 

1858. Report. of Assistant L. F. Pourtales on the Progress made in tile Micro;;;copical Exam_ 
ination of Specimens of Bottom from Deep-Sea Soundings. Coa;;;t Survey Report for 1858. 

18fi8. On the Genera Orbulina and Globigerina. Br 1,. F. PonrtalCs, Assistant. Coast Survey. 
Amer. Jour. of Sc. and Arts, 2d series, Vol. XXXYI. 18;18. 

1862. On the Origin, Growth, Substructure, and Chronology of the Florida Reef. By Captain 
E. B. Hunt, Corps of Engineers, U. S. A. Coast Survey Report for 18tl2. 

•Plates representing the principal reef corals of Florida, preparc<l to accompany the full Report, lrnt never pub
lished, have recently been completed, and will be soon issued by the Museum of Comparative Zoology. 
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1866. Report by Henr.> 1\Iitchell, Assistant U. S. Coast Survey, upon Soundings across the 
Straits of Florida. Coast Snrwy Report for 18ti6. 

18fi7. Report of Assistant 11. Mitchell, Coast Survey, on Soundings made to develop the Char
acter of tbe Stntits of Florida. between Ke~- "'est and Havana. Coast Survey Heport for 18ti7. 

1867. I. .. etters of Professor L. Agassiz 011 the Helations of Geological and Zofilogical ltesearches 
to General Interests in the Development of Coast Features. Coast Survey Report for 1867. 

18(j'i. Heport on the Fauna of the Gulf Stream in the Straits of Florida. By L. F. Pourtales. 
Coast Snrrny Heport for 1867. 

18fi7. Contrilmtiom; to the Fauna of the Gulf Stream }tt great Depths. By L. F. de Pourtales, 
Assistant U. S. Coast 8mve~-. Bull. ~Ins. Comp. Zoiil., Vol. I. No. 0. Ca,mbridge. 1867. pp. 18. 

l81it'l. Contrilmtions to tlie Fauna of the Gulf Strmun at great Hepths (.:ld se,ries). By L. F. 
de l'<Hirtales, Assistant G. S. Coast Sun-e,r. Rull. Mus. Comp. Zool., Yo]. I. No. 7. Cambridge. 
1868. llJl. 22. 

18G8. Heport of Assistant L. F. J>ourtales on Dredgings made in the Sea near the Florida Reef. 
Coast SmTe,Y Hcport for 180:-i. 

1869. Heport upon Deep-SPa Dredging,.; in the Gulf 8tniam during the Third Cruise of the 
U. S. Steamer Bibb, addressed to Professor B. Peiree, Superintendent "C". S. Coast Survey. By L. 
Aga,.;siz. Hnll . .:\Ins. Comp. Zoul., Vol. I. No. 13. Cambridge. 186ll. pp. 24. Also Coast Survey 
Heport for 18()!). 

1841!1. The Oulf Stream. Characteristics of the Atla,ntic Sea-Ifottom off the coast of the 
United States. B,\- L. I•'. Pourtales. Coast ~urvey Report for 186!J. 

18HO. l'relimiuary Report ou the Echini and Sta1·fo:;hes dredged in Deep "\Vater between Cuba 
and the Florida Beef. Ily L. F. 1le Ponrtali·s, Assistant U. S. Coast Survey. Prepared by Alex
ander Agassiz. Bull. Mus. Comp. ZoOI., Vol. I. No. H. Cambridge. 186!). pp. 5G. 

186U. Preliminary Heport 011 the Ovhiuridre and ~\.strophytid::e dredged in Deep Water 
between Cuba arnl the Florida Heef. By L. F. de Pourtafos, Assistant U. S. Coast Survey. Pre
pared b_y Theodore Lyman. Bull. l\Jns. Comp. Zom., Vol. I. No. 10. Cambridge. 18(itl. pp. 46. 

18@. J..iRt of the Crinoids obtained 011 the Coasts of Florida and Cuba by the U. S. Coast 
Survey Gulf Stream Expeditions in 18(H, 1R68, aud 18G!J. By L. F. de Pourtales, Assistant U. S. 
Coast Surrny. Bull. l\Ins. Comp. Zool., Vol. l. ~o. 11. Cambridge. 1869. pp. 4. 

18ti!J. List of Hulullmrid<l' from the Deep-Sea Dredgings of the United States Coast Survey. 
Ry L. F. de I'ourtales, A;,;sista11t U. S. Coast Survey. Bull. Mus. Comp. Zool., Vol. I. No. 12. 
Cambridge. 18(iU. pp. :3. 

1870. Preliminarr Heport on the Crustacea dredged in the Gulf Stream in the Straits of Flor
ida., by L. F. de l'ourtales, Assistaut U. S. Coast Survey. I'art I . .Brachium. Prepared by Dr. 
"\Villiam Stimpson. Bull. :Mus. Comp. Zoul., Vol. II., No. 2. Cambridge. 1870. pp. 52. 

1H70. Der Bodeu des Golfstromes uml der Atlantico;cben Kiiste Nord Amerika's. Von L. R 
v. Pourtali.·s, Faih•<l 8tate8 Uoal'it Survey. Petermann's Geograpb. J\fittheilungen, 1870. Heft XI. 
pp. ;), 1 map. 

1870. Grundziige einer Spongien Fauna. des At.lanUschen Gebietes. Von Oscar Schmidt 
I .. eipzig. 1870. :Fol. pp. 88. l'I. 6. 

1871. Appendix to the Preliminary Ueport (Bull. No. 9, Vol. I.) on the Echini collected by 
L. F. de Pourtales. By .Alexander Agassiz. Bull. Mus. Comp. Zoo!., Vol. II. No. 5. Cambridge. 
1871. pp. ~{. 

1871. Report on the Braehiopocfa obtained by the U. S. Coast Survey Expedition in charge 
of L. F. de J>onrtales, with a revision of the Craniidre and Discinidoo. By "\V. H. Dall, Assistant 
Coast Snrrny. Bull. ~lus. Comp. ZoOI., Vol. III. No. 1. Cambridge. 1871. pp. 45. Pls. 2. 

1871. Deep-Sea Corals. By L. F. de Pourtales, .Assistant U. S. Coast Survey. Illustrated 
Catalogue of the Mns. Comp. Zool., Vol. II. No. 4. (Memoirs, Vol. II. No. 4.) Cambridge. 1871. 
pp. !J~t Pl. 8. 

1871. Supplement t-0 the Ophiuridm and Astrophytidre. By Theodore Lyman. Illustrated 
Catalogue of the .l\lus. Comp. ZoOl., Vol. IL No. 6. (Memoirs, Vol. II. No. 6.) Cambridge. 1871. 
pp. 14. Pl. 2. 

1871. Contributions from the Laboratory of the r~awrence Scientific School. No. 13. On 
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some Rocks and other Dredgings from the Gulf Stream obtained b,Y the Coai;t Surny. By R. l'. 
Sharples. Amer. Junr. of Sc. arnl Arts. I?ebruary, 1871. pp. 4. 

1871. A letter concerning· Deep-Sea Dredging·, acltlressell to Prnfes::;or Benjamin J>eirce. By 
Lonis Agas8iz. Bnll. Mus. Comp. Zo1il., Vol. III. ~o. :l. Carnhrillge. 1871. pp. 5. 

1872. Echiui of the Eastern Coast of tLe Fuite<l States, together with a l'l'JHJrt on tltt> Deep
Sea Echiui collected in the Straits of Florida by L. F. de Ponrtalb, Al'Ji:;it;tant C S. Coast Snn·ey, 
in the Year.~ 18G7-6U. By Alexamll•r Agassiz. (Beiug Part IL of the HeYbion of till~ Ediiui.) 
Illustrated Catalogue of the J\Ius. Comp. Zool., ~ o. VII. (3Iemoirn of the ::\fns. Comp. Zool., Vol. 
III.) Cambridge. 1872-74. pp. 13'.!. I'ls. 42. 

1872. Floridau Bryozoa, collected by Conut L. F. de Pourtale.~, Assi8tant Coast Surn•,,-, 
described by F. A. Smitt. Part I. Kong1. Sn:mika Vetenskaps Akad. HmH1linger. Bandet HJ, 
No. 11. Stockholm. 1872. pp. 20. Pl:;. 5. 

Do. Jlart II. (Ibid., Barnlet 11, No. 4. Stockholm. 18i3. Pl'· 83. J>]. 13.) 
1873. Interim Heport 011 the H;rdroids colleeted h,y I,, .F. de l'ourtalet-1 dmi11g the Gulf StrPam 

Exploration of the U.S. Coast Survey. By George J. Allman. Bull. Mus. Comp. ZoGI., Vol. 111. 
No. 7. Cambridge. 1873. pp. 2. 

1873. The Echiui eolleeted ou tlrn Hassler Expedition.* By Alexander Agassiz. Bull. J\Ius. 
Comp. Zool., Vol. III. :Ko. 8. Cambridge. 1873. pp. 4. 

1874. Tl!e Zoiilngical Hetiulh; of the lla8;;ler Expedition. I. Ecl1iui, Crinoids, and Corals. 
By Alexander Agassiz and L. F. de Puurtales. pp. 5J. 15 woodcnt8. Ph;. 10. II. Opl1iuri!la; 
and Astrophytida:, including tl!ose dredg·ed l>;y tlw late Dr. Stimpsou. By Theodore Lyman. lllust. 
Cat. Mus. Comp. Zoiil., No. 8. (l\lPmoins, Vol. IV.) CarnLridgP. 187 +. pp. :lJ. .t wuo1knts. Pis. 5. 

1875. Corals at the Galapagos Islamls. By L. F. 1le Pourtales. Amer. Jonru. of Sc. aud Arts, 
3d series, Vol. 10. 18i5. 

1875. l\Ii;;sion seientifiqne au l\lexique et dnm; l'Ameriqne eentrale. Hed1ereht'8 zoologiques 
5• Partie. Etudes sm· let< Xiphosnres et Crnstace,; podoplithalmaires par :\1. Alphon8l' :\lilne 
Edwards. Paris. 1875. (~ot completed, contains desl'riptiuu of part of the Crustacl'a of thl' 
Gulf Stream Exploratio1rn aud Hassler Expedition.) 

1875. Revision dei,: Stellerides par Etlmoull Perrier. Anuales de Zoologie et de Physiologic 
experimeutale. T. IV. Paris. 1875. (Same remark as preceding.) 

1876. Die Schlangen uml Eidcehseu Lier Galapagos Inselu YOll nr. F. Sh'imlach11er. Fei't
schrift der K. K. Zool. Hot. Gesell. in \Vieu. 1876. pp. 29. Pls. 7. (Hase1l in part 011 specimens 
collected in the Hassler Expedition.) 

Dr. Steiudaehner ha8 described fi81ies collected in the Hassler Expedition, i11 '' Sitzungsber, 
der K. K. Akad. der \VissPusch. iu \Vie11,'' passim. 

1876. R v. d. Broeck, Etude sur les Fomminifores de la Barhade, reeueillis par L. Aga,;siz 
Hassler Expedition, precedee de q1wlqnes cnnsi1l1'ratio11s snr la dussificatim1 et: la 11oml'ndatnre rles 
Foramiuiferes. Anu. Soc. Belg. l\1icr. II. 

1877. Report on the Hyllroida collected duriug the exploration of the Gulf Stream b,· L. F. de 
Pourtales, As8ist. U. S. Coast Surn';y. B,Y GPorge J. Allniau. Mem. of the Mu8. CCL' ~>. Zuol. 
Vol. V. No. 2. Cambridge. 181i. pp. ti6. Pls. 3.t. 

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

"On the voyage from Boston to San Francisco. 
S. Ex. 3i--52 
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ADDENDUM TO APPENDIX Ko. 15. 

TABLE SHOWING THE MODE OF REDL"CING THE EXPERIMENTS. 

Reduction of experiments at 11arious pressures. 
HEAVY ESD Ul'. 

At 30 ·inches. 

1st corrt>ction Correction fo1· expansion from 150 C. Coef. of exp. = 184 x 10-7• 

2d correction = First atmospheric correction adopting the a priori values, p. ~72. 
3d correction = Second atmospheric correction adopting the a priori values, p. 272. 
4th correction= Correction for flexure of support, bells, and cylinder. 

1877. I>eccmUer 12. Dccc::~~ _____ Decemb~ I 
I Tu corrected for 1·ate. 

i 1st correction _ 
I 2cl corrt1dion ........ . 

j 3d correction .. 
! 4th correction ... _. - .. 

+ 

.. 
1. 0065439 

395 

151 

209 

8. 

1. 0065349 
+ 326 

149 

20H 

+ 

B. 

1. 0065247 
510 
267 
14 

209 

1~0065517 1~00656499511,· 
+ 455 i + 

320 ' - 330 
rn rn 

209 209 

/~'--~~ .. --·~·:~-

! 

----
1. 0065467 1. 0065309 

1. 0065267 ~.-006~~ ~·-0~28 I 
RECAPIT{"LATION. 

•. - I 
11877, December::::.·::::::::::::::::::::::::::::: ......... ::::::::.·.·:::.-.·:::_T.:1.006~: I' 

/ __ Me~n~----
23 

- - ·: ::_:_~:_:: : __ · :_::_. ------- .............. ::::::.Tu: 1. 006:: j 

1877. 

At 29 i1wlw1J. 

I I 
j December 12. ! 

8. 

December 16. 

.. . . 
' Tu corrected for rate .. ; 1. 0065322 1. 0065448 1. 0065421 

1st correction . ........ r + 38-0 i+ 426 1" 
! 

401+ 3+ 8 
3d correction ...... + 1-0 j + 7 I + 7 

4th correction. . . . ... · 1- 20-0 ; - 200 1- 209 , 

Tu ............ ----! 1.0065543-;--;:~~5634 __ • 

407 

2d conection . ..... . + 

' RECAPITULATION. I 
I ~ 

1

1877, December~!·.:::::-.-.::: ::·_·_._._-.-.:-.:::·.·.-.:·.:::T, :'. 1. 006= Ii 

' Mean ........................................ T.= 1. 006559~ 

At 27 inches. 

1877. j December 16. 
I 1----- ----,-------: 
I T. corrected for rate. I' 1~0064775 Ii 1~~574 l 

1st correction .. . . . . . .. + 426 , + 426 

2d correction .......... I + 429 i + 429 
3d oon·ootion .......... / + liO + 50 

4th correction ........ · 1-=-~i - 2-09 

T .................. j l. 0065471 1. 0065270 
i 

l 
.Mean .............................. T.=l'.0085370 I 



 

THE UNITED STATES COAST SURVEY. 

Reduction of experiments at various pressures-Continued. 

BEA VY END L"P-Continucd. 

1877, December 16. 

1877, December 17. 

1877. 

At 22.5 inclii'R. 

1st correction_ . _ . 
2d correction ___ _ 
3d correction .. _ . 
4th correction .... 

At 15 inche•. 

1st correction .. __ 
2d correction . __ _ 
3d correction __ . _ 
4th correction_ ... 

At 7.5 inch1:s. 

.~. 

Tu = 1.0063670 
= + 388 
= + 1478 
= + 161 

20~) 

1.00G5488 

s. 
Tu = 1.0061782 

= + 4JiJ 
= + 3099 
= + 362 

209 

1.0065449 

December 4. December 17. 

•. 8 • 

T11 corrected for rate.................. . . . . . . . . . . . . . . . . ... . . . . . . . I. 005954() 1. 0059831 

lst correction ..... ----··--······· -······---------------------- + 537 + 407 

2d correction ................................................... + 4746 + 4757 
3d correction .................................................... + 627 + 629 

4thcorrection ................................................... - 209 209 

T ...................................................... - ---· i l. 0065241 1. 006.'>415 

Mean Tu=................................................ l'.0065328 

At 1 i1wh. 

1877, December 19. Tu corrected for rate 
1st correction_ ... _ .. 
2d correction. _ . __ .. 
3d correction ...... . 
4th correction ...... . 

s. 
= 1.0057813 
= + 435 
= + 6li0 
= + 1031 

= 209 

1.0065240 

411 
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Redttcti01i of experiments at varfous pressures-Continued. 

1877. 

'l'., C01'1't"C.t·N1 for rah~ 

1~1 ~'01Tl'C'ti0lt -

2tl t'Ol'l't'diou . 

3d c•i,nt-t·tion _ .... _ ...... ! 
4th <'ot'l'ediou. . -I 

.. 
I. 

+ 
+ 
+ 

REA YY END Ul'-Cuutinued. 

At .82 to .G7 incl!. 

Dcccrnlwr JO. DcP,erub('r 19. I nccembel' 22. Df~cemlH'r 23. 

.. s . s. .. 
oor)77i~ 1. 0057669 l. 005775:! 1. 00578J:J ]. 00.~7741 

4t}."'i + 4U7 + 4~9 + 461) + 486 

6242 + (3:23(} + G:!4-8 + 6211 + ti:!Ott 

1071 + 106i'i + 1077 + 10r'4 + 1053 

209 2@ 20[) 209 209 

. -----------
T, .......... . 1. OU(i53-!'i 1. OOfj.32;)2 ' 1. 006520i 

i 
1. 0065329 

RBCAPITULATIOX OF TIESI:LTS AT .82 TO .67 INCH. 

1877. Deccmher 10 ........... - .. 

22. 

Mean 

At .4G to .3.5 i11i'h. 

1. 0065280 

.. 
Tu = 1. 0065300 

297 
329 

280 

Tu = 1. il06fJ301 

1B77. 
-1 

_N_'o_,_., __ ·m_h_"_r._31_1_. ·----D<-·c_.,_·u .. 1b_c_·r_s_._____ ~ecc1nbcr 22. I I~~~~b~r 23~ 
s. .. .. B. 8. 

T1, <·orn•ctt•a for rah• .. l. 0057784 l. 0057fi!J7 1. 00£l7579 ). ll0.57fi2H 1. 00.57611 

]Rt l'OIT1·1·tiou ·-- - .• ----. + :J8:J + 001 + 407 + 451 + 48i 

2d l'OITl'Ctiou ---· + G303 + 6:111 i + G'..'9i + u:~o5 + G~88 

311 corredion _ .... + nm + 112G + lll:J + 1120 + 1106 

4t Ii t•orrrirtion .... .! 209 209 + 209 ~09 209 

l, 006G38U 1. 006!i326 !. 0065277 1. 0065295 1. 006528.1 

ImCAPIT'GLATION OF Rl~8T'LTS AT .46 TO .3f• INCH. .. 
1877. J'\oyembrr 30 -··-·- ..................................... ~ •••. .. ....... ..•....•. .• . . Tu= 1. 0065380 I 

J)e.ctiruher g ..•.. _ ...•.•.•.•...... 
.,., ............................................... 
23 - - ... - - -- - . - -- - - . - -- . - - .. - - .••••••• -- . -- - - - . - - . - - - .. - . --- . - - .•... - - - .. 

::Mean ............... . 

HE.A VY END DOWN. 

A.I 30 ·incheB. 

I 

301 
295 
283 

T II = L 0065315 

-~------ 1877. ! September 2ii. j. September 27. 
1 
_____ <_>_ct_o_l1_er_s. ___ _ 

T,1 eorre<t"'I fo1· rate··.·.·.·.·.·.·. ··.-....... ·.·.· .. ·.·.·_!
1

, :·0064173 I, : 0064194 :·0063979 :.·0063913 
lst coll'ection _ . . . . . . . 4i0 516 321 311 

2dcorrectiou .................... ·.·.· .. ·.·.·.·.·.·_
1

1 

9 4 li 18 
3d f'Ot'f(~c·tion. - . . ..• . .. . .. . . . 3 5 4 

4th NHTection .. .. .. .... ... .. .. .

1 

168 168 168 168 

T• ..... ::·~:·:.::~.:·_:::·:: 1. 006.1523 l.006.:~1J_ ... ~-006.146-9~--1.-0-0634-12 

liEC.A.PITULATION. 
18771 Sept.ember ~5 ............... . 

27 --------·. ·- ····-· ----·· ..•.. -· ....... -----· ----·-. ------ .•••.... ·---. 
October 5.: ................................................................... . 

Mean ............................................................................. . 

'· T d = 1. 006.1523 
501 
441 

'I'd = L 0063488 



 

THE U~ITED STATES COAST SURVEY. 

Reduction of experiments at 1,arious pressures-Continued. 

REA VY END DOWN-Cont.im1eil. 

At 15 inches. 

1877. ' Seplem her 26. : Ociohcr 5. 

-------------------' ---~--'----------

Td correct~d for rate ...•..........•....... --- ....•..... - .. : 
1st correction ..................................... . 

2d corT't>f'tion .. . --·-·--···--··········· -·········--·-··--, + 
3<1 correction .............. --- - ................. . + 
4th correction ........•.•........••••......•....•.......•. 

T•---···-

.. 
1. 00624.37 

3fl~ 

1300 

1.J7 

168 

l. Of'6:l4:J4 

RECAPITCL-1.IIO:..-. 

1877, September 26 ............................................•.. 

+ 
+ 

.. G. 

1. 0062.178 1. 0062:J06 

321 ! 311 

1:396 + 1:19t1 

mo + 160 

ms 168 

.. 
October 5 ..................................................... _ .... . 

T, = 1. 00634:14 
314 

Mean. ________________ _ T.1 = 1. 006337 4 

At 5 inche.•. 
s. 

1877, October l. Td corrected for rate 1.0061379 
1st eorrection ___ ... = fiOG 
2d conection .... _ . = + 2329 
3d correction ...... + 325 
4th correction ...... 168 

Td = 1.006:{359 

At 1.5 inches. 
8. 

1877, October 1. Td corrected for rate = 1.0060999 
1st correction ...... = 490 
2d correction ..... _ + 2()51 
3d correction ...... = + 427 
4th correction ...... 168 

Td = l.OOG3H9 

At 0.5 inch. 
8. 

1877, September 29. T d cormcted for rate = l.OOG08i9 
1st correction ... _ .. = 50G 
2d correction ...... + 2744 
3d correction ...... + 4i9 
4th correction ...... = 168 

Td 1.0063428 

At 0.25 inch. 
8. 

1877, October 3. Td corrected for rate = 1.0060746 
fat <'-Orrection ...... 516 
2d correction ...... = + 2767 
3d correction ...... + 501 
4th correction ...... = 1G8 

Td = 1.0063330 

413 
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Reduction of the regular set at Hoboken. 

HE.A. VY END DOWN. 
.~. 

Mean Td coITected for rate, temperature, and pressure = 
Correction for cylinder ___ - _ . __ . _ ..... _ . _ ... = 
OoITection for flexure . _ . . . . . . . . . . . . . . . . . . . = -

1.0063565 
36 
89 

1.0063440 
Correction for improved constants. . . . . . . . . . 2 

Td = 1.0063438 

HE.A.VY END UP. 

8. 

Mean Tu coITected for rate, temperature, and pressure = 1.0065487 
CoITected for cylinder ..................... = - 71 
Corrected for flexure .............••....... = - 39 

1.0065377 
Correction for improved constants .......... = - 3 

Tu 1.0065374 

Reduction of experiments at high temperatures. 

REA VY END DOWN. 

The half set. 

Mean Td coITected for rate and pressure and reduced to 350 C. 
Reduction to 150 C. Correction for expansion ..... . 
CoITection for atmospheric effect-First part ...... . 

Second part ..... . 
CoITection for flexure, bells, and cylinder .......... . 

= 
= -
=+ 
=+ 

8. 

1.0065357 
1850 

181 
5 

168 

Td = 1.0063525 
65 CoITection for erroneous temperature .......... - . . . . . = 

1.0063460 

BE.A.VY Eb""D UP. 

The half set. 
8. 

Mean Tu corrected for rate and pressure, and reduced to 350 C. = 1.0067097 
Reduction to 15° C. Correction for expansion ..... . 1850 
Correction for atmos1Jheric effect-First part ....... . = + 414 

Second part .. - .. . = + 10 
CoITection for flexure, bells, and cylinder .... = - 168 

Tu = 1.0065503 
Correction for erroneous temperature = - 66 

1.0065437 



 

THE UNITED ST.A.TES CO.A.ST SURVEY. 

Reduction of wperiments at high temperatures-Continued. 

HE.A VY EJfi) LP-Continued. 

At 30 inohe• (not includ-0d in half Bet). 

Mean Tu coITected for rate and pressure, and reduced to 350 C. 
CoITection for inequality of knives .. _ .. __ . __ .... _ .. 
Reduction to 15° 0. Correction for expansion ..... . 
Correction for atmospheric effect-Fir.~t part ... _ . _ .. 

Second part ..... . 
Correction for flexure, bells, and cylinder .. _. ___ ._ .. 

Correction for erroneous temperature ............ _ .. 

At 2.25 i11che,.. 

1878, .April 26. Tu corrected for rate and brought to 35° U ... 
Correction for inequality of kniYes . __ . _ .. 
Correction for expansion from 150 C __ . _ .. 
Correction for atmosp. effect-First part .. 

Second part. 
Correction for flexure, bells, and cylinder. 

s. 
= 1.0066882 
= + 74 
= 18fi0 
= + 414 
= + 10 

Tu= 

168 

1.0065362 
66 

1.0065296 

s. 
1.0060497 

= + 74 
1850 

= + 5tl35 
= + 91!1 

168 

Tu = 1.0065407 
Correction for erroneous temperature..... = 78 

At 1.25 inches. 

1878, April 24. ·Tu corrected for rate and brought to 350 C. _ . 
Correction for inequality of knives .... _ .. 
Correction for expansion from 150 C __ . __ . 
Correction for atmosp. eff'ect-Pirst part .. 

Sec01id part. 
Correction for flexure, bells, and cylinder. 

1.0065329 

8. 

= 1.0060088 
= + 74 
= - 1850 
= + 6138 
= + 1007 

168 

Tu= 
Correction for erroneous temperature .. _.. = -

1.0065289 
79 

1.0065210 

415 
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Calculation of [T 2 Inv.J and [T2 Rev.]. 

,---------·---------· ~-~--------------~---------------,----~----~----------------~ 

At 30 inches At 1~' ind11~ I At 71 inches; At 1 inch UJl ! At y\ inch Ilalf set at 
R~gular set. ' high tNll}ll'I'

atureR. 
up and 30 . up and 15 up and 5 nnd 1~ inches' up an<l ! inch 

iuch<'~ t1own. incht>R down.: iucheg down. down. down. 

Ta corrected for rate, -tempt:ratul'e, 

pre.ssnn\ and wear of knife-cdge8. 

Td~-------·· .............. -------------, 

s. 

l. OOG:J438 

1. 0127~78 

45 

--------~- ,_. _______ -----
8. 

l. 00634fiU 

1.01:n:·tz:3 
471 

s. 

l. 00ti3488 

1. Ol2737H 

45 

8. i s. 

l. ()1)63374 

I 

l. 0063359 

. -

1. 0127119 

45 45 

1. 0127150 

.. 
l. 0063419 

l. 0127240 

45 

.. 
1. 0063428 

1. 0127258 

Reduction to Paris length._ ... _ ....•... ____ ! ____ , ____ , ___ _ 

Conedo{'ld Td'..! •••••••••••••••• -----

Tu corrected fo1· ratti, temperature, 

prcssnIT, and wea1· of knife-e<lgea .••. 

T.,2 ------ ·-···------- --·~-- .....•... - .. 
Correction for stretd1ing- .. - . - . . • • . . . . . + 
Reduction to PariB length ........••.••. , -1-

Corrected T ":: _ .. 

! (T•2 -To') ................. . 

h.i_~h.,. '(T•'-T.O) 
hu -t hu 

!!:~hu -~ (Ta~-T .. 2) 
h<i-hu 
[T'Inv.J ............ . 
[T'Rer.] ......................... . 

1. (}127233 

1. 0065374 

1. 0131175 

lU 

104 

L ul31289 

l. 012B261 

2028 

797 

5162 

1. 01284-64 

l. 0124099 

1. Ol272:?F 

1. 0065437 

1. 0131302 

+ 10 
+ 104 

l. 013141U 

+ 
+ 

1. Ol27:J34 

1. 0065394 

1. 0131216 

10 

104 

1. 0131330 

1. 0129322 I 1. 0129332 

2094 1998 

823 785 

533U 5085 

1. Ol'..!7105 

]. 0065449 

]. 0131326 

+ 10 

104 

1. Ol<ll440 

1. 0129272 

2167 

851 

5515 

I 1. OU7074 

I 1. 006J328 

I 1. 0131083 

I + lo 
i + 104 

: 

1. 0127190 

1. 0065240 

I 1. 0130906 

i + 10 

r + 104 

l. 0131197 ' L 0131020 

1. 0129135 

2061 

810 

5246 

L 0129107 

1912 

751 

4866 

1. 0128356 

1. 0124241 

Calculation of [T2 Inv.] arul [T 2 Rev.J at European stations. 

·-T c1 correcWd for rate, temperature, pressure, and wear of knif~-ed~es ............... . !. 0060510 

T,12 
-···-·-··-----------·- l. 0121386 

CQ1Tectic111 fur flexure ....... . 

Re<luction to Paris length ...........•.. , ... J495 I = 

Berlin. 

8. 

1. 0058980 

1. 0118308 

H95 
12 

1. 0127213 

1. 0065315 

1. 0131057 

+ 10 

: + 104 

1. 0131111 

l. 0129192 

1979 

778 

5037 

1. 0128414 

1. 0124155 

Kew. 

·-1. 0059296 

1. 0118944 

1495 
21 

------------1------1 
Corrected. Td2- ••••••••.•••.....••..•••••...•••.•••• _ •.•••••••.••••• -·-·· _. _ .•••..••........ 1. 0119891 1. 0116801 

'l\.1 C'orrectcd for rntc 1 temperature, pressure, axul wear of knift"·edges ................. _ .. l. 0061971 1. 0060378 

~';:~~~~~(:~ -~(~~ ~-~~~~:~· ~ ~: .· _· ~ .- .· ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .·: ~ ~:: : : : ~ ~::::: ~:: ~ ~ ~ ~::::::::::::: : : ~:: : : ~ ~: ~ ~: : : : : : : . : 1. 01~~~ i 1. 0121121 

650 
Correction forstretcbiug ...................................................................... ., + 10 J + 
Reduction to P>IJ'is length.......... . .........••....••............................................... I + 

10 

, I 

Corr£".cted 1'112 .••••••••• __ • __ 

' t (T,•+ Tn2 ) ••••••••••••••••••••••••••••..•••••••••••.•••• 

t (T•'- Tn'J ............................... ------------···· .... ----------

h• - hu. i (T,•-T.'>---···· ......................................... ·-··· .... ···- ·····---·------! 
~+hu : 
~±-""-1 (T.i"- Tu•)--------------·- .....................••....•.....................••.•.•.••.. ' 
h• - hu . 
[T' Inv.] ..................................... ---····-· ....................... -··············•··· 
[T' Rev.] ............................ _._ .. _ ....................................... _ ......•••..••. 

0 

1. 0122686 

!. 0121788 

1898 

746 

1. 0121042 

1.0116956 

i 
I 

I= 
I 
I 

27 

1.0120508 

L 0118654 

1854 

729 

4720 

1.0117925 
l.01131134 

1. 0117428 

1. 00f>0690 

1. 0121748 
I 650 

I~ 10 

+ 47 

L 0121155 

l. 0119292 

1864 

732 

4744 

1. 0118560 

1.0114548 

-----



 

No. 1. 

a. 

4. 
u. 
u. 

I. 

i->. 
H. 

10. 

11. 

12. 
] :1r1. 
l:Jb. 
H. 
l.i. 
Jii. 
17. 
18. 
rn. 
20. 

21. 

LIST OF SKETCHES. 

PROGRESS SKETCHES. 

General J>rogrcs;;;. 
Chart showing positions of magnetic :-;tations occupied between lf33~l and 1877. 
Chart sho\\·iug longitnlle·stati011s aml connertiorn;; determined hy means of the electric 

telegraph l.wtwe{'n 1841i mul 1877. 
S('Ctiou 1. X ortltem part. 
Section I. Primary tria11g11latio11 hetween the Ilnd;;;on and Saint Croix Rin~rs. 
l::leetion II. Triangulation anrl geogriqihical positions between Point ,J uditb arnl New 

York City. 
Section JI. Triangnlatfon aud geograpLieal positions between :N"ew York City arnl Cape 

JI en! open. 
8ectio11 ll I. Chf;sapOAa kP Ba;\· a11d trihntaries. 
Sf\etion I\'. Coasts arnl RornHh< of ~orth Carolina. 
S1•dion 11 I. l'rimar,\· triangulation hetween tlw J\faryland and Georgia base· lines (north· 

er11 part). 
Scctio11s I Y and Y. 1'ri nmry tria 11gttlation hetween the l\far;vlaml and Georgia basr-li11es 

(southern part). 
S1•etion \·. Coasts of co11tl1 Carolina and Oeorgia. 
Section Yl. Bast co:1Rt of Floritla, .A 11rnlia Island to Halifax River. 
Sedion YI. Ea"t coast of Florida, Halifax Hiver to Uape Oanaveral. 
Sectio11 YI. \Y e;;t cmu;;t of Florida, 'l'ampa Bay and Yicinit;y. 
S••d.i011 Y lJ. ". e;;t coai;;t of 1'lorida, Saint .loseph'i;; Bay to J\fobik Bay. 
Section Yll I. Coast of Alabama, l\Iississippi, and J.ouisfana. 
Section IX. Coast of Tex<LS. 
Sediou X (lower r;heet). Coast of California, from San Diego to Point Sal. 
Section X (middle sheet). Coast of California, from Point Sal to Tomales Bay. 
Section X (upper sheet). Coast of Ualifomia, from 'L'omales Bay to the Oregon line, 

arnl Sectiou XI (lower sheet). Coast of Oreg011, from the California line to 
Tillamook Bav. 

Section XI (upper sheet). Coasts of Oreg011 and of 'Vashington Territory, from Tilla
mook Bay to the boundary. 

ILLUSTRATIONS. 

22. 'l'o Appendix Xo. \I. Changes in the harbor of Plymouth, Mass. 
2;~. 'l'o Appendix Xo. 11. Report concerning the location of a quay oqiier line near the United 

States naYY-vard at New York. 
24. Line;; of equal 'magnetic deeliuatiou in the United States for the ;rear 1875. (To Appendix 

No. 21.) 
25. Sig11al on Mount Shasta, Califomia. (See page 56.) 
2u(L PeJl(lnlum Station, 8teye111:1 Institute, Hoboken. (To .Appendix No. 15, see page 204.) 
:!ti, :n, 28. Geneva wood.en Htand; Bessel reversible pendulum (27); arnl OeuenL pendulum 

· i;;npport (28). (See page 205.) • 
2\l. Rate1:1 of tlte rncriuian clock of the Paris Obseryat-0ry. (See page 208.) 
:10. Pl~wlnlum at Kew. Correction of chronometers. (See page 212.) 
:n. l'Prnlulum at Holloken, .Tune, 1877. Uormctions to chronometers. (See pages 224, 225.) 
3'' Peudnlnrn at Hohoken. Experiments at varying pressures and corrections to chrouom· 

eters. (See pages 22!, 220.) 
33. Pendulum at Hoboken. Experiments at varying iiressnres and corrections to chronom· 

eters. (See pages 224, 225.) 
:H. Pendulum at Hoboken. F]xperimcnts at high temperatures and corrections to chronom· 

eters. (Sec pages 224, 225.) 
:15. Obsen-ations for diurmil variatiou of r:tfo of chronometers, 1878. (See pages 224, 225. 
::IU. Pemlulum at Hoboken. Decrement of arc. Geneva support with hell glasses on and off, 

&c. (See pages 254 arnl 270.) • 
37 a. Pernlulum at Hoboken, 1877. Heavy end down. Rates of oscillation at different press

m·es. (Sec page 272.) 
:~7b. l'ernlulnm at Hoboken, 18i7. Heavy end up. Rates of oscillation at different pressures. 

(Sec page 272.) 
:37 c. Pendulum at lloboken. Curve showing logarithmic part of tlle decrement of amplitude of 

oscillation at llift'creut pressures. (Sec page 318.) 
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