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LETTER 
FROM 

THE SECRETARY OF THE TREASURY, 
TRANSMITTING 

The annual report of the Superintendent of the U. 8. Coast and Geodetic Survey. 

DECEMllER 11, 1888.-Referred to the Committee on Appropriations and ordered io be prmted. 

TREASURY DEPARTMENT, December 10, 1888. 

SIR: In compliance with t.ke requirements of section 4690, Revised Statutes, I have the honor 
to transmit herewith, for the information of Congress, a report addrei;;sed to this Department by 
F. M. Tborn, Superintendent of the Coast and Geodetic Survey, showing the progress made in 
that work during the fiscal year ended June 30, 1888, and accompanied by charts illlustrating the 
general advance in the operations of the Survey up to that date. 

Respectfully, yours, 

The SPEAKER OF THE HOUSE OF REPRESENTA'l'lVES. 

O. S. FAIRCHILD, 
&cretary. 
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158-16~ . 

ANTIGUA. Island ot: rcforence to, p. 48. 
APPENDICES FORMING PART HI OF THIS REPORT. No•. 

l to l!, inclu13.iV\J, titl€s and pagc:i of, prt;t:edi11g- this index. 
APPLEGET, W.W. Ship's writer on st""ru''r'lllake, p. 48. 
"ARCANO DEL MARE" (Dudley's). Refercnc,, to magnetic ob

ser..-ations contained in, p. 62; reference to, p. 95. 
ARCHlVES AND LIBRARY. Annual report of, pp. 139-1'3; 

general notice of work of, p. 91. 
AREA OF RECONNAISSANCE, p.105. 
AREA. OF llYD!lOGRAI'HY. Statisti"s of, p.105. 
AREA OF TOPOGRAPHY SU-RV EYED. StaLi•tics of, p, 105. 
A.REA OF TRIANGULAT!OX, p.105. 
ARIZONA. 'ferritory of, included hi Section XVI, p. 86. 
ARKANSAS, DIRECTOR. OF GEOLOGICAL 8PRYEY OF. 

Reference to, p. 53. 
ARKANSA.S. Stat<> of, included iu Section VIll, p. 51: levelir.g 

work in, pp. 53, M 
ARLINGTON, otation in triangulation of Wisconsin, p. 83. 
ARRANGEMENT OF FIELl> REPORTS IN G.EOGJUPHICAL 

ORDER,p.3. 
ARRANGEMENT OF P..l..RTS OF ANNUAL REPORT,p.3. 
ARTHUR KILL, NEW YORK HARBOR.. Ref~rence to, p. 39. 
ASH RIDGE. Triangulation station in Ohio, p. 78. 
ASSISTANT IN CHARGE OF OFFICE. Annual report of (Ap· 

pendixNo. ,,. pp.113-115; reference to, p. 89. 
ASTOR FOINT. Tri&0gulation ot&tion in Oregon, p. 69. 
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ASTORIA, OREGON. Investigation of tidal data for, p, 91: resnr
vey of water. front, p. 69. 

ASTORIA FLAG-STAFF. Triangulation station in Oregon,p.6~. 
ASTRONOMICAL OBSERVATIONS, ORIGIN.AL RECORDS. 

Statistic• ut; p. 106. 
AS l'RONOMICAL PARTIES. Statisti•• of, p.105. 
ASTRONOMICAL TRANSITS coMtmcted in instrument di

vision, p. UL 
ASTRONOMICAL "WORK. Records of, receive•! <luring year, 

p. 139: statistics of, p. 105. 
A'l'CH,U'ALAYA RIVER Sun-.,)· of,pp.5,,55. 
ATGlllSON, TOPEKA AND SANTA .F£ RAILROAD. Refer· 

encl:) to, pp. 58, 85. 
ATKHA, ATKllA ISLAND, ALASKA, p. 77. 
ATLANTA, GA. Connection of triangulation near, witb~at on the 

Gulf of Mexico, p. 51. 
ATLANTIC COAST. Field-work on, l'leneral statement of prog
~s, p. 56. 

ATLANTIC COAST PTLOT. Rplrographic examinations for, 
p.23. 

ATTORNEY-GENERAL OF 'l'HE UNITED STATES .• Refer
ence to, p. 90. 

A'l"l'U, AT'l'G ISLA.ND, ALASKA, p. 77. 
AUTOMATIC 'l'IDEGAUUES DISCONTINUED. Statistics 

ot; p. 106. 
AUTOMATIC TIDE-GAUGES ESTABLISHED. Sta.tmtic• of. 

p.106. 
AUZAL, E. W., ASSISTANT SURGEON U. S. N. Services on 

steamer Mc.Arthur, p. 70. 
AVJ<;R'i'S ISLA.NU, LOUlSio.NA. Salt mines on,p.56. 
A YltES, MISS S. C. Office of tile A8"i•tant in chaq:e, pp. 92, 115. 
AZIMU1'H. Determined at Mount Nel>o, Utah, p. 86; determined 

at Raccoon Station. Last Island, p. M; determined at station 
Minerva, in Kentn(',ky, p. 78; oU~ervetl at Oshor~ triangulation 
station, Imliaua, l'· SO; ob~Tvtj(j at :Sloop Point, .N". C., p. 46; oli· 
served at station Fitr.simmons. iu Wisconsin, pp. 8:!, 83; -obt-terved 
at stations on Mobile H.iver, p. 5:.! • obeervatiou~ for at Macho tr1-
angnlation station, California, p. 61 ; oiJsen·ations JOr, in survey of' 
ooaet of Oregon, p. 6ti; of i1relimina.ry L>a.so-tine at Minneapolis, 
Minn., observations for, p. 8!. 

..\ZIM UTH MAl~K (new). EstablishOO. at Los .Angeles magnetic 
obt:1ervatory. p. 59. 

AZlMUTll STATIONS. Statistic• of, p.105. 

B. 

BABYLON. L. I. Rcferonce t-0, p. 37. 
BABYLON AND BALDWIN, L. I. Topography executed be

twet:HI, p. 37. 
BAGUE, (). M., ASSIST.ANT. Topographic survey of tho west 

bank of tho St. Groix River between l'loasaut Point and Short
lands Station, pp. 20, 21: engaged in office work in Philadelphia, 
p.00. 

BA CHE, ll. ll., .ASSISTANT. Employed on office work in Phila· . 
delphia, p. 93. 

.nACHE (steamer). Use of and reference t-0, pp. 32, 47, 48, 49, 151, 162. 
llAHIA HONDA KEY. Reference ltJ, p.49. 
BAIRD GLACIER., ALASKA. Reference to,p. 75. 
JjALCH. Trianl{Ulation •tation in California. Reduction of transit 

observa.t10ns at, p. 93. 
BA.NUON, KOOS COUNTY, OREGON. Roference to, p. 67. 
BARABOO, WIS. Reference to, p.82. 
BARATAIUA (steamer), p.155. 
BARB A.DOES. Reference t-0, p. 48. 
BARKER., J. H. Chart division, pp. 91, 129. 
BARN ARD, A. P. Services in Kan&WI, p. 85. 
BARN ARD, PROF. LOUIS H, ACTING ASSISTANT. Reconnais

sance for connecting tbe triangulation iu the southern part of tho 
State of Pennsyh·ania with the primary triangulation in Marylanu, 
Jl.39. 

BARNSTABLE, MA.SS. Meridian line 0-0nneeted with triangula
tion and azimuth determined, p. 211. 

BARNSTABLE A.ND PLYMOUTH COUNTms, MASSACHU
SETTS. Triangulation in connection with tpwn boundary sur
vey, p. 30 

BARREN INLET, N. C. R&ferenca to, p. 4G. 
BARTLE, R. F. Engraving division, pp.119, 122, 123, 124. 
BARTLE, R. F., J11. Engravlng division, pp.119, 122, 123, l:U. 

BARTLETT. GEORGE A. DISBURSING CLERK, TREASURY 
DEPARTM:EST, pp. 9'2, 147. 

BASE-LINE, American Bottom, lllinois, p. 82; examination of site 
for a, in Frederick Sound, AJaska, p. 74; seJcctfon of site near 
Point Agassiz, and measurement of, p. 74; preparation of base-bar1-1 
for a, at Los Angeles, PJ'· 93, 94; measured bet.ween Boi=;ue atul 
Bear Inlets, N. C., p. 46; (preliminary) mear-ured at MinneapollH, 
Hinn. 1 and site for final primary baRe-line st:1Jected, p. &1; a.t Sau 
Pedro. Cal., reference to, p. 58; site for, nt>ar Los An~eles, Cal., p.58. 

BA SR-LINES, statistics of, p. 105. 
BASE-LINE (cheek) measured at Sloop Point, N. C., p. 46; rnea"

u1-erl at Thomas Ra.y, Ala.ska, p. 75; mPa..~m·pti for survey of Dun* 
can Canal, Ala.ska. p. 75; meastn·e<l on sl1ores of Sau Die~o Day, 
Cal., p. 57; measured on the. Soukboi Islands, AlaAka., fl· 74; near 
New River Inlet, p. 46. 

BASSETT, R. T. Miscellaneous clivision, p. 138. 
IIATCHELilEU TIDE GAUGE, use of referred to, p.5-0. 
BA PER. LOUIS A. Computing divi"ion, PJ>. llG, 118. 
BAUMANN, W. Drawiu~ rlhdsion, pp. 12fJ, 128. 
BAY OF J<'LORIDA. Reference to,]" 48. 
BAY KEYS. Reference to, p. 49. 
BA.YA HD, RH. Sen-ices in Section I. Referred to, p. 20. 
BAYLOR, JAMES B. ASSISTANT. Magnetic obs.rvationsat sta-

tions in Maine and M:aseachusettti, pp. 2;~, 2-1; gravity obserYations 
at Smithsonian Institution ; magnetic determinations (annual) at 
a sta.ti-on on Capitol Hill, "'\Vasbington, D. C., p. 42: services in 
computing lli.vision, pp. 116, 118. 

BA YOU B<EU1'', La. Reference to, p. 54. 
BA YOU LA BOVI. Reference to, p. 55. 
BEAN. Station in triangulation of Tennessee, p. 79. 
BEJ.lt B.\.NKS. Reference i-0, p.46. 
BEARD. St,.tion in trian~lation of Indiana, p.81. 
BEAUFORT A.ND CAPE FEAR. N. C. Additional surveys be-

tween, pp. 45, 46. 
BEBE MOUKD. Station in triangulation in Kansas, p. 84. 
HECK, J. Printing room, p. 20. 
BEECHER. .A.. M.,ENSION IT.S. N. Servic,•s In Alaska, pp. 73-77. 
BEECHER PASS, ALASKA. Jteforenceto,p.76. 
BEDFOKD, IND. Reference to, p. 81. 
BELKO FJ<'SKY ISLAND, A LASKA, p. 77 . 
BELL, J. A., ENSIGN U. S.N. Services on coast of Washington 

Territory, p. 70. 
BELLE ISLE. Station in triangulation of Loui•iana, p. "4. 
BELLU\GHAM A.ND SA.MISH BAYS A.ND THE ISLA:;IDS IN 

TliEll\ VICINITY. Triangulation and topography, of, pp. 72, 73. 
BENCH-MARKS at Mitchell, Indiana. Refer-enceto, p. 80: at New 

Haven, Missouri, 'P· st; between Osage City and Moreau Creek, 
Missouri, p. 84; 'established in Arkansas, reference to, p.53: in 
Massa.chnsetts, determination of accurate series of by loveling, 
p.26. 

BENICIA., CAL. Reference to, p. 64. 
BENNING'S BRIDGE. Refe"rence to, p.43. 
BENTON, W. lL Drawing di"\"'ision, PJ>.125, 128. 
BERGEN NECK, N.J. Reft>renceto,p.38. 
BERING SEA. Reference to, p. 77 . 
BERRYHILL, T. A.,ASS1STANT SURGEON U.S.N. Services 

on steamer Blake, p. 48. 
BlG POND. Triangulation station in North Carolina, p. 46. 
BlG SP A.NISH KEY. Reference to, p. 49. 
BILLINGSPORT. Reference to, p. 40. 
BISPHAM, H. A .• ENSIGN U. S. N. Services on coast of Flor

ida, p. 5-0. 
BITLER, R. 0., ENSIGN U.S. N. Service on C-0881 of Main.,_ p. 21: 

services in hydrograpbie survey coast of Louisiana, p. 56. 
BLACK FISH ROCK, near New Snf!'olk, Long Island. Reference 

to,p.36. 
BLACKLOCK POINT (WRMERL Y ROCKY POINT), OREGON. 

Reference to. p. 66. 
BLAIR, H. w.,LATE ASSISTANT. Reterenceto,p.112. 
BL.AKE (steamer). Use of and refewnoe. to, pp. 32, 34, 4.7, 48, 15.2. 

143-15&, 15f. 
BLOCK ISLA.ND AND POINT .Tf!DITIJ.. Hydrography be

tween, p. 33. 
BLOCK ISLAND SOUTHEAST t.tGHT. RefeNn<>e to, p. 33. 
BO.ARD OF POR"l' W .A.EDENS, PHILA.DELPJIIA. Reference 

to, p. 92. 
BOARD OF TR.ADE, PJIIL.A.Dll:LPHll. Reference to,p.92. 



 

ALPHABETICAL INDEX. XI 

BOAT HARBOR. Triangulation station in Washineton Territory, 
reference to, p. 72. 

BOGUE INLET. Reference to, p.46. 
BOGUE AND BEAR IKLETS. Base-line measnroo between, p. 4f>. 
llONE ISLAND. Reference to, 44. 
llORDA SC.AT,ES. Reference to, p. 93. 
BORDEN SURVEY. Reference to, p. 25. 
llOSTON PLATE OF CITY OF WASHINGTON. Supposed copy 

of, referred to, p. 90. 
HOUIS, C. G. Drawin~ divfaion, p.125. 
BOUNDARY BETWEEN THE UNITED STATES A:\'D CAN

AD.A. Determination of, in the vicinity of Etnnt Island, Mich., 
p. 89. 

IlO'GNDARY TREATY YAP. Reference to, p. 89. 
BOUTELLE, C. 0., ASSISTANT. Oh•ervations for latitude and 

azimuth at a. trigonomet,ric station in Wiscon~in. pp. l-12, s:;; f'm· 
ployell in office work, p. 83; corrnspondence relutivn to State rmr
veys, p. 83; servic~s in connection wiih Ch1cinnat i .Expo~ition, 
p. 83; continuation of geodetic operation::; 11rdiminaTy to a trian
i::ulation of the Stat<1 of MinneHota, pp. 83, 84. 

BOUTELLE, JOHN B. Computing division, p. 117. 
BOWER, MISS GLORA B. Tidal division, p. 135; Coast Pilot 

<Ii \"'ision, p. 157. 
BOWSER, PROF. E. A., ACTING ASSISTANT. Reconnais•:mco 

a11rl triangulation i11 the southern part of the State of New Jersey, 
p.41. 

JlOYD, c. H., .ASSISTANT. Triangulation of Cobscook BRy, 
Maine, and of the St. Croix RiYer, p.19. 

ERADFUl{U, GERSIIOM, ASSISTANT. Determination of bound
ary lines of towns in the State of Mam=m.chusctts, pp. 24, 25; tram~

coutinrntal lino of' geodetic ltweling c.arried westward from New 
ll"ven, llfo., p. Si 

BRADY. ROllEI:T, laborer, p.138. 
HRAID, ANDREW, ASSISTANT. Reference to geodetic lo'<'eling 

by, p. 38; rt>ifonmct' to, pp. 80, 84; in c11argft of instrument division, 
pp. 91, 113, !14, annual report of, pp, 131-l:J3_ 

BRAMHALL IIILL, PORTLAND, ME. l\Jag:nctic ot.ation, p.2'1. 
BRANDON, .J. N. Tidal division, p.136. 
IIRANDYWINE SHOAL. Roference to, p. 40. 

BRANNER, PROF. ,J, C., DIRECTOR OF THE GEOLOGICAL 
SURVEY OF .ARKANSAS,p.53. 

BRA.Ni' LIGHT. Triangulation station in M:a.ssachuRetts; refer. 
ence to, p. 31. 

IIRENNA N, .A.,T. Tide ohserv.-r, Sandy Hook, N.J., p.39. 
DRE:'<TWOOD ROAD. Refenmce to, p. 43. 
1lRE WSTER, MASS. Rl'f~rred to, p. 26. 
BltrDESBURGlI .AND CHESTER. Observation• of ice in Dela

ware Ri"<"er between, pp. 39, 41. 

IIRIDGEH.A:MPTON, LONG ISLAND, N. Y. Survey exto11lled to, 
p.35. 

BitIDG.ETON. Triangulation et&tion in N~w Jersey, p. 41. 
BRISTOL BAY, AL.ASK.A. Referenc" to, p. 77. 
BR.0\VN, Mr . .A.. C. Reference to. p.155. 
BROWN, GEORGE E. Aid rendered in latitude and azimuth ob· 

~erw1otionR in Wisconsin, p. 83. 
BROWN, MRS. J.B., p 24. 
BROWN, J. H. laborer, p.138. 
IIROWN COVE, ALASKA. Reference to; tidal obserrations at, 

p.74. 
BROWNSON, LIEUT. COMMANDER W.R., U.S. N., llYDRO-

GRAPRlC INSPECTOR. A.llnual report of, pp.151, 166. 
BRUCE, SANDY. Messenger, p.138. 
BJ{ UNSW JCK, GA. Refe1·ence to, p, 47. 
BRYANT, NEIL. Office of assistant and tidal division, p. lH. 
BUCHANAN, PROF. A. H., ACTING ASSIST.A.NT. Geotletic 

operations; occupation of @tatione for t-be connootion of the trian· 
gulatlon of the State of Tenneasee with the primary trianitulation 
ot the Coast and Geodetic S11rvey in N oribern Georgia aod .Al&
bama, p. 79. 

BlJOKEYE OAROlf, CAL. Reference to, p, 59. 
BULLETll!l"'S. COAST A.ND GEODETIC SURVEY. Reference to, 

pp.1!,95. 
BUNK.BR HILL, HOOVER'S RILL AND REFORM SCHOOL. 

Triangalatioo points used in topographical B11rve; of the Dietriet 
ot Columbia, p. 42. 

RUR'EAU OF SURVEYS, PBILA.DELPBIA. Reference to, p. 92. 
B'IJRLINGA.VE, KA.NS. :Referenceto,p.116. 

BURNETT, LIEUT. J.C., U.S. N., ASSISTA~T. Hydrographic 
sun~ey of Shoal water Gay and its approaches and off ~bore h,Y
drography l1er,ween that bay aud Gray's Harbor. pp. 6!-11 70; aitl 
rendered by steam launch Co~ruo~. p. 7:~; r('forencc to, p. 153. 

B'GRNT ISLAND, MICH. Snrrn.\·s an<l examinations at, pp. 83, 89. 
BURROWS BAY. P.Alfernllr.e tn. p. 71. 
BUTLER, 'WILLIAM H. Chief uwssenger, p.138. 
BUTLER'S COVE. Hefore11<'<' to, p. 72. 
BUZZA.RD'S DAY. Hcft·rt~n<·e t.-o, p. 34. 
.BYRNES, \VILLIAhl. Ordnance sergeant, U.S. A., tcmpemture, 

den~iry, a.nd tid1t.I observa.t ons by, at Delaware Brt>akwater, pp. 
40,41. 

c. 

CADEL, MISS F. Ti<lal <li'l'ision, anrl office of assistant in charge, 
pp. 92, lU, 134. 

CALAIS, ME. Hydrograplly extended to, p. 21. 
CALIFORNIA. Included in 8ucliou X, p.56. 
CALIFORNIA. (southern). Prirnary triaIJ:,!U1ation in, J>p. 60, 62. 
CALTFOHNI A. CKNTR.A L R R. Refemnre to, p. r.7. 
CALIFORNIA, OREGON, .AND W ASilINGTON TERRITORY. 

COAST PILOT OF, referred t-0. p. 94. 
CAMBRIA, SAN LUIS OBISPO COUNTY, CAL. Referenc<' to, 

Jl. 60. 
CAMERON, LA. Reference to, p. 55. 
CAMP GROUNDS, MARTHA'S VINEYARD, MASS, p. 31. 
CAN.ADA, DO:UI~ION OF, authority to occupy stations in ter-

ritory of, obtained, p. 21. 
CANADA.Y, triangulation station in North Carolina, p. 46. 
CAPE CHARLES, VIRGIKIA, hydrography, in vicinity of, p. 45; 

aiteof old light-house at, p. «; triaugulation completed in vicinity 
of, pp. 44, 45. 

CAPE CllIN!AK, A LASKA, reforence to, p. 77_ 
CAPE COD LlGHT-liOUSE TO LONG POIXT, base line, r~fer

enr..e to, p. 25. 
CAPE COD LIGIIT·lIOUSE TU WOOD ENll Ll<}HT-IlOUSE, 

base line, reference to, Jl. 25. 
CAPE COD PENINSULA, determination of town•hip boundary 

lines on, p. 2r1; pli_vsical hydrogra.phy of, memorandum relating to, 
p. 26. 

CAPE CORRIENTES, reference to, p. ~5. 
CAPE FANSHA \V, A LASKA, latitude, longitude, and magnetic 

T"a.riation determined at., pp. 74, 75. 
CAPE FEAR RI\'ER. N. C., engra'""'l plate of, completed, p. 90. 
CAPE GREGORY, reference to, p. 73. 
CAPE HENLOPEN, referenoe to, p. 40_ 
CAPE LOOKOUT, OREGON, examination for li~bt-house site 

near, p. 67. 
CAPE ME.ARES, Ol~EGON, examination of site for lil(hl-hou•u 

at, p. 67. 
CAPE ME:NDOCINO PASSAGE, establi•hment of buoys in, rec· 

ommemled, p. 94. 
CAPE ORFOltD, OREGON, (formerly known as Cape Blanco), 

reference to, pp. 66, 6i. 
CAPE POGE, changes in shore line, p. 29. 
CAPE POGE POND, refNence to, p. 2!1. 
CA PE ROMA.NO, reference to, p. 48. 
CAPE SAN MARTIN, CAL., reference to, p. 59, 
CAPE SEBASTIAN, OREGON, extension of, reconnaiosance to, 

pp. 66, 67. 
CAPI'l'OL HILL, W .A.SHINGTON, n. C .. mae:nPli<' station, p. 42. 
CARBO:NDALE, KA.NS. P.eference to, PP· 84, 85. 
CARLJSLE, MISS FLORENCE. Services in Library, p.143. 
CARLSBAD, CAL. Reference to, JI· 56. 
CAROLINA BEACH. Reference to, p. (6. 
CARR-LITTLE. Liue in triangnlation of Cobscook Bay, Me., p 19-
CASCADE HEAi>, OREG OS. Reference to, p. 67. 
CASCO BAY, ME. Examinations in, p. 23. 
CATALOGUE OF EN'GRAVED PLATES. Preparation of, p. 90. 
CA. VEN DISH. Reference to, p. 05. 
CE!ilTRE MORI CHES, LONG ISLAND, N. Y. Reference to, p.35. 
CENTREVILLE, CAL. Reference to, p. 65. 
CENTREVILLE SLOUGH.CAL. Referenceto,p.6$. 
CHAM COOK. Triangulation station in Ne0<· Brnn•wick, p. 20. 
CHAPMAN, D.C. Eleetrotypist and photo~r.1pher, reference to, 

pp. 00, 113, 119, 120; annua1 report of, pp. 121, 122. 
CHANNEL, tbrongh Sontbw""t p...,., Vermilion Bay, p. 56. 
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CHAPP .AQU ANSETT, or TASHMOO POND, p. 31. 
CHAPPAQUIDDICK ISLAXD. ltcforenct• to, p. 29. 
CHART CORRECTIONS, Change made iu sJstem of supplying 

Heferrurl to, p. 19. 
CHARTS COUPLETED OR IX PROGRESS DURING THE 

YEAR. Tabular otatement of, pp. 126-128. 
CHARTS, new. Li•t of, p. I30. 
CHARTS PUHLISHED BY PHOTOLITilOGllAPHY. Statistics 

of, p. I06. 
CIIAltTS PUBLISHED BY PHOTOLITHOGRAPIIY WITH· 

DRAWN FROM CIRCULATION. Statfatics of, p.106. 
Cll.A.l{TS, report of isl'rnfj of, pp. 130, 131; statement of 1mlt1~ of, pp. 

136, 137. 
CHAR'P DIVISIOX. COAST AND GEODETIC SURVEY, OF. 

FICE, Assh~twit "'\V. ll. Dtm11hs, assigutit.1. to cliargu of, p. 37; .An
nual repl1rt of AKsi8taut ""· H. D~µ11i:;., iu cl.!arge o( )-Ip. 129, 131; 
general uuticu of work ot~ Pl)· 90, 91. 

CHASE, A. W. Refore11ce to work by, p. 66. 
CJIATllAM NOUTH LIGHT, J.LHkl. I!cferen('c to, p.27. 
CHE.>Wn'SKY, CXALASliKA lSLAND, ALASKA, p. 17. 
C.llENlERb (l'hc). TopogI"apUieal SUIVl\Y of1 p. 55. 
CHERRY I:SLAXlJ FLATS. l:efornnco to, p. 40. 
CHESAI'EAKE BAY. I:eforcnce to, p. 44. 

CHE:SAPEAKE lU. Y. VICINITY 01" CAPE CHARLES. Prog
retJS iu h,ydrograpby of, referred to, p. 1G2. 

CIIESTEI{., PA. ltefeTeuce to, p. 40. 
CHE::;TER ANIJ NEW CA:STLE. Ob•ervation• of ice in Dela

warn Rivljr Let ween, pp. 39, 4:1. 
CHILT01'. W. 11. Cl<irk to the supe;intmulent,p.92. 
Cllll\A UULCll-YELLOW HILL. Line m hiangulatiou of Cali· 

foruia, p. 60. 
()lllNCUl'EAG lJE INLET AND BAR. Rcourvey ot; l'· 44. 
Cllll\lERE LE LIGXE. Relerence to, p. 55. 
Cllll\CUTEAGUE llAY, :MARYLAND. I:eforence to, p. 44. 
CHIPUTXETICUOK LAKE, MAINE. Triangulation cxt<mdeu 

to, p. 20. 
ClUUSrlE, A. S. Chief of tiual division, reference to, pp. 91, 114; 

ru.mual report ot~ pp. 133-135. 
CHIJCKA::\UT HAY. l~efcrern:e to, p. 72. 
CllUCKA:lHJl' ISLAND. lfoforence to, p. 72. 
Cll\ClNNATl EXPOSITION. Ueference to, p. 90; exhibit of 

woigl1ls aml mea:-'luteM. at the. refoned to, p. 92. 
CINClX X AT l LIME:>TO.'< E. Reforeuco to, p. 80. 
CITY KNUINEElt. .l<'ALL !'.IVER, MASS. Referred to, p. 25. 
CITY ENlilNEElt":s 01'.'FlCE, PllILA.DELPlll.A. lwforcuC<> 

to, p .. 93. 
CLAR.Kl Dr. J. J. Adjuster of weighta autl mca~ur~s, pp. 92, 1!7. 
CLARK'S COVE, MASS. llcnch-mark, p. 25. 
CLARK·::; KNOB. ,Irianguln.tion atu.tion in Pennsylvania, p. 39. 
CLAltVOE, G. W. Carpenter •lwp, p.133. 
OLATSOI' COUNTY <.:OU RT. I:eferenco t<>, p. 69. 
CLATSOP CUVNTY JAIL. llencb·tuark e•tabli•beu at, p. 69. 
CLEVEL..1.S.iJ l'ASSAGE, A.LASKc\.. I:"fet·1·nce to, p. 7U. 
CLI.l<'TOX, STATEN IiSLAND. Iwfcrence to, p. :38. 
CLOVElt, LlEUT. UICilAltD:,iON, U. S. N., .ASSISTANT. Ref. 

erunce to, p. 7 4. 
COAST AND GEODETIC SURVEY. Letter of tlie Secretary of 

the Treasury tramnuittiug to Cougress tho annual report of. p. 
iii; re.port of progress in work of, su lnnittt..'<l to &cretal'y of tho 
1'roa.sur_y, p. 1; progreB1' in work rt.ifcrrt·d to, p. 1; annual report 
of, general form and arran.2'ement of }>arts, l i maplj of geueral 
progreM and index maps a.cc"'rup::wyiug report, 1·eferenc~ to, p 1; 
general sta.t.ement of proh'l'ess in ficill wol'k, pp. 4-7; in otllce work. 
p. 7; discoimrii;,s and developmcnfa:1, Jlp. 7-8i bulletini:i, p. 8i s1-w,,cial 
wientifto work, pp. S-11; explanation of estiwates for, p. 11; e•ti· 
mates iu detail1 })p. 1'2-17; summary ot fit1ldand office work for fii:scn.l 
y"ar 1m<ling June 30, I888, pp. 18, 19; tabnlar •tatement• of naYal 
ufiioers attached to during tht.' tii:scal y~:iar au<l on June 30, J 888, pp. 
163-165; vessel.a in the ser¥ic~ of\ their nameH, tonnage, etc., p. 
163; 11nmberofmen attached to vessel8 of, p. 163. 

GOA.ST AND GEODET.iC SURVEY O~'FICE. Wurk of •nmwur· 
ized, p. 7; aaai•ttult in charge, reforenoo to, p. 7 ; detailed notice 
of op1·ratiou • of at clOllo of l'art II, referr6tl to, }" 7; pul>lication 
uutl d1stributi-0n of charts from; notices to mariuera, tide tables, 
and coast pilots, publication and i.aue of, p. 7; distribution of &n· 

nnal report~ of the superintendent from~ p. 7; statement of wo.rk 
of, during fi•cul Far, pp. 89-92. 

CO.AST OF LOUISIANA. Hydrograph~· of. Referred to, p.153. 
CO.A.ST PILOT DIVISION. Reference to, p. 154; annual report of, 

pp. 156.157. 
COAST P !LOT OF ALASKA. Rcforence to, pp. 77, 78. 
COAST Pl LOT U~' CA.LI.FURNIA, OREGON, AND WASHING· 

TON TERRITORY. Manuscript of, fourth edition of, tran~mitte,l 
to the Coast and Geodetic Snrvey Office by Prof. ue .. rge Davidson, 
p. 9!. 

COAST PILOT W()l~K. p. 94. 
COAST RANGE. Reference to, p. 67. 
COBB ISLAND. Ref1nence to, p. 44. 
COBSCOUK BAY, ME. Hytlrogmphic sheLt of, p. 2I; to1•ography 

of, p. 22; triangulation (lf, pp.19, 20. 
COllSGOOK .l<'.A.LLS, ME .. p. 22. 
OOCCLES BAY, LONG ISLAND. Inner shorn-line surveyed, p. 36.' 
COFFMAN, DE WITT, LIEUTENANT, U. S. N. Service• in 

Alaska, pp. 73-77. 
COI"LINSVILLE, CAL. I:eferenell to, p. 6<. 
OOLONNA, B. A. ASSISTANT l.N CHARGE OF OFFICE AND 

TOPOGRAPHY, p. 114; Annual 1{epo1 t 01; l'P· 113-115; reforei1ee 
to do.,p. 89. 

COLORADO, STATE OF. Inclmleu iu Sootion .X:Vl, p.80. 
COLSON. Triangulation station in 'Kew Jnr8e.)', p. 41. 
GOLUMIUA. RIVER. IJlacing of a fu:.;-sigua1 M11ip otr tht'! bay 1Jt; 

recommcmded, p. 94 ; i·efcrence to, p. OU. 
COLUMBIA RIVER TO POitTLAlSD. Engrnveu plate of; com· 

11leted, p. 90. 
COLUMBIA RI VER BAU.. Oboci·-vations tor imlicating roughness 

ot;p. 69. 
<JUM.llENCE.MENT BAY, WASH. Eimminutiun for dioorepaDcy 

in tl'iangulation of, p. 7iJ. 
COMOTlER&A, HAW .A.HAN ISLANDS. Refeieuco to, p. 87. 
00.Ml'LETl0.'1 OJ<' THE RECOl{D OF TlDAL omrn1; v .AT.IONS 

AT TllE.A.VTOMATIC TillAL Sl'ATION AT PULPH COVE, 
NORTH HA. VEN ISLA!> D, PENOBSCOT BAY, M.K, p. ~;;. 

COMPLETION 01'' TllE TOPOGRAPHICAL RECONNAIS· 
SANCE 01'' THE COAST 0.F OR.EGON BETWEEN YAQUINA 
RIVER AND TILLAMOOK ll.A.Y. EX,l,1>11.XATION ()]' 
SITEt:l .1<'01' LIGHT-HOUSE::; AT CAPE LOOKOUT AND 
CAPE MEARES, p. 67, 

CO.Ml'LETION 0}' THE TOPOGltAl'lllCAL IrnCOS'.'>l'AlS
SA.NCE OJ<' THE COA.:ST OJ<" OREUOl\ nm.M YA.~UINA BAY 
TO CAI'E ORl!'ORlJ, .A.ND THENCE Tu CAPE S.Elld.STlAN, 
pp. 66, 67. 

CU.MP LETION OI•' THE TRI ANG UL.A.TION INT HE VICINITY 
OJ<' CAPE CHAltLES, VA., pp. 44, 45. 

COMPUTATIONS. St.atisticouf. p. lu6. 

CU.M.l'UTINV DIVISION. Geuernl notice of work ot; p. SS; An· 
nual lteport of C .. A_. ~chott, A NHihtant iu Charge c..:f, Jtp. 116-llK 

CONE P .KaK. Triau.;;,ulatiou station in Califoruia, p. 51.1. 
CONNECTICUT, Statu of, Includetl iu Sectiuu Il, p. 34. 
COXNECTION OE' OLD wrrn NEW TlUAl\'GUL.<l.TlON ON 

THE <JO.A.ST 01<' NORTH Cd.ROLINA. AND RESURVEYS 
ON THAT COA:ST Fl>O.M M.A.SO.'iBOlt.O INLET TOW A.RD::\ 
NEW .RIVE.It, p. 46, H. 

CO.XXESS. Tl'iaugnlation •tatiou 1u Ca<ifornia, p. 6L 
COl\STABLE'S HOUK, N. J. Tide-gauge and bencll·lllark at, refer· 

cuco to, p. 38. 

IJU.NSTA.NTS OJ<' SCOUR OJ<' CU1\RENT8 OVER SllDY 
HOOK BAR Referred to, p. 37. 

CONTENT .KEY. Retereuceto, p.tl9; tides observed at, p.00. 
CONTINUATION 0.l<' THE DETAILIW TOPOGUAPJUCA.L 

:SURVEY OE TIIE DI:,i'l'lUCT U.lf COLUMlll.A, p,'2-44. 
<JONTlNUATIO.N OJ<' GEODETIC OPERATlONS l'RELIMI. 

NA.RY TO A TRl.A.NGUL,l,TlON OJ<' THE ST.ATE Olf :Ml:S· 
NESOTA, pp. &:t 84. 

CONTINUATlON OJ<' PHYSICAL HYDRWRAPHlC SUR· 
VEYS IN NEW YORK BAY A.ND HAJU!O.R, pp.37,38. 

CONTINUATI-ON OF THE RECONNAlliSA.<SCE AND '.l'IU. 
A.i."'GULATION FOR CONNECTING Til.E PRIMARY Tfil. 
ANGULATION NEAR ATLA.N'.l'A WITH TILA.T OF T.llE 
G UL)', pp. 51, 52. 

CONTINUATI(}N OF TIDAL RECORD FROM AUTOMATIC 
TIDE-GAUGE AT SANDY HOOK, N. J.,p.39. 

CONTINUATION OF TIDAL .RECORD AT TR.E AUTO. 
MATIC TIDAL STATio.N AT SArNT P.AUL. KA.DIAK 
ISLAND, ALASKA,p.'17. 
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CONrINUATION OF TIIE TOPOGRAPHICAL SURVEY OF 
THE SOUTH AND KORTH BRANCHES OF COBSCOOK 
BAY, ME, p. 22. 

CONTINUATIO)I OF THE TRlANGlTLATION AND TOPOG· 
RA.PHY OF BELLINGHAM AND SA.MISH BAYS AND 
THE ISLANDS IN THEIR VICINITY, pp. 72, 73. 

COUNTY SUifflffOR. LAWRENCE COUNTY, nm.,p.80 
COOPEl{.(JHA ~!COOK. Primar;· \Jase.line in Maine, p. 19. 
CO-OPERATION O~' GOVKRNMES"T IlEPAR1'!fENTS IN 

WORK OF COAST AND GEODETIC SURVEY. Referred to, 
p.95. 

COPECUT. Triangulation •tatlon in Kassachusett•, p. 25. 
COitDELIA SLOUGH. CAL. Heference to, p. 64. 
COSMOR (•team.launch). Use of and reference to, pp. 73-77; sepa

rated from steamer Patterson uy breaking of hawser, p. 73. 
COT Ai>IY BAY, MASS. Chan)(ea in New South lnlct, p. 29; refer. 

<Jncc to, p. 31. 
COTTAGE CITY. Reference to, p. 31. 
COURTENAY, E. H. Compnt-iag Division, pp. 113, 117. 
COVINGTON, KENTUCKY. refor,•nce to, p. 117. 
COWIE,G. W., JR., PASSED ASSISTANr E~GINEER, U.S. N. 

SArvfoes on steamer Blake, 48. 
COX, J. P. Engraving Division. pp.119, 123. 
CRAPO SUNKEN ROCK. Reference to, p. 58. 
CRAUF!TRD, G. B. Print-ini: room, p. 120. 
CROMSET NECK, MASS. Bench.mark, p. 25. 
CROSBY, F. H., LIEUTENANT, U.S. N., ASSISTANT. Hydro

i:rapbic survey of St. Croix River, Me., completed and hydrogra
phy of Cobscook Bay begun, p. 21; bydrogrJ.phic surveys on 
coast of Louisiana, p. 55 ; referenco to, pp. 20, 151, 153. 

CROSS I.EDGE SHOAL. Refere.nce to. p. 40. 
CULVER WELL, J. G. Watchman, p. 38. 
CURRENTS. In Frederiek Sound, Alaska., p. 76; on coast of Louis· 

iana, pp. 55, 56. 
CURRENT METERS. New form of, devised by Messrs. Ritehie 

and. Haskell, reference to, p. 37. 
CURR~;NT OBSl!:RV AT IONS. In approa.ches to New York Har-

hor. p. 35; in the Gulf Stream, pp. 47, 48. 
CURRENT STATIONS OCCUPIED. Statistics of, p. 106. 
CU'r'l'YHUNK, reference to, p. 33. 
CUTTYWAUGH LEDGE. Establishment of buoy recommended, 

p. 33. 
CYPRESS ISLAND. Reference to, pp. 71, 72. 

D. 

DAISY (stea.mer). Use of an<l refer<>ne<J w, JlP· 23, 34, lf>l, 155, JS7. 
1U.KOTA, TERRITORY OF. Inclutletl in Section XV, p. 83. 
DAUARISCOTl'A, ME. Magnetic oh•ervation• at. p. 2a. 
DAMRELL, MAJOR A. :N., U. S. ENGINEERS. Acknowledg-

=nt of assistance rendend by, p. 52. 
DANFORTH, ME. Magn.,tic observations at, p. 24. 
DARK HARBOR, ME., p. :ll. 
DARN A.LL, C. N. Carpenter-shop, p.183. 
DARTMOUTH TOWNSHIP, MASS. Reference to, p. 25. 
DARWIN, PROF. G. H. Reference to report by, on the harmonic 

analysis of the tides, p, 91. 
DAVIDSON, GEORGE, ASSIS1'ANT. Direction of examination 

of base-line site at Los Angeles. Cal., p. 58; direction of special 
hydrobrra.phfo ~xa.minations in California., y. 58 ; general charge of 
tl1e land work upon the Pacific coast, the ml\iu triangulation of 
Southern California, and inspection of field parties, etc~ 1 pp. 60

1 
66; 

directing resurvey of Eel River entrance and of Salt Rinr, Val. ; 
p. 65; in charge of the snhofllce &n Francis<'o, p. 93 ; prepara
tion of base bars for the Los Angeles base, pp. 93, 114; ooast pilot 
work, p.114 ; recommendations"" to aids t-0 n&.,.iga.tion,p. 94.; ad. 
ditlon to ilcld catalogue of stars, p. 94. ; transmits to Coast and 
G.-od<>tic Surve:v office the manuscript of the fonrth 01lition of the 
Pacific Cow l'ilot, p. 94; examination of early explorations of 
the Pa.eitle co"8i, "P. llS ; referenoo to, p, 153. 

DAVIES, PROF.J. E., ACTING .ASSISTANT. Geodetic operations 
continued ID State of Wisconsin, p. 82; eervieee in conDOOtion with 
latitude -d azimuth observations at astatlon In Wi&consin, p. 83. 

DA. VIS, w. H. Engravin,; division, pp.1111, 1211. 
DAVIS :NEW SOUTH SHOA.L LIGHT-SHIP. Reference t<>, p. 33. 
DEADEN'ING. Station of trian,2tllatien of Tonn-, p. 79. 
DEADM:A.N'S ISLAND. Refere11e<> t.o, p. 58. 
DECEPTION PASS ENTRANCE. :Reference t.o, p. 'ill. 

DEEP-SEA CURRENT STATIONS OCCUPIED. Statiotics 
of, p 106. 

DEEP-SEA SOUNDINGS. Statistics of, 106. 
DEEP-SEA SOUNDl:'\GS AND OCEAN CURRENTS. Referonc.• 

to, p.153. 
DEEP-SEA SIJB-CL""RRENT OBSERVATIOYS. Statistics of, 

p. 106. 
DEEP-SE.'.. SURFACE CURRE:-IT OBSERVATIONS. Sta-

tistlcR of, p. 106. 
DEEP-SEA TEMPERATlJRE OBSERV _\.TIO NS. Statistics of, 

p. 106. 
DEEP-WATER POINT. Reference to, fl· 40. 

DEER ISLE. Triangulation station iu Louisiana, p. 54~ latitudo 
and azimuth tl~termined at, p. 54. 

DEER ISLA.ND-HELLE ISLE. Line in triangulation of Louisiana, 
p. 54. 

DEFLECTION OF THE PLt:MB.LINE AND VARIATIONS 
OF GRAVITY IN THE HA.WAIIaN" It>LANDS. Pape!" in 
relat10n to, prepared by Sub-Assistant. E. D. Preston, reference 
to, p. 88. 

DELt.. WAKE, STATE OF. Inclu<led in Section II, p. 34. 
DELA. WARE BAY A.ND NEW YORK HARBOR. Prompt pub-

hcati.on of res11rv~ye. of, p. 9-0. 
DELA WA.RE BREA.KW ATER. Reference to, p. 40. 

DELAWARE ENTRA.N"CE. Eni:rravNl plate of. completed, p. 90. 
DEL CORRA.LL, F. J. Drawing Dh-ision. pp.12.\ 126. 
DEL MAR, CAL. I\eference to, p. 56. 
DENIS, VICENTE. San Francisco snh-office, P- 93. 
DENNIS, W. H, ASSISTANT. Topographic rcsnrvt'y on t.he 

R<lnth coast of Long Island from near Babylon to the we•tward 
and. soundings in Fire Island Inlet, p. 37; f'Dl!a::-ed in iukinf,! plane 
table sheets, p. 37; in charge of Cb:ort Di•·ision, pp. 37, 90, 91, 114; 
annual report of, pp. 129-131. 

DENNYSVILLE, ME. Triangulation Rtation at. p. 19. 
DENSITY AND TEMPE&ATURE OBSERVATIONS. .At Del· 

aware Brea~water, p. 40. 
DE:li<'l', BAlNE C., EXSlGN, U.S. N. SeT'·iees on schooner Eagre. 
DEPART:U:ENT OF STATE. Request for suney of Portland 

Canal and Pearse 's Channel, p. 76 ; special surv('y reqneeted by, p. 
89·; letter of thanks for report ma<le by Coast and Geodetic Survey 
offi.cP, p. 89; referenc~ to Rpl'dal AUt''\'ey requested by. v- 83. 

DEPARTM~~NTS OF THE GOVEl~NMENT. Co.operat.ion of, in 
wm·k of Cmt.stantl Geodetic SnrvPy refen•etl to, p.95; informa.ti-ou 
furnished to, etc, (App~ndix No. 3), p.107-111. 

DEPARTURE BAY. Reference to, p. 74. 
DERMOTT MAP. Reference tv, p. 90. 
DESCRIPTIVE REPORTS. Of hydrograpby, coast of Louis

iana,, p. 55; to accompany t-0pographical sheets of Bellin_ghan1 awl 
Samish Bays, and the islall(ls in their Yiclnit:r. reforence t.o. p. 72; 
to aeoonipany hydrographic sheets of no~ario Straits and P.Hlilla. 
.Bay. reference tot p. 72; to accompany original sheets of snrv1·r 
of Eel Rh;er entranefl. Cal, reference to, p. 65. 

DETERlUNATIO~ BY EXCHANGE OF TEI,EGRA.l'IUC 
SIGNALS FOR LONGITUDE OF THE LINE SALT LAKE 
CITY-WALL.A WALLA, FORMING PART OF THE TELE
GRAPHIC CIRCUIT SALT f,AKE CITY-S.AN FRANCISCO, 
PORrLAND-W.A.LLA WALLA-SA.LT LAKE ClTY, J>. l'G. 

DETERMINATION OF BOUNDARY LINES OF TOWNS IN 
THE STATE OF MASRACHtlSETT<, p. 2t,25. 

DETERMINATIONS OF GRA \'lTY AT SAN FRANCISCO 
ANO AT MOUN'I RAM.ILTO~,CALIFORNlA,p.6:1,M. 

DETEitllINATIONS OF G RA V!l'Y Ol< TIIE HA. WAIIAN IS. 
LANDS, AT SAN FRANCISCO, ON :MOUNT HAMILTON, 
AND A. TW.A.SflINGTON,DlSTim.:roFGOI,UMIHA., j)JI 87,88, 

DETER~IIN.A.TIONS OF GRAVITY AT THE SMITRSONIAN 
INSTITUTIO •, W A.SHINGTON, I'! CONNECTION Wll'H 
SI:MILA.R DETERMINATIONS IX THE ll.AWAIIAN" rs. 
LANDS, AND IN CALIFORNIA, p. 42. 

DETERMIN.A.TIONSOFI,ATITUD& AND GRA VITYFOR THE 
HA w AIIAN G-OV&aN:U:ENT, .Appendix N(). "14, Ill'· 471-563. 

DETERMINATIONS OF LONGITUDE BY EXcHA.NGES OF 
TELEGRAPHIC SIGN.A.LS BETWEEN YAQOTNA AND 
PORTLAND, OREGON, .AND BETWEEN PORT LA ~D ANil 
SE.A.'l'TLE, WASHINGTON TERRITORY. OBSERVATIONS 
~'OR I,A.TITUilE A.ND THE MAGNETIC ELEMENTS AT 
Y.A.QUlNA,AND Fo& THE lCAGNETIC ELEME!l<TS AT 
PORTLAND, pp. 68, 69. 
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DEVIL'S BRIDGE, reference to, p. 32. 
DEVIL'S LAKE, station in trian~nlatio1, of WiStlonsin, p. 82. 
D[ABLO, triangulatinn station in California, p. 61. 
DICKINS, E. F., ASSISTANT, completion of the topoj!;raphical 

reconnaissance of the coast of Oregon, from Y aquina Bay to Cape 
Orforil, and thence to Cape Sebastian, pp. ti6, 67. 

DICKl:lON, .LAS.}'. Printini: room, p.120. 
DlFFERENTLl.L METHOD m· COMPUTING THE APPAR

ENT PLACES OF STAI!S FOR DET.ERMINATION'SOFLAT
lTUDE, APPENDIX Xo. J;J, pp. 465-i7U. 

DIGHTON, MA._S~ .• refereneo to, Jl. 25. 
DIRECTOR OF' l'UBLIC WOitKS, PHILADELPHIA, aosistance 

from, a.cknnwfod~~d, p. 41. 
DISllURSLNG CLERK, TREASURY DEP ARTMEl'fT. p. 92. 
DISBURSING OFFICER, for Coast and Geodetic Survey, necessity 

for, p. 92. 
DISCOVERIES AND DEVELOPMENTS <Jurin:;: the year, pub

li~lwd in Notices to Mariuf'r~. pp. 7, 8. 
lJISTRlH\!TION OJ" THE PARTIES OF THE COAST AND 

GEODE!'IC SURVEY Ul'ON TUE ATLANTIC, GULi!' OF 
MEXICO, AND PACIFIC COASTS, AND IN THE INTERIOR 
OF THE l'NITED STATES DURING THE :FISCAL YEAR 
ENDIXG- JUXE 30, 188<, Appendix No. 1, pp. 99-101. 

lHSTJUCT OF COLUMBIA, inclnde<l in •cction III, p.42; topo
graphical surn\f of tlw, PJJ. 42, 44; topo~rapb~, cost of, p. 43. 

DIVISIONS OF COAST AND GEODETIC SURVEY OFFICE, 
reference to annual report~ of chiefs of1 p. 89. 

DODD, A.\\' .• ENSlG:N:, U.S. N. Sen-ice on coast of Maitte, p. 21. 
DODGE, .F. S. Hawaiian Govcrument Survey, aid rendered by, in 

gravUs observations, p. 88. 
DONN, F. C. Hyclrographic draughtsman, pp. 158, 1591 1601 161, 162. 
DONN, JOHN W., AS8ISTA:XT. Continuation of the tie.tailed 

topographical sttr\"t'l.Y of the Dii:;.trict of CulumiJ.ia, pp. '2, 43; en
j?aged in office work, Jl· 43. 

DOOLITTLE, :l.L H. Computing cii·dsion, p.113. 
DOUG AL, 'V. U. Engra\'in:z division, p. 119. 
DRA WIN(; DIVISION. Annnal r·eport of (Appendix No. 4), pp. 

124-128; g«mcral 110tice of work of, p. 90. 
DRAKE, SIR FRANCIS. l~efereuce to,p.95; magnetic observa-

tion~ by (15i9) 1 reference to, p. 63. 
DRY RIDGE. 8tation in triangulation of Kentucky and Ohio, p. 78. 
DRY STRAIT, ALASKA.. Tidal ob•m.,·atiou• at, p. 74. 
lJUULEY. Examination of charb of, by l'l'uf. George Davidson. 

p.95. 
DU.ESB.ERR Y, ,J.M. Library and archiYes, p. 143. 
DUNCAN CANAL, ALASKA. Reference to,p.75.; t:dal obser· 

vatio11 at, pp. 74, 75. 
DUNN, ,T. L. Pay yeoman on RteamPr Bach~. p. 50. 
DUTCHESS OF PONTCHARTR.UN (ship). M:agnotic oboerva· 

tions by, referrod to, p. 62. 
DYER, HORACE. Fireman, p.138. 

E. 

EAGLE HARBOR, PUGET SOUND. Reference to, p. 71. 
EAGRE (oebooner). u.~ of, au<l reference to, pp. 32, 34, 151, 152. 
EARLY EXPLORATIONS. On the Pacific Coast, Investigations 

of, by Pro!'. Georg<> David•un, p. 95. 
EARNEST (schooner). Use of and reference to, pp. 70, 71, 72.153. 
EAST BAHIA HONDA KEY,p.48. 
EAST RA.SE STATION, DUNCAN CANAL, ALASKA. I>eter· 

minations 0-flatitudc and longitude, and magnetic vana-tion1 p. 75. 
EAST CAPE. Reference to, p. 49. 
EAST CHOP, VINEYARD HA VEN HARBOR. Changes in shore 

line, p.29. 
EASTPORT, :M.E, Geographical positions located in, 19; hydro· 

l(t'aphie examinations carried to, p. 23; hydro11rapby extended 
from, to Calais, p. 21 ; magnetic observationB at, p. 24. 

EASTPORT, ME., AND DELT.A OF THE MISSISSIPPI. Hydro
grapby completed between, p. 48. 

EAST SWASH AND MAIN SHIP CHANNELS, New York Har-
bor. Current ob8tlnations In, p. 37. 

EASTVILLE, MARTHA'S VINEYARD, M.ASS., p. 31. 
ECKMAN. Station of triangulation in Kan&as, p. 84. 
EDEN. TrlauJtUlation •tation In '\Va•hiugton Tet·ritory, p. 72. 
EDGARTOWN HARBOR.. Reference to, fl. 31. 
EDGARTOWN VILLAGE, MASS. Reference to. p. 29. 

EDISON INCANDESCENT LAMP. Used to illuminate axis of 
tel~scope, p. 81. 

EDMONDS .A~D PEMBROKE, ME. Triangulation stations lo
cated at, p. 19. 

EDMONDS, FRANK W. Services in San Francisco sub-office, p. 
95. 

EDWARDS, W. B. Pa.r yeoman schooner Earnest, l'· 71. 
EEL RIVER, CALIFORNIA. Changes in t•ntrance w, I'· 66. 
EEL RIVER ENTRANCE, CALIFORNIA. Resurvey of, pp. Uf•, 

66. 
J<;!MBECK, WILLIAM, ASSISTANT. Engag;ed in ofliM work, 

p. 86; occ11pa.tion of stations fot the oxtonsion eastward of the 
transcontinental triangulation near the thirty.ninth paralld in 
Utah, p. 86. 

EICHHOLTZ, H. G. Chart division, pp. 91, 129. 
ELECTROTYPE AND PHOTOGRAPH ROOMS .AND PLATE: 

PRINTING O~'FICE. General notice of work of,!'· 90. 
ELECTROTYPIST AND PHOTOGRAPHER. Rcfrr«DC<' ro, p. 90. 

ELECTROTYPE PL3.TES. Machine for fllinl( b1tck• of, 1levi•etl 
by I>. C. Chapman. Reference to, p. DC; Atntistica of, p. 106. 

ELEPHANT BLUFF. Stationoftriangulationof\Viscon•in, p. 82 

ELEV ATI:ON. Station of triangulation in Kansas, p. 8:i. 
ELEVATIONS DETERMINED TRIGONOMETRIC ALLY. Sta-

tistics of, p. 105. 
ELIZA ISLAND. Reference to, p. 72. 
ELLICOTT, EUGENE, ASSISTANT. Services in Section I re

forrod to, p. 20; topograpltiea.1 survey of Cobs(;ook Bay, Maiue1 

p.22. 
EMORY, LIEUT. COMMANDER W. H .. U.S.N. Insp<!etion of 

ti<le station, Kadiak Island, Alaska, p. 77. 
EMPIRE CITY, OREGON. Reference to, p. 67. 
ENCINITAS, CAL. Reference to, p. 56. 
ENDE.A. VOR (steamer). Use of and reference to, pp. 23, 45, 152, 155, 

157. 
ENGINEER OFFICER IN CHARGE OF IMPROVEMENTS 

AT MOUTH OF COLUMBIA lUVER,p.09. 
ENGI~A VED CHARTS WI'l'HDRA. WN FROM CIRCULATION. 

Statistics of, p. 106. 
ENGI:A. VED PLATES FOR COAST AND GEODETIC SURVEY 

REPOltTS. Statistics of, p.106. 
ENGRAVED PLATES OF COAST PILOT CHARTS. Statis

tica of, p.106. 
ENGRAVED PLATES OF COAST PILOT YIEWS. Sta.tistics 

of, p.106. 
E:\GRAVED PLATES OF MA.PS AND CIIART8. Talmlar 

•tatement of, pp.122-124. 
ENGRA. VING AND PRINTING. Statistic• of, p.100. 
ENGRAVING A.ND ELECTROTYPING A.ND PRINTING DI

VISIONS. Annual Report of Aosistaut II. G. Ogden, in charge 
of, pp. 11S-12!l. 

ENGR.\.. VING DIVISION. General notice of work of, p. 90. 
EN TROFFER. E. J. Engravinj!; division, p.119. 
ENTHOFFER, JOSEPH. E1Jgra.ving division, pp. UD, 123, 124. 
ENTWISTLE, J.C. Engraving division, pp. 119, 124. 
ERICHSEN, P. Drawing division, pp. 124, 126, 127, 128. 
ESHLEMAN, E. Instrument division, p.132. 
ES1'llllATES, COAST A.ND GEODETIC SURVEY FOR FIS

CAL YEAR ENDING JUNE 30, 1890, pp. 12-17; explanation of 
<'&timate11, JI- 11; eAtiwate for party expenses, pp. 12-14; for 
.A.laxka boundary survey, p. 14; for repairs and maintenance of 
vesst•l•, p. 14; for pay of field officers, p. 14; for contribution ·to 
International Geod&tic As•ociation, p. 14; for pay of oftloe fore<>, 
pp. 15-16; for office expenses, p. la; for n>nt of nffide buildings. p. 
16; for publishing observations, p. 17; for printing and binding, 
p. 17; for annual report, p.17; for ofliee of construction of stand
ard wei.j!;bts and measures, p.17. 

ESrIMATES FOR FIELD WORK. Increase in, approved by 
Secretary of the Treasury, p. D5. 

EUROPE.AN STEAMERS bonnd to New York, currents In track 
of, p. 35. 

EV A.NS, G. R., ENSIGN, U. S. N. Servioes on west coast of Flor· 
Ida, p. 50. 

.EV ANS, H. C. Engraving dlTia!OD, pp.119, 122, 1!13, 124. 
EXAMINATION OF COAST CURRENTS IN THE AP

PROACHES TO NEW YORK HARBOR, p. 3'. 
EXAMINATION OF SITES FOR LlGR'r-HOUSES ON C-OA.ST 

OF OREGON, p.67. 
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EX.\MINATION OF THE SITE SELECTED FOR THE MEAS. 
UR~>MENT OF A PRIMARY BASE LJNE NEAR LOS AN· 
GELES, CAL., p. 58. 

EXCHANGES OF TELEGRAPHIC SIGNALS FOR LONGI. 
TUDE BETWEEN SAN FRANOISCO, CAL., AND PORT· 
LAND, Ol:EGON, Jl. 63. 

• EXECUTIVE DEP .ARTMENTS. Distribution of charts to, p. 91. 
EXPLANATION OF ESTIMATES, ii. 11. 
EXTENSION OF THE 'l'RANSCONTINENTAL TRIANGULA· 

TION NEAR THE THIRTY-NINTH PARALLEL '1'0 THE 
BASTW ARD IN THE STATE O~' INDIANA, p. 80. 

EXTENSION TO THE WESTWARD OF THE TRANSCON· 
TINENTAL TRIANGULATION NEAR THE THIRTY. 
NINTH PARALLEL IN OHIO AND KENTUCKY, p. 79. 

EXTENSION WESTWARD OF THE TRANSCONTINENTAL 
TRIANGULATION NE,\R THE THIRTY.NINT!l PARAL· 
LEL IN KENTUCKY AND OHIO, pp. 78, 79. 

F. 

FAIRFIELD, G. A, ASSIST.A.._"'<T. Extension of the transconti
nental triangulalion near the thirty·nint h parallel to the east. 
word in the State of Indiana, pp. 80-82: employed on office duty, 
p. 82; services in computing division, 116, 118. 

FAIRFIELD, W . .B. Extra observer, servic('sin Alabama,p.l\l; 
~ervicea in Kentucky and Ohio, p. 78; reconnaissance in Indiaua 
and Kentucky, pp. 79, 8Q; services in Indiana, p. 81. 

FAIRIIAVEN, WASH. Reference to, p. 73. • 
F .AIRHA VEN TOWNSHIP, MASS. Reference to, p. 25. 
FAIRVIEW. Triangulation atation h1 Maryland, p. 39. 
FALL RCVER, MASS. Bench-mark, p. 25. 
FALL RlVER TOWNSHIP, MASS. Reference to, p. 25. 
FALLS ISLAND, ME., p. 22. 
FALMOUTH ISLA!>."D. MASS. Topography of, p. 30. 
FALMOUTH, KY. Reference to, p. 78. 
FALSE BAY, CAL. Reference to, p. 56. 
F .ARMINGTON, ME. Magnetic observatmns at, p. 24. 
F.ARQUIIAR, HENRY. Comp11tingdivlsion,11.ll7. 
FIDALGO BAY. Reference to, p. 72. 
FIELD AND OFFICE WORK. Statistics of, .Appendix No. 2, p. 

IO(;-JQ6. 

l<'IELD CATALOGUE OF STARS. Ad11itions to by Prof. Georgio 
DaYidson, p. 94. 

FIELD, H. A., ENSIGN, U.S. N. Ser..-ices on steamer Bache, p. 33. 
FJELD OFFICERS. Estimate for pay of, p.14. 
FINISHED CHARTS. Published from engraved plates, statistics 

of, p. 106. 
FINLEY KNOBS. Reference to, Jl· 80. 
FINLEY-lULLER. Line in triangulation of Indiana and Ken

tucky, p. 80. 
FINN'S POINT. Reference to, p. 4-0. 
FIRE ISLAND AND BARNEGAT. Observations of currents 

between, pp. 34, 36. 

FIRE ISLAND INLET. Additional soundings in, p.37. 
FISCHER, E.G. Chief mechanician, pp, 91, 113, 132. 
FISCHER, L.A. Instrument division, p. U2. 
FISHERIES 01!' A.LA.SKA. Reports on, by Prof. George David. 

eon, ret't><rred to, p. 93.. 
FISHER.MAN ISLAND. Reference to, p. '4. 
FISHER'S POINT. Reference to, p.4JI. 
FITZSIMMONS. Station in tria.ngnlation of Wisconsin, p. 82. 
F1T7.Sl:MHONS TO ARLINGTON. Azimuth of line determined, 

p.83. 
FLA UGN. Triangulation station in Kentueky, p. 78. 
FLEMER, J. A., AID. Servioes in Distriet of Colnmbi11>, p. '2; 

servi.eee In field work in Louisiana, p. 54.; rnference to, p. 55. 
FLETCHER, W. B., ENSIGN U.S. N. Service on coast of lila.ine, 
~~ . 

FLORIDA PENINSULA. Included in Seotion VI, p. 47. 
FLORIDA. TopogT&phy on west ooastof, pp. 50, St. 
FLORIUABAY, CONTENT KEY TO NORTHWEST PASSAGE 

LIGHT-HOUSE. Bydrographie sheet. p. 50. 
FLORJ.DA BAY, NORTHWEST CA.PE TO CONTENT KEY. 

B:rc)rQgraphic sheet, p. 50. 
FLOBIDA BAY, PAVILION KEY TO NORTlIWEST CA.PE. 
H~te abe&t, p. 50. 

FLORIDA BAY, PAVILION h.lH' TO :NOinliWEST PAS-
SAGF. LIGHT-HOOSE. Hydrograpbic sheet, J>. 50. 

FLUSHING BAY, LONG ISLAND. ReferenC6 to, p. 37. 
FLYNN, MRS. S. E. Laborer, p. 138. 
FOERSTER, PROF. Reference to, p. 148. 
FOGARTYVILLE, FLORIDA. Reference to, p. 51. 
FORD AN, EBERIIARD. Rodman iu Diotrict of Columbia surves, 

p. 43. 
FOREIGN STATIONS OCCUPIED FOlt GRAVITY MEAS· 

URES, STATISTICS m', p. 105. 
FOREST FIRES IN INDIAN.& AND ILLINOIS, p. 81. 
FORN:SY, STERMAN, ASSISTANT. Tertiary triangulation and 

topography on the eouth coast of California, pp. 59, 60; en~aged 
in offiee work, p. 60. 

FORSE, LIEUT, C. T., U.S. N., ASSISTANT. H~·drogmphic sur
vey,. in Rosario Strait and P1t<lilla Bay, Wa•hington Territory, 
p. 71, 72; reference to, p. 153. 

FORT DELA WA.RE. Rderence to, p. 40. 
FORT LEE, NEAR SALEM, MASS. Ma.rue tic observation• at, 

p. 24. 
FORT O'BRIEN, ME. Referred Lo, p. 24. 
FORT SULLIVAN, EASTPORT, ME. Referred to, p. 24. 
FORT WRANGELL • .ALASKA, Reference to, p. 74; tidal obsen-a· 

tions a.t, p. 74. · 
FOU.JIOTAIN STATION. In triangulation of Indiana, p. 81. 
FOWLER, E. H. nrawing didsion, pp.124. 126, 127, 128. 
FOX AND RICHARDSoN·s SHOALS, CHINCOTEAGUE IN

LET BAR, p. 44. 
FREDERICK SOUND, ALASKA. Title' and currents, p. 76; ex

amination for ba.se~Hne site in \?icinity of, and at Dry Strait, antl 
selection of1dt.eon eastern Hhore of Sound, near Point Ag:m~siz, p. 74:. 

FREDERICK SOUND STA TlON, SOUTH UASE, ALASKA. 
Googra.phical position determined, and magnetic Yariation ob~ 

served at, p. 74. 
FREETOWN, MASS. Reference to, p. 25. 
]<'RENCH, H. O. Chief carpenter aud model make, pp. 91, 113, 

132, 133. 
FRENCH, DR. WILLIAM B. Executi\'e and accountinl( clert. 

oftice of Assistant in Charge, pp. 92, 115. 
FRENCHMAN'S BAY. ME. Examinations in, p. 23. 
FUCA (steam-1,.unch). Use of and reference to, pp. 72, 73. 
FULLERTON, COL. Refereuce t-0, p. 58. 
FUQL'A, JOSEPH. Library, p. 143. 
G.AMBEY VERTICAL CIRCLE. No. 57. Reference to, p. 61. 
GANNETT ROCK, LIGIIT-BOUSE. Triangulation to 1letermin" 

position of, p. 21. 
GAY HEAD. Rof•reuce lo, p. 33. 
GEDNEY (steaweT). u.., of and referrnce to, pp. 21, 55, 151, 152· 

153, 155. 
GEDN.EY'S CHANNEL. Hydrogra11hic enminatlou in, p. 32. 
GENERAL CHARGE OF THE LAND WORK UPON THE PA. 

CIFIC CO.AST, THE MAIN TRIANGULATION OF SOL'TH, 
ERN CALIFORNIA; INSPECTION OF FIELD PARTIES. 
ETC., pp, 80, 63. 

GEODESIC LEVELS. Construct.id in instrument di\'ision, p. 91. 
GEODESIC MICROMETER LEVELS, NOS. 2 A.ND 3. Referen~.e 

to use ot; p. 84. 
GEODETIC LEVELING. In .Arkansas, pp. 53,54. 
GEODETIC LEVELING. Continu&tion of transcontinental line 

ot;p. 84. 
GEODETIC LEVELING FOR THE CONNECTION OF THE 

TIDE.G.&UGES AND BENCH-MARKS IN NEW YORK BAY 
AND HARBOR AND VICINITY, p. 38. 

GEODETIC OPERATIONS-CONTINUATION OF RECON. 
NAISSA.NCE AND TRIANGULATION IN THE SOUTHERN 
PART OF THE ST.ATE OF NEW JERSEY, JI, 41. 

GEODETIC OPE&A.TIONS CONTINUED IN THE STATE OF 
WISCONSIN, p. 82. 

GEODETIC OPER.&'l'IONS-OCCUPATION OF STATIONS FOR 
THE CONNECTION OF THE TRIANGULATION OF THE 
STATE OF TENNESSEE WITH THE PRIMA.RY TRIANGU. 
LATION OF THE COAST AND GEODETIC SURVEY IN' 
NORTHERN GEORGIA AND A.LABA MA, p. 79. 

GEODETIC RECORDS .AND COMPUTATIONS. Received dur· 
Ing the year, p. 139. 

GEOGRAPIDCAL rOSITION'S DETERMINED BY TRIANGU· 
LATION. Statlaiiosot p. 105. 
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GEOGRAPHICAL POSITIONS INTIIESTATE (')F CONNECTI-
CUT. Appendix No. 8. 

GEOLOGICAL 8URVEY OF ARKA.NSJ.S. Director of, p. 33. 
GEORHIA. lnclude<lin Section V, p. 47. 
GERHARDS, THEODORE. Instrument <livision, pp. ll4, 133. 
GIBES POND. Triangulation station in Massach11setts. Refer 

ence to, pp. 30, 31. 
GillRALTAil. BLUFF. Stat.ion in triangulation of Wisconsin. p. 82. 
GILBERT, J. J., ..ASSIST.AXT. Continuation of the triangulation 

a.nd topograpb~· of BeHin~lum and Samish B11y~ arnl tbe islandR 
in their dcinit~·. pp. 72, 73: f'n~agt~rJ in office work, p. 73. 

G LA.SCOCK, R. R. Property clerk, 91, 133. 

LfLOIJCESTER.N.J. Refrrence to, p. 40. 
GO!,DEN, MAURTCE. Madiini•t. stRam launch Cosmos, p. 73. 

GOLD MINES IN SOUTIIEKN CALIFORX1A. Reference to, 
p. 60. 

GOODFELLOW, EDWARD, ASSISTANT. Preparation for pub
lication of Annual U<'port~ and Appendices thereto and ctliting of 
Bulletins, p. 95. 

GOOSEBERR\:" NECK. Refocence to, p. 32. 

GOVERNOll OF MINNESOTA. Reforence to, p. 83. 
HRAND CIIENIER. Reference to, JI· 55. 
GRAND MAX AS ISLA:ND. Dett•nniuation of light-houses and 

other pciintR bet.ween cmo~t of Mai11t• ~rnd, p. 21. 
GRAND MAN.AN. Prirnar_y trian#"nlation station, p. 21. 
G.RA NGER, F. ll A_SSTST AXT. Occu pat.ion of st~ tion~ for e:xtt>nd. 

inh tu the we~twanl the traul"'COnth1n1tal t.riang:ulation 1war the 
thirty-ninth parallel in Kanda,, pp. 84o, 85; employetl <m offic" duty, 
p. 85. 

GRA VlTYDETERMIN AT IONS. At WaRhingtou, D. C .. p. 42; "" 
the IIa.waiian Islaud.s aud at station~ in the United States, pp. 
87,88. 

G RA VI'l'Y MEASUiiEt'l. Statistics of, p. 150. 
GRA YITY, OllSERY AT IO XS. At San Francisco and \It. Hamil-

ton, pp. 63, 6!, 
GRA.KTSVILLE, UTAH. Referenco to. p. 86. 
GRAY, EMMET. Tidal obaen·er at 8au.,e!it-0; p. 63. 

GRAY, J. H. 1 SliU·ASSISTANT. To:mg-raphical survey of the 
~outh and north branches of CoU~cook Ila.\·, 1':!1~.; p, ~~; Rervices in 
Florida i·eferre<I to, p. 22; services on We•t eoast of Florida, pp. 
50, 51. 

GHEA'!' BAIRD GL.\CIER, AT,ASKA. Ref<'reoce to, p. 75. 
GREAT HILL. Trian_gulation station in .Massachusetts; p. 25. 
GUEAT POINT, NANTUCKET SOUND. Changes inshore line; 

p.:18. 
GREAT POINT LIG H'r. Trinngulation station in Massachusetts. 

Reference to, pp. 30,.31. 

GREEN, F. R. Misc-.A~llaneous division; p.91. 
Gl{EENVILLE, ME. Mal!;netic ob•errn!iou• at, p.24. 
GREENVILLE, MISS lteforence to, p. li:J. 

GRIZZLY ISLAND, CAL. Refel'<mce to, pp. 64, 65. 
GRIZZLY SLOIJGH. Refel'cnee to, p. 6-l. 

GUEMES ISLAND. Rererence to, p. 72. 
GULF OF GEORGIA. Reference·to, p. 73. 
GULF STREAM. ~:xplorat,ion•, 1888. 
ongERVATIONSOl<'CURRENTSOUTSIDE OB' THE BAHAMA 

ISLANDS; llETWEEN THE GREAT BAHA~L! !IANK AND 
CUBA; JN THI<o WlNllWARl> CHAXNEI,, I!'< THE MONA, 
.ANE<lAlJA, AND WINDWARD ISLAND P.\SSAGI<;S, AND 
IN THE EQUATORIAL STREAM l\ETWEEN BARBA.DOES 
ANll TOBAGO. Pp. 47, 48. 

GUNTIOAT DRAIN. Reference to. p. 44. 
HADLOCK, WASJIINGTON TERRITOltY. Rerer~nce to, p. 74. 
HAIKU. La.tit11de an<! gravity station in Hawaiian Islands; pp. 

87,8R. 
HALEAKALA. Volcano on Island of Ma.ui, Hawaiian !•lands; 

pcnc1ul11m olumrvation~ on, p. 87. 
IlALJ<;S I' Ai>SAG E. Rt•forene<! to, p. 72. 
HALPINE, N. J. L. T.,ENSIGN, U.S. N. Seniceoncoa.stofMaine; 

p. 21 ; s-crvic~s on schooner Eagre; p. 32; services in Gulf Stream 
explontiono; p. 48. 

HALTER.,R.E., ASSISTANT. Magnetic record r<intinne1l at the 
self-registering magnetic station at Los Angeles, Cal. A baolute 
measnrAs of the magnetic elements ma<l<i monthly; pp.58, 59. 

HA. MMOCX. Trian;rulation station in North Carolina; p. 4tt 
l.IA:IULTON RANGE. Refcronccto,p.61. 

HAMMONTON. Trian_gulation station in New Jersey, p. 41. 
IlAN A. Latitude staticrn. liawaiian Islan<ls. p. 88, 
IlAXA .\ND KA LAE 0 KA ILIO. Ilawaiian Islands, latitude 

observed at, p. 87. 
HAN Ar EI. Latitude station, Hawaiian Islands, p. 88. 
liANDKERCllIE~' LIGHT-SlI[P. Ti<lal current observo<l at, p. 

27. 

HARBOR COMMISSION, PH[l.ADELPEIIA. Reference to, p. 93. 
IlARBOit ISLAND. Reference to, p. 49. 
llARDING'S BEACH, MASS. Ref<•rence to, p. 26. 
HARDING'S BEACH LIGHT-HOUSE. Ref&rence to, p. 27. 
HARll!O"IC ANALYSIS OF TIDES. Reforence to, 91. 
HARRISON, H. W., ENSIGN, U. S. N. Services on scho·oner 

Eagrt\ p. 32. 
HARRISON, MRS. VIRGIJ\'"JA. Tidal division, pp. 114, 135. 
HARRODSBURG, IND. Reference to, p.81. 
HARWICH, MASS, Referred to, p. 26. 
HARWICH EXCHANGE, MASS. Referred to, p. 26. 
HARVEY. Station in trian~ulation ofTflnnessee, p. 79. 
HARVEY, R. M. Offico of Assistant in charge, p. 115. 
HARVn;, MISS 8. B. Office or the Assistant in charg<l, pp 92, l ll. 
HASKELL, E. E. Physical hydrographr, Cape Cod, p, 27. 
HASSLER (steamer), p. 155. 
HAW AILlN ISLANDS. Gravity <le terminations on t11e, pp. 87, 

BB; reference to latitude and gravity d-eterminations on, p. 63. 
HAWAIIAN GOVERNMENT'. Reference to, p. 63; surveys for, 

pp. 87, 88. 
HAUPT, PROF'. J,. M. Reterence t-0, p. 92. 
HECETA HEAD. Reference to, p. 66. 
HEW-lfl'S FROM SPIRIT-LEVELING OF PRECISION BE

TWEEN ARKANSAS CITY, ON TUE MISSISSlPl'I HIVER, 
.AND LITTLE ROCK. ARK., A rp<·nrlix No.12, pp. 455-464. 

IIEIGITTS FROM SPilUT-LEVELING OF PRECISION BE· 
TWEEN MOBILE, ALA., AND OKOLONA, MISS. Appen 
<lix No. 10, pp. 409-426. 

HEIGHTS FRO~f SPIRIT-LEVELING O~' PRECISION BE
TWEEN NEW ORLEANS, LA, AND ARKANSAS CITY, 
ARK., Appendix No. 11, pp.427-453. 

HEIGHTS OF BENCH-MARKS BY SPIRIT-LEVELING. Statis· 
tics of, p. 105. 

HELENA, ARK, Refer<mceto, p.53. 
HEN AND CHICKENS LIGHT-SHIP. Reference to, p. 33. 
H.E NRY, N. G, PAY YEOMAN, IT. S. N. Services on Steamer 

Jllake,p,48. 
llEHGE:;JIEIMER, EDWIN, .ASSISTANT. In charge of Drawing 

lJi,-i•ion, pp. 00, 113; annual report of, pp. 124-128. 
HERGESHE!MER, JOSEPH, ASSISTANT. 'Reconnaissance for 

connecting the trian~nla.tfou iu tbe southern pa.rt of tbe Sta.ti-- of 
Pennsylvania with the primary triangulation in Maryland, p. 39; 
topogr~·phical s1irvey of the west coast of Florida between Pavilion 
Key an<! Cape Romano, pp. 50, 51. 

HIGH POINT. Station in triangulation of Alabama, p. 79. 
HIGHLAND LIGHT AND RACE POINT, p. 29. 
HILGARD, J.E., LATE SUPERrNTENDENT. Reference to, p.9!. 
HILL, CHAS. B. Servicos in p1·imary triangulation of California, 

p. 61; ser-vices in w-avitation w-ork, San FrDncisco, p. 63 i services 
in S<Ju F;anciaoo Rnboffice, p. 95. 

HILO, HAWAIIAN ISLANDS. Latitu<le station, deflection of 
plumb liue at, p. llB. 

BISTOJllCAL REVIEW OF THE WORK OF THE COAST 
A.KV GEODETIC SURVEY IN CONNECTION WITH TER
RESTRIAL MAG NET ISM. Appendix No. ti, Part II. 

HITCHCOCK (st.eamer). Use of, and reference to, pp. 54, 55. 
HO.AG, PROF. w. R., ACTING .A.SSJST,un. Goodetic work jn 

:MlnneAAta, pp. 83-, 84. 
HODGKINS, W. C., ASSISTANT. Continuation of the detailed 

t()pographical .urvey of tile IliRtriet or Columbia,}>. 43; a.ddltionB 
to the triangulation, top,.gr:iph;r, an<l hydrogmpby on the co...,t of 
North Carolina between Beaufort and Oape Fear, pp. 4S, '6. 

IIOG BAYOIJ. Reference to, p.55. 
HOG ISLAND. Reference to, p. '°· 
HOLDEN, PROF. E. S., DIRECTORLICX QBSERV .A.TORY. Ref. 

erenco to, p. 64-. 
HO~fE STATIONS OCCUPIED FOR GRAVITY M:EA.SU&ll:S. 

St.ath1tic• of, p. 105. 
HORSE SHOE <The). Reference to, JI. CO. 
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HOSMER, CHARLES, .ASSISTANT. TnspMtion of topographi<,al 
work upon tbe coa..~t of Maine, p. 22; death of, p. 22; topographical 
work on Long Island referred to, p. 36. 

HONOLULU, JIA WA IIAN ISLANDS. Refer.nee to, p. 87; lati· 
tude station at, p. 88. 

• IIOOI'EH, NEAH THE SHORE OF GHEAT SALT LAKE, 
UTAH. Tide-gange and l>ench·mark established at, p. 8S. 

HOOVER, D. C. Printinl( room, p. 120. 
HORIZONTAL DIRECTIONS. Observed at :Macho triani:ula-

tion station, California. p. 61. 
HORN. Triangulation station in Alabama, p. 51. 
HORN CLIFFS, ALASKA. Reference to, p. 75. 
HOULTON, ME. Magnetic observations at., p. 24. 
HUDSON RIVER. The under-run of the, p. 37. 
HU&HES, R. M., ENSIGN, U.S. N. Services in Gulf Stream ex

ploration•, p. 48. 
IIULM:E, W. 0., ENSIGN, U. S. N. Servict's on steamer Bache, 

p. 33; services on west coast of Floriila, p. 50. 
HUMBOLDT COUNTY, CAL. Reforenc<> to, p. 65. 
HUMPHREYS. Triangulation station in North Carolina, p. 46. 
HYDROGR.APHIC CB.ARTS. Originals, statistics of, p. 106. 
HYDROGRAPHIC DIVISION, COAST AND GEODETIC SUR· 

VEY OF.lfICE. Reference to, p. 154; annual report of the, pp. 
158-162. 

HYDROGR.APHIC EXAMINATIONS FOR THE COAST PILOT 
ON THE SOUTHERN COAST OF MASSACHUSETTS, IN
CLUDING NANTUCKET ANTI VINEYARD SOUNns AND 
BUZZARDS BAY, p. 34; in Gedney's Chann.,J, 32; in Stoniui;
ton Harbor, Connecticut, p. 34; on (,be coast of Maine for the .At
lantic Coa.st Pilot, p. 23; on the south coast of California, Jl. 58~ 

HYDRO&RAPHIC EXPLORATIONS IN WESTERN .A.LA.SKA, 
pp. 77, 78. 

JIYDROGR.APHIC INSPECTOR, CO.AST AND GEODETIC SUR
VEY. Annual report of, pp. 151, 166. (~.\.ppendix No. 5.) 

JIYDRO&RAPHIC OFFICE, NA VY DEPARTMENT. Distrilm
tion of charts to, p. OL 

HYDROGRAPHIC P .ARTIES. StatistiCR of, p. 105. 
ITYDROGRAPHIC RESURVEYS IN VINEY.ARD SOUND AND 

IN TIIE CHANNELS AND ISLANDS ADJ .A.CENT, p. 32. 
HYDROGR.A.PHIC RESURVEYS IN VINEY.ARD AND NAN· 

TUCKET SOUNDS, p. 34. 
HYDROGRAPHIC SHEETS. List oi'. roceiv"'l on ring the year, p. 

141, 142; of Frede-rick Sounrl and vicinity, southeastern Alaska, 
reference to, p. 75; of Padilla. Fidalgo. and Sarni oh Bays, reference 
to, p. 72; of Rosario Strait and Bellingham Channel, reference t.o, 
p. 72; of Vermilion Bay, reference to, p. 55; list of, plotted, Teri
fied, and inkeu <luring the year, pp. 159, 160; of weet coast of 
Florida, p, 60. 

HYDRO&RAPHIC SOUNDIXGS AND ANGLES. Original and 
duplicate records. Statistics of, p. 106. 

HYDROGRAPHIC SURVEY OF SHO.ALW .ATER BAY AND 
ITS APPROACHES, AND OFF-SHORE HYDROGRA.PHY BE
TWEEN THAT BAY .AND GRAY'S HARBOR, pp. 69, 70. 

HYDROGR.APIDC SURVEY OF ST. CROIX RIVER, MAINE, 
COMPLETED, AND HYDROGRAPHY OF COBSCOOK BAY 
BEGUN, p. 21. 

HYDROGRAPIDC SU.RVEY OF ST. SIMON'S BAR GEORGIA 
p.47. ' ' 

HYDROGRAPHIC SURVEYS IN FREDERICK SOUND AND 
VICINITY, SOUTHEASTERN ALASKA., pp. 73-77. 

HYDROGRAPIDC SURVEYS IN ROSARIO STRAIT AND P.A. 
DILL.A. BAY, WASHINGTON TERRITORY, pp. 71, 72. 

HYDROGRAPHIC SURVEYS IN THE VICINITY OF CA.PE 
CHARLES, VIRGINIA., p. '5. 

HYDROGRA.PHIC SURVEYS OF SARATOGA. PASS.A.GE, 
HOLMES HARBOR, A.ND OF THE NORTlIWEST COAST OF 
WHIDBY ISLAND,p.71. 

HYDROGR.APRIC SURVEYS ON THE COAST OF LOUISI
ANA, BETWEEN ISLE DERNiltRE AND BIG CONSTANCE 
BAYOU, INCLUDING VERMILION IlAY,pp.55,SG. 

lIYDROGB.A.PHIC SU.RVEYS ON THE WEST COAST OF 
FLORIDA FBOM: PAVILION KEY TO CAPE SABLE, A.ND 
THENCE TO SANDY KEY AND KEY WEST, pp. 48, 49. 

RYDROGRA.PHIC WORK. Records of, received during the 
year,p.140. 

BYDROGR.APHY. c-t of Maine, refereooe to progress in,p. 
151; complete from Eastport, :M:e. to delta of tb.e :ltll.uiaR!ppl, 

H.Ex.~i 

HYDROf;RAPHY-ContinnNl. 
p. 48; of Eel Ilh-er entrance, Cal.. pp. 65, 6(); off-shore eonndinge 
between Montauk Point an<l Phelps Bank, ]l. 31; of the .A tcha. 
fala.ya River, pp. 54, 55; of the Mobile Ri-ver, A.Jn., p. 52; on coa..CJt 
of Louisiana, pp. 55, 5G; :Pacific com~t (coasts of On·gon and 
WllSbin;:ton), reference to, p. 153; statistic• of hy<lrography,p. 105; 
Yerification, revision, an<l C'orrection of reducet] drawin~s1 p. 
161; miscellaneous dra.ughting done during· the :rear, p.162 j in 
vicinity of Cape Fa.nshaw, .A.laska, p. 75. 

I. 

I.ARDELLA, C. T., ASSiflTANT. Re•nney of sho1'1'-line on Lon Ji: 
Island from HoJZ Neck to Riverberu.1, includin,!!' thl• Rhore-lin(~ of 
NoyRck, Little Peconic arnl Great Peeunic llayB: al•o of the 
ocean-shore from Amagansctt westward; office duty at '1t7 ashinp:· 
ton, p. 36. 

IBEPAJI. Station in trianitulation of Utah, p. 86. 
ICE.BOATS, l'llILA.DELPHIA. Reference to observations of ice 

in Delaware River hy, p. 39. 
IDAHO. Pacific Mail Company's Rteamer, rt>ft'rence to, p. 75. 
ILLINOIS. State of, includeil iu Section XI\', p. 79. 
INDIAN. Triangulation station. Mas8acbusetts. Reference to, 

p. 30. 
INDIANA. Stat~ of, inrlmlod irr Section XIV, l'· 79. 
INDIANA A ND KENTUCKY. Trianimlation in, pp. 79, 80. 
INFORMATION FURNISHED TO IJEI'.ARTMENTS -OF THE 

GOVERNMENT in reply to spedal reqnest", and to individual• 
upon application, duting tho fiscal Jcar ending Juno 30, 1888. 
Anpendix No. 3, pp. 107-111. 

INSPECTION OF TOPOGRAPHICAL WORK GPOX THE 
COAST OF MAINE, p. 22. 

INSTRUMENT DIVISIOX. General notice of work of, p. 91, 
annual report of, pp. 131, 133. 

INSTRUMENT STAND USED BY SCBA.SSlSTANT R A. 
MARR, p. 46. 

INTERIOR STA TES. FiC'lrl-work in, general stat~ment of pro;r· 
ress~ p. 6. 

INTERNATIONAL COMMITTEE ON WEIG-HTS AND lllEA S
URES. ExpenHe.S of attendance of American mtmb('r at geu~ral 
conference of, estimate for, p. 17. 

INTERNATIONAL GEODETIC ASSOCIATION. Estimate for 
contribution to, by t.he United States. p. 14. 

IU\Y A. State of, included in Section XV, p. 81. 
IS.A.A.CS ISL.A.ND. Reference to, l'· 44. 
ISLE DERNI1"RE A.ND BIG CONSTANCE llA YOU. Hy<lrog

raphy of coat!t between, p. 55. 

J. 

J'ACK ISI,ANIJ. Reference to. p. 72. 
JOHNSON, ATLEE. Foreman. Ser~icf"fl on west coast. of Florida. 

p. 50; temporar~- services in library. p. 143. 
J'OHNSTON, M., ENSI&N U. 8. N. Sor,-ice on co ... t of Maine, 

p. 21. 
J'ONES, CHARLES II. Packer and folder, p. 138. 
JONES, H. P., ENSIGN U. S. N. Ser'<ices on st.lamer Bacbe, 

p. 33. 

K. 

KADI.AK, .AL.ASK.A. Reference to, p. 77. 
KAHUKU. Latitude station, Hawaiian Is!arnl", p. 88. 
K.A.ILU A. Latitude station, Hawaiian Islands, 1'· 88. 
KAN.A.W .AKA. Station of triaugnlation in Kansa<. p. ~4. 
KANSAS. State of, oont.innation of triangulation in, pp. 84, 8!i; in-

olutled in Section XV. p. 83. 
KA.RLUK STRAITS, ALA.SKA. Heferene.e to, p. 77. 
KA.SHEG.A, UNALASHKA ISLAND, ALASKA, p. 77. 
KAUPO. La.titude station, Hawaiian Isla.rub, appanmt differeucu 

between aetronomical and geodetic latitude of, p. &!. 
KEARNEY, S. :A.. Instrument !Jh-ision, p. 133. 
lrEELER, J'. E. .Assistant at Lick Observatory, 1'1'fer<'nco f.o, p. 

64. 
KEITH, W. H. W&tchman, p. 138. 
KELLET'I. Reference to, p. 95. 
KELLOGG. Triangu1a.tiou station in New JerA<'r, p. 41. 
KENTUCKY. State of, inolud•d in Section XII.I, p. 78. 
:KENTUCKY A.ND OHIO. Triangulation in, pp. 78, 79. 
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KEYSER, L. P. Electrotyping Ilinsion, p. 119. 
KILL VAN KUI,L. Hef•renco t-0, p. 38, 

KING, R. E. Office of Hydrographic Inspector, p. 155. 
KING PLATS. Reference to, p. 90. 
KNIGHT, H. M. Engraving Division, p. 119. 
KNIGHT, Il. T. Engraving Division, pp. 119, 122, 123, 124. 
KNIGHT KEY AND KNIGHT KEY CHANNEL. Rcfo-eucc to, 

49. 
KORAL A. Latitude stat.ion, Hawaiiau islandR, deflectjou uf plumb-

line at, p. 88. 
KO LOA. Latitude station, Hawaiian Islands, p. 88. 
KROLL, G. F. Drawing Division, p. 125. 
KtJ'MMELL, CilARLES IL Computing Didsion, p. 1! 7. 
KUPREANOFF ISLAND, ALASKA. Reference to, p. 75. 
KYSKA, KYSKA ISLAND, ALASKA, p. 77. 

L. 

LA BALLON A, CAL. Hrdre>graphic exarninati<>ns at, p. 58. 
LAFAYETTE PARK, SAN FRANCISCO. Latitude sta~ion, p. 

62; pendulum observations at, p. 63; refert'nce to, p. 93. 
LA.GOOK HEIGHTS, llIAJn.'llA'S VINEYARD, MASS., p. 31. 
LA JOLLA, CAL. Reference to, p. 56. 
LAKE SHORE BENCH. Station in trian~TUlation of, Utah, p. 86; 

magnetic elem~nts determine<} at, p. 86. 
LA LAE. Latitude station, Hawaiian Islands, p. 88. 
L,\NMAN, W. H. Accounting Division, p. D2; Office of Hydro. 

graphic Inspector, p. M5. 
LAST ISLAND. Azim".lth determine<l at, p. 54. 
LATITUDE. Determined at a point near the State\ UniversHy, 
Minneapoli~, p. 84: determine<lntCape Fanshaw, AlaRka., pp. 74, 75; 
determimm at East Ba~e st.a.tiou, Duncan Ca11aI, Ala8ka, p. 75; dc
wrminoo at Mt. Nebo. Utah, p. SG: determined at Soutbllase, Fred· 
erick Sound, Ala.aka, p. 74; determined at station Minerva, in Ken
tucky, p. 78; determined at Thoma.' Bay, Alaska, p. 75; determined 
ot Walla. \Valla, 'Va.sh, pp. 67. 68; <leterniined at Ya.quina., Oregon, 
1)p, 68, 6-9; observations· for approximate determination of. on coast 
of Oregon, p. 66; obecr-vatious for, at Macho triangulation station, 
C11lifornia, p. !ii; ohserved at Hana and Ka Lao o Ka Ilio, Ha. 
waiia.n lHlnnds, p. 8i; observed at Lafayette Park station, San 
FranciHCO, p. 62i obaervetl at station Fitzsimmons in Wisconsin, 
Pl'- 82. 83. 

J,,tTil'UDE AND AZIMUTII. D1,termiuetl at I>c<>r Isla.ml, coast 
of I.ouii.iana, p. M. 

LA'l'IT[T[)f~ 8 L'ATIONS. Statistics of, p. JOS. • 
LAUREL. Trian~ulation •tation iii A 'abama, p. 51. 
LA UXMAN, 3!. Instnuncnt DiviRion, p. 133. 
LAWN, MISS K Office of tho Assistant in charge, pr•. 9~. 114. 
I.A Wit ENGE, KANS. Reference to, Pl'· 81, 85. 
LAWSON, JAMES S., ASSIST.tNT. Occupation of a station in 

continuation of th" primary trian~tlation of soutl1ern California, 
:pp. 61, 62; engaged in ollioo-work, San Fra.nciRCO, p. 62; latitnde 
cbReM""a.tions, San Francisco, p. 62; preparation of Ua.se bars for the 
Los Angele• base, pp. 9:S, 94.. 

LECOMPTON, KANS. ReferenM to, p. 84. 
LE CONTE GLAGI1<:R, ALASKA. Rr·fornnce to, p. 75. 
T,EDBERRY INLET. N C. Re.fen-nee to. 46. 
LEMON KEY. Ref1,rnnce to, p. 49. 
J.ENGTH OF GENEUAL COAST. Statiotics of, p. 105. 
LENGTil OF ROAD>\. Stati•tico of, p. 105. 
LENG'l'H OF SHORE LINE. Stat\stio.s of, p. lO!i. 
LEONARJ). Station in triangulation of, Indiana. J>. 81. 
LEON.AUD, S. It. Assistant Engineer, U. S. N. ServiOOB on 

steamer 13acbc, p. 5<1. 
LEVELING. From title·gange at Rollhinston, Mo., to Chamcook 

triangn]ntfon station, p. 20 ; (g~O<letic) from Sandy Book 1-0wards 
Hagerstown, Md., reference t-0, p. 38; (geode•ic) metho<ls n•ud in 
..1:.\.rk11J1sa.a, p. 63 ; (geodeeic) in ArkJlnsas, pp. 53, 54; in connection 
with physical hydrogrnplly of Capo Cod Peninsula., p. 26; ln con
uMt.ion with topographical survey of Disfrfot of Colnnthio., p. 43; 
in :Massachusetts for determination of accur&t'6 series of bench· 
marb, p. 26 ; in vicinity of N e'I\' York Bay aml Harbor to connect 
tillal be.nch-marks, p. 38; to oonnect bench-mark at Hooper, Ut.ah, 
-with water-l4'v11l of Great Salt Lake, p, 86; to <letermlne dlll'ereuro 
in d"vut.ion OOtwt~en triangulation etatio111 Rarid~n, and bench
mark at Mitchell. Ind., p. 81: trMJscontinental line of geodetic. 
(JODtinnation of, p. 84. 

LEUCADIA, CAL. Reference to, p. 56. 
LICK OBSEl!VATORY,MOUNT HAMILTON, CAL. Reforeuce 

to, pp. 61, 63. 
LIGHI-HOUSE, CAPE CHARLES, VA. Old position of, p.44 
LIGHT-IlOUSE (old) at Southwest Pass, Vermillion llay, I.a., p. 

56; recommendation for estab1ishme11 t of new, p. 56. 
LIGHT-HOUSE BOARD. Assistance from, acknowledgerl, p. 41. 
LIGHT-HOUSE KEEPERS. Observations by, of ice in Delawaro 

Rh-er and Bay. p. 4.0. 
LIGHT-HOUSES. On coast of Maine determined by triangulation, 

p.2J. 
LIGHT-HOUSE SITES. .Examination for, on coast of Oregon, 

p. 67. 
LlNDENKOHL, A. Drawing di"<ision, pp. 90, 124, 126. 127, 12?. 
LINDENKOHL, H. Drnwinp: Division, pp. 124, 126, 127, 128. 
LINES OF GEODETIC LEVELING ImN BETWEEN THE 

MISSISSIPPI RIVER AND LITTLE ROCK, ARK., 11p. 53, M. 
Ll:NES OF SPIRIT-LEVELING. Statistics of, Jl· 105. 
LI<;T OF NAVAL OFFICERS ATTACHED TO THE COAS'I' 

AND GEODETIC SURVEY DURING THE YEAR, pp.16t-166. 
LITTLE, F. M. Computing Division, pp.116, 118. 
LITTLE ASSOWOMAN llAY, DEL. Refere-ncc- to, p. 44. 
LITTLE INLET. Reference to, p. 44. 
LITTLE ROCK AND ARKANSAS CITY, ARK. Lines of le>· 

eling between, p. 53. 
LI'l'TLE ROCK, ARK. Reference t<>, pp. 53, M. 
LITTLE 1mcK, :MISSISSIPPI RIVER AND TEXAS RAIIr 

ROAD. Lines ofleveling along. p. 53. 
LIVERMORE, CAL. Reference to, p. 61. 
LONG, W. M. .Tanitor, p.138. 
LONG BEA.CH, CAL. Refet ence to, p. 58. 
LONG BRANCH, N. J. Reference fo, p. 37. 
LONG ISLAJ'.'J). Topography of south coast, p. 37. 
LONG ISLAND RAILROAD. Topography ext<>lldod t-0 line of. 

p.37. 
LONG ISLAND SOUND. Examination of coast currents at en. 

trance of, pp. 34, 35. 
LONGITUDE DETERMINATIONS. In Oregon and Waahing. 

ton, 11p. 68, 69 i in Oregon1 California., a.nd Utah, p. 86 ; in Oregon, 
Washington, and Utah, pp. 67, 68. 

LONGITUDE. Determined at Cap<l F1>nsh•w,Alaska, pp. 74,75; 
determined at :East Base station, Duncan Canal, Alaska, p. 75; 
determined at South Base etn.tion, Frederick Sound, Alaska, p. 74.; 
determined at Thomas Bay, Alaska.. p. 75. 

LOKGlTUDE STATIONS. Statistic• of, p. ms. 
LOS ANGELES. CAL. Base-line site, l'- 08; magn~tic ouserva· 

tions at, pp. 58, 59. 
LOS AXGELES BASE. Preparation of baRe-bars for, pp. 93, 94. 
LOST MAN'S KEY. Reference to, p. 49. 
J,OSTMAN'S RIVER. Il.eferouce to, l'· 49. 
LOUISIANA. Stam of, included fo Seetiou VIII, p. 51; detached 

flurveyK on the coast of, pp. 54, 55; topogra11by aml hy<lrop.rapby 
of th<i coast of, pp. 55, 56. 

LOUISVILLE, NEW A.LBANY A.ND CIIlGA.GO RAILROAD. 
J(eferonce to, p. Sl. 

LOWELL. Station in triangulation of Wiscousm, l'- &2. 
LOWNDESBOROUGII, AI.A. Refereno<l to, p. 5L 
LUnEC, ),fE. Goographica-1 position locatetl1 Jl.19. 
Ll~MMI, ISLAND. Reference to, JI. 72. 
LU Ml\11. Triangulation station in Washinl'ton Torritory, p. 72. 

JJI. 

MABON. Station in triangulation ofKa1>sas, p.8,. 
MACHIAS, ME. Inspection of topography in vicinil.V of, p. 22. 
MA CJII AS SEAL ISL.ANDS. Elt•vation of ll~ht.hou•"• deter. 

mineil from, p. 21 . 
MACHIASPORT, ME. Magnetic ol>seTTI1tions l>t, p. 2-1. 
MACHO. Triangulation station in Oallfornia, p. 61; rooOl'ds of 

field work at, p. 93. 
:MACHO CAi:I ON, CAL. Reference to, p. 61. 
:MACHO TO MOUNT TORO. Line in the triangulation of Cali-

fornia, p. 61. 
MAEDEL, E. A. Engraving divioion, Pl" 119, 124. 
'MAGNESIUM I,JGHT. Use of, intrian~ulation in Indiana., p. 81. 
:MAGNETIC DECLIN~TJON. Remarkable variations in, on 

the H"waiian Islands, p.111. 
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M.AGNETIO DETERMINA'HONS (ANNU.AL) AT A ST.A· 
TION ON CAPITOL HILL, W .ASHING TON, D.C., p.42. 

M.AGNETIV ELEMENTS (the). Determined at Lake Shore Bench 
station in Utah, p. 86; determined at Mount Guyot station, Utah, 
p. 86; determined at Mt. Nebo, Utah, p. 86; determined at Ya· 
quina and Portland, Oregon, pp. 68, Gll; observed at Temple Block, 
Salt Lake City, "C'tab. 

MAGNETIC LAV A.. Found on volcanic peak• in Hawaiian 
Islands, p. 81. 

M.AGNETIC OBSERV .A.TIONS. .At Macho triangulation station. 
California, p. 61; at station near the Presidfo, San Francisco, p. 61; 
at Portage Bay, .Alaska, p. 74: at stations in Maine ancl J\laasachu
setts, pp.23, 24; at Walla. Walla, Wash. Ter., pp. 67, 68; by Dmko, 
reference to, p. 62; by ship Dutchess of Pontchartrain, p. 62; orig
inal recol'ds, statistics of, p.106. 

M.AGNETIO PARTIES. Statistics of, p.105. 
MAGNETIC RECORD CONTINUED AT THE SELF.REGIS. 

TERING M.A.GNETIC STATION AT LOS ANGELES, CAL., 
ABSOLUTE MEASURES OF THE MAGNETIC ELEMENTS 
MADE MONTHLY, pp. 58, 59. 

MAGNETIC STATIONS OCCUPIED. Sta.tistic•,p.105. 
MAGNETIC V A.RIATION. Detennined at Cape Fansbaw, 

Alaska, pp. 74, 75; determined at South Base Station, Frederick 
Sound, Alaska, p. 74; determined at East Ilase Station, Duncan 
Canal, Alaska, p. 75; information relative to, obtained from charts 
of early explorations on the. Pacific coast, p. 95. 

MAGNETIC WORK. Records of, received dnring the year, p. 
140; statistics of, p. 105. 

MAHON, O. Drawing division, pp. 124, 126, 127, 128. 
MAIDEN ISLAND. Reference to, p. 40. 
MA.INE. St4'te of, Included ln Section I, p.19. 
MA.KUSHIN, UNALASllKA ISJ,AND, .A.J,ASKA, p. 77. 
MALLOWS, SETH. Reference to, p. 27. 
MAN A.TEE, FLORIDA.. Reforence to, p. 50. 
MA.PES, MISS L. A. Chart division, p. 129. 
MAPLE HILL, KA.NS. Reference to, p. 85. 
MAPS AND CHARTS. Statistice of, p. 106. 
l\IA.RCUS HOOK. Reference to, p.40. 
MA.RE ISJ,AND NA.VY-YARD. Reforenco to, p. 73. 
MA.RINDIN, H. L., ASSISTANT. Physical by1lrography of Ca.pe 

Cod Peninsula., pp. 26, 28; services with U.S. Advisory Commis
sion for port of Philadelphia, p. 27; on office duty at Washington, 
p. 27; continuation of phyeica.l 11ydl'ographic suM"c.ys in New 
York Bay and Harbor, l'P· 37,38; reference to, p. 153: referenceof 
tide.gange and sta.ff to bench.marks at Horse.Shoe, Sandy Hook, 
p.38. 

MA.RION TOWNSHIP, KANS. Reference to, p. B4. 
MARION TOWNSHIP, M.ASS. Reference to, p. 25. 
M.A.RR, R. A., SUB.ASSISTANT. Tri&n,!!nlation of Nant.ncket and 

Vineyard Sonndo, pp. 28, 31; office work, p. 30; completion of tho 
triangnlationin th;,vfoinityof Ca.pe Charles, Va.,pp.44, 45; longi
tud" work in Oregon and W ashinitton Territory, pp. 68, 69. 

MARSH, CHAS. C., ENSIGN U. S. N. Services in Alaska. pp. 
73-77. 

M.ARTHA.'S VINEY A.RD. Changes in east shore, p. 29. 
:MARTHA'S VINEY.A.RD ISL.AND. Resurvey (If shoros of, p. 31, 
MARTIN, .ARTEMAS. In charge of archives and libra.ry, pp. 91, 

114; annual report of, pp. 139-143. 
MARTIN'S RILL. Station of triangulation in Kansas, p. 85. 
MARYLAND HEIGHTS. Triangulation Station in Maryland, 

p. 39. 
MA.RYLAND. Sta.to of, Included in Section m, p. 4.~. 
ld:ASONBORO INLET AND NEW RIVER. Resurveys on coast 

betwesn, p. 48. 
MA.SS.ACUUSETTS. State of, included in Seoti<>n I, p. 19. 
MASSACHUSETTS STATE SURVEY. Connection of A.BBist. 

ant H. L. Whiting with, p. 29. 
M.A.SS.ACHUSETTS .A.ND RHODE ISLAND, IlYD.ROGR.APHY 

OFF THE COASTS OF, p. 32. 
MATTAPOISETT TOWNSHIP, lla811. :Referenoo to, p. 25. 
MATT.A. W .A.M:KEAG, ME. lllljtnetie ob...,rvatfon• at, p. 24. 
MAU-PIN, WIT.LUM C. Computing division, p.118. 
MAXWELL, W. J., ENSIGN U. S. N. S..rviooe in Sectio1> l, p. 

23; reference to, p. 157. 
MAY-0, LIEUT. H. T., U.S. N. ASSISTANT llydroi;raplilc sur

vey& of &mLtoga l'-ge~ Holme.a Harbor, and of t.b& northwest 
ooast of Wbidliey l81and, p. 71 ; reference to, p. 15.'4. 

I MAYO'S KEY. Reference to, p. 49. 
~ MAYSVILLE, KY. Reforence to, p. 78. 
I McARTHUR (steamer). Use of and reference to, pp. 69, 70, 73, 

153, 155. 
McARTHUR, JOilX, Jn. Architect of new city ball, Philadel· 

phia, reference to, p. 92. 
McCLELLAND, D. Reference to, p. 121. 
McCORKLE,S. C., ASSISTANT. Physical hydrography; forma. 

tion and mm.-ementof ice in Delaware Ba:y and River as observt"d 
durini: the winter of' 1887 and 1888. pp. 39, 41; in charge of sub
ofiic1• at Philaddpbia. p. 02. 

lllcDOXALD. JOHN D., ENSIGN, 17. S. N. Services in .Alaska, pp. 
73-77. 

McGJ{A.TH, .T. E., SUI!ASSISTANT. Geodetic le"\"eling for the 
connection of the tide-gauges and benl'h-mark;, in )Vp,w York Bay 
and Harbor, and vicinity, p. 38; engagetl in office work at Wash
ington, p. 38; lines of p;Podetic for<~lin~ run hetwH·n tb<t~ .Mi.J,JsiA
sippi River and Little Rock, Ark., pp. 53, 54; topog-rnphical fmr
w~y of the site of the .American Bottom BaAe, IHinoiR, p. ~2; 
transcontinental 1inu of geodetic lc"\"eling carried wt:stw.a.rd fron1 
New Ila\'"en, Mo., p. R-1. 

McGUINNESS, J. P., ENSIGN, U. S. N. Sen-ices on toast of 
Washington Territory. p. 70. 

McHENRY, JOHN. Pa\master'R yeoman, et.ea.mer Patterson, pp. 
73-77. ' • 

McLANE, W.R. Driver, p. 138. 
McMILLAN. Triangulation station in North Carolina, p. l6. 
llfEIGS,~. J., RECORDER. Services on west coast of Florida, p. 56; 

ser\"'ices in Kentucky and Ohio, pp. 78, 79. 
MEMBERS OF CONGRESS. Distribution of charts to, p. 91. 
MEMPHIS, TENN. Reference to, p. 53. 
MENDAJ_h Trian,g-nlatjon st.Rtion in )faAsa-r.hu!';etts, p. 25. 
MENDELL, COL. GEORGE H., U.S. ENGTI<EERS. Rofl,rencc t-0, 

p.6-1. 
MENEMSIIA BIGIJT. Tide·gauge at; reference to. p. 32. 
MERMENTAU RIVER, LA. Reference to. p. 55. 
MEIUDIAN INSTRUMENT No. 16. Reference to, p. 61. 
MERIDIAN MOl\lTMENTS, Nantucket Isl~nd. Referenceto,p. 30. 
MERIDIAN TELESCOPE No. 1. Reference to, p. 78. 
MEIUDlAN. Trian~lation station in Massachusetts: reference 

to, p. 30. 
METEOROLOGICAL WORK. Records of, reooi'Ved during the 

year, p. 140. 
METRE PENDULl!M. Used in gra.vity determination• uu tho 

Hawaiian IRiand~, p. 87. 
MET ROD of levdin!!; in Arka.nsa.. p. 53. 
MICIUG AN. State of, included in Section XIV, p. 79. 
MIDDLEBOROUGH TOWNS!IlP, MASS. Reforenoo to, p. 25. 
MIDDLE CAPE. ~erence to, p. 49. 
MIDDLE GROUND, STONINGTON HARBOR. Reference to, 

p. 34. 
'MILLBRIDGE, M:E. Magnetic ob•ervations at, p. 23. 
MILES OF DEEP-SEA SOL".NDINGS UUN. Statistics of, p.100. 
Jl[ILES, W. P. Scr..-ices at Los Angeles, Cal., p. 59. 
MILLER. Station in triangulation of Indiana, pp. BO, 81. 
1\llNERV A. Triangulation station in KentMky, time, latitude and 

azimuth dct"rmincd at, p. 78. 
MINNEAPOLIS, MINN. Preliminary base-line meamremf'!1t, and 

selection of site for final primary base·line, p. 83; referenct· to, I'· 83. 
MISCELLANEOUS DIVISIO~. General notice.of work of, p. 91: 

annual report of the, pp.135, 138. 
MISCELLANEOUS DRAUGHTING lh:;-drographic). Dono dur-

ing the year, p. lf.2. 
MISSISSIPPI. Sta.fo of, inclml"'l in Seetion VIII, p. 51 
MISSISSIPPI RIVER. Reference to, p. 54. 
MISSISSIPPI HIVER .AND LITTLE ROCK, ARK. Lines of 

leveling bf'!tWOOD, p. 53, 54. 
MISSISSIPPI RIVER COMMISSION. Reference to, p. 53. 
MISSISSIPPI VALLEY. Reference to, p. 80. 
lHSSOURI P .ACIFIC RA.IL ROAD. Reference to, p. 84. 
MISSOURI. State of, induded in S..ction YV, p. 83. 
MITCHELL, HEl'<"RY, .ASSTST.A...'i"T. Memorandum relatini: to 

physical hydrography of Cape C01'\ Peninsula, p. 26; physical hy
drography of New York B4'.f and harbor; tlie un1ler.rnn of the 
Hudson River; its Nlation to New York Bar, p. 37. 

MITCHELL, IND. Reference t<>, p. 80. 
MOBILE, A J,.A.. R<>ference to, p. 52. 
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MOBILE RIVER. Sur,.ey of tho, pp. 52, &3. 
llOI..-KU"r' E. Drawin_gdn~ision,pp.124,127. 

MOXK'S HILL. Tdan~n:la.tion Atation in ).fa..qsAchu$1etts, p.!?5. 
.MONOM.OY POINT, MASS. Reference to clian~es near, p. 28. 
MOKTAUK POIKT ANJ) A.MA.GA.NSETT un;.s.\ VING STA. 

TIO"N"S. Survey of shore.Jin• betwe~n, p. 36. 
MONT,\ UK POINT A.ND NANTUCKET SUOA.LS. Current. 

in vicinity of, 1>. 35. 
MONTAUK l'OINT ANll PHELP'S BANK. Off.shorn sound. 

ingK l>etWPCll, p. 31. 
lllONTEZU:MA CREEK, CAL. Reference to. p. 64. 
MONTEZUMA SLOUGH, CAL. Referonceto, pp. 64, 65. 
M.:OOUI~, F. Forprnan, in charge of plate printing, Coast an<l Geo. 

<letic Survey Office, pp. Si. 90, 120. 
MOJWAN CITY. LA. Reference to. vp. 54,55. 
MORGAN BTEAllfSIIIP CO. Reference t-0. p. 54. 
MOREA. l: CREEK, MO. lteferenco t.o, p. 8t. 
MORICHES BAY, 1.0NG ISLA ND, lf. Y. Reference to, p. 35. 
MORSE, J<'REMO.'IT, SUBASSISTANT. Examination of thn Rite 

selected for the measurement of a priruar,\' haae-lino near LOR An. 
~eles, Cal., p. 5,.,; other s~rvic~ in California, pp. 61, 62: latUudo 
obser\·ations San Fran('i.sco, p. 62; em plo_n~d on office work ,at San 
JrranciAco, p. 93; ln.titude and time obBervations Lafayette Park, 
San Francisro, p. Q1 ; preparation or baAe bars for the Los Angeles 
base,'pp. 93, 9,. 

MORTON, 1'ROF. HENRY. Preoident Steven• Instttute of Toch. 
nology. Reference to, p. 148. 

MOSELY. N. S, ENSIGN U.S. K. Ser,.ices on coast of Washing. 
ton Terrihlry, p. iO: death of, p. 70; reforence to, p.153. 

MOSER. J. F., LlEUTENAKT, lJ. S. }[.,ASSISTANT. Off-shore 
and in·shore bytlrograph:y of the western end of Vineyard Sound 
to Buzzard·· autl Narragansett Bays, and to the eastern end of Long 
Islaud Sonnd, p. 32; h,yclrographic anrveys on the west coa.st of 
Flori<ta, from Pavilion Key t-0 Cape Sable, and thence t-0 Sandy 
·KcJ.,. a.ud Key\\.-eRt, pp. 48, 4.9: reference to, pp. 151, 152. 

MOSMAN, A. T., ASSISTANT. Triangulation on the south 
coast of Long I.land and determination of the geographical posi· 
t ions of light houses on the coasts of Connecticut and Rbode 
11:1land, pp. 35, 31'l; extension westward of the trans.continent.al tri. 
angulation near the thirty.ninth para.Uc! in Kentucky and Ohio, 
pp. 78, 79; engaged in offi(';e work, p. 78; instructed to take u.p tri. 
angula.tion upon Long Island from Montlt.uk Point westwa.rd,p. 79. 

MOU!-!T DIABLJ RANGE. Heference to, p. 61. 
MOUNT GUYOT. Station in trian11:ulation of Utah, p.86; m"I(· 

m•tic elements determined at, p. 86. 
MT. IlAMILTClN, CAL. Gravity observations at, pp. 63, 64,87. 
MOC'NT NEBO. t\tation in triangulation of Utah, p.~; latitude, 

a.z.imnth, and magnetic elements determined, p. 86. 
MOUNT OLIVET CEMETERY. Reference to, p. 43. 
MOUNT QUIRA CK. Triangulation station in Maryland, p. 39. 
MT. VERNON LANDING, ALA. Azimuth ob•erved at, p. 52. 
MURRAY, HARRISON. Firem&n, p. 138. 
:MUSCA.TUCK RIVER. Reference to, p. 80. 
1tfUSKEGET CHANNEL AND TUCKERNUCK ISLAND. 

Changes in since lMt survc)·. p. 29. 
MUSKEG ET ISL.A.ND. Topography of, p. 28. 

N. 

N AKA T INLET. Off Tonga•• Island, Alll.t!ka, location of rock 
near. p. 7~. 

NAME8 OF VESSELS. THEIR TONNAGE, ETC., IN THE 
SERVICE OF THE COAST AND GEODETIC SU"RVEY DUR
ING THE YEAR. p.163. 

NAKAilltO, p.73. 
NANTUCKET .A)ID MARTHA'S VINEYARD. Triangulation 

and to1>og;rapl•Y of, Pl'· 28, 31. 
NANTUCKET AND VINEYARD SOUNDS. Triangulation and 

topo1traphy of, pp. 28, 31. 
NAitRAGANSETT BAY. Coast.pilot examinations in,p.34; refer. 

CJlCt' to, p. 33. 
N AHRAGANSETT PIER. Reference to, p. 33. 
NARROW .RIVER LEDGE. EstabliBhment of buoy rooommended, 

I'· 33. 
NARROWS, Tl:tE, NEW YORK HA..RBO.R. :Reference to, p.38. 
NAT,\Lf. MR. Agent Morgan Steam-ship Co., p.54. 
NAUSET BEACH, MASS. Reforrnd to, p.26. 
NA USET ITA.RBOR, CAPE COD, MASS. 11.eferenoo oo, pp. 26, 27. 

N.A.USET THREE LIGHTS, MASS. Referred to, p.26. 
N.A.USHON ISLAND, M:ASS. Topography of, p.30. 
N .A.VAL OFFICERS. List of, attached t-0 the Coa•t and Geodetic 

Survey durln~ the year. pµ.16'-166 . 
NA. VY, OFFICERS ANJ> MEN OF THE. On coast.•nrvey dut.'-. 

p.163. 
NEBRASKA. State of, inclml!>d in Section XV, p. 83. 
NELSON, JOHN, .AID. Services in New York, p. 39; !'lerdces in 

gt1odetic leveling party in Arkansas, pp. 531 54; services in aoutben1 
California, p. 60. 

NELSON. R. E., JR. LevelmaninlJistrictof Columbia survey, 1'· 43. 
NES. J). S., ENSIGN U. S. N. Services in hydrogmpbic survey, 

coast of Louisiana, p. 56. 
NESBITT, MRS. M. E. Office of Assistant iu oha-rge and Tidal 

Division, pp. 1H,134. 
NEVADA. State of, included in Section XVI, p. 86. 
NEW BEDFORD, MASS. Iteforence t-0, p. 34. 
NEW BEDFORD COURT.-HOUSE. Triangulation station in Mas. 

sachII8etts, p. 25. 
NEW BEDFORD TOWNSHIP, MASS. Reference to, p. 25. 
NEW BRIGHTON, STATEN ISLAND. Reference to,p.38. 
NEW CASTLE. DEL. Reference to, p. 40; extension of United 

States pier at, reeommended, p. 40. 
NEW CASTLE AND CAPE HENLOPEN. Observation• of ice 

in Delaware Bay between, pp. 39, 4.1. 
NEWFIELD. Triangulation station in New ,Jersey, p. 41. 
NEW HAMPSHIRE. State of, included in Section I, p. 19. 
NEW HA VEN, MO. Line of geodetic levels continued from, p. B,. 
NEW IBERIA, LA.. Reference to, p. 56. 
NEW JiRSEY. State of, included in Section 11, p. 34; triangula· 

tion a,nd reconnaissance in, p. 41. 
NEW JERSEY CENTRAL RAILROAD BRIDGE. Near mouth 

of Hacken•ack River, tide.gauge on, p. 38. 
NEW MEXICO. Territory of, included in Section XVI, p. 86. 
NEW ORLEANS. LA. Reference to, p. 54. 
NEWPORT, R. I. Referenee to, p. 33. 
NEWPORT AND S&.N PEDRO BAYS, CAL. Hydrographic ex· 

aminations at. p. 58. 
NEWPORT LA.ND ING, CAL. Tide obRervations at, p, 58. 
NEWPORT NEWS. Refe~ence to, p. 47. 
NEW RIVER, N. C. Reference to, p. 46. 
NEW RIVER INLET. Base-line near, p. 46. 
NEW SOUTH INLET, COTA.MY BAY, MASS. Changes shown 

by 1'08urvey, p. 29. 
NEW TOPSAIL INLET, N. C. Reference to, p. 46. 
NEW YORK. Stat<i of, included in Section II, p. 34.. 

NEW YORK ..t..ND LONG BRA.NCH R. R. I..eveling along line 

~~- -
NEW YORK BAY AND HARBOR. Physical hydrogra.phy of, 

l).37. 
NIAGARA LIMESTONE. Referen11e to, p. SO. 
NIBLACK, A. P., ENSIGN U.S. N. Services in.A.lMka, pp. 73-77; 

in cbarge of steam·launcb Cosmos on voyage from San Francisco 
' to Port Townsend, pp. 7R-74. 
NICHOLS, LIEUTEN ANT·COMMANDER H. E., U. S. N., AS· 

SISTA.NT. Hydrographic exploration• in western A.laeka, pp. 
77, 78 ; inspection of tide station, Kadiak Island, Alai!ka, p. 77; ref. 
eTence t.n, p.154. 

NOBSKA POINT. Reference to, p. 29. 
NO MAN'S LAND. Reference to, p. 33. 
NO MAN'S LA.ND, ROCK ISLA.ND AND MONTAUK POINT. 

Current stations in vicinity of, p. 35. 
NOOKSACIIT RIVER. Reference to, p. 72. 
NOON·STOUT. Line in ti-iangnlation of Indiana r.nd Kentnoky, 

p.80. 
NORTH BA.SE STATION, FORT WRA.NGEC..L, A.LASKA.. Oc. 

cupation of astronomical station &t, p. 74. 
NORTH BREAKER SHOAL. Reference to, p, 4.7. 
NORTR CAPE. Reference to, p. 49. 
NORTH CAROLINA. State of, inelnded in Section IV, p.45. 
NORTH CAROLIN A. SOUNDS. 1nvestigation of oyster beda in, 

referred to, p. 152. 
NORTHWEST BASE. ·Los Angeles, Cal., reference to, p. 68. 
NORTHWEST CHANNEL. Key West, reference to, pp. 48, 49. 
NORTHWE3T HARBOR, LONG ISLA.ND. Resurvey completed, 

p.36. 
NORTON SOUND, ,U,A.SXA.. lUferenee to, p. '17. 



 

.A.LPH.A.BETIOAL ISDEX. xxi 

NOTICE TO MARINERS NO. 92. Reference to, p. 75. 
NOT ICE TO MARINERS NO. 93. Referred to, Jl. 32. 
NOTICE TO MARINERS NO. 95. lwforeuce to, p. 33. 
NOTICE TO .MARINERS NO. 97. Reference to, p. 35. 
NOTICE TO MARINERS NO. 99. Reference to, p. 32. 
NOURSE CREEK (OR SLOUGH), CALIFORNIA. Reference t<i, 
p.6~. 

NOYES ROCKS, STONINGTON HARBOR. Rt>forence to, J>. 34. 
NUMBER 01'' DEEP-SE.A. SOUNDINGS. Statistics of, p. 106. 
NUM:BEROF:MILES GEOGRAPHICAL RUN WHILE SOUND-

ING. Stati•tics of, p. 105. 
NUMBER OF OFFICERS AND MEN' OF THE !if A \'Y 0:8' 
CO~ST SURVEY T>UTY, pp. 163-166. 

NUM.BElt OF VESSELS IN COAST AND GEODETIC SUR· 
VEY, p.163. 

o. 

OAHU, HA.WA.HAN ISLANDS. Apparent tlifferenc" between 
astronomical and gt~odetic latit1.ule, p. 88. 

OAK BLUFFS, MARTHA'S VINEYARD, MASS., p. 31. 
OBLIQUE ARC OF THE MERIDIAN. Eiden•iun of, towards the 

Gulf of Mex!co, p. 51. 

OBSERVATIONS FOR LATITUDE .A.YD AZIMUTH AT A 
TRIGONOMETRIC STATION IN WISCTONSIN, pp. 82,83. 

OBSERVATIONS FOR THE LATITUDE OF THE LAFAY
ETTE PARK STATION. SAN FRANCISCO, IN CUNNEC· 
TION WITH '.l'HE MAIN TRIANGULATION, p. 62. 

OBSERVATORY HILL. Station of triangulation of 'Visoonsin, 
p. 82. 

OCEAN KING (sh\p). Wreck of referred to, p. 73. 
OCEANSIDE, CAL. Refor6nce to, I•P· 56, 57. 
OCCUPATION OF A STATION IN CONTINUATION OF TIIE 

PIH.MARY TRIANGULATION OF SOUTIIERN CALIFOI\. 
NIA, pp. 60, 62. 

OCCUPATION OF STATIONS l<'OR EX'l'ENDlNG TO THE 
WESTWARD THE TRANSCONTINENTAL TRIAXGULA
TION NEAR THE THIRTY-NI:N'TH PARALLEL IN KAK. 
SAS, pp. 84, 85. 

OCCUPATION OF STATIONS FOR THE EXTENSIO:\' EAST. 
WARD O~' THE TRANSCONTINENTAL TRIANGULATION 
NEAR THE THIRTY-NINTH PAI~A.LLEL IN UTAH, p. 86. 

OCCUPATION OF THE STA TIOX PRESillIO 0~' SAN FRAN. 
CISCO, FOR MAGNETIC OBSERVATIONS, pp. tl2,6:l. 

OFJf!CE 01<' COAST ANll GEODETIC SUltVEY. Statement of 
work of, during fttM;al y~ar, pp. 89 92. 

O~'FICE OF CONSTRUCTION OF STANDARD WEIGHTS 
AND MEASURES. E•tirnate for expen•o. of, p. 17. 

OFJ<'JCERS AND MEN m' THE NA VY, ON COAST SURVEY 
DUTY. Number of, pp. 163, 166.. 

Ol<'FICE EXPENSES. Estimate for, p. 16. 
OF~'ICE FORCE. Estimate for pay of, pp. 15, 16. 
OFF-SHORE HYDROGRAPHY BETWEEN SHOA.L WATER 

BA.Y AND GRAY'S HA.RBOR, l'P· 69, 70. 
OFF-SHORE AND INSHORE HYlJROGRAPIIY OF THE AP

PROACHES 'l.'O THE WESTERN END OF VINEYARD 
SOUND, TO BUZZARDS AND NARRAGANSETT BA Y8, 
AND '.l'O THE EASTERN END OF LONG ISLAND SOUND, 
p. a2. 

OFF-SHORE SOUNDINGS BETWEEN MONT A UK POTNT 
AND PHELPS BANK, p. SI. 

OGDEN, H. G., ASSISTANT. In charge of Engraving Division, 
pp. 91), 113; annual report of, pp. llS-124. 

OGDEN. Station in triangulation of Utah, p. 86. 
OHIO. St.ate of, included in Sectl<>n XIV, p. 79. 
OHIO AND KENTUCKY. TrianJ(Ulation, p. 79. 
OHIO RIVER. Reference to, p. 80. 
OLBERG, J. Drawing Division, p. 125. 
OLD COLONY RAILROAD. Line of levels connecting stations of, 

p. 26. 
OLD 'MAN' ROCK. Reference to, p. 32. 
OLD PROP.RIETOR LEDGE BEACON. Triangulation t<> deter-

mine position of, p. 2l. 
OLD TOPSAIL INLET, N. C. Referene" to, p. 40. 
OLINDA, HAW .A.TIAN ISLANDS. Reference to, p. 117. 
OLIVER, J. H., ENSIGN, U.S. N. Servi°"" on c°""'t of Washing· 

ton, p. 7-0. 

OI~EGON. State of, inclu<le<l. in Sectiou XI, p. 66; lou~itude work 
in, pp. 67, 68; survey of co••t of, pp. 66, 70; topographical recon
naissance of coaijt of, p. 67. 

ORIGINAL HYDROGRAPHIC SHEETS PLOTTED, VEHU'lED, 
.A'l<D INKED DU JUNG THE YEAR. List of, pp. l5U, 160. 

ORLEANS, MA.SS. Referred to, p. 26. 
OSBORN. Station in trian~latiou of Indiana, p. 80. 
OSAGE CITY, MI8SOURI. Referunee to. 
OYSTER BEDS. Survey of, fo1· ~tatB of North Carolina, p. 45. 
OVER, C.H. 'l'., MESSENGER, JI. 138. 
O\VEN. Station in triangulation of Tennf'Bstw, p. 79. 

P. 

PACIFIC CO.A.ST. Field work on: general statement of progress, 
p. 6. 

P .A.CIFIC CO.AST PILOT. Reference to, p. 67. 
PADILLA BAY. Hydrography of, Pl'· 71, 72. 
P .A.GE, PEI ER, me•senger, p. 138. 
PAINE, S. C., LIEUTENANT, U.S. N., .ASSISTANT, in com· 

mand of Schooner Eagre, p. 34 : hydrogrn pl.tic resurveys in Vine· 
yard and ~aotucket. Sounds, p. 34; hydrogtapli.ic examinatio11 iu 
Stonington Harbor, Conn., p. 3-1; refe1ence to, ;ip.15l, 152. 

PA.KAO AO. Station in tho triangulation of tho Hawaiian Islands; 
pendulum obserl'ations antl time and latitude determiubd, pp. 87, 88; 
apparent difference between astronomical and goodetfo latitude of, 
p. 88. 

P ALJNURUS (schooner) U•e of and reference to, pp. 37, 38, 155. 
P.A.RKEit, DAVID, WATCH~U.N,p.138. 
PARMENTER, H. E, ENSIGN, U. S. N. Services on steamer 

Baclte, p. 33. 
PARSONS, F. H., SL'BASSISTAKT. Services in Indiana, p. Bl; 

Rervices in Kareas1 p. 65; services in weigbt,ff and measure1H1ffice, 
pp. 92, 147. 

P ARS0~81 JOHN W. In charge of Accouutiog-Divfaiou, pp. 92i 114; 
aunual report of, pp. H3-J47. 

PARTIES ( ~'IELDJ OF THE SUH VEY. Diotribution of (AJ•pen 
dix No. 1), pp. 99-lOi. 

P.ARTIES DOING TIDAL WOUK EXCLUSIVELY. Stati•tics 
of, p. 106. 

PARTIES DOING TIDAL IN CONNECTION WITH HYDRO. 
GRAPHIC WOUK. Statjstic• of, p.106. 

PARTIES ENGAGED IN GRAVITATION WORK. St:>tisticsof, 
p.105. 

PARTIES ENGAGED IN RECONNAISSANCE. Number of,p. 
105. 

l' ARTY EXPENSES. Estimates for, pp. 12-14. 
PA.SSE:'\ OFT HE MISSlSSil'Pl. Reference to, p. 54. 
PA. TOS ISLAND. J<;•tahlishment of light-house nud fog.signal at, 

re.oownrnntled, p. 91. 
PATTERISON (steamer). Use or, and refprenco to, l'JI· 73-77, 153. 
PA. TTERSON GLACIER, A LASKA. Refcrenue to, p. 75. 
l'.A.Y OJ<' J<'IKLLJ O~'FICEl,S. E•timate for, p.14. 
PA. Y 01'' OFFICE FORCE. E•timnte for, pp.15-16. 
PEAKED HILL, TRIANGULA'l'lON STATION, MASS. Refer· 

ence to, p. 30. 
PJ<;M:HROKE AND W]~ST PEMBROKE, :ME. Incln<le.l in topo
~raphical survey, p. 22. 

PE::>!DULl!M OBSEh 'TATIOXS. Original au<\ <luplieate record•; 
statiRticR of, p. 106. 

PENDULUM 1YORK. Records of.received d11ring tbe y r .. ar, 'J.l. !40. 
PENINSULA OF i·LoRIDA, F1WM ST.MARY'S 1UYEU,ON 

THE E.AST C0At51', TO AND INCLUIHIW AXCLOTE AN
CIIORAGE, ON THE WEST COAST, induded in Section IV, p. 
47. 

PENNSYLVANIA., Stat<> of, induolo<l iu Section II, Jl. 34. 
PENOBSCOT BAY, ME. Exnminatiou of, p. 23. 
PERKINS,C.P.,L1EUTENANT, U. 8. N., ASSISTANT. Hydro· 

grapnio re1mrve;ys in Vineyard ~ound and in th£~ clillllllflls aud 
harbors adjacent., p. 32; reference to, p. 151. 

PERKINS, F. W., ASSIST A NT Continuation of the reconnai•· 
eaoc-e and triaUJ!Ulation for cuuimcth1g the primary tdaDJl;Hlatfou 
nt>at· Atlanta. with that on the Gulf, pp. 51, 52: ret·onnai~sa.nc£' for 
tho connection of the trhm,l!ulat.ion of tht' Stat.e of lniliana with 
the transmmtinental triimgnlatio11 near thfl thirty ninth paralM, 
advancing to t.]10 eastwaTd in Indiana aud to the westward iu 
Kentucky, pp. 79, 80. 
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l'ERMANENT MAGNETIC STATIONS OCCUPIED. Statistics 
of, p.105. 

PERRY, ME. Triangulation station at, p. 19. 
PETERS, G. H, LIEUTEXANT, U. S. N., ASSISTANT. H~·dro

gr&phic examinations on the coast of Maine for the Atlantic Coast 
Pilot, p. 23; hydrograph1c examination for the Coast Pilot on the 
eoathcm coast of Massachusetts, p. 34 i in charge Co.a.st Pilot Divis
ion, annual report of, pp.156, 157; references to, pp. 154, 158. 

PETERSEN, .A.. Engraving Division, pp. 119, 122-124. 
PETERSEN, JEXS, MASTER·AT-ARMS on steamer Blake, 48. 
PETIT .A.NSE BAYOU, VERMILION B.A..Y, LA. Reference to, 

p.M. 
PETTY'S ISLA.ND. Reference to, p. 40. 
PHIL.ADELPHIA.AXD READfNG- STEAM COLLIERS. Obser· 

vations of ice in De1aware River b:y, p. 39. 
PHILADELPHIA. MARITIME EXCHANGE. Ol'"ervat ion" of 

tides at Dela.ware Breakwater by, p.40; ·aid from acknowlc1l~etl. 
p.41. 

PHOTOGUAPHIC PRINTS. System of mounting to ijCal devis\''1 
by D. C. Chapman rof~rred to, p. 90. 

PHYSICAL HYDROGRA.PllY. Coast of Cape Cod Peninsula, 
p.26. 

PHYSICAL HYDlWGRAl'HY. FOHMATION ANl> MOYJ<;. 
MENT OF ICE IN DELAWARE BAY .AND IUVER, AS 
OBSERVED DURING THE WIXTER OF 1887-'88, pp. 39, 41. 

PHYSICAL HYDROGRAPIIY OF NEW YORK BAY AND 
HARBOR. THE U:-<'Dt';R-RUN OF TUE IlUDSON RIVER; 
ITS RELATION TO NEW YORK BAR,p.n 

PIEDRAS BLANCAS. Coast Pilot ,-fows obtained at, p. 94. 
PILLSBURY, J.E. LIEUTENANT, U. S.N.,.ASSISTANT. Off

shore soundings between Phelps Hauk aud Mouiauk ruiut, p. 32; 
exam.ina.tion of coast currents in the app·oa.ches to Ne\\-. York 
Harbor, p. 35; hydrographfo surrey of St. 8imou·~ Ifar, Georgia, p. 
47; Gulf Stream explorations, pp. 47, 48' reference to. pp. 152-154. 

PILOT PEAK. Station in triangulation of, Utah, p. BG. 

PINE BLt:"FF, ARK. Reference to, p. 53. 
PINEY MOUNTAIN. Triangulation station, p. 39. 
l'lltATE (steam-launch). Use of and reference to, p. 74. 
PITTSFIELD, ME. Magnetic observations at, p. 24. 
PLANE-TABLE SHEETS 0~' BELLINGHAM AND SAMISil 

BAYS A.MD THE ISLAXDS IN THEIR VICIIDTY. Refer
ence to, I•· 72. 

PLANE-TABLE SHEETS OF CO.A.ST Ol' OREG-ON. Reference 
to, l'· 66. 

PLATE-PRINTING OFFICE. General notice of work of, p. 90. 
PL.A.YA MARIA. BAY. lteforenou tu,p.95. 
PLUM: TSLA.ND, MASS. Magnetic ob•ervations at, p. 24. 
POCHET ISLAND, MASS. Reference to, p.27. 
POINT AGASSIZ, FREDERICK SOUND, A.LASKA. Ueferenco 

to, p. 74. 
POINT ARENA 'l.'O CAPE :M.ENDOCIXO. G<;ueral chart of the 

Pa.citic coast, en~'Tavcd plitte of, comploted, p. 9-0. 
POINT AU }'ER. Triangulation station, in Loni•ianu, p. 04 
POINT BUCIIOX. Establishment of buoysotl, recommended, p. 94. 
POINT FRANCIS ISLA.ND. Reference t-0, p. 72. 
1'0LLOCK RIP LIGHT-SHIP. Tidal current observed at, p. 27. 
PORTAGE BAY, KUPREANO.FF ISLAND, ALASKA. Sunt'Y 

of1 maguetk station occupied, :mtl tidal observ-atious at, pp. 74, 76. 
POl!.TAGE COVE, ALASKA. Tidal olisen-ations M, p. 74. 
PORTLAND, OREGON. Magnetic observations at, p. 68; r~fer

enoe to telew-aphio longitude work at. p. 86. 
PORTI,AND CANAL AND PEARSE'S CHANNEL. Survey of, 

pp. 76, 77. 
PORTLAND-WALLA-WALLA. Difference of longitutle b•·· 

tween, determined, pp. 67, 08. 
!'ORT KENYON", CAL. Reference to,p. 65. 
PORT Sil!PllON, BRITISH COLUMBIA. ObservatloDa for timo 

obtained at, pp. 74, 75. 
PORT 'roWNSEND, W .ASH. Roforonce to, p. 73. 
POWDER HOLE, :MONOM.OY l'OlNT, MA.SS. Iieference to, 

p. 27. 
PO.WELL. Sation of triangulation in Kansas, Jl. 85. 
PRa TT, J. F., ASSIST.ANT. Topographical rMurvey of the water

front at Astoria, Oregon, and reoovery and remarking of tidal
bench marks, p. 69. 

!'REPARATION OF BA.SE BARS FOR THE LOS ANGELES 
BASE, pp. 93, 9'. 

PRESU>IO ASTRONOMICAL STATION, SAN FRANCISCO. 
Ma!(Iletrn observations at station near, pp. 61-63. 

PRESQUE ISLE, ME. Magnetic oweri·ations at, p. ~4. 
l'l\ESTO.N, E. D., SUB.ASSISTANT. Determinations of gravit.y 

at the Smithsonian Institution, Washington1 iu connection with 
similar determinations iu the Ha.waiian Islandij and in California, 
p. 42; determinations of gravity at Sa.n Francisco and at Mount 
Hamilton, Cal., pp. 63, 64; engai;:e!l in office work, p. 87. 

PRIBILOF!<' OR SEAL ISLANm;, AT,ASKA, p. 77. 
PRIMARY BASE-LI.NES. Statistics of, p.105; length of, in statute 

miles, p. 105. 
l'lUNCE JlEGENT'S REDOUBT. '.rriangulation station at East

port, Me., p. 19. 
l'lUNTED SHEETS OF MAPS AND CHARTS DEPOS[TED 

WITH SALE AGENTS. Statistics of, p.106. 
PRINTED SHEETS OF MAPS AND CHARTS DISTRIBUTED. 

Statistics of, p. 1U6. 
PRINTING- AND BINDING. Estimate for, p.17. 
PROSPECT CHILMARK. Triangulation station, Massachusetts, 
n~ference to, p. 30. 

PIWVINCETOWN AND CHATHAM, MASS. Pro1<rn•s of work 
between, referred ro, p. 26. 

l'ROVINCETOWN A.ND TRURO, MA.Si;. Boundary monmnents 
between, Teferrcd to, p. 25. 

l'lTilLICA.TIONS RECEIVED FROM PUBLIC PRINTER, p.138. 
Pl'."IlLISHING OBSERVATIONS. Estimate for. p.17. 
PUGET SOUND A.ND ADJ.A.CENT WATERS. Progress of 

hydrography of, referred to, p.153. 
PULIZZI, 0. Recorder, services in Kauaa.s, p. 85. 
l'ULPIT IWCK. Triangnlation station in Pennsylnnia, p. 39. 
PURCELL,J.L., ENSIGN, U.S. N. Services on coast of Washing-

ton Tsrrit<iry, p. 70. 
i PUULOA. Latitude station, Hawaiian Iolands, p. 88. 

•· 
QU AltANTJNE STATION, SAN FRANCISCO. Report by Prof. 

Ge(lrge Da.vidson on location of, referre€l tu, p. 93. 
QUEEN INLET,N.C. Reforenceto,p.46. 
QUICK (schooner). Uso of and reference to, p. 50. 
QUICKSAND HILL. Reference to, p. 33. 
QUICK"S IIOLL, MASS. Referred to, p." 32. 
QUODDY IIEA.D, ME. Inspection of topography in vicinity of, 

p.22. 
H.. 

R..!..CCOON STATION, LAST ISLAND. .A.z!mnth determined at, 
p.54. 

RA.RIDEN. Station in triani:ulation of, Indiana, p. 80. 

RA.IUDEN-LEONARD. Li.Do of triangulation in Indiana, p. 79, 
RARITAN BAY. Ruforence to, pp. 38, 39. 
READ, JOHN J., COMMANDElt, U.S. N., INSPECTOR FOUR.TH 

LIGHT.HOUSE DISTRrCT. Reference to, p. 41. 
READ, MAURICE L., ENSIGN, U. S. N. Services in Al&Bka, 

pp. 73-77. 
READY (schooner). Use of and reference to, pp. 37, 38. 
RECO:!l"NAISSANCE for triangulation in Kansas, f>. 84; for triangn· 

lation in :Minnesota, I" 84; in Alabama, Pl'· 51, 52; in New Jeniey, 
p. 41; statistic• of, p.103; (topog1aphical) of coa11t of Oregon, pp. 
66, 67. 

RECONNAISSANCE FOR CO::'l'NECTING THE TRIANGULA
TWN IN THE SOUTHERN PART OF THE STATE OF 
i'ENNSYLVANIA, WITH THE PRIMA.RY TRIANGULA· 
TION IN MARYLAND, p. o9, ' 

RECONNAISSANCE l<'OR THE CONNECTION OF THE '.CR.I· 
ANGULATION OF TIJE STATE OF INDIA.NA, WITH THE 
TRANSCONTINENTAL TRIANGULATION NEAR THE 
TIDRTY-NINTH PARALLEL, .ADV ANCINGTO THE EAllT
W ARD IN INDIANA AND TO THE WESTW .um IN KEN
TUCKY, pp. 79, 80. 

REEDY ISLA.ND. Reference to, p. 40. 
RECORDS. Statistics of, p.106. 
RECORDS AND COID'UTA.TIONS RECEIVED DURING FIS.. 

CAL YEAR. Tabnlar &iatementll of, pp. 139, l!l.Cl. 
REESEVILLE, WIS. Reference to, p. 82. 
REFRACTION noted in line, Macho to Monnt Tom, Cal., p. 61. 
REID, R. 1., ASSlSTANT ENGi.NEER, U. B. N. Servi""" on 

steamer McArthur, p. 70. 
REP A.IRS OF VESSELS. Referenoo to, p. lM. 
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!~ENT OF OFFICE BUILDINGS. E;timate for, p. 16. 
ltEPAiliS AND MAINTENANCE OF VESSELS. Estimate for, 

p.14. 
RBl'OltT (ANNUAL) of tho Accounting Division, pp.143-H7; of tlw 

Ar<ihiV('8 and Libtary, pp.139-14a; of the Assistant in charge of 
Otlice autl Topogntphy for tho.year endin~ June 301 18!:!8, .Appe.ndix 
No.4,113-149; of 13nreau of Weight• an<l Miiasnres,pp.147-149; 
Qf tlrn Chart Division, 129-131; of tho Cornputiug Division, pµ. llG-
118; of the Coast Pilot DiviHion, pp.156, 157; oftheDrawin~ l>ivib
ion, pp 124-128; of the Engrnv-ing: Di·dsion, pp. 118-1~4; of the 
In-.t.rumf'lnt DiYiRfon, pp. l~H. 133; of tho Hydrographic DiviMiou, 
pp.158-162: of the llyllrogniphic lm;pl•Ctor, inclndi11g reportti of 
tho Coa~t Pilot autl IIJ'c.lrographfo Divisiom;, Appem1ix Nu. 51 pp. 
151, 161i; of Urn Miscellaneous DiviHiot1, p.1:15: of tlm Tidal llil"is· 
iou, pp. 133-135. 

REPORT (ANNL:.AL) OF THE Sl'"PEUINTENDEYT FOi~ THE 
FlSCAL YEAl: ENDL"{G ,JUNE 30, 1888, transmitted uy the 
Secretary of the '.rrtiasnTy to Congress, p. III; introdn('tory re· 
marks. p. l; arrangement of uontents referre1l w, pp. a, 18; nwww 
of work of tl1e year, pp. 4-5, G1-merRl statmnm1t, of pT'Og'TA~H.: Ffoltl 
work, pp. 5-7; office work, p. 7; Uh~cuverieM aIHl devulo11ment~, pp. 
7-8; bulletins, p. 8; Hpeci11l i::i~iontific work, pp. 8-11: exp lunation 
uf e~timates, p.11 ; t1Btima.tes 1 pp. 12-17. 

REPORT (.ANNUAL) OF THE SUPER!N'l'ENIJENT FOR 
YEAR ENDING JUNE 30, 1886, printing of, completed, p. 95; 
distribut1on of copies, p. 137. 

RESURVEY AT ASTORIA, OREGON, p. 69. 
RESURVEYS AND EXAMINATIONS IN ;;AN DIEGO lH Y 

AND VICINITY: TEI~TIARY TlUAKGULATION .AND 
TOI'OGR.Al'IlY BETWEEX SAN DIEGO ANJI SAN PEDRO 
BAYS, pp. 5G, 57. 

RESURVEY 01<' EEL RIVE!t ENTRANCE AND OF SALT 
RIVER, CAL., pp. 05, 66. 

RESURVEY OF SHORE.LINE ON LONG ISLA.ND, FRO::tf 
HOG NECK TO RIVERHE-'>.D. INCLCTIHNG '.rHE SHORE· 
LINE OF NOYA.CK, LITTLE PBCONIC AND GREAT PE· 
CONIC BL'>.YS; ALSO OF TII.E OCE..l.N SHORE FROM AM.A
GA.NSETT Wl£STWARD, p.36. 

RE:\Ul~VEY OF SUISUN BAY AND TI:IBUTARIES, CA.L., 
pp. 64, 65. 

REVILLE. MISS A.G. Tidal Division, p.134. 
RHODE ISLA:l\IJ. Stare of, included in Se<tion I, p.19. 
RICH INLET, N. C. Refomnce to, p. 46. 
RICHARDSON, .A. Packer and fo!<ler, p.138. 
RICHARDSON'S ROCK, OFF SAN MIGUEL ISLAND. Est.au. 

lishwm1t of light-hou~c aud fog-tdgnal ou, rucouuuondml1 p. 94. 
RICHLAND. Triangulation stat.ion in, New Jersey, p. 41. 
RISTEEN, ALLAN D. Computing Divioion, pp.116, 117. 
RITCHIE AND HASKELL. Cnnent meters devised by, p. 37. 
RITTER, HOMER f'. Physical hy<lrography, Capo Coo, p. 27. 
ROAlUNG RIVER, CAL. Reference to, pp. 64, 65. 
RO BARTS BROTHERS. Re:'erence t<>, p. 66. 
ROBBINS'S ISLAND, CUTCHOGUE HARBOR, AND SIIORJ<;

LINE OF LITTLE HOG NE<.:K, LONG ISLAND, N. Y., in· 
eluded. in resurvey, p. 36. 

ROBBINSTON, ME. Tides observed at, p. 20. 
ROBERT, H. M., LIEUTENA:.IT-COLONEL, CORPS OF EN· 

GINEERS, U. S. A. .A.id from, acknowledge<!, p. 41. 
ROBINSON, MISS LIZZIE. Chart Divisl<m, p.129. 
ROBINSON'S HOLL, MASS. Projection for hydro11raphy of, re· 

!erred to, p, 32. 
ROCHESTER TOWNSHIP, MASS. Reference ro, p. 25. 
ROCKWELL, CLEVEI.AN D, AS::!IST ANT. Survey south CO&Bt 

California, reference to, p. 59; completion of the topographical re-
001rn&l••anco of the coaat of Oregon between Ya<1uin& Rivn and 
Tillamook Bay; examination of sit.ea for ligbt-hon&t•s at Cape Look
out and C1>pe Meares, p. 67; engaged in office work, p. 67; prepara· 
tion of views for new e<lition of Pacific Coast Pilot, p. 04. 

ROCKY BUTTE. Triangulation atatfon in C1>liforni", pp. 50, 60. 
RODGERS, A. F., ASSISTANT. Resurveva and examinations in 

Salt Di<>go Bay and vicinity; tertiarr trl1nglllation an<! t.opog
rapby between Sa.n Dieiro and Sa.n Pe<lro &ys, pp. 36, 57; enga11:ecl 
in office work at San Fra.nci1100, p. 57; reference to survey of :Eel 
Ri•er by, p.119. 

RODGERS RIVER. Reference to, p. '9. 
:ROE'l'll, J. H. Drawing DiviBiou, p. 12<; oillce of Rydrograpluc In· 

apoot.or, p. lli5. 

ROGERS, A.G., Eg8IGX, U.S. N. Servic.-• iu Gulf Stream HX-

plorations, p. 48. 
ROGUE RIY ER, OlU£<:iON. Hderen<:e to, p. 67. 
ROSARIO STRAIT. Ilydrography of, pp. 71, 72. 
ROSEVILL.J<;, CAL. New wlmrfat, p.57. 
ROSS, .JOHN. Serdcett in 8tietion J reff'rrotl to, ~3: i-wrvit't'H iu 

Coast Pilot party, p.34; Cua1:1t Pilot Di\'i~ion, p.157. 
ROUND 'TOP. '.rria.ugulation stati{)n iu Califol'liia, p. 61. 
ltOUN 0 TOI'. Triangulation station in PNmf<ylntnb, p. :w. 
ROUND TOP-PlTLJllT HOCK. Liuein triangulatiou oJ~ Pt•nn~~ l-

v auia, p. 39. 
H.OY. Station in triangulatiou of, Tenuc·:u~t>. p. ';9. 
ROYAL NAYY. Survey by oftioor of t.l1l·, p. ii~. 
H.USH {reveuut~ cutter). Refereneo to. J~. 94. 
HYEHS .AND IJIMMONS ORE.ADS rnLANllS, CAL. Refornnce 

to, p. 64. 

SAGADAHOC (srnarn.Jannch). Use of antl l'eft•renct.i to, p. ~L 
SAGAMORE, MASS. Rt·fen~u (<>, p. 20. 
SAG HARBOR, LONG ISLA.ND, N. Y. Reforenc11 w, l'· :m. 
SAG lIAltHOR COVE. Resurn>y of shorP·lirn·, p. 36. 
SALMON CANNERIES .AT A.STOlUA, OREGON. lleforenc1· to, 

p.69. 

SALT LA.KE CITY, UTAII. Tclt'grapbic lung;it ulle work at. Jl. 86. 
SA LT LAKE OITY-W ALL.A WALLA.. Diff<·rtmc,. oflongitudo 

determined, p. 86. 
SALT MINES ON AVERY'S ISLA!'ID, LA.,p.5d. 
SALT RIVER, CAL. Resurvey of, 11p. 65, 66. 
SAMISIJ BAY. Survey of, pp. 72, 73. 
SAMlSH FLATS. Iteference to, p. 72. 
SA.MISH ISLAND. Reforenco to, p. 72. 
SAN CARPOFORO CREEK, CAL. Reference to, p. 59. 
SAN CARPOFORO CREEK TO WHITE ItOCK NO. 2. Topo

g1aphica.l sbet;t, p. 60. 
SAN DIEGO, CAL. Rapifl de,-elo1•m .. nt <>f. p.56. 
SAN DIEGO AND SAN PEDRO BAYS, CAL. Surveys of coast 

between, pp. 56, 57, 
SAN DIEGO BAY, CAL. ltesurveyo in, pp. 56, 57. 
SANDY HOOK, N. J. Determination of mean llRlf-ti<le level at, 

p. 91. 
SANDY ROOK AND WILLET'S POINT. Line of lev..!• be

tween, p. 38. 
SANDY HOOK BAR. Obsermtions of current• on•r, p. 37. 
SANDY HOOK TOW ARDS HAGERSTOWN, MD. Liu .. of!c..-els. 

reference to, p. 38. 
S.AN FRANCISCO, C.AL. Gravity observations at, pp.6~,64,87; 

investigation of tidal <lat'1 for, p. 91, location of quarantine station 
a.t, reforrod to, p. 93; r-0fe1·ence t-0- telegra.J)bic longitude work at, p. 
86. 

SAN JOAQUIN VALLEY, CAL. Reference to,p. 61. 
SAN JOSI?, CA.L. 'Reference 1.0, p. 64. 
SAN JU.AN CAPISTRANO, CAL. I:efownc<• to. p. 57; hsdt-o
~raphic examinations at., p. 5f!. 

S.A.NKA TY HEAD, MASS. Rcforenc<> to, p. 28. 
SANK A TY HEAD LIGHT. Triangulation station in Massachu. 

setts, reference to, p. 30. ,. 
SAN MART[N TOP-ALDER TOP. Lino in triangulation of, Cali· 

fornia1 p. 60. 
SANNAKH ISLAND, ALASKA., p. 77. 
SAN PEDRO, CAL., p. 73. 
SAN PEDRO BASE-LINE. Reference t.o, p. 58. 
SA.N PEDRO IIA.Y. Reference to, pp. 56, 57. 
SAN SIMEON, CAL. Itef<"rence to, p. 59. 
S.A.N SIMEON B.AY. CAL. Reference to, p. 59. 
SANT.A LUCIA. Triangulation station in, California, pp. 59, 60. 
SANT.A. ROSA CREEK TO SAN SIMEON BAY. Topog;rnphicnl 

shoot, p.6(1. 
SAR.A. TOG A P .ASSA.GE AND HOLMES HARBOR IIytlrogr:1phy 

of, p. 'Tl. 
SAitGENT. FRED. Tidal observer at Kadiak Islan<l, Alaska, p. 77. 
SA UC EL ITO, CAL. 'l'ide observation• at., p. 63. 
SAVOY, WILLI.AM. Mes~•llger, l'· 138. 
SA WYER KEY. IWference to, p. 4.9. 
SCHNEIDER, H.J. Drawini:; Division, p.125. 
SCHOONER J,EDGE. Reference to, p.40. 
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SCHOTT, CHARLES .A., ASSISTANT. In charge of Computing 
Divi.1UOlli pp. 89. 113, 118; magnetic Ueterminations (annual) at a 
station ou Capitol Hill, '\Vahhington, D. C., p.4:!. 

SCHUYLKILL RIVER. Reference to, p.40. 
SCORESBY (schooner). U•e of aud reference to, p. 152. 
SE AL ISLA.ND LIGIIT-IIOUSE. Triangulation w<letermine posi

tion of, p. 21. 
SECOND PRINCIP .AL MERIDIAN. Connected with triangulation 

in, Indiana, p. BO. 
SECTION I. Progress of work in, pp. 19-41. 
SECTION IL Progress <>f work in, VP· 34-41. 
SECTION III. Progress of wurk in, pp. 4'.1--45. 
SECTION IV. Progress of work i11, PP- 45-47. 
SECTION V. l'rogress of work in, p. 47. 
SECTION VI. Progress of work in, pp. 47-51. 
SECTION VIII. Progress of work in, pp. 51-56. 
SECTION X. Progress of work iu, pp.56-66. 
SECTION XI. Progress of ·work it1, pp. 66-73. 
SECTION XII. Pro~ess of work in, pp. 73-78. 
SECTION XTTI. Pro1p·ess of work in, pp. 78-79. 
SECTION XIV. Progre•s of work in, pp. 79-83. 
SECTION XV. Progress of work iu, pp. 83-85. 
SECTION XVI. l'rogres• of wo1k in, p. 86. 
SENGTELLER. L. A., .ASSIST AXT. Resurvey of Suisnn Bay arnl 
tributarie~. California, J-IP· 84, €5; office work, p. 64 ; serYicos in pri
mary ttiangulation of California. ll· 61. 

SHARK RIVElL Roforencc to, p. 49. 
SHAW A UKEMO. Triangulation station, Massachusetts, reference 

to, pp. 30, 31. 
SUELL ISLAND, LA. Tid~s obsenetl at, p. 54. 
SllELTON, ROBERT. Printing room. p.12-0. 
8ITELTON, S. B. Tidal Division, p.135. 
SHEPHERD, CAPTAIN, U.S. REVENUE)J:ARINE. Reference 

to, p. 94. 
SHIDY, L. P. Tidal Division, pp. 91, 114, 134. 
Sl!INI>EL,J. E., E:iSIGN, U.S. NAVY. Services in Gulf Stream 

tixplorations, p. 48. 
SHINGLE MILL WRA.R~', near mouth of Salt River, Ca.I. Tides 

o ]>Serveil at, p. 65. 
SHINNECOCK llA. Y. LONG ISLA.ND, N. Y. Reference to, 

p.35. 
SHINNECOCK LIGliT·lIOUSE, LONG ISLAND, N. Y. Refer· 

ence to, p. 35. 
SHIP JOHN SHOAL. Ret'ercnce to, p. 40. 
SHIPLEY, JOHN H., EXSIGN, U.S. N. Services in Alaska, pp. 

73-77. 
SHIP SHOAL LIGHT-HOUSE. Reference to, p. Di. 
SHOA.LW .ATER BAY. OREGO!'<. Ily<lrography of, pp. 60, 70. 
SHOA.LWATElt BAY AND GRAY'S HARBOIL Off·shorehy· 

<lT0,1?ra1•hr between. pp. 69, 70. 
SITORE·LINE CHANGE::\ ON MARTHA'S VINEY.Alto. (Ap· 

pend ix No 9, 18&.) Referenec to, p. 29. 
"SHORT18 HOUSE 11

• Triau~ulation station in, Oregon, p. 69. 
SllORTLANlJ. Triangnl,.tion station in. Maine, p. 20. 
SIIOVELFUL LIGII'f.SHIP. Tidal current observed &t,p. 27. 
SHREWSBURY RIVER, N. J. Refer~nce lo, p. 39. 
~HUMAGIN ISLANDS, ALASKA., p. 77. 
SIASCONET VILLA.GE, MASS. lleferenco to, p. 28. 
SIERHA MOREN A. TriangulJ<tion Rtation in California, 1'· 61. 
SIGN AL SERVICE, U.S . ..iRMY. 01.>oervations of ice in Dela-

ware River by, p. 39. 
HILLIMA.N. Schooner, p. 155. 
SIL\'Im FIR TREES IN SOUTHERN CA.LIFORNI.A. &!1tr· 

once to1 p. 60. 

SIMMONS. Station in triangnlation of, Kansal!, p. 84. 
SIMMS, A. D. Watcluuan, p. 138. 
SINCLAIR. C. H., .ASSISTA.N'l'. Triangulation, topography, and 

h.vdrollt"'phy of the .Atchafalaya River and detached surveyo on 
the coast of Louisiana, pp. M, 55; excbi.nges of telegraphic signals 
for longitude between San Francisco, Cal., and Portland, Oreg< n, 
p.63; obs.,rvations for latitude at Portland, Oregon, p.63; tW.e
~aphic lonptnde determination• betweeu PoTtland, 01·egon, and 
Walla Walla, 'Wll8h., and betweeu Walla Well& and Salt Lake 
City; determln,.tions of latitude and the magnetic elements at 
'VBlla \Valla, pp. 67, 68; snrveys and examinations at Bnrnt 
Island, Mich., p. 83; tletenninations of loogitnde at Salt Lake 

SINCLAIR, C. H-, .A.SSISTANT-Continue<i. 
City and Walla Wa.lla, Wash., p. 86; special surveys nm! examina· 
tions made at the request of th• Department of State and with 
the approval of the Secretary of the Treasury at Burnt L!Jand, 
Mich., p. 89; reference to, p. 153. 

SINCLAIR E.AST-LUMMI ROCKS. Ljne fa triaugnlation of, 
Washington, p. 72. 

SINCLAIR RILL,ME.,p.2l. 
SIPE, E. lL Engraving Division, pp. 119, 122--124. 

SLOCUM, G. R., ENSIGN, U.S. X. Services ou coast of Wasl.Iing· 
ton Terriwry, p. 70. 

SLOOP I'OINT, N. C. Rcforenceto, p. 4G; check· base measured at, 
p.46. 

SMITH, EDWIN", ASSISTANT. Exchan;:es of telegraphic •i'~al• 
for longitude between San Franciscu, Cal.. and Portland, Oregon, 
p. 63; telegraphic longitude determinations between l")ortland, 
Oregon, and Walla Walla, w ... n.,and l>etween Walla Walla and 
Salt La.ko Gity; de:orminations of latitude and the ma.gnetic 
elements at Walla Walla, pp. 67, 68; d<iterminations <>f longitude 
by exchan~es of t~legraphic ~igna.18 bt.~twcr.m Yaq uina and PoTtland, 
Oregon, and between Portland and Seattle, Wash.; observations 
for latitude and the ma.j.."D.Bticelements at Yaquina,audfortbemag
nelic elements at I•ortlan<l1 pp. 68, 69; determinations of 101.tgitude 
at Salt Lake City and Walla Walla, 'Vash., p. 86; preparation of 
catalogue of en.l{ra-ved plates, p. 90; ret'erenco to, p.114; servjces 
in Engraving Di vision, p. 120. 

SMITH, J. L. Chart Division, p. 129. 
SMITH, MISS PA ULA. E. .Accounting Di-vision, pp. 92.146. 
SMITH'S ISL.AND (Cape Charle•/. Reforeuce to, p. 44. 
SMITHSONIAN INSTITUTION. Gravity determinations at, p. 

42 ; reference to, p. 90. 
SMOOT, JOHN H. Clerk to Engraving- Division, pp. 90, 120. 
SNOW, A. S., LIEUTEN .ANT COMM.ANDER, U.S. N. Reference 

to, p. 75. 
SOMERSET TOWNSHIP, MA.SS. Reference to, 1'· 25. 
SOMMER, E. J. Drawing Division, pp.12', 126--128. 
SOU KHOI ISLANDS, .AL.ASK.A.. Check.base measnr<id on the, p. 

74. 
•SOUTH CAROLIN.A. Included in Section V, p. '7. 
SOUTH CHURCH SPIRE. Tdangulation station in Ma&sachu· 

setts, reference to, p. 30. 
BOUT HERN PACIFIC RAILROAD. Reference to, p. 58. 
SOUTHEAST BASE, LOS ANGELES, CAL. Reference to, p. 58. 
SOUTHWEST HEAD LIGHT-HOUSE. Triangulation to deter-

mine position of, p. 21. 
SOU'l'HWEST PASS, VERMILION BAY, LA. Reforenoe to, p. 

54; greatest depth in channel, p. 56. 
SOW,. .AND PIG'S REEF. Reference to, p. 32. 
SPA.NISH KEY CHANNEL. Heference to, p. 49. 
SP .A.NISH RIVER. Reference to, p. 52. • 
SP A ULDING, J. G. Tidal observer, Pulpit Cove, p, 23: tidal ob· 

server at Sandy Hook, N. J., p. 39. 
SPECIAL HYDROGRAPHIC EXAMINATIONS .AT SAN 

JUAN CA.PISTRANO, LA BALLON A, AND .AT 'NEWPOR'J: 
AND SA.N PEDRO BAYS, CAL., p.58. 

SPECIAL HYDROGRAPRY FOR THE ST.A.TE OF NORTH 
CA.ROLIN.A COMPLETED, p. 45. 

SPECIAL OPERATIONS, pp. 87-89; reference to, pp. 6--7. 
SPECIAL SCIENTIFIC WORK, pp. 8-11. 
SPECIAL SURVEYS AND EXAMINATIONS, MADE AT THE 

REQUEST OF TlIE DEPARTMENT OF STATE AND WITH 
THE .AP.PROV.AL OF THE SECRET.A.RY OF TlIE TREAS
URY, .AT BURN1' ISLA.ND, MlCH., p.89. 

SPECIMENS OF BOTTOM. Statistics of, p. 106. 
SPRITE (steam.cutter). Use of, and reference to, p. 21. 
SQUASH MEADOW SHOALS, VINEY.A.RD SOUND. Referenee 

to, f'· 32. 
STAFF AND nox GAUGES DISCONTINUED. Statistics of, 

p.106. 

ST.A.FF AND BOX: GAUGES EST.A.J!LISHED. Statistics of, 
p.100. 

STANDARDS OF WEIGHT ANO MEASURE. ~ferencetore
port on construction and distribntion of, p. 92. 

ST. ANDREWS, NEW BRUNSWICK. POllit.ion of lighl·hou.se 
determined. p. 20. 

ST. ANDREW'S BA.Y. Sta"tlstics of trilmgnlatlon, p. 20. 



 

ALPHABETICAL ISDEX. xxv 

ST.ANWORTH, C. S., ENSIGN, U. S. N. Services in Gulf 
Stream e-xplorations, p. 48. 

STATE HOUSE O~' KANSAS, TOPEKA. Observed upon, in tri
a11gulation of, Kansas, p. 85. 

STATE INSANE ASYLUM, TOPEKA, KANS. Observed upon, 
in triangulation of, Kansas, p. 85. 

STATE SURVEYS. Morelibet·al appropdationsdesh-able for, p. 41. 
STATE UNIVERSITY, MINNEAPOLIS. Reference to, p. 84. 
STATEN ISLAND. Line of levels along the shore of, p.38. 
STATIONS (TRIANGULATION) OCCUPIED FOR HORIZON-

TAL MEASURES. Statistics of, p.105. 
STATIONS (TRIANGULATION) OCCUPIED YOR VERTICAL 

MEASURES. Statistics or, p. 106. 
STATISTICS OF FIELD AND OFFICE WORK OF THE COAST 

AND GEODETIC SURVEY FOR THE YEAR ENDING JUNE 
30, 1888. Appendix No. 2.105, 106. • • 

STATISTICS OF LATITUDE WORK, HAWAIIAN ISLANDS, 
p.88. 

STATISTICS OF OBSERVATIONS AT MACHO TRIANGULA 
TION STATION, CALIFORNIA, pp. 61, 62. 

STATISTICS OF WORK IN THE ACCOUNTING DIVISION, 
pp.145, 141!. 

ST. CROIX RIVER. Triangulation of, l'P· 10, 20; topography of 
west bank, pp. 20, 21; hydrography of, completed, p. 21. 

ST. DA. VID'S. Triangulation station in, Maine, p.19. 
STEELE, J. M., PASSED ASSISTANT SURGEON, U.S. N. 

Si-lrvices on steamer Bacha, p. 50. 
STEPHENSON, HOLLA.ND N., PA.SSED .ASSISTANT EN· 

G !:SEER. U. S. N. Services on steamer Patter.on, pp. 73-77. 
STEVENS. Triangulation •tation in, Kentucky, p. 78. 
STONE, E. P. Recorder in physical hydrographic party, p. 28. 
STONE, :J. C., MASTER-AT-A.RMS AND DRAUGHTSMAN, 

steamer Patterson, p!J. 73-77. 
STORM, OTTO. Instrument Division, pp.114, 131, 133. 
ST. PAUL. Alaska Commercial Company's steamer, reference 

to, 1'· 77. 
ST. PAUL, KA.DIAK ISLAND, ALASKA. Tidal observations 

at, p. 77. 
ST. PAUL AND MINNEAPOLIS, MINN. Included in secondary 

triangulation, p. 83. 
ST. PAUL HARBOR, KADIAK ISLAND, ALASKA. Reference 

to, p. 77. 
STRAUSS, JOSEPH, ENSIGN, U. S. N. Service on coast of 

Maine, p. 21; services in hydrographlc survey, coast of Louisiana, 
p.56. 

STREETl:l, THOMAS H., PASSED AS.SIS TANT SURGEON, U. 
S. N. Services on steamer Patterson, pp. 73-77. 

ST. SIMON'S BAR, GA. Hydrographic survey of, p. 47. 
ST. S[MON'S SOUND, GA. Resurvey of entrance to, p.152. 
STUART INLET, CANAL DE HARO. Establishment of ligbt-

hoo.ae and fog-signal at, recommended, p. 94.. 
STUMP INLET, N. C. Reference to, p.46. 
SUBMARINE VALLEY, NEAR SEWPOR'.l' BAY, CAL. Ref

erence to, p. 68. 
SUBOFFICES U.S.COAST ANH GEODETIC SURVEY,p.92. 
SUBORDINATE BASE·LTh'ES AND BEACH MEAS1::BES. Sta· 

tisties of, p. 105. 
SUESS, W. Instrument Division, pp. 181-133. 
SUGAR LO.AF. Trlangnlation •ration in, Maryland, p. 39. 
SUISUN BAY, CAL. Inking and tracing of topographical oheets 

of, p. 93. Resurvey of, pp. 64, 65. 
SUISUN SLOUGH, CAL. Referenoo,pp.64,65. 
SUMNER STRAIT, ALASKA. Reference to, p. 75. 
SURVEY OF 'l'1IE MOBILE RIVER FROM SPANISH RIVER 

TO THE JUNCTION OF ALABAMA AND TOMBIGBEE 
RrvERS, pp. 52, 53. 

SURVEYS A'ND EXA.M:lNATIONS AT BURNT ISLA.ND, 
MICH.,p.83. 

SURVEYS AND INVESTIGATIONS NEEDED TO COMPLETE 
SURVEY OF CO.AST OJ!' THE UNIT.ED ST.ATES. Reference 
to,p.1. 

SW .AN POINT. Trianltulatien ata.tion in, North CIU'Olina, p. '6. 
SW ANSEY, ld:ASS. Ref.....,nce to, 25. 
SWIFT, FRANKLIN, ENSIGN, U. S. N. S..rvices on schooner 

Eagre, p. 82; eba;rge of steamer Daisy transferred w, p. 3'; 116tv· 
lees on west .,.,....t of Florida, p . .50. 

.... 
T.AJJLE BLUFF, CAL. Reforence to, p.65. 
TACOMA, WASH. Reference to, p. 73. 
TALCOTT, E. M. Service!> in Section I referred to, p. 20; oerTices 

iu Alabama, p. 52. 
TALIAFERRO, MRS. S. M. Accounting Dh·ision, pp. 92.146. 
TAMA LP AIS. Triangulal ion station in, California, p. fjl. 
TAMPA, FLA. Reference to, p.50. 
TANEY, E. L., SUBASSil:lTANT. Topographical resuneys on 

Nantucket ltilawl, pp. 28, 31; top-0graphi:cal rnaurve:r of tlw shol'e 
Hues of Nantucket, Muskeget;. Tuckernuck, aD(l the small falands 
in their vicinity, p. 31; •er\'ice• in field worJ.- in Lonisi&na. p. 54; 
topographic 1mrveyR on tho coast of Louisiana, betwt"en Vermil
IOll Bay and Ualcasien Pass; topographic snr'>ey of the Atcba. 
fa.la.ya River, Louisiana, p. 55. 

TANNER. Trian1?:nlation station in, Kentucky, p. 80. 
TA~N.ER-DRY RIDGE. Line in triangulation of, In<liana and 

Kentucky, p. 80. 
TARRY NOT (stearu-launch). U •e of. and reference to, p. ';1. 

TA TE. Triaugulatiou i;tation in. Ohio, p. 79. 
TEBENKOFF. Reference to. p. 77. 
TELEGRAPH RILL, SAN FRANCISCO. Latitude •tation, refer

enee to, p. 62. 
TELEGRAPHIC LONGIT(flJE DETERMINATIONS BE

TWEEN POHTL..L'\JJ, OREGON, AND WALLA WALLA, 
WASH., AND BETWEEN WA.LLA WALLA AND SALT 
LAKE CITY: lJETE!UUSATlOXS OF LATI1'UllE AND 
THEM !1.GNETIC ELE:MENTl:l AT W _\.LLA WALLA, pp.67,68. 

TEMPLE BLOCK, SAL'l' J,AKE CITY, UTAH . .Astronomical 
et at.ion conn<~cted with the tria.11gulation and magnetic elements 
observed 11r, p. 86; longitude station at, p. IIB. 

TENNESSEE, STATE OF. Included in Section XIII, p. 78; trian
,.-:nlatiou in1 p. 79. 

TERTIA.RY TRI A NG ULA 1'10N AND TOPOGRAPHY ON THE 
SOUTH COAST O~' CALIFOIC\"IA, pp. 59, 66. 

THEODOLlTE NO. 113. Reference to, p. 84. 
THEODOLITE. Report by Prof. George Davidson on plans for 

a, reillrred to, p. 94.. 
THE SECULAR V .ARIA.TION OF THE MAGNETIC NEEDLE 

IN THE UNITEDSTATESAND AT SOME FOREIGN STA
TIONS (seventh edition). Appendix No. 7. 

THE VALUE OF THE "ARCANO DEL MARE," WITH REF
ERENCE TO OUR KNOWLEDGE OF THE MAGNETIC lJEf'. 
LINATION JN THE EARLY PART OF THE SEYENTEENTII 
CENTURY. Appendix No. 6, part I. 

THETIS 1ste&1Den. Reforenoo to, p. i7. 
THOMAS, C. Y. LIEUTENANT COMMANDER, U. S. N., .AS

SISTANT. Rplrographic sm-ve.vs iu Yrederiok :<om:d awl 
vicinity, southeastern Ala.ska. pp. 73-77; Rurvey of Portla1ul <Jamal 
and Pearse's Channel, pp. 76, 77; reft.·n·11m~ to, p. 153. 

THOMAS, MISS MARY. Chart Dh'ision, p. 1211. 
THOMAS, MISS MAY. Chart Dh-ision, p.129. 
THO:MA::l BAY, ALASKA. Check-base rueasnr"'1 at, tidalobserva· 

tions made, geographical p08ition determined and snn .. ey com
pleted, p. 75. 

THOMPSON, H. L. Engraving DiYision, !J· 119, 122-124. 
THOMPSON, J'. G. Engraving Division, p. 119, 1~2-1~4. 
THOMPSON, W. A. Engmving DivMon, p.119, 122-124. 
THORN, F. M., SUPERINTENDENT COAST AND GEODETIC 

SURVEY. Conelnsion of annual report, p. 95. 
TIDAL AND CURRENT OBSERVATIONS. Original and dupli· 

e.a.te records, statistics of. p. 106. 
TIDAL BENCH.MARKS. Recovery and romarking of, at, ,\ sturia, 

On>gon, p. 6&. 
TIDAL DIVISION. Annual 1'1'port of the, pp. 133-135; gem•ral 

notice of work of. p. 91. 
TIDAL LEVELS AND FLOW OF CURRENTS IN NEW YORK 

BA.Y A.ND HARBOR. Appendix No. 9. 
TIDAL OBSERVATIONS. At Ast-0r·ia, Oregon, p. 00; at &th, 

L. I., p. 38; at .Bogue Inlet, in Mnnection witb topographic 
and hydrographic surveys, p. 46; at Browu Cove, .Ala.ska, in cm1· 
nection with snrV"eys, p. 74; at Delawar~ Brea.kwater, p. 40' at 
Eagle Harbor, W&shington Territory, in connection with hyilrog
rapby, p. 7L; at Guemea Island, Wa.shington Territory, in e.om1ec· 
t1ol' with bydrograpby, p. 72; &t Holmes Harbor, Wa..hington 



 

XXVl ALI'HABETICAL INDEX. 

TIDAL OilSEltV ATION8-Continuell. 
Territory, p. 71; at New1>ort Landing, Cal, in connection with hy. 
1l .. ogra.11hy, p. 58; at Portag6 Uay1 Alaska, p. 74; at H.obbinaton, 
~fo., J>. 2-0; at Sandy Hook, N. J., p. 39; at Saucelito, Cal., l" 6:J; 
at 8hl~ll Island, iu co1111ection with surY()Y of coa3t of LoniBi· 
aua, p. 5-l; at St. Panl, K,uli:tk faJand, Alaska, p. 77 ; cowplt->.tt·ll 
at Puljlit Con~, Mf'., }). 23; in eornwction with hydrographic HUT

veys at Portage Cove, I>uncan Canal, \Vooti1-1 Hay, north end of 
Ilry ~tr<tit, t-trnl at Fort \\~nu1g~ll, .Ala.sl.:a, p. 74; in connection with 
h_yllrogTapliii.: t"nney i11 Duncan Canal, .AlaHk:t., p. 75; in c·mutu· 
tlou with hyd1·ut.:-nq1hic l-lnrn~s on west coaHt of FJoritla., p.f>O; in 
<;onneotion with ~urYt'Y nt Thomas Day, Alaska, p. 75 i iu l:OUllC'C· 

tion with t3urveys at "' ... right'8 Island, N. C. 1 p. ~6; uear mrnnh 
of' Salt H.iver, Cal. 1 in connection 'Yi th re~urve,y, p. 65. 

TIDAL RECOIW CONTINUE!) AT THE A UTO:l!A. T 1 C TIDAL 
STATION A.T 8AUCELITO, SAN lCRA.NCISCO BAY, CAL., 
p. H:l. 

TIDAL STA.TIO XS l''OR WHICH REDUCTIOXS Il"t YE BEEN 
111 A l>E. Statistics of, JJ. 106. 

TIUE-GAUGE. At .Astoria, Ot·egon, p. 69; :it Hartlhig's Beach, 
irlaMii .. reforretl to, p. 27; at HolnH:Hl Harhor, 'va~hingt.on Terri
tory, p. 71; at Shell l8land, La.. p. 54; trial of IH•w form of, by 
.A.s8ii;tant II. L. Marimliu, p. 2d; nrnl beuch-ma·I'k, cstablisllt:d at 
Hooper. Utah, p. 86. 

TIDE-TABLES FOR THE ATLAXTIC AND PACIFIC COASTS. 
.Jl<;forence to, p. 91. 

TlI>ES. .At tit. P-tw1, Kalliak Island, Alaska, rcferern~t'I t.o, 11. 'ii; 
iu Fre(lerick. Sound, .Alaska, p. 76; in Vineyard s~1und. r<1ferem·.('. 
t.0

1 
p. 32; on we:Jt coast of ~'loriLln, p. 50; wcat Florlcla, Cat l1:da11d, 

and Biloxi aml Pu,!!ut Sound, investigation.of~ }l. 91. 
TILLA:\H}()K BEACH, OREGON. P.eforenco tv, p. 67. 
TfLLMAN", E. IL. EXSIG:>I, U. IS.::'\., ASSISTA.l'\T. Refrrc11ce 

to, p. 154, 157. 1.08. 
TIME. J>oteriuine<i at . .Station Miuerva, in Kentucky, p. 78; detl,I'· 

min<'<l nt T:nion Ray, Alaska, p. 74; oluwrvations for, at l)ort Simp
son, Ikiti~l1 Columbia, p. 75; obttervation~ for approximate tll'ttr
mination of', on coast ofOreg011t p. 66; 0111-wt"ation~ for, at Macho 
trin11,hrula tion station, California, p. 61; obscrYations fur, at Port 
Simpson, British r.olumltia, p. 74; obst>rYations for. at. Station 
\\' mugdl, X orth Ba•e (l"b6), Ala•ka, p. 74; and lat.itude deter· 
lllined at l'a.kaoa-0,Hawaii:111 Islands, v.87. 

TINICUM ISLAND. l~d"erenco to. p. 40. 

'lTl'TM ANN, 0. H .. ASSISTANT. Triani:,'lllation for the determi
natiou ot lig11t-huuses a11d otllcr points Uetween Grand Manan Isl· 
aml tutd tLe coast of .Maiiw. p. 21; as!!.igned to {'barge of Office of 
'\" dght!i anti Mea:o1ure~~ p. 2'.2; 1·eforence to work iu .Ala.Uama.1 p. 
5i; in d1,1rg'~ Rure:UJ uf \Yt'iµhh~ arnl M'~afitrres, pp. 921 114; an. 
nual report tif, p. H7--14U. 

'.l'OLS!iA., S. F. Seizure of fiohini: net belonging to, by Cana.die.n 
nu 1 horitioa, p. 8!). 

TOMIIIGUEE RIVER. l{eforence to, J>. 52. 
TO:\! NEVERS PO.ND. l{t3fe1·en('e to, p. 20. 
TOPEKA, KA.XS. Refrronce tv, p. Sa. 
TOJ>(X;R.A l'HIC AXD lffDROGR.A.l'HIC JtESURVEYS ON 

TUE EASTERN SHOHEH OF DELAWARE, MARYLAND, 
ANlJ VIIWI!'JIA, p. H. 

TOl'llGRAPHIC :MAPS, 01\IGIN.ALS. Stati•tica of, p. 106. 
TOPOGRAPHIC RESURVEY ON THE SOUTH COAST OF 

LO:>l"G ISLAXD, l<'IW~l NEAlt DAUYLOX TO THE WEST. 
\V AlW, AND SOUNDINGS IN FIRE ISLAXD INLET, p. 37. 

TOPOGRAPHIC SllEETS. Liot of, receiveu during the year, p. 
Hl. 

TOPOPOGRAl'HIC SURVEY OF THE WEST BANK OF THE 
sr. CROIX RIVER DE1'WEEN PLEAS.A.NT POINT AND 
SHOUTLA Nl>S STA rION. p. 20. 

TOPOGitA.PllIC SC"l\VEYS ON THE COAST OF LOUISIANA 
llE'l'WREN VERMILIOX IlAY .!.ND C~LCASrEN P.~ss. 
TOPCJG R.A.1' lIIC SURVEY OF THE A TCIIAFALA YA RIVER, 
I.A., p. 55. 

TOPOGRAPICAL PARTIES. Stati9tics of, p.105. 
TOPOGRAPHICAL RECONNAISSANCE. Coast of Oregon, pp. 

66, 67. 
'i'OPOGll.A.l'HICAL RESURVEY OF THE SHORE-LINES OF 

NANTUCKET, MUSKEGE't, TUCKERNUOK, AND T.HE 
SMALL ISLANDS IN THEm VICINITY, p. 31. 

TOPOGRAPHlCAL REl:!t'.RVEYS OF THE SHORE-LINES 
OF VINEY ARD SOUND, MASS., p. 31. 

TOPOGRAl'HICAL RESURVEY OF TU}; W ATEH l<'ROXT AT 
ASTORIA, OREGON, AND RECOVERY AND RElrfARKING 
0.F TIDAL llENCII-M"~ RKS, p. 09. 

TOPOGRAPIIIC,\L SUEET OF BROWN COVE, A.LASKA. 
Uefcnmce to, p. 74. 

TOl'OGR.APJIICAL SHEETS 0]' COAST OF OREGON. R.,fer. 
t:nce to, p. -67; of San I>iugo Bay, Cal., reift•reuce to, p. 57. 

TOl'OGI:APIIICAL l>URYEY of Coh•cook Bay, :.I.nine, p. 22; of 
MaH&achust-\tts, refcrrucl to, p. 24. 

TVl'OGHAl'lllCAL SUH VEY OJ<" THE SITE OJ<' THE .A.MEit!· 
CA.N !lOT'rOM BASE, ILL., p. 82. 

TOPOGRAPHICAL SURVEY of tho south and north branclieR of 
Cobscvok Day, :\ie., co:. timied, p. 22. 

TOI'OGRAPJHCAL SUJ{VEY OF THE WEST C<M:ST O~' 
~'LORIDA BETWEEN J>AVILION KEY AND CAPE <JW. 
MANO,pp.50,51• • 

TOPOGIL\.PUY of Helliug-lrnrn autl Samish Eayi.:i anll the h1laudt4. in 
tboir vic.;iuity, pp. 72, 7:-{; of Coln:mook Ila.v, Mo., p. 22; of Ed 
Rivf'r mitrnnce, Cul., pp. 05, 66; c1f J•orta.gn Ba.v, _i\ Ia.. ... kit, p. 74; of 
Buisun Bay, Cal., l'P· 64, 6.'J; of tl1e .Atchafalaya. River, Pl'· f>~. 55; 
of the coast of I~oniHiaua, p. !J5; of the District of' Col nm lJia, ]lp. 
42-44; of tl1e shore~ of the llohile River, Ala., p. 52; on 8outh 
coast of California, pp. 59, 60; statistics of, p. 105. 

TORO. Triangulation station iu Califol'nia, p. 61. 
'l'OHREY, E. E., foreman in party of Assiotant Mosman, p. 36; sorv· 

icea in :Kentucky and Ohio, pp. 78, 79; services in IndiaDa, p. 81. 
TOWN BOUNDARY LIKES, MASSACHUSETTS. J>p. ~4, 25. 
TOWN BOUNDARY ~URVEY, MASSACHUSETTS. Progress 

made in, p. 30. 
TRANSCONTINENTAL LINE OF GEODETIC LEVEI.ING 

CAitRIED WESTWARD FROM NEW IIA VEN, MO., p. 84. 
TitL"\"SI'r INSTRUMEC>:T X0.3. Hefel"enceto,p.62. 
TUEASURY, SECl:ET.A.UY OF TIIE. Letter from, transmitting 

annual report of Survey tu Conl!res~, p. iii, approval by, ofincreaHt•d 
t~Htimates for fifjld work re1ened to, p. 95. 

TRRSCf>T, E. A. D1·awiu~ 1Jivisi1>n, pp.124, 126-128. 
TRIANGULATION AND LEVELING PARTIES. Statistics of, 

p.105. 
TIUANGULATION FOR THE DETERMIN ATIO:N OF LIGHT· 

HOU8ES A.ND OTHER POINTS BETWEENGRA¥D MAN AX 
ISL.A:ND .A.ND THE COAST 01'' M.A.INE, p. 21. 

TRIANGULATIOJli O~' UOllSCOOK BAY, ME.,ANlJ 0~' TUE 
ST. CROIX RIVER FROM THE PRIMAltY TRIANGU· 
LATION NEAR ITS :MOUTH TOW .urns THE INITIA.L 
MONUMENT OF THE NOltTffEASTERN llOUNDAHY .AT 
ITS SOURCE, pp.19, 20. 

TRIANGULATION OF NANTUCKET AND VINEY.AUD 
SOUNDS .A.ND TOPOG!tA.PHICA.L SURVEYS ON NA.N· 
TTTCKET A.ND MAR'l.'HA."S VINEYARD,pp.28-31. 

TRIANGULATION. In Alabama. pp. ~I, 52; iu Indiana and Ken. 
tueky, pp. 79, BO; in Ke11tucky and Ohio, pp. 78, 79; ID Minnesota, 
pp.83,84; in New.Jersey, p.41; in State of Wiscon'!lin,p.82; in 
Tennessoo, p. 79; in vicinity of Cape Charles, Va., pp. 44, '5; of 
Bellingham and Samish liaye and the i~landa in their Yicinity, pp-. 
72, 73; of Snisun Bay, Cal., pp. 64, 65; of the .A.tchafalaya River, 
pp. 54, 55 i on coast of North Carolina, connection of old with n-ew1 

p. 46; on south coast of California, pp. 59, 60; original r.,cordo, sta· 
tiatics of, p. 106; pTimary of southern California, pp. 60-62; '8-tatis
tics of1 p. 105; tranecontinental1 continued in Utah, p. 86; transeon· 
tinentaL in Kansns, pp. 84, 85; tertiary, between San Diego and San 
1~ellro Bays1 Cal., pp. 56, :n. 

TRIANGULATION ON THE SOUTH CO.A.ST OF LONG 
ISLAND A.ND DETERMINATION OF THE GEOGR.A.Pil· 
IC.AL POSITIONS DFLIGHT-HOUSl!:S ON THE COASTS OF 
CONNECTICUT AND HROUE ISLA.ND,p.35. 

TRIANGULATION, TOPOGUA T'HY, A.ND HYDROGRA.PHY 
OF THE ATCH.d..FAL.A.YA RIVER AND DETACHED SUR· 
VEYS ON THE COA.Sl' OF LOUISIAN.A.,pp.54,55. 

TRINIDAD, ISLAND OF. Reference to, p.~8, 
TRINITY SHOAL. Reference to, p. 56. 
TRIPPE .JUNCTION, A.ltK. Reforence to, p.53. 
TROUTMAN, L. H. Printing room, p. 120. 
TUCKERNCTOK AND MUSKEG ET ISLANDS, MA.SS. Tria.ngn· · 

lati<1n of, p. 30. 
TUCKERNUCK ISL.AND. Topography of, p. 28. 
TUCKEJ{NUCK TELEGRAPH. Triangulation station in Mau· 

aehusett81 reference to, p~ 30. 
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TULA.LIP, POSSESSION SOUND. Reference to. p. 71. 
TURNBULL, MISS C. B. Ti1fal Divioion and office of Assistant in 

charge, pp. 92, 114, 134. 
TURNER

1 
J. H., .AID. Survey of thn Mobile Riv{'r from Spanhih 

River to the junction of" Alabama am! Tombigbee Rivero, pp. 52, 
53; services in Utah. p. 86; suhassi~tant, reft:~rence to, p. 153. 

TWENTY-ONE MILE BLU~'F, ALA. Azimuth obsurvecl at, p. 
S2, 

"TWINS" (THE). Coast pilot views obtained at, p. 91. 
TWIN PEAK BAY, CAL. Sunken rocks located in, p. 60. 

u. 
UNALASIIKA, ALASKA.. Reference to. p.'77. 
UNGA ISLA.ND, ALASKA, p. 77. 
UNIMAK, UNIMAK ISLa::rn. ALASKA, p. 77. 
UNION BAY, CLARENCE STl~A.IT, ALASKA . .Astronomical 

station occupied, p. 74. 
UNITED STA.TES ECLIPSE EXPEDITION. llefcrence to, p. 

S7. 
UNITEU STATES ENGINEERS BA.SE, NEAR LITTLE IWCK, 

ARK. ReferenCH to, p. 53. 
UNITED STATES ENGINEERS. Reference to work bj', in North 

Carolina, p 46. 
UNIVERSITY A VENUE, MINNEAPOLIS, MINN. I:efornuco 

to, p. H3. 

UPPER ASTORIA. Triangulation station in Oregon, p. 69. 
UPPERMAN, AlWITIE. Chart Division, p 91, 129. 
UTAH, Territory of. Included in Section XVI, p. 86; continuation 

oftranscontineotal tri•rngulation in, p. 86. 

v. 
VAN CE BO RO, ME. Mag-netic obser,·ations at., p. 24. 
VAN ORDEN, C. IT., ASSISTANT. Detorminnt.ion of boundar) 

lines of towns in t11e Stato of MassachuBetts.. pp. 24. 2.'i; ~ervice:; on 
town boundary sun•ey of Massachusetts, referred to, p.30. 

VENDOVI ISLAND. Referenc" to, p. 72. 
VElUFICA.'l'ION, REVISION, AND CORRECTION OF RE

DUCED DRAWINGS OF HYlJI<OGRAPHY J<'ORTHE YE.c!lt, 
p.161. 

VERMILION BAY, LA. Hydrograpby of,p.55. 
VERMILION BAY AND CALCASIEU PASS. Topography of 

coast between, p. 55. 

VERMONT, STATE OF. !Deluded ln Section I. p.19. 
VERNON .AND GRAHAM FORKS, MlTSCA'l'UCK RIVER. 

Refe·ence to, p. 80. 
VERTICAL ANGLES. Obsorved at Macho triangulation station, 

California, p. 61. 
VESSELS, COAST AND GEODETIC SURVEY. List of, p.16~. 
VESTNER, GEORGE J. Office of Rydrographic Inspector, p. 

155, 
VIERBUCHEN, P. lnstroment Division, p.132. 
VIEWS OF THE COAST FOR NEW EDITION 0.1!' P .A.CIFIC 

COAST PILOT. Refersnce to, p.114. 
VILLA CARON, CAL. Reference to, p. 60. 
VILLAGE POINT. Triangulation station in WaBbington Terri

tory, p. 72. 
VINAL, W. I., ASSIST.ANT. Resurveyeofehors-lineand locali

ties adjacent on Martha's Vineyard, Mass., pp. 28-31 ; office work, ~ 
p. 31; on dnty in Drawing Division, p. 31; topographical resu"'e'" 
of the shcre-lines of Vineya"rtl Sound, M.ass.

1 
p. 31 ; eervices .in 

Drawing Dlvi•ion, p.125. 
VINELAND, NEW JERSEY. Reference to, p. 41. 
VIJ>."'EY.A.RD, BLOCK ISLAND, AND LONG ISLAND SOUYDS. 

E:uruination of cuITents at entrances nf, pp. 34, 35. 
VINEY .A. RD H.A. VEN. Reforenee t-0, p. 31. 
VINEYARD HIGHLANDS, MARTH.A'S VINEY.A.RD, MASS., 

p.Bl. 
VINEY ARD SOUND. Hydrographic resnrveys111, p. 32; r~foren1·e 

w hydrograpbic work in, p. 15l. 
VINEYARD SOUND LIGHT-VESSEL Reference to, p. 33, 
VIRG INI.A. State of, included in Section III, p. 42. 
VITI .ROOKS. Reference te, p. 72. 
VIXEN (eteam-launoh). Use of and referenoo to, p. 74, 
VON LOG.A.U, E. Engravin11: Divialon, pp.1111, 124. 
VOYAGE OF STE.AM-LAUNCH COSMOS F.IW:ld: SA.N FRA.N

CL'l(J() TO PORT TOWNSEND. Accidenta.lly Hpamte<l from 
s-.ner Pattenon by hr&aklng of hawser, l" 73. 

w. 
W A.DlHLL, MRS. J. L. C<>pyist, p. 115. 
"\VAI~lEA. Latitndt~ Mtatilm, Hawaiian Islands, p. 88. 
W AIN"WRIGHT, D. R, ASSISTA:'-<T. Topographic aud h,nlro. 

gTilJ~hic resnrvej'8 ou the eaHh•ru Hl1oret; of Delaware, Maryland, 
antl Virginia.. 11. 44; 1-mgage<l. in otJice duty, p. 44; eonnection of old 
whh new tda..ugula.tion on tJrn coast of X urth Carolina. and ru .... ur· 
Yeys on that coast from lla~onboro Inlet b:iward~ Xe\\· RivAr 
I nlot 1 pp. 46, 4 7; rtfortmc<; to, p. 15:J. 

\VALL W . .A,. HA'\\' AIIA:N GOVERNMENT SURVEY. ,\.i,I 
rendered Uy, ic gravity oh~ern1tions, 11. 88. 

WALLA WALLA, W ASHTNGTON" TERRITORY. T••legraphic 
lougituUo wo1·k at1 p. 86. 

WALL'c 'VALLA-SALT LAKE CITY. DifferPnce of longitude 
bl"tween, determined, p. 68. 

\Y ALLOP'S ISLAND. Rl'f•·rt•nce to, 1" 44. 
\V .AUE1IAM1 M.A8S. Tit1ft>reHc1..1 Lo, p. 34. 
WAREHAM TOWNSIIll', lllJZIL\.l{U'S llA'i. ~1ASS. Referred 

to1 p. 25. 

'\VARE HOUSE. Trian~nlatiou station in \Yaslungton Territory, 
p.72. 

\VASHINGTO:N, DI~TRICT OF COLC~llllA. Gra•ity determi· 
nation at, p. 87; traci11g1' of llorniott :M:1p and King Plats of, ma.de 
for Attorne-y-Geueral of 'Cuited Statcis, p. 90; tSUpposetl copy of 
Boston Plate, refereuce to. p. 9(); Potomac .Flat~. refert•1wtt to. p. 00. 

1\TASHJNGTON TERHITORY. 1nclu<kd in Section XI, p. 00; 
longitutlo work in, pp. 67, 68. 

W ASSERBACH, T. Engmsin~ Division, i1p.110, 123, 124. 
WEDEKIND, G. <..:. Recorder in physical hydrographic party, l'Jl· 

28, 12.5. 

WEED PATCH. Station in triangulation of, Indiana, I'll· rn, ~!; 
Mi1lel' lino in trfangulatiou of. Indiana a11d Kentucky, p. 80, 

'VEEDER LIFE-SAVI:>G STATION. Triangulation •tat.ion in. 
Massachu::H~ttti, rt:'"ference to, p. 30. 

WElGIITl:i AXD MEASURES, BUREAU OF. Abstract of in
formation furnished by, p. 149; annual re-port of, pp.147-149; gen-
eral notice of work of, p. D2. ~ 

'VEIR, J. n., ASSIS'l'ANT. Ser~ice in \\,..~ig-hts and Mea1mres 
office, pp. 92, 14i i service in Computing Division. iip.116, 118. 

WELKER, P . .A., l:iUllASSIST ANT. Scnices in field work in 
Louisiana, p. 54; sen-foes in California, pp. tll, 62; resurv<'y of 
Suisun Bay, Cal., p. 65. 

WELLl<'LEET A:ND EASTHAM, MASS. Boundary monument 
bot\Yeen, referred to, p. 26. 

1\rEOG P FKA.. Triangulation station in Alabama, p. 51. 
WEST, WM Messenger, p. l3i!. 

WEST BAY HARBOlt, LONG ISLAND. Survey of inner shore
line, I" 36. 

WEST BRIGHTON, STATEN ISLAND. Reference to. p. 38. 
'Vl<cST COAST OF :FLORIDA. Progress of bydrograpbfo snrv~y 

of, referred to, p. l52. 
WEST CHOP, VINEYARD HAVEN HARBOR. Changes ill 

shore line, p. 29. 
WEST CHOP LIGHT-HOUSE. Heference to, p. 32. 
IVESTDAHL, FERDINA.....-D, DHAUGIITSMAN. Special hydro· 

graphic examinations at San Juan Capistrano, La Ballona, and Bf, 

Newport and San !J-edro liays, Ca.l.,p.58i inspection of Snucclito 
tidal station, p. C3; rf•nrvey of Eel River entrance am\ of Salt 
Rivor, Cal.1 p. 65 i engagud in office work, San Fn\nciisco, Jl· 66; 
Coast Pilot work, pn~paration for the CoaRt Pilot, p. 9-l ; s~rvfr<•s 
in San Francisco anboffice, p. 95 i reference to, p. 153. 

WESTPORT, CONN. Reference to, p. 33. 
WESTPORT TOWXSHIP, MASS. Reference to, p. 25. 
WEST VIRGINIA. State of, include<! in Se-0tion III, p. ,2. 

WHARVES AT ASTORlA, OREGON. Their effect on chaunel of 
Columbia River, p. 69. 

WUIDDEY ISL.AND. Hy<lrogtaphy of northwest coaot of, p. 71. 
WHIT.A.KER, J. W. Tidal Division, p. 134. 
WHITE, MRS . .A. E. Chart Division, p. 129. 
WHITE, W. P., ENSIGN, U.S. N. Services on co8'1t of Washini:-

ion Territory, p. 70. 
WHITE (or DRIFTWOOD) RIVER. Reference to, p. 80. 
WHITTIER, CAL. Refu1e11oe to, p. 58. 
WHITING, H. L., ASSISTANT. Services as Commissioner of 

Topographical Survey, Yassachusett.,, p. 24 i general super~:laion of 
triangulation of N antucketan<l Viueyard Soun<lsand topographical 



 

... 
XXVlll ALPHABETICAL INDEX. 

WHITING, H. L., ASSISTANT-Continued. 
aur~e,ys on Nantucket an<l Martha's Vineyard, pp. 28, 31; service 
in oonnection with Masaachusett• State •U'Yey, refeJTed to, p. 29; 
marking triangulation points on Nantucket and Martha's Vine· 
yard and No Mao'• Land, p. 30; office work, p. 30. 

WHITNEY ISL.AND, .ALASKA. Reference to, I" 76. 
WILKERSON'S LANDING, MISSISSIPPI RIVER. Reference 

to, p. 53. 
WILLENBUCHER, E. Hydrographic draughtsman, pp.158-162. 
WILLENBUCHER, W. C. Hydrograpbic drnughtsman, pp. 158-

162. 
WILLIAMSTOWN. Triangulation •talion in, New J <,rsey, p. 41. 
WILLS, EUGENE ll. Accountant, pp. 92, HO. 
WILSON, LOUIS. Tidal ohservation• at Astoria, Oregon, p. fl9. 
WINCHELL, PROFESSOR. State genlogiot of Miunesuta, p. 83. 
'VINDS. Influence of, in forming currt•nts, p. 35; on coast of Louisi-

ana\ preYailine direction of, p. 55. 
W lNES, M. W. Heuer:il office assistant, p. 91; in charge of Mis· 

cella.neoue Division, p. 114; annual report of, pp.135, 138. 
WINSOR, HENRY, & CO. Reference to, p. 92. 
WINSOR LINE, PHILADELPHIA .AND BOSTON STEAM

SHIPS. lee obsen'ation• by, pp. 39, 41. 

WINSLOW, FRANCIS, LIEUTENANT. 'C'. S. N., ASSISTANT. 
Special hydrography for the State of North Carolina completed, 
p. 45: reference to, p. 152. 

WINSTON, ISAAC, SUBASSISTANT. Services on the sou<h 
coaat of California, pp. 56, 57 ; services in leveling party in Mis· 
Kouri, p. 84. 

WISCONSIN. State of, included in Section XIV, p. 79; i.eodetic 
operat.ionR in, p. 82. 

WOEWODSKI ISLAND. ALASKA. Reference to, p. 75. 
WOOD, A. N., ENSIGN U.S. N. Services in .Alaska., pp. 7:1-77. 
WOOD, M. L., LIEUTRNANT 0. S. N., ASSISTANT. Hydro. 

graphic surveys in the vicinity of Cape Charles, Va., p. 45; as
sistant to Hydrographic Inspector, p. 114; references to, pp. 
152, 154; in charge Hyclrogra.pbic Dh .. ision, annual report of, pp. 
]JIB-162. 

WOODS BAY, ALA.SKA. Tidal obeer~ations at, p. 74. 

WOOD'S HOLL, MASS. Projection for hydroitraphy of, referred 
to, p. 32 ; teenrvey of, p. 30; reference to, p. 34. 

WOSSENSEt: SKY ISLA ND, AL.ASK.A, p. 77. 
WRANGELL, NORTH ll.ASE (1886). Station occupied for time 

obseHa.tions, p. 74. 
WRECK ISLAND. Reference to, p.44. 
WRECKS. Infrequent on coast of Louisiana, p. 55. 
WRIGHT, E. E., LIEUTENANT, U.S. N. Services on steamer 

Bache, p. 33. 
WRIGHT'S ISL.AND, N. C. Tides observed at, p.46. 
WYVILL, E. H. Hydrogrnpbio draughtsman, pp. lbB-160. 

Y. 

Y.AQUINA, OREGON. Ob•ervations forlatitndeand the magnetic 
elewenti:t, p. 68. 

YAQUIN A AND PORTLAND, OR.li:GON. Difference of longitude 
determine.d, pp. &81 69. 

YAQO[N A BAY AND C.APE ORFORD, OREGON. Topo
graphical reconnai~ance of coast betwel'n, l>P· 6G, 67. 

YA QUIN A RIVER AND ENTRANCE, OREGON. Reference to, 
p.66. 

YAQUIN.A RIVER AND TILLAMOOK B.AY, OREGON. Re· 
connais8ance of coast betwAAD, p. 67. 

Y.ARD PENDULUM. U•cd in gravity determiIJa.tions on the Ha· 
waiian lsla.nds, p. 87. 

YOLO B.ASE-LINE. Reference to, p. 93. 
YOUNG, F . .A. Recorder in leveling party, New York Ilaxbor, p. 

39; eerv-iccs in Arkansas, p. 54. 
YOUNG. WILLI.AM. Laborer, p.138. 
YUKON (schooner). p.155. 
YUKON RIVER, AL.ASK.A. Delta of the, reference to, p. 77. 

z. 
ZENITH TELESCOPE NO. 1. Reference to, p. 62. 
ZENITH TELESCOPE NO. 5. Reference to use of, pp. 83, 84. 
ZENITH TELESCOPE NO. 6. Reference to, p. i8. 
ZIWET, ALEXANDER. Computing Division, pp.89, llH, 117. 



 

ERRATA, 

CoaBt and Geodetic Survey Report for 1887. 
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ERRATA. 

Coast and Geodetic Survey Report for 1888. 

Page 43, tenth line from bottom, for tracks pnt tracts. 
Page 61, fourteenth line from top, for Walker read Welker. 
Pa.ge 81, fifteenth line from top, for Mossman put Mosman. 
Page 91, tenth line from top, for Eicholtz put Eichholtz. 
Page !11, sixteenth liue from top, for 0. H. French put H. 0. French. 
Page 92. thirteenth line from top, for .Mills read Wills; and on page 146, eighteenth line from bottom, make same 

correction. 
Page 105, eighth line from top of table, for bench put lieach. 
Page 105, twenty-first aud twenty·ninth lines from top of table, dele including two •lationa re-occupied. 
Page 105, sRome line" in column of figures, chango 6 to 3, noel change 143 to 140, ehange3 to O, and change 22to19. 
Page 11:1, eighth line from t.op, after ei.ghteen huridred inRert and fifty. 
Page 114, seventh line from top, for Gerhard p11t Ger hards. 
Page 119, nineteenth line from bottom, for oue put one. 
Page 120, twenty-second line from top, for Crawford put Craufurd, 
Page 123, seventh line from top, for 1 in right-hand column put 4. 
Page 12:1, tenth line from top, aft er 1,3 in right-hand column insert 4. 
Page 12.1, eighteenth line from bottom, iu column of scaleK, for 1-80000 put 1-40000, 
Page 124, sevont'i line from top, in column of titles, for Core read Core. 
Page 127, No. 425, eleventh line from bottom, for Sommers put. Sommer. 
Pages 134 and 135-wherever the phrases, read maregrams, reading maregrams, etc.-occur. sn!Jstitnte tabulated tidal 

curve,s, or tabu.lating tidal cunJeB. 
Page 131'>, thirteenth line from top, for Glova put Glora, and on page 157, eleveuth line from bottom, make same 

correction. 
Page 135, twenty-sixth and twenty-seventh lines from top, dele increasing the establi8hment at Astoria by 2:3"'. 
Page 142, eighteenth line from top ofliRt, dele Ratz Harbor before Cojfman'B Cot•e. 
Page 142, twenty soveuth line fro.n top of list, after longitude 8fP :hi iusort to JJarataria Bay. 
Page 153, twenty-fifth line from top, for Stephan's Sound and Frederick Passage put Stephens Passage and Fredei'ick 

Sound. 
Page 160, twenty-third line from top, for Suison Jlllt S1iis1111. 
Page 161, thirtieth line from botrom, for Ha!'bor of Beaufo1·t, Sa-Ol1~ni's Head put Harbors of Branford, Sacltcm'o 

Head, ttc. 
Page 161, twenty-seventh line from bottom, for Dave11port Island pnt New Roch.ille. 
Page 161, twelfth line from bottom, insert. 609 in column of chart numbers and de le Bay. 
Page 161, sooond line from bott-0ru, for 1-20000 put 1-200000. 
Page 161, last line, for 1-.800000 put 1--3000000. 
Page 164, under heading" Lieutenants Junior Grade," for J>ewitt put De Witt. 
Page 165, under heading "Atlantic and Glllf Coasts," dele Passed before Assistant Engineer Samuel H. Leonard, jr. 



 

REPORT. 

U. S. COAST AND GEODETIC SURVEY OFFICE, 

Washington, D. C., December 10, 1888. 

SIR : In accordance with law and with the regulations of the Treasury Department, I have 
the houor to submit herewith a report of the progress and state of the work of the Coast and 
Geodetic Survey during the fiscal year which ended June 30, 1888, with a view to the same being 
laiJ. before the President and Congress. 

The report is accompanied by a map of general progress, upon which is shown graphically 
the advance made in tl10 several operations of the survey up to the close of the fiscal yC'ar. As 
the scale of this map does not admit of sllowing the extended coast line of Alaska, a separate 
map exhibits the progress of tlie work in that Territory. 

Duri11g the past ,rear the work has made most satisfactory progress in every direction of its 
developmeut as a geodetic survey, intended for purposes of commerce and defense upon the coasts 
of the United States, aml intended also to establish accurate bases for State surveys by chains 
of triangulation so connected as to form "a frame work into which all local surveys must rigor· 
ously fit." 

To complete the work upon the Atlantic and Gulf coasts there are still needed surveys and 
investigations, which, though less urgently demanded than have bf.'en others of more immediate 
bearing upon the interests of commerce and navigation, are yet essential to a complete survey of 
the coasts of the United States. 

These are chiefly the finishiug of the snr'l'ey of the coast of Maine to the Northeastern Bound· 
ary; the continuation of the investigations in physical hydrography relating to harbors and bars, 
with special reference to the study of shoal formations, the laws governing the action of currents, 
and the movement of ice audits effect upon navigation; the continuation of off-shore soundings 
in the North Atlantic, and of current awl temperature observations in the Gulf Stream; the con. 
tinuation of the survey of the western coast of Florida between Cape Sable and Cape Romano; 
the rnrveys of Pensacola an1l Perdido Bays and their tributaries, and their connection with the 
main triangulation; the survey of Lake Pontchartrain and of the coast of Louisiana from Bara
taria Bny to Sabine Pass, with such off-shore hydrograpby as may be required; the connection of 
points on the Gulf of Mexico by lines of geodetic leveling with the transcontinental line of level· 
ing of precisiou, aud the survey of the Rio Grande River to the head of ship navigation. 

From time to time there will be needed a.lso such resurveys as may be demanded to determine 
local changes in important harbors or highways of commerce an<l to keep the charts and coast 
pilots corrected to date. 

For geodetic pur11oses there will be needed a line of primary triangulation which shall connect 
the triangulations upon the coasts of North or South Caroliua with the primary triangulation 
along the Blue Ridge, a line which shall complete the connection of the triangulations on the east 
and west coasts of Florida by a series of triangles betw<>en Fernandina aud Oe1lar Keys, and a 
line 'Yhicn shall finish the connection between the main triangulation in Northern Georgia and 
Alabama. and that of the Gulf of Mexico. The measurement just named is now well advauced; 
its com1Jletion will carry an oblique arc of the meridian from t.he northeastern boundary to the 
Golt~ and will supply data of special value iu detRrmining the elements upon which depend our 
knowledge of the size and figure of the earth. 

H. Ex. 22-1 



 

2 UNITED STATES COAST AND GEODETIC SURVEY.. 

The sketch of general progress shows the belt of triangulation upon the results of which the 
measurement of this arc depends; it shows also a belt, now advancing towards completion, 
between the head of Chesapeake Bay and Lake Ontario, by which the Pamplico-Chesapeake

·Lake Ontario arc of the meridian will be carried four degrees farther north. 
It will be observed by an inspection of the map that the purposes of geodesy will he suhserved, 

and the more immediately practical results required in the State surveys will be securedi as prog
ress is made in tlle lines of transcontinental triangulation, projected to connect the work on the 
Atlantic and Pacific coasts. Upou the completion of these lines, two arcs of the parallel will have 
been measured, one between Cape May and Point Arena, the other between Cape Hatteras and 
San Luis Obispo. Incidentally there will have been determined geographical positions and eleva
tions abo\'e sea level in twenty-one States and four Territories; the location of the principal meri· 
dians of the General Land Office will have been checked by precise measurements, and means 
furnished for accurate determinations of State boundaries. 

The northernmost of these lines, that on or near the thirty-ninth parallel, bas now so far ad
vanced that its early completion is looked forward to. Whrn the measurement of this arc of the 
parallel of forty-nine aegrees-the longest ever obtained-can be combined with the measurement 
of a central arc of the meridian, carried along or near the ninety-ninth degree from the Rio Grande 
to the northern boundary, geodesy will have secured the data desired to determine the elements 
of the spheroid best adapted for discussing the final results of the geodetic survey of the United 
States. 

Upon the coasts of California, Oregon, and Washington Territory, the survey has so far ad
vanced that charts of all the more important harbors and anchorages have been published, and by 
these, and b,v the views and descriptions of the Coast Pilots, their approaches and entrances are 
well known to navigators. .Much work remains to be done in the triangulation and topography 
of the less important stretches of coast, and much of the off-shore hydrography and observation of 
ocean currents. 

The primary triangulation near the coast in California, Oregon, and WaslJington Territory 
should be completed and connected with the transcontinental triangulation, and such primary 
bases of >erification measured as may be necessary. Tbe survey of the Columbia River should 
be carried from the mouth of the Willamette to the Cascadei;i, and the transcontinental line of 
levels of 11recision should be pushed eastward from San Francisco. 

Such determinations of gravity and the magnetic clements should he made upon the Atlantic 
and Pacific coasts and in the interior as the progress of the survey requires. 

While changes from natural causes are perhaps less frequent upon tbe Pacific coast than upon 
the .Atlantic, tlJose from artificial causes occur quite as often. Resurveys have lately been de
manded of two of the most important harbors, San Francisco and San Diego. 

An arc of the meridian of the Pacific is now in course of development on or near the one 
hundred and twenty-third degree of longitude by the triangulation partly completed between 
Monterey Bay and the Gulf of Georgia. 

In Alaska, the more detailed surveys have been confined to those sections of the coast the 
resources of which have had during late years such rapid development. Immediately upon the 
acquisition of the territory, a geographical reconnaissance was carried from Sitka to Unalashka 
Island, and detached surveys have since been made as far west as the Pribiloft' Islands in Bering 
Sea. Recent estimates give for the coast line of Alaska from the Archipelago .Alexander to the 
Cbichagoff Islands, a length of seven thousand eight hundred and forty miles, and from the 
Chichagoff shore of Icy Strait westward to Point Barrow, Wrangell Island, and Herald Island, a 
length of eighteen thousand five hundred and twenty-four miles, making in all twenty-six thousand 
three hundred and sixty-four miles, which is but three thousand six hundred and forty miles less, 
according to the same estimates, than the entire Pacific coast line of the United States. The n:ap 
shows that good progress has been made in suneys and explorations in the Alexander Archi
pelago, between Dixon Entrance and Cross Sound, and that the coast line has been delineated 
from near Cape Spencer to Icy .Bay. Other localities are indicated where detached. surveys have 
been made. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 3 

By recent Congressional enactment,• a preliminary survey of the frontier line between Alaska 
and British Oo1umbia in accordance with p1ans or projects approved by the Secretary of State has 
been placed in charge of this Bureau. Such a preliminary 1mrvey, involving the determination of 
a number of points in geographical position and their complete marking by permanent monuments, 
will have to be carried from Cape l\fuzon through the Portland Canal to the fifty-sixth degree of 
north latitude, thence northwestwardly, following as nearly as may be practicable the general 
trend of the coast, at a distance of about thirty-five miles from it, to the one hundred and forty
first degree of west longitude, and thence due north to the Arctic Ocean, a total distance of about 
fourteen hundred miles. 

Part I of this report gives a summary of the leading operations of the Survey during the 
year, followed ·by general statements of progress in field and office work, br notices of discoveries 
and developments and of special scientific work, by notices of bulletins, the publication of wbich 
was begun during the year, and by an explanation of estimates and estimates in detail for 1889-'90. 

Part I[ begins with an introductory statement, relating mainly to the offices of the Assistant 
in charge and the Hydrographic Inspector; it then presents abstracts of tho reports of chiefs of 
field parties arranged in a geographical order, concluding with a notice of special operations, a sum
mary statement of office O}lerations, including those of the sub-offices at Philadelphia and San Fran
cisco, and a final statement by the Superintendent. 

Part III contains the appendices. Those from Nos. 1 to 5 inclusive show the work of the 
Survey by tabular statements and the reports of the Assistant in charge of the Office and the Hy
drographic Inspector; the remaining appendices embody scientific papers presenting methods Qr 
results of the work in forms desirable for publication. 

*Sundry Civil Expenses Act, 1888-'B9, page 12. 



 

PART I. 

During the past fiscal year the scale upon which the work has been prosecuted has been fully 
commensurate with the means afforded by Congress. 

Surveys invoh'ing triangulation and topography, astronomical and magnetic observations, 
determinations of elevations by lines of geodetic leveling, audobservations for the value of gravity 
were carried on witliin the limits or upon tbe coasts of twenty-one States, three Territories, and in 
the District of Columbia. Ilydrograpliic surveys, including observations of tides and currents, 
off-shore and inshore soundings, observations of ice movement, and researches in physical bydrog
rHpby relating to harbors and bars, were prosecuted in the waters or off the coasts of fifteen States 
and two Territories. 

Tue necessity for connecting the extended series of triangulations of the Survey with other 
works of similar character carried on by independent organizations and methods was not lost sight 
of. Upon the northeastern coast of ..Maine, the connection of the island of Grand Manan with the 
J>rimary triangulation, and the advance towar1ls completion of the triangulation of the St. Croix 
Rirnr will ultimately join the <Joast and Geodetic Survey work with the surveys of the Dowiuion 
of Canada and with the Northeastern Boundary Survey, which will tlms afford a check to the coast 
triangulation. In Wisconsin, the geodetic operations in progress have effected another junction 
with the work of the U. S. Lake Survey, one having been previously made by the triangulation 
crossing the State of New York. In Indiana and Illinois, the transcontinental triangulation, ad
vancing eastward near the thirty-ninth parallel, has been connected with the second and third princi-
1ml meridians of the General Land Office. The accurate determinations of geographical positions 
made in the progress of the work, according to the most approved methods of modern geodesy, 
whether on the coast or in the interior, continue to be freely communicated to the Geological Sur
>ey, and serve to check the approximate positions obtained in the course of its preliminary tri· 
angulations. 

Among the more important field operations of the year may be mentimhid the combined obser
vations of precise leveling, and of tl1e direction and velocity of currents for ascertaining the suc
cessive tidal levels in New York Ilarhor and the relation of the under-run of the Hudson River totbe 
New York Bar; the contiuuation of the study of ice formation ancl movement in Delaware River 
and Bay; the prosecution of the explorations of the Gulf Stream; the advance towards comple
t.ion of the triangulation neede<l to extenu the oblique arc of the meridian from Calais, Maine, to 
Mobile, .Ala.bama, and to unite the triangulations of the Atlantic aml Gulf coasts; the ell.tension 
of the line of transcontinental leveling from the Mississippi H.iver to Little Rock, Arkansaiq shore· 
line resurveys of important harbors on the Pacific coast; determinations of gra\'ity at San Fran
cisco and Mount Hamilton, California, and at Washington, D. C., in connection with similar de
terminations made on the Hawaiian Islands, and progress made in the surveys of harbors and 
channels in southeastern Alaska. 

The special triangulation asked for by the Commissioners of the topographical survey of the 
State of Massachusetts was continued; geodetic work in co-operation with State gt-,ological or 
topographical surveys was carried on in the States of Pennsylvania, New Jersey, Tennel!See, 
Arkansas, Wisconsin, and Minnesota; additional determ111ations of geographical positions were 
made by the longitude parties on the Pacific slope. 
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By direction of the Secretary of the Treasur,Y and at the request of the Secretary of State, 
a special examination and survey was made of the boundary line between the United States 
aud Oana<la in the vicinity of Burnt Island, Lake Huron. 

In co-operation with the District Commissioners, unusually ra11id progress was made in the 
<letailed topographical survey of the District of Columbia. 

The geodetic work on the Hawaiian Islands, already referred to, was done by an officer of 
the Survey, detailed for that purpose hy direction of the Secretary of the Treasury and granted 
leave without pay during the operations, which were undertaken at the request and expense 
of the Hawaiian Government. 

GENERAL STATEMENT OF PROGRESS. 

!.-FIELD-WORK. 

ATL.A.N'J'IC COAST.-During the fiscal year ended June 30, 1888, the following operations 
were in.cindecl in the work of the Survey upon the coasts and within the borders of the New 
England States: 

Triaugulation of the St. Croix River to connect with the Northeastern Boundar;r Survey, 
coutinued; topographical surveys on the right bank of the St. Croix River and Cobscook Bay; 
l1ydrographic surveys in the vicinity of Eastport, Maine, in St. Croix River, and Cobscook Bay; 
triangulation upon Grand l\fanan and vicinity; inspection of topography upon the eastern 
coast of Maine; hydrographic examinations for the Coast Pilot upon the coast of Maine, between 
Eastport and Portlancl; completion of the series of tidal records from the automatic tide-gauge 
at Pulpit Cove, North Haven Island, Penobscot Bay, Maine; magnetic stations occupil'd in Maine 
and Massachusetts; continuation of the determinations of town boundary lines in Massachusetts; 
physical hydrographic surveys continued on the coast of Massachusetts between Nansett and 
Chatlwm; triangulation, shore-line, and hydrographic resurveys of Nantucket and Vine;yard 
Sounds; off.shore soundings from Phelps Bank to l\fontank Point; bydrographic resurveys 
between Cuttyhunk and Point Judith; observations of currents in the vicinity of No Man's 
Land aml Block Island, and hydrographic examinations for the Coast Pilot in Vineyard and 
Nantucket Sounds and in Buzzard's Bay. 

Upon the coasts and within the limits of New York, New Jersey, Pennsylvania, and Dela
ware, field operations included shore-line restu\·eys on tlie north coast of Long Island, in Nyack 
Bay and Great and Little Peconic Bays; triangulation and shore-line topography at the east 
end of Long Island antl along the south shore to Great Point Bay; topographic resurvey of 
the south coast of Long Islaud from Babylon to Woodsburgh, and soundings in Fire Island 
Inlet; observations of currents in the approaches to New York Harbor, and physical hydro
grapl1ic surveys in that harbor and approaches; connection of the tide-gauges and tidal bench
marks on and near New York Harbor by lines of leveling of precision; continuation of the 
series of tidal records from the automatic tide-gauge at Sandy Hook, New Jersey; geodetic 
operations continued in southwestern Pennsylvania and in southern New Jersey, and observa· 
tions of ice formation and movement in Delaware River and Bay continued. 

Within the Distrwt of Columbia and the State of West Virginia and upon the coasts and 
within the boundaries of the States of Maryland, Virginia, North and South Carolina, and 
Georgia, field-work included special observations for determinations of gravity at the Smith
sonian Institution, Washington; annual determinations at Washington of the magnetic elements; 
continuation of the detailed topographical survey of tbe District of Columbia; hydrogmphic 
resurveys of Chincoteague Bay, Inlet, aud Bar,· coast of Virginia; triangulation and topography 
on the coast of Virgiuia at Cape Charles and vicinity completed, and hydrographic resurveys 
in that vicinity begun; special bydrograpby for the State of North Carolina continuecl in the 
sounds of that State; connection ot old and new triangulations on the coast of North Carolina, 
and bydrographic examinations at the entrance to St. Simon's Sound, Georgia. 

Upon the east and west coasts of Florida, in the approaches to these coasts, in the Windward 
Island passages, and upon the coasts and within the limits of the Gulf States, the following-named 
operations were in progress or completed: Eiqilorations of the Gulf Stream continued by obser· 
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vations of currents in the Windward Island passages and in the course of the Stream through the 
Caribbean Sea; hydrographic surveys on the west coast of Florida between Cape Sable and Key 
West; topographic survey from Pavilion Key to Oape Romano, west coast of Florida; reconnais
sance and triangulation continued for connecting the primary triangulation in northern Alabama 
with that of the Gulf; 1mrvey of the Mobile River completed from Spanish River to the junction 
of the Alabama and Tombigbee Rivers; reconnaissance, triangulation, observations for latitude 
and azimuth, topography and hydrograpby on the coast of Louisiana, between Last Island and 
Cote Blanche Bay; topographic survey on that coast between Vermillion Bay and Calcasieu Pass; 
hydrographic survey of V crmillion Bay and of the Louisiana coast from Ship Shoal towards the 
Mermentau River. · 

PACIFIC Co AST .-Upon the coasts and within the boundaries of the States of California and 
Oregon, of Washington Territory and of Alaska, field operations in progress or completed, in
cluded the completion of tile tertiary triangulation aud part of the topography br.tween San Diego 
Bay and San Mateo, California; the completion of the examinations for 11hysical changes and 
tlie shore-line resurve;rs in San Diego Bay and vicinity; special examinations of the I)h.rsical 
hydrograpby of :::!an Juan Capistrano, Newport Bay, San Pedro Bay, ancl J,a Ballona, California; 
continuation of the series of magnetic observations with the self-registering magnetic apparatus 
at Los Angeles, California, and examination of the site for a primary base-line near Los Angeles; 
tertiary triangulation and topography from San Carpoforo Creek westward to Point San Martin; 
views of the Pacific Coast Pilot obtained from Piedras Blancas to Point Pi nos ; continuation of the 
main triangulation of the coast of California, and observations for latitude in connection with it 
at Lafayette Park Station in Sau Francisco; magnetic observations at the station Presidio, 
California; tidal observations continued at the automatic tidal station Saucelito, San Francisco 
Bay; special determinations of gravity at San Francisco and at Mount Hamilton, California, in 
connection wit!J similar dP.terminations on the Hawaiian Islands; observations for longitude at 
the Lafayette Park station, San Francisco; resur\'ey of the shore lines in Suisun Ray and ad
joining waters; hydrographic examinations in Eel River entrance, California; topographical recon
nail!1sance and surveys with selection of sites for light-houses on the coast of Oregon from Cape 
Sebastian to Cape Orford, from the Umpquah River to the Yaquina River, and from the Yaquina 
River to Tillamook Bay; longitude observations and determinations of latitude and the magnetic 
elements at Portland, Oregon, and at Wall a Walla, Washington Territory, also at Y aq uiua, Oregon, 
and Seattle, Washington Territory; topographical resurvey of the water front at Astoria, Oregon, 
and recovery <tnd remarking of tidal bench-marks; hydrographic survey of Shoal water Bay and 
a1lproaches, Washington Territory, and off-shore soundings between that bay and Cape Flattery; 
triangulation, topography and hydrography in Saratoga Passage and adjoining waters, Washing· 
ton Territory ; hydrographic surveys in Rosario Strait; triangulation and topography in Bel
lingham Bay and vicinity, and connection of the triangulations in that bay and Rosario strait; 
triitngulation hegun in the Gulf of Georgia; hydrographic surveys continued ancl examinations 
for the Pacific Coast Pilot made on the coast of Alaska and the Aleutian Islands, and series of tidal 
records with automatic tide-gauge continued at St. Paul, Kadiak Island, Alaska. 

IN'l'E&IOR STATEs.-In the States between the Atlantic and Pacific coasts, field- work incl11ded 
the extension to the westward of the transcontinental triangulation in Ohio and Kentucky, its 
extension to the eastward in Indiana, and a reconnaissance to develop a scheme for the connection 
of the triangulation in those States; the continuation of geodetic operations in aid of State sur
veys in the States of Tennessee, Arkansas, Wisconsin, and MinntJsota; examination and survey of 
the boundary line between the United States and Canada in the State of Michigan ; topograph· 
ical survey made of the site of the American Bottom bat:1e-line in Illinois ; lines of geodetic level
ing carried from the Mississippi River to Little Rock, Arkansas, and in Missouri from the town of 
New Haven to near Osage City; extension to the westwartl in the State of Kansas of the trans
continental triangulation near the thirty-ninth parallel; longitude determinations at Salt Lake 
Oity, Utah, and extension to the eastward of the transcontinental triangulation in the Territory 
of Utah. 

SPECIAL OPERATIONS during the year included the determination for the Department of 
State, by direction of the Secretary of the Treasury, of the boundary Ii.lie between the United 
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States and Canada at Burnt Island, Lake Huron, and the completion of the determinations of 
latitude, and gravity upon tlie Hawaiian Islands, made by an officer of the SurYey at the request 
and sole expense of the Hawaiian Government, with the approval of the Secretary of the Treasury 

II.-OFFICE· WORK. 

Special attention was given during the year in the office of the Survey to the prompt publica
tion of results of immediate value to the interests of commerce and na\"igation. Reference to the 
notices to mariners issued from time to time is ma<le under the followi11g heading. The free dis
tribution of upwards of thirty-five thousand copies of these notices shows that care was taken to 
disseminate widely information of disco,eries or developments made in the progress of the work. 

Tide tables, predicting for the year 1889 the times and heights of high and low water at all 
the principal ports on the Atlantic and Pacific coasts, were pnl>lislied. From the times and 
heights at the chief ports, those for minor ports and harbors can be deduced by tidal differeuce8 
and ratios. A new Catalogue of Charts was published, with index maps, showing the limits of 
the charts; also a new volume of the Atlantic Local Coast l'ilot, covering the coast from 'l'ybee 
Roads to Jupiter Inlet. A third edition of snbdi,isions G and 7 (in one volmne), including the 
coast from Cape Ann to Monomoy, was in press at the close of the ~·ear, and a new Coast Pilot 
volume, covering the coast from Point Judith to the East River, was practicall,v completed at that 
date. 

The drawings of sixteen new charts were finished, and those of one hundred and twelve 
charts were iu hand to receive additions and corrections for the preparation of new editions and 
for completion. Twelve new charts wert:J eugraYed and the engravings of new editions often charts 
were finished. Twelve uew charts were published from engraved 1>lates and eleven from photo
lithogra1lhs.• The total number of charts printed <luring the year was forty-four thousand and 
ninety-three. Of this 1mmber twenty-five thousand two hundred and seventy-three were sent to 
sale agents, two thousand four lrnndred and eighty-three supplied for the use of Congress, and 
eleven thousand six hundred and eight for the sm•eral Executive Departments. 

Distribution was made llS heretofore of the Annual Reports of the Survey and the appendices 
to the same, of which extra editions were printed to meet the usual demands from educational and 
scientific institutions an<l the public. 

The annual report of the Assistant in charge of the Office and Topography, which appears as 
Appendix No. 4 to this volume, gives full details of the progress made in the work of the office 
during the year. A summary of this report will be found towards the close of Part II. 

m.-DISCOVERIES AND DEVELOPMENTS. 

Discoveries and developments made iu the progress of the survey which have a close bearing 
upon the interests of navigation and commerce ;tre published at the earliest <late practicable in 
the form of Notices to Mariners. 

Since the beginning of the fiscal year a series of these notices bas been published monthly 
in pursuance of a suggestion made by the Hydrographic Inspector. These monthly notices give 
a11 important corrections made on tbe charts during the month preceding their issue, including 
all changes in buoys, beacons, or lights, and references to any special notices that may ha\•e ap
peared; also lists of charts suspended or condemned and new charts issued. Special notices, 
giving information of immediate value to mariners, are published as occasion may demand. 

An abstract by number, date, and title of the fifteen notices published during the year is here 
given. Thirty-five thousand ftve hundred copies were printed for free distribution: 

No. 89, 1887, July 30. Chart corrections during the month of July, 1887. 
No. 90, 1887, August 31. Chart corrections during the month of August, 188i. 
No. 91, 1887, September 30. Cha.rt corrections during the month of September, 1887. 

•In addition to the eleven cha.rts published by photolitbography, and already received in the chart-room, there 
were on June 30, 1888, in the hands of the photolithographer, complete for publication, the drawings of twenty 
ebarta, the work upon which should be c.redited to the fiscal year 1887-'8$. 
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No. 92, 1887, October 31. Chart corrections during the montlL of October, 1887. 
No. 93, 1887, November 8. Dangerous rock in Vineyard Sound, Massachusetts. 
No. 94, 188i, November 22. Gulf Stream currents. 
No. 95, 1887, No\'ember 30. Chart corrections during the month ofNo>ember, 1887. 
No. 96, 1887, December 31. Cliart corrections during the mouth of December, 1887. 
No. 07, 1888, January 9. Coast currents, approaching Sandy Hook. 
No. 98, 1888, .January 31. Chart correct.ions during the mouth of January, 1888. 
No. 99, 1888, February 29. Chart corrections during the mo11th of February, 1888. 
No. 100, 1888, March 31. Chart corrections during the month of March, 1888. 
No. 101, 1888, April 30. Chart corrections during the month of April, 1888. 
No. 102, 1888, May 31. Chart corrections during the month of May, 1888. 
No. 103, 1888, June 30. Chart corrections during the month of June, 1888. 

Among the references to new publications in No. 103 is one to a series of papers under the 
tit1e of Bulletins, the first number of which had been recently published. Further reference to 
the bulletins appears under the next heading. 

IV.-BULLETDJS. 

In May, 1888, in pursuance of a suggestion made by the Hydrograpbic Inspector and ap· 
proved hy the Superintendent, the publication of a serie!l of papers under the clesignatiou of 
Bulletins was decided upon. Their purpose is stated in the following explanatory note, which 
accompanies each bulletin: 

Papers published hy the Survey under this designation will appear from time 
to time as material for them accumulates. They are intended to give early an· 
nouncement of work accomplished or information of importanc,e obtained, and 
will in many cases anticipate the usual means of publication afforded by the 
annual reports. The pages will be numbered consecutively, and will be indexed 
when their number demands it, thus augmenting their value for preservation 
and reference. 

Before the close of the fiscal year the manuscripts of fh'e bulletins bad been 1mbmitted 
for publication, approved aml revised for the printer. Two of these were published; No. I, May 
14, under title "Recent Publications;'' No. 2, Jmw 20, ';Notes on Alaska from recent surveys." 

V.-SPECIAL SCIENTIFIC WORK. 

THE VJ.LUE OF '.l'HE "ARCANO DEL MARE" WI'l'H REFERENCE TO OU& KNOWLEDGE OF THE 

MAGNETIC DECLINATION IN THE EARLIER PART OF THE SEVENTEENTH CENTURY. 

The discovery of a work apparently overlooked hitherto, gi viug, for au epoch near tlJe first third 
of the seventeenth century, values of the magnetic declinatiou for all regions then known to the 
navigator, led Assistant Schott to examine carefully with a view to ascertain the trustworthiness 
of its data and their bearing upon the secular variation of the magnetic needle in North America 
and adjacent regions. 

This work, published in Florence, Italy, in 1646, under the title" Dell' Arcano del Marf'," beca.me 
known to the Survey through Justin Winsor's" Narrative and Critical History of North Amerfoa, 
1886," and by the courtesy of Mr. Winsor, in his capacity as librarian of Harvard University, a copy 
was t;emporarily placed at the disposal of the office. 

In Appendix No. 6 Mr. Schott gives the results of his examinations of the declinations for North 
America. and adjacent regions which are recorded in the Arcano, referring to the method adorttetl 
in that work for ascertaining the longitude at sea by means of the observed cbangei;i in the magnetic 
declination-though not a method original with this author, botb.Colnmbus in the fifteenth century 
and Sebastian Cabot in the sixteenth, having anticipated him in suggesting it. The second volume 
contains a series of charts notable for their boldness of outline and clearn~ of expre.ssioo. 

In the illustration (No. 19) which accompanies hit1 paper, Mr. S<lhott has shown graphically the 
declinations given in the Arcano for North America at tbeestimat.ed epooh, 1630, plus or minus ten 
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years, with the agonic or isogonic lines for that epoch, and in illustration (No. 20) he shows the 
secular change in the position of the agonic line of the North Atlantic hetween 1500 antl 1900, as 
derived from comparisons of Hansteen's and Halley's data with those of the Arcano and with mod· 
ern observations. 

THE SECULAR VARIATION OF '£HE MAGNETIC NEBDLE IN THE UNITED STATES AND AT SOME 

FOREIGN STATIONS (SEVENTH EDITION). 

But a few words are needed to explain the necessity for the publication of a seventh edition of 
the paper by Assistant C. A. Schott 011 the Secular Variation of the Magnetic Needle in the United 
States and at some foreign stations. (Appendix No. 7.) 

Apart from the constant and increasing demand for tl1is paper, the additions to the material 
for discussion and analysis derived from observations are of so marketl a character as greatly to 
improve many of the expressions given in the preceding edit,ionf;. These additions consisted main ls 
in bringing to ligbt a number of variatio:is recorded in the Arcano del Mare (inst referred to), 
and in the discovery of a number of records of the variation off the coast of Lower California made 
by a French officer in t.he year 1714. 

There is also urgent need of the issue of the map showing lines of equal mngnetic declination 
for the epoch 1800 in the United Stat~s. The value of this map must depend mainly on the ac
curacy with which the secular variation of the magnetic decli11ation is known. 

GEOGRAPHICAL POSITIONS IN THE STATE OF CONNECTICUT, 

In pursuance of the plan of publishing from time to time the geographical positious determined 
by the Survey in ea.ch State, there are ghren iu Appendix No. i:I the complete geodetic results of the 
various triangulations made by the Coast and Geodetic Survey iu tl1e State of Connecticut. (See 
illustration No. 28.) Similar results for the States of Massachusetts and Rhode Island were pull· 
lisbed iu Appendix No. 8 to the report of 1885. 

For the State of Connecticut, the latitudes, longitudes, and other geodetic data are giwn for 
eight hundred and seventeen trigonometrical points, determined between the years 1833 and 1886. 
All have been treated systematically and adjusted to the present standarll data, geodetic and as
tronomical. On account of the large number of separate field parties, and the consequent interlacing 
of 1mrtial triangulations, the work of computaticn was one of great magnitude. Resurveyl'l of 
large portions of the coast had to be made, being required by the physical changes during half a 
century, as well as by the demand for greater minuteness in the surveys of more recent years. 

TIDAL LEVELS AND FLOW OF CURRENTS IN NEW YORK BAY AND HARBOR. 

Data derived from extended series of tidal observations, made in 1886, and from heights of 
tidal bench· marks determined by lines of precise leveling in 1886 ancl 1887, have enabled Assistant 
Henry L. Marindin to show graphically the movements of the tide in filling and draining the tidal 
reservoirs surrounding New York City, and the flow of currents at successive periods of the tide. 

Mr. Marindin's paper on this suhject is published as Appemlix No. 9 to this volume. The 
twelve diagrams which illustrate it (Nos. 29-40) gh'e vertical cross·sections oftbe height of the tide 
above or below the line of mean sea-level at Sandy Hook (the datum line) for each lunar hour after 
the moon's transit, thus showiug at intervals of about six:ty .. two minutes of civil time the eleYa
tions or depressions of the several tidal basins of the Hudson, the East River, and New York Bay 
as compared with Sandy Hook. 

Near low water, or at 0 hour, as wm ap1>lmr from an inspection of these diagrams, and the 
tables given in the report, the level of the sea at Sandy Hook is very nearly 5 fl•et below the level 
of the water at Willets Point, East River. Near high water, or at VI hour, these conditions are 
reversed, the sea-level at Sandy Rook being about 5.4: feet higher than the level of the water at 
Willet's Point. 

The results presented in this paper will contribute to the solution of many questions relating 
to the respective values of the bays and flats in and about New York Harbor as tidal reservoirs 
in maintaining tbe channel ways through Sandy Hook, and keeping unimpaire1l the approaches to 
the '1hief commercial city of the United States. 
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HEIGHTS FROM SPIRIT-LEVELING OF PRECISION BETWEEN MOBILE, ALABAMA, AND OKOLONA, 

MISSISSIPPI; BE'.rWEEN NEW ORLEANS, LGUISIANA, AND WILKERSON'S LANDING, MIS8IS· 

SIPPI, OPPOSITE ARKANSAS CITY, ARKANSAS, AND BETWEEN ARKANSAS CITY AND J,..ITTLE 

ROCK, ARKANSAS. 

In the year 1884 tbe method of running two parallel lines of geodetic lenling Himultancously, 
alternate sections being ruu in opposite directiomi, was found to give results which failed to furnish 
the complete or independent check and standard of accuracy required for this branch of the 
Survey; it was therefore abandoued, and for it was substituted the plan of running two indepen· 
dent lines, one forward, the other backward, the work beiug carried on as often as practicable b_y 
different observers, using different instruments. 

The results of lines of leveling of precision, run from Mobile, Alabama, to Okolona, Missis
sippi; from New Orleans, Louisiana, to Wilkerson's Landing, opposite Arkansas City, Arkansas, 
and from Arkansas City (on Mississippi Ri\·er) to Little Rock, Arkansas, are discussed by Assist
ant Schott in Appendices Nos. 10, 11, and 12, to this volume. The first named line was run in the 
years 1884, 1886, and 1887, the old method being employed in 1884, and the new one in 1886 and 
1887. The second line referred to was run in 1879, 1880, and 1881 by officers of the Survey be· 
tween New Orleau::i and Greenville, Missisi<ippi, and by the Mississippi River Commission in 1880 
and 1881 between Greenville and Wilkerson's Landing, opposite ~.\.rkansas City, Arkansas, on the 
Mississippi River. Between Arkansas City and J,ittle Rock, Arkansas, the leveling was done in 
1887 and 1888. 

For all of the heights deduced in the discussion; the plane of reference adopted is the mean 
le\·el of the Gulf of Mexico, as determined by tidal observations at Biloxi, Mississippi, and carried 
forward by the results of geodetic leniling in 1885 and 1886 between Mobile and New Orleans. 
(See Appendix No. 9, report for 1887.) 

The 11rirnary beuch-rnark at St. Louis, Missouri, of the line of transcontinental geodetic level
ing, near the thirty-ninth parallel, has already bee11 connected by lines of leveling of precision 
with the Gulf mean level at Biloxi, Mississippi, the work having been done partJy by this Survi>y, 
partl_y by the Mississippi River Commission, aud partly by the United States Engineers. A more 
direct line, aud a check connection through Mobile, Alabama, Meridian and Okolona, Mississippi, 
will be obtained as soon as one additional link in the chain can be completed-that between 
Okolona, Uississippi, and Cairo, Illinois. 

DU'FERENTIAL METHOD OF COMPUTING APPARENT PLACES OF STARS FOR DETERMINATIONS 

OF LATITUDE. 

In order to shorten the time and lessen the labor of computing the apparent declinations of 
stars obser>ed for latitude when quite a number of stations had been occupied during the season, 
Mr. E. D. Preston, Assistant, made an investigation looking to the introduction of a differential 
method. 

Upon application of this method to the reduction of star places for fourteen stations occupied 
during 1887, it was found much preferable to the usual logarithmic one. An account of it, with 
examples of the two methods for comparison, was prepared by Mr. Preston, and is published as 
Appendix No. 13 to this volume. 

DETERMINATIONS OF LATITUDE .AND GRAVITY FOR 'l'HE HAWAIIAN GOVERNMENT. 

In the course of the triangulation of the Ilawaiian Islauds carried on under the direction of 
Prof. "\V. D. Alexander, Surveyor-General for the Hawaiian Government, certain discrepancies 
appeared between the astronomical and geodetic determinations of latitude, which indicated on· 
usually large deflections of the plumb-line. It was deci<led therefore by the Hawaiian Government 
to ask the co-operation of the United States in establishing a number of latitude stations upon 
the four principal islands of the group, these stations to be so distributed north and south of the 
high mountains as to develop the amounts of deflection of the plumb·line. The latitude deter· 
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minations were to be supplemented by determinaticms of the force of gravity at a station on top of 
one of the highest mountains, at a station at the sea-level, and at a station on Ilonoluln. · 

This project having met with the approval of the Secretary of the Treasury, Mr. E. D. Preston, 
of the Coast and Geodetic Survey, was detailed by the Superinteudeut to execute it. 

Assistant Preston's full antl comprehensiye report of his methods of observation and the results 
of his work appears in Appeudix 14 of this volume. The illustrations wl1ich accompany it add to 
its value as a paper of geueral scientific interest-one that has been referred to by high scientific 
authority as affording unexpected evidence on the douutful questions relating to the density of 
volcanic mountains. 

EXPLANATION OF ESTIMATES. 

The estimates submitted to the Department for the fiscal year ending June 30, 1890, were 
accompanied by the following statement: 

"U.S. COAS'l' AND GEODETIC SURVEY OFFICE, 
" Washington, September 21, 1888. 

Sm: In transmitting for your approval the estimates of the appropriations reqnirecl for the 
U.S. Coast and Geodetic Suney for the fiscal year ending June 30, 1890, I have the honor to 
submit the following explanation : 

Exclusive of tbe estimates for printing and bindmg, which arc tbe same each ;rear, the aggre· 
gate of the estimates ($575:950) is larger than that for the current year ($559,885), an increase 
which is more tllan accounted for by the single item of $257000 for the preliminary survey of the 
boundary of Alaska (frontier line between Alaska and British Columbia), a work originally esti
mated for by tbe Hon. Secretary of State, but which Congress has dfrected to be done by this 
Survey. With the Alaska boundary item omitted, these estimates would aggregate $8,935 less 
than those for the current year. 

For the considerations which have governed the estimates for field-work I respectfully refer 
you to my letter transmitting estimates for the fiscal year ending June 3(), 1888 (Appendix Gg, 
page 291, Book of Estimates), in which suc•h consideratious are given in detail. 

For a full explanation of the class of expenditures mentioned as "party expenses," as well 
as the items in relation to the International Geodetic Association for the Measurement of the 
Earth, and in relation to a slight increase in the force of the computers, draughtsmen, and en· 
gravers, which matters have already been explained to and acted upon by Congress, I respectfully 
refer to my letter of October 6, 1887, transmitting the estimates for the fiscal year ending June 30, 
1889 (Appendix Ii, page 312, Book of' Estimates). 

Of the increased estimates for "pay of office force," $2,000 is due to a transfer of an item for a 
computer in "publishing observations" to "chief accountant" under the head of "office force." The 
residue of such increase ($3,065) is due to estimates for a few deserved promotions, for a change of 

·a messenger to a clerkship, and for payment of regular salaries for two additional map-colorists, 
whose necessary work has heretofore been paid for out of the item for "extra labor 71 under the 
sub-bead of" office expenses," with the result of embarrassingly restricting the fund available for 
the remaining items of the paragraph "for miscellaneous expenses, contingencies, office furniture, 
repairs, etc.," as well as for the "extra labor," upon which constantly increasing demands are 
made in the furnishing of charts, tracings, drawings, soundings, and a great variety of data and 
information to the Engineers, U. S. Army, the Hydrographic Office, Navy Department, the Geo· 
logical Survey, and other departments and bureaus of the Government, State, and municipal offi· 
cers and individr1als. · 

An increase of $6,000 is estima.t~d for in the second paragraph of the "office expenses," in 
order to render 1><>ssible the continuance of adequately prompt publication of tbe charts of tbe 
Survey, as explained to you in my letter of January 20, 1888, transmitting a so-called '' deficienc_y 
estimate" for a similar purpose. 

Respectfully yours, 

The SECRET.Un OF 1'.BE TRlU.SUBY. 

F. M. THORN, 
Superintendent. 
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ESTIMATES. 

For every expenditure requisite for and incident to the survey of the Atlantic, Gulf, and Pa
cific coasts of the United States, and the coast of the Territory of Alaska, including the survey of 
rivers to the head of tide-water or ship navigation, deep-sea souudingi<, tempPrature and current 
observations along the coasts and throughout the Gulf Stream and Japan Stream, flowing off the 
said coasts; tidal oiJservations, the necessary resurveys, the preparation of the Coast Pilot, con
tinuing researches and. other work relating to terrestrial magnetism, aud the magnetic maps of 
the United States aud adjacent waters, anti the tables of magnetic tlecliuation, <lip, and iutensity, 
usually accompanying them, and inclntling compensation, not ot-berwise appropriated for, of per
sons employed on the field-work, iu conformity with the regulations for the government of the 
Uoast and Geodetic Surn•y auoptell by the Secretary of the Treasury; for special examinations 
that may be required by the Light-House Board or other proper authority, and including travel
ing expenses of officers and men of the Navy on duty; for commutation to officers of the field force 
while on field duty, at a rate to be fixed by the Secretary of the Treasury, JJOt exceeding $2.50 per 
day each; outfit, equipment, and care of vessels used in the Survey, and also the repairs and main
tenance of the complement of \·essels, to be expended in accordance with the regulations relating 
to the Coast and Geodetic Eurvey from time to time prescribed by tlle Secretary of the Treasury, 
and under the following heads: Prorided, That no advance of money to cliiefs of field parties under 
this appropriation shall be made unless to a commissioned officer, or to a civilian officer who shall 
give bond in such sum as the Secretary of the Treasury may direct: 

FoR PARTY EXPENSES: 

1. To complete the triangulation and topography of the coast of Maine in Cohs-
<:ook Bay and St. Croix River aml to the International Boundary monument 
(all new work). ______________ . ___________ . _ . . . ...... __ .. _ .. ___ . _ .. _ .... . 

2. For resurveys: For triangulation, topography, and hydrography iu the vicinity 
of the east end of Long Island, Block Island, Nantucket, Nantucket Shoals 
aud approaches, and iududing Vineyard Sound and Connecticut River to Hart-
ford, Connecticut, and Ilndson River to Troy, New York, aud for current ob-
servations off Cape Ood _ .... _ ... __ . _ .. ___ .. __ ..... __ ...... - .. _. _ .. - .... - - -

3. For current observations along the Sandy Hook and Couey Island shores, out-
side - _ . ___ - . ____ .......... __ . _ .. _ . _ ...... __ . . . . . . . . . . . ... - ............ - . 

4. For continuation of the comparison of the surveys of the Delaware River and 
Bay below League Island, and for observing the movement, lodgment of, and 
obstructions hy icr, and alterations in the channels and bars caused thereby .. 

5. To continue to date corrections of former surveys of the Delaware and Schu;yl
kill Rivers on a new large scale chart of the same in the vicinity of Philadel-
phia and up the Delaware River to Trenton . ___ .. . ....................... . 

6. To continue physical research and observation of the erosion by the sea on the 
coast of Oape Cod, Nantucket, and .\Jartba's Vineyard, including reductions ... 

7. For the hydrography of the inside waters and bars south of Absecon Light; for 
necessary triangulation and for continuing the topography along the Atlantic 
coast of New Jersey (nearly all of the hyd.rography is new work anti the topog-
raphy is virtually so because of the great changes) ........... _ . . . . . . . . . . .. . 

8. For a hydrographic examination of Charleston, South Carolina, entrance and bar. 
9. To continue the primary triangulation from Atlanta towards Mobile ......... . 

10. For a geodetic junction of Fernandina with Cedar Keys, including a line of pre-
cise levels _ .......................... _ ...... _ ................... _ . _ .. _ ... . 

11. For continuing the survey of the western coast of Florida from Cape Sahle north 
to Cape Romano, and for bydrography off the same coast, being all new work .. 

12. For continuing the survey of the tributaries of Pensacola Bay, or, if completed, 
to run a line of standard levels from the bench-mark at Mobile to the bench-
marks along the Mobile River np to the vicinity of Mount Vernon Landing ... 

$6,000 

7,000 

3,000 

2,000 

1,000 

2,700 

3,000 
2,000 
3,000 

5,000 

12,000 

2,000 
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13. For the triangulation, topography, and hydrography of Perdido Bay and its 
connection with the coast triangulation, and for resurvey of Mobile Bay en· 
trance, and, if completed, to take up the survey of Lake Pontchartrain ...... . 

14. For continuing tile sun·ey of the coast of Louisiana west of tile Mississippi delta 
and between Barataria. Bay and Sabine Pass .............................. . 

15. To make off-shore soundings along the Atlantic coast, and current and tempera-
ture observations in the Gulf Stream ........ ____ .. __ . __ . . . . . . . . .. _. ___ -

16. For hydrography, coast of California, including San Francisco Bay and Harbor, 
and necessary triangulation and topography .... _ . _ . . . . . . . . . . . . . ....... . 

17. FoL· continuing the to110graphic survey of the coast of California, including 
necessary trian~ulation and astronomical work in connection therewith ..... . 

18. For continuing the primary triangulation of Southern California, and fur con
necting the same at Mount Conness with the transcontinental arc, and for a pri· 
mary base-line in the \•icinity of Los Angeles .............................. . 

19. For continuing the survey of the coast of Oregon, includiug off.shore hydrog
raphy, and to continue the survey of the Columbia River from the mouth of 
the Willamettt1 towards the Cascades; triangulation, topography, and bydro
graphy. (This amount is a necessary increase over last year's estimate, to 
meet the demands of the hydrography) .................................... . 

20. For continuing the survey of the coast of Washington Territory. (This amount 
is necessarily increased to meet the requirements of the hydrograpby) ....... . 

21. For coutiuuing explorations in the waters of Alaska and making bydrographic 
surveys iu the same, and for the establishment of astronomical, longitmle, arnl 
magnetic stations between Sitka and the southern eml of the Territory. (This 
estimate decreased, because experience proves that we can get along with 
$10,000) -............................................................. . 

22. For continuing the researches in }lhysical hydrograpb;y relating to harbors and 
bars, including computation and plotting. . . . . . . . . . . . . . . . . . . .............. . 

23. For examinations into reported dangers on the Atlantic, Gulf', and Pacific 
coasts .................................................................. . 

24. To continue magnetic observations on the Atlantic and Gulf slopes ........ . 
25. Fur continuing magnetic observations on the Pacific coast, and at Sau .Autouio 

magnetic observatory ................... _ ........... _ ...... _ ......... _ .. . 
26. For running au exact line of levels from Boston or Salem, Massaclmsetts, to 

Blue Hill, Mount Monadnock, Mount Washington, Mount Independ.t>nce, aud 
Lake Champlain ...........•............................................. 

27. For continuing the exact liue of levels from the point reached this year south 
of Cairo southward to Okolona, Mississippi, and, if junction is made, to con
tinue the transcontinental line, begiuuiug either iu the ,·icinity of K~msas 
City or San Francisco. . . . . . . . . . . . . . . . . . . • . . ........................... . 

28. For continuing tide observations on the Pacific coast, viz: At Kadiak, iu Alaska, 
and at Saucelito, near San Francisco, California . . . . . . . . . . . . . . . . . . . ..... 

29. To continue tidal observations on the Atlantic coast, at Sandy Hook, New 
Jersey, and at Savannah, Georgia .... _ ................................. . 

30. For a self.registering gauge at Willets Point, Long Island, New York, to co
operate with the gauge at Sandy Hook, New Jersey, in securing data for the 
more complete study of the tides and tidal currents of East River and New 
York Ilarbor. . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................. . 

31. To continue gravity experiments, at a oost not exceerling $500 11er station, ex· 
cept for special investigations and experiments authorized by the Superin-
tendent at one or more stations. . . . . . . . . . . . . .................. - .......... . 

32. It'or furnishing points to State survey8, to be applied as far as practicable in 
States where points have not been furnished. . . • ........... , •.•........... 

33. For determinations of geographical positions, longitude parties •••...•.•.••.• 
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$3,000 

7,000 

8,000 

10,000 

10,000 

10,000 

12,000 

12,000 

10, 000 

2, 000 

1,200 

I,200 

2,000 

3,000 

2,500 

2,100 

1,000 

5,000 

10,000 
5,000 
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34. For continuing the transcontinental geodetic work on the line between the 
Atlantic and Pacifio Oceans, including a primary base in the vicinity of Salt 
Lake __ ...... _ . _ .. _ .. - - ___ . _ . _________ . ________ ... __ ... __ . _ .... _ .. __ . ___ _ 

35. To continue the compilation of the Coast Pilot, and to make special hydro-
graphic examinations for the same _. _ .. _ ...... _ ... _.,. . ........ ___ . _____ . 

36. For traveling expenses of officers and men of the Navy on duty, and for any 
special surveys that may be required by the Light-House Board or other proper 
authority aud contingent expenses incident thereto ........•..... _. __ ...... . 

37. For oltiects not hereiubefore named that may be deemed urgent ....... _ ..... . 
38. For contribution to the International Geodetic Association for the Measure

ment of the Earth, or so much thereof as may he necessary, $450, to he ex-
pended through the office of the American legation at Berlin; and for ex-
penses of the attendance of the American delegate at the general conference 
of said association, or so much thereof as may be necessary, $51>0: Provided, 
That such contribution and expenses of attendance shall be payable out of the 
item "for objects not herein before named," and after the adhesion by the Gov-
ernment of the United States to the convention of October, 1866, of the In
ternational Geodetic .Association aforesaid. 

39. And ten per centum of the foregoiug amo1mts shall be available interchangeably 

$30,000 

5,000 

3,000 
5,000 

for expenditure on the objects named; in all, for party expenses . . . . . . . . . . . . . 209, 200 

.ALASKA. BOUNDARY SURVEY: 

For expenses in carrying on a preliminary survey of the frontier line between 
Alaska and British Oolumbia, in accordance with plans or projects approved by 
the Secretary of State, including expenses of drawing and publication of map 
or maps, $25,000, said sum to continue available for expenditure until the same 
is exhausted . • . . . . . ...... - -..... , .............. _ ••......•..............• 

REPAIRS AND MAINTENANCE OF VESSELS: 

For repairs and maintenance of the complement of vessels used in the Coast and 
Geodetic Survey .. _ ................................••....•................ 

P .A Y OF FIELD OFFICERS : 

For pay of Superintendent, $6,000 per annum .. _ ........•...••.•......... _ ... . 
I<'or pay of two Assistants, at $4,000 each per annum. __ . _. ______ ............... . 
For pay of one .Assistant, at $3,600 per annum .... _ ....................•....... 
For pay of one Assistant, at $3,200 per annum .•.............•.. _ ............ _. 
For pay of two.Assistants, at $3,000 each per annum _ ......................... . 
For pay of two Assistantt1, at $2,800 each per annum . ___ .....•............. _ .. . 
For pay of three Assistants, at $2,700 each per annum._ ....................... _ 
For pay of three .Assistants, at $2,400 each per annum .. _ . . . . . . . . . . ..•........ _ 
For pay of three Assistants, at $2,300 each per annum. . .......... _. _. __ ..... __ 
For pay of frrn Assistants, at $2,200 each per annum _____ . ___ . ___ . __ ........ _ .. . 
For pay of six Assistants, at $2,000 ea~h per annum .. _ ...... _ .. _ .........•...•. 
For pay of nine Assistants, at $1,800 each per annum .. __ ... _ .................. _ 
For pay of nine Assistants, at $1,500 each per annum .... _. . . . . . .•.•• , ..•..... 
For pay of three Subassistants, at $1,400 each per annum .. _ ..........•...•..... 
For pay of two Subassistants, at $1,300 each per annum ....................... . 
For pay of four Subassistants, at $1,100 each per annum._ .........•.... _. ____ .. 
For pay of three .Aids, a.t t900 each per annum_ .... __ . __ .. _ .. ___ .............. . 

Total pay in the field $121,200: Provided : That no new appointments shall be 
made to the above force until the whole number of Assistants, Subassistants, 
and Aids shall be red need t,o fifty-two .....•....••....•••••.•.............. 

25,000 

25,000 

6,000 
s,ooo 
3,600 
3,200 
6,000 
5, 600 
8, 100 
7,200 
6,900 

11, 000 
12,000 
16, 200 
13,500 
4,200 
2,600 
4,400 
2,700 

$121,200 
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PAY OF OFFICE FORCE : 

For additional compensation to the Disbursing Clerk of the Treasury Department 
for the disbursement of the appropriations for the Coast and Geodetic Sur-
vey-·--···.·---· .. --·- - .. --- -·· .......................... · -· - ·-· -· ···-- -

For one Chief Accountant, at $2,000, in lieu of computer publishing observations at 
$1,800. - .. - - - . - . - - - - - - - ... - - - .. - - . - .... - . - . - . - . - - - - .. - . - . - .. - - . - - ... - - . 

For one Accountant, $1,800 ..... _ .. ___ . _ .. _ .... _ .. ___ ..... _ .. _ ...... . 
For one Accountant, $1,400 ......... - . . . . . . . . • • • • . . . . . • . .. - ............ - •. 
For one General Office Assistant, $2,200 ........................ - ..... -...... . 
For one Draughti,iman, $2,350 .......•••••................................... - -
For one Draughtsman, $2,HlO. _ •••....• _ - - ... - ........... - ... - . - .......... - . - . 
For two Draughtsmen, at $2,000 eooh .. _... . . ..... _ .. ___ ... - ..... - ......... - . 
For three Draughtsmen, at $1,800 each_ ...... _._ ...•..... _ ...... _ ........... _. 
For three Draughtsmen, at $1,400 each. - - .... - - - ..... - ..... - - - ........ ' - - .... -
For one Draughtsman, $1,330 .. _ - . . ............ - _ ................. - ... - ..... -
For one Draughtsman, $1,260 .........• - ............•. _ ...... _ ....... - .... - . 
For three Draughtsmen, at $1,200 each ......... _ .............. - . . . . .... - .. - .. 
For one Draughtsman, $1,100........ . • .. . . . . . . . . . . ................... - ..... . 
For additional Draughtsmen, at not exceeding $900 each per annum ......... - .. . 
For two Computers, at $2,000 each .. _. . . • . . . . . . . . . . .. . . . . . . . . . . . . ..... - ..... . 
For one Computer, at $1,GOO .....•......•....•...••.•................... _ .. __ . 
For one Computer, $1,400 . . . •........• _ ............... _ ... __ •. _ .... _ ....... _ 
For one Computer, $1,260 ............................. _ .. _ .. __ .. _ ........... _ . 
For one Computer, $1,100 ..... __ ...... _ ... _ . _ .. ___ .. __ .. _ . _ . ___ ... __ ... _ ... _ . 
For additional Computers, at not exceeding $900 each per year .. __ ... _ . _ . - .... __ 
For one tidal Computer, $2,000 .... _ ... _ ......... __ ..... _ ... _ . __ . _ ...• _ •....... 
For one tidal Computer, at $1,600 ......•........... _ ...................... _ •.• 
For one tidal Computer, $1,250 ............................................... . 
For three Engravers, at $2,lOO............ . . . . . . . . . . . . . ..................... . 
For two .Engravers, at $1,800 each ....... ___ ... _. __ ....... _ . _ .. _. . . . •.. __ ... __ 
For two :Engravers, at $1,600 each . _ .......... _ .. _ ... _ . _ .................... _. 
For one Engraver, $1, 200 .... _ .. _ : . ....••.....••........ _ ..... __ .......... _ . 
For one Engraver, $900 .. : .. _ .. _ .... _ ............ _ ..... _ ... ____ . __ .... _ .. _ ... . 
For additional :Engravers, at not exceecling $900 per annum each .. __ . . . _ .....•• 
For engraving to be done by contract ....... _ ... __ ........... _. ___ ....... _ ... __ 
J<'or one Electrotypist and Photographer, $1,800. _ _ • . . . . . . • . . . . . . . . . . . . . _ ... _ · 
For one Electro typist Helper, $600 .. _ . . . __ . . . . . .. . . .. . .............. _ . _ ... _ . _ 
For one Apprentice to Electrotypist and Photographer, $600 . _ ..... __ .... _ ..... . 
For one Copper-plate Printer, $1,700 ......... __ .......... _ ... _ ............... . 
For two Copper-plate Printers, at $1,330 eacb .... _ ........ ___ . . ......••. _ . ___ . 
For one Copper-plate Printer, $1,250 •.•... _ ... _. _ .... _. ___ ..... _ .. ___ .. ___ .. __ 
Fm: two Plate Printer's Helpers, at $700 each .... ____ ... _._ .... __ .. _ .. _. __ ._ .. _ 
For one Chief Mechanician $1,800 .. _ _ ..... _ .. ______ ............ _. . ... _ ..... . 
For one Mechanician, $1,565 _ .... _ ........ _ .........•...•...... _ •............. 
For one Mecbanieian, $1,330 .......................•.••...•....•.......... _ .. . 
For one Mechanician, $1,250 _ ............ _ ................................... . 
For one Meehanician, $1,200 .......... _ ............••....•.•...•........ _ .•... 
For one Mecbanicia.n, $1 1000 ................................................. _ 
For one Mechanieian, $GOO •••••••••.•• , •••••••••••••••.••••.••••••••••••• __ . _ • 
For one Carpenter, $1,56.'> .............•........ ____ ... _ . __ . _ . ___ ..... _ ...... _ 
For one Carpenter, $900. _ ..• _ .... _ .... ____ ....• • • • .. __ ... ___ .. __ .. _. _ ..... . 
For one Carpenter and Fireman, $600 ....... : . . . . . . • • . . . . . . . . . .. .. . . . . . •..... 
For one Night Fireman, $500 ...•.....••........•..••...•........•........... 
For one .Map-mounter, $1,020 ••.••••••..•..•.•••.•••••••••••••.•.•.•...•....... 
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2,000 
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900 
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1,800 

GOO 
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1,700 
2,660 
1,250 
1,400 
1,800 
J, 465 
1,330 
1,250 
1,200 
1,000 

600 
1,565 

900 
600 
550 

1,020 
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For one Librarian, $1,800........................ . .................•........ 
For one Clerk, $1,650 ...................................................... . 
For one Clerk, 6!1,500 ........................................................ . 
l<'or one Clerk, $1,400 ........................................................ . 
For one Clerk, $1,350 ......................................................... . 
For three Clerks, at $1,200 each .................................•..........•. 
For three Clerks, at $1,000 each ............................................. . 
For one Clerk, $900. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • •.•.....•..............• 
For one Clerk, $1,175 ............................•....•.......•.••.....•...... 
For three Map-colorists, $720 each ......•.....•..............••............... 
For one Writer, $840 ......................................................... . 
I•'or six \Vriters, at $720 each ................................................ . 
For one vYritcr, $600 ......................................................... . 
For one .l\Iesseng:er, $875............................. . ...................... . 
:For one Messe11ger, $840 ..................................................... . 
f'or two :Mesiscngers, at $820 each ............................................ . 
For t l1ree Messe11gers, at $640 each .......................................... . 
For one DriYer, $730...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... . 
.For one racker and Folder, $820 ..............•............................... 
For 011e Paek er and Folder, $G30 ............................................. . 
F'or two Lauorers, at $!i30 <•ach ................................................ . 
l~or two Lahor<·rn, at $550 each . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
For one Lahorer, $315. . . . . . . . . . . . . . . . . . . . . ................................. . 
For oue Laborer, $365 ....•.•••........... · ..•.••....•.••.•.•..•..•••..•..••••• 
For out' Janitor, $1,200 .................................................•..... 
For two Watcbmeu, at $880 each .......................................... . 

Total pay of office force .......................................... . 

tl, 800 
1,650 
1,500 
1, 400 
1,350 
3,600 
3,000 

900 
1,175 
2,1()0 

840 
4,320 

600 
875 
840 

1,640 
1,920 

730 
820 
630 

1,260 
1, 100 

315 
365 

1,200 
1,760 

$140,790 

O:FFICE EXPENS.1'.~S : 

For the puml1ase of new in11truments, for materials and supplies required in the in
istru mcnt-shop, carpenter slwp, and drawing division, aml for books, maps, 
charts, and subscriptions ................................ _ ...............• 

:For copper plate1>, chart-paper~ printer's ink, copper, ziuc, and chemicals, for elec
trotn•ing and photographing; engraving, printing, photographing, and elec
trotyping supplies; for extra engraving and drawing, and for pbotolithograph
ing charts and printing from stone for immediate use .............••........ 

.For stationery for the office and field parties, transportation of instruments and sup
plies when not charged to party expenses, office wagon and horses, fuel, gas, 
telegrams, ice, and washing....... . . . . . . ................................ . 

}'or miscelluueous expe11s(:'s, contingencies of all kinds, office furniture, repairs, and 
extrit labor, ancl for traveling expenses of Assistants and other11 employed ih 
tl1e officP, Rent on .-pecial duty in the ser,·ice of the office ................... . 

And ten per ct'ntnm of the foregoing amounts for office expenses shall be available 
interchangeably for expenditures ou the objects named. 

Total general expenses of office .......•..•••.•.•.. 

$9,000 

16,000 

6,000 

3, .500 

t34,500 
----------

RENT OP OFFICE BUILDINGS: 

For rent of buildings for offices, work-rooms, and work-shops in Washington..... tIO, 000 
For rent of fire-proof building, No. 205 New Jersey avenue, including rooms for 

standard weights and measures; for the safe keeping and preservation of the 
original astronomical, magnetic, hydrograpbic, and other records; of the orig-
inal to110grapbical and hydrographic mapa and charts, of instrnments, engraved 
plates and other valuable property of the Coast and Geodetic Survey • . • . • • • • 6, 000 
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PUBLISHING OBSERVATIONS: 

For oue Oomputer, $1,600, and three Copyists, at $720 each; in all $3,760 - - - . - - . -
That no part of the money herein appropriated for the Coast and Geodetic Survey 

shall be available for allowance to civilian or other officers for subsistence while 
on duty in the office at Washington, or to officers of the Navy attached to the 
Snrvey; nor shall there hereafter be made any allowance for subsistence to 
officers of the Navy attached to the Coast and Geodetic Survey. 

PRINTING AND :BINDING Co.AST AND GEODETIC SURVEY: 

For all printing and lithographing, photolithogra.phing, photo-engraving, and all 
forms of illustration done by the Public Printer, on requisition by the Treasury 
Department, for the Coast and Geodetic Survey, namely: For Tide Tables; 
Coast Pilot; Appendices to the Superintendent's Annual Reports published 
separately; Notices to Mariners, circulars, blank books, blank forms, and mis
cellaneous printing (including the cost of all binding aml coYering ; tbe neces
sary stock and materials and binding for the library and archives); $10,435 .•. 

ANNUAL REPORT: 

For 4,900 copies of tbe Annual Report of the Superintendent (including regular 
edition of 1,900 copies for Congresl!) viz: For composition, stereotyping, press-
work, folding, inserting plates, biudiug material, etc., $8,000 ................ . 

For pbotolithographing, lithographing, photo-engraving, and all forms of iilustra-
tion by the Public Printer for the Annual Report, $2,500 ...... _ .....•• _ .... . 
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$3, 760 

10,435 

8,000 

2, 500 

Total. _ . -.................. - .. _ .................... _. . . . . . . . . . . . . . . $20, 935 

NoTE.-No engraving is done by the Public Printer for the Coast and Geodetic Survey. 

The following letter of transmittal was sent to the Department with the estimates for the 
expenses of the Office of Construction of Weights and Measures: 

U. S. CO.AST AND GEODETIC SURVEY OFFICE, 

lV ashington, September 21, 1888. 
SIR: Herewith I have the honor to transmit the estimates for the expenses of the Office of 

Construction of Standar1l Weights and Measures. 
Respectfully yours, 

The SECRETARY OF THE TREASURY. 

OFFICE OF CONSTRUCTION OF STANDARD WEIGHTS AND MEASURES: 

Fo M. THORN, 
Superintendmit. 

For construction and verification of standard weights and measures, including metric 
standards, for the CW!tom-b.ouses, other offices of the United States, and for the 
several States, and mural standards of length in Washington, D. 0.: One 
adjuster, at $1,500 per annum; one mechanician, at $1,250 per annum; one 
watchman, $720 per annum; in all $3,470 ..... _ ...... _.: . ... ____ ..... _. _. $3,470 

Oontingent Expenses, OffiefJ of Standard lV eights and Measures.-For purchase of 
materials and apparatus, and incidental expenses, $500 ••.•.....••.•. - •••.•. 

Provided, That such necessary repairs and adjustments shall be made to 
tho standards furnished to the several States and Territories as may be requested 
by the Governors thereof, and also to standard weights and measures that have 
been or may hereafter be supplied to the United States custom-houses and 
other offices of the United States, under Act of Congress, when requested by 
the Secretary of the Treasnry. 

For expenses of the attendance of the American member of the International Com· 
mittee on Weights and Measures at the general conference provided for in the 
convention signed May 20, 1875, the sum of $600, or so much thereof as may 
be necessarry ........... - ..••••. - .... -- ....•. - - · · • - - • - · · · · · • • - · · · · · · · - · · · 

H. Ex. 22--2 

500 

600 



 

PART II. 

Beginning at the St. Croix River, Maine, and following the Atlantic and Gulf coasts to the 
Rio Grande, and beginning at San Diego and following a reversed geographical order on the 
Pacific coast, tl!is iiart of tile report contains abstracts of field-work derived from the reports of 
the chiefs of parties, including also those engaged in the States I.Ying between the Atlantic and 
l'acific. kppeu<lix No. 1 presents in tabular form the several sections into which, for convenience 
of reference, the coast and interior has been divided, states the nature of the several classes of 
work, the names of the officers in charge of field parties, and the localities of their surveys. 

Notices of special operations and of the work of the Coast and Geodetic Survey Office and the 
sub-offices at Philadelphia and San Francisco follow. 

The charge of the Office has been continued with Assistant B. A. Colonna. His annual report 
(Appendix No. 4) is accompanied by the reports of the chiefs of the several Office divisions. Mr. 
Colonna, in closing bis report, alludes to tbe high state of efficiency that bas been maintained in 
the Office, and t•xpresses his tllanks to the chiefs of the respective divisions and their subordinates. 
He acknowledges also the cordial co-operation of the H;ydrographic Inspector and the naval officers 
associated with hiIIL 

Appendix No. 2 gives the statistics of field and office work of the Survey for the fiscal year, 
and a summation of those statistics to June 30, 1888. Appendix No. 3 pre~mnts in tabular form 
for the :year the names of persons, associations, or Departments of the Government to whom in· 
formation has been furnished, with a statement of the data or information supplied. The great 
increase in the work of requests for transcripts of the records and,Priginal surveys, both from official 
and personal sources in recent years, is one evidence of the increase in usefulness of the work and 
of a wider appreciation of the value of its results on the part of the public. 

Lieut. Commander W. H. Brownson, U. S. N., has continued on duty as Ilydrographic In· 
spector of the SurYey. In his annual report (Appendix No. 5) he reviews the progress of the 
several classes of hydrographie work upon the Atlantic and Pacific coasts, refers to the advance 
made in the preparation of the Coast Pilot, and to the labors of the Hydrographic Division, states 
the condition of the vessels of the Survey, and makes recommendations for their repair, and sub
mits suggestions for examinations and resurve.ys required to keep the charts up to date. 

Uuder the general direction of the Hydrographie Inspector the duties of the Coa'st Pilot Divis
ion, which in\'Ol"ved the execution of work both in the field and in the office, remained in charge 
of Lieut. George H. Peters, U. S. N., Assistant Coast and Geodetic SurYey. The annual report 
of this officer accompanies the report of the Hydrographic Inspector. The collection, revision, and 
verification of data as carried on in the field is reported under headings in Sections I and II of the 
coast. A part of the large volume intended to include the whole of the Atlantic coast on a plan 
devised by Lieutenant Peters, bas been put to press. This part includes the coast from Point 
Judith to the East l~iver, and will be published as a special issue. Other portions of this volume 
are in active preparation, and those most in demand will appear at as early a date as practicable. 
Subdivision No. 21, Atlantic Local Coast Pilot, Tybee R-0ads to Jupiter Inlet (first edition), and 
Subdivisions Nos. G and 7, Oape Ann to Monomoy (third edition, in one volume), were published. 

Ensign William J. Maxwell, U. S. N., was engaged in both field and office duty in the Coast 
Pilot Division up to the date of his detachment from the Snrvey, November 20,l887. Ensign 
Edwin H. Tillmau, U. S. N., served throughout the year; and as recorder and compiler, 
l\fr. John Ross. After April 18, 1888, the charge of the Hydrogra.phic Division devolved upon 
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Lieutenant Peters in the absence of its chief. Upon his leaving the office for field duty, in May, 
Mr. Tillman had immediate charge of the details of the office work of both the Coast Pilot and 
Hydrographic Di>isions until the close of the fiscal year. . 

-The annual report of the Hydrographic Division is submitted by Lieut. M. L. Wood, U. S. N., 
Assistant Coast and Geodetic Survey, who was in charge until temporarily detached, in April, 1888, 
for hydrographic duty in the vicinity of Cape Charles, Virginia. Lieutenant Wood calls attention 
to a change made in the system of supplying corrections to charts and in correcting copies of 
charts for issue wherehy material reduction bas been accomplished in the liability to error and in 
the labor of 4J.Pplying corrections. He suggests tbe possibility of making arrangements for print
ing the monthly Notices to :Mariners and such occasional notices as are needed, in the office build
ing, so as to shorten the time now required between the date of sending copy to the printer and 
the date of issue. 

A large amount of work was completed during the year by the hydrographic draughtsmen 
attached to the Di>ision, Messrs. E. ·wmenbucher, W. C. Willenbucher, F. C. Donn, and by 
Mr. E. H. Wyvill, who were assigned as bydrographic draughtsmen December 10, 1887. Tabular 
statements of their work accompany the report. 

The clerical work in the Hydrographic Inspect-Or's office was performed by Messrs. George J. 
Vestner, R. E. King, and W. H. Lanman until January 9, 1888, when Mr. J. H. Roeth was assigned 
to this duty. In the Coast Pilot Division, Miss Glova B. Bower was temporarily assigned to duty 
as copyist in April, 1888, and her work proving to be satisfactory she was employed in that 
capacity as a part of the office force from May 1. 

Appended to Lieutenant Commander Rrownson's report are lists of officers of the Navy on duty 
in the Survey during the fiscal year, with dates of assignment and detachment, lists of naval offi
cers attached to the Survey June 30, 1888, a list showing the number of naval officers attached to 
the several vessels and on office duty September 30, 1887, aud March 19, 1888, and tabular state
ments of the number of men in service on Urn vessels at four different dates during the fiscal year, 
and of the names of the vessels, their tonnage, and complements of officers and men. 

SECTION I. 

MAINE, NEW HAMPSHIRE, VERMONT, MASSACHUSETTS, AND RHODE ISLAND, INCLUDING COAST 
AND SEA-PORTS, BAYS, AND RIVERS. (SKETCHES Nos. 1, 3, 17, and 18.) 

Triangulation of Gobscook Ba.y, Maine, and of the St. Croix River, from the primary triangula
tion near its mouth towards the Imtial Monument of the. Northeastern Boundary at its source.-At the 
beginning of the fiscal year, Assistant C. H. Boyd had Ileen in the field with his party since May 
19, 1887, engaged in the triangulation of the north shore of Oobscook Bay, under instructions 
issaed in April of that year. Two stations, in the towns of Edmonds and Pembroke, had been 
selected as forming a suitable base for beginning the work, these points having been carefully marked 
by copper bolts sunk into rocky ledges when first occupied in 1860. But upon reaching the field 
neither statiDa-could be found; the bolts had been broken out of the ledges, and in so doing the 
rock crushed and all traces of the drill holes destroyed. 

Other station-marks searched for had similarly disappeared, so that ultimately the work had 
to be started from the line Carr-Little of 1866, and having been prosecuted without interruption 
until Angnst, it was closed upon the station Prince Regent's Redoubt in Eastport. 

On the northern shore of Cobscook Bay forty-five geographical positious were located in the 
towns of Edmonds, Dennysville, Pembroke, Perry, Eastport, and Lubec, intended to supply fully 
the needs of the topographic and hydrographic parties soon to follow. 

In August the triangulation along the St. Croix River was taken up from the primary base 
Oooper-Chamcoolt:. Station St. David's, formerly de\iermined from this line, had disappeared, the 
owner of the land having removed the station-mark and built a house over it. Prince Regent's 
Redonbt was therefore occupied, and the work pushed northward at every available opportunity. 
Usually, in this locality, the months of September and October afford the best long.line seeing of 
the year, northwest winds clearing a.way the fogs, but this year these winds brought clomls of 
dense smoke from forest 1lres in Oa.nada., so that the obS&Vati-0ns were greatly delayed. · 
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Barly in October 1\Ir. Ho.rd was instructe(l to determine certain light-houses and otller aids 
to na,·igation in the viciuitr of St. Andrews, Xcw Bru11swiek, their geographical positions being 
needed b.r the part.r engaged in the hytlrography of the St. Croix River. This work involved 
the occupation of station Sbortlaud of the Passamaquo<ld~- Day triangulation in connection with 
Chamcook. Lieutenant Crosby, U. S. N., Assistant, in charge of the hydrograpbic party, haY
ing establishetl a tide-gauge on a \Yharf' at lfobbiustou, which could be seen from Charncook by 
erecting a sig-nal U}lOil the wharf.pile, this point ,..-as determined in position, and the reading of 
the high water 011 the statt; as given by Lieutenant Crosby, was transferred to a ledge on the 
Canarlian side of the rin>r near the base of Chamcook l\fountain. A line of levels ,-as then run 
from this bench-mark to the station ou Uhamcook. It b<:.ing late in the season when this work was 
llll(lertakeu, Mr. Bo.rd acknowledges the sen·ice rendered in facilitating its completion by .Assist
ant Ellicott, who transferred his foreman, 1\fr. E. M. Talcott, temporarily to J\Ir. Boyd's party. 

Field-work was eontiunetl until Novmullcr 21, when, in compliance with instructions, opera· 
tious were closed. 

Mr. H. II. Bayard, wl10 was attacbe11 to the party during about half of the season, rendered 
capable aml eJllcicnt service. 

1\Ir. Boyd's re11ort is accompanied l>y sketches showing the pr.ogress of his work, and by sta
tistim;, of which the following is a 1mmmary: 

COilSCOOK IlAY. 

N um lier of signals erected ___ - _ _ _ _ .... __ . _ ............. _.. . . . . . . . . . . . 37 
Number of stations occupied. ____ - _. __ ......... __ . _. _. _ .............. _ 14 
Number of geographical positions determined. ___ ... _ . . . __ .... _. __ .... 45 
Area, in square statute miles, co\·eret.l by triangulation ........... _...... 70 

S'I'. CROIX RIVER. 

N urn her of signals erected . . . . . . . . . . . _ . _ ....•.......... _ .......... _ . . 12 
Number of stations occupied. _______ .. ___ .. __ .. __ ..... - ........ _...... 8 
N uIJ1 hl"r of geographical po8itions <leterrninell . _______ . _ .............. _.. ..... . . .. .. 22 
Area of tl'iaugulatiou, in square statute miles (approximate) ..... _...... 500 
Number of stations at which measurements of double zeuith distances for 

differeuces of elevation were made . ____ . __ . _____ - - - - _________ . . . . . 9 

ST. ANDREW'S IlAY. 

Number of signals erected ___ . _. _ - _ - .. ___ .. ___ .. -....... _. _. __ .. _. __ . _ 2 
Number of stations occnpiml .. __ - ________ .... _. _ .. ____ ... ___ . __ ... _.. 3 
Number of miles of levels run ... ___ . __ . ____ . _ .. __ . ____ ...... _ .... _.. 6 

During the winter Assistant Bo.rd was engaged in office-work, and towards the end of April, 
1888, was ini::tructed to resume the triangulation of tile St. Croix Hi ver from the limits of bis work 
of tlle prPcediug season. 

Ou Jnue l he resumed fielt.1-work, and was occupied during the month in reconnaissance, re
adjustment :md erection of signals, opening views, etc. Two stations were occupied for the meas
urement of augles, and the signals put up extended the scheme of triangulation to the foot of 
<Jhiputneticook Lake. 

Further report of tl.iis work will be made at tlie close of the next fiscal year. 
Topographic surrey qf tlte irest bank of the St. Croix River between Pleasant Point and Short. 

land.~ Station.-lnstructions hearing date of .June 8, 1888, were issued to AsEtistant C. M. Bache, 
directiug him to proceed to Eastport, Maine, aud organize a topographical party for the survey of 
the coast between Pleasant Point and Shortlands Station, on the west shore of the St. Croix 
Rirnr, exteuding the topography hack from the shore line already completed, as far as necessary 
for purposes of co1Urnerce or detense, and in conformity with the work heretofore executed. 

The interval between l\[r. Bache's arrival at the locality of work and the end of the fiscal 
year was too short to admit of bis domg more than to organize his party, put up the necessary 
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signals, and make a beginning with the plaue table. His progress will be further stated in the 
next Annual Report. 

Hydrogra11hic suri1ey of 8t. Croix River, 111aine, completed, and hyrlrography of Col1scook Bay, 
begun.-Hef~rence was made in the last Annual Heport to tlie lwgitmi11g <if the hy1hugrapl1ic 
surrny of the St. Croix WYer, Maine, by tlw p11rty i11 chargP of IAeut. F. II. Crnsh.'·· P. S. J\., 
Assistant Coast and Geodetic Snn·ey, commautli11g the steamer Gedney. He Imel with him al,;o 
the steam-cutter Sprite mid the steam·l:tnnch ,..,'agadalwc. 

The hJ·drography of the St. Croix was executed on four sheets-scale 1-10000-the work ex
tending from Eastport, Mai11e, to Calai~, at tlw head of mwigation, antl occnpyi11g tlw iiarty from 
the end of J.une till the middle of October. 188i. It was completed in accordauce with instructions 
issued by the Superintendent aud detailed iustructions from the Ilydrograpl1ic lm;pector. The 
records and hydrographic 1>heets ha'e.been deposited in the archh·es of the Sm·n•y. anil with the 
sheets are filed n1luable de;,icriptiYc reports submittc<l bJ· I.ienteu:rnt. Crosby in compJiancP with 
a recent circular. These reports gil·e details of much local interest rel a tin; to the rinr cliam1els, 
best anchorages, dangers, tidal cunents, ~mes of }Jlaees, ligbt-hnuses aJl(1 other aids to ua.Yiga
tion, pilots, harbor regulations, etc. 

Similar descriptiYe reports, though necessarily lc11s complete, accompany the single hydro. 
graphic sheet of Cobscook Bay, the only sheet that conld be finished by I,ieutcnaut Cro:-;by',; party 
before the close of the working season. This smTey, begun St'ptemher 21, in accordance with 
instructions issued towards the end of August, was coutinnell till October rn. -

The following named officers were attached to the party duri11g the st>aRon: Ensigns A. ·w. 
Dodd, N. J. L. T. Ilalpine, R. 0. Bitler, W. B. Fletcher, 1\L Johnston, aud .Joseph Slrauss, U.S. N. 

A general recapitulation of the statistics is :is follows: 

Number of miles run in sounding............................ . ....... . 
Number of angles measured ......................................... . 
.Number of soundings ............................................... . 
Area of soundings, in square miles.. . . . . . . . . . . ...................... . 
Number of tide-gauges erected ...................................... . 
Number of specimens of bottom preserved ....................•....... 
Number of stations occupied for obserYation of currents . . . . ......... . 

l, ;)11 
18, l!l3 
G0,415 

59 
17 
81 
6 

In Decemuer Lieutenant Crosby was instmcted to proceed to the Gulf of Mexico to exl'cute 
hy<lrographic surveys on the coast of Louisiana, reference to which will be made under the heading 
of Section VIII. 

Triangulation for the determina,tion of light-houses and other points bet1Men Grand Mauan Island 
and the coast of lJfaine.-The determination of the geographical position of several light-houses in 
the vicinity of Grand Man an Island having become desirable, and also the n•co,·erJ· of the primary 
station mark on that island, Assistant O. Il. Tittmann received instructions about the middle of 
July, 1887, to execute that work, the requisite permission having been obtainell from the Dominion 
Government to enter upon their teuit-0ry. 

Mr. Tittmann reached Grand Manan July 24, and having made a reconnaissance to lay out his 
work, occupied the station needed to determine the position of Seal Islaml Ligl1t-hou:se, S. W. 
Head Light·houi,e, Gannett Hoek Ligl1t-house, and the beacon on Ohl Proprietor Ledge. Clear 
weather and a calm sea being essential conditions of the work, many delays were expeneuceil in 
its prosecution. 

\Vhile occupying the Machias Seal Islands, measurements were made of the elerntion of the 
lights abo'\"'e an approximate high-water line, and as errors were found in the pubfo;hed lists affect
ing the oomputed range of visibility, a special report was made by Mr. Tittmann on the subject. 

The light-houses and the outlyiug·dangers to the south and southeast of Grand l\Iauan were 
connected properly with the triangulation on the coast of Maine. 

Doring the course of the work angles were observed and measurements of distances made to 
determine the location of Grand Manan primary station, which was supposed to baYe beeu lost or 
destroyed. It was finally found upon Sinclair Hill, on the southeast side of Dark Harbor, marked 
by a triangle ent upon the top of,tbe out-cropping rock. 
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Field operations were closed September 19, and the records and computations of the work 
forwarded soon afte.r to tlie Office. 

Upon returning to 'Washington in October, Mr. Tittmann was assigned to the charge of the 
Office of 'Veights and Measures. 

Jn.~pootion of topographical work upon the coast of 21foine.-Towards the end of July, 1887, 
Assistant Charles Hosmer lffoceeded to the coast of Maine, under instructions to inspect the topog
raphy upon that coast in the vicinity of Machias, and thence to Quodcly Head and around the 
coast iuto Cobscook Bay, and upon the completion of that duty to take up a topographical survey 
on Cobscook Bay. 

Part of his inquiry was directed to a comparison of th11 shore line ancl other topographical 
features, as delineated by recent surve;rs and by tlwse made npwarrls flf twenty-five years ago. 

J\lr. Hosmer had made good progress in the execution of this duty ,.and kept the field, though 
suffering from ill health, until early in October, when, by tile advice of his physician, he returned 
to his home. On the 28th of that month he died. 

As an officer of the Surve.Y Mr. Hosmer's record was one of faithful and honorable service 
during thirty ~·ears. 

Topographical survey of Cobscook Bay, 1liaine.-During the summer and autumn of 1887, Assist
ant Eugene Ellicott continued tlie topographical sun·ey of the western part of Oobscook Bay, refer
ence to the progress of which was made in tile last Annual Report. Field operations were begun 
May 1 and closed November 14, the scale of survey being 1-10000. 

Mr. Ellicott has submitted with bis topographical sheet a descriptive report, in wbicli lie gives 
much detailed information respecting the character of the countr,Y over which his survey extended; 
its geological and topographical features, the proportions of arable and wooded land, the chief 
industries, etc. The Uobscook Falls present a somewhat rema.rkable physical feature. 
Between the northwest coast of Falls Island and the main land in the town of Pembroke is a 
narrow passage, the rapid rise and fall of the tides through which causes a difference of level in 
the inner aml outer basins immediately adjacent of about 2.6 feet at flood tide in a distance of 130 
feet. The noise produced hy foe rushing waters can be heard two miles off. 

The statistics of Mr. Ellicott's survey are as follows: 
Miles of shore-line snrveyed .. __ ... _____ . _ .....•... - . - . - .... - - . - . . • . . . . 75 
Miles of roads surwyecl __ ... __ . _ ....... _ .. ____ .... - - - __ ... -_ . . . . .. __ . 28 
Area of sur•ey, in square miles . - ..... __ .... - .... __ - . _ .. - - - ......•. _. - 23 

During the following winter aud spring Mr. Ellicott was engaged on office duty, and about the 
middle of May took up, under instructions, the continuation of hill work of the preceding season, 
beginning with the topography of the north side of Cobscook Bay, in which were included the 
towns of Pembroke and West Pembroke. 

Between the time of resuming flel!l operations anrl tlie end of the fiscal year, Mr. Ellicott 
confined his efforts to the delineation of the more salient points of shore-line, and to those parts 
of the inland topography within easiest reach. He will make a detailed report at the en<l of the 
season. 

Continuation of the topographical 8Urt·eyof the south and north branches of Cobscook Bay, Maine.
At the beginning of the fiscal year Mr. J. II. Gray, Aid in the Survey, was in the field in charge 
of a topographical party organized for work upon the south branch of Cobscook Bay. This work 
he had begun J\fa,r 21. A reference to its progress up to June 30, 1887, was made in the last 
Annual Report. Field-work was carried on until Uetoher 18, when the party was disbanded and 
operations closed for the season. The statistics from the beginning of the fiscal year are: 

Miles of shore line surveyed. - ..... - - - ... - .. - - ______ .... ____ . ____ ... _ . 31 
Miles of roads surveyed. - .• ·.- ............. - - - . _ ....... _ .. _ .. _ . _ . . . . . . 21 
Area of survey, in square miles ......•..... ___ .. ______ .. ______ . ______ . 14 

Mr. Gray has submitted a descriptive report, which has lieen filed with his t-0pographical sheet 
in the archives. · 

During the early part of the winter Mr. Gray was employed in office-work, and in January, 
1888, was instructed to join the party of Assistant Jos. Hergesheimer on the west coast of Florida. 
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Early in June, 1888, having returned from Florida, he proceeded, under instructions, to the 
coast of l\Iaine, and organized his party for the survey of the north branch of Cobscook Bay. 
Progress was less rapid than could be desired on account of the many ledges for which low-water 
line had t~ be obtained. The statistics for the season will be given in the uext Annual Report. 

Hydrographic examinations on t7te coast of Maine for the Atlantic Coast Pilot.-At the beginning 
of the fiscal year the steamer Endeavor was being refitted at the New York :Kavy-:rard, the Com;t 
Pilot party, in charge of Lieutenant G. H. Peters, U. S. N., Assistant Coast and Geodetic Snr. 
vey, having been transferred to her from the steamer Daisy. About the middle of July the En· 
deavor proceeded to Portland, Maine. Data for the Coast Pilot was collected in Casco Bay ancl its 
tributaries till August 8, when Lieutenaut Peters proceeded eastward, making examinations during 
the root of the month in Penobscot Ba.y and its numerous harbors, and in Frenchman's Bay aud 
the waters adjae,ent. The work was then carried eastward as far as Ea'ltport. 

Leaving that port September 11 the Endeavor proceeded westward, devoting as muc11 time as 
practicable to points requiring further attention. On September 24 Lieutenant Peters left Port. 
and, making some examinations to the southward when the weather would permit. At New 
Haven, Connecticut, he receivell instructions to proceed to New York, where he arrfred with the 
Endeat•or October 8. • 

Soon after the steamer was laid up at the New York NaYy-y;ud, and the Coast l~ilot party de
tached to resume duty at the Office. 

During the season special 11;ydrographic examinations were made from time to time in conse· 
quence of information receive(l while carrying on the regular work of the party. In cases where 
these examinations developed <laugers not already shown on the charts, or depths less than had 
been indicated, the results were reportecl to the Hydrograpbic Inspector. 

Fog interfered materially with the work, and during September an unnsuan~· smoky condition 
of the atmosphere; but, upon the whole, the results of the srason's work were satisfactory, being 
such as to warrant the immediate preparation of a volume now in hantl, to cover the coast of Maine. 

Lieutenant Peters acknowledges the zealous service rendered in the work by Ensign W. J. 
Maxwell, U.S. N., and Mr. John Ross. 

Completion of the reoord of tidal observations at the automatic tidal station at Pulpit Coi,e, North 
Haven Island, Penobscot Bay, Jfaine.-For the stully of the characteristics of the tides of the Gulf 
of Maine a self-registering gauge was established in ,fanuaryi 1870, at Pulpit Cow, North Htwen 
Island, Penobscot Bay, and placed in charge of Mr. ,J. G. Spaulding. 

On March 28, 1888, an almost unbroken record having been kept up throughout a lunar cycle, 
the observations were tliscontinued, there being greater need of extended tidal series at other 
stations on the Atlantic coast. -

During the last year the observations were fully up to the standard of excellence maintained 
by Mr. Spaulding since the beginning of tl1e series. Ilis uniform faithfulness and efficiency in 
duty deserves high commendation. In April be was transferred to the cnarge of the automatic 
tidal station at Sandy Hook. 

Magnetic observation.~ at stations in Maine and Massackusetts.-Instructions issued to Assistant 
James :B. Baylor about the middle of July, 1887, directed him to occupy a number of magnetic sta
tions in the New England States, at which magnetic observations had been obtained in former 
years, in order to secure additional data for the determination of the secular variation of the 
magnetic declinatio11, dip, and intensity, and also to establish some new stations iu those States, 
and one in Washington, D. C. 

Having executed the duty last mentioned, reference to which more in detail will be found under 
the heading of Section III, Mr. :Baylor proceeded to the State of Maine, and began his magnetic 
work there by the occupation of a new station at Damariscotta, Lincoln County, establishing it in 
an open lot in front of the Methodist church. Time, latitude, and azimuth were determined by 
observations on the sun August 4, 5, and 7, and the magnetic declination, dip, and intensity on 
August 5, 8, and 9. 

A new station was next established at Mill bridge, Washington County, Maine, on the hill 
north of the Ohristian church. Time, latitude, azimuth, a.nd the magnetic elements were deter
mined here by observations made August 13. 
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At Machiasport, Maine, a new station was established in the Government reservation at Fort 
O'Brien. Time, latitude, and azimuth were determined August 19, and the magnetic elements 
August 20. 

The station of 1879, in the center of the parade-ground at Fort Sullivan, Eastport, was re-oc
cupied for the determillation of the magnetic elements on August 24 and 26. Time and azimuth 
were determined Augu:st 23 and 26. 

At Pre:sque I:sJe, Aroostook County, Maine, a new station was established in the open park 
in front of the Phair Hotel, on Main street, Time, azimuth, and the magnetic elements were 
determined August 30 and 31. 

At llonltou, Aroostook County, a new station was established over one of the granite piers 
at Hancock barracks, just east of the town. Time, latitude, aziu.mth, and the magnetic elements 
were determined by obHervations made September 5, 6, and 7. 

At, Vanceboro, 'V ashington County, a new station was established in the open lot north of the 
Roman Catholic church. Time, latitude, azimuth, and the magnetic elements were determined by 
obsernttiou8 made September 10, 12, aud 13. 

At Danforth, Washington County, a i1ew station was established on the hill in front of District 
School No. 5, and observations rna,le for time, latitude, azimuth, and the magnetic elements on 
September 15 mul 16. 

At ).fattawamkeag, Penobscot County, a new station was established in an open lot on Main 
street, south of the postmaster'8 house. Time, latitude, and azimuth were determined on Septem
ber 17 aml 18, and the magnetic elements September 19. 

A new station was next e8tabliRhcd at Greenville, Piscataquis County, its location being in 
au open lot north of the L<tke Ilomie and to the east of the south cove of Moosehead Lake. Time, 
latitude, azimuth, and the magnetic clements were determined here on September 24. 

At the Maine Central Institute, Pittsfield, Somerset County, a new station was established in 
the grounds of the Institute, southwest of the main building, and observations made for time, 
latitude, and the magnetic elements, September 29 and 30. 

A new station was established at Farmington, Franklin County, in the fiats of Sand River, 
and just north of Prescott's factor.r, on Depot street. On October 6 and 7 observations were 
made for time, latitude, and azimuth, and the magnetic elements. 

It had been intended to re-occupy one of the old stations on Bramhall Hill, Portland, Maine, 
but it was found that a house had been built over the site of the station of 1864 and 1865, and 
that the proximity of electric wires had made the stations of 1859 and 1863 unavailable. It be._ 
came necessary, therefore, to occupy a new station, and this was established in the grounds of 
Mrs .• J. B. Brown, as near the former station as practicable. Observations for time, azimuth, and 
the magnetic elements were made here on October 13, 14, and l 5. 

At Plum Island, near Newburyport, Massachni;etts, a station was established as near the 
station of 1859 as the changed surroundings would permit. Time, azimuth, and the magnetic 
elements were determined October 18, 19, and 20. 

At Fort Lee, near Salem, Massachusetts, the station of 1855, in the center of the old fort, 
was re-occupied. Time, azimuth, and the magnetic elements were determined October 22 and 23. 

The funds a'·ailable for the work having become exhausted after the occupation of t,he last 
named station, Mr. Ba;ylor was instructed to snspeml field operatioils for tlie sea.son, an cl take up 
the computation of his observations. His records aud resuits are now in the Office. 

In December he was temporarily assigned to duty in connection with gravity work, reference 
to which is made.. under a beading in Sectio.n III. 

Determitiation of boundary lines of towns in the State of Massachusetts.-In connection with 
the topographical survey of the State of Massachusetts, of' which Assistant Henry L. Whiting is, 
by special assignment, one of the Commissioners, the work of determining the boundary lines of 
t,ownships in the State was prosecuted during the season of 1887 under Mr. Whiting's general 
direction by Assistants Gershom Braclford and C.H. Van Orden. 

Reference to this work, and to the instructions under which it was again ta.ken up, in April, 
1887, was made in the last Annual Report. Messrs. Bradford and Van Orden have each made 
special reports of their surveys, abstracts of which are as follows: 
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Beginning in Wareham Township, at the head of Buzzard's Bay, in Plymouth County, Mr. 
Bradford carried his work to the westward, and at the close of field operations, November 29, bad 
established in geographical position the boundary lines of W areharn, Marion, Mattapoisett, aud 
Rochester, in Plymouth County, an<l of Fair Haven, Acushnet, New Bedford, Dartmouth, West
port, Fall River, and Somerset, in Bristol County, besides. incidentally determining parts of the 
boundary lines of the townships of Middleborough, Freetown, Dighton, and Swansey, bordering 
upon the above. 

It was agreed by Messrs. Bradford and Van Orden to adopt a uniform method of numbering 
the town corners by beginning at a southwestern corner and numbering consecutively from that 
round by west, prefixing the name of the township, as Acushnet 1, and so on. 

The heights of many of the stations were determined with a vertical circle, and were referred 
to the ground and to high-water bench-marks upon· rocks at Cromeset Neck, in Wareham and 
Clark's Cove, New Bedford. Elevations in Fall River, derived by the City Engineer from levels to 
the"Coast and Geodetic Survey bench-mark there, were also made available. 
· For the triangulation, bases were generally obtained by lines joining points of the Coast aml 
Geodetic Survey and the Borden State Survey, the latter having been previously adjusted in the 
office to conform to standard geodetic data. The principal base stations were Monk's Hill, Alden, 
Great Hill, Mendal, New Bedford Court-house, and Copecut. 

Mr. Bradford observes that to determine in position marks placed with no reference to the 
question of intervisibility, and often in wooded swamps, difficult of access, presented difficulties of 
a peculiar nature. These were overcome, after a number of devices had been tried, by the use of 
flagged poles in trees adjacent to the boundary marks. The poles were secured steadily in posi
tion by guys, and elevations of one hundred feet above the ground were thus attainable, enough 
to overtop the wooded hills. To these poles the bouudary marks were referred by a compass course 
and a distance measured from a point plumbed under the part of the pole observed upon to the mark. 
These compass courses were run by an engineer's transit, with which direct and reverse bearings 
were ta.ken between the pole and tl1e mark, measurements of distance being made with a steel 
tape. Observations were, of course, made directly upon the boundary marks or upon signals 
plum bed over them whenever practicable. 

Mr. Bradford furnishes the following statistics of his work from its beginning, April 20, till itl:l 
close, October 29 : 

Number of township boundaries completed. . . . . . . . . . . . • • • • • • . . . . . . . . . . . . 10 
Number of township boundaries partially completed..................... 5 
Number of triangulation stations identified ........................... __ 21 
Number of new stations located . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U4 
Number of stations occupied for observing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Number of stations observed on _ ... _ ... __ ... _ ..... _ •....... __ ....... . . 122 
Number ofsignals built. __ ..... _ ........................ _ .. _.......... 83 
Number of boundary marks located.......... . . . . . . . • . . . . . . . . . . . . . . . . . . 60 
Number of points of triangulation marked permanently with stone monu-

ments .................... __ ... _ . _ . __ . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 19 
Area of survey (approximate), in square miles . . . • • . . . . . . . . . . . . . . . . . . . . . 252 

Mr. Van Orden having reported to Mr. Whiting April 26, was directed to take up the deter· 
mination of township boundary lines on the peninsula. of Cape Cod. Beginning at the northern 
end of that peninsula, his iirst work was to fiml the six stone monuments between the towns of 
Provincetown and Truro. The base lines Cape Cod Light-house to Wood End Light-house, and 
Cape Cod Light-house to Long Point being available, and the country an open one, but little dif. 
ficulty was experienced in connecting thP,se monuments with the triangulation. The importance 
of making this connection is shown by the constant danger to which the fifth and sixth stones 
were exposed, of being covered up by the shifting sands or washed out by the encroachments of 
the sea; and as a means of deciding upon changes in shore-Jine due to such encroachments the 
secoring of boundary stones on the peninsula or the practicability of reproducing their positions 
in the event of loss is very desirable. On the harbor side, the positions of boundary st.ones become 
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of much importance to the fishing interests of townships. During the preceding season the location 
of the bay-shore monument between Wellfleet and Eastham bad become the subject of a dispute 
which was eventually brought before the State iegislature. 

From Provincetown to Chatham the work progressed rapidly, but from Chatham to the Ply
mouth line the boundary stones were generally in dense woods or hollows, and the country being, 
as a rule, heavily wooded, with no prominent hills, l\fr. Van Orden met with difficulties similar to 
those already adverted to. But by availing himself of similar expedients in regard to signals, and 
by laying out schemes of small triangles to reach the boundary stonPs, basing these triangulations 
on points well determined by the Government and State Surveys, he was enabled to complete all 
of bis determinations satisfactorily. 

While at Barnstable, in compliance with a request from the Chairman of the County Commis
sioners, and with the approval of Mr. Whiting, l\fr. Van Orden examined the county meridian 
line, connecting it with the triangulation and determining its azimutll. 

In connection with the town boundary survey, it was det>med advisable by the State Commis
sion to determine a series of accurate level bench-marks throughout the State, and this work was 
begun by Mr. Van Ord en by running a double line of levels from Orleans station to Sagamore station 
011 the Old Colony Railroad, and a single line from there to the bench-mark of the Cape Cod tide
gauge. A double line was also run from Harwich station to Harwich Exchange in Harwich 
Center, and a single check-line from Barnstable station to assumed high water. Brewster station 
was connected with the main line by a double line of levels. The whole line, so far run, is per
manently marked by copper plates secured to the station and freight houses of the Old Colony 
Railroad. 

Field operations were closed December 2. For the season the statistics are: 
Number of township boundaries completed.............................. 11 
Number of township boundaries partly completed............ . . . . . . . . . . .. 4 
Number of stations occupied ........ _ .................................. 118 
Number of signals built .......................................... _ .. _ .. 166 
Number of points determined, including 74 town corners ................... 296 
Number of miles of levels run............................ . • . . . . . . . . . . . . 82 
Area of survey, in square miles ..•...................................... 390 

Physical hydography, coast of Cape Cod Peninsula.-Upon the completion of the physical 
surveys in New York Harbor early in August, 1887, Assistant H. L. Marindin was instructed 
to re-organize his party as a shore party, with a camp at the entrance of Nauset Harbor, Oape 
Cod, and take up a survey, the object of which was defined in a memorandum furnished by 
Assistant Henry Mitchell. The principal points of this memorandum were as follows: 

1. Tidal observations and levelings for the determination of stages and slopes on the sill of 
Vineyard Sound, and for planes of reference of both topography

0

and bydrography. 
2. To extend the shore-line and crest-line surveys along the outside shore of Cape Cod to the 

limits of the shoal building supply, the work to include slopes of bluffs, sections of barrier sands, 
and submerged contours out to four fathoms of water. 

The work as thus laid out was closely prosecuted throughout the season. On the 30th of 
August the field-work proper began by the location of a longitudinal section of levelings along 
the coast from the inlet into Nanset Harbor to Nauset Three Lights. This longitudinal section 
was designed to form the back-bone of the cross-sections running out to seaward through the line 
of breakers and normal to the shore. It was extended dnring the season by lines of prooise 
leveling along Nauset Beach to the bench-mark near the tide-gauge at Harding's Beach. The 
cross-sections were located and measured at an average distance apart of three hundred. meters 
(984.3 feet). Each cross section was leveled and joined to the longitudinal section, which wa-s 
connected by precise leveling with the tidal bench-marks established daring the season. The 
levels at each cross-section were carried out into the water at the time of low water or near it, a.nd 
the soundings taken on these sections were obtained as near the high-water sta.ge as the circum
stances would permit, with the objoot of overlapping the points reached by the level from shore. 
By sounding at or near the time of high water, and backing the whale-boat almost on the breaker• 
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the first sounding was obtained very near to, if not overlapping, those points where the strand 
was laid bare by the relreat of the tide. 

It was proposed to show from the observations the position of the low-water line with the 
ocean at rest; also the position of a mean-level line, and that of high water with the ocean at 
rest. The high-water line as obtained by the plane-table is not the same as that noted above, hut 
rather a line defining the reach of the seas at the next preceding higl1 water. The location aIHl 
heights at the foot of the uluffs were also to be given, these being the lines of great€st erosion 
reached by the sea only during severe gales. 

Permanent beueh-marks were establishe(l at the inlet into Nauset Harbor, on Pochet Island, 
"on Chatham North Light, on Harding's Beach Light-house, on a fish-packing stand near the tide
gauge on Ilartling's Beach, and on a house belouging to Seth Mallows at t!ie Powder Hole, Mon
omoy Point. These benches, with tlrn exception of the one last named, were com1ected by two 
lines of precise levels, run in opposite directions and aggregating a length of twenty-eight miles. 
Numerous temporary benches were established in connection with the permanent ones. 

The tide-gauges at Nauset Harbor, at Chatham Beach (outside), at Harding's Beach~ and at 
Powder Hole were observed simultaneously night and day for eight days, and during the same 
period the turning of the tidal current was observed at the Handkerchief, Pollock Rip, and Shov
elful Light.ships. 

The line of precise levels joining the ti<le-gaugcs at Harding's Beach with those at Chatham 
and Nauset Ilarbor was completed early in November, an<l on the 7th of that month the party was 
disbanded. 

Mr. Marindin acknowledges the efficient aid rendered in the work by Messrs E. E. Haskell 
and Bomer P. Ritter, experts in physical hydrography. His elaborate report, of which the fore
going is only an abstract, is accompanied by a sketch showing the locality of the survey and the 
positions of the tide gauges and bench-marks. He will ultimately submit a descriptive report to 
accompany the two sheets of physical hydrography on which the results of the survey are 
shown. 

Reference will be made under a heading in Section II to Mr. l\larindiu's work in New York 
Harbor, which immediately preceded that on Cape Cod. The statistics which follow include the 
surveys of 1887 in both localities: 

Number of cross-sections located and measured ....................... . 
Number of stations occupied for observations of c1urents .............. . 
Number of current observations registered ............................ _ 
Number of observations of specific gravity ........................... _ 
Number of soundings on cross.sections ........................ _ ...... . 
Number of angles taken for locating stations and soundings ............ . 
Number of tidal stations established and occupied .................... . 
Number of miles of levels of precision run ............................ . 
Number of miles of spirit leveling ................................... . 
Number of permanent beneh-marks established ....................•... 
Number of specimens of bottom preserved. . . . . . . . . . . . . . . . . . . . . . . . .... 

54 
45 

4,169 
704 

2,639 
1,032 

5 
28 
15 

7 
19 

After the disbanding of the field party, Mr. Mariudin joined the United States Advisory 
Commission for the port of Philadelphia, in his official capacity as Secretary of that Commission 
by special assignment under instructions from the Superintendent. He remained Ln this duty, 
wit.h an interval of absence on leave, until early in February, 1888, when he reported for duty at 
the Office. Messrs. Haskell and Ritter had reported at the Office in November. 

During the period from February 10 till early in Juue Mr. l\farindin was occupied with the 
compu.tations and drawings require(l to show the results of physical l1ydrograpbic surveys in New 
York Bay and Harbor and on Monomoy Shoals and the bea.ches adjacent. His elaborate report 
on the tidal levels and flow of currents in New York Bay and Harbor, with drawings accompanying, 
was submitted May 15, and will be published as Appendix No. 9 to this volume. · 

In June, this office-work having been completed, instructions for field-work received during 
the preceding months took eff!}Ct, and proceeding to Oa.pe Cod, with Messrs. Haskell and Ritter 
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a:.; expert observers, and Messrs. Wedekiml and Stone as recorders, Mr. 1\Iarimlin went into camp 
at North Chatham, Cape Cod, in ordtir to closn a gap between Lieuteuant Pillshnr.v's work of the 
pre-,ions :year and his own duriug the preceding f<eason. Appropriate cross-sPctiom; were laid 
ont three hundred meters apart, on which both hffeb inshore aml sonrnlings seaward wonld give 
a mold of the beach from w!Jich snch change.s a.-; would occnr in the future co11ld be accnratdy 
ascertained. 

The trials made of a new form of tide-gauge devisPtl hy Mr. l\farindin for m~e on a coast s11h
jected to he:wy ocean swells were not satisfactory, but the difficulries wllich prevented its success· 
ful working were carefully noted, and in t11e end it is l1ow•1l that they will he oyereome. 

At the close of the fiscal ,year work wm:; still iu progr<'ss. Up to that time the stafo;tics re-
ported are; 

Number of cross-sections laid out and measnn'<l. _. - ............. - . . . . . 8 
N urn ber of cross·sections laid out and leveled - .. - ............................... _ .. ~ 'i 
Number of elevations determined on cross-sectious. • . . . . . . . . . . . . . . . . . . 1G6 
Number of heuch-matks referred by Jevt:>Js_ ......................... - . . 2 
Number of tidal statious cstablislled. _ ........ - .. ., ....... ~.. . . .. . .. . . . . . . . . .. . . 2 

Tr-iangulation of "Jt.'(l,ntucket and l'-ineyard Sounds an<l -topographical surreyN on Nantucket and 
JJfartha's Vineyard.-Resurveys on Nantucket and Martha's Viueyar<l llaviug become desirable b.Y 
reason of changes in the configuration of shore-line during periods rangiug from thirty to forty 
years, the parties organized for tllat \\Ork duriug the summer and autumn of 1887 were placed 
under the geunal supervision of Assistant Henry L. Whiting, b~- iustructions issued towards the 
beginning of the fiscal year. Assistaut W. I. Vinal, Su bassistant R. A. Marr, and Aid E. L. Taney· 
were directed to report to Mr. Whiting by instructions issued towards the end of June. To Mr. 
Vinal be assigned the resurveys of shore-line and localities adjacent on Martha's Vineyard, to 
lUr. Marr the triangulation of Nantucket and Vineyard Sounds, and to Mr. Taney the topograph· 
ical resur'\'eys on the islanll of Nantucket. 

From a general re\·iew of the results presentell by the work, Mr. Whiting has submitted a re
port based upon comparisons of these and former surveys. 

Mr. Taney'i.-1 work, which, in addition to the resurvey of the Nantucket shore-line, included that 
of the small islands of Tuckernuck and l\Iuskeget, and the still smaller beaeh islands and 
shoals surrounding them, callecl for but little interior topography, the features of the shore being 
simpler in character than on Martha'l:l Vine_yard, with fewer artificial details 1mbject to change. 
Almost the only exception was at Siasconset, where some cottages and larger buildings bave been 
added to the quaint settlement as it was forty years ago. The changes in the position of the im· 
mediate shore, particularly aloug the sonth side and at the west end of the island, have, however, 
been much greater in general results than on Martha's Vineyard. 

Great Point, the southeasterly headland of Nantucket Sound, that most important highway 
for coastwise vessels, has, as Mr. Whiting obscn·csi undergone important changes~ accorcling to . 
history and trustwo1 thy testimony, aflecting in former years the navigable limits of the water way 
between it and Mouomoy Point. But now it is to be noted that the extremity of Great Point is in 
almost the exact geographical position that it was forty-one years ago. The shapi'l of the point is 
now somewhat less sharp. About one-eighth of a mile south of the extreme point on the funer 
side, the shore-hues of 1846 and 1887 coincide exactly. 

After giving further detail11 of changes in tile shore-line, Mr. Whiting states that in genera.I 
terms the changes of Great Point indicated by the two sur\'cys have resulted in the narrowing of 
the southerly part with a broadening of the last three-fourths of a mile at the extreme end. 
Along the eastern side of the island, and from Sankaty Head south and west there has been al· 
ternately waste aml gain, one of the most marked instances of the latter being in the form of a 
long outward sweep or wa.ve in the shore.line, extending for about two and a half miles, having a 
width at Sankaty Head of about one hundred feet; about one mile southwest of the Light-house 
four hundred fet't; off Siasconet Village two hundred and fifty feet, a.ud l eyond this again a. 
width of about three hundred and fifty feet. Beyond the present point where the lines of waste 
a.ml accretion cross each other, aud for about three-fourths of a mile southwest a.ud westerly to 
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about opposite Tom Nevers Pond, a former outward bend in the shore bas been wat>hed away, the 
greatest waste in width being abouL six lmmlred feet. 

Attributing these sweeps or waws to resultant effects of sea.dash aJ)(l littoral currents, ::\1r. 
Whiting remarks that the same character of forma~ion anrl moYement is observable along the 
outer shore of ()ape Cod, particularly between Highland Light aud Race Point. 

With regard to .Muskeget Island and the beaches south of it, and Tuckernuck Island, Mr. 
Whiting refers to notable clrnnges indicated by the last resurvey, tlie cliaractcr of which indicate.s 
a general recedin1' to the northward and castwartl of the ocean boundary, and the driving back of 
the higb·watcr line by the forces which ti.How the sands up above high water. Details of these 
changes are given in bis report, which is accompanied by a tracing from the surveys of 1846, 
1856, aud 1887. 

Along the east shore of :Martha's Vine_yard the cl1anges which have taken place within the 
scope of Mr. VinaPs survey in the inten·al of forty-one years since the first survey was made, are 
not of special physical importance, and do not affect matters of navigation. The waste of the bluff 
at the East Chop of Vineyard Haven Harbor has not been as much since 1871-the ratio not so 
great as it was between 1846 and 1871. 'This is probably owing t-0 the influence of the recent struct· 
ures along this part of the shore, whereby the littoral movement of the sands has been arrest-0d. 
The same may be said of the ratio of change at West Chop. 

The first survey of this point by the Coast Survey was made by :Mr. Whiting in 1845; the next 
one, in 1871, was made by Lim also. A comparison of ihe results of these surrnys with that of 1887 
shows that some changes have taken place in the outline and material of the Chop, and of the sound 
and harbor shores on either side of it. After giving details of his comparisons .Mr. Whiting states 
tlmt there is no evidence of extensive recent waste at West Chop by either wave or current ac
tion, and that it is au important fact that at this most salient point on Martha's Vineyard, mak
ing the greatest contraction in the width of tho sound between the shores of the island and the 
main land at Nobska Point, but little, if any, change has occurred in the geographical position of 
the high-water line since the date of the survey of 1845. 

At the point of Cape Poge the waste of beach aad bluff has been greater than at any other 
place in this part of the island, being about three hundred and twenty-five feet. Along the shore 
of Chappaquiddick Island, from the entrance to Cape Poge Pond to the long point of the island 
opposite Edgartown Village, there bas been no marked change. 

A resurvey of the New South Inlet iuto Ootamy Bay, including a short reach of the shores on 
either side of it, showed that a remarkable change had taken place in the llosition of this inlet 
between the dates of the sun·eys of 1886and1887, a period of fifteen months. During this time the 
position of the inlet has moved a distance about equal to its width, namely, about twelve hundred 
feet, the point of beach forming the westerly chop of the inlet being now about where the easterly 
chop was last year. ·The easterly PQint bas moved still farther eastward, so that the inlet is now 
about five hundred feet wider than it was in 1886, being on October 26, 188'1, iabout sixteen hundred 
and forty feet in width. The general position of the beach wei;t of the inlet does not seem to have 
undergone much change, but east of it the mass of the beach has been beaten inward to the 
north for about a mile, as far as the resurvey extended. The greatest movement was at the point 
which was found to be about three hundred and twen_y-five feet farther inward than its position 
in 1886. These changes gave an additional basis for Mr. Whiting's prediction, referred to in the 
last annual report, that the iiilet would eventually work eastward. The rapidity of this move
ment bas, however, been greater than was anticipated. At t.he same rate of progress the westerly 
point of the inlet will reach the line of the fast land of Chappaquiddick in about six years, where 
it will again be in the same eomlition and subject to the same forces that caused it to close in 1869. 

It was thirteen years in making an equal previous movement. Mr. Whiting's report on the 
shore-line changes on Martha's Vine3'·ard (Appendix No. 91 1886) is accompanied by a map showing 
changes in Ootamy Bea.eh from surveys made in 1846, 1856, 1871, and 18861 with special reft>rence 
to the opening and closing -0f former inlets. 

Other dnty assigned to Mr. Whiting, in connection with the Massachusetts State Survey, is 
refeITed to under a separate heading in this section. 

Pi addition t.o the duties here referred to, a.nd those relating to the resurveys of town boundaries 
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in the State of Massachusetts, Mr. Whiting was occupied, under instructions issued early in No
vember, 1887, in continuing and completing the marking of the points of triangulation determined 
by Mr. Marr on Nantucket and Martha's Vineyarrl . 

.After the close of the work of the several field parties, he was authorized to retain and ink the 
topographical sheets of Mr. Taney's survey of Kautucket. This duty occupied him during the most 
of the winter and spring, though occasionally interrupted by nesessary service for Massachusetts 
as Secretary of the Board of the State Commissioners. Ile hacl also office occupation in preparing 
some samples for topographic representation of the rocky shores of tlie coast of Maine . 

.As preliminary to future field operations, be ~mbmitted on :March 8, 1888, a scheme for con
tinuing the topographical resurveys of Vineyard Sound and vicinity. His first active duty in con
nection with field operations was in conference with Mr. Van Urden, relative to his proposed contin
uation of the town boundary work of 1887. Mr. Van Orden took the field May 27, in Barnstable 
and Plymouth Counties, Massachusetts, to complete aud close up the triangulation of 1887 in the 
former county, and to connect with the work of 1885 in the latter. This work was in successful 
progress at the close of the fiscal year. _ 

In pursuance of instructions, Assistant Vinal reported for duty auout the middle of June, and 
was assigned to the resun·ey of Woodis Holl, harbors and passage way, with the connecting topog
rapby in Falmouth and on Naushon Island on a scale of 1-5000. Reference to Mr. Vinal's report 
of this work is made under a later Jieading in this section. 

Triangulation of Nantucket and Vineyard Sounds.-The triangulation incident to the resur
veys on Nantucket and Martha's Vineyard, and the adjacent islands, was assigned to Sub-assist
ant R • .A. Marr, uy instructions issued June 20, 1887, and was executed in accordance with the 
views and suggestions of .Assistant H. L. Whiting. 

U1)on Nantucket and its outlying islands, Tuckernuck and l\foskeget, the triangulation was 
carried forward from two of the old stations, Shawaukerno and Gilllns' Pond, that had been recov
ered by Mr. Taney; it was connected also with the fixed points, Great Point J,ight, Sankaty Head 
Light, South Church Spire, and Tuckernuck Telegraph. The iuterior points, vVeeweeder Life 
Saving Station and J\leridiau, were determined in order to have ready reference stations for future 
use in case of marked changes in the island. 

Meridian statiou is the south post of three whicb mark the prime meridian of the island of 
Nantucket; these are han<lHome licxagonal granite posts, with bronze caps, bearing the cardinal 
points, and were put. up under contract for the State. Their connection with the triangulation 
developed an error in the positiou of the north post, its bearing being 28' 05" east of north 
from the south post. 

On .l\Iartha's Vineyard the old stations of Indian and Prospect Chilmark were intact, and this 
line was usell as a base. The hydrographic signals wl1ich had been established on both shores of 
the sound were determined in position as well as other points necessary for the topographical 
surveys. 

By means of a striding level attached to the telescope it was found that Peaked Hill was about 
four feet higher than Prospect Chilmark, which has hitherto been supposed to be the highest ele
vation on Martha's Vineyard. 

Under Mr. Whiting's direction the stations on Martha's Vineyard, Nantucket, and No Man's 
Land were marked with solid grauitc 1wsts, or with drill holes in surface bowlders. The instruments 
and stand were mounted at each station according to a plan devised by Mr. Marr and referred to 
in tbe report of his work at Cape Charles, Virginia, under heading Section III. 

The statistics of field-work, which was begun July 28 anJ finished October 31, are as follows: 

Number of signals erected.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3() 
Number of stations occupied.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • • 23 
Number of objects observed upon.... • • , •.••..................... : • • •• • . 93 
Number of new points determined . . . . . . . . . . . . . . . . •• . . • . . . . . . . . . • . . •• . . . 60 

During the winter Mr. Marr was engaged in office-work, and early in April was assigned to 
the charge of one of the longitude parties on the Pacific slope. Reference to this duty will be made 
under the head of Section XI. 
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Topographical resurvey of the shore-lines of Nantucket, Muskeget, T1wkernuck, and the small 
islands in their vicinity.-Reforeuce bas been made under a 11revious heading in this section to 
the assignment of Subassistant E. L. Taney to the charge of topogra,phical resurve~ys on Nan
tucket and the small islamls in its vicinity under the general supervision of Assistant H. L. Whit
ing, and an account of Mr. Taney's work has been given as derived from the full report of Mr. 
Whiting. 

Points were determined for the plane-table survey from the old triangulation stations, Gibbs' 
Pond and Shawaukemo, which Mr. Taney succeeded iu 1·ecuvering. From these aud Great Point 
Light and Brant Light, he made a plane-table triangulation of the part of the island east of the 
town of Nantucket. For that part of the island west of the town and for the islands near by, 
points were furnished by Subassistant Marr. Field operations were closed November 28. 

The statistics are : 

Miles of shore line surveyed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Miles of creeks and ponds . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . • • • . . . . . . . 4 
Miles of railroads and streets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

Early in December Mr. Taney was ordered to join the party of Assistant Sinclair for duty on 
the coast of Louisiana. Reference to this service will be found under a heading in Sootion VIII. 

!fopographical resurveys of the shore-lines of Vineyard Sound, lllassachusetts.-Upon reporting 
for duty under instructions to Assistant Henry L. Whiting soon after the beginning of the fiscal 
year, Assistant ·w. Irving Vinal was assigned to the immediate charge of' the topographical resurvey 
of part of the shore-line and details adjacent of' Martha's Vineyard Island. 

The resurvey was mainly directed to those portions of' the island where marked changes have 
taken place during recent years. It included tlrn eastern and western shores of Cotamy Bay and 
Edgartown Harbor, and extended thence westward and northward along the coast, taking in Cot
tage Oity and Vineyard Haven, and terminating at the entrance into Chappaquansett or Tashmoo 
Pond . 

.At Cotamy Bay a junction was made with Assistant "\:Vhiting's resurvey of 1886. Edgartown 
is the oldest settlement, on the island, dating back to 1642. Vineyard Haven is the most noted 
roadstead for coasting vessels on the Atlantic coast, and affords perfect protection except in north· 
eiist gales. Cottage City occupies the whole of East Chop. It has grown up within recent years, 
and now includes the settlements or summer resorts of Oak Bluffs, Camp Grounds, Vineyard High
lands, Eastville, and Lagoon Heights. 

Mr. Vinal gives in his descriptive report, which he has sent to the archives, many details of 
interest with regard to t.he geological formations on the island, its topographical features, means 
of transportation, etc. Ile closed field operations November 10, 1887. The statistics of his survey 
are: 

Miles of shore-line surveyed •..•••.•.•..••......••.......•. - . . . . . . . . . . . . 42 
Miles of roads, streets, aml ra.ilroads surveyed............................ 95 
Miles surveyed of creeks, ponds, and ditches ....... - . . . . . . . . . . . . . ... . . . . . . 12 
Area (approximate) of survey, in square miles............................. 10 

During the winter Mr. Vinal was engaged in office-work, completing his field sheets and reports. 
After reporting in person for duty at the office he was assigned to i;ervioe in the Drawing Division, 
and during part of the time was occupied in arranging and cataloguing the mh;cellaneous papers 
of that Division. -Upon being relieved from office duty he was instructed to report by lt»tter to 
Assistant Whiting for duty under his direction on the coast of Massachusetts, and on the 18th of 
June he organized his party at Wood's Holl, Massachusett.s, and took up a. shore-line resurvey of 
Martha's Vineyard Sound in that vicinity and to the northward. For this resurvey the topograph· 
ical features are to be l}.hown in minnte detail, the scale being 1-5000. Further mention of its progress 
will be made in the next Annual Report. 

Off shore sotindinga between Monta1u.k Point and Phe"fps Bank.-For the further development of the 
configuration of the sea-bottom between Phelps Bank a.nd Montau.k Point, Lieut. J. E. Pillsbury, 
U.S • .N., Assistant Coast and Geodetie Survey, having organized his party aboard the steamer 
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Blake, left Boston July 7, and proceeded under instructions to run lines of off-Rhore soundings 
about firn rnile8 apart between the localities named. 

During the first part of the season fogs prevailed almost continuously, so that not nnfrequently 
lines of sounding started with the most favorable weather would have to be aliandoned in a few 
hours. The work was puslled at e.-ery opportunity, however, and on .August 21 was comJ1Wted. 

The statistics are: 
Number of positions occupied......................................... 129 
Number of miles of soundings ......................................... 1, 786 
Total number of soundings. __ ._ ... _ .................................. 1, 386 

Under a subsequent headi11g iu this section will be found a notice of Lieutenant Pillsbury's 
observations of currents in the approache8 to New York Harbor, and umler headings in Sections 
V and VI reports of other hydrographic work executed by him. 

Hydrog1·aphic resurveys in Vineyard Sound and in the channels and harbors adjacent.-Under in
strnctions issued about the middle of J nne, 1887, Lieut. C. P. Perkins, U. S. N., .Assistaut Coast 
and Geodetic Survey, commanding the schooner Eagre, took up the resurvey of Vineyard Sound 
and adjacent waters soon after the beginning of the fisc<tl year. 

His work was laid out ou four prQjections: one of Vineyard Sound on a scale of 1-20000, one 
to the east of the island of Martha's Vineyard on a scale of 1-10000, one of R-Obinson's Holl on 
1-10000, and one of \Vood's Holl on 1-5000 • 

.A rlescriptive report l1as been submitted by Lieutenant Perkins for file in the archives with bis 
llydrographic sheets. In this report are gh-en many details in regard to tile channels and harbors 
included in the area under surrn_y. He obserrns that the channel through the sound carries no 
less than eight fathoms, and that through Quick's Holl six fathoms. Robinson's Holl is impracti
cable, and \Vood's Holl dangerous, except for small craft. Ile found the tides in the sound very 
complex and much influenced by the wind. A determination of the zeros of the several tide
gauges wai; made, and all were referred to the lowest plane, that at Menemsha Bight . 

.All known shoals and dangers were carefully developed; among these, Squash Meadow Shoals, 
Oltl Man Rock, Devil's Bridge, and Sow and Pig's Reef. Information having been received at the 
Office through the Light-House Board of the existence of an uncharted ledge off the West Chop 
Light-house, an examination of the locality by Lieutenant Perkins led to the development of two 
dangers to navigation to the north and northeast of that Light-house; a rocky shoal-pateh having 
over it a least depth of scrnn feet, and a emall rocky shoal with a least depth over it of sixteen and 
one·half feet. \Yarning of the dangers was immediately given by the publication of Notice to 
Mariuers No. 93. 

Lim1tenant Perkins had the aid of Ensigns II. W. Harrison, N. J. L. T. Ilalpine, Baine C. 
Dent, aud Franklin Swift, U. S. N. 

Ile reports the following statistics for the sea.son, which closed November 10: 

Miles of sounding lines rnn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . 2,086 
Numl>er of soundings ............................•.................. 107,531 

During the winter Lien tenant Perkins was engaged in preparing his records and bydrographic 
sheets for transmission to the Office, and had charge of the vessels of the Survey that were laid up 
in New York Harbor. 

In Jauuar_y, 1888, he was directed to make an examination of certain lumps that had formed 
11t tlrn inner end of Gedney's Channel, having less depth of water ornr them than were found in the 
surVl'Y of 1885. The results of this examination were published in Notice to Mariners No. 99. 

On February 28, 1888, Lientenaut Perkins was detached from duty on the Survey. 
Offshore and inshore hydrography of the approachc8 to the u:estern end of Vin.eyard Bound, to 

Buzzard's aiid Narragan8ett Bay8, and to the ea8tern end of Lonf/ Island Soun<(.-Af'ter refitting the 
steamer Bache at New York, her commander, Li(•nt. J. F. Moser, U. S. N., Assistant Coast and 
Geodetic Survey, left that port just before the beginning of the fiseal year to take op a hydro
graphic 1mrvey off the coast8 of Massachusetts and Rhode Island, specially directed to the dev~l
opment, by close resurvey, of the approaches to the western eud of Vineyard Sound, t.o Buzzard's 
and Narragansett Bays, and to the eastern entrance to Long Island Sound. 

/ 
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Arriving on the field of work July 4, active operations were begun the next day. The scheme 
of work was laid out on a scale of 1-10000 for the inshore and 1-40000 for the off-shore hydrogra
phy, and included in its limits the waters between Block Island and Point Judith, thence along 
the coast of Rhode Island and Massachusetts to Gooseberry Neck; thence to Cutty hunk, Gay 
Head, and No Man's Land, and seaward as far as a line from Block Island Southeast Light to 
Davis's New South Shoal Light-ship, and as much beyond this line as would include the twenty. 
fathom curve. 

In executing the hydrography the ten-fathom curve was developed by !Iormal lines, seven to 
the mile, arul crosseu by lines, five to the mile, except in the vicinity of Westport, where the ten 
fathom curve is at such a distance olf shore that tills system was only carried to the eight-fathom 
curve. The off-shore work, on a scale of 1-40000, was lapped over the 1-10000 work, and consisted 
of a series of lines north and south, one-half a mile apart, for a distance of about six miles from 
shore, anu thence seaward one mile apart. This Sj'Stem was crossed by lines east and west, begin
ning near the shore, one-half mile apart, and after continuing tlii::; system for about six miles the 
distance was increased gradually until the outer seaward lines were oae and one-half miles apart. 

This was the general system of execution; such deviations were made at different points as 
the nature of the work required. Where the ten-fathom curve impinged upon the shore the in 
shore system was carried beyond to a distance of about three-fourths of a mile.· 

As the work was a resurvey, the shoals and ledges already charted were carefully redevel
oped, and great attention was paid to the soundings to note any irregularities of bottom, which, 
when found, were re-examined. 

The soundings being all on an exposed rocky coast, many difficulties were encountered and 
no little anxiety felt at times in running the boat-lines on account of the continual swell breaking 
over the rocks and ledges, the prevailing winds during summer blowing on shore and setting in a 
heavy sea. Fogs retarded the work. During the month of September, when the sea was unmm
ally quiet, no work could be done for a long period on account of a dense smoky atmosphere which 
enveloped the whole coast, rendering objects invisible at a short distance. J,ieutenant Moser 
states that on several ledges now charted less water was found than previously recorded, and a 
number of uncharted rocks and ledges were developed. In regard to these his reports give full 
details. No opportunity was lost of consulting local authorities-pilots and especially fishermen
whose knowledge of rocks is apt to be exceedingly minute. 

He recommends a buoy to mark the Narrow River Ledge as a guide to vessels running from 
New.Port to Narragansett Pier and to vessels beating up to the western passage of Narragansett 
Bay. Also one to mark the seaward end of the Cuttywaugh Ledge south of Quicksand Hill. 
This buoy would serve not only as a warning to vessels beating up to this ledge, but as a general 
guide to keep vessels from approaching this dangerous shore. He suggests also for considera
tion, the placing of a buoy to mark the four-fathom ledge to the eastward of the Hen and Chick
ens Lightship. This buoy would be useful to vessels during heavy weather . 

.An error in the position of Vineyard Sound Light-vessel, as shown on the charts, having 
been found, its correct position was determined by Lieutenant Moser, and announcement ma1le in 
Notice to Mariners No. 95. 

He has transmitted to the Office, for file with his hydrographic sheets, two descriptive reports, 
covering all the topics suggested for consideration in the instructions and memoranda for suclt re
ports. (Appendix No. 11, 1887.) 

The following officers were attached to the party: Lieut. E. E. Wright, U. S. N.; Ensigns H. 
A. Field, W. 0. Hulme, H. P. Jones, and II. E. Parmenter, U. S. N. 

For the sea.son, which closed early in November, the statistics are: 

Miles (nautical) run in sounding. . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. • .. . . . 2, 421 
Nnmberof a.11gles measured ..............................•••......... 17, 191 
Number of soundings.... . ............... _ ....•••.......•••..•..... 60, 113 

After returning to New York the Bache was prepared for hydrographic work on the Florida 
coast. Duty assigned to Lieutenant Moser on that coast will be referred to under a heading in 
Section VI. · 

H.Ex.22--3 



 

34 UNITED STATES COAST AND GEODETIC SURVEY. 

Hydrograpliic resuri•eys in Vineyard and Nantucket SJunds.-Under instructions dated April 27, 
1888, Lieut. S. C. Paine, U. S. N., .Assistant Coast and Geodetic Survey, proceeded to the Navy. 
yard, New York, took command of tlie schooner Eagre, and put lier iu couditiun fur active service. 

Toward the end of l\:Iay he arrived with the Eagre at ·wood's Holl, l\Iassachusetts, and began 
the hydrographic surreys in Vineyard and Nantucket Sounds, iodimtted as his work for the season 
in detailed instructions from the Hydrographic Inspector. These surveys were in progress at 
tbe close of the fiscal ;year, and further mention of them will be made in the next annual report. 

Rydrographic e.mniinationsfor the Coast Pilot on the soiithcrn coast of Massachusetts, including 
Nantucket and Vineyard Bounds and Bnzzard's Bay.-ln order to test sailing lines and decide a 
uumller of questions which had arisen in connection with the preparation of the Atlantic Coast 
Pilot, Lieut. G. H. Peters, U. S. N., Assistant, was instructed towards the end of l\:Iay, 1888, 
to take command of the steamer Daisy and make hydrographic examinations of the harbors iu 
Vineyard and Nantucket Sounds and neighlloriug waters. 

Lieutenant Peters observes that these sounds form a great highway of commerce, being said 
to rank in this respect next after the English Channel and the Straits of Gibraltar. The adjacent 
harbors and anchorages have thus an importance resulting from their location far beyond that 
arii;;ing from the local carrying trade. In planning and carrying out the work this fact was given 
due cousiueration. 

With regard to Buzzard's Bay he remarks that it is mainly important, commercially, as an 
approach to New Bedford and to Wareham, but the minor harbors along the shores of the bay 
received all the attention necessary. )[any changes having occurretl since the survey of 1845, a 
resurvey of the bay is exceedingly desirallle. 

Advantage was taken of a favorable opportunity to extend the examinations into Narragan
sett Bay. Due effort was made throughout the work to make available the local knowledge of 
persons familiar with the waters examined, and to verify data previously obtained by means of the 
geueral forms of Coast Pilot interrogatories. 

}fr. ,Johu Ross, of the Coast Pilot office party, served daring the season and rendered valuable 
assistance. 

On ,July 7, in accordance with instructions, the Dais.11 Wal'! turned over to Ensign Franklin 
Swift, U. S. N., and, field operations having been closed, the party of Lieutenant Peters returned 
to the Office to resume their regular duties. 

SECTION II. 

CONNECTICUT, NEW YORK, NEW JERSEY, PENNSYLVANIA, AND DELAWARE, INCLUDING COAST, 
BAYS, AND RIVERS. (SKETCHES Nos. l, 3, 4, 17, AND lti.) 

Hydrograpltic examinations in Stonington Harbor, Oonnecticut.-A. letter having been received 
from the general manager of the Stonington line of steamers, referring to a suppos1>,d shoaling in 
the ap1lroaches to Stonington Harbor, Lieut. Sumner C. Paine, U. S. N., Assistant Coast and 
Geodetic Snrve;y, commanding the schooner Eagre, was instructed to make an examination of the 
locality with special reference to the shoals known as Noyes Rocks and the l\:Iiddle Ground. 

This duty was accomplished between l\:Iay 22 and 29, after which Lieutenant Paine proceeded 
to Wood's Holl, Massachusetts, and took up the regular work of the season. 

Examination of coast currents in the approaches to New rork Harbor.-In connection with the 
ofl'.sllore soumlings bet.ween Phelps Bank and l\Iontank Point, referred to under a previous head
iug in this section, Lieut. J. E. Pillsbury, U. S. N., Assistant Uoast and Geodetic Survey, com
man11ing the steamer Blake, took up, under instructions, an examination of the currents in the 
,·icinity of the entrances to Vineyard, Block faland, and Long Island Sounds, and also between Fire 
lslaml and Barnegat. 

Befoie beginning to observe, he deemed it expedient t-0 gather as much testimony as possible 
respecting these currents from the masters of ocean steamers bound to New York and from pilots 
and :fishermen, etc., so as to get a knowledge of the usual routeR of vessels regularly approaching 
the port. This decision was based upon the experience he had gained in his recent deep-sea 
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sounding work from Mon tank to beyond N antuckct Shoals, where he had found a considerable 
current setting on and off shore, and surmised that perhaps the currents at this point of the route 
might be of more influence in deflecting .-essels from their courses than those to the westward. 

The testif!lony of the ocean steamship captains was, generally, that the allowances they made 
for currents depended upon the winds. With a wind on shore they allowed a trifle off shore on 
their courses. Two or three captains made allowances for tide, a trifle off shore for tl1e flood and 
on shore for the ebb. Fishermen, as a rule, had not remarked a current, bn~ of course made an 
allowance for leeway. Upon this testimony, with his own experience, LieL1tena11t Pillsbury decide.d 
to multiply current stations in the vicinity of the openings to VineJ-ard Sound, Block Island, and 
Long Island Sounds, and then obscn-e the currents between Fire Island and Barnegat. 

He found that the currents at tbe nine stations first occupied in the vicinity of No Man's 
IJand, Block Island, and Moutauk Point were much stronger than thmm between Fire Island and 
Bar~egat. This lie thinks would naturally be caused by the larger basins to be filled aud emptied 
in the sounds and bays of southeru Massachusetts, Rhode Island, and Connecticut. 

On all the stations there was a marked interference with the direction and velocity of the cur
rent, the cause of a part of which seems to lie a variation in the strength of the tidal flow, which 
is stronger at spring tides than at neaps, and stronger after the highest declination of the moon 
than it is after zero declinatiou. But until much more extended series of observations can be 
made, and under conditions more varied, the laws governing the action of these currents can not 
be fully developed. 

Iiieutenaut Pillsbury's conclusions for the practical purposes of navigation were embodied in 
a Notice to Mariners (No. 97). They are substautially as follows: 

That off the entrances to Vineyard, Block Island, and I1ong Island Sounds there is a tidal cur. 
rent which sets on shore with tbeflootl and off shore witll the ebb, its direction changing from one 
to four hours after high and low waters at Newport, Rhode Island. 

The velocity is greater at spring-tides than at neaps, varyillg from two-tenths of a knot to one 
and a half knots. The direction and velocity of the tidal currents is interfered with by what is 
probably an inshore current setting to the westward, the inftucnce of which is felt the least the 
nearer to the shore. 

On the track of the European steamers bound to New York, the tidal current is most decided 
in direction on and off shore at the time of spring-tides. Three days after tbe highest declination 
of the moon the counter-current is strongest, setting to the southward alHl westw~rd. The great
est current found on this track has been about one knot per hour. In allowing for this current, the 
state of the tides and the position of the moon should be taken into account. 

Between Fire Island and Barnegat only a. feeble current was fouud, generally but two or three 
tenths of a knot, and at tbe time of spring-tides increasing to about one-lialf knot. 

Lieutenant Pillsbury, in the closing part of his report, discusses the question as to the direct 
effect of wind on the tide-water in forming a current, and adduces evidence tending to show that 
short winds do not produce marked currents in deep water. On the questiou of the effect of loug 
continued winds, like the trades, he reserves his opinion till he has obtained further data bearing 
upon the subject. 

Bia explorations of the Gulf Stream currents, which were continued during the following win
ter and spring, are the subject of an abstract under the heading of Section VI. 

Triangulation on the south eoal!t of Long Island and determination of the qeographical position of 
Light-lwuses on the coasts of Connecticut and Rhode lsland.-Tbe triangulation required for the 
shore-line resurvey of the bays on tbe south coast of Long Island ha,·ing been' assigned to Assistant 
A. T. Mosman, aR also the determination in geographical position of some light-houses ou the 
coasts of Rhode Island and Connecticut, by instructions dated April 30, 1888, Mr. l\Josman organ. 
ized his party early in May at Centre Moriches, Long Island, and began a search for two of the 
old stations from which aa a base to make a triangulation ofMoriches Bay. 

Upon the completion of this portion of the survey towards the end of June, the party was 
transfeITed to Shinnecock Bay. The interval between their arrival and the end of the fiscal year 
was spent in erecting signals and marking statiol's on the bay, and beyond it to the eastward as far 
aa Bridgehampton, and on the 30th observations were begun a.t Shinnecock Light-house. 
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Up to this date Mr. E. E. Torrey served as recorder in the party, and was then transferred to 
the }larty of Assistant Fairfield, in Indiana. 

Further account of l\fr Mosman's progress is necessarily deferred till the next annual report. 
The statistics to June 30th are: 

Number of signal poles erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Number of stations occupied for horizontal measures . . . . . . . . . . . . . . . . . . . . . 12 
Number of geographical positions determined . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
.Area of triangulation, in square statute miles... . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

Reference ii; made under the head of Section XIII to the extension westward of the transcon· 
tinental triangulation in Kentucky and Ohio, conducted by Mr. Mosman earlier in the fiscal year. 

Resurvey of shore-line on Long Island from Hog Neck to Riverhead, including the shore-line of 
N oyack, Little Peconic, and Great Peconic Bays; also of the ocean shore from Amagansett west'UJ41,rd.
Soon after the beginning of the fiscal year, Ao;sistant C. T. Iardella proceeded under instructions 
to Sag Harbor, Long Island, wher:e, having organized his party, he took up a resurvey of the shore
line of Noyack Bay, from the limits of the work of the previous season executed by Assistant 
Charles Hosmer. Proceeding westward he continued the shore-line resurvey of Little Peconic and 
Great Peconic Bays, carrying the work as far as Riverhead on the west, and thence eastward to 
include Robbins's Island, Cutchogue Harbor, and the shore-line of Little Hog Neck. 

The area surveyed presents no features of special topographical interest. The shores are gener
ally long sand beaches dotted with small bowlders. There are two large bowlders which are visible 
at quite a distance-one on the southeast end of Robbins's Island, distant four hundred and fifty 
feet from high-water mark; the other, five hundred and twenty-five feet from high-water mark, is 
nearly abreast of New Suffolk, and is known as Black Fish Hock; it stands about ten feet out of 
water at high tide, and can he seen plainly for nearly half a mile by vessels running into the har
llOr. A short distance from this rock is another, just bare at low tide, where large quantities of 
black-fish are caugl1t. 

On October 31 field operations were closed. The statistics of the topography, which was exe· 
cuted ou a scale of 1-10000, are as follows: 

Miles of shore-line surveyed .... _ ................ -............... - . . . . . . . . 70 
Miles of marsh-line surveyed ............................................ 21 
:Miles of shore-line of creeks and ponds ............................•....... 18 
Thliles of roads.-.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Area of sur.-ey, in square miles.................... . . . •• . . . . . . . . . . . . . . . . 9 

During the winter Mr. Iardella was engaged in duty at the Office, and towards the end of .April 
was directed t<> organize his party for surveying the shore-line and adjacent topography at the 
east end of Long Island, and the ocean shore-line from .Amagansett westward. 

On tbe 9th of May he reached Sag Harbor, Long Island, where he organized his party, and on 
the 14th began a resurvey of the inner shore-line of Sag Harbor Cove. Having finished this work 
May 22, he took up the resurvey of the inner shore-line of Northwest Harbor and completed itJune6. 

Between that date and the end of the fiscal year the following surveys were made: the inner 
shore-line of Coccles Bay, the inner shore-line of West Bay Harbor, the outer shore or beach-line from 
Montauk Point to Amagansett Life-Saving Station, and the inner shore-line of .Aca.bomack Bay. 
The topographical sheets upon which this work was done were sheets that had been partially com
pleted by .Assistant Hosmer in 1882, 1883, 1884. 

Mr. Iar<lella has included in his report descriptions of the several harbors within the limits of 
his work, which was executed on a scale of 1-1000. 

For the fiscal year the statistics are: 
Topography: 

.Area snr.-eyed, in square statute miles.... . . . . . • • . . . . . . . • . . . . • . . . . • . . . . • • 19 
Length of general coast, in statute miles... . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . 121 
Length of shore-line of creeks, in statute miles ................. _......... 9 
Length of shore-line of ponds, in statute miles... . ..... _ .............. _ _ 10 
Leugth of roads, iu statute miles ..... _ . _ . _ ... ___ .. _ . _ ....... _ ...... _ ... _ 7 
Topographical sheets finished (scale 1-10000) . . • . . . . . . . • • • . . . . . . . . • . • • • • . 9 
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Topographic resurvey on the south coast of Long Island from near Babylon to the 1cestward, and 
soundings in Fire Island Inlet.-In oruer to fill a gap in the topographical resurvey of the south 
coast of J,ong Island, and to obtain additional soundings needed at :Fire Island Inlet, .Assistant 
W. H. Dennis- organized a party, under instructions, dated June 25, 1887, and began field-work 
July 1, near Babylon, Long Island. 

The topography was carried from the shore back to the line of the Long Island Railroad, from 
Babylon to the westward, to and including Baldwin. The whole distance was almost a continuous 
village. 

On September 1, Mr. Dennis proceeded to Fire Island, made an examination of the bar at the 
inlet, and resurveyed the shore-line, taking also such soundings as were needed. He then resumed 
his topographical resurvey, and on the 7th of November completed it. 

At Flushing Bay, J,ong Island, and at Long Branch, N. J., he delineated on plane-table sheets 
the newly constructed piers. 

The statistics of the season are : 

Miles of roads surveyed ....... ___ .............. __ ............ _...... . . . 147 
Miles of creeks surveyed ..... _ . ___ .. _ ......... ____ ......... ___ ....... _ . . 79 
Miles of marsh-line surveyed- __ ....................... __ .... __ . _ .. _. _. _. 54 
.Area of topography, in square miles ..... _ . _ .. _ ... _ .... _ ........ _ ... ___ . . 34 

Upon leaving the field, Mr. Dennis was ordered to complete the inking of his plane-table 
sheets, and on December 15 was directed to report to the .Assistant in charge of Office and 
Topography for duty as chief of the Division of Charts. 

Physical hydrography of New York Bay and Harbor.-The under-run of tlte Hudson River; its 
relation to New York Bar.-In continuation of his investigations relating to the physical h;ydrogra
phy of New York Bay and Harbor, Assistant Henry l\iitchell has submitted a special report upon 
the under-run of the Hudson River, its relation to New York Bar, arnl upon the courses of the 
Hudson tides through New York Harbor. As the Annual Report for IR87 had not goue to press 
at the time this paper of .Mr. Mitchell's was presented, it was prepared for publication as .Appendix 
No. 15 of that report, and a synopsis of it given under the beading of special scientific work in Part 
I. It is only necessary, therefore, to refer to it here as bringing the subject of these investigations 
nearly to a close, leaving yet to be discussed the results of the physical surveys made by Assistant 
Marindin in New York Harbor in 1887. 

Oontinuati.on of physical hydrographio surveys in New York Bay and Hat:bor.-At the beginning 
of the fiscal year the physical hydrographic parties rn charge of Assistant Henry L. l\Iarindin had 
been organized on board the schooners Ready an<l Palinurv.s, with two steam-launches attached, 
and were engaged in making observations of the currents in the channels oyer Sand.)~ Ilook Bar, 
under instructions dated July 5, 1887. A report of the work accomplished by Mr. Mariudiu's party 
hefore the beginning of the fiscal year was given in the last Annual Report, with statistics up to 
June 30, 1887. 

The plan of work has been fully set forth in a memorandum prepared by Assistant Henry 
Mitchell. It was desired to have su~h observations of the currents over the bar at Sandy Hook 
made as would serve to derive the "Constants of Scour," with their co-efficients, and ascertain the 
"ooutrol" of the several channels. In carrying out this plan, the velocities and tlfrectious of the 
currents in the channel cross-sections WP.re to be observed, paying most attention to the currents 
flowing along the bottom. The instruments which had at first been used for this purpose were 
found to have certain objectionable features, which ultimately led to their abandonment and to the 
adoption, after several trials, of the new velocity and direction meters designed by Messrs. Ritchie 
and Haskell 

These new meters combine, in one instrument, .a means of registering by electricity the 
velocity of a current and the direction of its flow. The registration is made on the vessel's deck 
without removing the instrument from the water. 

While following the memorandum as closely as possible, transverse curves of velocities were 
obtained at the surface, mid·deptb, and bottom in the fourteen-feet channel in the East, in the 
Swash, and in the Main Ship Channels. These determinations were repeated wherever necessary, 
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and the channels were also' occupied longitudi11ally in order to ascertain the relation, if any, of 
velocity to profile of section. 

During the progress of the work at Sandy Hook, Mr. Marindin was directed to communicate 
with Subassistant J\foGratL, who was then engaged in rnnning a line of leveling of precision between 
the tidal stations in New York Bay nnd Harbor, and to make arrangements to be present when 
the reference of the tide-gauge and staff was to be made to the heuch-marks at the Horseshoe, 
Sandy Hook. This duty "\\as performed by Messrs. Marindin and McGrath early in August. 

Observations of the tides in connection with those at the Sandy Hook station were continued 
during the season at tlrn tide-gauge established on the steam-boat wharf, on Bath, Long Island. 
Data of a trustworthy character were thus secured for a discussion of the results of the work. 

On the 10th of August, in anticipation of the speedy close of the survey in :New York Harbor, 
and of the transfer of his party to Cape Cod, Mr. )larindin laid up the Palinurus and the launch 
accompanying and devoted a few days, with reduced force, to re-rating the current meters in the 
slack-water pond at'' est Brighton, Staten Island, so as to ascertain the change of rate, if any, 
due to the use of tbe instruments during the month;:; preceding. 

The Really, with the remaining launch, was then laid up, and on the 18th of August field opera· 
tions were closed. 

Statistics of Mr. Marin<lin's work: in New York Harbor are included in those of bis work off 
Cape Cod Peninsula, a report of which has been given under a lwading in Section I. With his 
progress report of the New York Harbor work be has furnished a sketd1 showing the location of 
the current stationr.:;, the Jines of crosR-sections sounded, mid the location of the tide-gauges. 

Geo(letic levcUng for the conneotion of the tide-gauges ltnd bench-marks in New York Bay a-nd 
Harbor and ridnit.11.-Reference was ma<le in the last annual report to the transfer of the charge 
of geolletic leveling operations ou New York Bay arnl Harbor and. neighboring localities to Sub· 
assistant J. E. McGrath on .Tune 7, 188i. At that time the party was quartered at Clifton, Staten 
Island, and was engagetl in running lines connecting the tide-gauges and tidal bench-markt:i on the 
north shore of Staten Island with tht' main line of levels which was to extend from Sandy Hook, 
New ,Jersey, to Willets Point, East River, New York, crossing from Staten Island to Long Island 
at the Narrows. 

From a bench-mark in the secot.dary line of levels which was run around the north shore of 
Staten Islarnl, a branch line was startetl which crossed the Kill ,·au Kull at New Brighton, Staten 
Island, aml counectetl with the tide-gauge and tidal bench-mark of 188G at Constable's Ilook, ~ew 
Jersey. From a bench-mark on the Const~illle's Hook line, connection was matle by way of Bergen 
Neck with the lower end of JerRey City arnl with tiie tide-gauge established in 1..886 on the center 
of the bridge of the New Jersey Central Railroad, which crosses the Hackensack River near its 
mouth. 

Details of other connections made with tide-gauges and tidal bench-marks established in 1885 
and 1886 at points on the shores of the Kill van Kull and of Raritan and Sandy Hook Bays are 
given by Mr. McGrath in his report. A!Ro of the connections made with several bench-marks of 
the first section of the transcontinental line of geodetic leveling run by Assistant Braid in 1881 
from Sandy Hook towanl Hagerstown, Md. Upon the completion of the work in New Jersey, by 
which trustworthy checks for all of the branch lines of leveling were obtained, the party was re
moved to New York City and the work begun of connPcting the tirle-ga.nges and tidal bench·marks 
along the Hudson River with the line of precise leveling extending from Sandy Hook t.o Willets 
Point. This was satisfact-0rily accomplished by the 5th of September, whereupon field operations 
were brought to a close, and Mr. McGrath proceeded under instructions t.o the Office t.o compute 
the results of his observations. 

A tabular statement accompanies Mr. McGrath's report, showing tl1e points connected, the 
distances run, and the probable error Jler kilomeh'r. Ile observes that tbe great heat of the sea· 
son delayed progress on some of the routes followed. Along the white sandy road-bed of the New 
York arnl Long Branch Railroad the advance was necessarily slow, as on account of the unusual 
refraction tlie length of sights on most of the working days between the hours of 9 a. m. and 3.80 
p. m. had to be red need to one-third or even one-fourth of tbe distances obtained nncler more favor· 
a.ble circumstances. The number of water crossings also led to dela.y; these were the Narrows 
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(with a width of 1,420 meters), the Kill vau Kull, the Hackensack River, the Arthur Kill (crossed 
twice),Raritan Bay, and the Shrewsbury River. 

Mr. John Nelson was attached to the party as Aid, and rendered service which for faithfulness 
and efficiency_is highly commended. Mr. F. A. Young sernd acceptably as recorder. 

Duty subsequently assigned to Mr. McGrath is referred to under a heading in Section VIII. 
Continuation of tidal record from automatic Ude-gauge at San1ly Hook, NewJersey.-The pres· 

ent series of tidal observations at the station established for a self-registering tide-gauge, December 
1, 1886, at Sandy Hook, was continued successfully throughout the year. J\lr. A. J. Brennan 
remained in charge until April 16, 1888, when he was relie•ecl by Mr. J. G. Spaulding, an ob· 
server of great experience and tried fidelity, who llad inst completed an eighteen-year series at an 
automatic tidal station in Penobscot Bay. 

Reconnaissance for connecting the triangulation in the southern part of the State of Pennsylvania 
with the primary triangulation in J1Jaryland.-A preliminary reconuaissance bad been undertaken 
under instructions by Prof. Louis Il. Barnard, Acting Assistant, soon after the beginning of the 
fiscal year, looking to a connection between the triangulation in Pennsylvania to the south and west 
of Harrislmrgh and Gettysburgh with the primary triangulatfon in western .Maryland. 

Professor Barnard bad outlined a connection between these triangulations as far as it could be 
done without erecting any signals, and with an instrumental outfit consisting of a draw telescope, 
azimuth compass, and azimuth barometer. In order to determine more definitely the conditions 
upon which the proposed connection could be economically and satisfactorily made, Assistant 
Joseph Hergesheimer was 'instructed on the 28th of July to take charge of the party, relieving 
Professor Barnard. 

Mr. Hergesheimer, finding it expedient to go over the whole ground, began his reconnaissance 
from the line Round Top-Pulpit Rock in Penns:ylvauia. Having rebuilt the tripod and scaffold at 
Uouud Top and the tripod at Pnlpit Rock, he opened the line from the last-named station to Sugar 
Loaf. While enga~d at Pulpit Rock, Professor Barnard, wl10 Lad remained witll the part_y, was 
sent to Piney Mountain to put that signal in order for observing. The rest of the season Mr. Her. 
gesheimer spent in visiting the points Clark's Knob, Fairvie.v, 1\Iaryland Ileights, Sugar Loaf, 
and Mount Quirauk to verify the intervisibility of the points, measure reconnaissance angles, and 
note the condition of the station marks. All of these stations, except the first named, are in .Mary
land. 

Progress was greatly retarded by continuous thick, hazy weather, there having been but five 
days of fairly good seeing during tlle season, which closed Septew.ber 19. The scheme of trian
gulation submitted presents a satisfactory connection between the Pennsylvania and Maryland 
systems, Mount Quirauk, just south of the Pennsylvania boundary, being tlte central point from 
which the seven other stations of the scheme are all visible. 

During the winter and spring, Assistant Hergesheimerwas assigned to duty on the west coast 
of Florida, reference to which will l>e made nuder a heading iu Section VI. 

Physical hydrography.-l!'ormation and mo·vement of ice in Delaicare Bay and River, as observed 
during the winter of 1887-'88.-It appears from the thirtl annual report submitted by Assistant 
Spencer C. Mccorkle, in regard to the formation and movement of ice in Delaware River ancl Bay 
<luring the winter of 1887-'88, that the delays and dangers to navigation from this .source were 
of shorter duration and less in extent than in the previous winter; that they are gradually dimin
ishing, and that the works of construction intended to deepen and widen the l'iver channels tend 
every year to make it easier for vessels to pass up aml down the river during the prevalence of ice. 

For the purposes of his observations, which were undertaken in pursnauce of instructions 
issned October 18, 1887, Mr. McOorkJe divided the river and bay into three sections, the first 
extending from Bridesbnrgh to Chester; the second from (Jhester to New Castle, and the third from 
New Castle to Cape Henlopen. 

In all of these sections were included observations made at Mr. McCorkle's request by the 
masters of city ice-boats, and by tl:ie captains of the Winsor line of Philadelphia and Boston 
steam.ships. 

In the first sootion were included also observations made by the Signal Service, U. S. Army, 
in Philadelphia, by the masters of the Philadelphia. and Rea.drng line of steam colliers, and by the 
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light-house keepers near the Horseshoe, at the mouth of the Schuylkill River, at Billingsport, and 
at Schooner Ledge. 

In the second section, observations were made also by the keepers of light-houses at or near 
Cherry Island Flats and Deep "\Yater Point, and in the third section by the light-house keepers at 
New Castle, Finn'8 Point, Reedy Island, Ship .John Shoal, Cross Ledge Shoal, and Brandywinf; 
Shoal; also by special observers at Fort Delaware and at Delaware Breakwater. Mr. McCorkle 
made observations personally in each of the sections. 

Ice began to form in the river on the 28th of December, but did not become much of a.n 
obstruction to navigation until January 23. Between that date and February 20 there was at 
times hen1·y ice in the river and bay, On February 20 the city ice-boats were laid up, and there 
was no ice of note after that date. 

In the section of the river from Bridesburgh to Chester, Mr. l\IcCorkle observed that during 
the whole period of freezing weather, with scarcely an exception, there was a clear streak of water 
on foe Pennsylvania shore, opposite the dike at Fisher's Poi]lt. As the ice was solid above and 
below, this 01>en water was doubtless due to the action of the dike iu causing a greater rapidity 
of the ehb current on the Pennsylvania shore. The channel to the eastward of Petty's Island 
was solill up to about February 20. From a short distance above the foot of Petty's Island to 
Gloucester the ice was nearly al ways in motion, and the city front was generally clear of ice. The 
exceptions were Y-ery few. 

From Gloucester to Chester the greatest obstructions were in the Horseshoe, as in previous 
years, and in the vicinity of Billingsport, where the channel decreases in width from about 3,300 
feet aboYe to about 750 feet at the head of Tinicum Island, and to about 2,100 feet below. The 
engiueer iu charge of tlle improvements of the river suggests that the dike from Hog Island to 
Maiden Island will probably have the effect of removing a portion of the head of Tinicum Island, 
and thereby increase the width of the channel. 

Iu the second section, from Chester to :New Castle, there were only parts of days when the 
motiou of the ice was suspended. The greatest difficulty found in this section exists chiefly in the 
vicinit.r of Deep \Yater Point, where the river narrows and forms two cbunnels on either side of 
Cherry Island l<'lats. At Marcus Hook and New Castle, the ice-harbors afford good protection to 
vessels entering, hnt at New Castle the capacity of the l1arbor is greatly lessened by shoal water. 
l\Ir • .McCorkle is of opinion that the United States pier at this place might be extended with 
good results, aud that it would be of much advantage to have the light-house depot established 
here. 

Jn the third section, from New Castle to Cape Henlopen, the chief obstructions from ice occur 
in the eastern (or Ship) cha11nel, above Fort Delaware, and in the vicinity of the Ship John Shoal. 
The ebb passes out through the western chauuel, where the ice during the season was in constant 
motion, while in the eastern channel the aid of the ice-boats was frequently required, not, however, 
for full-powered steam-ships. 

Below Fort Delaware, to the capes, the ice was constantly in motion, and though unusuaily 
heav~', steam-ships were coust~1ntly moving up and down. .A.t Delaware Breakwater the harbor 
was full of ice between .Tanuary 22 and ,Tanuary 29, but uo damage to vessels was reported. 

Mr . .McCorkle passed down the river on January 20 on a light-draught steamer, and found 
considerable ice, bnt it caused little deteutiou. He was informed by the superintendent of the 
city ice-boats that the ice was at its worst on the 28th, 29th, and 30th of January, and between 
Chester and Philadelphia. During these days, several vessels were injured by ice, and some of 
thf'm seriously. 

The ice-boats, as well as the large steam-ships, go through the heaviest ice at almost full 
speed. 

Observations for the density an:d temperature of the water, for temperature of air, and ·of the 
tides W()ro made at Delaware Breakwater by an observer of the Philadelphia. Maritime Exchange, 
aud at Fort Delaware by William Byrnes, ordnance sergeant, U. S. A. The observations at 
Fort Delaware seemed to show that very little salt water gets that far np the river, bnt m order 
to determine the question, observations should he taken between the middle of August and the 
middle of September. 
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Mr. McCorkle acknowledges his indebtedness to Commander John J. Read, U. S. N., 
Inspector of the Fourth Ligl1t-House District, and tbrough him to the Ligbt-House Board, for 
co-operation in the work at twelve light-house stations on the river and bay. .Also to Henry 
Winsor & Co., of the Philadelphia and Boston Steam-ship Line, who furnished the log-books of 
their ships for inspection. 

To the Director of Public Works of the city, to the superintendent an<l other officers of the 
city ice-boats, and to the Philadelphia Maritime Exchange, be expresses his thanks for attentions 
shown and faci!Uies afforded in prosecuting his work . 

.Also to Lieut. Col. H. M. Robert, Corps of Engineers, U. S. A., antl through .him to 
William Byrnes, ordnance sergeant, U. S . .A., who made the observations at Fort Delaware. 

The regular duties assigned to Assistant Mccorkle in the charge of the Sub-office at Phila
delphia during the year, are referred to toward the efld of Part JI of this volume. 

Geodetic operations.-Oontinuatio1i of reconnaissance and triangula.tion in the southern part of 
the State of New Jersey.-The geodetic operations referred to in the last annual report as in prog· 
ress in southwestern New Jersey, under the direction of Prof. E. A. Bowser, Acting Assistant, 
were continued after the beginning of the fiscal year until September 26, 1887. On the 1st of July, 
but a few days' observations were needed to complete the occupation of station Uichland, which 
had been begun on June 2. 

On July 13, Richland station having been finished, the party and instruments were trans
ferred to Newfield, a point about three and a balfmiles in a northerly direction from Vineland, N. J. 
The signals at Hammonton and Kellogg were re-adjusted; a signal was erected at Richland; lines 
were run from Newfield to Hammonton, Williamstown, and Bridgeton for locating vistas, and these 
vistas were opened. At Bridgeton a signal was put up fifty feet iu height, and the signal at Will
iamstown was raised eight feet. A reconnaissance which ha<l heen partly executed at the outset 
of the season was then resumed, its object being to determine a station twelve or fifteen miles to 
the west of Newfield, that would see Bridgeton,.. Newfield, and Williamstown, and that would also 
command a good view of the country to the north, west, aml south. 

Colson station was finaily selected, and a signal erected there seventy-two feet high. Measure. 
ments of horizontal angles were in the mean time continued at Newfield whenever the weather 
would permit. 

On .August 30, a granite monument was set to mark the station point. This monument is four 
feet long, dressed six inches square at one end for a length of six inches, and is set in hydmulic 
cement to within six inches of the top. It has the letters U. S. cut in each of the four faces, and 
a triangle on top. 

Upon the completion of the observations at Newfield toward the end of September, field-work 
was discontinued for the season. 

Professor Bowser reports that the reconnaissance for the selection of stations in the south-
• western part of the State is very difficult, owing to the exceeding flatness of the country and the 
extensive areas of thick, tall timber, much of it being ninety and one hqndred feet high. High 
scaft'blds will have to be built when stations Williamstown, Bridgeton, and Colson are occupied, 
and lines of sight opened through the intervening woodR. With a more liberal appropriation 
for State sul·veys, the progress of the work would be more rapid and its cost in the end be less. 

Between the beginning of the fiscal year and the close of the season there were taken twenty
eight sets of observations upon four primary points, and two sets upon two tertiary points at 
station Richland. Sixty-one sets of' observations wern taken at station Newfield upon six primary 
points, and twenty-two sets upon twelve tertiary points. All of the stations occupied for observa
tions of horizontal angles have been carefully marked. 
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SECTION Ill. 

MARYLAND, DISTRICT 01" COLUMBIA, VIRGINIA, AND WEST VIRGINIA, INCLUDING BAYS, SEA-PORTS, 
AND ·RIVERS. (SKETCHES Nos. 1, 4, r., 15, 17, and 18.) 

Determinations of gravity at the Smitlisonian Institution, W asliington, in connection with similar 
determinations in the Hawaiian Islands and in California.-A full abstract is given under the bead· 
ing "Special operations," and mention made under a beading in Section X of the gravity work 
executed during the fiscal year by Subassistant E. D. Preston, at the Hawaiian Islands and in 
California, the work at the Hawaiian Islands having been done in pursuance of a special assign· 
ment to this duty, made at the request of the Hawaiian Government and by direction of the Sec· 
-retary of the Treasury. 

Upon the completion of these observations at the Rtations in California, Mr. Preston pro· 
ceeded under instructions to Washington, and early iu December made preparations for a series 
of comparative determinations of gravity by pendulum experiments at the station at. the Smith· 
sonian Institution. In this work, which was executed between December9 and 22, 1887, he had tbe 
aid of Assistant J. B. Baylor. 

Magnetic determinations (annual) ai a station on Capitol Hill, Washington, D. C.-The reasons 
which led to the abandonment of the locality occupied since 1877 on Capitol Hill, Washington, 
for an annual determination of the magnetic elements, were stated in the last annual report. At 
the new station, selected, under the direction of Assistant Schott, in the grounds immediately south 
of the Coast and Geodetic Survey Office, determinations of the magnetic dip, declination, aud hor
izontal intensity were made by Assistant J.B. Baylor ou July 28, 29, and 30, 1887, the direction 
of the true meridian having been previously obtaiued b~' observations on the sun on tl1ree days. 

To secure this point, it was marked by a solid white-oak post, ~lriven fi11sh with the ground, a 
copper tack being driven into its center. 

The position thus marked is within a few meters of the magnetic station occupied by Mr. 8cbott 
in 1850. 

Ou June 19 and 20, 1888, the station was re-occupied by .Mr. Baylor. The results show that 
the observations are normal. 

Cont-inuation of the detailed topogrnphical survey of the ])i.~trirt of Col11rnl>ia.-At the beginning 
of the fiscal Jear, the field-work in continuation of the detailed topographical imrvey of the Dis· 
trict of Columbia was dividell between two parties, one of tl!e!'ie being placed in charge of ARsist
ant John '.V. Donn, who had conducte<l the survey from the outset, and the charge of the other 
beinir assigned to Assistant W. C. Ilodgkins. 

Mr. Donn began work July 1, 1887, in the northeastern section of the District, the triangula· 
tion points upon which his survey in that locality depeuded being Bunker Hill, Hoover's Hill, and 
Reform School. Some uew points had to be determined before the plane-table work could proceed 
to advantage. On July 9 the topography was begun, and as the summer aud fall were favorable 
to progress, all of the open ground was completed before the trees were cleared of leaves, not only 
in the section in which the season's work was begun, but also in that to which the party was trans· 
ferred later in the season, on the eastern branch of the Potomac. 

There were several large areas of woods within the limits of the two sheets. One area of 
one hundred acres wa.s exceedingly difficult, having been abandoned at the close of the civil war 
to nature, which covered it with thickets of black pine, cedar, and bramble. In November it 
became practicable to carry the work through this region. A still larger body of woods on the 
west side of the Anacostia River could not be reached before field operations were necessarilJ sus· 
pernled. During tl1eir progress, the preparation of section drawings for the photolitbographer 
was continu(jd by Mr. Donn, and by his Aid, Mr. J. A. Flerner, at every favorable opportunity. 
Two of these sections were finished, and about three-fourths of a third section. 

fn reforeuce to the statistics of his survey, Mr. Donn observes that while be transmits them on 
the usual forms he includes an item whiQh he regards as the most important feature in large-scale 
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work as well as the most difficult, namely, the lengths of contour lines instrumentally determined. 
For this he submits the following statement: 

From the beginning to the end of the season, July 1toDecember13, one hundred and twenty
five and six-tenths working days, a contoured area of one thousand seven hundred aud eigbty
eight acres was delineated, involving two hundred and thirty-seven miles of contoured lines, an 
average of one and eighty-eight one-hundredtlls miles per day. A comparison of this result with 
the work accomplished during the latter part of the preceding year, wben the party was transferred 
from the western to the eastern division of the district, is as follows: From March 16 to May 9, 
thirty-eight working days, five hundred and forty-six and five-tenths acres, and seventy-two and 
two-tenths miles of contour lines, a daily aYerage of one and nine-tenths miles. 

Average number of acres completed daily from February, 1881, to l\fay, 1887, was nine and 
three-tenths acres, at a cost of $1.9G ver acre. For the period from July 1, 1887, to December 13, 
1887, the average was twelve and six-tenths acres daily, at a cost of $1.121 per acre. Marshy 
areas are not included in tbe estimates of averages, contour work only being considered. These 
differences in the cost and iu the results fairly show the relative difficulties of the work in the two 
divisions, $1.96 per acre representi11g the western and $1. 12! the eastern. 

For the season which closed December 13, owing to tl!e exhaustion of the appropriation for 
field-work, the regular statistics reported are: 

Signal poles erected for triangulation . . . . . . . ...................•...... - 3 
Number of stations occupied for horizontal measures . . . . . . . . . . •• . . . . . . . . 3 
Geographical position determined .. __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Area surveyed, in square statute miles .................•........ --- . . . .. 3. 3 
Length of shore-line of rivers, in statute miles ..... _ ............. ___ ..... 8 
Length of shore-line of creeks, in statute miles ............. _ ....... -..... 12 
Length of roads, in statute miles..... . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 1G 

The scale of the survey is as l!eretofore, 1-4800. 
During the rest of the fiscal year Mr. Donn was engaged in advancing office-work on the field 

sheets. 
Continuation of the detailed topographical s1tr1Jey of the District of Columbia.-In the preceding 

paragraphs reference was made to the placing of two topograpllical parties in tlle field at the 
beginning of the fiscal ;year to continue the detailed survey of the District of Uolumbia. 

The party of Assistant W. C. Hodgkins began work July 1 iu the uortheastern part of the Dis
trict, extending from the Brentwood road to the left bank of the Eastern Branch. Operations of 
a preliminary nature occupied almost entirely the montll of July. Liues of lev-els were run to ob
tain a sufficient number of bench-marks for ready use in the topograpliy, and additional triangula· 
tion points were determined where needed. 

Intense beat during July and August somewhat retarded progress; delay was caused also by 
the necessity of training a new party to the special duties of this detailed survey. The field-work 
was steadily prosecuted, however, until the exhaustion oftlrn appropriation, in March. 

Several quite difficult areas of woods w'ere included in the region surveyed, such as those on 
the Brentwood and adjoining estates, and :Mouut Olivet Cemetery and surroundings, especially that 
portion betweeu Mouut Olivet and the Eastern Branch, which is very steep, broken into numerous 
ravines, and densely wooded. 

The marshy tracks above and below Benning's bridge, although admitting of more rapid work 
than the intricate contouring just mentioned, yet presented some special difficulties owing to the 
extremely soft character of the mud, especially south of the bridge, where holding ground could 
hardly be obtained for the plane table, while, on account of the width of the marshes, it was im
possible to do a.11 the work from the hard land. 

These ma.rshes, Mr. Hodgkins observes, are said to be increasing in elevation by deposit from 
the stream, especially on the western shore of the branch at a. point where the great intercepting 
sewer empties itself. 

Mr. R. E. Nelson,jr., as levelman, and Mr. Eberhard Forda.n, as rodman, rendered faithful 
service. 
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Topographic and hydrographic resurveys on the eastern shores of I>elaware, Maryland, and 
Yirginia.-Uuder instructions dated August 18, 1837, Assistant D. B. Wainwright took up 
topographic work which involved a resurvey of the inlam1 waters on the eastern shores of Dela
ware, Maryla11d, and Virginia, beginning at Little Assowoman Bay, in Delaware, and extend
ing to and including the upper portion of Chincoteague Bay, in Maryland, the resurvey of Chin
coteague Inlet and Bar, and the resurvey of the bays and thoroughfares to a point twenty miles 
below. 

Mr. Wainwright has submitted a descriptive report to accompany the hydrographic sheet 
@bowing the results of his resurveys. 

With regard to the changes that have taken place at Chincoteague Inlet and vicinity since the 
survey of 1881, he observes that the bar is somewhat north of its position at that date as shown 
on the chart published in 1882. It is situated between the point of Fox and Richardson's shoals, 
which are separated here three-eighths of a mile, aud consists of two channels and a middle ground. 
The channel on the northeast side, alljoining Fox Shoal, has a depth at mean low water of from 
eight and a half to nine feet. The other, on the southwest side, adjoining Richardson's Shoal, 
bas a depth of seven feet. On the middle ground tberlj is six feet. 

The outer edge of the bar, especially near the middle ground, is quite steep, as it rises in 
a short distance from depths of twelve and fourteen feet to seven and six. The bar is sub
ject to frequent changes laterally, and consequently the buoys do not always show the best 
water. 

It is generally reported that the bar increases in depth to at least one foot after a northwest 
blow of several days' duration. There are no pilots, as strangers rarely enter the inlet, and the 
masters of the few small schooners trading in the vicinity keep themselves "Well informed as to 
changes in progress. 

Mr. Wainwright gives the following local names for insertion on later editions of the charts 
of that locality: New Inlet, the mouth of the Eastern Channel; Fox Shoal, north side of 
bar and cbanuel; Richardson's Shoal, south side of bar and channel, and Gunboat Drain, a 
slough which makes out around the north point of Wallop's Island. 

On February 29, 1888, the survey having been finished, Mr. Wainwright was directed to 
report at the Office for duty in completing his records. 

The statistics are : 

Number of miles of shore-line surveyed ............................. . 
Number of miles of soundings run . _ ............................... . 
Number of angles observed . _. _ ...... _ ................•............. 
Number of soundings .......... _ ......... __ .......... ___ ... _ .. _ .... . 

19 
487 

1, 1:151 
26,930 

Towards the end of March he was instructed to take up work for the cormection of certain 
detached triangulations on the coast of North Carolina. This service will be referred to under 
a heading in Section JV. 

CompwtiQn of the tria1igulation in the vicinity of Cape Charles, Yirginia.-Brief mention was 
made in the last annual report of the progress of the triangulation of Cape Charles, Virginia, 
and vicinity, which was in course of execution by Subassistant R. A. Marr under instructions issued 
towards the clm;e of April, 1887. 

On account of the shifting nature of the outside islands, and the changes reported of the 
inside channels and mud flats, Mr. Marr deemed it advisable to insure permanent points on the 
main-land for future use by running a double chain of quadrilaterals on the sea-coast. 

Some marked changes since the last survey were noted. Cobb Island has made out on the 
south end, and lost on the middle and upper portions; Eone and Wreck Islands are connected, 
tbe channel which divided them having filled without leaving an indentation in the sand ridge 
to show where it bad been ; Little Inlet bas shoaled and narrowed considerably ; Smith's Islancl 
(Cape Obarles) has lost a great deal ; the site of the old light house is about one hundred and 
ninety-seven feet at sea, and a break water has been built to protect the new one; the Isaacs and 
Fisherman Islands have made, and the Chesapeake Bay side has lost by erOBion. 
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Acoompanying Mr. Marr's report is a description with illustrative photograph of his instru
ment and stand, showing his method of mountiug both to attain greater stability. Three stubs, 
about two feet long, were driven into tile ground at equal distances from the center of a station 
and at angles of inclination in the direction of the legs of the tripod. Pointed shoes were then 
inserted in small holes in the tops of the stubs, and tapped until they stood firmly ; then three 
cross-pieces were inserted in the split legs of the tripod, and a large stone or a bag of sand placed 
upon them. The weight of the stone or sand bag was far within the limit of strain, and a tew 
light blows of the hand upon the stand before beginning to observe would reduce the strain to an 
almost constant pressure. 

By this method the center of gravity of the stand and instrument is brought below the center 
of figure, and the stability of the stand at least is assured, especially if a platform is constructed 
for the observer. This can be be made of three boards supported only at the ends. 

For the whole work, which was completed July 16, the following are the statistics: 

Number of signals erected ............................................... 28 
Number of stations occupied...... . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . • 15 
Number of objects observed upon ......................................... 35 
Number of points determined ............................................. 24 

Duty assigned to MI'. Marr later in the summer is referred to under a heading in Section I, 
and bis assignment to the charge of one of the longitude parties on the Pacific slope in April, 1888, 
will have further mention under a heading in Section XI. 

Hydrogmphic surveys and examinations in the vicinity of Oape Oliarl-es, Virginia.-Under general 
instructions from the Superintendent and detailed instructions from the Hydrographic Inspector, 
bearing date of April25, 1888, Lieut. M. L. Wood, U.S. N., Assistant Coast and Geodetic Survey, 
was directed to take command oftbe steamer Endeavor, and proceed to Cape Charles, Virginia, to 
examine reported changes in hydrography in that vicinity. 

The Endeavor reached Cape Charles and began work l\fay 1. Details will be given in the next 
annual report. Up to the close of the fiscal year the statistics are: 

Hydrography : 

Area sounded, in square geographical miles ••...•.................... 
Number of miles (geographical) run while sounding ................... . 
Number of angles measured ..............................••.••••..•. 
Number of soundings ......•••.................•.•.......•••.•.••..•. 

SECTION IV. 

112 
593 

6,463 
24,713 

NORTH CAROLINA, INCLUDING COAST, SOUNDS, SEAPORTS, AND RIVERS. (SKETCHES Nos. I, 5, 6, 17, 
and 18.) 

Special hydrographyfor the State of North Carolina completed.-The surv-eys and explorations of 
oyster beds for the State of North Carolina, made at the request of the State authorities, which have 
been carried on since March, 1886, by Lieut. Francis Winslow, U.S. N., Assistant Coast and Geo
detic Survey, commanding the schooner Scoresby, were completed towards the close of the fiscal 
year. 

All of the natural beds have been located, and the examination of the important areas has been 
finished. The attention called by the surveys to the value of oyster culture bas led to the pre
emption of the more valuable areas, and numerous inquiries and requests for information have 
been received by Lieutenant Winslow. He reports that one result of his surveys has been to add 
forty thousand acres to the area of productive oystier fields. 

Additions to tke tria"!lulation, topography, and kydrograph'JI on tke coast of North Carolina betwee. 
Beaufort and Cape Fear.-In accordance with instructions issued toward the close of March, 1888, 
Assistant W. C. Hodgkins proceeded to Beaufort, N. C., and organized a party for supplying 
certain needed additions to the triangulation, topography, and hydrography Qn the North Carolina 
coast between Beaufort and Cape Fear. 
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Work was begun April 11 at Bogue Inlet. l\lucb difficulty was experienced in recovering the 
marks of the old triangulation. While this search was being prosecuted, advantage was taken of 
favorable opportunities for making such topographic and hplrographic surveys as were required 
to show the changes that had occurred. Tidal observations were also kept up at Bogue Inlet for 
more than a month. 

After two of the old points, "Hammock" atHl "Humphreys," had been recovered, they were 
connected by quadrilaterals with a base-line which was measured on the sea-beach between 
Bogue and Bear Inkts, this portion of the coast being known as Bear Banks. At Humphreys 
station observations for azimuth were made, and the mark connected with the triangulation. 

Upon the completion of work in this Yicinity, 1\fr. Hodgkins transferred his party to New 
River, North Carolina, where three of tlie oltl stations were soon recovered, signals erected, and 
angles rneaomred for connecting them with a clteck base-line laid out on the sand beach west of New 
River folet. Station Cauatlay on foe bluff bank, west side of New Hiver, near the old station McMil
lan, was occupied for observations of azimuth, and measurements made for connecting the mark with 
the points of the triangulation. 

As opportunity offered, a topographical resurvey of the inlet was executed to show the 
changes tltat have occurred from the gradual shifting of tlte bar, and also the new canals that have 
been cut through the marshes by tl1e U. S. Engineer:;. 

A limited amount of hydrograpby was done also, to show the depth of water over the bar and 
up the channel to the ancliorage. 

In tl1is hydrography allfl also in tl1e hase.mrasnrt'ment, Mr. Hodgkins had the C',O·Operation 
of Assistant D. B. Wainwright, whose work on anotl1er portion of tlrn North Carolina coast will be 
adverted to in the next heading. 

'l'he New River work was practically finished at the \'nd of Jnne, bnt the preliminary com
putatiom• having shown unexpectedl;r large differences between tbc measured and computed dis
tances, effort was at once made to lliscover tlm source of tl1c discrepancies, and it was found that 
t11e station occupied as Swan Poiut was not the old point, but one about twenty foet from it, estab
lished by the North Carolina Oyster Survey. Tbe necessary remeasureruents were theu made, aud 
tile survey at New Rh-er eompleterl ,lnl,y 14. During the stay of the party at New River continu
ous tidal observations were kept up at \Vriglit's Island, near the inlet. 

Two other reli!urn~~·li! were made before closing field operations, one at Brown's Inlet and the 
other at Bear Inlet. This last named work was finished July 23, and next day the party was 
transferred to Beaufort on the way north. 

The work having been brought to a close but a few weeks later than the end of the fiscal year, 
the entire abstract of its progress has been included iu this year's annual report. 

Other duty executed hy ARsistant Hodgkins is referred to under a heading in Section III. 
Connection of old irith new triangulation on the coast of North Carolina, and resurveys on that 

coast fro1n JJfasonboro Inltt toward8 New River lnlet.-Early in April, 1888, Assistant D. B. Wain
wright was instructed to proceed to tlle coast of N ortll Caroli11a and organize a party to check the 
triangulation in the vicinity of Masonboro Inlet, and thence northeastward in other localities to. 
wards New Hiver Inlet. Difficulty had been experienced the year before in recovering old stations, 
and this year, immediately after arrfring on the ground, Mr. Wainwright visited the sites of all 
the old stations on the main shore, hut without success until Big Pond, near what is now called 
Carolina Beach, was reached. Here, having found two of the former stations, he laid out a scheme 
of small triangulation, and made the necessary angular measurements, combiniug them with a 
base measure to join the scheme of the previous year, reference to which was made in the last 
annual re1iort. 

After completing this piece of work, he proceeded to check t11e triangulation at Sloop Point, 
where the two stations which were recovered were connected with a check base measured by wire 
UJIOn the beach. Observations for azimuth at one of the stations were made on three nights. The 
shore.line in the vicinity of Barren, Queen, Wch, Led berry, Old To1lsail, New Topsail, and Stump 
Inlets was resurveyed, and such soundings taken as were practicable. 

Towards the end of June Mr. Wainwright went to New River Inlet to co.operate with Assistant 
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Hodgkins in his resurveys in that locality, and upon completing that duty he discharged bis 
party and left for Washington June 30. 

The statistics of his work are: 

Length of beach measurements, in miles. . . .. . • • • • • • • . • • • • • • • . . . . . . . . . . . . • 7 
Number of stations occupied for horizontal measures...................... 24 
Number of geographical positions determined............................ 15 
Number of nights of observations for azimuth............................ 3 
Length of general coast resurveyed, in statute mil~s............ . . . . .. . . . . 30 
Length of roads, in statute miles... . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Field duty assigned to Mr. Wainwright earlier in the fiscal year is referred to under a head· 
ing in Section III. 

SECTION V. 

SOUTH CAROLINA AND GEORGIA, INCLUDING COAST, SEA-WATER CHANNELS, SOUNDS, HARBORS 
AND RIVERS. (8Ki;TCllES No6. I, 6, 17, and 18.) 

Hydrograpkic survey of St. Simon's Bar, Georgia.-Lieut. J.E. Pillsbury, U.S. N., Assistant, 
commanding the steamer Blake, has communicated to the Office the results of his survey of St. 
Simon's Bar, Georgia, executed nuder instructions dated April 2, 1888. 

He reports that the bar is changing rapidly, the North Breaker Shoal making to the south· 
ward, and the lumps at the shoaler parts increasing iu height. This movement he thinks is im· 
mediately preliminary to the breaking out of a new channel at some point radically different from 
that now in use. 

Vessels of over fourteen feet draught should wait for a rising tide to cross the bar, and those 
of twenty or twenty-one feet draught for high-water spring-tides. 

The dredged channel to the port of Brunswick, Lieutenant Pillsbury states, is of but small 
value now, as it seems to be filling up. Four passageg through it on the Engineer's ranges, which 
are now used by the pilots, gave a depth at low water of not over eleven fePt. The single through 
cut of the dredge was originally made to fourteen feet, but it is so narrow tllat it is extremely diffi
cult to find the greatest depth that now remains on it. At most of the wharves of Brunswick there 
is a depth equal to the draught of vessels crossing the bar. 

This abstroot is taken from a descriptive report submitted by Lieutenant Pillsbury to accom
pany his bydrograpbic sheet. 

The statistics of the survey are: 
Number of miles (gE'.ographical) run while sounding . . • . . . . . . . • . . • . . . . . • U6 
Number of angleR measured.................. . • . • . . . • • • • . . . .. . . . . . . . . 2,426 
Number of soundings ...................••..••..•.................... 11,553 

Other surveys executed by Lieutenant Pillsbury are referred to under headings in Sections I, 
II, and VI. 

SECTION VI. 

PENINSULA. OF FLORIDA, FROM ST. MA.RY'S RIVER, ON THE EAST COAST, TO AND INCLUDING 
ANCLOTE ANCHORAGE, ON THE WEST COAST, WITH THE COAST APPROACHES, .REEFS, KEYS, 
SEA-PORTS, AND RIVERS. (SKETCHES Nos. 1, 7, 17, and 18.) 

Gulf Stream e:cplorationa, 1888.-0bservation <>f currents <>utside of the Bahama lslandfl; betweeta 
the Great Bahama Bank and Ouba; in the Windward Channel; in tTte Mona, Anegada, afUl Wind· 
ward Island PQ,Bsages, and in the Equatorial Stream between Barbados and TQbago.-For the further 
prosecution of his investigations of the currents of the Gulf Stream and the channels leading into 
it, Lieut. J.E. Pillsbury, U.S. N., Assista.ntOoast Survey, having re-organized his party on board 
the steamer Blake, left New York December 28, 1887, and, after coaling at Newport News, steamed 
to the eastward to begin his observations. 
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The scheme laid out in his instructions included an examination in nearly mid-Atlantic, about 
seven hundred miles northeast of Barbados Island, for the purpose of discoveringwhethl'ran Atlantic 
flow exists outside of the limits of the trade-winds. After steaming nine days, the Blake reached 
her objective point in about latitude 2so north and lougitude 47° west. Here she laid-to four days 
in a strong northwest gale and high seas, and, as the weather showed no signs of improvement, 
the proposed examination was reluctantly abandoned, and the steamer beaded for Barbados. 

Within a few days after reaching that island, observations of currents in the Equatorial Stream, 
between Barbados and Tobago, were begun, and seven anchorages were made in this passage. 
Other anchorages were made between all the islands from Trinidad to Antigua, and in the Anegada, 
Mona, and ·windward Passages. 

The results obtained at these various anchorages were of such importance, and, at times, so 
much at variance with preconceh·eu ideas, that Lieutenant Pillsbury has deemed it inadvisable 
to complete their discussion until the results of a second year's cruise in the same localities can be 
made available. He will therefore postpone the preparation of a report upon the subject until he 
has at his command the data ilerfred from his observations during the season of 1889. 

The officers who served on the Blake during the season were Ensigns N. J. Halpine, R. M. 
Hughes, A.. G. Rogers,C. S. Stan worth, and J.E. Shindal, U.S. N.; Passed AssistantEngineerG. W. 
Cowie, jr., U. S. N., and Assistant Surgeon T. A. Berryhill, U. S. N. 

Pay Yeoman N. G. Henry and Ship's Writer W.W. Appleget rendered services as recorders, 
and Master-at-Arms Jens Petersen as mechanician. 

Following are the statistics of the cruise of 1888: Physical hydrograpby: 

Number of anchorages (deep sea current stations) ..................... _. 34 · 
Number of soumlings (deep-sea) _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
Number of current obsen·atious with meter ........................... _ 2, 763 
Number of current observations with surface pole ....................... 1, 304 
Number of miles steamed ...... _ . __ .. _ ..... _ ...... _ ................. __ 9, 936 

Other duty executed by Lieutenant Pillsbury is referred t-0- under headings in Sections I 
and II. 

Hydrograpllic surveys on the west coast of Florida from Pavilion Key to Cape Sable, and thence to 
Sandy Key and Key West.-The work executed by the hydrographic party on the steamer Bache, 
on the west coast of Florida and approaches, in the winter and spring of 1888, forms the subject 
of two descriptive reports submitted by Lieut. J. F. Moser, U.S. N., Assistant. These reports 
contain full information respecting the hydrographic characteristics of the area under survey, the 
available anchorages, prevailing winds, e:ffectR of tides and currents, etc., and present also sug
gestions in regard to surveys of the waters between the keys east of Key West, which will have 
much weight as coming from an officer of Lieutenant Moser's long experience in hydrographic 
service and thorough comprehension of its requirements. 

Having refitted the steamer at Baltimore, the part.v left in her for Key West .January 3, ar
ri~ed at that port January IO, and after coaling and taking on board signal lumber and stores, 
was ready a day or two later to proceed to the working ground. Delay was caused by a heavy 
norther, but on January 16 the steamer reached Pavilion Key, and field ·operations were begun. 

The area t-0 be covered by the survey was included in the limits from Pavilion Key (about · 
twenty-one miles sout.heast of Cape Romano) to Cape Sable, thence to Sandy Key, crossing the 
Bay of Florida to Lemon or East Bahia Honda Key, and from that point along the line of Bay 
Keys to Northwest Channel at Key West, and seaward to the ten-fathom curve. 

Over this area the work was prosecuted vigorously until its completion, May 10, thus finishing the 
last gap remaining in the coast hydrography from Eastport, Maine, to the Delta of the Mississippi. 
For the first four weeks the weather was favorable, and progress rapid, but during the rest of the 
season there were frequent northers, and the intervals between these were filled in by strong 
easterly winds, amounting at times to heavy gales. 

The triangulation along the coast as far as Cape Sable having been finished daring the year 
preceding, and most of the signals still standing, this wa.8 of much advantage in the prosecution 
of the hydrography, but in making the connection between Cape Sable and the easternmost key 
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of the group to the eastward of Key West, it became necessary to re-establish points on that group 
from such marks of the triangulation of 1856-1858 as could be recovered. A few of these were 
found after diligent search; their positions carefully re-marked and descriptions furnished for 
office use. 

Between Pavilion Key and Cape Sable there are several shallow tortuons._channels from four 
to six: feet in depth, leading between the keys towards the main-land; to these Lieutenant Moser 
calls attention as perhaps deserving of development after the topography has been done. The 
most important of these are the entrances to Lostman's River, Rodgers River, and Shark River. 

The slope of the bottom is very regular between Pavilion Key and Cape Sable, or, as it is more 
generally known in the locality, East Cape. The depths increase gradually to the ten-fathom 
curve. Off East Cape the bottom becomes irregular, and this irregularity increases in a line 
towards East Bahia Honda Key or Lemon Key. From thence to Content Key, and seaward to the 
three-fathom curve it is very nrnch broken. Shoals awash, or nearly so, at low water are numer
ous, and extensive banks dry at low water may be found five and six miles from shore. Narrow, 
tortuous channels intervene, ending in cul-de-sacs, or spread out over great areas of very sbaUow 
water. There are also many holes with three or four fathoms of water. 

The survey of these waters was difficult and laborious, as no land could be seen from the outer 
shoals. J,ieutenant Moser succeeded, however, in locating signals on the shoals, and, from these 
and a few water signals, in fixing his lines of soundings. 

From Content Key to the Northwest Passage at Ke;y West the bottom again assumes a regu
lar form, the three-fathom curve approaching the shore line within a mile. Several shallow chan
nels pass through the line of reefs conuecting the Bay Keys. 'Vitl1 regar(l to these Lieutenant 
l\Ioser observes that if it is desirable that these channels shonl<l be surveyed, it can only be done 
advantageously from an inside position, and in ayessel adapted for the purpose. Whatever chan
nels exist, run across the line of keys in a north and south direction, and do not communicate in 
an east and west direction. There are two main channels running from the reefs to the Gulf, 
which are used by small vessels, and which should be thoroughly surveyed. One called the Span
ish Key Channel, which runs from Bahia Honda, west of Big Spanish Key and east of Harbor 
Island into the bay, the entrance of which, as far as Big Spanish Key, was tra.versml by the party; 
the other Knight Key Channel, which runs west of Knight Key, and thence between banks, enter
ing the bay east of Baitia Honda Key. 

From the reefs to Mayo's Key the Spanish Key Channel is broad, deep, and wide, but from 
thence to the Gulf it varies in depth and becomes narrow and tortuous. About six feet can be 
carried through this channel. The work did not touch upon the Knight Key Channel ; it was 
reported, however, that seven feet could be carried through it. From Pavilion Key to East Cape 
the keys have a thick growth and are so blended that the appearance is that of a co11tinuous 
shore-line, the entrances being apparent only on a very close approach. There are no marked 
prominent features such as would enable a stranger to distinguish one portion of the coast from 
another. Pavilion Key is more prominent on approaching from a westerly point, and has a saud '"' 
beach on the western side. On Lostman's Key there is a beach along the entire Gulf face. .A 
beautiful beach extends from North Cape to East Cape. There are several small buildings at 
.Middle Cape, with the roofs painted red and a promin_ent palm tree back of the houses. At East 
Cape there are two small buildings with red roofs. Between Middle Cape and East Cape is a 
dwelling, and back of it a grove of palms, which is conspicuous and a good land-mark. 

The Bay Keys from Northwest Channel to the eastward are quite similar in appearance,. 
differing chiefly in size, but as these keys, as far as Content Key, can be aJlproachecl very closely 
with deep water, and as they are not so thickly clustered, their sbapes are more rea<lily made out. 
The timber has been thinned out for use at Key West. Sawyer Key has a sand beach along the 
Gulf ·face. 

The beat guide on approaching the coast is the lead, and it is a safe guide, except on the 
broken ground before referred to. , 

A sa.fe anchorage. is· afforded by the .shallow water of the coast in any weather except a 
hurricane. During' the cruise'of the Bache the prevailing winds were easterly and the heaviest 
gales were llQrthers and southeaster& 

B.BL22--4 
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With regard to the tides, Lieutenant Moser observes that they form a very important factor in 
the hydrography of that coast, and he urges the importance of establishing a permanent tidal 
station at some well selected point on the west coast of Florida. 

Special attention was given to careful tleterminations of tidal action within the area of the 
survey. At some point of the work, from the day of opening until the close of the season, a 
continuous series of day and night tides was observed. Three principal tidal stations were estab
lished, one on Lostman's Key, one on Cape Sable (East Cape), and one on Content Key; at each 
of these, observations were kept up during forty-six, forty-four, and twenty-nine days, respectively. 
Five comparison gauges were established also, two of these being off.shore in five and seven 
fathoms water. 

At these off.shore stations a Batchelder pressure-gauge was used, which worked perfectly. 
Observations for currents were made also. 

Since the data obtained by tl1e tidal reductions relate to a hydrograpbic survey covering an 
area in which the extremes differed as much as four lionrs in time and several feet in rise and fall, 
this area was laid out in blocks in order to make the reductions apply as accurately as possible, 
each block having special reference to a central station. These blocks were graded one into the 
other, so that at no points were the differences greater than one-half hour in time, or four-tenths 
of a foot in rise and fall. 

Lieutenant Moser has appended to his report full notes descriptive of each block, with the 
methods of reduction ernplo_yed; the limits of tlie blocks he has indicated on ~he sounding sheets. 

The abstract here given recites merely the salient points of the report with reference chiefly to 
their bearing upon the immediate objects of the hydrographic survey; other topics of interest 
discusse(l in it, relatfre to the geological formation of the coast, the fisheries, etc., must, for want 
of space, be omitted. 

The results of the season's work are showu upon four hydrographic sheets, as follows : 

No. 1. Florida Ba;y, Pavilion Key to Northwest Passage Light-House; scale, 1-80000. 
No. 2. Florida l~a~·, Pavilion Ke~· to Northwest Cape; scale, 1-40000. 
No. 3. Florida Bay, Northwest Cape·io Content Ke;y; scale, 1-40000. 
No. 4. Florida Bay, Content Key to Northwest Passage Light-House; scale, 1-40000. 

The statistics are : 
Number of miles (geographical) run while sounding .................•. 
Number of augles measured __ ................ - ...•.. - ............ _ .. 
Number of soundings ....................... - ....................... . 
Number of specimens of bottom preserved ........... __ ...... _ ....... . 
Number of current stations ........... - ...... - - . - ............ _ ...... _ 

3,791 
10,520 
90,811 

28 
2 

The officers attached to the party during the season were Ensigns Franklin Swift, W. O. 
Ilulrue, IT. A. Bispham, and G. R. Evans, U .. S. N.; P~ssed Assistant Surgeon J. M. Steele, U. 
S.N.; and Assistant Engineer S. H. J_,eonard, U.S. N. Mr. J. L. Dunn served as Pay Yeoman. 

Lieutenant Moser expresses his especial appreciation of the services rendered by-Ensign Swift 
as executive officer; Ensign Hulme, who had charge of all the draughting, and Ensign Bispham, to 
whom was committed the immediate charge of all details relating to the tides. 

He commends also all the other officers for their interest in the work, and the thorough man
ner in which it was executed. 

Dut~· assigned to Lieutenant Moser earlier in the fiscal year is referred to under a heading in 
Section I. 

Topographical survey of the 1ccsf coast of Florida between Pavilion Key and Gape Romano.
The prevalence of yellow fever at Tampa and Manatee, on the west coast of Florida, in the autumn 
and early part of tbe winter of 1887, delayed the resumption of the topographical survey of that 
coast till January, 1888. Under instructions dated towards the end of December, 1887, Assistant 
.Joseph Hergesheimer arrived at Manatee, Fla., and organized his party on board the schooner 
Qiiick. Messrs. J. H. Gray, Aid, R. J. Meigs, Recorder, and Atlee Johnson, foreman, reported for 
duty at Fogartyville, Manatee River, on January 18. 

Having fitted tbe schooner for sea, the Quick reached the working ground February 2, and 
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was anchored off Indian Key. Plane-table work was begun February 4. The survey covered the 
coast from Pavilion Key to Cape Romano, a distance of thirty-one statute miles, and included within 
its limits the outside line of keys, with the adjacent bays and harbors for a belt of from one to two 
miles in width. The line of reef or rocks on the outside islands was all surveyed at low water. 

Mr. Hergesheimer reports that he found Mr. Gmy to be a careful, correct, and rapid topogra-
pher. Fiel1 observations were closed April 17. Following are the statistics: 

Number of miles of shore-line surveyed .................................. 167 
Number of miles of coast-line surveyed ..............•.. _ . . . . . . . . . . . . . . . . 31 
Area surveyed, in square miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

After disbanding his party and laJing up the schooner at Fogartyville, Mr. Hergesheimer re
turned north in May, and was directed to hold himself in readiness to resume work on the connec
tion of the Pennsylvania and Maryland triangulations, progress in which he had made earlier in 
the fiscal year, as reported under a heading in Section II. 

SECTION VIII. 

ALABAMA, MISSISSIPPI, LOUISIANA, AND ARKANSAS, INCLUDING GULF COAST, PORTS AND RIVERS. 
(SKETCHES Nos. 1, 6, 8, 17, antl 18.) 

Continuation of the reconnaissance and triangulation for connecting the primary triangulation 
near Atlanta with that of the Gidf.-For the continuation of tbe reconnaissance and triangulation 
for extending an oblique arc of the meridian towards the Gulf of Mexico by connecting the work 
near Atlanta, Georgia, with that on the Gulf, Assistant F. W. Perkins took the field about the 1st 
of lj'ebrnary, 1888. Although his instructions had been issued the middle of December, it was 
deemed inadvisable to begin operations until most of the unfavorable weather so prevalent in 
that section during the winter had ceased. The reconnaissance was taken up in Alabama in 
latitude 33° 20', and carried south by means of two figures of good condition to latitude 
32° 16'. Mr. Perkins obserrns that the most laborious part of the work in the northern 
figure had been done by Assistant Tittmann, who had had charge of the work during the pre
ceding season. Lowndesborough, in Lowndes County, Alabama, was the most southern point 
selected. From thence southward, although the country is very flat, figures of good size can 
probably be obtained by careful studies of its peculiarities. 

Towards the end of March, heavy floods put a period to the reconnaissance, and retarded much 
the work of preparing for occupation the stations that had been selected. The condimon of the 
roads and streams made such long detours necessary that observations were not begun until the 
last week in April, a month having been consumed in work that, under more favorable circum
stances, could have been done in a fortnight. Stations Laurel and Horn were completed, and 
about one-half of the observations necessary at Weogufka had been made, when, on the 1st of 
June, it became necessary to disband the party owing to the exhaustion of the funds available 
for this survey. 

Mr. Perkins expresses his obligations to Mr. W. B. Fairfield, extra. observer, whose skill in 
reconnaissance made his services of exceptional value. 

The statistics reported are as follows: 
Reconnaissance : 

Area of, in square statute miles ........ _ ...•.................. - ....... -
Triangulation : 

Area of, in square statute miles .......•...................... - ..•••... 
Aggregate length of lines of (primary) ............................... . 
Aggregat.e length of lines of (secondary) ...........•.....•. -- •........ 
Number of days occupied in opening and verifying lines of sight ....... . 
Number of stations occupied •.........•........................... - .. -
Number of points observed upon .. , ..............•..........•.... - . · · -
Number of angles measured • • . • . . . . . . . . . .••.•.....•.......• - . · · · - · · · 
Number of geosrraphical positions determined ....•...••...•••• · · · - · · - - · 

3,2fl0 

1,050 
400 
180 
15 

3 
17 
27 
1 
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Under a beading in Section XIV, reference is made to duty executed by Mr. Perkins earlier 
in the :fiscal year. 

Survey of the 1lfobile Ri1·cr fmm Spani.sh Rfrer to tlte junction of AlalJa,ma and Tombigbee llivers.
In order to obtain data for a useful chart of :Mobile m,·er, l\lr. J. ll. 'rnrner, Aid, was instructed 
in January, 1888, to make a rapid survey of that rin>r from the limits of the topographical sheets 
at Spanish River, near Mobile, up to and including the junction of the Alabama and Tombigbee 
rivers. The topography along tbe river banks ·only was to be delineated, all the blt'tffs and their 
heights being shown, and special attention was to be gi,·en to the hydrograpby. 

Mr. Turner has sul.nnitted full reports of bis sur>ey, arranged as special and descriptive reports 
relating to the triangulation, topogmphy, and hydrograp9y. The work was completed between 
January 2.3 and April 30. Acknowledgment is made to Maj. A. N. Damrell, U. S. Engineers, 
for his kindness in loaning a steamer specially adapted for the snr>ey. Also to the people of 
Mobile for the interest they manifested. 

It had been originally intended to make the preliminary triangulation with the plane-table, 
but this plan proved upon examination not to be practicable, as the country bordering upon the 
river is, with few exceptions, a hea>ily wooded swamp, the trees overhanging the banks. Recourse 
was accordingly had to a small triangulation, extending in a chain of quadrilaterals from the 
Spanish Rirnr to the limits of the survey, the distances apart of tlie signals varying with the width 
of the ri>er, from forty to four or five hundred meters, the angles being measured by sextants; 
short bases measured at interntls frequent enough to supply suitable checks, and azimuths carried 
up the riYer by axial lines. All of the azimuth angles were measured with a six.inch theodolite~ 

and three stations were occupied for obsen-ations for azimuth on the sun, one at Spanish River, 
oue at Twenty-one Mile Bluff, and one at Mount Vernon Lauding. These observations were made 
with a three·inch alt-azimuth. The length of riYer covered by the triangulation was forty miles. 

As heayy and expe11si.-e cutting would liaYe been required in using the plane-table, it was 
employed only where tile high pine Iamh; touched the river, forn1ing blufls; these were carefully 
mapped. In other parts of the ifrer the shore-line being >cry regular, it was sketched in between the 
station;.;, and all irregularitic;.; were noted. The yarious bayous were explored for sl10rt distances. 

The hydrograpliy was executed by running lines of soundings at right angles to the axis on 
ranges from signal to signal, and at distances apart of one hundred meters, connecting these lines 
by diagonals. This plan was carried out till towards the end of the season, when a limitation as 
to time compelled the substitution of stream liues, with normals at greater intervals. The soulld· 
ings showed that, contrary to general report, the river was riingularly free from shoals, the channel 
being comparatiYely broad and sharply defined throughout its entire length. Between Spanish 
Hiver aml the junction of the Alabama and Tombigbee, but two bulwarks occur, and on these the 
rlepth is seventeen feet. The shoals which OC<lur in the angles of the bends do not extend far enough 
from shore to be dangerous to navigation. 

Mr. E. M. Talcott served as I{ecorder in the party. .Mr. Turner acknowledged his indebtedness 
to him for faithful and energetic service, and for many rn1uable suggestions which contributed to 
the accuracy of the work. 

The statistics are ; 
Triangulation: 

Area of, in square statute miles .. ___ . __ .............. _.... . . . . . . . . . . . . g 
Number of signal poles erected. - ...... - ... - - .............. _... . . . . . • . 596 
Number of days occupied in opening and vcrif~·iug lines of sight........ 15 
Number of stations occupied for Lorizoutal measures-_._._. __ .......... 575 

·Number of geographical positions determined . . . . _ ..... _..... . 600 
Number of azimuth stations . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . • . . • . 3 

Topography: 
Area surveyed, in square statute miles ... ___ .. __ ...... _............... 15 
Length of shore.line of rivers, in statute miles........ . . . . . • • . . • • . • . . . . 85 
Length of shore-line of creeks, in statute miles . . • • • • • • . . . . • . . . . • . • • . . . 4 
Length of shore.line of ponds, in statute miles... . . . . . • . . . • . . . . . . . . . . . . 3 
Length of roads, in statute miles . . . . . . . . . . . . . . . . . . . . . . . • . • . . • • . • • . 5 
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Hydrography : 

Area sounded, in square geographical miles .......................... . 
Number of miles (geographical) run while sounding ................... . 
Number of angles measured ........................ ~ ................ . 
Number of soun<lings ............................................... . 
Numl>er of hydrogra11hic sheets finished (scale, 1-5000) ............... . 

8 
135 

2,860 
11,300 

9 

53 

The hydrography was plotted upon the topographic sheets; there are therefore nine sheets 
in all. 

During the first five months of the fiscal year ~Ir. Turner was on duty in the party of Assistant 
Eimbeck, in Utah. Reference to his work there is made under a heading in Sectiou XVI. 

Lines of geodetw leveling run between the llfississippi River and Little Rock, A.rkansas.-The or
ganization of a party for connecting by lines of spirit leveling of precision the city of Little Rock, 
Ark., with a bench-mark of the Mississippi River system of geodetic leveling, was intrusted to 
Subassistant J. E. McGrath by instructions issued towards the end of September, 1887. Upon 
reaching Little Rock, he was directed to communicate with Prof. J. C. Branner, Director of the 
Geological Survey of Arkansas, and consult with him with reforence to the route to he followe<l, antl, 
before taking up the work, to make a thorough reconnaissance of the several routes by which tlie 
r·iver might be reached from Little Rock. 

Mr. McGrath arrivecl in Little Rock on October 16, arnl, after seeing Professor Branner, made au 
examination of three routes, each of which would enable him to connect. lines of geodetic leveling 
from that city with a primary bench-mark of the Mississippi Hiver Commission. The route finally 
adopted was that of the Little Rock, Mississippi River and Texas Railroad from Little Rock to 
Arkansas Citr, on the Mississippi River. 'rhis road runs· through a high and rocky stretch of 
country from Little Hock to Pine Bluff, a distancP- of about forty-three miles; it then descends 
into the low lands, but in a belt which is entirely above overtlow until Trippe Junction, a station 
seven miles west of Arkansas City, is reached. From Trippe the road runs down to the river on 
a well built, substantial embankment, one which has not been owrfiowed for three years. 

'l'he high grade of this line, its shortness- (ono hundred antl fourteen miles), as compared with 
the other two lines, its small amount of trestle-work, and the convenience it offered to the party 
in getting to and from their work, made it the most favorable route, and its termination at a point 
near Wilkerson's Lan<ling, on the Mississippi River, was also au advantage, as this point was 
much nearer Greenville, the end of the Coast and Geodetic Survey line of precise leveling on the 
Mississippi, than points at either Helena (Arkansas) or Memphis would han~ been. 

Owing to the possible prevalence of wet and stormy weather late in tlie season, it was decided 
to work westward after a crossing of the river had been effected. The first work done was iu 
compliance with Professor Branner's request to make a crossing of the Arkansas River at Little Rock, 
and connect the east monument of the U.S. Engineers' base near the river bank with the primary 
bench-marks in the city. 

The party was then transferred. to the east end of the line, and, having started at the per
manent bench-mark of the Mississippi River Commission at Wilkerson's Landing, Bolivar County, 
Miss., connections were made with the secondary bench-marks of the Commission, and tho river 
was crossed into Arkansas, two metho<ls being used, one that of simultaneous and reciprocal 
observations, carried on by Mr. McGrath and by Mr. John Nelson, Aid in his party, and the other 
by means of water-gauges, which were carefully observed antl then connected with the bench· 
marks of the line of precise leveling. The work was then carried westward. 

At various times during the season, in accordance with instructions, Dr. Branner was fur
nished with the heights and descriptions of such bench-marks us would be of use to him in con
nection with the topographical and geological survey of the State under his direction, and at the 
close of the season complete lists of bench-marks established by the party, with their heights and 
descriptions, were communicated to bim. 

On February 11, the work having been completed, field operations were closed. 
The method pursued throughout was that of running two single lines of precise leveling in 

opposite directions by different observers, Mr. McGrath taking the line in one direction and Mr. 
Nelson in the other. 
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Of Mr. Nelson's services Mr. McGrath speaks in terms of high praise, both as regards the 
accuracy and the rapidity of his work. Mr. F. A. Young, Recorder, was zealous and faithful. 

The observations have been discussed in the Office, and their results presented in Appendix 
No. 12, to this volume. 

Other duty assigned to Mr. McGrath is referred to under headings in Sections II and XV. 
Triangulation, topography, and hydrograph'!J of the Atchafalaya Rfrer, and detached surveys on the 

coast of Loui.~iana.-In December, 1887, Assistant C. H. Sinclair, having received instructions to 
make certain surveys needed on the coast of Louisiana west of the Passes of the Missiissippi, pro
ceeded to New Orleans, and having had the steamer Hitchcock repaired and made ready for sea, 
left in her for Morgan City by wa~' of the Mississippi River and the Gulf . 

.An azimuth being required on Last Island, to give direction to the triangulation in that locality, 
Mr. Sinclair stopped there and occupied Raccoon station on the west end.of the island, placing an 
azimuth uiark about a mile to the eastward, and referring it to Ship Shoal Light-House. He was 
detained here a week by cloudy weather. Leaving Last Island January 28, 1888, the steamer ar
rived at Morgan City on the 30th, having stopped at Shell Islaml on the way to establish there, 
by the kind permission of the owner, a depot for supplies of coal, lumber, etc. 

It had been intended at the outset to execute a survey of verification at Southwest Pass, Ver
milion Bay, hut as from circumstances oyer which they had no control, the officers assigned to 
Mr. Sinclair's party were unable to join him till much later in the season, ho took up at once the 
reconnaissance and triangulation of the .Atchafalaya River and its connection with the triangula
tion on the Gulf coast . 

.As a base of operations the line Deer Island-Belle Isle was used; the reconnaissance and 
erection of signals was .Pushed rapidly, and the principal part of the triangulation was completed 
by the middle of March. On account of the tall marsh canes fringing the river, it was necessary 
to put up observing tripo<ls·for even short lines. 'Vhen the last quadrilateral was reached, it be~ 
came necessary to open lines across marsh that could not be passed over in a direct line, as it was 
covered not only with tall cane, but crossed by ridges of willows from thirty to fifty feet high that 
could only be. reached by entering at certain places and getting on line by trial, the marsh being 
_too soft to allow a line to be followed up from one end to the other on range. 

Nortli of the most advanced signals the cypress woods are very lofty, and it was not deemed 
advisable to push the triaugulatiou through them by cutting. Points enough had been deter· 
mined by March 9 t.o start the topography, and work on the lower sheet was taken up by l\Ir. 
J. A. Flemer7 Aid in the party. Subassistant E. L. Taney arrived March 24, and having organ
ized a separate party, executed the topography on the upper sheet as far as Morgan City. 

Meantime Mr. Sinclair went to the coast stations to measure the angles at Belle Isle, Point au 
Fer, and Deer Island; to examine the ground for a check base, and t(} have observations made for 
latitude and azimuth. Latitude was determined at Station Deer Island by Subassistant r. A. 
Welker on five nights with meridian telescope No. 6, and au azimuth measured by Mr. Sinclair, 
using theodolite No. 82. 

Upon the completion of the topography of the lower river, the hydrography was begun .April 
3. Mr. Flemer assisted with the hydrography till .April 1.57 when he was recalled to Washington 
for other duty. On that date Mr.- Taney disbanded his own party and joined tho steamer, and 
after finishing the topography to Morgan City, aided in the hydrography till its completion. 
During the hydrogra.phic work, tidal observations were made at Shell Island, and the tide·guage 
established there was referred to suitable marks. 

Field operations were closed April 27, and the steamer was laid up at Bayou Bamf alongside 
the property of the Morgan Steam-ship Company, Mr. Natali, agent of the line, having kindly 
granted permission to this effect. 

The statistics of the season are: 
Triangulation : 

Number of stations occupied for horizontal measures . . . . . . . . . . . . .• . • • . 11 
Number of geographical positions determined ......... _ ........ _ •. _ . . • 83 

Latitude and azimuth work : 
Number of latitude stations occupied __ . _ . _ .... _. _ .. _ .. ____ .. _ .. __ . _. _ - 1 
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Ilydrography: 
Number of miles run while sounding...... . . . . . • . .. . . •. . . . . . . . . . . . . . . . . 243 
Number of soundings ................................................ 17,193 

Other services performed by Mr. Sinclair are referred to under headings in sections X, XI, and 
XVI, and also under "Special operations." 

Topographic surveys on the coast of Louisiana between Vermilion Bay and Calcasieu Pass.-Topo
graphic survey of the Atchafalaya River, Louisiana.-A topographical survey of the chain of islands 
known as the Cheniers, between Vermilion Bay and Calcasieu Pass, coast of Louisiana, was exe
cuted by Subassistant E. L. Taney in the winter of 1887-'88 under instructions dated December 
~188~ -

From Cameron, Louisiana, where the work'was begun, it extended a distance of forty miles to 
the end of a ridge on the coast beyond the crossing of the Mermentau River. This ridge finally 
develops into a great number of small islands in the marsh, separated by deep "coups." This 
string of islands and coups was surveyed by chain and compass. 

Returning to Grand Chenier, M:r. Taney hired a sloop and proceedecl to complete the survey 
of Mermentau River from his point of crossing towards its mouth, to join Assistant Hodgkins' 
work of 1884. Hog Bayou and Bayou I1a Bovi were also surveyed, the work being done b;r the 
aid of an azimuth compass, and the points checked as often as possible by bearings taken to sta
tions of the triangulation. 

After the completion of the topographical survey of this part of the coast, March 18, Mr. 
Taney joined the steamer Hitclicoek, reporting to Assistant Sinclair for duty March 22. He was 
then detailed with a separate party to make a plane-table survey of the Atchafalaya River, and 
completed the upper sheet of this work, to the railroad bridge at Morgan City, April 15, the lower 
sheet having been finished by l\Ir. Flemer. He then aided in the hydrographic survey of the 
river until April 27, when field operations were closed for the season. 

The statistics reported are : 

Topography for the Chenier Islands: 
Area surveyed, in square statute miles ................................... 117 
Length of general coast-line (fast land) in statute miles.. . . . . . . . . . . . . . . . . . • 122 
Length of shore-line of rivers in statute miles . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Length of shore-line of ponds in statute miles ..........•............ _.. . . 30 
Length of shore-line of bayous in statute miles . . . . . . . . . . . . . . . . . . . . . . . .•. . . 25 

Topography for the Atchafalaya River: 
Area surveyed, in square statute miles............ . .. • • . . . . . . . . . . .. . . . . . . 24 
Length of shore-line of river in statute miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

Reference is made under a heading in Section I tooth er duty assigned to Mr. 'l'aney. 
Hydrographic surveys on the coast of Louisiana betzceen Isle Derniere and Big Constance Bayou, 

including Vermilif>n Bay.-The hydrographic surveys executed by Lieut. F. II. Crosby, CJ. S. N., 
Assistant Coast and Geodetic Survey, commanding the steamer Gedney, between February 1 and 
May 24, 1888, included the hydrography of Vermilion Bay, Louisiana, aud the continuation of the 
off-shore hydrography of Louisiana to the ten-fathom curve from Isle Derniere to longitude 91° 
40' west. 

For the survey of Vermilion Bay, the scheme laid out comprised four hydrographic sheets, 
each on a scale of 1-200001 and for the outside work two hydrographic sheets, each on a scale of 
1-80000. 

With these sheets, which have been completed and sent to the Office, Lieutenant Crosby has 
submitted descriptive reports. The coast in the localities of bis survey is very low, with occasion
ally a clump oflive oak trees, and at rare intervals a building. 

At Chiniere le Ligne there is a small fishing settlement. During summer the prevailing winds 
are southeast, the heaviest gales coming from that direction, except the hurricanes, which come 
from the southwest, and only in September and October. In winter the heaviest gales or" north
ers" come from the northwest. Wrecks are almost unknown. The currents set to the west-
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ward as a rule, but they arc niry sensiti\-c to the action of the wind. '"~ith the exception of 
Trinity Shoal, wliich is gra,Y sand, aud the numerous shell reefS nearer shore, the bottom is very 
soft mud. 

In the channel through Southwest Pass into Yennilion Bay, Lieutenant Crosby states that 
the greatest depth of water is about one hundred awl tlfty feet, and the least slwen and a half feet 
on tl1e ontside !Jar. The clrnm1els are pri1ctically permanent. The bay iR used chiefly in the trans
portation of lumber and c:1ttle; the former uy light-draught schooners and tbe latter by steamers. 
Tliere arc extensive salt mines on Aver.r's Island, about six miles up Petit Anse Ha~·ou, from the 
bay, but the salt is shipped by rail to New Iberia. 

At the eastem point of the eutrauce to the Pass are the ruins of an old light-house lying in 
the water and showing wl1ite at a distance of three or four miles. Lieutenant Crosby obserYes 
that a light-house or a tower at this point would greatly ai1l strangers in finding the entrance to 
the l'm;is. 

Tlw oflicerR attached to the party were Ensigns B. 0. Bitler, Joseph Strauss, aud D.S. Nes, 
U.S.N. 

For tlie season the statistics are: 
Area sounded, iu square geographical miles __ . __________________ . __ _ 
Number of miles (geographical) run while sounding. ____________ . ____ _ 
Num bcr of angles measured .... ________ . _ .. __ . _ _ _ ........ ______ ... _ 
Number of soundings .. _. __ . _______ ... _____ . _____ . ____ .... ______ .. _ 
Number of tidal stations established. ___ .. ______ . _____________ .. _._ - -

959 
2,513 
9,353 

108,266 
6 

Nnmher of .specimen.s of bottom preserved.___ _ _ _ _____ . __ .. _. _ . _ . . . 59 

neport is made of hydrographic surve~·s executed during the fiscal year by Lieutenant Crosby 
upon the coast of Maine under a heading in Section I. 

SECTION X. 

CALIFORNIA, INCLlIDING THE COAST, DAYS, IIARllORS, AND RIVERS. (SKETCHES Nos. 2, fl, 10, 16, 17, 
nrnl 18.) 

Re.~urre.IJ.~ and examinations in San Diego Bay and 1.'foinity.-'l.'ertiary triangulation a.nd topog
raphy between San J)ie[t<> and San Pedro Bays.-neference was made in the last annual report to 
the progress of the trigonometrical determinations, shore-line surveys, and examination of clrnnges 
in San Diego Bay and vicinity by Assistant Aug. F. Rodgers, aided by Subassistant Isaac Wins
ton. '.rl1is work was com1>leted at the end of July, 1887; its results were shown by tracings of 
three topographic sheets, containing nearly fifty miles of shore-line, and by an abstract of eighty 
new geographic positions. 'l'owards the end of August the tracings and computations having been 
finislled, they were forwarded to 'Vashington. 

Mr. Hodgers refers in his report to some statistics which show the extremely rapid develop
ment within a few _years past of the cit~- of San Diego, one item of which may be here mentioned
the custom-house receipts, which in 1885 were $8,000, and iu 1887, $257,000. 

Bct,ween the encl of August and the close of field operations in December, Messrs. :Rodgers 
and Winston were occupied in a reconnaissance for stations of a tertiary triangulation to conne~t 
the San Diego Bay sune.)'S with those brought south ward from San Pedro; with the observations 
of horizontal angles until a junction of the two surveys had been effected, and with a topograpltic 
survey laid out upon firn plane-table sheets, scale 1-10000, including the shore-line and all of the 
salient topographic features in sight from the coast, among these being the town si~ and all 
buildings in Oceanside, Carh1bad, Leucadia, Encinitas, Del Mar, and La Jolla. Great ca.re was 
taken to leave nothing undetermined within the limits of these sheets which could be of importance 
to the mariner or available for future hydrographic work. The plane-table work was greatlystrength
enetl and facilitated in execution by the numerous secondary objects which had been fixed in posi· 
tiou; these consisted of some thirty-eight buildings, church-spires, school-housM, hotels, and other 
notable structures. 

In the conrse of a comparison which he made of part of the shore-line of False Bay, including 
the sand-spit which forms its western boundary, Mr. Rodgers found no evidence of marked change 
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since the date of the first surv(ly nearly forty years before. In addition to the five topographical 
sheets already alluded to, a sixth, or supplementary sheet., was projected to complete the deliuea· 
tion of the connections of railroad and wagon-roads extemlillg north from San Diego Bay and ronml 
the limits of False Bay; on this sheet was laid down also the position of the new wharf built at 
Roseville upon the shore of San Diego Bay. 

Upon the close of field operations, December 17, Mr. Rodgers disbandpd his party and pro
ceedtid to San Francisco. From the date of his arrinil, December 25, he was continuously occupied 
until towards the tni{ldle of April in reYisiug field computations, inking and tracing })lane-table 
sheets, and in preparing the results of his work for transmission to the Office. 

Two of the original sheets of San Diego Ba,v were inked and traced, the tracings being filed 
in the Sub-office, and the originals tor warded to Washington. A tr;1ciug of the third San Diego 
sheet was forwarded, and the original retiiiued for possible fntnre use in determining changed loca
tions of bar and whistling-buoys at the entrance to the bay. Tracings of the five original sheets of 
survey of the coast-line for a distance of forty-five miles north of San Diego Bay were made and 
forwarded, together with a tracing of the supplementary sheet, and all the records and results of 
the triangulation. · 

On February 23 Subassistant Winston was detached and ordered to other duty. His services 
Mr. Rodgers refers to as having contributed greatly to the success of the season's work. 

In April, instructions haYing been received to resume field operations in southern California, 
Mr. Rodgers left San Francisco on the 27th of' that month, and early in May began the erection of 
signals for the interior topography north and south from Oceanside., San Diego County. On June 
12 the progress of this topography was temporarily suspended by instructions directing him to 
go to San Juan Capistrano, and lay down upon the topograpLic sheet of that locality the new line 
of the California Central Railroad. This was accomplished hy the 20th instant, when the Oceau
si{le work was resumed. 

Subassistant John E. McGrath reported for duty ,Tuue 21. Ai the close of the fiscal year 
twenty square miles of interior topography north and south of Oceanside had been completed, and 
the work was in active progress. 

Following are the statistics reported for the fiscal year: 

Reconnaissance ; 
Area of, in square statute miles ................ -- . _................. 50 
Lines of intervisibility deterlflined as per sketch submitted ..... _ . __ .. _ 393 
Number of points selected for scheme .... _ ....... __ ... _ .... _ .. __ .. . . . . 68 

Triangulation : 
Area of, in square statute miles _ ....... _ ...... - . - ....... _ ..... _..... 100 
Number of signal poles erected . __ .................. __ .........•... 68 
Number of stations occu1>ied for horizontal measures . _ ........... - . . . 68 
Number of stations occupied for vertical measures .... _. __ ....... ___ .. 35 
Number of geographical positions determined........................ 191 
Number of ~evations determined trigonometrically ........... - . . . • . . . "76 

Topography: 
Area surveyed, in square statute miles ........• _ . . . . . . . . . . . . . . . . . . . . 100 
Length of general coast line, in statute miles (San Diego Bay and coast) !l2 
Length of shore-line of creeks, in statute miles. - - ...... - - - - .... - - - . - . .15 
Length of roads (including railroads), in statute miles . . . . . • . . . . . - . . 120 
Number of topographic sheets showing coast-line and elevation........ 9 
Sea.le of t.opographic shoots ............ _ .. _ ..... _ ...... _ ........... 1-10000 

With regard to the tertiary triangulation and the shores of San Diego Bay and northward 
therefrom, Mr. Rodgers observes that it was checked at every stage of progress by providing double 
determinations of every advanced base by means of diagonals, and -that it was finally cheeked in 
length and azimuth by establishing the first junction between two carefully measured bases, one 
hundred miles apart, one on the shores of San Diego Bay, the other a few miles inland from the 
roadstead of San Pedro. 
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Specia.l h.ydrographic examinations at San Juan Capistrano, La Ballona, and at Newport and 
San Pedro Ba.ys, Oalifornia.-In accordance with instructions, and nuder the direction of Assistant 
George Davidson, Mr. Ferdinand ·west<faltl made a minute examination of the approaches and a-n· 
chorage of San Juan Capistrano for the map already made. This was <lone in much detail, and 
the soundings were reduced for the tide by comparisons with a tide-staff set up at Newport Land· 
ing, where regular observations were continued. The weather at San Juan was ad\•erse; fogs and 
strong winds prevailed, and the landing tltrong-h the snrf was dangerous. Tlie boat was capsized 
twice. This work was all reduced, plotted, tracings mad<•, anll tbe sheets and records transmitted 
to the Office . 

.At La Ballona tlle projected piers were determined in position by connecting them with the reg
ular triangulation and topography. As the proposed dredging ltad not been executed, there was 
no need of a detailed exaruinatio11 . 

.At San Pedro Ba,'5·, the Crnpo sunken rock, having seventeen feet of water upon it, was care
fully examinetl and two heads were discovered. Further examination was made to determine. 
whether there was any line of submerged rocks hence to Deadman's Islaud, and also further out 
in the anchorage. No other clang-er was detected. . 

Mr. Davidson bad reported that four different vessels had been upon this rock before it was 
hnoyed. 'J'he rock was connected by observation with the regular work of the Survey and the lo
cation of the buoys fixed. The city plans of r,011g Beach and Alamitos were reduced. 

At Newport Bay, under J\Ir. Davi1lson's direction, Mr. Westdahl made a special examination 
of the ph,'5-sical h,'5•drograpliy off the beach to the west of Newport Bay entrance, where one of the 
great submarine valleys heads. This work was at once reduced, and the records and sheets sent 
to the Office. 

Other llydrographic work executed by Mr. ·westdahl, under the direction of Mr. Davidson, is 
referred to in a later beading of this section. ., 

Exmnination of the site sclecfe(l for the meas1trement of a p1·imary base-line near Los Angeles, Cali
fornia.-.An account was given in the Annual lte1wrt for 188G of an examination made in May of 
that year to obtain a site for a base-line to be used instead of the San Pedro base, one of the ter· 
minal markings of which bad disappeared . 

.A sit~ wa.s selected, hut no funds for the measurement being immediately available, it was post· 
poned. In June, 1888, it, became probable that the measurement might soon be made; instruc· 
tions were given, therefore, for a re-examination of the site with reference to its freedom from im; 
pediments. This examination was made on June 9 hy Subassistant Fremont l\lorse, under the 
direction of .Assistant George Davidson. 

Mr. Morse drove over the line from its northeastern to its southwestern end. Near Northwest 
Base he found the base site crossed by the new line of the Atchison, Topeka aud Santa Fe Railroad, 
which runs nearly parallel with that of the Southern Pacific, and crosses the base-line at about 
the same angle, about halfway between Northwest Base and the Southern Pacific crossing. But as 
there is no fill at the point of crossing there is no obstruction to measurement of the base. Neither 
do the few wire fences that have been put up south of the Southern Pacific crossing and between it 
and the first ranch house offer any obstruction. 

An early measurement is, however, as Mr. Morse reports, exceedingly desirable on aecount of 
the great rapidity with which the country in the vicinity is being settled. An instance of this is 
the growth of the town of Whittier, three or four miles north of .Anaheim. When the base was 
located in 1886 no suclt town was in existence; it has now some 2,500 inhabitants. Another thriv
ing town, still nearer the line of the base than Whittier, is Fullerton, built up entirely since 1886. 

Towards Southeast Base the soi.I, which for some distance from Northwest Base is alkaline, 
grows better and more adapted for agricultural purposes. The land which is not inclose<l and 
cultivated bears a heavy crop of natural grasses and wild mnstard. The mustard staljrs are from 
eight w ten feet high, giving ample evidence of the fertility of the soil. 

Magnetic recordc0titinued atth,e aelfregistering magnetic station at Los .Angeles, Oalif-ornia.-.Ab· 
solute measttres of the magnetic e'lements made monthly.-Assistant R. E. Halter bas submitted a re
port of his work at the magnetic observatory, Los .Angeles, California, for the fiscal year. .At this 
station a continuous record of the variations of the magnetic elements is kept up by means of the 
Adie magnetographs, and absolute measures are made on three days of each month. 

'< 
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Near the beginning of the year seme changes were found necessary in handling the sensitive 
paper and in other parts of the routine work; these were made with satisfactory results. A new 
azimuth mark bad to be established, a house having lteen erected iu line between t11e observatory 
and the mark first employed. In January, 188ti, the lower observatory used for absolute measures 
was nearly washed away by heavy rains; this made it necessary to raise the building and the 
pier, which was done in time for the F<~bruary determinations. 

The usual semi-annual observations for scale values were made on December 29 and June 26. 
On January 6 Mr. Halter found it necessary to re-balance the vertical-force maguet, the mag

net spot being nearly off the cylinder. The scale value was again determined immediately after
wards. 

During the month of October the clock was stopped by a mole or gopher, and seven hours' 
record was lost, and 011 t:he 17th of May tile vertical force lamp was extinguished by a uird or a 
bat, a11d one hour's record was lost. Ou June 12 the winding cord caught in the pemlulum of 
the clock, and seven hours' record wa.s lost. Hence the total loss of recoril during the year was 
fourteen hours of the unifilar, fourtee11 hours of the bifilar, and fifteen hours of the vertical force. 
The development of the traces throughout the year was remarkably good. 

Absolute measures of the magnetic declination, dip, and intensity were made regularly on 
the 14th, 15th, and 16th of each month without interruption. Observations for time were made 
on the 1st of each month, or as soon after as possible. The records, computations, and duplicates 
were kept up t;o date, and forwarded eYery month to the Office. 

In the routine work and with the records Mr. Halter was assistell b;y Mr. W. r. Miles. 
For the fiscal year the statistics are : 

Number of observations for time .... _ ........... _................... .. 384 
Number of observations for temperature .................... _ ......... 4, 750 
Number of unifilar hourly scale readings ...... _ .•........... _ . . . . . . . . . . 8, 7 4G 
Number of bifilar hourly scale readings ...... _ ............. - .......... 8, 7 J(i 
Number of vertical force hourly scale readings ...... _ .......... _ ........ S, 745 
Number of observations for absolute declination. __ .. _ .. _ .. _. _. _ ........ 1, 440 
Number of observations for absolute intensity .. _ ........... - - .. - ...... - 1, 584 
Number of observatio11s for absolute dip ....... _ . . . . . . . ....... -... - - . - . 3, 580 
Number of observations for azimuth ........... - ............... - . . . . . . . 32 
Number of observations for scale values of bifilar aud vc1·tical force magnets. 882 

Tertiary tria1igulati<>n and topography on the soitth coa,st of OaUfornia.-An abstract was given in 
the last annual report of the work of the party in charge of .Assistant Stel1man Forney on the south 
coast of California in advancing the topographical surve_y on that coast towards San Simeon Ba~·. 

A junction ha Ying been effected with .Assistant Rockwell's survey at San Simeon about the 
beginning of the fiscal year, Mr. Forney moved his party and camp to San Carpoforo Creek, tbe 
western terminus of Mr. Rockwell's work, and took up a tertiary-triangulation which be carded 
westward. t-0 Cape Sau Martin, connecting it also with the primary triangulation stations Rocky 
Butte, Cone Peak, and Santa Lucia. At the two stations last named he erected large signals. 

By December 22 he had completed the topography of the coast to tbe limits of the first plaue
ta.ble sheet as far west as Buckeye Caiion. Field operations were then suspended for the season. 

The statistics are : 
For the triangulation : 

N um~r of stations occupied. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Number of signals erected.............................................. 17 
Number of points observed upon . . . . . . . • • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 22 

For the topography : 
Number of miles of shore-line surveyed .............••.......... - . . . . . . . . 7 
Number of miles of roads surveyed . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • • • . . 29 
Number of miles of creeks surveyed •...•.........•...........•••.••.... · . 32 
Number of miles of fencing . . . ..• . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . 51 
N nmber of miles of trails .................. _ . . . . . . . . • • . • . . . . . . . . . . • . . . . . 12 
Area (approximate) surveyed in square miles .••....•....•...•• · · · • • • • · · • 29 
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During the remainder of the winter and until the end of A1iril, 1888, Mr. Forney was engaged 
in completing his records and in tracing aml inking his topographical sheets. Having receiveu 
instructions to resume field-work, he left Sa.n Francisco l\fay 1 and proceeded to Cambria, San 
Luis Obispo County, where he organized his party and took up tile extension of the coast triangn la
tion northwestward from the line China Gulcl1-Yellow Ilill to the line San Martin Top-Alder Top, 
and the topograpl1y from the mouth of the San Oarpoforo Creek northwestward to Villa Canon. 
The wor-k involved the erection of large signals at twel\e stations of the triangulation close to the 
coast, and at two stations, Rocky Butte an<l Sa11ta J,ucia, of the main triaugnlation. In putting 
up these signals much time aud hard labor wai\ spent, tJie country being rough and transportation 
difficult. In compliance with iustructions the contour curYes for the toyography were carried to 
tl1e summits of' the coast range, which niried iu distance from the ocean between one and a half 
and four miles. 

Ou June 17 and 20 1\Ir. Forney determined the positions of two sunken rocks in Twin Peak 
Bay. 

The topographical sheet upon which lie was occupied at the close of the fiscal year included the 
ricll gold mines discovered a year ago, yieldiug three tons of ore per day, each ton producing gold 
t-0 the \'alue of $600. Otber mines have bee11 opened in the vicinity, hut luwe not as yet proved 
productive. This mining region is on Alder and "rillow creeks, antl extenlls from the ocean to 
the summit of the coast range. 

In Villa Cafion there is a fiue grove of silYer fir trees, coveriug about fifty acres of ground, 
and containing about two thousand trees. Some of these are two hundred fod in height and four 
feet in diameter at the base. 

i?urtlter report of the progress of Mr. :Forne.'·'s work will be made in the next annual ,-olume . 
.M1 John Nelson re1Hlered efficient S('rvfoc as aid in tbe party. 

For the fiscal year tbe statistics are as follows : 

Triangulation : 
Area of, in square statute miles. _ ...... _ .. _ .... _ .... _ . __ ... _ ... _ .... _ .. _ 130 
Number of signal poles erected ... __ . _ . _ .... _. __ .. __ . _ . _ .. _ ...... ___ .. 37 
Number of stations occupied for horizontal me.asureR _ ... _ .. __ . _. _. _ _ _ _ _ _ _ :!~ 

Number of geograpl!ical positions determined. _____ . _. _ ........ _ ... __ .... 27 

Topography: 
Area sun•eye<l, in square statute miles-_._ .... _ ... ____ ._._. __ ._._._._.... 30 
Length of general coast, in statute miles_... . . __ .... _. _ ... ___ .... _. __ .. 10 
Length of shore-line of creeks, in statute miles ... , .. __ . __ .. _ ...... _ .. __ . . 34 
r .. ength of roads, in statute miles .......... _ .. _ ....... _ . _ .... __ .... _ . __ . . 24 
Number of topographic sheets finished .... _ .. _ .. _ ..... _ ......... _. _ .. _. _ 2 

These sheets were upon a scale of 1-10000, the first extending from tlrn mouth of Santa Rosa 
Oreek to Sau Simeon Bay, and the second from the mouth of San Oar11oforo Creek to White Rock 
No. 2, south coast of California. 

General charge <>f the land 1vork upon the Pacific coast; the main triangi1lation of southern Oal
ijor-Iiia; inspection of field parties, etc.-During the fiscal year Assistant George Davidsou con
tinued in general charge of the land work upon the Pacific coast, and bas reported upon the 
progress of the several classes of operations incidental to and inclnde(l in that assignment. Ile 
has furnished to the Superintendent general plans for the work of the coming fiscal year for the 
land parties, and has supplemented the instructions of the Superintendent by detailed instruc
tions wbere it was deemed necessary. He has examined and report.ed upon the estimates of the 
llifferent parties, and commends the efforts made by their several chiefs to reduce expenses to a 
minimum. 

The summarized statements which follow relate to the various operations executed by Mr. Da
vidson or under his direction. 

Oc01l1>ation <>fa station in continuation of the prima.ry triangulation of so"thern California.-The 
immediate charge of the party organized for the continuation of the primary triangulation of 
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southern California was assigned by l\Ir. Davidson to Assistant James S. Lawson, aided by Sub
assistants P.A. Welker and Fremont Morse. 

The station selected for occupation was Macho, one of the stations connecting the coast series 
with the transcontinental triangulation, and necessarily one in the main series that will be devel
oped eventually over the great valley of California. The mountain is in the eastern flank of the 
Mount Diablo range, and overlooks the San Joaquin Valley. It lies thirty miles southeast of the 
town of Livermore, and is reached by wagon and by pack-animals over a rough road. 

· On the 22d of July, 1887, a lower camp was established in the l\laeho Canon; a temporary 
stable for the pack-animals made, a trail up the mountain laid out, and as rapidly as possible the 
party and instruments were brought up to the station, which has an elevation of nearly 4,000 feet 
above the sea. 

The piers for the theodolite and meridian instrument were made of concrete, and both were set 
up within the observatory, a wooden building with canvas roof. As the arrangements for observ
ing approached completion Mr. Walker was sent to post beliotropers. At each of the stations 
Round Top and Conness, on account of their great height and difficulty ot access, it was deemed 
advisable to have two heliotro1rnrs stationed. Unfortunately, the first set of heliotropers deserted 
their posts a few days after being stationed, and a second set had to be sent. Assistant L. A. 
Sengteller performed this duty. At the stations Toro, Sierra Morena, Diablo, and Tamalpais, Mr. 
Charles B. Hill, who was familiar with the locality, posted the heliotropers. 

For the observations at l\Iacbo the statistics reported are as follows : 
Horizontal directions.-These measures were made with the _twenty-inch theodolite No. 115, 

using it in twenty-three positions; they were begun August 19 and finished October 30. Twek~ 

bundrell and forty.five observations were made on ele•en objects, in connection with sixty-one hun
dred and .fifty-six readings of the ocular micrometer, the value of which was determined. The ob
jects observed were eight heliotropes at stations of the triangulation, one direction mark, and 
the two domes of the Lick Observatory, on Mount Hamilton. Eight secondary readings (singJe 
pointings) were made ou peaks in tbe Hamilton Hauge, to the north and south of the Lick Obser
vatory. 

Vertical angles.-These were obsen·ed on twenty-one days on sixteen objects by eleven hun
dred and eighty observations. Seven of the o~jeets were heliotropes; the instrument used was 
the Gambey vertical circle No. 137. 

Time.-The errors and rates of the chronometer, John Hutton, No. 207, which was used in 
all of the astronomical work at the station, were determined by observations on eight stars on 
twenty-three riights. 

Latitude.-For determinations, both of time and latitude, meridian instrument No. 16 was 
used. For latitude, observations were made on twenty-seven pairs of stars on seven nights. 
Three hundred aud eighteen observations upon a Ursre Minoris were taken on six nigh~s for value 
of micromet.er . 

.Azimuth.-Observations fur azimuth were made with the theodolite in the same twenty-three 
positions as for horizontal direction, a Ursm Minoris being taken in twenty-two positions aml 
o Ursre Minoris in six positions on twenty-two nights. In each position, ten pointings (five direct 
and five reversed) were made upon the mark and twelve upon the star, five hundred and thirty 
observations being taken. 

Magnetic observations.-Determinations of the magnetic declination and horizontal intensity 
were made, for the former on four days and for the latter on three. After closing field-work at 
Macho, the standard magnetic station near the Presidio, San Francisco, was occupied. Obser
vations for the declination and horizontal intensity were made on five days and for dip on two 
days. 

The line from Macho to Mount Toro passed so close to the crest of the Hamilton Ridge, about 
two miles south aml east of the Lick Observatory, that the heliotrope at Toro, when no refraction 
existed, showed through small oak trees and busbeB. It was necessary, therefore, to remove the 
trees and open an avenue. At times very large r~frttction was noted on this line, the heliotrope 
at Toro appearing twice the height of the ta.IleAt trees above the ground. 

An~Jntensely smoky condition of the atmosphere prevailed in a.11 directions, dne ro fires 
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ranging over many square mileR, not only in forests, but through agricultural districts, and caus
ing great destruction. The Rmoke from tllese fires was at times so dense that only the faintest 
outline of ridges barely half a mile distant could be seen, and it rose to an elevation far above the 
line of sight to the Sierras. 

After completing tlie field-work on October 30 the party was disbanded, and Mr. Lawson 
proceeded to San Francisco, where he completed his records and computations and placed them 
in the hands of Assistant Da>idsou for transmittal to \Yasl1ington. In this duty he had the, aid 
of Mr. Morse. On November 7 Mr. Welker was detached and instructed to report for duty to 
Assistant Sengteller. 

Mr. Lawson expresses himself as indebted for >ery effective assistance to Messrs. Welker and 
Morse in all of the operations of the seaso11. 

Observations for the latitude of tlte Lafayette Park Station, San Francisco, in connection with the 
main triangulation.-The astronomical and telegraphic longitude station at Lafayette Park, San 
Francisco, was occu1lied for the obt;ervation of its latitude, in connection with the main triangula
tion. It was important, m01'eover, to know wl1ether there existed at this station a different station 
error from that found at the Presidio astronomical station and Telegra1>h Hill latitude station, the 
Lafayette Park observatory lrnviug been adoptetl as Hie primary telegraphic longitude station for 
the Pacific coast. It is also the vrimary 11Cndulum station for that. coast. 

It bad been intended by Mr. Da>idson to occupy the station for this work in October, and be 
11repare<1 n large list-Of stars for it, but otber pressiug duties preve11ted bis beginning the observa
tions till .January, 1888, wben he took it up with the aid of Assistant Lawson, and at times with 

. that of Subassistant Morse. 
The instrument used was the old zenith telescope No. 1. For time, observations were made 

with tmusit instrnmeut No. 3. Tue value of the zenith telescope micrometer ,was determined on 
1lve nigl1ts hy eight sets of observations 011 Polaris at western elongation and on B. A. 0. 4165 at 
eastern elongation. Each serieli extended through thirty-three Lalf-turus of the micrometer screw, 
aucl olJscrrntious were made at the quarter-turns to determine the mechanical defects of the 
sllouldrr and collar of the screw-hearing. 

Collimator observations for value of the level scale in terms of the micrometer were made on 
three days. 

The statistics of the work are: 

Latitude: 
Number of pairs of stars observed ..... _................................ 35 
Number of uigl1ts, a\·erage. _. _. _ .... _ .............. __ .................. 8 
Whole number of observations . _ .. - .. _. _ ................ _ ............. 595 

Time: 
Number of stars observed ..•. _ ..... _. ____ . _ .. ___ . . . . . . . . . . . . . . • . . . . . . . . 24 
Number of nights of observatiou. ___ . _ ........ _ .... ___ ,................. 21 
Number of observations ....... __ - _ ......... _. ___ .. _. _ ..... _. _ .... _ ..... 108 

Ocetlpation of tlw station Pre.vidio of San Francisco for rnaqne!ic obseriw.tions.-Mention has 
already been made of tl1e magnetic determinations at the primary triangulation station Macho and 
subsequently at the station Presidio of San I<'rancisco. At this last-named station, where Assist
ant Davidson hegan the Pacific coast series of magnetic observations in 1852, be had observations 
made by Subassistant Morse on five days in November, 1887, for declination and horizontal in
teni;ity, and ou two days for dip. And again, by the same officer, in May, 1888, the declination, 
horizontal intensity, and dip were observed on four days, the object being to maintain a close 
watch for the epoch of maximum eastern Yariation. 

The observations, whicL are very consistent, indicate tltat the epoch is very near at hand. 
In th_is connection. Mr. J?a':idso~ refers to l1is official com1.nunication of his discovery of a.Jval

uahle series of magnetw vanat1ons 111 au old volume of Spamsh explorations, in which were con· 
tairn~l observations by the sl1ip Duchess of Pontchartrain, in 1714, at nine locations between Gnada· 
lupe Island and Cape Corrient.es. He has caUed attention also to the valuable series of magnetic 
observations girnn in Dudley's "..Arcano deJ Mare," 1647, embracing the ..Atlantic coast, Gulf of 
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Mexico, and Pacific coast. Later, he found in the original charts of Dudley magnetic observations 
by Drake (1579) and by other authorities, and communicated them to the Superintendent. 

Under the heading" Sub-office at San Francisco" a summary is given of the duties involved 
in t!N cbaPge of that suli-office, which has been, as heretofore, with Mr. Davidson. 

Tidal record cont-i1med at tke automatic tidal station at Saucelito, San Francisco Bay, California.
Assistant Davidson bas continued in charge of the Saucelito automatic tidal station, and has 
attemled to all the tabulations and sl1eets, examining the latter throughout before transmitting them 
to the Office. The bench-mark reference to the zero of the staff has been re-examined by Mr. 
Westdahl, who makes monthly visits of inspection. Since Mr. Charles B. Hill resigned to accept 
a position at the Lick Observatory, Mr. Davidson bas made the observations at the Lafayette Park 
station for error of the tidal chronometer. By authority of the Superintendent he furnished to Ool. 
George H. Mendell, U. S. Engineers, the half-hourly readings of the tide-gauge for two and a half 
months for the reduction of his soundings in the bay of San Francisco. Mr. Emmet Gray remains 
as the observer at Saucelito. The record which he keeps up is of standard excellence. 

Exchanges of telegra]Jhic signals for lo1igitude beticeen San Francisco, California, mul Portland, 
Oregon.-Reference was made in the last annual report to the occupation of the Lafayette Park 
Station, San Francisco, by the longitude 11arties, and the progress of the telegraphic exchanges 
for longitude between San Francisco and Salt Lake and San Francisco and Portland, Oregon, was 
stated up to the close of the fiscal year. 

On July 1, 1887, Assistant 0. H. Sinclair, being in charge of operations at San Francisco, 
and Assistant Edwin Smith at Portland, three nights of exchanges of longitude signals had been 
obtained. Two more were required, and these were obtained July 5 and July 8, after which the 
observers exchanged statiorn;, and with Mr. Smith at San Francisco and Mr. Sinclair at Portland, 
the determination was completed by the exchange of longitude signals on the nights of July 18, 
Augustl2, 16, 18, and 19. The unusual length of time occupied in getting these five nights was due 
to very unfattorable weather at San Francisco chiefly, but partly at Portland also, and to difficulty 
with the t-0legraph lines. 

During July Mr. Sinclair determined the latitude of his station on six nights, making 
one hundred and thirteen observations on twenty-three pairs of stars. 'l'he value of the micro
meter of zenith telescope No. 2 was found by observations of e and o Ursro Minoris at upper eul
mimition. 

It had been planned to take up the determination of a number of stations to the north of Port
land, but this being deemed inadvisable on account of the lateness of the season, it was decided 
to take up the lines Portland-Walla Walla, Washington Territory, and ·walla Walla-Salt Lake 
City. 

A. report of the progress of these longitude exchanges will be found under hea{lings in Sec
tions XI and XVI. 

Determinations of gravity at San Francisco and at Mount Hamilton, Oalifornia.-In the annual 
report for the preceding fiscal year an account was given of the progress of the observations for 
latitude and determinations of gravity made by· Subassistant E. D. Preston on the Hawaiian Isl
ands, at the request of the Hawaiian Government and by special assignment with the approval of 
the Secretary of the Treasury. ,. 

Under the beading ''Special operations," towards the close of this volume, the fu.rther prog
ress of that work is reported up to date of its completion, August 30, 1887, when Mr. Preston's 
connection with the Hawaiian Government ceased, and he sailed for San Francisco. 

Having arrived at that port September 6, Mr. Preston resumed his service with the Coast and 
Geodetic Survey, and on the next day began preparations for the comparative determinations of 
gravity needed to supplement those made on the Hawaiian Islands. The first station occupied was 
in the pendulum-house in Lafayette Park. Some few days' delay was caused by the necessity 
of passing the instruments through the custom.house and of refitting the pendulum sta:i:td, which 
had become warped from disuse. Obserrntions were begun September 12. 

Mr. Preston acknowledges the effieient aid received from Mr. C. B. Hill, who was assigned to 
him for this duty through the kindness of Assistant Davidson. Mr. Hill bad experience in the 
work, having taken part in the pendulum ex{Mlriments of 1883, and with his help the swinging went . 
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on uninterruptedly night and day from the beginning to the eml of the series, each observer 
taking eight hours' obseHations followed by eight hours' rest. At Lafayette Park the Ia.st swing 
was made September 21. 

After dismounting the instruments and forwimling them to Mount Hamilton, arrangements 
were completed with the Director and Trustees of the Iiick Obsen·atory for the occupation of a sta· 
tion there. -Before leaving San FmucJ.sco, barometer and thermometer comparisons were made, 
zero points determined, the records were duplicated, aml the chronograph sheets read. These 
duties, with soml~ miscellaneous office-work, occupied the time until October 9, on which day Mr. 
Preston left for San Jose, and the next <la~· reached the Lick Obser\·atory. Preparations for the 
pendulum swings were at once begun, and on the 13th instant the first observations were made. 
No assistance beiug available for continuous work day and night here as at San Francisco, the 
series proper, that is, twelve hours' observations per day, occupied Mr. Preston's time from 6 a. ru. 
to about 7 p. m. daily. From 8 p. rn. till miunight Mr. J. E. Keeler, assistant in the observatory, 
who had volunteered to aid in the work, with the approval of the Director, Prof. E. S. Holden, 
made one swing, and duriug this period ob.sened the usual stars for time. The clock corrections 
furnished by the obserrntor.r, it need hardly be said, left nothing to be desired. 

Obsen·ations were finished October 27, and, after dismounting the instruments and sending 
them to San .Francisco, tlley were forwarded Nonmber 1 to \\'ashington. On December 7, in 
accordance with instructions, Mr. Preston arrived in 'Vashington, and took up pendulum expel'i· 
ments at the gra\·ity station at the Smithsonian Institution. Heference to this work, in which be 
had the aid of Assistant J. B. Baylor, is made under a heading in Section III. 

Resurvey of Suis1tn Bay and tributaric.~, California.-In continuation of the resurvey of Suisun 
Bay aud its tributaries, which, as stated in the last annual report, had been brought t.o a close 
April 19, 1887, by the exhaustion of the appropriation, Assistant r~ouis A. Sengteller was direeted 
on September 12, 1887, to organize a party and report to Assistant George Davidson for detailed 
instructions. 

Pending the appro\'al of his estimates, be took the field as directed early in October, and hav
ing recovered aud relmilt the ueceissar.r i,;ignals for the triangulation, as also the topographical sig
nals reqnisitc, he prosecuted the resurvey till February 2, 1888. At this date, owing to the heavy 
rains wl.iich had maue the roads practically impassable, it was deemed advisable to close field 
operations. 

The work bad included the shore-line of Suisun Bay from the mouth of Montezuma Creek to 
the head of the bay; thence, passiug the mouths of Grizzly Slough and Roaring River, to t,he 
passage bounded by Hyers and Simmons or Eads Islands, as also all the tributaries emptying into 
the bay or streams abow~ mentioned. It was further developed from ahoutone mile northwardly of 
Collinl'ldlle to the northwestward, so as to include Montezuma Creek arnl stream8 emptying therein 
from Grizzly !Rlaud and the main shore. The marsh ancl main shore-lines, and such detail beyond 
the latter as was found upon the old published chart or included within the area of projection fur
nishe<l b;y the Office, were redetermined, or such portion thereof as was deemed of value to the 
resurvey. 

For the triaugulation which was needed to insure the topographical accuracy of so extended 
an area, the points selected were as far as practicable such structures as house-chimneys, cupolas, or 
gables, rapid of determination and conspicuous by their height. 

After disbanding bis field party, Mr. Sengteller took up the inking and tracing of bis plane· 
table sheets, and was thus occupied until March 16, when he received telegraphic instructions from 
the Superintendent to resume field duty, as also detailed instructions from Assistant Davfdson. 

Ilaving then re-organized his party, he resumed plane-table work March 27. At the end of 
the fiscal year the resurvey of Sui&un Bay and its trilmtaries was still in progress, and it was ex• 
pected would be completed in a few weeks. G l' to June 30 the work accomplished included the 
shore-line of the bay, beginning about two miles nortbwardly from Benicia, up to and passing the 
mouth of Suisun Creek to the mouth of Montezuma Creek, where connection was made with work 
already done. The shore-lines of Cordelia, Suisun, Montezuma., and Nour&6 Oree.ks or Sloughs were 
surveyed to their heads of navigation. 
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For the :fiscal year the statistics a.re : 
Triangulation : 

Area of, in square statute miles. - ......... - ............. - ..•.. __ . __ .. _. 65 
Number of signal poles erected._ - . - ........... : .. ____ . __ .. __ .. ___ .. _ _ _ 22 
Number of stations occupied for liorizontal measures .. _. _............... 13 
Number of geographical positions determined ...... _._ .. ___ ._ ....... _.. 18 

Topography: 
Area surveyed, in square statute miles _ . __ .................. _ .. _ ... _.. 58 
Length of shore-line (Suisun Bay), in statute miles _. _ .. _ ......... _. __ ... 20 
J_,ength of shore-line of creeks, in statute miles . . . . . _ _ .... __ ... _..... . 290 
Length of shore-line of ponds, in statute miles._ .... _: ... _._ ......... _.. 2 
Length of lines of tule and marsh, marsh and main shores._ ... ___ ... _ . . . 64 
Length of roads, in statute miles ... ______ . ____ ... _____ .. _ ........ _: __ . 81 
Length of dikes and ditches, in statute miles. __ .. __ . ____________ . _ .. __ . 109 

Mr. Sengteller observes that the immediate shores of the bay and streams over which his sur
vey was carried are practically of one character, being in the main composed of a line of tule (or 
bulrush) generally well defined and gradually encroaching upon former water-ways, and in many 
instances quite rapidly. This be found to be particularly noticeable along the shores forming the 
bead of Suisun Bay, including the embouc}lureB of Suisun, Montezuma, and Grizzly Sloughs, and 
Roaring River. Grizzly Slough, which was formerly, and within twenty years, frequented by light
draught steamers, and bad a width of from one hundred to one hundred and fifty meters, is now in 
many p1aces fordable, while at its mouth the tule has advanced one mile into the bay. 

Sub-assistant P.A. Welker joined the party November 9, and served with great acceptance 
till January JO, when he was ordered to other duty. Mr. C. M. Allen reported for duty as tempo
rary recorder March 23, and was still in service at the close of the fiscal year. 

Resurvey of Eel Ri1:er entrance and of Salt River, California.-EeI River, which is the natural 
out.let to the southern part of Humboldt County, California, was surveyed in 1869-'70, by Assistant 
A. F. Rodgers, but owing to the great changes that had taken place at the mouth of tlle river 
since that date, and the rapid development of the trade and commerce of southern Humboldt, a 
resurvey was demanded which should include the river from its entrance to a poiut about a mile 
and three-quarters above, and the whole of Salt River to Port Kenyon, the present shipping point 
for this region. 

Instructions for this work having been issued to Assistant George Davidson in February, 
1888, he directed Mr. Ferdinand W estdahl to make a preliminary examination of the locality and 
report upon the extent of the survey that would be desirable. Early in March, the plans for tlle 
work having been decided upon, Mr. Westdahl proceeded to the mouth of Eel River and began a 
search for the triangulation points of 18.-0. Although most of them had been llestroyed, enough 
were found to determine additional ones and carry the work forward. The banks of Salt River 
had been 11urveyed in 1869 only as far as its junction with Centreville Slough, but as Port Kenyon 
lies nearly two miles higher up, the topography was carried up to and beyond Port Kenyou. A 
portion of the north and south points of Eel River entrance was also resurveyed. 

After the topography was finished soundings were obtained ou the bar and in the entrance, 
and the two rh·ers were sounded out to the limits of the topographical survey. The soundings 
were referred to a plane of reference derived from the mean of the lower low waters of twenty· 
seven days' observations at a tide-gauge established at the Shingle Mill Wharf, near the mouth of 
Salt River. 

The results of the survey, both topographic and hydrographic, are shown on one projection, 
scale 1-20000, which has been deposited in the archives. With it Mr. Westdahl has submitted a 
full descriptive report of the work, which occupied him from March 12 to April 3. 

Referring to the peculiarities of the streams aud sloughs surveyed, he observes that Eel River 
is a very long stream, and in period of freshets carries a. large body of water to the sea. Its delta 
extends from Table Bluff on the north to the hills back of Centreville on the south, a distance of 
eight miles, and rea.ches inland to the first great bend, some nine or ten miles to the ocean. In times 

B. Ex.22--5 
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past, the river has formed this low land and its old channels still remain as sloughs. Some of 
these have entirely dried up, but can be readily traced in driving across the country. The prin
cipal slough to the southward of the river is called Salt River. It is connected with Eel River, 
about nine miles from the st>a, only in periods of freshets, when the waters of the latter river run 
into it by several small channels too 8hallow to admit the immense drift logs and snags which 
abound in Eel River. Salt Ri\·er is, therefore, comparatively deep and free from snags and offers 
better facilities for shipping than the main river. Landings l1ave been attempted on Eel River, 
but the steamers lose their propellers by coming in contact with sunken snags. 

During the last thirty.fiYe years the location of the entrance to Eel River bas varied from a little 
south of its present position to about two miles to the northward. The tendency of the river 
during freshets or after the first rains of the fall is to break straight out opposite its mouth; as the 
river current becomes less voluminous, the south point keeps advancing to the northward and 
forcing the north point in the same direction, but with a continually narrowing opening between 
them. This advance t-0 the northward, Mr. Westdabl obserYcs, is 110 doubt caused in part by the 
general movement of the sand to the northward by the inshore eddy current, but it is also mate
rially assisted by the shape of the junction of Salt River with Eel River. The former is at all 
tim(\S a tidal stream, almoi.;t equall;y active throughout the ;year, and its ebb current meets the Eel 
River current at right angles close under the south point of entrance, thereby tending to prolong 
the point. 

Mr. \Yestdahl's report presents many statements of local interest with regard to the great 
progress of the region during the last ten or fifteen years, with tables showing· ti.Jc present value of 
its prnducts, and suggestions for works of construction uear the entrance to Eel River, so planned 
as to accelerate and make more liermanent the present favoral>le action o~ the river itself. 

He acknowledges tbe very material assistance he received from the firm of Robarts Brothers, 
of Ferndale and Port Kenyon, in the way of personal services and supply of means of transporta
tion. 

Upon returning to San Francisco, after having reduced and plotted his soundings and inked 
his sheets of survey, Mr. W estdahl resumed his regular duties in the Sub-office. 

SECTION XI. 

OREGON AND WASIIINGTON TERRITORY, INCLUDING COAST, INTERIOR DAYS AND SOUNDS, PORTS, 
AND RIVERS. (SKETCHES Nos. 2, 11, 12, 17, am! l~.) 

Completion of the topographical reconnaissance of the coast of Oregon front Yaquina Bay t11 
Cape Orford, an<l thence to Cape Sebastian.-At the beginning of the fiscal _year .Assistant E. F. 
Dickins had bee11 in the field since tlkc cud of May, engaged in a topographical reconnaissance of 
the coast of Oregon between Cape 0.rford (formerly known as Cape Blanco) and the mouth of the 
Yaquimt l~iver. As stated in the last annual report, be had tinislrnd nearly one-lialf of this recon
naissance July I, 1887, having at that date reached Heceta Head, ou his way clown the coast 
from Yaquiua. Entrance. 

Inteuded to delineate the outline of the coast and its characteristic features, the plane-table 
sheets upon whieh tlkc results of the work were to be shown were laid out upon a scale of 
1-40000. The reconuaissancc was pushed forward at every opportunity available, and by October 
22 had been completed, covering five topographical sheets. These have siuce been forwarded to 
the Office, accompanied by a full descriptive report, in which J\fr. Dickins makes note of the pecul
iarities of each portion of his survey, naming the towns arnl settlenwuts, their means of commnni· 
catio11, tlie facilities for navigation and tbe dangers thereto, and stating the distincti,·c topo
graphical features of the coast line. The Yalue of this report is much enhanced by eighteen views 
of capes, bead-lauds, and entrances included within the limits of survey. 

At Blacklock Poiut (formerly Rocky Point) a connection was made with the topography 
execuh'd by tl1e part.)· of .Assistant Chase in 1869. Mr. Dickins checked the direction of bi.s 
coast-line by obserYatious on the sun for azimuth, at suitable intervals; approximate (}etermina.· 
tious were made also of time and latitude. 
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During the winter Mr. Dickins was occupied in bringing up the results of his field-work, and 
towards the end of March, 1888, was instructed to make a topographical reconnaissance from the 
limits of the topography at Cape Orford towards Cape Sebastian. 

Having re-organized his party at as early a date as was desirable for the work contt>mplated, 
he left San Francisco on May 12, and proceeded by way of Empire. City, Oregon, to Bandon, Koos 
County, on the Coquille River, where he procured saddle and pack horses, and pushed forward w 
Port Orford, arri\'ing there May 24. The reconnaissance was immediately begun, but during June 
was greatly retarded by bad weather, sixteen rainy days occurring during that month. Tbe party 
succeeded, however, in making fair progress over a very rough and rugged coast, and by June 30 
bad reached the mouth of the Rogue River. 

The statistics of :field-work for the fiscal year are as follows: 

Topographical reconnaissance: 
Area of, in square statute miles (approximate) _..................... 70 
Length of ocean shore-line, in statute miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Length of shore-line of creeks and rivers, in statute miles...... . . . . . . . • • • • . 40 
Length of roads, in statute miles...... • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Time, latitude and azimuth : 
Number of stations occupied. . . . . . . . . . . . . . . . . . . . . • . . . . • .. . . . . . . . . . . . . . . . 3 

Completion of the topographical reconnaissance of tlie coast of Oregon between Yaquina River 
and Tillamook Bay.-Examination of sites for light-houses at Cape Lookout and Cape Meares.-At 
the end of June, 1887, as stated in the last annual report, the topographical reconnaissance of the 
coast of Oregon between Yaquina !liver and Tillamook Bay, which had been committed to the 
charge of Assistant Cleveland Rockwell, had reached Cascade Head. From this point the work 
made good progress during the remainder of the season, and was finished August 8 on Tillamook 
Beach. 

The general direction of the coast shown upon the topographical sheet is straight, and about 
west-northwest magnetic. Its topographical features are very broken and complex. The highest 
summits of the Coast Range of mountains are not shown upon the sheet, as they are from twelve to 
twenty miles back from the ocean shores. The most prominent topographical and geological feat· 
ures are the great transverse spur ending in Cascade Head; the high basaltic mm;s, terminating 
in the long trap dike of Cape Lookout, and the isolated mass of hills ending in Cape Meares. 

Mr. Rockwell has submitted full descriptive reports of the localities of bis work, accompanied 
by a note-book of sketches of prominent capes, headlands. and groups of rocks witliin the limits 
of his survey. These records, with the original topographical sheets, have been deposited in tlie 
archives. 

While prosecuting his reconnaissance he made examinations at Cape Lookout and at Cape 
Meares with reference to sites for a light-house proposed to be built at one or other of these points, 
and bas submitted a special report, with views and sketches, in which he state1:1 in detail the various 
considerations bearing upon the construction, facility of access, and arc of visibilit:r of the proposed 
light-house, and indicates Cape Lookout as a more desirable and useful llOint for the purpose than 
Cape Meares. 

During the winter, and until April 25, he was engaged on office duty, and on that date was 
instructed to report to Assistant Davidson at the Sub office in San Francisco, for dut,y iu connec
tion with the preparation for publication of the fourth edition of the Pacific Coast Pilot. 

Tekgraphic longitude determinations between Portland, Oregon, and Wcilla Walla, Washingt-On 
TerTitory, and between Walla Walla and SaU Lake City.-l>eterminations of latitude and the magnetic 
elements at Walla ll'alla.-Reference has been made under a heading in Section X in this volume, 
to the progress of the work of the longitude parties on the Pacific slope in 1887 under the direction 
of Assistants Edwin Smith and C. H. Sinclair. 

Exchanges of signals for longitude having been completed towards the end of August between 
Portland, Oregon, and San Francisco, Mr. Smith proceeded to Portland, and Mr. Sinclair to W a.Ila. 
Walla., Washingron Territory, where be established a istation in the grounds of the Court-house. 

Determinations of the difference of longitude Portland-Walla. Walla were made on the nights 
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of Septemller 5, G, 9, 10, and 13, after which the ollservers changed places, and a Becond series of 
exchanges was obtained on the nights of September 15, 161 19, 21, and 23, completing the deter
mination. 

Ou four days in this month Mr. Smitl.1 made observations to determine the magnetic declina
tion, dip, and horizontal and total force at ·walla "\Valla. 

The longitude determiuation, Walla "Walla-Salt Lake City, was taken up towards the end of 
Septemller, Mr. Sinclair occupying tlrn i;tatio11 at Walla "Walla, aud Mr. Smith the station in 
Temple Block, Salt Lnke City. In this position of tl1e observers, lougitadc signals were exchanged 
on the nights of September 28, October 1, 4, 8, 11, and 12. 

At Walla ·wana the latitude of the station was determiued by Mr. Sicclair with trausit No. 6, 
l>y obsening twe11ty })airs of stars on fiye nights. For value of the micrometer, observations were 
made on 25 Camelopardalis at lower culmination. 

The obsC'ners havilig exclim1gC'd places, 1110 longitude (•xchanges needed to finish the deter
mination of the line "\Valla Walla-Salt Lake City, were obtained on the nights of October 16, 17, 
19, 20, 21, and 22, after which field-work was closed. 

Preliminary computations sLow a i;atisfactory closing of the telegraphic circuit, Salt Lake 
Oit;r-San Francisco-Portland-Walla ·walla-Salt J .. ake Uity. 

Determinations of longitude by c.rchm1ge.~ of telegraphic signals between Yaquina and Portland, 
Oregon, and bcticetn I'ortlanr1 and Seattle, ·washing/on Territnry.-Observations for latitude and the 
magnetic elements at raqil'ina, and for the magnetic elements at I'ortland.-Eariy in April, 1888, 
Assistant Edwin Smith, having been relie,·ed from duty at the Office, was instructed to coutinue 
the detcrmiuntion of gcGgrapbical positions on tbe Pacific slope, as soon as the new transit instru
ments tl1en under construction in the office could be finio;hed. Subassistant R. A. Marr was at 
the same time directed to report to him to take charge of the co-operating party, and, in order to 
advance tlie work, proceeded to Yaquina, Benton County, Oregon, to get that station ready and 
obsenc for latitude aud for tlrn magnetic decliI~atiou, dip, and intensity. 

The longitm1c of Yaquina was to be determined by exchanges of telegraphic signals with Port
land, Oregon. l\Ir. Smith !Pft "\Vashington May 4, after seeing to the completion of the new tran
RitR, and reaC"lied Portland l\lay 10. At that station tlie weather during the month of May was 
very favorable, hut at YaquiI1a quite the reverse. Towards tbe end of May the weather :it Port
land beenmc unfaYombk, mid after three nights successful exclianges had been obtained, May 21, 
27, and June 4, it was deemed alhisable not to attempt a second series of exchauges with change 
of stations by tlie observers. 

The line, Portlaml-Seattle, \Vashington Territory, was then taken up, Mr. Smith going to 
Seattle and Mr. Marr to Portland. 

At Seattle tbe i.-;tation established iu 1886 in the grounds of the University b;y Assistaut Gilbert 
was found to he in good condition. The two parties were ready for exchange of longitude signals 
June 11. The successful nights of exchange were June 12, 21, 221 and 24; after which the observers 
changed places, and in their new positions four more exchanges were obtained on the uights of 
Juue !W, 28, and !.lO, and Jul;\· 5. 

In addition to the longitude work, Mr. Marr obsen-ed at Yaquina for latitude and for the mag· 
netic elements, and at Port.land for the magnetic elements. A large number of observations were 
made at the three st<1tious by both observers to determine the correction for inequality of pivots of 
the new transit instruments. 

For the work accomplished up to the end of the fiscal year the statistics are: 
Latitude, longitude, and azimuth work: 

Number of latitude stations occupied ... _ . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . • . . . . . . • . . . 1 
Number of pairs of stars observed for latitude .. _ .................... _ .. _ ...... __ . 77 
Number of longitude stations, telegraphic ....... _ •.......... __ . _ ...... __ .... _.... 3 
Longitude stations, telegraphic, number of nights of excbange of signals .......••••• 10 

Magnetic work: 
Number of stat.ions occupied for observations of the magnetic declination ........ _.. 2 
Number of stations occupied for observations of the magnetic dip ..... _ ......... _ 2 
Number of stations occupied for observations of the magnetic intensity .... _ ... _ ... _ _ 2 
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Notice of additional stations occupied by the longitude parties will have place in tbe next 

annual report. 
Topographical resiwve:y of the water-front at A8toria, Oregon, and recovery and remarking of tidal 

benck-marks . ...:....Marked changes having taken place in the water front of Astoria, Or{'gon, since tile 
survey of 1868, Assistant J. F. Pratt was directed to take up a topographical resurvey of the wharf: 
lines, and in connection therewith to recover and remark the ol<l tidal bench-marks. 

Upon reaching Astoria, August 21, 1887, )fr. Pratt began a search for the four triangulation 
stations given on a tracing of the original survey. But one of these, "Shortis House," could be 
eertainly identified. "Astor Point" was, howe,-er, lornted sufficiently near for the purposes of the 
survey, and the work was oriented by these two stations. All traces of "Astoria fiag-11taff" had 
disappeared, and but a portion of the signal of" Upper Astoria" was found, the bluff:' upou which 
it was located having fallen away consideral:lly. 

About one-fourth of the city proper, including one-balf of tbe business portion, is built on piles, 
stancling over the water at high tide. Of the tl1irt~' most prominent wharves, twenty-four have 
been constructed for the use of the salmon canneries-the principal industry of Astoria. 

Mr. Pratt calls the attention to the need of a general system governing the constrnction of 
wharves projecting into navigable waters, one that would IJe applicable to many localities in Oregon 
and Washington Territory. He observes that the channel of the Columbia IUver, on the Astoria 
side, is quite nanow, and has always been dose to the shore along the water-front of tbe business 
portion of the city; it is now shoaliug in front of' wha.rves numbered 19, 20, and 21, and this, .Mr. 
Pratt thinks, is due to ihe construction of the long, projecting wharYes between those numbered 
1and19. 

While the topographical work was in progress, locations for the new bench-marks were selected, 
and all three of the old bencl1-marks wero found. The four new bench-marks were established in 
localities but little likely to be disturbed, one of them (No. 4, 1887) being a copper bolt let into a 
basaltic bowlder buried below the surface of the ground, and another {No. 5, 1887) a copper bolt 
let into one of the foundation-stones of the Clatsop County jail. Descriptions of Nos. 4 and 5 were 
furnished to the Clatsop County court., and spread upon its minutes. All of the bench-ma1ks were 
referred by careful leveling to the Coast and Geodetic Survey plane of referenee, which had been 
determined in former years by the series of observations at the self-registering tide-gauge at 
Astoria. The former tidal observer, Mr. Louis Wilson, has in operation in the warehouse of his 
firm two tide-gauges, one ot bis own construction, for indicating the roughness of the Columhia 
River Bar, and the other, of the Coast Sur·vey pattern, which he attends to for the Engineer officer 
in charge of the improvements at the mouth of the Columbia. River. Field operations were closed 
September 6. The statistics are: 

For the topography: 
Number of miles of shore-line surveyed ... _ .... _ ... _ .......... _........... 5 
Nulll:ber of mOes of wharf-line surveyed .... _ ...... _ ........... _ ...... _ .... 13 
Number of miles of streets surveyed ..... _ ................ _ ...... __ ..... _. 8 
Approximate area of survey, in square miles . . . . .. . . . . . . . • . . . . . . . . . . . . . . . . 2 

For the tidal leveling: 
Number of series of levels ....••............................... -- ··-···· 2 
Number of stations to each series ......... _ .... _ .......... _ ....... _ ..... __ 18 
Number of bench-marks determined ............ _ ......••..• _............. 7 

Soon after the completion of the work at Astoria, Mr. Pratt was instructed to resume the tri· 
angulation and topography of Saratoga Passage and vicinity. Reference to this will be again made 
under Section XI. 

Hydrographw 8urvey of Bhoalwater Bay and ita approachBll, an,d off-shore hydroyraphy between 
tltat bay and Gray's Harbor.-At the beginning of the fiscal year t11e party of Lieut. J. C. Burnett, 
U. S. N., Assistant Coast and Geodetic Survey, commanding the steamer McArtltur, bad been 
engaged in makingbydrograpbic sur>eys on the Oregon coast since early in May. On July 11, 1887, 
the inside bydrography of Shoalwater Bay was finished, aud the hydrograpby of the approaches 
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to the bay, on July 28. Lieutenant Burnett then took the steamer to Astoria for coal and stores, 
aud on Augw-it 11 began the outside hydrography between Shoalwater Bay and Gmy's Harbor. 

Forest fires were raging in the vicinity, and the atmosphere was so thick that but little 
progress could be made. During August but eight days' work could be done, and in September 
the weather was sti11 more uufavorable. Heavy gales, fog, and rain prevailed and kept the vessel 
at anchor for nearly three weeks. There being no indication of a cl1ange of weather, and it being 
the opinion of pilots and otbt>rs acqnaiuted with tlrn coast that nothing more could be accomplished 
during the season, Lieuteuaut Burnett decided to suspend further operations, and on the 10th of 
October returned to San Francisco. 

He had succee1led, however, in developing tbe twenty.fathom curve from the northward of 
Shoalwater Bay to within two miles of Gray's Ilarbor. He is convinced that for work off this 
coast the best months arc May, June, and July, with possibly a portion of August. 

At the heginniug of the season tb.e officers attaclied to the AfrA rtlmr were Ensigns W. P. 
White, .J. A. Bt>ll, and .T. L. Purcell, U. S. N.; R. I. Reid, assistant engineer, and R. "\V. Auza1, 
assistant snrgeou, U.S. N. Ensign N. S. 1\fosel~", CT. S. N., joined the party May 21, and Eusign 
J. H. OJiYer, U. S. N., July 21. Ensign W. P. White, U. S. N., was detached Jnl,y 24, aud Ensign 
J. I. ... J>urce11, U. S. N., two days later. Ensigu G. R. Slocum joined the party .August 7, and 
August 9 Ensign ,J.P. McGuinness, U.S. N. On the 18th of September a sad accident occurred. 
the upsetting of a whale-boat, by which Ensign Mosely lost his life. 

The statistics of the season's work are: 

Number of miles run in sounding............. . . . . . . . . . . . . . . . . . . . . . . . . 950 
Number of angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 010 
Number of soundings ................................................ 40, 178 

Examination of raquina Entrance, Oregon.-In accordance with instructions issued in March, 
1888, Lieutenant Burnett made an examination of the entrance to Yaquina Bay, Oregon, and 
found tlie least depth in the main channel to be 10 feet. He states that no directions can be gfren 
for entering the bay, and vessels should never attempt it without a pilot. The clianges are so 
suddt>n and frequent that the pilots will not take a vessel in or out without first sounding across 
tlie bar; this they do e\·eu if the;r had been over it but the day before. 

Upon Lieutenant Burnett's arrival off the entrance~ and while waiting for high water, he made 
frequent casts of tbe lead off-shore, hut could find no indications of a change in depths as given 
on the last published chart. 

Continuation of the triangulation and topography of Sat·atog{i Passage, and the coast and harbors in 
the vfoinity.-Immediately after closing operations at Astoria, Oregon, reference to which has been 
1rn1de under a preceding heading in this section, Assistant J. F. Pratt proceeded under instructions 
to Seattle, "\Vasbington Territory, on his way to resume the triangulation and topography of Sara
toga Passage and the waters in the vicinity. Some progress in this survey l1ad been made by Mr. 
Pratt during the summer and autumn of 1886, as is stated in the last annual report. 

More rapid means of transportation for the party, while ou the working-ground, being needed 
than were available last season, Mr. Pratt bas been authorized to tum the whale· boat belonging to 
the schooner ICukon into a steam-launch. Funds for this purpose being limited in amount, Mr. Pratt 
had himself made all the working plans and bad personally superintended and directed all the 
details of arrangement and placing tbe machinery in positio11. Aftt>r trial trips, during whieb the 
launch repeatedly made a run of sixteen miles in two hours, using as fuel drift-wood picked up on 
the beach, the rukon was gotten under way in tow of the launch October 18, and reached the 
working.ground at Holmes Harbor, Washington Territory, October 24-, 1887. 

The triangulation and topography of the harbor were begun without delay, and prosecuted to 
their completion November 8. The work was then taken up in Saratoga Passage. 

On November 10, during the paAsage of the schooner to a more favorable anchorage, an un· 
fortunate accident occurred. The steam-launch was capsized in Saratoga Passage and sunk in 
thirty.five fathoms water, and the fireman drowned. 

On account of the long distances that a great part of the work was from the most available 
ancborageti, it was not now feasible to execute the topography with no other means of transporta-
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tion than a row-boat; hence after tho loss of the launch nothing but triangulation was attempted; 
this was carried on till November 297 when the advance of the season indicated tl1at it would be 
advisable to close field operations. 

Accordipgly the Yukon was taken to Eagle Harbor, Puget Sound, where she was laid up, and 
on December 6 the party was disbanded. 

The statistics of the work are as follows: 
For the triangulation : 

Number of signals erected . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . . . • • • • • • • • • • . . • 23 
Number of stations occupied . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . 9 
Number of angles measured .......•.••.•.•.•. ,. . • . . . • . • • . • • • • • . . • . . . . . . 68 

For the topography: 
Number of miles of shore-line surveyed . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Approximate area of topography, in square miles......................... 5 

Hydrographic surveys of Saratoga Passage, Holmes Harbor, and of the northi~est coast of Whid
bey Island.-In accordance with instructions issued at the eud of February, 1888, the schooner 
Earnest and steam-launch Tarry-not were prepared for hydrographic work under the direction of 
Lieut. H. T. Mayo, U.S. N., Assistant Ooast awl Geodetic Survey, autl left Olympia April 10. 
On the lltb they arrived at Seattle, and on the ~lst anchored in Holmes Harbor, Washington 
Territory. A tide-gauge was set up and observations lwgun the same day. During the progress 
of the hydrography, comparisons were kept up for two days of the tidlll levels at Holmes Harbor 
with those at 1.'ulalip on Possession Sound. 

On May 31 the hydrography on the sheet of Saratoga Passage and Holmes Harbor having 
been completed, that of the northwest coast of Whidbey Island was taken up. Allan Island was. 
reached June 5. The weather during the month of June was most unseasonable, and this in con
nection with the distance of the anchorage (necessarily four miles) from the northern limit of the 
work, and the difficulty of :finding the old triangulation marks, led to mueh delay, so that up. to 
June 30 but four days of sounding work could be done. 

For the season of 1888 up to the close of the fiscal year the statistics are: 
Ily<lrography: 

Area sounded, in square geographical miles... . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Number of miles (geographical) run while sounding...... . . . . . . . . . . . . . . . 320 
N nm ber of angles measured .. _ .................................... _ . . 1, 963 
Number of soundings __ . . . . . . . . . . . . . . . . . . . . . . . ............ _ . . . . . . . . . . 6, 265 

Ensign A. C. Almy, U.S. N., was attached to the party. l\Ir. W. B. Edwards served as pay 
yeoman. 

Further reference to the progress of Lieutenant l\fayo's survey will be made in the next annual 
report. 

Hydrograpkic wrveys in Rosario Strait and Padilla Ba.y, Washington Territory.-The schooner. 
Earnest, having been prepared for hydrographic work, umler tlie direction of her commander, 
Lieut. C. T. Forse, U.S. N., Assistant Coast and Geodetic Surwy, left Olympia April 14, 1887,in 
tow of the steam-launch Tarry-not. His instructions were to execute hJdrographic surveys in 
.Rosario Strait and Padilla Bay and neighboring waters. 

On the 21st of April Burrows Bay was reached and the Earnest anchored inside Allan Island, 
and th:s anchorage upon investigation proved to be the best that could be found without going 
too far away from the field of work. Much bad weather was experienced till near the eud of May. 
Even on days on which the wind was light, a heavy swell woultl be found in Rosario Straits, ren
dering it unsafe to attempt crossing with the steam-launch. A tide staff was set up and tidal 
observations were began April 25. Soundings were begun May 13. 

Daring the entire season great allowance had to be made for the tide currents. Advantage 
was taken of the neap-tides to execute the deep-water work, and even then it not nnfrequently 
happened that but parts of days could be utilized. 

On Jnne 27 the schooner's anchorage was shifted_ to Eagle Harbor near north end of Cypress 
Island. A tide staff was set .up and tidal observations be~un the same day, an observer having 
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been left at the Allan Island gauge to keep up obserrntions there so -that a comparison of gauges 
might be obtained. The sheet, which included thP- hydrography of Hosario Straits and Belling
ham Channel, from Deception Pass Entrance to a parallel passing through Viti Rocks (omitting 
that portion of the straits west of Cypress Island), was finished Jul~· 30. There being a lack of 
siguals west of Cypress Islaud, it was deemed advisable not to spend the time then in such trian
gulation as would be necessary, but to take it up later in the season. 

On July 30 the Earnest proceeded to an anchorage on the east side of Guemes Island, near 
the south eud, this being a central position for work on the Padilla Bay sheet. A tide staff was 
set Ull and observations beguu. Smoke iuterfored greatly witll the work during August and Sep
tember, and there were occasional smoky days after the middle of October. On October 28 the 
hydrography on tho sheet embracing Padilla, Fidalgo, and Samish Bays was completed, and 
further operations were suspended for the season, part of the crew being discharged on the arrival 
of the sclwoner at Seattle October 30. The reduction of the crew was completed November 5 at 
Olympia, and the Earnest laid up in winter quarters in Butler's Cove. 

Duriug the winter the party was engaged iu office-work, before Lbe completion of which 
Lieutenant Forse was detached from the Surve,y, and the records were finished by his executive 
officer, Lieut. TI. T. Maso, U. S. N. Lieuteuant Mayo has submitted descriptiYe reportH to accom
pauy the two hydrographic sheets of Rosario Straits and Padilla Bay. Also the following statistics 
of the season : 

Miles run in sounding ........ __ ..... __ ... _ ... _ .. __ - - ......... _ . . . . . . 1,291 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,172 
Number of soundings ........ _ ..................................... 32,491 

Continuation of the triangulation and topography of Bellingham and Samish Bays and the islands 
in their vicinity.-At the beginning of the fiscal year Assistant J. J. Gilbert was actively engaged 
in prosecuting the triangulation and topography of Samish and Bellingham Bays, having been in 
the field since the middle of April, 1887. Reference to his progress from that date till July 1 was 
made in the last annual report. · 

In the first part of the season be bad as a means of transportation the steam-launch Fuca, 
but by au accident to the heater of her boiler, July 12, he had to rely after that date on small boats, 
using sails whenever the winds were fa\·orable. About the middle of July the usual smoky weather 
began, and continued with varying density until late iu September, when heavy rains put out 
most of the forest fires. Fortunately the triangulation had beeu nearly completed before the smoke 
set in. 

Starting from th~ base Sinclair East-Lum mi Rocks, the triangulation was extended into Samish 
and Bellingham Bayt:i and through Hale's Passage. 

The topography executed during the season is shown on six plane-table sheets, and includes 
the shore-line of Guemes Island from station Boat Harbor to station Eden, and the following 
islam1t:i complete: Sarnish, Jack, Ven do vi, Eliza, Point Francis, and Clmckanut; the we.st shore of 
Lummi Island as far north as Village Point station, and the east shore as far north as station 
Lummi northeast; also the main-land from a point near station Vi' are House on the Samish Flats. 
around the bays of Samish, Chuckanut, and Bellingham, and along Hale's Passage to its north 
entrance, together with about twelve miles of the Nooksacht River. 

Mr. Gilbert has transmitted the records and computations of his triangulation to the archives. 
He bas forwarded also his topographical sheets, accompanying each sheet with a full descriptive 
report and about twenty india-ink sketches of the localities under 1mrvey. 

Tracings of the shore-line of two sheets and part of a thir<l, with geographical positions, were 
furnished to the bydrographic party of Lieutenant Forse during the season. 

The statistics are: 
Stations occupied in triangulation ..... _ . __ ............... _ . .. . . . . . .. . . 26 
Number of miles of shore-line sun-eyed .................... _ .. _.... . .. . 132 
Number of miles of roads and railroads surveyed .............. _....... 80 
Number of miles of creeks or sloughs ..... _............................ 10 
Area surveyed (approximate), iu square miles ............. _.... . . . . . . . . ti3 
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During the winter Mr. Gilbert was occupied' chiefly witli office work, and before taking the 
field in the spring had forwarded to the office the originals and tracings of l1is topographic sheets 
and the records and computations of his triangulation. He had oversight also of the repairs made 
to the steamer Fuca. The completion of these repairs was retarded uy tlle difficulty of obt;iiuiug 
materials and -workmen. They were, however, finished toward the e11d of April, and on the 27th 
of that month he left Olympia for Tacoma to examine the triangulation of Commencement Bay 
and rectify an unexplained discrepancy. 

Having found that this discrepancy was not in the observations, Mr. Gilbert proceeded to 
Seattle, and thence to Fairhaven. Ou the morning of ]\fay 4 he reached the north end of Lummi 
Island, where be proceeded to establish camp, preparatory to the work of connecting the triangu
lations of Bellin!!ham Bay and Rosario Strait, arnl extending the triaugnlation to the Gulf of 
Georgia. After some time spent in searching for stations of the triangulation of 1853-'5-i, siguals 
were erected 'on Lummi, Ureas, Clark, Barnes, Martin, liucia, aud Patos Islands, and along the 
main-land as far as Point Whitehorn, on the Gulf of Georgia. 

Up to June 30 the triangulation had been completed as far as Patos Island, and the work was 
in active progress. The topography was but just begun; some had been done 011 Lummi Island 
and up the Lummi River, and some on Sandy Point. 

Further reference to this survey will be made in the next annual report. 

SECTION XII. 

ALASKA, INCLUDING THE COAST, INLETS, BOUNDS, BAYS, RIVERS, AND THE ALEUTIAN ISLANDS. 
(SKx-rcrr No. 13.) 

Hydrographio surveys in Frederick Sound and vicinity, southeastern Alaska.-Under instructions 
dated in March, 1887, Lieutenant-Commander Charles M. Thom;us, U.S. N., Assistant Coast and 
Geodetic Survey, commanding the steamer Patterson, left Sau Francisco May 4, for Alaska. The 
Patterson had in tow the new steam Ja11uch Cosmos, which ball been constructed at the Mare Isl
and Navy-yard. In immediate command of the Cosmos was Ensign A. P. Niblack, assisted by 
Ensign A. M. Beecher, U.S. N., both attached to Lieutenant-Commander Thomas' party. Other 
officers under his command were Lieut. De 1Vitt Coffman, U.S. N.; Ensigns Albert N. Wood, 
John H. Shipley, Charles C. Marsh, Maurice L. Read, and John D. McDonald, U. S. N.; Tlwmas 
H. Streets, Passed Assistant Surgeon, U. S. N., and Hollaml N. Stephenson, Passed Assistant 
Engineer, U.S. N. Mr. John McHenry holding the rate of paymaster's yeoman, anll Mr. J.C. 
Stone holding the rate of master-at-arms, were employed as draughtsmen. 

Port Townsend, Washington Territory, was the first port to be made on the trip. The 
voyage proved to be a very tempestuous one. While passing through a severe gale on May 7, 
off Cape Greirory, the hawser used in towing the Oosmos snapped, aud the two vessels parted 
company, the Patterson reaching Port Townsend May 11, and the Oosmos on the night of May 12. 

Ensign Niblack has made a full report of the voyage of the Cosmos up to the date of her join
ing the Patterson. At the outset, when the hawser broke, one of the firemen was disabled, and 
while crossing the bar of the Columbia River, through three miles of breakers, a hea,~y sea.made 
a. clean breach through the deck-house, flooded the engine-room and galley, broke tbe water gauge, 
and stopped the engine. The machinist, Maurice Golden, though bruised and stunned, stuck to his 
post, and by his coolness and bravery, further damage to the launch was prevented, and she was 
enabled to st.earn under the loo of a pilot tug, and so was shielded from the terrible force of the seas. 
At Astoria, Lieutenant Burnett, U. S. N ., commanding the steamer McA rtltur, rendered e,very assist
ance; coal and water were obtained, and early in the morning of May 11 the Cosmos followed the 
McArthur across the bar. That evening, off Destruction Island, a fishing schooner was sighted, 
showing signals of distress, and upon standing down to her it was found that she hacl on board 
the ship-wrecked crew of the four-masted ship, Ocean King, bound from Nanaimo to San Pedro 
with a load of coal. Thia ship had foundered in the gale otf Oape Gregory on May 8. Th~ cap-
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tain, two mates, and lier crew of twenty-two men were taken off b;y the Cosmos and landed at Port 
Townsend. 

Ensign Niblack, to whose exceHent seamanship and good judgment the launch owed lier 
safety, expresses his high appreciation of the services rendered bJ' Ensign Beecher in supporting 
his own efforts to bring the launch through. After the accident to the fireman, Mr. Beecher stood 
an engine-room watch, with one of the seamen as fireman, alternating with l\Ir. Golden. 

After taking on board signal lumber at Hadlock, Washington Territory, and coaling at De
parture BaJ', the Patterson arrived at Port Simpsou, British Columbia, May 21. Here Ensign C. 
C. Marsh, U.S. N., the astronomer of the expedition, obtained obser>ations for time. lu order to 
expedite the prospectiYc season's work, Lieutenant-Commander Thomas fitted out the Cosmos with 
ten days' supplies and sent her with Ensign Niblack in charge, Ensign Beecher astlisting, to Frede
erick Sound, with instructions to reconnoiter for the site of a base-line, and select one near Dry 
Strait. 

On May 25 the Patterson was at Fort Wrangell, and Ensign Marsh was directed to occupy the 
astronomical station established at North Rase station by Lieutenant-Commander Snow iu 1886. 
On May 26 the steamer was anchored in Frederick Sound, near the north end of Wrangell Nar· 
rows, finding the Cosmos there. 

The site for a base that bad been selected did not meet all of t110 requirements for a good con
nection with the triangulation; accordingly, the steam-launclies, Cosmos, Vixen, and Pirate, with 
Lieutenant Coffman, Ensign Wood, and :Ensign Read, respectivelJ-, iu charge, were engaged on 
May 27, 28, and 29 in searching for a suitable site, and one was finally found by Ensign Wood on the 
eastern shore of the Sound, back of Point Agassiz, which, after personal inspection hy Lieutcnaut
Commander Thomas, was adopted. The whole length of this base being over a level stretch of 
ground above high water, it was readily capable of accurate measurement. Of two measure
ments, made carefully with piano wire, the mean was taken, 4,609.35 meters, equal to 2.86 statute 
miles. 

On May 31 the steamer's anchorage was shifted to Brown Cove, in order to be near the astro
nomical slation which it was decjded to establish at South Base station. On June 1 a tide-gauge 
was put up near the anchorage, and tidal observations for a full lunar month were begun under 
the supervision of Lieut. De Witt Coffman, U. S. N. Other gauges subsequently put up at Port
age Cove, Duncan Canal, Woods Bay, north end of Dry Strait, aud at Fort Wrangell were con
nected with this one by simultaneous observations, but slight differences of tidal level being 
shown. 

Upon the completion of his observations for time at station Wrangell, North Base (1886), 
Ensign Marsh began on June 4 the determination of the astronomical position of the Frederick 
Sound station, South Base, finding it to be by his field cornputatiMs in latitude 560 55' 44".7 
N. aud in longitude 8h 51 m 24.5• west of Greenwich. Tl1e magnetic variation, as determined 
by compass magnetometer No. 15, was found to be 29° 40' 28" E. of N. 

A check-base, 250.28 meters in length, was measured June 4 on the Soukhoi Islands. 
On June 12, the Cosmos was despatched to Union Bay, Clarence Strait, to convey thither 

Ensign Marsh, with iustructions to occupy the astronomical station established there in 1885 by 
Lieut. Richardson Olover, U. S. N ., and thence to proceed to Port Simpson, British Columbia, to 
get additional observations for time. Delay occurred, owing to continued bad weather at Port 
Simpson, so that it was not till June 25 that time could be determined. Next day Ensign Marsh 
re-occupied the Union Bay station, and returned to Brown Cove on the 27th. 

Meantime, the triangulation was continued by Ensign Niblack, using the steam-launch Vixen, 
and Ensign Read, with Mr. John McHenry, in the Pirate, continued the running in of shore-line 
on the working ground. A plane-table sheet of Brown Cove was executed by Mr. Stone between 
June 7 and 11. 

Leaving a tidal observer in camp at Brown Cove, Lieutenant-Commander Thomas on June 20 
shifted his anchorage to Portage Bay, Kupreanoff Island, where a tidal station was established, a 
cheek base of six hundred and twenty meters in length measured ; a topographical survey made, 
and a magnetic station occupied, the variation being found to be aoo 29' 16" easterly. Ensign 
Marsh was sent to Cape Fa.nshaw, where he established an astronomical station, and determined 
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its geographical position in latitude 57° 11' 04".4 N., antl longitude 8h 54m 16.1• west of Greenwich. 
For the magnetic variation he obtained 30° 06' 31" E. of N. 

On July 13, the Cosmos was fitted out with supplies and signal lumber, an<l sent with whale 
boat in tow in charge of Ensign Wood, with Ensign Beecher as assistant, to conduct the sur
,·ey of Duncan Canal, which opens into Sumner Strait between W oewodsld and Kupreanoff l:slands. 
A check base-line of 1,747.59 meters was measured and an astronomical station established at 
East Base station, observations at which showed its geographical position to be in latitude 56° 
35' 47".8 N., and longitude Sh 52"' 25.3• west of Greenwich. The magnetic variation was 30° 
03' 34".3 E. of N. Tidal observations were made for a length of time imfficient to connect with 
those at Portage Bay, the dilfe1·ence of readings proving to be very small. 

The soundings on the northern portion of the projection sheet in the vicinity of Cape Fan
shaw were put in by a party on the Cosmos, between .August 7 and 2G, Ensign M. L. I~ead beiug 
in command and Ensign J, D. McDonald assisting. 

On the 8th of .August the Patterson shifted her anchorage from Portage Bay to Thomas Bay, 
in entering which great caution was observed, Lieuteuant·Commauder Thomas keeping two leads 
going on his own Yessel, and sending ahead the steam launches Vixen and Pirate to sound as 
rapidly as possible in advance. 

An anchorage of se,·enteen fathoms in the southern arm of the bay was obtained near a fine 
waterfall, a tide-gauge established near the sllip, and on .August 11 a check base of 1,357.9 meters 
in length was measured at the foot of Baird Glacier, in the northern arm of the bay. Determinations 
of geographical position at East Base gave for the latitude 57° 06' 38."3 N., and for the longitude 
Sh 51 m 12.2° west of Greenwich. 

The survey of Thomas Bay was fini11hed August 19. After receiving an additional supply of 
coal from the Pacific Mail Company's steamer Idaho, operations were continnml till the close of tlie 
season in October, by an independent sun·ey of Duncan Canal, by the completion of the work in 
Union Bay, connecting with the survey made tllere in 1886 by Lieutenant-Commander Snow, aml 
by the search for and location of a rock with a least depth upon it of nine feet in Nakat Inlet, off 
Tongass Island. The rock was 1-0cated October 8, and information in regard to its position was 
published in Notice to Mariners No. 92, bearing date of October 31. 

Of the work accomplished by Lieutenant-Commander Thomas and his party, the statement 
above made is simply an abstract, taken from the exceedingly interesting and Yaluable report sub
mitted bs that officer, in which he give8 full descriptions of tl!e country included in the limits of 
his survey, its harbors and anchorages, and its striking natural features. Among these are the 
Great Baird and Patterson Glaciers, the Le Conte Glacier, and the Horn Cliffs. Upwards of one 
hundred photographic views illustrate tbe report; they were taken by Ensign Niblack aml Mr. 
McHenry. Mr. Niblack had been for three seasons the photographer iu the Patterson's party . 

.After concluding the sea.rch at Fort Tongass, the Cosmos, with Ensign Marsh, was sent to 
Port Simpson, British Columbia, where final observations for time were obtained by that officer 
on the night of October 8. 

October 13, after placing the Oosmos in winter quarters, the Patterson left Port Simpson for 
San Francisco, stopping at Departure Bay and Port Townsend, and arriving at San Francisco 
October 23, after a passage from Port Townsend of four da~·s and seven hours. 

The results of the season's work are shown upon the following hydrographic sheets: 

1. Three sheets, Frederick Sound, S. E. Alaska, from Dry Strait to Cape Far:shaw. 
Scale, 1-80000. 

The first of these is the completed bydrographic sheet; the Recond shows the tri· 
angulation executed; the third shows the rough plotting of the soundings. 

2. Duncan Canal Entrance. Scale, 1-20000. 
3. Duncan Oanal, middle part, including connection with Wrangell Strait. Scale, 1-20000. 
4. Duncan Canal, upper part. Sea.le, 1-20000. 
6. Brown Cove, Frederick Sound. Scale, 1-5000. 
6. Thomas Bay, Frederick Sound. Seale, 1-20000. 
7. Fauagnt Bay, Frederick Sound. Scale, 1-20000. 
S. Portat:.re Bay, Frederick Sound. Scale, 1-10000. 
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The statistics of the survey are as follows: 
Number of triangulation pointi-; occupied ............ - .... - -. · .. - · ·. · · -
Number of angles o.bserve<l ............................. · .. · · · · · · - ·· 
Number of miles of shore-line surveyed ............. - ... - .. - .. · · · · · ·. · 
Approximate area of country surn~.red in square miles ................ . 
Number of miles of sonmling lines rnn ............................... · 
Number of angles observed ........................................ . 
Number of soundings . . . . . . . . . . . .................................. . 
Number of pm1itions occupied. for observing currents ................... . 
Numler of stations at which observations for azimuth were made ...... . 
Number of stations at which obsen·ations for latltnde were made ..... . 
Number of stations at which observations for longitude were made ..... . 
Number of pairs of stars obscrn•d for latitude .. - ........... - ...... - .. 
Number of sets of observations made for magnetic declination. - ....... . 
N um her of sets of observations made for rn;1gnetic dip ................ . 
Number of sets of observations made for magnetic intensity ........... . 

364 
8,951 

624 
1,740 
1,9!l2 

14,475 
11,536 

lHO 
4 
4 
7 

164 
28 
13 
17 

Lieutenant-Commander Thomas expresses his thorough satisfaction with the manner in which 
all the members of his party performed the duties intrusted to them, referring particularly to the 
zeal, ability, and untiring industry shown by Ensigns vVoO!l and Beecher in making an indepeml
ent survey of Duncan Ca1ial, a work which they volunteered to do; also, to the work of Ensign 
Niblack, wLom he placed in charge of the main triangulation. He feels it incumbent upon him to 
call special attention to the astronomical work of Ensign Marsh, involving as it did frequent 
absences miles away from the ship, under circumstances of much personal hardship and many diffi. 
culties, wllich were speedily overcome by the ingenuity and skm of that able officer. All of the 
members of the party took part in sounding, but the greater part of the bydrographic work was 
doue by Ensigns Wood, Read, Beecher, and McDonald. 

The triangulation of Portage Bay, measurement of base, and plane table work was executed 
by l\Ir. J. 0. Stone, draughtsmau. Lieutenant-Commander Thomas deems the harbor sheet of that 
locality highly creditable to l\lr. Stone, it being the result of his own labor without assistance 
except the soundings. The shore-line on the projection sheet of' 1887, with the exception of Dun
can Canal, Beecher Pass, and Cleveland Passage, was run in by Messrs. McHenry and Stone, tl1e 
former ni,;ing a sextant and establishing points between stations, then sketching in the shore 
between these 1>oints; the latter using a plane-table exclusively. Ensign McDonald delineated 
the shore-line of Cleveland Passage and Whitney Island. 

Full details are given in the report with regard to the courses of the tiood and ebb tides in Fred· 
erick Sound and the waters which connect with it, the set and velocity of' the currents, the rise 
and fall of the tides, and the comparative times of high water. Lieutenant-Commander Thomas 
observes that the time of high water, as also the rise and fall of' the ti(les, is practically the same 
O\'el' the entire body of water included in the limits of his survey. At Cape Fanshaw high water 
is about seven minutes later than at Fort Wrangell. 

About tl1e middle of March, 1888, in pursuance of general instructions previously issued by 
the Superintendent, detailed instructionl:l were forwarded to Lieutenant-Commander Thomas by 
the Uydrographic Ini;ipector relative to bis work in Alaska for the coming season. 

Ile was directed to take up the hydrography from the northern limits of the survey of 1887, 
extending it up to Stephens Passage, and over to the westward into Frederick Sound far enough 
to include Turnabout Island, and any other prominent features that would be of use to vessels 
standing up Stephens Passage. 

The Pattersoii left San Francisco April 7, 1888, and reached her working ground .April 27. The 
surveys begun by Lieutenant-Commander Thomas were in active progress when it became neces· 
sary to interrupt them, and instruct him to 11roceed to Portland Canal and Pearse's Channel, an<l 
take up a general survey iu those localities in order to com11ly with a request from the Depart
ment of State for surveys require<l to furmsh data for a determination of the boundary line 
between Alaska. and British Columbia. 
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Jn accordance with these instructions he left for Portland Canal towards the end of June, and 
arrived with bis party at Port Simpson, British Columbia, on July 2, 1888. 

Full statements, giving details of this work and of that previously executed in Alaska, are 
necessarily defe_rred till the next annual report. 

Contimtation of tidal record at the automatic tidal .~tation at St. Paul, Kadiak Island, Alaska.
The series of tidal observations with an automatic tide-gauge at St. Paul, Kadiak Island, Alaska, 
has been kept up as heretofore under the general supervision of Assistant George Davidson. Mr. 
Fred. Sargent remains as observer. 

Mr. Davidson expresses his obligat.ions to the .Alaska Commercial Company for transmitting 
all official correspondence to and from this distant station with which there is no regular mail 
communication, and in winter no communication whate,·er. Lieutenant-Commander H. E. NichoJs, 
U.S. N., .Assistant Coast and Geodetic i5urvey, and Lieutenant-Commander Yv. H. Emory, U.S. 
N., commanding the steamer Thetis, and other officers have inspected the station, and have given 
the observer the local time to check his chronometer. 

All of the records show care and attention, and have been duly transmitted to the Office. 
Hydrographic explorntions in western Alaska.-In pursuance of the assignment of Lieutenant

Commandcr H. E. Nichols, U. S. N., Assistant Coast and Geodetic Survey, to the duty of preparing 
a revised edition of the Coast Pilot of Alaska, and in order to obtain additional data for that work, 
he was instructed to proceed to western Alaska in .March, 1888, a''ailing himself of the Alaska 
Commercial Company's steamer, leaving San Francisco on the 10th or 20th of that mouth for 
Kadiak, and thence to Unalashka. 

Lieutenant-Commander Nichols was not provided with an equipment for surveying work, the 
oluect of his expedition being to make such notes and obserrntions as would enable him to add to, 
or correct approximately, the existing charts, prepare descriptions and sailing directions, and take 
views either by pencil or photograph. In the rapid movements that he was compelled to make, he 
found the pencil of more general use than the photograph on account of the prevalence of mist and 
fog. E\'en wl1en the obsen-er can sketch through fog, the photographic apparatus is often of no use. 

In accordance with instructions, lie left San Francisco in the steamer St. Paul of the Alaska 
Commercial Company, March 22, and arrived at St. Paul Harbor, Kadiak Island, 011 April 3. Ile 
was unable to visit any other part of the island, hut, makes note of au addition required by the 
chart of that barbor; it should show Cape Chiniak, the point always made in coming from the 
southward or eastward. He succeeded in getting a photograph of this point, and remarks that 
Tebenkofl's view is also very good. From shipmasters and others iu the employ of the company 
he obtained some information respecting Karluk Straits. 

From Kadiak he JJroceeded to Unalashka, which place he made bis headquarters during the 
summer, and from which he availed himself of every opportunity to Yisit the surrounding country, 
taking passage as occasion offerecl on the vessels of the Alaska Commercial Com1lany on their tri pi:; 
to the various trading stations. 

On Unalashka Island, he visited Makushin, Kashega, and Chemoffsky; also Unimak, on 
Unimak Island. These places are inhabited only by the native Aleuts, the compa:ny having a 
trading station at each place. Atkha, Kyska, and Attu, on islands of the same name, were suc
cesi:;ively visited; also Akutan, on Akutan Island. 

Outside of Bering Seahevisite<lSanuakh Island, Belkoffsky, 1Vossenseusky,and Unga, some 
of them more than once, at the same time acquiring information regarding surrounding places as 
he passed in tbeir vicinity, and t.'lking views and sketches where practicable and useful. 

His examinations, which are detailed at length in his report, extended to the westernmost 
islands of the Aleutian chain, and included also the Pribilof! or Seal Islands, some localities in 
Bristol Bay, the Sbumagin Islands, and the east coast of the Alaska Peninsula. 

For the practical interests of the navigator, Lieutenant Commander Nicl10ls deems snffici~nt 
the knowledge of the tides acquired during several years' observations at the St. Paul station, and 
recommends that its remova-1 to a more important locality should be considered. · 

Among the localities specially demanding investigation and survey he mentions the whole of 
the east coast of the Peninsula of Ala.ska, the rivers emptying into Bristol Ba.y in Bering Sea, 
tte delta of the Yulron, the eastern half of Bering Sea south of Norton Sound, and the Passes 
leading to the Pacific Ocean. 
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In concluding his report, Lieutenant-Commander Nichols expresses his conviction that the 
present and increasing commercial interests of western Alaska warrant a request for the construc
tion of vessels specially adapted for makiug surveys of its waters. To the Alaska Commercial 
Company and its employes he acknowledges his ohligatious for many courtesies, and the tender 
of every facility possible for carrying on his work. 

SECTION Xlll. 

KENTUCKY AND TE:t-."'NESSEE. (SKETCHES Nos. 1, 6, 15, 17, AND 18.) 

Extensfon westu:ard of the tra,nscontinental triangulation near the thirty-ninth parallel in Ken
tucky and Ohio.-At the begiuuing of the fiscal year, the party under the charge of Assistant A. 
T. Mosman, engaged i:i continuing to the westward the transcontinental triangulation in Ken
tucky and Ohio, were occup_ying station Ash Ridge, Brown County, Ohio, and bad nearly finished 
work there. Mr. n. J. Meigs (No. 3)joiued the party as recorder June30, 1887. The building 
1iarty under Foreman E. E. Torrey was erecting a fifty-foot signal at station Stevens, Kenton 
County, Kentucky, after completing which he joined the main party July 5. 

The necessary ohservations at Ash Ridge station were finished July 5, and tbe party was then 
transferred to station Minerrn, Mason Count,y, Kentucky, al.lout ten miles northwest of Maysville. 
The theodolite and obsen-ing tent lrnYiug been set up on the tripod, observations for horizontal 
directions were begun on the 10th of July and finished ou the 31st. During this period a temporary 
observatory was erected uear the station, and meridian telescope No. Twas mounted to be used 
for determining time, while zenith teloscope No. 6 was set up for latitude determinations. 

The observations for time and azimuth were assigned to Mr. W. B. Fairfield, Extra Observer, 
who had joined the party on July'.!!); those for latitude were made by Mr. Mosman. Cloudy 
nights and fog over the Ohio River delayed the work somewhat, but all of the observations were 
completed by August 30; after which, station Tate, Clermont County, Ohio, was occupied. The 
obser\Ting tripod at Tate was one hundred and twenty-nine feet high, and required considerable 
labor to prepare it for the work, wire guys having to I.le rigged, and tackle for setting and furling 
the canvas screens made and adjusted. Observations at Tate were hegnn Se1>tember 8. Very 
unfa\'Orable weather prevailed, and additional delay was caused by the prevalence of fresh winds 
lluring which the tremor comruuuicateu to the tripod maue it impossible to obtain satisfactory 
pointings. "'bile at Tate statiou, a signal one hundred and thirty-two foet iu height was built at 
station Tanner, Boone Oouuty, Kentucky, al.lout ten miles southwest of Covington, and the liue 
to it from Tate opened. 

After the completion of work at Tate Station, the party was <liYided. in order to facilitate prog
ress. Messrs. l\losman and Torrey J>roceeded to Stevens station, about eleven miles south of 
Covington, Kentucky, while Messrs. Fairfielll and. Meigs occupied Flaugbn Station, about nine 
miles northeast of Falmouth, Pendleton County. Very smoky, dry weather delayed the work 
makiug it im11ossible for da.Ys at a time to see more than four or five miles. Station Stevens w~ 
fiuii:ihed November u, but Mr. Fairfield. was detained at station Flaughn till Decembers. 

After testing the intervisil.iility of the line Tanner to Dry Ridge, Mr. Mosman wa.s occupied 
till November 19 at Portsmouth, Ohio, in organizing a board for the examination and sale of 
certain camp equipage aud other property of the Survey which had been stored there. Due report 
of ils disposit~on havin_g be~n ~iade, he rt\ported at the Office No,·ember 21, a.nd was snbsequently 
ordered to Office duty m brmgmg up the records aml computations of his season's work Mr. w. B. 
Fairfield aiding him. ' 

The statistics of the season are as follows: 

Number of signals erected .........................•....... _ ...•••••.• 
Number of stations occupied ..•. _. , ..................... _ ....... __ . __ _ 
Whole number of ouservations of horizontal directions. __ . __ .........••. 
Number of stars observed for time 

~----- ............................................ . 
Number of pairs of stars observed for latitude ...••.....••••......•••••• 
Number of observations for azimuth . _ - ....... ____ .. _ .••.•......•.••... 

2 
5 

2,877 
187 
16 

384 
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Cpon the completion of his records and computations for the archives, Mr. Mosman was 
assigned to other Office duty, and on April 30, 1888, was relieved from the Office and instructed 
to take up a triangulation upon Long Island from Montauk Point westward. 

Geodetic operations.-Occupation of stat-ions for the connection of tlie triangulation of the State 
·, of Tennessee with the primary triangulation of the Coast and Geodetic Survey in northern Georgia 

and Alabama.-The connection of the triangulation of the State of Tennessee with the primary 
triangulation in northern Georgia and Alabama was advanced during the season of 1887 b_y Prof. 
A. B. Buchanan, Acting Assistant, who occupied four stations, Deadening, Owen, Roy, and Bean, 
of the scheme which he had laid out the previous season in pursuance of suggestions made by 
Assistant C. 0. Boutelle, in immediate charge of State surveys. 

The occupation of a fifth station, Harvey, was begun and about two-thirds completed. It 
bad been Professor Buchanan's intention to finish Harvey station and push on to High Point, in 
northern Alabama, but he was delayed at Bean station by bad weather about two weeks, and in 
July the signal at High Point was entirely destroyed by lightning. Bean station was finished 
August 29, and on the same day Professor Buchanan started for Harvey station. Hoping to get 
through with all the observations at that point by September 15, be stationed heliotropers at all 
the primary points, five in number, believing this to be a measure of economy. They were directed 
to begin showing September 3, and continue teu days. 

Delays in mail transmission and delays owing to smoky atmosphere combined to prevent the 
entire success which should have attended the constant watch kept up b~- Profossor Buchanan, 
who was at the theodolite from sunrise to sunset every day. Finding that there was uo prospect 
of finishing the station during the !mason, be decided to postpone further work at Harvey till the 
following spring, and left the field September 19. 

About the miudle of June, 1888, he resumed the work in accordance with instructions, and at 
the date at which this report closes was actively engaged in its prosecution. 

SECTION XIV. 

OHIO, INDIANA, ILLINOIS, MICHIGAN, AND WISCONSIN. (SKETCHES Nos. l, 14, 15, 17,AND 18.} 

.Extension to tlie westward of the transcontinental triangulation near the thirty-ninth parallel in 
Ohio and Kentucky.-The advance to the westward made in the primary triangulation near tlie 
thirty-ninth parallel by the occupation of stations in Ohio and Kentucky was reported under a 
heading in the preceding section. As there stated, Assistant A. T. Mosman was in charge of 
the party, aided by ExtraObserYer W. B. Fairfield, R. J. Meigs, Recorder, and E. E. Torrey, Fore
man. One of the highest observing tripods e,·er erected was occupied during the season, that at 
station Tate, Clermont County, Ohio, having an elevation of one hundred and twenty-nine feet. 

Field operations were closed early in December. 
Reconnaissance for tke connection of the triangulation of the State of Indiana tcith the transcon

tinental triangulation near the thirty-ni11th parallel, advancing to the eastward in Indiana, and t.o tlw 
westward in Kentucky.-The near approach of the two branches of the tranacontineutal triangn· 
lation,one advancing to the westward in Kentucky, the other to the eastward iu Indiana, made it 
desirable to have a reconnaissance executed which should establislt a satisfactory scheme for the 
connection of these two branches, and which should at the same time connect the trigonometrical 
survey of the State of Indiana with the transcontinental triangulation in that State. 

This duty was intrnsted to Assistant F. W. Perkins, under instructions issued in July, 1887. 
Mr. Walter B. Fairfield, Extra Observer, who was assigned to Mr. Perkins's party, took the field 
in advance of his chief, and had practically completed the first figure eastward from the line Rari
den-Leonard in Indiana by the 23d of July. The final selection and verification of the points of this 
figure, and the eTOOtion of a tripod at Weed Patch station were completed by August 15. It was 
necessary to build this tripod before proceeding further on account of an obstructing ridge which 
lies about eight or nine miles to the eastward, and through which the gaps are few and very 
narrow. 
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The southeast point, .Miller, was unfortunately masked in like manner by a cluster of knobs 
lying about three miles to the northeast. 

These two ridges and the :Finley Knobs mark the eastern edge of the sandstone formation, 
and stand four or fiye humlrcd feet aboYe the plain to the eastward. This plair1, which embraces 
the whole drainage oftbe Vernon and Graham Forks of tlw l\1uscatatuck River, aml the greater 
11ortio11 of the ·white or Driftwood Hirnr, coYern about fifty minutes of longitn<le, or the whole 
width of tlie Niagara limestone. It rises pretty regularly from five hundred feet above mean tide 
at the west to about one tlwusancl feet at its eastern edge, where the formation changes to the 
Cincinnati limestone, and the drainage tends westward to the Ohio Rfrer. 

Tl.Jc White and .Muscatatuck regions are said to be the wost heavily wooded in the State. The 
original growth mmit have been among the finest in thr Missi8Rippi Valley, since, after repeated 
cutting, many trees remain which range from oue hnndred and twenty to one hundred and thirty 
feet in hei~ht, and tbe aYerage is not leRs tbau one hundred. 

Upon the broad highlands the land is so flat tliat tlie water remains upon tbe surface during 
the greater portion of the year, excepting iu those places where some kiud of drainage bas been 
attempted, aud as thh; practically confines farming operations to the vicinity of the streams, 
it accounts for the plateaus being so heaYily wooded. 

In the eastern section: wl1ich is drained directly into the Ohio, a much larger proportion of the 
lantl is under cultivation, and the woodland is proportionate}~· small, while on the Kcntuck~· side 
of the river, as far east as the dividing ridge, upon which Tanner and Dry Ridge stations stand, 
the country 11as been almost denmled of trees. 

Owing to th<l collditions statf'd ahove, togf'ther with the fact that the streams have very 
shallow and narrow valleys, extremely Jligh signals are rendered necessary, and also, in some 
i111->tauces, the cutting of more or less trees. 

Immediately rastward from the line Weed Patch-Miller, and westward from Tanner-Dry 
I:i1lge, 1\Ir. Perkius adopted a series of ,-ery long four-sided figures, with central points, which join 
on a hexagon of good proporti011s. For this scheme, with the length of lines i11Yolve1l in it, the 
siguals will seem excessiYely high, hut the profile roughly suggested hy the description of the 
surfac(•, which is a ''err flat W. will show the necessity of hadng them so. 

The connection with tl1e State survey is by the line :Finley-Miller, which forms with Noon
Stout a wdl·shaped quadrilateral. 

The Reason was ouc of extreme drought in the region examined, resulting in very unfavorable 
at111os11lwrie cou<litiorn;, wl1ich with tlie long lines made the work of verification very tedious. An 
attt>mpt which was made to shorten the lines iu the western part of 1he work soon showed that 
the only result wouhl be to multi1)Jy the number of the signals without materially reducing their 
height. 

E.rtcnsion of the transcontinental triangulation near the tltirty·ninth parallel to the eastward in 
tl1e State (~f lndiana.-Iu tlw last annual report a statement wax gfren of the progress made up 
to June :m, 1887, hy tlle party in cllarge of Assistant George .A. Fairfield, engaged in occupying 
stations for extending to the eastwanl in Indiana the tranRe-0uti11ental triangulation near the 
thirt,,·-ninth parallel. 

.At Osborn station, l\lartin County, Indiana, the final ohscnations for azimuth needed to com
plete the work there were obtaiu~tl July 2. The next station occupied was lfariden, which is 
about thrt•e miles nortlnvi>st of l\litchell, J,awrenee County, Indiana. The reconnaissance for the 
selection of additional stations to the eastward heing still in progress, and the completion of the 
ni'xt figure Laving- not theu been reported, obsernLtious could be made on the back stations 
unly. Tue 11igl1t signal lamps having been previous!;\' established at these st.atious, observations 
on them 'wrn completed July 17, and while waiting for the reconnaissance and construction 
parties Mr. 1~airfieltl connected a section stone on the Second Principal Meridian with the trian
gulation, and determiuell the height of Rariden station above the bencb·mark in Mitchell, In
diana, which had been established by .Assistant ~raid in liis line of transcontinental leveling of 
1m~cision . 

. ~be section stone was found with the aid of the county surveyor of Lawrence County, but ita 
pos1t10n was such that 1t could not be seen from any of the }lrimary stations; hence it bee&me 
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necessary to interpolate two stations, one of which was established on the school-house at Bedford, 
the county seat of Lawrence County. 

At the two secondary stations tho obserrntions were made by Mr. F. H. Parsons, Subassistant, 
who was attac~ed to Mr. Fairfield's party. He determined also the difference of ele"Vation between 
Rariden and the bench-mark at Mitchell by ruuniug lines of leveling forward and back, a distauce 
of three miles, with an ordinary engineer's Y lernl. The two determinations agreed very closely. 

On July 23 Mr. \V. B. FairfielU, who had been temporarily detached for reconnai3sance duty, 
rejoined the party, and reported that he Lad obtained for the next figure to the eastward a quad
rilateral with a central point, and that be had selected the three stations Fountain, Miller, and 
Weed Patch. 

Mr. Torrey, Foreman in charge of the construction party, was at once directed to build a tripod 
and scaffold signal eighty feet high at Miller station, and another one hundred and six feet high 
at Fountain Station. 

Mr. W. B. Fairfield, having left full notes of bis reconnaissance, was relieved from further 
duty with the party and started on the 26th to joiu the party of Assistant Mossman, as bad been 
before arranged. 

On .August 15 the eighty.foot signal at Miller station was completed and the signal lamp was 
lighted. Next day the construction party moved to Fountain station and began the erection of 
the high signal there. 

Observations on Miller signal were finished August 25, and those on Fountain signal, begun 
on the 31st, were completed September 5. .At Weed Patch station a temporary structure sixty
five feet high had been put up by .Assistant Perkins for reconnoitering purposes, and this was 
found sufficiently stable to be used as a station for a signal light. The erection of an observing 
tripod and signal at Weed Patch was deferred, therefore, to another season. 

From Miller and Weed Patch stations a magnesium light was shown during several days in 
.August by Mr. Parsons to Mr. Perkins' reconnaissance party . 

.After the completion of observations at Raridon station Beard was next occupied. It is about 
six miles southwest of Harrodslmrg, Monroe County, Indiana, a town on the Louisville, New 
.Albany, and Chicago Railroad. Between September 14 and October 1 all of the observations 
at Beard were finished. These included pointings on six regular signal lights besides those for 
connecting with the Second Principal Meridian. 

The party was at once transferred to Leonard station; everything wa~: made ready t-0 observe 
there by October 9, and on the 19th work at the station was finished without having missed a light 
in any of the seventeen positions, a feat which Mr. Fairfield observes he bad never been able t.o 
accomplish before. 

By October 29 all arrangements had been completed for beginning observations at Fountain 
station, and on November 13 they were finished, after which field operations were closed for the 
season and the party 1lisbanded. 

The weather was for the most part very unfavorable for the work. For several months no 
rain fell at all; consequently the air was filled with clouds of dust; this corubined with the coal 
smoke, which is always present in vast quantities in the atmosphere of Indiana and Illinois, and 
made it difficult to see the signal lights at night on long lines. 

Nearly all the wells in the country gave out, and many of the farmers had t-0 haul water for 
several miles for their stock. During July and .August the heat was intense, the mercury fre
quently rising as high as 1050 in the shade, and on one or two occasions marking 112° inside of 
Mr. Fairfield's tent. Later in the season t.he smoke from the numerous and extensive forest fires that 
were raging over all parts of Indiana and lllinois gave much annoyance. For a week at a time 
it would be so dense as t.o obscure even the faintest outlines of a large grove of trees, one hundred 
feet high and not more than a quarter of a mile off. The amount of work accomplished despite these 
unfavorable circumstances is exceedingly creditable to Mr. Fairfield and the members of his 
party. 

During the entire sea.son he used to illuminate the axis of the telescope a small Edison incan
descent lamp of three-candle power, run by one of the small B batteries made by the Stout Mead
owcroft Oompany, of-New York. This was found to give a very fair light for the purpose, being' 

H.Ex.22-6 
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steady, easil;y graduated to inh~nsity by the prismatic mirror, and of course without any flicker
ing from the wind. Duriug part of the time he employed also, as reading lamps, small electric 
hand lamps, run by the same battery, but the light was so intense and made such sharp shadows 
tlrnt uuless it was always held in the same position with reference to the reading microscopes there 
was danger of getting a wrong reading. The use of these was abandoned, therefore, and that of 
the ordinary bull's-eye lanterns resumed. 

The statistics for the season since July 1, 1887, to the close of field operations, are as fol· 
lows: 

Number of primary Rtations selected.................................... 3 
Number of secondary stations selected................................. 3 
Number of primary signals built . . . . . .. . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . 2 
Number of secondary signals built..................................... 3 
Number of primary stations occupied.................................. 4 
Number of secon1lary stations occupied . . . . .. .. . .. . . .. . .. . .. . . .. . .. . . . . 2 
Number of observations for horizontal direction ........................ 2, 366 
Number of miles of Je,·eling run................... . . . .. . . .. . . .. . . . . .. . 6 

During the winter Mr. Fairfield was engaged in office work. He will continue work on the 
transcontine11tal triangulation at the earliest date practicable. 

Topographical surrey of the site of the American Bottom Base, Illirwis.-.A. remeasurement of the 
base-line in the Great American Bottom in St. CJair and Madison Counties, Illinois, having become 
desirable, Subassistant J. E. McGrath was directed to make a topographical survey of the site of 
the base, and a preliminary measurement of its length. 

He began field operations for this purpose l\farch 10, and completed them March 31, 1888. 
After erecting signals at both ends of the base, the line was cleared of brush and was then 

measured with a steel tape, stnbs being driven in every fifty feet, having copper nails in their tops 
to indicate each section of fift~- feet. Spirit-levels were then run over the line and cross-st>ctions 
made at all points where it was necessary to dernlop the contours. Data were thus obtained from 
which to make a profile of the base site and a topographical map. 

The country througl1 which the line runs is very low, flat, and difficult to drain. The original 
measurement was mad<> in 1872. 

Other duty executed by J\Ir. l\IcGrath is referred to in Sections II, VIII, and XV. 
Geodetic operations continued in the State of Wisconsin.-The party organized by Prof. John E. 

Davies, Acting Assistant, for the continuation of the triangulation of the State of Wisconsin, took 
t.hc field, under instructions, about the middle of May, 1887, and began observations at Lowell 
station near Reeseville, Dodge County. This station had been occupied in 1886 in order to make 
certain ex?tminations needed to perfect the reconnaissance for extending the triangulation to the 
eastward and southward. 

Upon the completion of the observations at Reeseville, Professor Davies transferred his party 
to station Fitzsimmons near the town of Bamboo, in Sauk County, and was occupied there till the 
advance of the seas01: compelled a cessation of field operations. .Fitzsimmons was occupied also 
as an astromomical station by Assistant 0. 0. Boutelle, as is stated under the next heading in 
this section. 

At Reeseville, Professor Davies measured thirty-one angles by three hundred and seventy
two repetitions. He put up new signals at the stations Elephant Bluff, Observatory Hm, Devil's 
Lake, and Gibraltar Bluff, and prepared the new tripod and observing scaffold at Fitzsimmons 
station. 

Observa.tfon11 for latitude and azi1nuth at a trigonometric station in Wisconsin.-Upon the con
clusion of his duties in 1\linnesota, reference to which is made under a heading in Section XV, 
Assistant C. 0. BonteUe spent the month of September and a small portion of October in making a 
1:<eries of observations for latitude and azimuth at the trigonometric station Fitzsimmons, near the 
town of Baraboo, Wisconsin. 

The small field observatory built at Minneapolis was taken apart and transported by rail and 
teams to Fitzsimmons, where it was again set up, and observations for latitude upon twenty"foor 
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pairs of stars were made with zenith telescope No. 5 between September 13 and 23. The azimuth 
of the line Fitzsimmons to Arlington was determined by observations upon Polaris with twenty-inch 
theodolite Coast and Geodetic Survey No. 113. Thirty series were observed in ten positions of the 
instrument. 

Fitzsimmons and Arlington are stations in the triangulation of Wisconsin which is in charge 
of Acting Assistant John E. Davies, of Washburn University, Madison. College duties prevented 
Professor Davies from making other than occasional visits to Fitzsimmons while these observa
tious were in pr;>gress, but all the resources of his party were cheerfully placed at Assistant 
Boutelle's disposal. Mr. George B. Brown, of Professor Davies' party, rendered constant and 
acceptable assistance both in observation and reduction <luring the entire duration of the work, 
while Professor Davies also took part personally on two nights. 

The observations were completed during the first week in October, and Assistant Boutelle 
then returned to duty at the Office in 'Washington. 

During the autumn and winter he revised and reduced the field observations in Minnesota 
and Wisconsin, turning into the Office twenty volumes of original and duplicate notes of observa
tions and thirteen cahiers of reductions. 

He continued also the correspondence with acting assistants involved in the immediate direc
tion of State surveys with which he had been charged by direction of the Superintendent in 
August, 1886. 

In June, 1888, he was instructed to take charge of the preparation and transportation to 
Cincinnati, and of the arrangement and exhibition there, of such instruments and apparatus of 
the survey as were available for the Exposition to be held in that city during the period from 
July 4 to October 27. 

Surveys and examinations at Burnt Island, .1l1ickigan.-Under the heading" Special operations,'' 
which follows Section XVI in this volume, full mention is made of the special surveys and exam
inations at Burnt Island, Michigan, undertaken at the request of the Department of State and 
with the approval of the Secretary of the Treasury. These examinations were committed to tl1e 
charge of Assistant C.H. Sinclair, under instructions, which took eftect May 14, 1888. He com
pleted the field-work June 61 and bas since that date deposited in the archives the records and 
results of his surveys. 

SECTION XV. 

MISSOURI, KANSAS, IOWA, NEBRASKA, MINNESOTA, AND DAKOTA. (SKETCHES Nos. 1,2, 14, 15, 17,AND 18.) 

Continuation of geodetic operations preliminary to a triangulation of the State of ]finnesota.
Reference was made in the last Annual Report to the progress of geodetic operations in the State 
of Minnesota, in response to a request from the authorities of the State to have the benefit of the 
appropriation for furnishing points for State surveys. Also t-0 the appointment of Prof. W.R. 
Hoag, of the State University, as Acting Assistant, by the Secretary of the Treasury, upon the 
nomination of the Governor of Minnesota. 

Early in June, Assistant C. 0. Boutelle, under whose immediate supervision the State surveys 
had been placed, was instructed to take special charge of tht1 work in Minnesota at its beginning. 
He was directed to search for and locate a base-line for future measurement, and also to furnish 
data for certain local surveys asked for by Professor Winchell, State Geologist. Professor Hoag 
was assigned to duty as Mr. Boutelle's assistant. 

Field operations were begun in June, 1887, without delay, and continued throughout July 
and August. During this time a preliminary base was laid out and measured upon University 
avenue, in the northeastern part of Minneapolis, and a secondary triangulation was laid out and 
developed from it, which covered the cities of St. Paul and Minneapolis. Ten stations were occu
pied, and the geographical positions of forty-eight points determined. A final primary base-line 
of a.bout :five and a half miles in length was decided upon. It falls upon a public avenue in a 
portion of the outskirts of the city of St. Paul, and is included in the limits of the secondary trian
gulation already exeent.ed. The consent of the authorities of the city of St. Paul to the temporary 



 

84 GNITBD STATES COAST A.ND .GEODETIC SURVEY. 

use of the avenue for the measure of the base was obtained, and it will be measured as soon as an 
ap1)ropriation for the purpose becomes available. 

Tue latitude of a point near the State University in l\Iinneapolis was determined, and the posi
tion of the station referred to the dome of tllat building. Twenty-one pairs of stars were observed 
upon five nigl1ts witl! zenith telescope No. 5. Ob.senatious for azimuth of the preliminary base 
were made upon Polaris; thirty-three series being taken in eleven positions of twenty-inch the
odolite No. 113. The longitude of the University had l>een determined by the Survey in 1873. 

Owiug to the extreme heat and drought that prevailed all summer, the reconnaissance could 
not be carried as far as was desirable, but the country was found to be favorable for triangulation 
at moderate cost with triangle sides of from fifteen to twenty miles in length. Further and more 
extended reconnaissance may show the practicability of longer lines. 

Mr. Boutelle, in his report of the seasou's work, acknowledges the zealous aud intelligent 
assistance given him hy Actiug .Assistant Hoag. 

Transcontinental line of geodetic leveling carried westu:ardfrom New Haven, .ilf.issouri.-Tbe exten 
sion westward of the line of trauscoutinental leveling from New Ha nm, Missouri, was committed to 
the chnrge of Subassistant J. E. McGrath by instruct.ions issued .April 2, 1888, with the under
stamling that .Assistant Gershom Bradford and Subassistant Isaac Winston should report to him 
for duty in the party at an early date, and that as soon as they became well practiced in the 
methods of work the charge of it should be transferred to Mr. Bradford. 

Fiehl operatious were begun April 17 by a careful determination of the instrumental constants 
of the geodeHic micrometer leYels Nos. 2 and 3. Two days later the line of lernls was begun at a 
bench mark placed at New Hann, Missouri, by Assistant Andrew Braid in 1882. Mr. McGrath re
mained witl1 the party until l\lay 3, but gave up the charge of it to Mr. Bradford May 1. 

Towards the end of l\Iay he inspected tlte field-work, and examined the records aud computa
tions, and baYiug found the work progressing quite satisfactorily, he made a final transfer of it 
to l\lr. Bradford, aud made preparations to carrJ out instructions which assigned him to a term 
of sen-ice upon the .Pacific coast. 

Mr. Bradford, with the aid of Mr. Winston, continued the line of levels of precision to the 
end of the fiscal year. It had then reached a bench-mark between Osage City and .Moreau Creek, 
a length of fifty miles haYing been completed, one observer running the forward line and one the 
backward liue, except at the single river crossiug encountered on the route. 

Tlte work followed tlle liue of the Missouri Pacific Railway, and as permission to stop trains was 
refused by the railway authorities, the party was often compelled to walk long distances to and 
from the locality of work, and submit to many interruptions owing to the necessity of being at 
railway stations on time. During June the heat was exceedingly oppressive. 

Occ1tpatiun of station.~ for extending to the westward the transcontinenta.l triangulation near the 
thirt!f·ninth parallel in Kan.~as.-At the beginning of the fiscal year, Assistant F. D. Granger, 
liaYing finished a reconnaissance in which he bad selected nineteen new stations for carrying his 
triaugnlatiou to the westward, was engaged in the occupation of station Bebe Mound, Douglas 
County, Kansas, one of the points in the transcontinental triangulation near the thirty-ninth 
parallel. 

On the 5th of July, 1887, having completed work at Bebe ~found, he transferred his party to 
Eckman iitation, Leavenworth County. Both of theRe stations had been occupied in 1885, but no 
points beyond tl!em to the westward had been :;elected. 

Tbc stations next in order were occupied as follows during tbe season: 
On July 26 tbe occupation of Kanwaka, near Le Compton, was begun, and observations were 

made upon fi\·e primary, two secondary, and ten tertiary objects, the station being finished 
August 16. Kanwaka is in Douglas County, about ten miles northwest of the city of Lawrence, 
its name being that of the township in which it is situated. The observing tripod at this station 
was about fifty-se\·en feet above the ground. 

On August 19 the party and instruments were transferred to station Simmons, which is sit· 
uated upon a promi11ent hill in Marion Township, Douglas County. The observing tripod here 
was at a height of forty-five feet. 

Mabon station, in Usage County, was next oecu11ied. It is about six miles southwest o(Oar-
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bondale, and four miles northeast of Burlingame, towns on the Atchison, Topeka and Santa Fe 
Railroad. Tb.e instrument was elevated on an ollserving tripod fifty-three feet in height. Five 
primary and seven tertiary objects were obsen·ed. Bad weather was encountered at this station, 
so that the work was delayed in completion. 

After :finisliiug the observations at Mahon, October 17, the party proceeded to EleYatioll, a 
station in Shawnee Uounty about nine miles southwest of Topeka. This i•oint is well kuowu in 
Shawnee County. On its summit stands the Wesleyan Methodist Church aud on its south face 
the Elevation school-house. The obserYing tripod, which is forty-five fet>t high, stands imme
diately north of the church. During the occupation of this station the weather was eontinuom;l.Y 
favorable. Six primary and twenty-seven tertiary objects were observed, and work at the station 
was completed November 4. Among the tertiary points were tlrn State House of Kansas, the 
State Insane Asylum, and several church spires in Topeka. 

The last station occupied, PoweH, is about three miles south of the town of Do>er in Slrnwnee 
County. It is nearly in the center of the quadrilateral for.ne!l by lines from tbe st,ations Eleva
tion, Mabon, Clark, and Adams. Four primary and fvurteen tertiar;y objects were here observed, 
the instrument being mouuted upon a tripod twenty feet aboYe ground. 

Field operations were closed at this station November 18, and after storing the instruments 
and camp equipage at Topeka and at Lawrence, Mr. Granger disbanded his party December 5. 

He commends lnghly the services rendered by his only assistant m the work, l\Ir. A. P. 
Barnard. 

During the winter, and until early in May, 18 88, Mr. Granger was occupied in Office duty. 
Having beeu relieved from the Office and instructed to resume field-work, he arrived at Lawrence, 
Kansas, May 15, and was joined on the following day by Subassistant F. H. Parsons aiHl Mr. 'l'. 
0. Pulizzi, Recortler. Mr. A. P. Barnard, Foreman, having soon after reported for duty, the 
organization of the part~· was completed, and the erection of six obsen·ing tripod and scaffold 
signals was begun, these being needed in ad>ance of the occupation of the stations. 

While preparations were in progress for the occupation of station Adams, near Maple Hill, 
Wabaunsee County, Kansas, and about twenty-five miles west of Topeka, Mr. Granger put up a 
signal at the tertiary station Martin's Hill, near Topeka, and occupie1l tlrnt point to make measure
ments connecting the Kansas State House and other prominent objects in the city with the triangu
lation. 

Heavy rains delayed the transfer of the party equipment to Adams st.ation until June 2G, and 
continued unfavorable weather prevented obsen·ations before the close of the month, but the 
station was pnt iu readiness for geodetic and astronomical work. 

For the fiscal year the statistics are : 

Triangulation : 
Area of, in square statute miles . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . .. . . . . . • . 960 
Number of observing tripods and "Scaffolds built .................. _ . . . . . . 7 
Heights of observing tripods and scaifolds built, twenty to fifty feet. 

N be f tat. .
00 

,. h . 
1 

. { primary . . . 6 
urn r o s ions oceup1 1or orizouta measures.. . . . . . . . t t- 9. er mry. __ _ 

Number of stations occupied for vertical measures...... . . . . . . . . . . . . . . . . . 6 
Number of geographical positions determined ... _.. . . . . . . • . . . . . . . . . . . . . . . 22 
Number of elevations determined trigonometrically....................... 19 
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SECTION XVI. 

NEV ADA, UTAH, COLORADO, ARIZONA, AND NEW MEXICO. (SKETCHES Nos. 2, 15, 16, 17, AND 18.) 

Determination by exchange of telegraphic signals for longitude of the line Salt Lake City-Walla 
Walla, forming p<irt of the telegrapltfo circuit Salt Lake City-San Francisco-Portland- Walla 
Walla-Salt Lake Oity.-Reference was made under a heading in Section XI to the telegraphic 
1ongitude determinations between Portland, Oregon, and ·walla ·wana, Washington Territory, and 
between 'Valla 'Yalla and Salt Lake City. .A.ud under a heading in Section X, to the determina
tion of the line San }'raucisco-Portland lly excl1anges of telegraphic signals. 

Assistants Edwin Smith and C. II. Siuclair, who took up towards the end of September, 
1887, the exchanges of telegraphic longitude signals between the stations in Temple Block, Salt 
Lake City, and the statkm iu the grounds of the Court-House at Walla Walla, completed their 
work October 22, having obtained exchanges of signals on six nights in each position of the 
observers. The preliminary computations show a satisfactory closing of the telegraphic circuit 
Salt Lake City-San Francisc0-Portland-"\Valla Walla-Salt Lake City. 

Occupation of stations for the extension castu:ard of the transcontinental triangulation near the 
thirty-ninth 1iarallel in Utah.-At the beginning of the fiscal ;year, the party of Assistant William 
Ei:11l1eck was establiished in camp upon the summit of Mount Nebo, in central Utah, and, as stated 
i11 the last Annual Report, liad made good progress with the observations for horizontal directions . 
.Mo1mt Nebo, which has an ele\·ation of twelve thousand feet above the sea-level, forms with Ibepab, 
Pilot Peak, and Ogden one of the great quadrilaterals by which the transcontinental triangulation 
iu Nevada and Utah near the thirt;p1inth parallel is advancing to the eastward. 

During July, 1887, the obserrntions at Mount Nebo were substantially completed; in addition 
to those for horizontal directions they included determinations of latitude, azimuth, and the mag· 
netic elements. On the 2d of August, camp at J\Iount Nebo was struck and arrangements were 
begun for the transportation of the party, camp equipment, and instruments by wagons to a 
camp at the base of l\fonut Guyot, a distance of (approximately) ninety miles. 

The greater part of the month was occupied in work preliminary to the occupation of the 
station. Tlie mountain approaches were ex11lored; aiJout ten miles of trail were located and in part 
opened from the lower camp to the summit, signals were erected, heliotropers (twelve in number) 
were posted, camp established near the summit of the mountain, and the piers and the platforms 
for tlie instrnmeuts were prepared. On the 31st, the first observations for horizontal angles were 
made. These, with obse1Tations for vertical angles, aml determinations of the magnetic elements, 
occupied the party during the month of September, aud until October 3. 

Camp was then struck, part of the force discharged, instruments no longer needed were sent 
to Salt Lake City for storagt>, nrnl arrangements wne made for the occupation of a station at 
Lakt~ Shore Bench near Grantsville, Utah, and for the e::.tablishment of a tide-gauge and bench· 
mark at IIooper, near the Rhore of Great Salt Lake. 

At Lake Shore Beud1 oli::>errntions of horizontal aud vertical angles and magnetic deter
minations were made. The corresponding "bench" near Hooper was referretl Ly spirit-leveling 
to the water lm·l\l of the lake. The astronomical statioU" in Temple Block, Salt Lake City, was 
coum•cted with the tria11gulatio11, and obser,·ations made near this station for the determination 
of the magnetic declination, dip, aud inteusit;v. 

These operationR, with those incidental to closing field-work for the season, occupied the time 
until the end of Nornmber, after which Mr. Eimbeck proceeded under instructions to Washington 
and reported for dnt,\· at the office. 

l\Ir. J. II. Tur1wr, Aid, rendered acceptable l!ervice during the greater part of the i;eason, 
haviug joined the party .June 8. 

During the winter, a111l until towards the eud of June, 1888, }fr. Eimbeck was occupied in 
completing the reeords and computations of bis field-work. As soon as funds were available be 
was iuistructed to resume field operations in central Utah. 
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SPECIAL OPERATIONS. 

Determinations of gravity on the Hawaiian Islands, at San Francisco, on Mount Hamilton, and 
at Wasltington, District of Columbia.-The special assignment of Subassistant E. D. Pret1tou to 
duty on the Hawaiian Islands, made at the request of the .Hawaiian Government and approved by 
the Treasury Department, was still in effect at the beginning of the fiscal year. 

On July 1, 1887, Mr. Preston was making the ascent of Haleakala, a well-known volcanic 
mountain on the island of Maui. , Observations for gravity had been completed at tlie base statiou, 
Haiku, on the evening of June 29, and the ascent was begun the next day, the entire caravan 
numbering eighteen men and twenty-fiYe animals. After resting one night at Olinda, which is at 
an elevation of four thousand feet, and which lies at the lower limit of the cloud region, the party 
made an early start next morning, and after two miles of travel reached a point beyond which 
wagon transportation was impracticable. The larger instruments, the tents, and provisions ha Ying 
then been packed on muleback, and the chronometers, barometers, and thermometers taken by 
band, the ascent of the last five thousand feet was begun. This occupied five hours, and at three 
in the afternoon the party reached the edge of the crater. After a halt for an hour to allow the 
animals to recover somewhat from the effects of the rarity of the atmosphere and the travel over 
rough lava, the party advanced three miles farther to Comotierra, a point just below and to the 
south of the triangulation station Pakaoao, which has an elevation of about ten thousand feet 
above sea level. Here, within fifty feet of the perpendicular walls of the extiuct crater of 
Haleakala, which is half a mile deep and twenty miles in circumference, a pendulum house was 
prepared in an open space between two large rocks which afforded the requisite stability. This 
space was inclosed partly by stone walls and partly by blankets and tarpaulin!<, and a fairly 
constant temperature was thus maintained, notwithstanding the large range in the open air, ice 
being formed nearly every night. 

At Pakaoao full sets of determinations of gravity were obtained during eleven days with each 
of the two pendulums, the yanl pendulum, which was used in the determinations of 1883, and the 
meter pendulum. The swings were made day and night without interruption. Time and latitude 
were determined with a meridian telescope. For latitude twenty-five pairs of stars were observed. 

As the observations were made at a station several thousand feet above the usual limit of the 
cloud belt, the weather was generally favorable and the atmosphere extremely clear, many stars 
being observed before sundown with a telescope of two and a half inches a.perture and magnifying 
!lower of seventy. 

Prof. W. D. Alexander, Surveyor-General of the Hawaiian Islands, accompanied the expedi· 
tion to the summit, and remained a number of days. Mr. Preston acknowledges tbe aid derived 
from his experience and good judgment. 

Remarkable variations in the magnetic declination were noticed. All lava found on one of the 
peaks is highly magnetic, and changes of declination of several degrees m a distance of two miles 
were found to occur on the floor of the crater. 

After completing the observations at Pakaoao, Hana and Ka Lae o Ka Iho in the district of 
Kanpo were occupied as latitude stations between July 20and August 2. Both these are at the level 
of the sea. At the latter place as many as seventy-five pairs of stars were observed on a single 
night, an average of ten pairs per hour being taken. 

From August 7 to August 30, Mr. Preston was at Honolulu, engage1l m office work. On the 
latter date his connection with the Hawaiian Government ceased, and be sailed for Sau Francisco. 
Reference is made under headings in Sections X and III to comparative determinations of gravity 
made by him in California and at Washington, District ofCol11mbia. 

· During his sta.y in the Hawaiian Islands, from January 12 to Angust 30, 1887, he occupied 
fourteen latitude stations, three of which were gravity stations also. The latitude stations were 
generally chosen at places best adapted to brmg out the deflect.ions of the vertical, being estab· 
lished at points to the north and south of the high mountains. The pendulum was swung at a great 
elevation, at the sea level, and at a station occupied in 1883 by the United States Eclipse Expedi
tion. This was done with a view of studying the downward attraction of th\' wountain, of throw-
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ing light on its internal constitution, and for determining the ratio existing between its mean 
density and tbat of the earth. 

For latitude, the whole number of observations was nearly fifteen bnndred, being on the ayerage 
more than one hundred to each station. rrt>liminary reduction!" seem to in<licate a difference of 
nearly forty seconds of arc between the astronomical and geodetic latitudes iu Oahu~ and as much 
as fift_y-eight seco111ls at Ka,upo on Maui, while Pakaoao falls half-'lrny between Haiku and Kaupo. 
At Kohala on Hawaii there is a deflection of' half a minute toward the south, while at Hilo, sixty 
miles distant, the plumb line is deflected in the opposite direction nearly half the amount. On top of 
Haleakala the diminution of the force of gravity is not as great as was supposed; that is, the down
ward attraction of the mountain is greater than has been found generally on great elevations. The 
pendulum experiments show that the mea11 density for the whole mountain mass is quite equal to 
that of its surface density, and that the mountain is 11ot hollow, as has been claimed for most con
tinental elevations, notably those of India. Using a densit,y derived from pemlulum observa
tions, and considering the mountain as a paraboloid of revolution, an approximate value of its 
attraction at Kaupo ha,s been calculated. Applying this attraction brings the astronomical lati
tude to agree with the geodetic one, as carried around the island from the northern station at Haiku. 

At the meeting of the American Association for the Advancement of Science held at Oleve-
1and, Ohio, in August, 1888, Mr. Preston, with the authority of the Superintendent, read a 1iaper 
he bad prepared on the Deflection of the Plumb-line and Variations of Gravity in the Hawaiian 
Islands. This paper was subsequently published in the American Journal of Science for NoYember, 
1888. The general conclusions which he draws from his discussion of the Hawaiian obser\·ations 
he states as follows: 

I. Deflections of the plumb line are greater on island than on continental mountains, presuma
bly on account of the lighter surrounding sea- water; an cl gravity is not in defect, because it is 
J11•re estimated from the true sea level, and not from a sea level by continental attraction. 

II. Deflections appear to be greater in the vicinity of extinct -Yolcanoes than near active ones. 
III. The so-called "bidden causes" which, in the case of the Himalayas, give a variation of 

gravity several times as great as those arising from the attraction of the mountains themselves, do 
not exist in the Hawaiian Islands. 

l\Ir. Preston acknowledges the umform kindness shown him, both by the members of the Gov
ernment Surve~- and by the residents in different parts of the kingdom. In the pendulum obser
vations he had the aid of .Messrs. F. S. Dodge and W. A. Wall, of the Hawaiian survey. All of 
the latitude and time observations were made by himself. The stations were selected by Professor 
Alexander. 

The following table presents the statistics of the latiturle work: 

Latitude work, Hawaiian Islands, 1887. 

Stat.ion ~uwuer of pall'• ol>serYed 
on rnrnh night. 

Puuloa -··-·· .••. llO 38 

Kahuku -·-···. _., 22 :13 
1 

Waimea ______ 17: 10 

Koloa. ... . . ..•.. 8 ! 13 
IlanaJei...... . . . 20 17 

Ilonohllu • • • .. . . 2\l 32 ' 35 : 28 
Kobala ________ 33 31 I 32 

1 

Hllo -----···-··· 9 33, 8 
KaLae .•••...... 19 31'20 
Kailua. _____ . ___ 15 8; 12 

Haiku--·-·- _ __ 30 : l9 ' li 
Pakaoao ...... , .. 18' 9 

Hana·-------·-· 

--·1-·--i---
... : ..... : ... 
34 27 : 

16 23 --

Kaupo ..••.. ,. . . : 24 j 75 ; g ; 20 

TutalB. 

99 

116 

128 

114 

130 

124 
ll6 

82 
127 

60 

91 

88 

Rl 

155 

Total number of determinations . _.. J, 491 

Averag?i number for 01w station.......... 106 
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Special surveys and examinations, made at the request of the Department of 8tate and witk tltc 
approval of the Secretary of the Treasury, at Bitrnt Island, Mickigan.-A question haviug arise11 
between the United States and the Dominion of Canada as to the exact location of a fishing net 
belonging to S. F. Tolsma, a citizen of the United States, which had been seized by the Canadia11 
authorities, becl!use, as they alleged, it bad been spread in.Canadian waters, the Secretary of State 

·, made request of the Secretary of the Treasury in M,irch, 1888, that the location, direction, and 
length of the net at the time of seizure shou hl be ascertained as nearly as practicable by a survey 
to be made by a competent officer of the Coast and Geodetic SurYey. 

Instructions were accordingly issued by the Superintendent to Assistant C. H. Sinclair, 
directing him to proceed, as early in the spring as the condition of the ice would permit, to Burnt 
Island, in Lake Huron, the locality of the seizure, and to locate and detPrmine carefu1ly, with 
reference to adjacent shore-lilies, the boundary between the United States and Canatl:t iu that 
vicinity, thiR location and determination of the boundary to be in exact conformity with the tracing 
of the Boundary Treaty Map furnished to this Office by the Department of State; also to ascertain, 
with reference to this boundary line, the position of the Tolsma net. 

Permission ha\'ing been obtained from the Canadian authorities for the establishment on 
Canadian ground of such stations as would be needed to be occupied in triangulation, Mr. Sinclair, 
soon after his arri\'al, May 22, having selected these stations, with others on the American side, 
determined the points required for a topographical survey of the shore-line of Burnt Island and 
other islands in the vicinity, and determined in position, with reference to the boundary line, the 
buoys that bad been set to mark the position of the To1sma fishing net. 

His report, date<l June 29, 18881 points out certain errors in the survey made by an officer of 
the Royal Navy before the breaking up of the ice in that year, and shows conclusively that the 
Tolsma net, when seized, was entirely within American waters. But one question was left open 
to be decided by subsequent measurements, that of the length of tbe net, the Canadian authorities 
claiming for it a length much beyond the maximum length of the nets that came under .Mr. Sinclair's 
examination. 

The results of his survey, which are shown on three tracings accompanying his report, were 
transmitted by the Superintendent to the Secretary of the Treasury under date of August 1; also 
a supplemental report with suggestions as to the advisability of marking the boundary in the 
locality of t.lJe fishing areas under survey, and a recommendation that in onler to give such mark
ing an authoritative character both Governments should take part in it. 

Towards the end of August a letter was received from the Treasury Department inclosing a 
communication from the Secretary of State, transmitting to the Superintendent the thanks of that 
Department for the valuable report made by this Office. 

COAST ill> GEODETIC SURVEY OFFICE. 

The annual report of Office operations (Appendix No. 4) is submitted by Mr. B. A. Colonna, 
Assistant in Charge of Office and Topography. With it appear the reports for the fiscal year of 
the chiefs of the several Office Divisions. These indicate throughout a st~ady performance of duty, 
and a desire for the advancement of work by improved adaptations of means to ends, and by the 
introduction of better methods and processes whenever practicable. 

Assistant Charles A. Schott continues as heretofore in charge of the Computing Division. 
Mr. Schott alludes to the large amount of field-work which needs speedy reduction and discussion, 
and to the necessity for the employment of two additional computers, one fo1· magnetic, the other 
for geodetic reductions. By the resignation of Mr. Alexande1 Ziwet, which took effect September 
23, 1887, the Division lost the services of a very able computer, thoroughly acquainted with the 
methods of calculation, and possessing also that general knowledge which added to the value of 
his work. 

Besides attending to correspondence referred to him from the Office, and directing the labors 
of theeomputerRi Mr. Schottdevoted much of his time to the preparation of special reports. Those 
which are intended for publication a.re referred to under the heading Special Scientific Work in 
Pa.rt I ot this volume. 
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In the Drawing Division, under the charge of Assistant E. Bergesheimer, special effort was 
made to place the results ofreceut suryeys promptly before the public, and with the co-operation 
of the Engraving Division and by the aid of photolithography, charts of the resurveys in Delaware 
Bay and New York Harbor and approaches were prepared in a less time after the close of ftel<l
work than bad ever before been a.ccomplished by the Office. Charts reproduced on full scale from 
the original sheets by photolithograpby haYe been received with much fayor by the public. For 
local 1mrposes such charts are of great value. 

At the request of Ute Attorney-General of tlie United States, and for nse iu determining the 
title of the Government to the Potomac Flats, there were prepared for publication careful tracings 
of the Dermott Map (1798) and of the King Plats (1803) of the City of Washington. 

During some unavoidable absences of .Mr. Bergesheimer, l\fr . .A. Lindenkohl, Chief Draughts
man, directed satisfactorily the work of tlie DiYision. A tabular statement appended to the report 
shows what charts were completed or in progress dnring the year. 

The annual report of the Engraviug Division is submitted by Assistant Herbert G. Ogden, 
under whose administration its high standard of efficiency has been maintained. With the charge 
of the Engraving Division is associated the charge of operations in the Electrotype and Photo
graph rooms and in the Plate Printing office. 

A11 of the engravers were at times employed in making the miscel1aneons corrections to plates 
and additions on them that are required tu keep np to date Aids to Navigation, and the results of 
bydrographic examinations, resurveys, etc. This class of work is always one of great urgency, in 
order that the supply of corrected charts may be maintained for the use of the public. T!Jere 
were in hand for correction in these particulars during the year five hundred and fifty-seven 
plates. 

A number of engraved plates of important charts were completed . .Among them may be men
tioned the Delaware Entrance from resurveys; Cape Fear River, showing recent improvements by 
tile Unitetl States Engineers; the Columbia Rh-er to Portland, and a general chart of the Pacific 
coast from Point Arena to Cape 1\Iendocino. Tabular statements of engraved plates begun and 
fiuii;;hed during the year accompany Mr. Ogden's report. Be refers to the receipt at the Office on 
April 21, 1888, of a copper-plate engraving of the City of Washington, believed to be a copy of 
the Boston plate. The original Boston plate is yet to be recovered. 

In order to obtain for the records of the Division a catalogue of engraved plates arranged in a 
geographical sequence so as to gh'e a conci8e abstract of the work representing a particular 
locality, Mr. Ogden began the preparation of such a catalogue, placing the work in the bands of 
.Assistant Edwin Smith, who was assigned to duty for this purpose, and who had completed a 
rough drai1ght of the catalogue at the date of being ordered to field duty in April, 1888. 

Mr. D. C. Chapman carried on most satisfactorily the operations of the Electrotyping and 
Photographing Division under .Mr. Ogden's general direction, and has submitted at his request 
a statement of the results of various experiments made and improvements introduced by him into 
the apparatus employed. The system of mounting photographic prints to scale was continued in 
successful operation, and at the request of the Secretary of the Smithsonian Institution an 
exhibit of the method was prepared for the Cincinnati Exposition. .A machine for filing the backs 
of electrotype plates, intended to save the labor and delay of filing the plates apart by hand, 
which was devised by Mr. Chapman and put up during the year, has worked well, furnishing a 
smooth even surface at a much reduced expenditure of time and labor. 

The Plate-Printing office was as heretofore in immediate charge of .Mr. F. Moore, Foreman. Mr. 
Ogden observes that this class of work is laborious and exacting, and it is therefore gratifying to 
find that the number of impressions suppli('d to the Chart Room, thirty-two thousand three hundred 
and forty-five is larger than for any preceding year. 

Mr. John R. Smoot continued as heretofore to perform the clerical work of the Division; great 
credit is due him for the care and precision with which this is clone. 

In December, 1887, the Chart Dfrision was organized, and .Assistant W. H. Dennis was in
structed to take charge of it, his special duty being to have the custody of the charts and to direct 
their correction and issue. He reports that the total number of charts disposed of during the 
~·ear was forty-four thousand five hundred and ninety-five, which was an increase of nearly thirty 
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per ce11t. over the issue of the year before. Of this number twenty-five tbousa1Hl two lrnmlred auu 
8eventy-three were sent to agents for sale; eleven tbom;and six hundred and eight issued to meet 
demands from the Executive Departments, and two thousand four hundred and eighty-three in 
response to requests from members of Uong·ress. 

Mr. Dennis calls attention to the fact that duril1g the last six months of the ;year upwards of 
three thousand one hundred corrected charts were sent to tlfe Ilydrographic Office of the Navy, 
where, notwitbstanding the very critical examination to which tbey are subjected, not a single 
error was found for which the Chart Di•ision was responsible. 

This be attributes to the painstaking cnre of M:es~rs. Uarker aml 'Cppermau, who had im
mediate charge of making the corrections. Mr. Il. G. Eicl10ltz was continued in general charge 
of the Chart Room. Lists of new charts aclded to the Catalogue and tabular statements of charts on 
hand, received and issued duriug the ,rear, accompany Mr. Denuis' report. 

The report submitted by Assistant Andrew Braid of the operations of the Instrument Di•ision 
indicates a high 1:1tate of efficiency in that important department of the Otliee. Mr. Braid's efforts 
to place in thorough repair the means and appliances for making instrumentH were ably seconded 
by Mr. E.G. Fischer, Chief l\lechanician, and Mr. 0. Il. French, Chief Carpenter and Model 1\faker. 
All of the instruments needed on the Surw•y are now made in the shop. Among those construcwtl 
during the year were two astronomical transits for the use of the longitude parties from general 
ontlines submitted by Assistant Edwin Smith, and two geodesic le•els from plans iml>mitted by 
~'\fr. Braid. Working drawings and patterns arc beiug made for six new eight-inch repeating 
theodolites, three of which will be adapted for latitude and azimuth work. 

Due attention was given to the miscellaneous duties of the DiYision, which include the care 
of the iustruments, camp equipage, and general propertJ'. Mr. R. C. Glascock served as Property 
Clerk during the year. 

The work done in the Tidal Division during the year is reported by its chief, Mr. A. S. Chris
tie. Mr. L. P. Shidy has continued on duty as his principal assistant. Tide-tables for aU the 
principal ports on the Atlantic and Pacific coasts were prepared and published a year in aarn.nce. 
The latest data have been brought into requisition to irnprnrn the results for times and heights of 
high and low water, and the predictions have been extended to some new points. 

In addition to the current work, which was kept up promptly to date, a number of special 
investigations were undertaken by Mr. Christie. Among them were the following: A careful deter
mination of mean half.tide level at Sandy Hook; ;tn inYestigation of the corrected establishments 
and ranges at San Francisco, California, and at Astoria, Oregon; an investigation of the West 
Florida, Cat Islaml and Biloxi, and Puget Sound tides, and a verification of the report made by 
Prof. G. H. Darwin in 1883 on the Harmonic Analyi;ds of the Tides, followed by the preparation 
of certain fundamental tables intended to introduce greater accuracy into the tidal reductions and 
predictions of the Survey. 

Mr. M. W. Wines has continued in charge of the Miscellaneous Division. In December, 1887, 
he was relieved from the duties and responsibilities connected with the custody aml issue of clia.rts 
by the organization of the Chart Division, and tl1e assignment of Assistant Dennis as its chief. 
The work of the Miscellaneous Division now includes the correspondence with sale ageuts relating 
to the publication of the Survey, the care of the account<'! connected therewith; the custody and 
issue of stationery; the care of the annual re1lorts when received from the Public Printer, and of 
the <mrrespondence between the Office and the Printer; the purchase of miscellaneous Office sup
plies and the supervision of the Offioo buildings. 

Tabular statements of the l'eceipt and issue of publications accompany Mr. Wines' report. Mr. 
Freeman R. Green continued to serve very acceptably as clerk to the Division. 

The annual report of the Archives and Library is submitted by Mr. Artema:,; Martin, who has 
remained in charge of the receipt and registry of the original and duplicate records, of the computa
tions, and of the original topographic and hydrographio sheets, and has had also the care of the 
Library. With the report are tables showing the number of the several classes of re.cords aHd 
computations received and registered. Note is made of such topographic and hydrographlc sheets 
as were accompanied by descriptive reports. 

A card catalogue of the Library, which has been for some time in progress, is now nearly finished. 
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The complicated and laborious operations of the Accounting Division are fully dei;:cribed in 
the annual report presented by Mr. John 'V. Pitrsons, who bas remained in charge of it, and whose 
uuremittiug efforts to increase its efficiency both l1y personal labor and by the introduction of 
improvements in its organization, tieserve special recognition. The disbur8ements for the Survey 
continue to be made by, and the responsibility for them still rests with, .Mr. George A. Bartlett, 
Disbursiug Clerk of the Treasury Departmeut, who has hitherto 1ierforme<l this service without 
additional compensation. 

In order to Yerify readily the financial coudition of the Survey, and obtain a check against 
errors, there was established at the beginning of the fiscal year a system of semi-monthly trial 
balances and monthly balance-sheets showing the receipt aml expenditures under the appropria
tions. This 11yRtem was found by trial to bP very satisfactory, and its results were appro,·ed upon 
examinatio11 by a special committee from tlie office of the First Comptroller of the 'l'reasnry. 

McssrR. Eugene B. Mills, Accountant, and W. H. Lanman, General Bookkeeper; Mrs. S. M. 
Taliaferro, Book-keeper and Entry Clerk, and Miss Paula E. Smith, General Clerk, rendered very 
satisfactory snvice. 

In view of the facts that the work of the .Accounting Division is con8tantly increasing in vol
ume and that much time is necessarily lost b,y the present arrangements for making disbursements, 
Mr. Par8ons, in concluding bis report, again urges the need of the Surwy liaving its own Dis
bursing Officer. 

Early in October, 1887, .Assistant 0. II. Tittmann was instructed to take charge of the Bureau 
of ·weightR aud l\Ieasures. Iu virtue of this assignment, be was directed to prepare for publica
tion the manuscript of a report on the construction and distribution of Standards of Weight and 
Measure, which had been com1>iled chiefly by the late Assistant H. ·w. Blair, but which.bad not 
received the fiual revision of Professor Hilgard, then Supniuteudent. Before the report could be 
properly prepared for the Printer,· Mr. Tittmann found it necessary to indtx the records of the 
Weights and Measures Office. These records had been accumulating since 1344. The work was 
done with care and good judgment by Subassistant F. II. Parsons, under Mr. Tittmann's direction. 
Assistant .T. B. Weir was attached to the Di\'isiou during part of the fiscal year. He assisted in 
the comparisons of standard!! and in making and revising computations. 

The long experience and knowledge of details of Dr. J. J Clark, Adjuster, was of great service 
in the work of the year; he made all the weighings, assisted in the comparisons of standards, and 
prepared the Weights and Measures Exhibit for the Cincinnati Exposition. 

For the results of the experimental researches and the comparisons of standards of length and 
capacity instituted by Mr. Tittmann reference must be made to bis report. He urges the great need 
of having a comparing room so constructed that its temperature can be controlled artificially, so 
that at any time during the year comparisons of standards of length can be made at any tempera
ture desired. 

An abstract of information furnished by the Division is appended to the report. 
In the Office Division, under the immediate direction of the assistant iu charge, Dr. W. B. 

French continued to ren<ler very efficient and satisfactory service as executive clerk. 
In the Office correspondence, and iu the preparation of the monthly reports, Miss S. C . .Ayres 

served very acceptably during the year, and during part of the year Miss F. Oadel. Miss S. B. 
Harvie, a skillful t.nie-writer, was transferred to the Treasury Department January 1. Miss K. 
Lawn served satisfactoril;y as type-writer during the year, and Miss U. Turnbull since March I, as 
copyist. 

Mr. W. B. Chilton continued to serve as clerk to the Superintendent, and bas made a. report 
stating the details of his clerical duties. 

SUB-OFFICES U. S. COAST .A.ND GEODETIC SURVEY. 

Sub-offiee at Pltiladelpliia.-Assistant S. 0. Mccorkle, who has remained in charge of the Snb
office at Philadel1illia, reports that information has been applied for by and furnished to various 
persons and organizations, among whom be mentions Messrs. Henry Winsor & Co., Mr. John 
McArthur, jr., .Architect of the new City Hall, Prof. L. :\I. Haupt, of the University of Pennsyl· 
vania, the Bureau of Surveys, the Board of Tratle, Board of Port Wardens, and the Harbor Oom· 
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mission of tlie Port of Philadelphia; the different branches of the Government service located in 
i;he city, and tbe American Archaiological Society of Cambridge, Massachusetts. 

The facilities of the Sub-office were extended to the U. S. Advisory Board of the Harbor Com· 
mission, of which Assistant Henry Mitchell and Henry L. Marindin were members. Six sessions 

' of the Board were hel<l at the Sub· office in 1887 and 1888, l\lr. Marindin acting as Secretary. He 
was also on duty in the Office at various times throughout the year. The records of the Board are 
in charge of Mr. Mccorkle. 

Assistant R. Meade Bache was on duty in the Sub-office during the greater part of the year. He 
made pantographic reductions of ele>en original sheets of the surveys of the Delaware aml Schuyl
kill Rivers from scales of 1-2400, 1-4800, and 1-5000 to one uniform scale of 1-9600, and made 
projections on this scale for prospectfre work on those rivers. He marle tracings of maps north of 
Philadelphia belonging to the City Engineer Office, and reproduced two old topographical sheets 
of the vicinity of Boston, l\fassachusetts. 

Assistant Charles M. Bache was on duty in the Sub-office at various times. 
Assistant McCorkle has submitted a full report of bis observations of the ice movement in Dela· 

ware River and Bay during the winter of 1887-1888. An abstract of this report is given under a 
beading in Section II. 

Sub·otfive at San Francisoo.-In addition to the various duties in•olvcd in bis assignment to the 
general charge of the land operations upon the Pacific coast, .Assistant George Da,·i<lson had 
charge of the Sub-office at San Francisco. He has attended to the official correspondence and 
answered all calls for information. 

He lla8 prepare(! special reports upon tbe Fisheries of Alaska, and the location for a <Jnaran
tine station at San Francisco. A public meeting having been called by the Mayor of the city to 
consider the location for this station, at which were present members of the State and City Boards 
of Health, the Supervisors, Surgeons of the Marine Hospital Service, and other prominent citizens, 
Mr. Davidson appeared and presented a chart of the bay upon which he had plotted the several 
sites suggested, taking occasion also to review their respective advantages or disadvantages. 

Subassistant Fremont Morse, while on duty under Mr. Davidson's direction at the Sub-office, 
made a minute inventory of all the Office property, including instruments and camp equipage. 
The store-room for this property is in charge of Mr. Vincente Denis, who, in addition to other 
duties, has faithfully attended to it for years. 

Mr. Morse prepared for the Archives the records and results of the field-work at Macho 
station, made a reduction of the transit observations at BaJch station of 18861 inked and 
traced the topographical sheets of Suisun Bay, an<l made descriptive reports of two of these 
sheets. He was occupied also upon the work of the latitude and time observations at Lafayette 
Park station, and gave assistance in the prepara.tion of the base bars for the field. 

This work, having been performed at the Sub-office, is here noticed in some detail. 

PREP .A.RATION OF BASE BARS FOR THE LOS ANGELES BASE. 

Ill connection with the main triangulation, Mr. Davidson made a thorough overhauling 
of the base bars used in the measurement of the Yolo base, in anticipation of their early use 
on the Los Angeles base. This work he did personally, as far as practicable, with the aid 
of Messrs. Lawson and Morse, and the mechanician's work was done under direct supervision. 
All of the .Borda scales were examined and the accidental imperfections CC)rrected. The indexes 
on two base bars, which had. become almost obliterated by their use on the Yolo base, were 
recovered and marked anew in their identical places. The standard was found to be injuri
ously affected by galvanic action between the steel and zinc bars and brass supports, but was 
cleaned and the Borda scales corrected. The ends of all the bars were in good condition, care 
having been taken to clean them systematically for the last seven years. 

In order to guard against rapid changes of temperature in the measuring bars, Mr. Davidson 
bacl all the wooden beams covered with two thicknesses of sluice blanketing, three-quarter-inch 
thick boiler felt, and then by canvaB. 

This done he had them removed for comparison tests to the pendulum house at Lafeyette 
Park station. Aronnd this house he bad been authorized to have a wooden shell placed, so that 
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it is now double walled and roofed, the space between the inner and outer building being about 
eight iuehes. The inside is lined with heavy paper, and the changes in temperature were found 
t-0 be small. 

For the base bars and the comparators, four brick and cement piers were built, and Messrs. 
Lawson and Morse were instructed to begiu a serie8 of comparisons in order to familiarize them 
with the work and detect any error of the workiug parts. To tl1e iudex or contact slide ends of 
the two bars, Mr. Davidsou had bad magnifiers adjusted; these are of great assistance in setting 
the slides at zero. The apparatus was thus made ready for crucial comparisons. 

In response to a request from the Superintendent. for an opinion upon the proper form ofbase
bars for the measurement of geo<letic bases of the 11ighetit character, Mr. Davidson furnished a 
report and rough diagrams in explanation. The principal point to be decided, iR, iu his judgment, 
in the use <Jf a compound bar, or a Ringle steel bar of proper section, and with such coverings as 
will pren•nt any rapid change of temperature wlwn employed in the field. The connection of the 
thermometer should he by insertion of its bulb in mercury that is in contact with the bar itself. 
Ile expresses himself as satisfied the more he has tl1onght on the subject, and the more experience 
he bas gained with protected bars and beams, that the single well-protected steel bar is the best 
form, and that thrrmometers, connected with the bar as he recommends, will exhibit its temper
ature with reasonably close precision. 

Instruments.-The Assistant in Charge of the Office having submitted to Mr. Davidson for 
criticism the plans for a theodolite proposed for use on the Survey, he made a report thereon. 

COAST PILOT WORK. 

In October, 1887, l\Ir. Davidson transmitted to the Office the manuscript of the fourth edition 
of the Coast Pilot of California, Oregon, and \IT ashington Teri itory. Since that time he has 
accumulated much material that will be added in the proof-reading, and obtained the latest data 
relating t•l changes iu lights, buoys, etc. 

Ile b('gan the reduction of the Yie\rs which he liad made of headlands, points, island!'!, and 
rocks during the last twenty ~·cars. l\Ir. ·w csttlahl, under his direction, undertook Reveral special 
trips on tl1e coa11t steamers and on the Light-Ilou;;c ve;;sel to obtain views. Some photographs had 
also been 1wcure11. The whole 11u1111Jer of ,·iews is about four hundred, of which between three 
hundred and thn•e hundred and fifty are being reduce<l for tl1e Coast Pilot. Assistant Cleveland 
Rockwell was assigned to the special dnty of pn•pariug these views on bristol board, and. reported 
May 7, 1888. Ile h:ts given more than his regular office time to the work of reproducing them, and 
has imparted his artistic toucbeR to the sketches. 

In .March, 1888, under authority graute1l by the Secretary of the Treasury, Captain Shepherd, 
of the revenue-cutter Rush, conveyed l\Ir. DaYidsou down the coast as far as Piedras Blancas, in 
order that he might, get atltlitional views aJHl photographs for the Coast Pilot, and more particu
larly of the notable JaJl(l-fall the" Twins," which are five thousand feet above the sea-level, and 
only three miles from the shore. 

AIDS TO NAVIGATION. 

Recommendations with regard to aids to naxigation were made as follows, by Mr. Davidson: 
The placing of a Hght-liouse a11<1 fog.signal on the west end of Putos Island, and the same on the 
west eIHl of Stuart Inlet iu the Canal de Haro; the adoption of a fog-signal ship off the Bay of the 
Columbia River; of a light-homm aml fog-signal on Richardson's Rock off San Miguel Island, 
and of buoys off Point EucLon, and in the Uape Mendocino Passage, and in various other places. 

At the request of tlie SuperiutemlM1t, he wrote a description of the three positions available 
for a light-house at Point San Louis Ouispo. 

FIELD CA'l'ALOGUE OF STARS. 

During the year, outside of official hours, he was engaged in adding azimuth stars to the sec
ond edition of the Field Catalogue of stars. 
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EAR.LY EXPLORATIONS. 

He nearly completed also, outside of official hours, an exhaustive examiria.tion to identify Sir 
Fra.ncis Drake's landing in California in 1579. This research led him to gather many interestiug 
~~harts relating to the subject, and especially those of Dudley, based upon the personal draughts of 
brake, C~t•emlish, and others. He obtained also the first photographs of the original charts from 
which Dudley compile1l those that appear in the Ascano del Mare, and upon tllese be found original 
magnetic variations by Drake, Cavendish, and others, and from latitude 400 to Cape Corrientes. 
:Even the local disturbance near Playa Maria Bay, in southern California, established by Kellett 
aud the latest observations of this year, is found in these charts. 

Mr. Davidson furnishes a list of the records, computations, and original sheets, topographic 
and hydrographic, with tracings, forwarded by him to the Office during the year. 

He acknowledges assistance recei·rnd from Mr. Charles B. Hill in Sub-office work until his 
resignation, and subsequently by Mr. Frank W. Edmonds. 

'He commends Mr. Ferdinand Westdabl for his services as draughtsman, and for his willing
ness and promptness to attend to any matters that come up unexpectedly. 

CONCLUSION. 

Assistant Edward Goodfellow has been continued in charge of the preparation and editing 
for publication of the Annual Reports, and the Appendices thereto. He had also charge of the 
editing of the Bulletins of the Survey. 

The printing of the Report for the fiscal year ended June 30, 1886, was completed, and the 
edition ordered by Congress was rccefred at the Office in July, 1888. 

Tluoughout the past year, ready co-operation has been afforded by other Departments and 
11nreaus of the Government in the work committed to this Survey whenever such co-operation has 
bceu asked, and cordial acknowledgment has been made of the value of the services rendered by 
its officers to other Departments and Bureaus in response to official requests. 

I have speciaily to acknowledge the support of the Secretary of the Treasury in giving bis 
entire sanction to the transmission to Congress of increased estimates for the field-work, aud iu 
thus recognizing the fact, so often urged heretofore, tllat adequate appropriations for a work of 
this character yield larger results at a less comparative cost, and are therefore in the interest of 
a wise economy. 

Respectfully submitted. 

Hon. C. S. FAIRCHILD, 

Secretary <>f the Treasury. 

F. M. THORN. 

Superintendent. 
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A p p E N D I x N 0. 1.-1888. 

DISTRIBUTION OF THE PARTlES OF THE COAST AND GEODETIC SURVEY UPON THE 
ATLANTIC, GULF m' MEXICO, AND PACIFIC COASTS, AXD IN THE INTERIOR OF 
THE UNITED STATES DURING THE FISCAL YEAR ENDI~G .TUNE :w, 1888. 

Sections. 

---~---------------------- ---

lrartfos.1 Persons conducting operations. Opera ti on s. Localitie.-: of work. 

--- 11---------------------
SECTIO'< l. 

Maine, New Hampshire, 
Vermont. Massachusetts, 
and Rhode Island, includ
ing eoast. aml sea-ports, 
bays and riven. 

No. 1 'l'rian gulation C.H. Bo~·d, assistant; R. II. Bay- Triangulation of Cobscook Bay, Maine, and of 

anl. the St. Croix River, from tlw primary trian-

1

1' gulation near its mouth towar<ls the Initial 

Monument of the N orthea.stern Boundary at 
its sonrce. 

, C.M.Bache,assilltant ..•.••..••.•. 
1 

St. Croix Riwr, betw""n Pleasant Point and 
: 1 Shortlande Station. 

Topography 

3 Ilydrography ..... I Lieut. F. H. Crosby, U.S.N.,as- ! Hydrog-raphic surn'J of St.Croix River com
oistant; EnsignH A. W. Jlodd, ! pleted, and hyclrography of Cobseook Bay be
N. J. L. T.Ifalpine, R.0.llitler,) gun. (See also Section VIII.) 
W. B. Fletcher, M. Johnston, 
and .Tos. Strauss, U.S. N. 

4 I Triangulation ... O. H. Tittmann, assistant .... 

I 
Triangulation for the determination of light

houses and other points between Grand Ma-
uan Island anil the coast of Maine. 

Topographical in
spection. 

Charles Hosmer, assistant ..•..••. Inspection of topographical work UP<JU the coast 
of llfatne. 

6 Topography ..•... Eugene Ellicott., assistant . . • . . . . . Topographical surve;v of Cobscook Bay, Maine. 
7 Topography ..... . J.H.Gray,aid ......... _ ....•..... Topographical survey of the south an•l north 

8 Hydrographie ex
a~ina.tions. 

9 I Tidal obaervations 

Lieut. G. H. Peters, TI 8. N., ng
siatant; EnsignW.J. Yaxw~ll. 

U.S. N., John RoSB, compiler. 
J. G. Spaulding, tidal observer .... 

10 Magnetic obser- lj .Tames B. Baylor, assistant ..•.••.. 
vations. 

11 Spooia.l f.riangnla- HenryL. Whiting, assistant; Ger-
tion. shom llradford, assistant ; C.H. 

Van Orden, a.ssistant. 
12 Physical hydrog. I Henry L. M:arindin, assistant; E. 

raphy. : E. Haskell, Homer P. Ritter. 
13 Triangulation and I .Henry L. Whiting, assista.nt; W. 

topography. I. Vinal, aasistant; R. A. Marr, 
snbaasiata.nt; E. L. Taney, sub· 
aulstant. 

branch"• of Cobscook Bay, Maine. (See also 
Section VI.) 

Hydrograph ic examinations on the c-oastof Maino 
for the Atlantic Coast Pilot. 

Completion of the record of tidal observations at 
the 11ntomatic tidal stRtion at Pnlpit. Cove, 

North Ha.,-en !Aland, Penobscot Ila~-, Maine. 
(See also Section II.) 

Magnetic ob~mrrations at stations in Maine and 
Massachu•ett.. (See also Section IIT.) 

Jletermination of the bonndary lines of town• in 
the Stale of Masoachnsetts. 

Coast of Cape Cod penlnsnla. (See also Seti. 
tion II.) 

Tri.a.ngula.tfon of N antuoket and Vineyard 
Sounds, and topographical resurveys on N &n· 

tucket and Martha's Vineyard. 

1' Triangulation .•.. R.A.Marr,sub11&1iBtant ••••••.•.. Triangulation of Nantucket and Vineyard 
Sounds. (See also Sections III and XI.) 

15 Topography...... E. L. Taney, B11bMlii.stant..... .• •. Topographical resnrvey of the shore-lines of 
Nantucket, Muskeget, Tuekernnok, a.nd the 
small islands in their vicinity. (See algo Sec
tion VIII.) 
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API1ENDIX No. I-Continued. 

---~~~~s_. ___ _) Parties.I _____ o_pera~i::__! ~-~:~•conducting operations. j ______ L_o_c_a1_i_t1_e_• _o_r_w_o_r_k_. ------

SECTIOM I.-Continncd. \ No.16 ! Topography ...... \ W. Ir~ing Vinal, assistant ........ j Topographical resarYeys of the shore-lines of 
1 ! i i Vine\·ard Sound, Massachusetts. 

SECTION II. 

J 7 Otr .• ho.rn hydro~ 1 Lieut. J. E. Pillsbury, i:::. S. N., JIB· J Offsh~re soundings between Montauk Point and 

18 

raphy. sistant. I Phelps Bank. (See also Sections II, V, and 
i VI.) 

Ilyilrography .... ·/ Lieut. C. P. Perkins, U. S. N., as. I Ilydrographic resurveys in Vineyard Sound and 
•istant; Ensigns II. W. Ilarri· 1 in the channels ancl harbors adjacent. 
son, N. J. L. 1'. IlaJpinc. Baine 
C. Dent, and Franklin Swift, 
G.S.N. 

19 Jlytlrography ..... Lieut. J. F. Moser, U. S. N., as· Off.shore and in·shore hydrography of the ap· 
sistant; Lieut. E. E. Wright, U. 
S . .N.; Ensigns Il. A. Field. W. 
O. llnlme, H.P. Jones, and II. E. I 
Parmenter, i;. S. X. : 

proaches tothewesternendofVine.yard SounU, 
to Buzzard's and Narragansett Bays, and to 
the e,....tern end or Long Island Sonnd. (See 
also Sectfou VI.) 

20 Ilydrograpby _. Lieut. 8.C. Pa.in•, IT. S. N., assist. i Ilydrographic resurveys in Vineyard ancl Nan. 

ant. i tucket Sounds. (See 11!•0 Section II.) 
I 

21 ITydrograpbic C::t.· , Lieut. G. H. Peters, U. S. N. 1 as- ) Hydro~raphic examinations for the Coast Pilot 
a.ruinations. sista.nt; John Rose, cowpiler. on the southern coast of M.assachnsettsi in

cluding .Nantucket antl Vineyard Sounds and 
Buzzard'eDay. 

Connecticut, New York, No. 1 Ilydm~raphic ex· Lieut .. S. C. Paine, U.S. N., assist- Rydrographic examination in Stonington Har· 
New Jersey, Pennsyl· a.miuatiou. ant. bor, Connecticut. (See also Section I.) 
~a.nia, an4i Delaware, in. 
eluding Ma.st, !Jays, and 
rivers. 

2 Current obserra· Lient. J'. E. Pillsbury, IT. S. N., as· Examination of co1111t currents in the approadies 

4 

5 

6 

tious. sista.nt. to New York Har be>• I Ree also Section• I, 
V,and VI.) 

Triangulation .... · A. T. M08man, assistant Triangulation of the south shore of Long Island 
from Moutank Point westward. (See also See-

Topo>(r•phy 

Topographic re. 
1mrveys and by~ 
drogrnphic nx-

n.minations. 
Physical hydrog. 

mphy. 

l tions XIII and XIT.) 
C. T. Iardella, assistant ........... Resnt"l'ey of shore-line on Long Island from Hog 

N eek to Riverhead, and of the ocean shore 
from Amaganset,t we!itwarll. 

W. IT. Dennis, assist,.nt.. _. _. _. _ •. Shore.line re.,1rvey, south coast of Long Island 

from Babylon to the westward. Soundings on 
bar at Fire Island Inlet. 

Ilonry Mit<lhell,aasistant. ........ Physical hydrol!t'aphy of New York Bay and 

Harbor. The nuder-rnn of the Hndsoa River; 
it. relation to New York Bar. 

Physical hydrog. Henry L. Marindin, assistant; E. Continuation of physical bydrographic surveys 
in New York Bay and Harbor. 1See also &n
tiou I.) 

raphy. E. Haskell, Homer P. P.itter. 

8 f}eotletic leveling. ,T, E. McGrath, suba.ssi.~ta.nt; 

Johu Nelson, aid; F. A. Yoong, 
Geodetic le.,.eling for tho connection of the tide

gauges and bench.marks in lfow York Bay 
and !Iarbor and vicinity. (See aleo Sections 
VIII, XIV, and XV.) 

9 Ti <l al obsor.,.a. 
tionM. 

10 Geodt'tic op e In~ 
lions. 

rteorder. 

A. J'. Ilronnan, J'. G. Spaulding, 1' Continuation of tidal record from automatic tide· 
observer•. gauge at Sandy Hook. 

Prof. L. H. Barnard, aet.ing assist. r RecouualSBance for conoectlng the triangulation 
ant.; ,Joseph Ilergesbeimer, as. I in the southern part of the State of Pennoyl· 
~istant. I v .. nia with the primary triangulation In Mary· 

laud. (See alaoSectiou VI.) 
11 Physical hydrog. S. C. McCorkle, assistant......... Formation and movement of !co in Delaware 

rap by. River and Bay, as observed daring tbe winter 
of 18117-'88. 

12 Geodetic opera. Prof. E. A. Bowser, a()ting&.Saist,. , Continuance of reeonnaiteanee and triangula. 

tions. 
1

1 ant. I tion in the southern part of the State of New 
Jersey. 



 

Sections. 

SECTION III. 

Maryland, District of co. 
lumbia, Virginia, and 
West Virginia. includ· 
Ing bays, sea-ports, and 
rivers. 

SECTION IV. 
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Parties. 

No. 1 

APPENDIX No. 1-Continued. 

Operations. I Persons conducting operations. 

Gravity work.... E. D. Preston, snbassistan\; J. 
B. Baylor, assistant. 

Magnetic obser- i Charles A. Schott, a.&11istant; Jas. 
vations. I B. Baylor, assistant. 

Topography ..••.. John W. !Jonn, assistant; J. A. 

Flemer, aid. 
Topography...... w·. C. Hodgkins, aMistant; R. E. 

Nelson, jr., Eberhard Fordan. 

I Localities of work. 

I 
I Determinations of aravity at the Smiths<>nian 

Inatitutioa, "\\..,..aahington, in connection with 
similar d_,tKminations in the Hawaiian Isl· 
a.nds, and in California. (See "Special oper-
ations,'' also Section X.) 

Magnetic determinations (annual) at a station on 
Capitol Hill, Washington. (See&lso Section I.I 

Continuation of the detailed topogra.phicll.l sur
vey of the District of Columbia.. 

Continuation of the detailed topographical sur
voy of the District of Columbia. (Seo also 
Section IV.) 

Topography and 

hydrograpby. 
D. B. Wainwright, llll8istant ...•.• Topographic and hydrographicresurveysen the 

eastern shor6s of Delaware, Maryland, and 
Virginia. (See 11.lso Section IV.) 

Triangulation . •• . R. A. Marr, subassistant... •• . • . . Completion of the triangulation in the vicinity 
of Cape Charles, Va.. (See also Sections I 

Hydrography ..•.. Lieut. M. L. Wood, U. S. N., ,... 
sistant. 

and XI.) 
Hydrogra.phic surveys and examinations in the 

vicinity of Cape Charles, Va. 
North Carolina, including I No. 

coast, sounds, sea.ports, I 
and rivers. 

Special hydrog. 

rap by. I 
2 Triangulation, to

pogr,.phy, and 
hydrography. 

Lieut. F,rancitt 1Vinslow, U. S. N ., 

assistant. 

W.C. Hodgkins, o.ssistant; D. B. 
Wainwright, assistant; R. E. 
Nels<>n, jr. 

Special hydrography for the State of North 

Carolina completed. 
Additions to the triangulation, topography, and 

bydrography on tbe coast of North Carolina, 
between Beaufort "nd Cape Fear. (See also 
Section III.) 

SECTION V. 

Sonth Carolina and Geor· 
gia, including coast., sea.
water channels, sounds, 
harbors, and rivers. 

SECT!Ol< VI. 

Penimmla of Florida. from 
St. Mary's River on tho 
the east eoast, to and in
cludinit Anclote Anchor
age on the west ooaet, 
with the co a• t ap. 
proaches, reefs, keys, 

•ea-pol'T.8, and rivers. 

SECTIONVlll. 

3 Triangulation, to- D. B. Wainwright, assistant ...... ; Connection of old with new triangulation on the 

1 
coast of North Carolina, and resurveys on pography, und 

hydrography. I 
that coast from Masonboro Inlet towards New 

1 
River Inlet. (See aliO Section III.) 

No. 1 Hydrography ..•.. Lieut. J.E. Pillabury, U. s. N., as- I Hydrogr1phic survey of St. Simon's Bar, Goor-
sistant. gia. (Sec also Sections I, II, and VI.) 

No. 1 Physical hydrog- Lieut. J. E. Pillsbury, U.S. N., 
raphy. assistant; Ensigns N. J. Hal· 

pine, R. M. Hughes, A.G. Rog
ers, C. S. Stanwortb, and J. E. 
Shindel, U. S. N.; Al!Bistant 
Surgeon, T. A. Berryhil~ U.S. 
N.; l'..,.,.ed Assistant Engineer, 

G. W.Cowie,jr., U.S.N. 
2 Hydrography. .... Lieut, J. F. Jlloser, U.S. N., asoisl· 

ant; Ensigns Franklin Swift, 
W. 0. Hulme, H. A. Bispham, 
and R. E. Evans, U. S, N.; 
P"88ed A98llltantSurgeonJ. M. 
Steele, U.S. N.; Assistant En
gineer S. H. Leonard, u. S. N, 

Topography •••••• J011eph Hergeabeimer; 8i8Bistant; 
J. H. Gray, aid. 

Gulf Stream Explorations, 1888. Observations 
of currents outoide the Bahama Islands; be

tween the Great Bahama Bank an<l Cuba, in 
the Windward Channel; in the Mona,Anegada, 
..nd Windward Island Pa.ssages, and in the 
Equatorial Stream, bat.ween Barbados and To
bago. (See also Sections I, II, and Y.) 

Hydrographic surveyo on the west coast of 
Florida from Pavilion Key to Cape Sable. and 
thence to Sandy Key and Key West. (Soo 

"1llo Section I.) 

Topegraphioal anrvey of the west coast of Flor
ida, between Pavilion Key and Cape Romano. 

(See "1llo Section IL) 

A4bam,., Mi881SBippi, Lon- No. l Reconnais s an c e 
and t1iangula
tion. 

F. Walley Perkins, assistant; 
W. B. Fairfield, extra observer. 

Con tin nation of the reconnaissance and triangu
lation for connecting the primary triangulation 
near Atl..nt&, with that of the Gulf. (See 

a.l8o Section XIV.) 

isi.ana.1 and Arkansas, in
cluding Gu I f coasts, 
ports, and riven. 

2 Triangulation, to- J, Henry Turner, aid; E. 14. Tal-
pography, and 
hydrography. 

eott, recorder. 

Survey of the Mobile River from Spanish River 
to the junction of the Alabama and Tombig· 

bee Rivers. (See ahc Section XVL) 
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SECTIO~ v III-Continued. 

SECTION X. 

UNITED STATES COAST AND GEODETIC SURVEY. 

APPENDIX No. 1-Continued. 

lParties I Operations. : Persons conducting operations. 

I No. 3 G('odetic lel'"elmg.1 John E McGrath, subassjstant; 
I John Nelson, aid ; F. A. Young, 

. . I ' recoHl.er. . . 
4 Tru111gnla.t1on, to. ,. C. H. Smclair1 assistant; E. L. 

pog:raphy, and i Taney, subassiEitant; P. A. 
hydrography. i Welker, aid; J . .A .• Flemer, aid. 

I 

Localities of work. 

Lines of geodetic leveling run between the Mis
sissippi Ri-ver and Little Rock, Ark. (See 

also Sections II and XV.) 
Triangulation, topography, and hytlrography, of 

the .A tchafalaya River and detached surveys 
on the coast of Louisiana. (See also Sections 
X, XI, and XVI, and" Special operations.") 

5 Topography .• .•• . E. L. Taney, snbassistant . .• .. .•• . Topographic surveys cm the coast of Looiaiana, 
between Vermilion Bay and Calcasieu Pass. 

Topographic survey of the Atcbafalaya River, 

• 6 Lieut. F. H. Crosby, U.S. N., as-
Louisiana. (See also Section I.) 

Hydrogra.phic surveys on the coast of Louisiana., 
between Isle Dernit\re and Big Constance 
Bayou, including Vermilion Bay. (Se~ also 

I 
California, including the I No. 

.,.. .... ,., ----1 
sistant; Ensiglls R. 0. Bitler, 

Joseph Strauss, D. S. N es, 
U.S.::>. 

Triangulation 1 Anjl.F,Rotlgers,assista.nt; Isaac 
Section I.) 

Resurveys and examinations in San Diego Bay 
and -vicinity. Tertiary tria.ngnlatlon and to-
110graphy between San Dlego and San Pedro 
Bays. 

coast. bays. harbors, and 

1

: 

rivers. 

S1tCT10~ Xl. 

Ort•;:on oml W .'8ldngton 

Territor.v. includinir 
coaat, inttT101· baya, 

port.R1 a.mt riv-era. 

No. 

and topography.! Winston, suliassistant.; John 
E. McGrath, !iubassistant. 

2 Special b;rdrog. 
raphy. 

George Davidson, assistant: Fer
dinaml Westdahl. 

Examination of George DaYidson, ~ssistant; Fre. 
base site. mont Morse, suUassistant. 

4 lfag1H~tic ohs('r\~a-, R. E. llalter, assistant ................ . 

lions. I 
5 Tertiary triangn. Stl•hman Fomey1 assistant; John 

6 

latlon aud to}IOJ.'-: N'-·lsou, aid. 
taphy. ; 

Primary tria .. ngn. 

iation; inRpec. 
(]on Of tiftld· 
work,i'tr. 

· George Davidson, assistant; 

J amt's S. Laws011, assistant: L. 
_'\, 8cngtcUer, assi::itant; P.A. 
\V clker. subas~istant; Fremont 

Mon~ti. 8uha.asistant. 

Special hydro graphic examinations at San .r uan 
Capistrano, La Ballona, and at Newport and 
San Pedro Bays, Califomia.. 

Examination of the site selected for the meas. 

urement of a primary base·line near Los An· 
gele•, Cal. 

Magnetic record continued at the self-rcgiste
ing magnetic station at Los Angeles. Cal. 
Absolute measures of the magnetic elements 
made monthly. 

Tertiary triangulation and topography on the 
south COILHt of California. 

Cou tinuation of the ruain trie.ngulation of South
ern California aad of the astronomical and 
magnetic observatioM connected therewith. 

!Jfil~rminntion of 
la.titmfo. 

Georg-e llavidson, assist.ant, Observations for the Ja.tit.urle of the Lafayette 
Jame" S. Lawson, asRi~tant; 

'F'n~iuont Mori·m, subassist.ant. 
Mag-uetic obser· 

T"ations. 

9 1'irlal observa,.. 

ti on A. 

10 I~ongitndt:i detur-
minations. 

Gcor~e Davidson, assistant; Fn
mont Morse, fmbassistaut. 

Geor~e navidi.JOD, rtS8igtant; Em
met (i-ray. observEJr. 

Edwiu Smit~, nsslstant; (;. II. 
Sinclnir. assistant. 

JI IlcterminationsoJ' E. D. Preston, subassistant, C. ll. 
g-ravity. llill .• J.E. Keeler. 

12 T1"h\n g n lat ion Louis A. Sengteller, assistant; P. 
and topography. A. Welker, suba.ssistant; C. :M. 

13 Triangulat.iou, lo· 

pography, and 

hydro)!raphy. 

Alltm, recorder. 

George Dadd!o\On, MldMtant.; Fer. 
dinand WestA!ahl. 

conna.issance. 
Topowaphical re.

1

. E. F. Die kins. assistant ........ .. 

Park Rta.tion, San Frandsco, in connection 
with the main triangulation. 

Occupation of tho station Presidio of San Fran· 
ciseo for m~<TJletic o ltser\'"a tious. 

Tidal re-cord cont.inned at the automatic tidal 
Rtalion at Saucolito. Bay of Sa.n Francisco. 

Exc~angee of telegraphic signals for longitude 
hetw\~cn San Francisco, Oal.., and Portland, 
Oregon. tSee also Sections XI and XVI.) • 

Dtturminations of gravity a.t San Ii'ra.ncisco a1ul 
M01rnt Hamilton, Cal. (Soo also "Special op· 
C'l'ations " and Section III.) 

ReRnrvey of Suisun Ilay and tribntari~s, Cali· 
fornia. 

Resurvey of Eel River Entrance, and of Salt' 
River, California. 

Completion of the tojlOltl'aphleal reoonnal...an"" 
of the coast of Oregon from Yaquina Bay to 
Cape Orford, and thence to Cape Sebaat.ian. 
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Sections. Parties. Operations. Persona oondncting: operat,ions. Loealiti9s of work. 

', SRc~oM XI-Continued. No. 2 Topographical re. Clevelrutd Rockwell, assistant .... Completion of the topographical reconnaissance 
connaissanoo. of the cO&St of Oregon between Yaquina River 

and Tillamook Bay. Eumination for light· 

8.BOTIOll' XII. 

a Telegraphtclongi- j Edwi.n Smith, assistant; C. H. 

tudes. I Sinclair, assistant. 

4 Telegraphic longi- Ed win' Smith, assistant; R. A. 
tudes. Marr, suba88i1'tant. 

5 I Topography...... J. F. Pratt, 1188iataut .••••••••••••. 

61 Hydrography ..• ..I Lieut. J.C. Burnett, U. S. N., as· 
sistant. Ensigns W. P. White, 

J . .A.. Bell, J. L. Purcell, N. S. I 
Moaeley,G.R. Sloenm,andJ. P. I 
McGninnesa, U. S. :N. ; Assist· 
ant Surgeon E. W. Anzal, U. 
S. N., Assistant Engineer R. I. 
Reid, U.S. N. 

7 Triangulation J.F.Pratt,asaistant ............. . 
and topography. 

8 Hydrography •. • . . Lieut. H. T. Mayo, U. S. N., 38· 

siatant; Ensigns A. C. Almy, 
U.S.N., PayYeoman W.B.Ed. 

wards. 

9 Hydrography ..... Lieut. C. F. Fol'8e, U.S. N., a,.,. 
eistant; Lieut. ll. T. Mayo, U. 
S.N. 

10 Trian g u 1 at i on J, J. Gilbert, assistant .•••.•...•... 
and topography. 

A.laaka, !Deluding the No. 1 

coaetl inlet.a, sounds1 

Hydro graphic Lieut. Commander C. M. Thomas, 
anrvf!f8. U. S. N., 118ldstant; Lieut. De. 

bays, rivera, and the 
Aleutian Ialaods. 

9 Tidal obeerva-
tlon& 

WittColfman, U.S. N. ; E1>signs 
A.N. Wood, J.B.Shlpley,C.C. 
Marsh, M. L. Read, A. P. Nib
lack, A. M. Beecher, and J. D. 
:McDonald, U. S. N.; Surgeon 
T. H. Street.a, U. S. N.; Pa88lld 
.A."8iatant Engineer R. N. Ste-
venaon, U.S. N. 

George David80o, -lsta.nt; Fred. 
Sargent, obeerver. 

bouse sites at Cape Lookout and Cape Me":res. 
Telegraphic longitudt> determinations between 

Portland, Oregon, and Walla Walla., Washing· 
ton Territory, and between Walla Wa.!la and 
Salt I.ake City. (See ~lso Section X.) 

Determinations of longitude by exchanges of tel· 
egraphic &igna.ls between Yaquina and Port
land, Oregon, and between Portland and Seat
tle, Wash. Ter. Observations for latitude and 
the magnetic elements at Y aq uins and for the 
magnetic elements at Portland. (See also Sec

tion X.) 
Topographioal resurvey of the water front at 

Astoria, Oregon, and resurvey and remarkin;;: 
of tidal bench-marks. 

Hydrographic survey of Shoalwater Bay and 
it. approaches, and ulfshorto hydrograpby be· 
tween that bay and Gray's Harbor. Examina.

tion of Yaquina Entrance, Oregon. 

Continnatio1> of the triangulation and t-0pcg· 
raphy of Saratoga Passage and the coast and 
harbors in the vicinity. 

Hydrographio surveys of Sarato~ Palll!B.l!;e, 
Holmes Harbor, and of the northwest coaat 
of Whidbey Island. 

Hydrographic surveys in Ro83rio Strait and 
Padilla Bay, Washington Territory. 

Continuation of the triaoguli>tion and topcgraphy 
of Bellingham am! Samish Ba)·s, and th0 
islands in the vicinity. Connection of the 
triangulation of Rosario Strait with that of 
Bellingham Bay, and extension w the Gulf 

of Georgia. 

Hydrogmphic surveys in Frederick Sound and 
vicinity, Sonth.,..tern Alaska. 

Continuation of tidal record at the a.ntomatio 
tidal atation at St. Paul, Kadiak Ishmd, 

Alaelta. 
:I Hydrograpbio re- Lieut. Commander H. E. Nichols, Hydrographic ex11lorationa in Western Alaska. 

co1>naleeance. U. S. N., aseis>ant. 

8KCTIOM :X:ID. 

Kentucky and TenDe81!8e •• No. 1 Triaago.latlon .••. A.. T. HOlllDlln, as.!liotant; W. B. 

Fairfield, extra observer; R. J. 
Meigs, reoorder; E. E. Torrey, 
fonman. 

Exrenaion westward of the $ra.llacontinental trf. 
a.11gulation near tho S9t.h para! lel In Kontuoky 
and Ohio. (See a.lao Sections II and XlV.) 
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Operations. Per~om~ conducting operations. Localities of work. 

i 
SECTION XIII.-Continued. , Ko. 2 i Geo< le tic 

tions. 

opera. Jlrof. A.H. Buchana.n 1 acting as- ! Geodetic operatioui. Occupation of stations for 
~1::; 'u . • · ta t I the connection of th<\ triangn1ation of the 

SECTION XIV. 

8tate of Tennessee with the primary triangu
lation of the Coast awl Geodetic Survey in 
Northern Georgia and Alabama. 

Ohio, Indiana, Illinois, No. 1 

:Michigan.and Wisconsin. 
Triangt11ation ~. . A. T. Mosman, assistant; W. 'R. ' Extension to the westward of the transconti. 

11~airfield, extra obser-\er: 1~ . . J. 
M eig:-.. recorder; E. E. Torrey, 

foreman. 

nentaJ triangulation near t~B 39th parallel iu 
Ohio and Kentucky. (Seo also Sections II and 
XIII.) 

SECTION XV. 

Reconnaissanre ... Jf'. \V, PerkinH. assi~tant; W. B. Reconnaissance for the connection of the trian~ 

Fairfluhl, ~:xtra ob~erver. gula.tion of the State of Inc.Hana. with the 
tra.n.sc-011tinental triangulation near 1he 39tb 

parallel advancing to the eastward in Indiana 
anu t-0 tho westwal·u in Kentucks. 
(See nlso Section VIII,) 

3 1 Tt"iangu1a.ti.on and ' Gf'orgr A. 'Fairfield, assistant ; Extension of the transcontinental triangulation 
near the 39tb parallel to the eastward iu the ! rccounaiHsauce. F. I-I. Parsons, subasslstant; 

W. B. FairtidJ, extra obserYcr: 

E. E. Torrf'y, foreman. 
4 Topoii:rapby .••... i John E. McGrath, subassistant 

State of Indiana. 

ToIJographlcal survey of the site of tlte .Ameri
cau Bottom Base, Illinuis. (See al~o Sections 
II, VIII, and XV.) 

5 Geotletic 011era. : Prof. John E. Da\'ies, acting as. Geodetic operations continued in the State of 
tious. 

6 ! Geodetic OJlera 

tions. 

sistant. '\\'"isconsin. 

Charle<:; 0. Boutelle, asshtant; Observations for latitudt> an<l azimuth at a trig
Prof. J.E. ]liiYies, acting !\i;sist

ant; G.E.Brown. 
Special snrvoy _ - _. i C. ll. Sinclair. as~istant. 

onometric station in Wisconsin. (See al.ro Sec
tion X\'). 

Surveys aud examinations at Burnt lBland, 
Michigan. (See al.so Sections VIII, X, and 

I XI.) 

:Missouri, Kan~a:-o, Iowa., 
N~hr;iska, Minnt")O!Ot;t. 

&nd Dakota. 

Xo. 1 Geodetic Oj>era· IC. 0. Boutelle, aosi•tant; Prof. Continuation of geodetic op6r&t1(JD!J preliminary 

to a triangulation of the State of MlnneaoLa. 
(See also Section XIV.) 

SECTIO" XVI. 

Nu,·aUa, rt,a.11 1 Colorado, 

Ariz.ouo, uurl S 1..1w ME'x- ; 

ico. 

l 

:!\o, 

SPECUL OPERATIONS ........... , No, 

I 

tions. \\'". IL Hoag, ncting assistant. 

2 Geodetic lev-eliug i Johu E. MeGratl1, subassistant; 

1 Ge.rs horn Bl'atlfonl, a.t1sista11t; i I~anc 'Viustou, suhas~iAtant. 
Triangulation ... I ~·. ll. Gmnger, assistant; F. H. 

! Parsons. auLassist.ant; T. 0. 
1 J>uJJzzi, recorder; A. P. Barn. 
[ ard, foreman. 

TelegraIJhic Ion· I Edwin Smith, essistant; C.H. Sin· 
gitutles. j clair1 assistant. 

Triangulation ... ·I William Eimbeck, assistant 

I 

i Transcontinental line of geodetic leveling car· 
tied westward from New Ila.-ven, ldo. (See 

also Sections n, Ylll, Rll<l XIV.) 

Occupation of stations for extending to the west
ward the tran~continentnl triangulation near 
the 39th parallel in KanB&S. 

Determination by exchange of telegraphic sig
nal• for longitude of tbe line, Salt Lake City to 
Walla Walla. (See also Sections X &nd XI.) 

Occn1>ation of statlona for the ext..nston Miit
ward of tbe tranBconttnental triangulation near 
the 39th parallel in Utah. 

Determination• of gravity on the Hawaiian Isl. Gravity work ..... i E. D. Preston, snbasslstant. 

I ands, at Sen Francisco, on Mount H&lllilton, 
l aml at Washington, D. O. 

21 Special surveys ... [ C.H,Sinclalr, "8Si•tant .•.. _ Special surveys and examinations made at the 

I 
i request of the Department of State and with 

'I 1 tlte approval of the Secretary of the Treaao.ry, 
i at llnrnt laland, :Michigan. 

~~~~~~~~~~-~~~~~~~~~~~~~~~~~_.!_ ~~~~~~~ 



 

APPENDIX No. 2.-1888. 

'·STATISTICS OF FIELD AND OFFICE WORK OF THE COAST AND GEODETIC SURVEY 
FOR THE YEAR ENDING JUNE 30, 1888. 

Total to Total during I Total to 
June 30, I887., fiscal year. I June 30, 1888. 

RECONNAISSANCE. 
Area, in square statute miles 

Parties, number of---------------·--------------------------·-----

BASE-LINES. 

Primary, number of------------·----------------------- __ ·----------
Primary, length of, in statute miles-----------------------------------· 

Subordinate, number of----··---··----·---------------------- ____ •••• 

Subordinate and bench measures, length of---------------------------·. 

TRIANGULA TI< lN. 

Area, in square statute miles __________ -----------------------·--------

Stations occupied for horizontal measures, number of--------------------· 

Geographical positions determined, number oL.-------------------· ----

Stations occupied for vertical measures, number of-----------------------
Elevations determined trigonometrically, number of---------·-----· ____ _._ 

Heights of permanent bench-marks by spirit-leveling, number of.----- ____ . 

14 

9CJ 
I32 

511 

211, 022 

II, 845 

22,748 

8o5 
2,032 

687 

Lines of spirit-leveling, length of, in statute miles ---- ____ ·--- ------- .••• 3, 633 

Triangulation and leveling parties, number of-------·-· ____ -------- _____ ------------

ASTRONOMICAL WORK. 

Azimuth stations, number of-----·--------------------·--------------- 205 

Latitude stations, number of-----·---------------·--·-------··-------· 334 
Longitude stations, telegraphic, number of (including two stations re-occupied). 137 

Longitude stations, chronometric or lunar, number of----------------·---· 110 

Astronomical parties, number of_ _________ ···--------------------------· •• ----------

MAGNETIC WORK. 

Stations occupied, number of-------------------------··--------------- i32 

Permanent magnetic stations, number of-------··------·-----------------------------
1 Magnetic parties, number of·----------- ________ • ___ .--------------- ______ •• _ •• __ _ 

GRAVITY MEASURES. 

Home stations occupied, number of (including two stations re-occupied)·---. 

Foreign stations occupied, number of-------------·------------------ •• 

19 

I4 

Parties, number of ·--------------· ···---------- -· --··----------- ___ .. _____ .. _______ . 

TOPOGRAPHY. 

Area surveyed, in square statute miles __________ ····--·--··------------· 31, 253 

Length of gene$ coa.st, in statute miles-------------···--··-·----··-·-· 7, 299 
Length of shore-line, in statute miles, including rivers, creeks, and ponds ____ 91, 383 

Length of roads, in statute miles -------------------- ·----- ------------ 45, 997 

Topographical parties, number of. ___ ·-----·---------·----------------·------······ 

HYDR.OGR.APHV, 

Parties, number of----------···--·----·-·--------------------------- __ ·--------· 

Number of miles (geographical) run while sounding •• -·-----------------· 410, 714 

Area sounded, in square geographical miles .•..• -------------------· ·---- 119, 567 

4 -----··--·--

0 14 

0 9CJ 

I33 
8 519 

18,940 229,962 

555 I2, 400 

961 I 23,709 

73 878 

1491 2, 181 

33 720 

167 3,8oo 

26 ------------

II 216 

IO 344 
6 I43 

0 I!O 

IO ------------

759 

7 ------------

3 22 

15 

454 31, 707 

390 7, 689 

z, 154 93, 537 

s:: !------~~·-~~: 
15 ---------·-·· 

19, 912 

II, 875 

lOG 

430,6:26 

131,442 
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APPENDIX NO. 2.-Continued. 

HYDROGRAPHY-Continued. 

Miles run additional of outside or deep-sea soundings ____________________ _ 

I
. i 

Total to 
June 30, 1887. 
I 

Number of soundings ____ ----- __ ··---- ___________________ ------------- 18, 236, 978 
Deep-sea soundings ____________ ---- ______ ---- ------ ------ ______ ---- _ 

Deep sea temperature observations ________ ------ ________ --------------_ 

13, 110 

12,920 

Current stations, num~er of_ __________ -------------------------- ___ ---1· --·- -- -----
Deep-sea current stations, number of.----_ . ___ -------- ---··-- ----. ______ - - - - - - - - - - - -

Deep-sea subcurrent observations, number of---------------------- .. ·---------------

Deep-sea surface current observations, number of __ ---- ---- - --- --- • -- - - --1-------- ----
Specimens of bottom, number of _ ----- _____________________________ ---- 13, 015 

Automatic tide-gauges established---------- .. -------------------------- 87 
Automatic tide-gauges discontinued ______ •. __ ---------------- ______ ---- 82 
Parties doing tidal work exclusively_. _______________________ ------- ---- ·_ - - - - - -- - - --

Parties doing tidal in connection with hydrographic work-----------------------------·-
Staff and box gauges established . ________ .. _________ .. ____ ____ _ _ _ _ __ _ _ _ _ 1, 866 

Staff and box gauges discontinued ___________ . -----------· ------ ___ ---· 

RECORDS. 

Triangulation, originals, number of volumes _______ -·---- __ --... ------ ___ _ 

Astronomical observations, originals, number of volumes . ______ . _________ _ 

Magnetic observations, originals, number of volumes _______________ . ____ _ 

Magnetic observations, originals, number of cahiers _____ --------· _________ -------------

Penrlulum observations, originals, number of volumes ______ ----------- ____ . __________ _ 

Duplicates of above, number of volumes ---------- ... ---· ---------------.. 5, 43r 
Duplicates of above, number of cah1ers _____________ ---· ___________ ·-- __ 

Computations, number of volumes • ---------- ---·----- ------------------
Computations, number of cahiers ---- __ ___ _ __ ___ _ _ _ __ _ _ _ _ _ __ _ ___ _ _ ·- _____________ _ 

Hydrographic soundings and angles, originals, numbers of volumes _______ -· 10, 341 
I I)'drographic soundings and angles, duplicates, numher of volumes ____ .. ____ 2, 778 

Tidal and current observations, originals, numher of volumes_·----- _______ _ 

Tidal and current obsen·ations, duplicates, number of rnlumes _ ------ ----- .. 

Aggreb'llk years of record from automatic tide-gauges ___ ·---------------· 
Tidal stations for which reductions have been made ____ ---· _____________ .. 

Aggregate years of record reduced _____ ----- ___________ ---- _____ • _____ _ 

MAPS AND CHARTS. 

Topographic maps, originals·-----. _________ ------- ------ ____ ---· ___ _ 
Uydrographic charts, originals __ ---- ____________ ---· _________________ _ 

t'.NC;flAVING AND l'Rl:-ITING. 

4,079 
2,636 

258 
I, oi0 

222 

1,797 
1,950 

Finished charts published from engra\·cd plates, total number of------·---- 435 
Engraved charts withdrawn from circulation---- ________ . ______ --· . _ --· 145 

Engr:ivecl plates of prelimina.ry charts, sketches, and diagrams for the Coast 

and Geodetic Survey reports, number of--· ------------- __ ---- ----- ___ 667 
Electrotype plates made. --- ____________________________ ----- ___ __ __ __ 1, 957 

Charts published by photolithograf'hy, number of_. _______________________ ------ _____ _ 

Charts published by photolithography withdrawn from circulation----------------------

Engraved plates of Coast Pile)! charts ____________ ---------------- .. ----- So 

Eugraved plates of Coast Pilot views ----------· _ ---------- __________ _ 

Printed sheets of maps and charts distributed~-------------------·----

Printed sheets of maps and charts deposited with sale agents--------------
628,832 

284,449 

Total during Total to 
fiscal year. June 30, 1888. 

9,936 85,272 

6og,903 18,846,881 

95 13,205 
_ ____ ... ______ 12,920 

6 ------------
34 ------------

r, 237 ------------
2,830 __ ,,, _________ 

305 13,320 
88 

2 84 

4 ------------
20 ------------
78 I, 944 

79 I, 937 

334 5,359 

35 1,891 
2 672 

37 __ .,. ___ ---·---
9 ------------

36o 5,791 

36 1------------
2 I 4, 183 

272 ------------
402 IO, 743 
248 3,026 

129 4, 208 
I06 2,742 

5 263 

114 1,183 

17 239 

59 1,856 

74 2,024 

12 447 

~ 153 

668 

63 2,020 

31 ------------
9 ------------
0 8o 

7 ~ 
41,322 670, 154 
25,273 309,722 



 

APPENDIX No. 3 1888. 

INFORMATION FURNISHED TO DEPARTMENTS OF THE GOVERNMENT IN REPLY TO 
SPECIAL REQUESTS, ANO TO INDIVIDUALS UPON APPLICATION, DURI~G THE 
FISCAL YEAR ENDING JUNE 30, 1888. 

~-D_a_te_·~-i-~~~~~~~~~~N_a_m_e_.~ I Da_ta~f_u_rn~i•_h_ed~·~~~--~~~~~~ 
I 1887. 

July Bla-0kfortl, E. G.,Commissioner of the survey of oyster ter· I Goograpbical positions and descriptions of stations, north and south 
ritory, New York. [ •hores of Long Island Sound, from College Point to l''ox Island. 

Welcher, M. P., Pleasantville, N. Y. 

1 

Geographical positions and heights of twelve prominent triangulation 
stations, mostly in New York Statl"'. 

Powell, J~ W.1 Direct.or U.S. Geological Survey ..•.•.••. Geographical positions and descriptions of stations in the vicinity 
of Richmond. Petersburgh, Port Roya.I, Newport News, Nor· 

folk, Lynchburgh, Warm Springs, Lexington, a number of mount
ain stations in the Blue Ridge, Virginia1 nnd se'\'eral in North 
Carolina. 

KobM, Gustav, "Mail and Express," 23 •••••••••••••.•••. 
8 Kigi;ins & T•ooker Company, 123 anJ 125 William street, 

New York City, N. Y. 
Powell, J. W., Director U. S. Geological Survey .•••••.•. 

Data relating to observation• and prediction of tides. 
Data of publication of Pacific Coast Tide Tables for 1888. 

Geographical positions and description• of stations in the vicinity of 
Baltimore. 

U Webb, J. 0., County Su1'Veyor, Orange County, N. C..... Magnetic doolina.tion observed at Raleigh and secular variation of the 
same. 

11 Br"nner, J. C., Director Geological Survey of Arkansas.. Astronomical positions in Arkansas. 
18 Loomis, L. M., Che•ter, S. C. ••• .. .••••. .••••• . .•• •• . .. •• . Height of several mountains in South Carolina, and advice respecting 

instruments fe>r rueasn1 ing heiglJts of objoots. 

JU Ue Camp, E. A., Los Angeles, Cal........................ Goographic&l posil.inns in the vicinity of Los Angeles connecting 
coast with Magnetic Observatory. 

20 Kiggins& Tooker Co., 123o.ndl25Willia.mstreet, NewYork 1 

City, N. Y. ~~:., 
21 Fulton, R. B., P .·. . • f Mississippi. .•.••. 

26 Fowler, C. E., Ci . , hlllicothe, Ohio ..•••.•.... 
26 Branner, J. C., State Geelogist of Arkansas ............. . 

A corrected proof of the tide prediction& for Sa.D Francisco, Cal. 1 for 
1888. 

Four appendices on late magnetic researches by the Coast an<l Geo
detk Survey. 

Reenlts of spirit-levels near the 39th parallel. 
Fonr oommnnieations, viz: Results of the trianjlttlation of the lfis

eiasippi River near the southern boundary of Arkansas and in the 
vicinity of Gre<mville, Mi88.; results of the triangulatlon of the 
Mwissippi River between Helen& and Memphis; description of 

bench·marks at Greenvllle. Miss., and de•criptions of base-lines Rt 
Greenville, Mi•a., at Helena, Ark., and at Hopefield, Ark. 

!O Baldwin, H. L. U.S. Geological Survey •••••••••••••••••• Geographical positlona and a•imnth and distance, Cedar to Jefferson 

City, Mo. 
80 Bl.aokford,E.G.,Commlsaionerofthosurveyofoysterter- List of geoa:rapbical positions, Fox Island to Old Field Point, Long 

ritory, Now York. Island. 
Ang. 4 Blackford, E.G., Commissioner of Fiaheries, New York. De..oriptlone of station•, north cOMt of Long Island, b~twoon Fox 

Ii Spolford, N., Civil Engineer, bollll.dary survey of Maaaa-
chusette and Ne"· Hampshire. 

Ii Creighton, Jos.lUgge. Observatory, Omaha, Nebr .••..••. 
8 Allen, C.H., ll4ajor u. s. Engineers .••.••.••••.•.••••.... 
8 l Brann<tt, .J<>bn C., State Geologist of Arkan1!88 •••••••••• 
9 Burton, A. E., Surveyor, Breezy Point, :N. R •••••••••..•• 

Island and Old FiP ld Point. 
Geographical positions in the vicinity of Powow, Maes. 

Deseription of astronomical statiou. 
Geograpbiool position of Brainerd, Minn. 
Height of bench.mark at Greenville, Miss., above the Gulf level. 
Posit.ion of Stlnaon atation, and good<>tic connection with M.008il&uk 

Station. 
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APPENDIX No. 3~Coutinued. 

~Date. Name. I 
-,-1-887-.- ------------------------ -----

Data furnished. 

Aug. 12 Safford, J. S., State Geologist of Tennessee- ............. / Table of goodetic results, triangulation of tho Mississippi River near 
I Memphis, table ofheighti;ofUencll·ruarks along the western bound
\ ary of Tennessee, a.atronomical positions determined in Tennessee. 

15 D<>gart, J. P .. Engin0-0r for Boundary-Line Commi.sion, j Copy of triangle, Fort Hill, Frost, arnl Watch Hill. 

Sept. 

Oct. 

Nov. 

Rhode Islllnd and Connecticut. i 
17 Safford, J. S., Statt~ Geologist of' Tennessee ................ i Result3 of geodeti~ survey of Tennessee. 
111 Todd, W. J., New York Oyst<>r-bed Survey ..••..•••...... : Geographical positions and descriptions of stations in the vicinity of 

! Lloyd's Neck, Long Island. 

19 Branner, J. c., State Geologist of Arkansas .••........... I fieight of i;,lghty-&e--vei1 bl'nch-marks aloniz; the Mississippi River and 
I opposite ea.stern boundary of the State. 

20 'l'homtou, W. M., Professor of Engineering, 1] ni.-ersity of I Two pamphletB and chart on the distribution and secular change of the 
Virginia. magnetic declination in the United States. 

23 Winslow, F., Lieutenant U.S.Navy ..•......••...•....... Geographical positions, Pond and Lighter, N.C. 
2f Tho City Engineer and Surveyor, San Diego, Cal ......... 

1

. Height of granite bench-mark at La Playa, San Diego :Bay, Cal., above 
the average of the lower l<>w waters. 

26 Howell, E E., Rochester, N. Y .......•..•................ Geographical pm'!ition and description of Station Luper, Tenn. 
20 Blackfortl, E.G., Commissioner of Fisheries, New York .. Geographical positions of one hundred and seventy-one stations on 

Long Island. 
30 Quimby, E.T., Hanover, N. II .......••................... 
l CIJataigne, J. H. & Co., Richmond, Va .•...••............ 

s I Powell, J. W., Director U.S. Geolo;:ical Survey ......... . 
I 

Position of Northfield Church, Masaachn•etts. 
Geographical positions and magnetic declinations of fourteen promi· 

nent stations in Virginia. 
Geoi:raphical rositions and descriptions of forty stations on the Pa· 

tapsco River. 
7 BlackforJ, E. G.1 Commissioner of Fishe.1ies, New York .. ! Descriptions of one hundred and eighteen stations on Long Island, 

I 
N.Y. 

8 Fitch, W. E., Cil'il Engtneer1 Holyoke, Mass .•..•..•..... Desc1iptious of five trigonometrical stations in :Massaclirusetts aud 
i height of },follJlt Tom. 

19 Spofford, N., CiYil Engineer, MaRsnchn•ctt8 nnrl New ' Geogr4pbical position of Great Boar's Head and Salisbury Marsh, and 
Hampshire .Boundary Survey. certain azimnthal directions from the former stati.,n. 

19 Howe, C. S., Professor Astronomy, Buchtel College, Star places for 1887, for computation of latitude of observatory, 
Akr<>n, Ohio. 

22 Warner, Charles F., Ci.-il Engineer, Farmingt-0n, Me..... Two pamphlets on dist1·ibution of magnetic declination and the secu· 
Jar change, with addition of latest unpublished deductiona. 

23 Hydrographic Offic•, Navy Department ...•••.•••....•... Yagnotic declination at Boston ill 1845, and decennial values between 
1700 and 1895. 

24 1 Sanford, O.N., City Englurer and Surveyor, Sau Diego, 

I 
Cal. 

l Phillip•, Prof. A. 'V., Yale College, Connecticut. .•....... 
4 Stanton, W. S., Major U. S.Engineers .•.•.•.•.•••..•...•. 

De•crlption of bench.mark at La Playa, San Diego Bay, Cal., with 
height a.hove the average of lower low waters. 

Explanation of currents at New London, Conn., July 1, 1887. 
Magnetic declination at Prospect Harbor Light-House, Maine, in 184.7, 

I 
and at Bear Island Light-Station, Maine, in 1838. 

Alexander, W. S., Lieutenant U.S.A ...•..•••.••••••..... Description of station• and geodetic data of eight stations in the vi
cinity of Fort Adams 

17 ! Schenck, M., Enginoer, Hudson River Inspector.......... Heights of bench-marka, 
20 Berry, J.O., A.all Grove, J'airfax County, Va .•••.••.•••••• Information rt3apootiug s of magnetic declinatlon, 

epoch of stationary conditiotl,.. ~sent annual change. 
20 Schenck, M., Eniiin..,r, Hudson River Inspector, Office Relation of mean low water at Greenbush to :nean low waoor at New 

State Engineer and Surnyor, Albany, N. Y. York Harbor. 

24 Blackford, E.G.,Commisslon•rof Fish•ries,New York .. Description and p<>sition of station Brow Hill,N. Y. 
2G Ford, W. G., Engineer New York oyster-bed survey...... Geographical positions and descriptions of stations Glover, Osborn, 

Terry, Rutland. 
28 Kaufman, J.B., CoWJty Survoyor, Upper Strasbargh, p,. Diocn88ion of tho secularchange of the magnetic declination at Cham· 

bersbnrgb, Pa. 
Black, 'V. M., Captain U.S. Engineers.................... Results of triangulation, vicinity of Manatee River, Tampa Bay, Flor

Chief of Engineers, U.S. A. ..••..••.•••••••••••••••••.•••. 
Coot, George H., Pro!., State Geologist, New Brnnswick, 

N.J, 

. ida. Sketch of triangulation and description· of stations. 
Description of bench-mark at Palmetto, Manatee River, Florida. 
Description of bench-mark, pier No. 2, Pennsylvania. Railroad freight 

house, Jersey City, N.J, 
1!! Pilling, J. C., Chief Clerk Geological Survey.............. Geographical pmiition8 of three points near St. Louis, Mo. 
12 Hamilt-00, T. A., Birmingham. Ala························ Magnetic declination at Mobile betwe<n 1800and1890. 
lB Chief of .Engineers, U.S. A................... • •• • • • • . . • . . Deecriptfon of bench-mark at !It. A.uga•tine, Fla. 
23 A. bell, Re.-. J. J., Cotesburg, lty ......................... ·1 GeograIJhical positions of trigonometrical points in the vicinity of 

Louisville, Ky· 
:Iii W~Jlng, W. Brnnton, No. 2 Wall street, New York ... . .. E1planation of unusual tides ill Narragansett Bay, November llll, 11S7. 
BO Ewmg, T., Columbia College .............................. Geogr&phicalpoaitionofatatlon "Ludlow," Yonkera,lf. Y. 
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1 1 Williams, A.L., Surveyor, Aiken, S. C: ................... . 
2 I Clark,S.C.,201 Stanton Place, Washington,D.C ..••...•. 

I 
6' U.S. Geological Survey .................................. . 

10 U.S. Geological Survey .................................. . 

Table of magnetic declination at Aiken between 1800 and 1890. 
Latitude and longitude of the Capitol and of the Washington Monn· 

ment. 
Two geographical positions, one in Alabama and the other in Georgia. 
Description of station View Tree, Va. 

15 Ford, A. M., Salem,N. Y ................................. Position of St.John'• chnrch, Salem. 
19 Pritchett, H. S., Director of Washington University, St. 

Louis, Mo. 
19 Doyle, E. P., Clerk to Commissioner of Fisheries, State of 

New York. 
19 , McLeod, McGill University, Montreal. .................. . 

I 
21 

1 

Finley,Lieut.John P.,AssistantSignalOfficer ..••.•••••. 

21 Ford,Albert:M., Salem, N. Y ..•..•.•.•.•••••••••••••••..•. 

I 
I 

4 Colvin, Verpl1111ck, Superintendent State Land Survey, 
New York. 

Longitud• of Seymour, Ind. 

Geographical position of station Morgan 2, Raritan Bay, New Jersey. 

Height of trigonometrical station on Mount Roya.I, and of bench-mark 
Chapman's Block, Rouse's Point. 

'Matt1?r relating to dist.a.nces over which heliotrope sign&ls are transw 
mitted, height of station, ei~ of reflectors, etc. 

Memorandnm on duration of rise and fall of tide at Atlantic City, 
N.J, 

Geographical position of PennsylvanfaMountaiu and Mount Bigelow, 
and abstract of directions observed at these stations. 

5 Kimball, G., Civil Engineer, Newburgh, N. Y ..••.. --·-··· Geodetic data of four trigonometrical points near Newburgh. 
6 

9 

10 

12 

12 

Princo, GeorgeT., Secretary and SnperintendentAtlantic Present bearing of a line near Absecon, N.J., originally rnnin 1710. 
City Water Works Company. 

Prichett, H. S., DirootorofObserrnt.-Ory Washington Uni· Approximate longitude ofBi:rmingham, Ala. 
versity, St. Louis. 

Donham,G.M.,No. 185 Middle street, Oxford Building, 
Portland, )le. 

Greenleaf, H. T., SnrveyorandEngineerState Boundary 
between North Carolina and Virginia. 

Cox, A.G., Wise CourtHoU8e, Va •.•.•••••••••••••.••••••. 

Manuscriut copy tide-tables, Portland and Boston, January, Febrn
ary1 and March, 1889. 

Geodetic and astronomloal positions on Knott Island, North Carolina 
and Virginia. 

Table of secular variation of the magnetic declination between 1750 

and 1890, and other needful information as to distribution of mag-
netiem. 

12 Powell,J. W.,DirootorGeologicalSurvey .•••••.••••••••• Onehundredandeighteen geographical positions, distances and azi
muths cf the triangulation of the State of Wisconsin, complete to 

date. 
18 Dodge, W.W., 85 Milk street, Boston, Maso_ ............. . 
20 Chief of Engineers l;. S. A.., for Board of Engineers in 

charge of New York Harbor Improvements. 
21 Tuttle, F. J',, Fremont, Ohio .............................. . 

Geographical positions in Norfolk County, Mass. 

Copy half-hourly ordinates, June 20 to August 10, 1887, Sandy Hook, 

N.J. 
Change of magnetic declination at Fremont betwe6n 1820 and the 

present time, and pl'6116nt bearing of an old compass line. 
21 Olney, S. A., Coleman's Falla, Bedford County, Va........ Magnetic chart and pamphlet on seenlar variation. 
2' Taylor,M.P.,O:i<ford,N.C ..••••.•.•••.••..•••.•.•.••.•.•. Present bearing of a line originally run in 1742 in Chowan County, 

N.C. 
28 Frick, Norria H., South Queen street, York, Pa ..•••••..•. Information on theory of the t.ides. 

Feb. 16 B&rtlett, J.P., Comma.nder U.S. N., Hydrographer. •• . • ••• Change of t.he magnetic variation between 1820 and 1885, at the mouth 
of the North Penobscot Biver. 

17 Roer, F.,Jell'el'1!0n City, Mo.-----····-··--·-·--···----·· •. Spirit levels to St. Lonis,and height oflMtbeneh-mark, a.t Etlah, Mo. 
20 Le Conte, S. J., A.asista.nt Enginoor U. S. A., San Fra.n- Description of two bench-marks at Benicia, and two at Mare Island, 

cloco, Cal. California, with referenoe to bydrographicdatum plaoe. 
23 Cantain, Samuel S., Master Tug °""'"' King, 156 Wood- Rise and fall of tides each hour at Pollock Rip, :MaSAa.ehnsetts, and 

hull street, South Brooklyn, N. Y. Hell Gate, New York. 
Mar. :Bartlett, ;J. :R., Commander, U.S. N., andHydrographar. _ •• Letter from George Davidson, assistant Coast and Geodetic Survey, 

giving magnetio declination OO&llt of Mexico for l 71L 
2 Harkn8Bll, Wm., Profeaaor, U.S. Na-val ObaerY&tory .••••• Comparison of yard metreNo. l, Coast and Geodetic Survey, with yard 

metre No. 2, Stevens' Instltnte. 
3 Hydrographer, U.S. N., Waohington, D.C ••••••••• : •••••• Average riee oftldea Portland, Oregon. 
8 llinrioha, 0., Chil .Bnglneeer, Waahhagton. D. C. •••••••••• Geographical poaltions determined by the Co&11t and Geodetic Snrvey 

in theinterioroftbeState,.ofGtlorgia. Kentucky, Mil!lliMippl, North 
Carolina, South Carolina, Tennesa6", and District of Columbia. 

10 Taqan. llwgh $., A.asletant Dhlkict A.ttone7, W aah!Dg- Sto.te of the tide <rrery hour during the day time, March 11 and 12, 1888, 
ton, D. C. East Bra.nch Potomae, Waahlngton, D. C. 

U llaolde, Sim.ma T~ Salt Lake City, Utah .•••••••••••••••••• Referenee to" n" point problem. 
U 8adler, iJ. E., CU7 Surveyor, Bal$1more.. •• ••• ••• •••• •• • • •• Data for laJ'lDg out a meridian line for projected estenaion of city 

limits. 
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Date. 
1 
_____________ N!Wl~~-------T----------- Data fnmisbed. 

1~- I I . 
Har. 12 : Bla.ckfor<l, E.G., Comrnissiont'r of Ffa.heries, anti in cl1nr~u, Geographical positions about th<~ Opper Bay, New York, &nd l1l the 

May 

i of~mrvey ofoyAterterritory of New Yo1·k. ! vicinity of Kill vau Kull antl Arthur Kill. 
15 Jlirl'ct-0r U.S. Goological Sur\'t'Y ... _ ..•••••.. ___ ...•...... f Geo~raphical prn:1ition and dl'scription of three astronomical stations 

I in Alabama an1l Georgia. 

15 M~n<lell, G. H., Colonel U.S. Engineer,., San Frauci•eo, Cal. Hii:h and low waters, and half-hourly ordinates February, 1888, San
cclito, Cal. 

20 , Uenck
1 
J.B., Monttmlo, Cal ................................. Position and des~ription of eight triangulation stations in the vicinity 

of Sau ta Barham. 
2' Craig, .rame.s 8., Nicbol&li c. II., \\7

• Va .. _...................... Geo~raphicW position and height abovo sea of stations Summerville 
and Nicholas C.H. 

Director U. S. Geological Survey .....•.•...... ·- ••... - . . . . Geographical position of station Pilot, N. C. 
Wheeler, J.C., Civil Engineer, Macon, Ga ..••••• ·-····· ... Position of station and magnetic declination at Macon, and copy of Ap-

pendix No. 12, report of 1882. 
Mo.ckie, S.F., Salt I. .. ake City, Utah ......................... _ Information respecting the "n ''point problem. 

Knower, El!w. C., Captain, U.S. A . . . . . ••. . . . ••• .. . •. . . . . . Geographical positions Yicinity of Fort McHenry, Baltimore, Md. 
Blackford, E.G.,Commissioner of Fislieries1 and chfof of 1 Geographical position of Great Captain's Island Light-Honse, of 

survey of oyster tenitory1 State of New York. Bryam Point, rock at extreme point, of a. point 600 feet south of 
this pla.ce, and the position of another light-house, Long Island 
Sound. 

auotin, W.W., Palmyra, N. Y ·-·-·- ·····-······ .•..•..... Explanation of tido tables, Philadelphia, 1888. 
Torry, Prof .• J., Iowa Colle~e. Grinnell. Iowa_._ .. ___ ··--·- Results of weighings of a. set of 21 metric weights. 
Cook, George H., Rutger's Colle.ge, New Brunswick, N. J. Comparison of a 5Q.foot steel tape. 
Ta~gart, Hug-h S.1 Assistant Ditltri1·t Attorney, Washing- , State of tide, 11 a. m., March 31, 1888, Navy-Yard, Washington, D. C. 

ton,D.C. I 
Bowen, P.A., Aqu,..co, Prince George's County, Md...... Magnetic declination in Calvert County, and secular change since 1869, 

with present BJJnual change. 

6 Rice, J.C., :Mendocino, Cal. ....•.••.......•..•..•.•• ···-·· Appendix No.12, report of 1882; Appendix No. 9, report of 1881, and 
table of magnetic declination at S1>n Francisco and Cape Mendocino 
for each fifth year since 1850. 

10 

11 
H 
18 

19 
20 

21 
30 

31 

Holmes, W. II, Philadelphia .....•••••.•.•...•••••.•...... 
1 

Geographical positiona in :Massachusetts and Rhod• Island (Appendix 
I No. 8, report for 1885). 

Lowrie, J. L , Lloyd, J elferson County, Fla ........•.. - ••• • 1 Magnetic declination at Lloyd, and annual change of declination. 
Chapell, T. C., Jlaltimuru. ··- ............... _ ... ,.......... Magnetic doolination at Baltimore from 1008 to 1888. 

U.S. Geoloirioal Survey··--······-···--··-·-··-··-········ Geodetic data for 360 tr1gonometrical stations in the State of Pennsyl· 

I vania. 
. . . . . . . . . . . . . ...........• _ ..•. - . __ •. . . . . . . • . . . . . . Descriptions of nine trigonometrical stations in Rhode lllland. 

Glenn, J. W .. Engiuecr antl Ar-!hitect, New Orleans, La. .. · 1· M. agnetic declination at Pascagoula in 18'8, aml at present. 
Stearn~, C. W., .Agricultura.l Jlppn.rtment, Ralei~h. N. C ... Geographical position of Brown's Creek. 

Deroy, Ge<•. McC., U.S. N., New York City, N. Y .••. ·-····' De.cription, ll.M.,at San Lorato Asylum, Staten Islam!, N. Y. 

Chief of Ordnrurne, Frankforl Ar&enal ....• ·- •••.. -· ••••. · 1 Comparison of 18 rod• anti 8 cylindrical gangllll for determining their 
lengths aiul diameters. 

Monroe, Albert J., New London, Conn ·-- ·-----·· .•. ···-·· Description of tidal bench-mark near New London, Conn. 
Barnard, L. N., State Univm1!ity of Pennsyh-ania ·- •• . . . . Example of least square adjustment of angles at a station and of a 

quadrilateral. 

Stanton, W. S., M•jor, U.S. EnKineers ......... ··---- ·-·- .. Magnetic declination at "arions old do.tes for aeven Jight-ho08e reeer· 
vations, first and second districts, Ma11A&Chuaetts. 

10 Sooretary of Department of Public Works, Iowa.·-··--·· Height of bench-mark at Rouse'• Point, New York, above the average 
sea level. 

12 Stanton. W, S., Major, U.S. Engineers ·-·····--····--··-·· Magnetic declination forolddatosatfourlight-housereeervatfona, 11rat 
and second districts, Ma8!1acbusetta. 

12 Winger, A. S., County Surveyor, Sylvan, Franklin County, Table of sooular variation between 1730 and 1895 for Franklin County, 
Pa. Pennsylvania. 

H Chapman, R. P., Hartford, Conn ... ----. -- - •••.•. - .•• -- . • . . Information respecting measurement of ares for the earth's tlgnre by 
the Coast and Geodetic Snrvey, and from other senrcea. 

15 Siuclair, C.H., Washington, D. C.·---· --· ··- ·--···········' The magnetic declination at Detour, M.ich., in 1815. 
17 Sorley, John, No. 122 East Seventy-fonrth street, New Length oftbe geographical mile. 

York. 

17 ~'or<l, Albert H., Salem, N.J .... ···--· ----··· .•. ··-··· .••. Eft:'oot of winds on tidlll! on coast of the United States. 
19 Lovick, H. I., Surveyor, New .Berne, N. C .. ··- .•. ... . .. .. . . Sixth edition of secular change paper. 

20 Ranson, R, Snrveyor,SeaviewCanavera~ Fla.··---· ·--···I Copies of sixth edition of secular change paper and of Appendix 18, 

I 
report for 1882. 

23 Lanphear, Geo. T., Peaeedale, R.. I •••• · - ••••••••••••• ··-· - . Geographical posil;ions vicinity of Point .Tuditb. 
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APPENDIX No. 3-Continued . 
• 

Date. Name. Data furnished. 

1888. 

May 

June 

2> [ Prit<ihett, H. S., Director of Observatory Washington 
j University, St. Louis, Mo. 

2H Hoxie, Ca.pt. H .. L. 1 Pen11aeola.Navy-Yard, Florida_.-----

Harkness, Prof6880rWm., U.S. N ····-·········--······--

The latitude and longitude of the observatory, as determined astro
nomically by the Coast and Geodetic SurV"ey. 

Geographical positions and deacriptions of st.ations, entrance t.o r .. u. 
sacola Harbor. 

Comparison made between Coast and Geodetic Survey standard 10-

foot rod and tho one on which the value of the Yale College tran•it 
of Venus photographs depend. 

2 Maxon, Frank O., Civil Engineer, U.S. N ................... _ Comparison of two tapes with Coast and Geodetic Survey Atamlarrl.. 
4: Beebe, Wm., Professor, Ya.le College, Connnecticut . ...... i Formation of derivatiT"e tide tables for New Baven and Brirlgeport,, 

j Conn. 
6 Goode, R. V., Topographer, Geological Survey .•..••.••••. i Description of Station James in Rhode Island. 
9 Brackett, S. H.,,St. Johna bury, Vt ....................... · 1· Direction for measurement of terrestrial ma"netism. 

1• Stanton, W.S.,Major, U.S.N.,Light-Ilouse Inspector .... Magnetic declination at Monomoy Point, Palmer's Point, and East 

I 

Chop, Massachusetts; for old dates. 
15 Manro, L. J., Civil Engineer, Washington, D. 0 .••...• _.... Pamphlets on secular variation of the mab'lletic declination, dip and 

intensity. 
18 Williams, H. S., Harpursville ............................. 1 Pamphlet on secular ""a.riationrmddistribntion of tbernn .. gnetir. clip nnfl 

I 

intensity in the United States. 
19 Acting Chief Clerk Geological Snrvey, Division of Geo!· Geographical positions of thirty triangulation points, vicinity of St. 

ogy. Loni&, Mo., and their descriptions. 
19 Chief Hydrographer. U.S. N .•••••••••••.•••••.••..••• ·---' Comparison of one tape with Coast and Geodetic Survey standard. 
20 Director of the U.S. Geological Survey •.••••••••••..•••.. : Height and description of bench-mark between Hudson and Lansing. 

22 Rand,J.H., Vancebnrg,Ky ............................. ..! P:d~;~~ of the agonic line with respect to Big Sandy River. 

22 .••••• do····-····························-·······-········· Geographical positions and geodetic data for three trigono:!lletrical 
stations near Vanceburg, and poaition of tbf'! place. 

22 :Bogart, J.P., Engineer to Fish Commissioners, Connecti. Thirty.nine geographical positions in Connecticut, between New Ha-
cnt. ven and Captain's Island. 

22 Seaman, W. H., Miller Manual Labor School, Crozet, Va.. Six geographical positions, vicinity of Cbsrlotteville. 
22 Director of the U. S .Geological Survey -- • - - . - - . • ••• • • . . . . Goog<&phical pooitions an<l descriptions of stations near the eastern 

part of the boundary of M...,.,..,hnsetta aud New Hampshire. 
25 A.lexander, G.D., Surveyor, Shreveport, La ..••••••••... _. Magnetic declination at Shreveport in 1872 and change of the same 

between 1854. and 1872. 
28 Lanphear, G. T., N &rraj(ILllsett Pier, R. I .• -_ .....•• -•. _. _. Descriptions of nine trigonometrical stations in 'Rhode Island. 

26 Director of the U.S. Geological Survey .•••••• ··---·...... Descriptions of seven geodetic stations in western part of New J er
sey. 

27 Kimball, Geo., Newbnrgh, N. Y •••••••••••••••••••••••••.. Description of thirteen geodetic stations on the Hudson River. 

30 Fauth & Co ............. -············•····-· ...••...•...•. Comparison of two tape lines with Coaat and Geodetic o,\urvey stand-
ard. 
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REPORT OF THE ASSISTANT IN CHARGE OF OFFICE AND TOPOGRAPHY FOR THE YEAR 
ENDING JUNE 30, 1888. 

U. S. COAST AND GEODETHJ SURVEY 0I<'FICE, 

Washington, November 18, 1888. 

Sm: I have the honor to submit my annual report for tlle Office, and along with it the annual 
reports of the various Divisions thereof. 

The Computing Divifiiou has remained under the direction of its efficient chief, Assistant Charles 
A. Schott, who herewith subwits a detailed report of its operations. 1 beg to call especial atten
tiofl to the loss of some of our most skillful computers during the year, siwply because 1;heer 
1wcessity drove them away, their salaries being so very small. Such computers as l\fr. Courtenay 
and Mr. Doolittle, who have bad years of training and whose ser\'ices are iuvaluable, only rt'ceini 
eighteen hundred dollars per aiinum. I earnestly recommend that tl1eir salaries he increased to 
two t,housand dollars per annum, aud that similar increases be made for other deserving 111e11 i11 
this line of occupation. Notwithstanding the loss of some of its best mcu, the _Division bas fur
nished the usual amount of information in auswer to special calls. The n•sults of the Oouuecti
cut Triaugulation have been prepared for pulJlication, and numerous appendices prepared for the 
annual report. 

The Drawing Division has received the continued care of Assistant E. Ilcrgesheimer, who has 
made excellent progress wi°th the work. More charts have been published during this fiscal year 
than heretofore during the same length of time. 1\iucb progress has lleeu made in the arrange
ment of the drawings, etc., ouits tiles, and with additional ilclp it will ,·ery soou be in thorough 
working order. The facts in the ca~e of the output of our highest paid llleu in this Di\·ision go to 
illustrate the wisdom of getting first-class. wen aud paying them enough, when trained, to prevent 
their abandoning the work. It is much to the credit of some of the draughtsmen that they have 
foregone, to a. very grea.t extent, their annual leave, preferring to help the work along by devoting 
to it their entire time. Such service is deserving of the best pa,y and the highest consideration. 

The Engravfog Division has remained under the skillful management of Assistant IlerlJert 
G. Ogden. Very satisfactory progress has been made in all of its operations. Iu Electrotyping 
and Photographing, Mr. D. C. Chapman bas kept fully up ~o the work. His snccess in mounth1g 
a photograph on card-board to scale has been most gratifying and is a great relief to the Drawing 
Division. If our chart sales continue to increase as they have done during the Jmst year, the force 
of plate-printers must be increased to enable us to keep up with the demands. 

The Instrument Division has continued under charge of Assistant Andrew Braid, with Mr. E. 
G. Fischer as Chief Mechanician, and Mr. H. 0. French as Cl.lief Oari1enter aud Model Maker. 
The instrument and carpenter shops are now iu as high a state of efficieucy as they can he brought 
without increasing the force. With our plant and present facilities I would recommend the em
ployment of about four apprentices at not exceeding six hundred dollars per annum each. These 
would in a. short t.ime be a.ble to ma.ke all repa.irs, etc., and enable us to keep our skilled men on 
the much needed new work. Economy and excellence in Coast Survey field-work has i1is founda
tion in the Instrument Shop. Good and rapid work requires good instruments. We are now 
manufacturing all of our instruments and endeavoring to get our whole instrumental outfit in per
fect repair, We have already advanced so far as to be able to supply any party that we arc likely 
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to be called upon to equip, with all necessary instruments in from one to three hours' notice. On 
general outlines given by Assistant Edwin Smith, the Chief .\fechauician has constructed a pair of 
astronomical transits for our Telegraph Longitude work which are gidng entire !'atisfaction and 
excellent results. Mr. Otto ~tonn, mechanician, did most of the work on them. Assistant An
drew Braid, Chief of the Instrument Division, 11imself an officer of great experience in leveling 
operations, furnished the general outlines of two levels of precision which have been constructed 
hy the Chief Mechanician. The work 011 tl1ese was done chiefly by Mr. Theodore Gerhard. They 
Jia,·e stood all of the office tests to our entire satisfaction, but it remains for them to be tried in 
the field. 

The Instrument DiYision likewise has charge of the General Property of the Survey used in 
the tield-work. It is now carefully looked after, and a satisfactory account-can be given at any 
time of auy part or the whole of it. The great impmrnment in tlle Instrument Division and its 
present high state of efficiency are very creditable to its Chief, .Assistant Andrew Braid. 

The Tidal Division has-considering its want of proper help-made excellent progress. Our 
Tide Tables are now out very nearly a year in advance. Its Chief, Mr. Alex. S. Christie, has been 
untiring in bis attention to the work, and has been ably seconded by Mr. L. P. Shidy. The pre
tlictions have been extended to new points aud improved at some of the old ones. There is yet 
much, in fact a very great deal, to be done, and adequate and proper force is absolutely necessary 
to do it, in the best interest of the public service. The remarks made with regard to the smallness 
of the salaries in the Computing Division are equally applicable to the Tidal Division. 

The l\liscellaneous Division has remained under the charge of General Office Assistant M. W. 
vYines. The various and complicated duties of this Division of the Office have been thoroughly 
mastered by its Chief. There ir; 110 position in the service requiring a greater amount of technical 
knowledge awl its practical application tlrnu this. Almost any of the other Divisions of the Office 
min be filled creditably at once hy Yarious Assistants, but the knowledge of affairs and things 
re{1uired of tbe Chief of the MiHcellaueons DiYision would have to be acquired, and the loss of bis 
seryices would be felt as a serious inconwnience for a very long time. The labors of this Divi.sion 
of the Otlice have been largely increased of late, owing to our increased sales of charts, and its 
clerical force net>'11' an increase in uumhers and in pay. 

'l'he Chart Division has been organized during the year, and at my request Assistant William 
II. Dennis eo1rnented to take charge of it. Ile l1as been entirely successful iu its management. His 
care and watcl1fulness have' promoted its eJllciency t.o such an extent that during the past six 
mouths an error on a chart issued by 11im has been almost unheard of. Few persons, even in the 
8urrny, are aware of the patience and watchfulness requirt\cl to bring this about. Our Chart 
Catalogue is superior to what it has heretofore been and is well kept up to date by hand correc
tions. 

The Archins and Library, uudet Mr. A. Martin, has improved slowly. The cataloguing of 
the bookt> in the Library i::; very near]~- completed, and it is ho1wd that Mr. Martin will shortly be 
able to takll up the rnttaloguiug of the books <listrihutml throughout the Office. The arrangement 
of the Uecorcls in tJw Ard1in•.'l by St.ates has not yet heen taken in hand and will not be until .some 
one i:s a,·aiJahle fo1· tlie work who thoroughly nuder:;tan1ls our fieltl-work, and ca.n arrange the 
records without danger of confusion. The Division is, however, in better order than it was a, year 
ago. 

Tl1e Accou11ti11g Division lias remained under charge of Mr. J. W. Parsons. The onerons 
duty of making disuursemt~nts ou account of the U. S. Umtst aml Geodetic Survey has been con
tiuueil with Mr. Georg-e A. Bartlett, Dishursiug Clerk of the Treasury Department, and Oongreas 
has so far failed to compensate him iu an;y way for this additional work aull res1)ousibility. Every 
com;i<lerat.iou of just.ice d<•1w111ds that he should be paid for the service, aud the amount estimated, 
$500 per ammm, ii:; hardly enough. Mr. J. \V. Parsons has devoted hiR whole time, day and night 
t.o the accounts and their adjustment. II is s~·stem is about perfect, aud the reports of the expendi~ 
tnre of the appropriation, rendered by him to the Superintendent and transmitted to Congress, are 
models well worthy of close consideration. 

The Uureau of Weigl1ts and Measures, under the charge of Assistant O. H. Tittma.nn has been 
put iu order, an<l is daily growing in uSf\fulness. We have just cause for pride in it. His report 
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herewit,11 is full of interest. 'Ve feel the want of a good comparing room very much, anti one 
must be constructed in one of the vaults under the sidewalk in front of the building. -

During the fiscal year ending June 30, 1888, the following-named persons have been employed 
under my immedi~te direction, constituting what is known as the ''Office Division.'' 

Dr. William B. French has acted as my immediate clerk in matters of executive detail; received 
moneys from sales of charts, publications, old property, and other sources, for which he has satis
factorily accounted to me; has aided in the Office correspondence, and bas received all Office ac
counts and adjusted and arranged them on vouchers for my appro\'al, retaining a set of duplicate 
bills. Bis service has been very efficient and entirely satisfactory, and he should receive at least 
eighteen hundred dollars per annum for the services rendered. 

Mr. I~. M. Harvey bas filed the Office correspondence, receivc11 express and freight shipments, 
and attende1l to the reception ant1 dispatch of registered mail matter. The in finuities of old age 
are telling on his once powerful physique, and his failing eye-sight may necessitate his assignment 
to other duty. 

Miss S. C. Ayres has assisted in the Office correspondence, kept the leave of absence account 
book, prepared the monthly report of this Office, and otherwise been useful. Iler services ha'l"e 
been very acceptable and efficient. 

Miss S. B. Harvie was engaged upon type-writing to the close of December, 1877, and was 
transferred to the Treasury Department January 1, 1888. Miss Harvie had become particularly 
skillful in her work and was much missed. 

Miss K. Lawn used the type-writer during the whole year, rendering satisfactor.v work. 
Miss F. Cadel was detailed from the Tidal Division to the Office Division July 5 and assisted 

in the Office correspondence until returned to the Tidal Division on October 3. On January 4 she 
was aesigned to a type-writer and has since produced satisfactory work. 

Mrs. Virginia Harrison was occupied in miscellaneous copying from August 1, 1887, to January 
4, 1888, and was then transferred to the Tidal Division. 

Mrs. M. E. Nesbitt was attached to the Office Division from January 4 to February 29, and 
was then returned to the Tidal Division. 

Mr. Neil Bryant has been mainly engaged upon miscellaneous copying for the Office Division, 
hut has occasionally assisted in clerical work for the II;ydrographic Inspector and for Assistant 
Henry Mitchell. 

Miss 0. B. Turnbull was assigned to this Division from the Tidal Division March 1, and has 
addressed envelopes, copied instructions, indexed ll'tter-books, and has done miscellaneous 
copying. 

Mrs. J. L. Waddill having been assigned to this Office by Assistant Secretary (Thompson) of 
the Treasury, and paid by that Department, was engaged in duplicating field records, copies of 
which we are to furnish to the State of Massachusetts. 

So far as I can ascertain, the Survey in the Field and in the Office was never in better condition 
than it is to-day. Harmony and good wilJ reign throughout the organization, and em11Ioyes vie 
with one another in the faithful performance of their respective duties. So far as this Office is 
concerned, its high state of efficiency is due to the Chiefi; of the respective Divisions and their 
subordinates, to whom I take this opportunity of expressing my thanks. 

The most cordial relations have existed between the Ilydrographic Inspector and the Office, 
and our hearty co·operation has done much to facilitate and improve the work. w·e are partic
ularly indebted to Lieut. M. L. Wood, U.S. Navy, Assistant to the IIydrogmphic Inspector, who 
has been untiring in his efforts to contribute to the perfecting of our charts in C\'cry detail. Bis 
Kuggestions have been found to have practical value in every instance, and it has been inin· 
cipally on account of his agitation of the matter that the Chart Division of the Office, which has 
proved so successful under the management of Assistant William II. Dennis, has been established. 

-Yours, respectfully, 

Mr. F. M. THORN, 

B . .A.. COLONNA, 
Assistant in charge of Ojfice and Topography. 

Superintendent, Coast and Geodetie Survey. 
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REPORT OF THE COMI'UIISG DJrlSIO:V, CO.lST AXD UEODETJC sr:JffEY OFFICE, FOR THE FJSCAL 
1·EAR BSJJIAO JT:XE :io, 18~8. 

COMPUTING DIVISION, COAST .AND GEODETIC SURVEY OFFICE, 

June 30, 1888. 

DE.AR SIR: In conformity with regulations, I have the 110nor to submit herewith the usual re
port of work done by tlrn sernral computers, au<l others temporarily assigned to this Division of the 
Ottice duriug the fiscal ~rear ending ,Tune 30, 1888. 

The charge of the Computing Division was continne<l with the undersigned; the changes in the 
personnel, both of the 1>cr111anent and the temporars force, since last year's report, were as follows: 
Mr. Alexander Ziwet handed in liis rNdgnatiou September 23, 1887, and l\lr. Allan D. Histeeu left, 
after st>rving bnt for two weeks, in July, 1887. Iu tlic reisignation of Mr. Ziwet the Computing Divis
ion lost a very able computer; he was thoroughly acquainted with the methods of calculation, and 
possessed that general knowledge, which added so much to the Yalue of his Ren·ices. The train
ing of a new computer for the ,·ariety of work placed in thi,,; Division of the Office is necessarily a 
laborious task, and one that cau not be accomplished in the periorl of a year; in consequence, the 
Telegraphic Longitude Computations could not be resumed this year, and the force oftbe Computing 
JJi\·isiou was further strained by the reduction of ge0tletic lfieling~, which demand much time. 
On September 6, 1887, l\fr. F. :\I. Uttle was assiglled to the Computiug Dh·isioa, and on Novemlier 
1, 1887, 1\Ir. Louis A. Bauer w:rn assigned to dnt,y; tlte latter, after :~ satisfactory probationary 
term of six mo11ths, wa1:1 permaue11tly cmmPde<l with the Di,·ision. Temporary help was giyen as 
follows: .Assistant .T. B. \\"cir, between O<'tobcr 5, 1887, and I•\·llrunry 2n, 1888; AE!Histant G. A. 
Fairfield, between March 3 aucl l\iay H, 1888, and Assit>taut J. ll. Baylor, between May 1 and June 
2, 1888. Hespecting tl1e 11eed.s of this lmmcll of the Oftke, a comput!'r to take care of the accutnn
late<l 111ag11rtic records at Kc\y \Yest, Fla.; at i1Ia1lit-<on, "'is., awl at Los Angeles, Cal., and to 
compute aud assist lllt' in dhicnssiug am! preparing the n•sults for printing these obserYatious, is 
\"er.Y urgently demanded, aIHI the 1wce:ssity of an atlditioual p;eodetic computer can only partially 
he 8atisfied b.v the assignment of tfmporary help from tl1e field force. There is much valuable 
material accnmulatiug which ought to ht• made ready for the printer, and, iu co1111ect:o11 with this, 
I am pleased to lie able to istate till' conqlletiou of the final reduction of the triaugulations made in 
Comwcticnt hl'tWet'll rn:·t~ a 1111 ] 88G, COlll prisi 11g ahont eig·ht hundrPd geographical positions, wliieh 
arc• proprnwd for puhlicatiou in tl1is _rPar'8 report; th iii work is arravge1l ;;iruilarly to the list of 
g.-ographical positio118 iu Mas8aclmst'tts aud in Rhode falaml, published as Appendix No. 8 to the 
Ueport for 188[i. 

Tlw Olli ct• eorrHsponclenct' rda ting to profes8iona1 or scientific matter, which is generally referred 
to this DiviHion, wa:s promptly atten1led to. Besitles directing, distributing, superYising, and re
portiug the work pt•tformed by the scweral computers, I gaYe special attention to the following 
s11bjP1't>1: 

A n·port (for pnhlicatiou) on the results of spirit-leYeling between Mobile, Ala., and New 
Orl1·a11s, fo1., I Kti,)-'tiG; a n·port ou the height above sea of St. Loui1<, rtfo., by three independent 
rou!!'s; a :-;tatt'111e111 of astro11omi1!al, geodetic, and magnetic work proposed for the Survey for the 
111•xt fhwal ~·.-ar; a pap1•r (for publication) on tbe average height of Lake Champlain and on the 
maguit111h• of the finct11ations in its h•vel, <luring a number of Fars; apaper(forpublieation) 
gi' ing an account of the development of the magnetic work of the Snn·ey since its beginning; a 
report (for pnblicatiou) of tLe results from spirit-lernliug iu tlie ,·ici11ity of New York Bay and 
Ilarllor, I 88G-'87 ; a paper on tlw construetiou of isogonic cnrws for onr .Atlantic coast at the 
epod111, A. D. l7UO and 1750; an examination of the ''alue of a nautical work, "The Arcano del 
Mart>,'' Flomnee, 164H, respeeting magnetic infornmtion; a paper 011 the secular change of the posi
tion of the agonic currn of the North Atlantic between A. D. 1500 and 1900; a report oil the 
re:-;ultR of the main triangulation on the coast of California, between tl10 Golden Gate and Santa 
Barbara Chaunel. 

I also computed the astronomical azimuths at stations Mone~' Point and Alpha, N. C., and 
made the first computation for time and azimuth at three coast stations, Oregon, 1887; brought 
tLe computation for the se<mlar variation of the magnetic declination up to date and attended t<> 
usual statistics (astronomical and magnetic), and t-0 proof-reading. ' 
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The work performed by each computer during the fiscal year is herewith presented in detail, 
as made up from the daily and monthly reports. 

Edward H. Courtenay completed the adjustment of the several triangulations of the Patapsco 
ltiYer, and of th~ vicinity of Baltimore, between the years 1842 and 1886; adjusted the olll and 
hew triangulations (1886) of Core Sound and of Beaufort Harbor, N. C., ai1led in the re-computa
tion of the old triangulation between Beaufort and Cape Fear, N. C., basiug tLe same on modern 
standard data, and completed the final adjustment of the se->cral triangulation8 in the State of 
Connecticut between 1833 and 188fi, a work of great maguitu<le and complexity. He ahm adjnKted 
and based on standard data, the triangulation of the we8tern coast of Florida, between Charlotte 
Harbor and Ot>dar Keys; had charge of the Compn ting Di\'iRion for two weeki;; durmg my abst>n<'e, 
prepared gPodetic data for use by iiehl parties, and in rP8Jl0111'e to calls by corrt>spomlen ts; had 
charge of the geqgraphical registers and of the duplicate records of the Sun·ey relatiug- to astro11-
omy, geodesy, and magnetism, prepared part of the geodetic statistic8, and supenised tlie work of 
Mr. Little and Mr. Maupin. 

Myrick II. Doolittle computed the following triangulations: Of Sauta Catalina Island, Cal.; 
of Wilktmette Wver between its mouth and Portland, Oregon, 1883; of tbe coast of LoniKiana, west 
of Barataria Bay, 1886-'87; adjusted and based upon standard data tlie main triangulation between 
Cape Florida and <Jape Sable, and re-computed on standard data the intervening subor<liuate 
triangulations, ] 854-'87 ; computed the tria11gnlation between Cape Sable and Cape Romano, Fla., 
188fi-'87, and computt>d the line measures up tbis coast to Tampa BaJ; mljnsted tbe triangulation 
of Monterey Bay, Cal. (1852-'84), aud of the coast from Santa Cruz to Point Afio Nuevo (1864); 
computed the Blue Buck base-line, Louisiana, 1883; prepared abstract of horizontal direction.~ at 
primary station Mocho, Cal., 1887; adjusted tLe main triangulation of the coast between the Golden 
Gate aml Santa Barbara Cliannel, inYolviug the estal>1isbment and solution of forty-three normal 
equations, and assisted in the preparation of geodetic statistics. 

Uharles H. Kummcll assisted Mr. Courtenay and Mr. Doolittle in the solution of normal equa
tions iu connection with the final adjustment of the triangulations of Uonuecticut and in southern 
California; compnted the gcograpl1ical positions of the following triauguhitions: Of ihe coast of 
Oregon, between Umpqua River :-ind Coos Bay, 1882-'85; of the Gulf of Georgia, Wash. Ter.; of 
Charlotte Harbor, Fla.; of the State Surve~' ofWiseonsiu, 1&15; of the James River, between City 
Point and Richmond, 1852-'80, basing the same on standard data; computed the triangulation 
of the Mississippi River Commission to fill up the gap between Greenville, Miss., and Helena, Ark., 
1880-'81, basing it on our standard data; computed the triangulation of St. John's River, Florida, 
1885, and attended to miscellaneons geodetic computations and revisions. , 

Heury Farquhar completed the reduction of the astronomical latitudes of fi\·e f tatious on the 
Virginia and North Carolina boundary, 1886-'87; computed tbefatitudes of four secondary stations in 
Kentucky and Illinois, 1882, and of Little Rock,' Ark., 1882, and made progress with the reduction 
for latitude of seven secondary stations in Kentucky, Tennessee, I udiana, Illinois, and West Virginia. 
1883. Mr. Farquhar also supplied the mean places of stars required by field parties; and made satis
factory progress with the star places required for fourteen latitude stations of the Hawaiian sur>ey, 
1887, undertaken with a view of studying the remarkable local deflections of the plumb line in these 
islands. The total number of stars for which north polar distanee is required is565, and these are 
selected and discussed, using all available star.catalogues, and they are adapted as near as may 
be to the standard places of Auwers. 

Alexander Ziwet computed the astronomical azimuths of Station Tassel, N. Y., 1880, and 
Station Howlett, N. Y., 1883, and had nearly completed the comput.ation of the telegraphic dif
ference of longitude, Colorado Springs, Colo., and Kansas City, Mo., .1885, at the dato of bis resig
nation in September, 1887. 

John B. Boute1le was chiefly engaged in various revisions of abstracts of angles, and in com· 
puting triangle sides and geographical positions in connection with the final adjustment and com· 
putation of the triangulations in the State of Connecticut and adjacent parts of New York, and of 
Clearwater Harbor, Fla.; he also supplic<l copies of reports of a professional character. 

Allan D. Risteen served as a computer for two weeks and was engaged in the computation of 
geographical positions, \'icinity of Baltimore, Md. 
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William C. Maupin was engaged in copying descriptions of stations for field parties, and in 
inserting results of geographical i)ositions in the Office registers; he att-0nded also to miscellaneous 
copying and conversions of measures and .-erifications. 

l"rauk M. l.Jittle revised angles and compute(l triangle sides and geographical positions in 
New York, Connecticut., and North Caroliua (Beaufort to Cape Fear), muler tlw direction of Mr. 
Uourtenay; computed a num!Jer of geographical positions in Tampa Bay and on the west coast of 
Florida np to Cedar Keys ; after the middle of March he was engaged on the Office computation 
of the spirit-levels between Vhlkersou's Ltmding, J\Iiss., and Little Rock, Ark., 1887-'88; this is 
now very nearly completed. 

Louis A. Bauer was engaged in the reduction of spirit-levels about New York Bay and Ilar· 
bor, Staten Island, 1887, and Gornrnor's Islaml to Throg's Neck, 1886-'87; made the reduction 
of the spirit-leYels between Mobile and Citronelle, Ala., 1884, and between Meridian and Oko
lona, Miss., 1884; computed the time and azimuth at three stations in Oregon; computed the 
astronomical azimuths at thirty stations in couuection with the magnetic declinations observed in 
1887; assistetl me in the solution of normal equations connected with my discussion of the secular 
variation ofthe declination and in proof-reading of my report on the magnetic work done at Fort 
Uonger, 1881-'84, by Lieutenant Greely and party; attended to some geodetic revisions, reduced 
the spirit-levels between .Meridian and Quitman, .Miss., 1886, and made satisfactory progress with 
the reduction of the spirit-levels between Quitman and Citronelle, Ala., 1887. 

John B. Weir, assistant, computed the levels about New York Bay and Harbor, 1887, from 
observations made by Snbassistant McGrath. 

George A. Fairfield, assistant, prepared abstracts of angles and directions of the triangulation 
of the coast of Louisiana east of Sabine Pass, 1883. 

James B. Baylor, assistant, tested the figure of the axles of the dipping needles of Circle No. 
20; reduced the magnetic observations at two stations in Michigan, and computed some positions 
on the upper part of James Uh·er, Virginia. 

I remain, sir, yours very respectfully, 

Hr. B. A. COLONNA, 

CHAS. A. SCHOTT, 
Assistant in charge Computing Division. 

Assistant in charge Ojfice and Topography. 

REPORT OF THE ENGRArING DirISION, COAST AND GEODETIC SURVEY OFFICE,FOR THE YEAR 
E:HDING JFNE 30, Ul88. 

U. S. COAST AND GEODETIC SURVEY 0FFICE1 ENGRAVING DIVISION, 

W askington, August 15, 1888. 
SIR: I respectfully i;ubmit the following report on the operations of the Engraving Division 

during the fa;;cal yt>ar ending .June 30, 1888. 
The statistics arc as follows: 

ENGR.A VING. 

Number of new charts published, printed from copper plates .•••.........• 
Number of new editions of charts printed from copper plates. _____ ......•. 
Number of new sketches and illustrations printed from copper plates •....• 
Number of new charts commenced ..... _ ............. _ .......•••.•.•.••• 
Number of new editions of charts commenced .... . 
Number of new sketches and illustrations commenc~d:: ... - ....•• •. • ..... • 

Number of copper plates corrected for printing charts.::::::::::::::::::: 
Numbt'r of copper plates corrected for printing sketches and illustrations .. 
Number of unfinished plates on hand: 

Charts 
New edlti~~~-: .· .· .' .' ~::: .': .' .' ." .' _" . .":. - · · · · · · · · · · · · • · · · · · · • • • ••• • • • · • • 
Sketches and illustrations . . ......... · ...... - . · .. · · · .... · • · • 

................... -......................................... . 

12 
10 
8 
1 

13 
1 

557 
39 

36 
10 
19 
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ELEUTRO'l'YPING. 

Number of })Ounds of copper deposited ..........................•••..... 
Number of square inches on which deposit was ma(le .......•............. 
Number of copper plates made: 

Basso . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Alto . . . . .• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • 31 

PIIOTOGRAPIIING. 

1,628 
66,132 

63 

Number of negatives made .. . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • . . . . • . . . . . . . 133 
Number of prints ma.de...... . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 723 

PRINTING. 

Number of impressions for Chart-room .................. ., •.•........... 
Number of impressions for Assistant in charge of Office ......••..••••.... 
Number of impressions for Engraving Division ......................... . 
Number of impressions for Hydrographie Inspector .................•.... 
Number of impressions for lithographers (transfer proofs) .............. . 
Number of impressions for Atlantic Coast Pilot ......................... . 

32,345 
1,803 
1,822 
1,284 

111 
G, 638 

Total number of impressions...................................... 44, 003 

119 

The impressions for the Chart-room were printed from six hundred and sixty-four plafos, of 
which number five hundred and fifty-seven required miscellaneous conectious applied to them be
fore the impressions could be taken. 

The engravers were employed during the year principally as follows: Il. l\I. Knight, A. Peter
sen, J. G Thompson, and R. I!'. Bartle, jr., on lettering; II. T. Knight and H. L. Thompson 011 

outlines and lett-0ri11g; W. A. Thompson, R. F. Bartle, and H. C. Evans on topography and sand; 
J. Enthoffer on topography; E. H. Sipe on miscellaneous collections and additions and lettering ; 
and T. Wasserbach and W. B. Davis on miscella.neons corrections and additions. There bave 
also been employed at different times during the year, under the appropriations for extra en. 
graving and the "urgent deficiency bill," that became available in April, Messrs. J. P. Cox, J. C. 
Entwistle, E. J. Enthoffer, E. Von Logan, and E. A. Maedel on lettering, and W. H. Dougal on 
correction of views illustrating the Coast Pilot. 

All the engravers employed in the Office have at times been engaged on the miscellaneous 
corrections and additions applied to the plates before printing, that arise from changes in the 
aids to navigation, hydrograpbic examinations, re-surveys, etc. This class of work is always one of 
great urgency in order that the supply of corrected charts may be maintained for the use of the 
public. The five hundred and fifty-seven plates corrected during the year in these particulars in· 
volved a large amount of labor to the engravers, and consumed a considerable portion of the 
time in the Office of the Division in their verification and record. 

The year's work shows a number of important charts completed, of which "~'he Delaware En
trance," from the re-surveys; The Cape Fear River, with the recent improvements by the U. S. En
gineers; The Columbia River to Portland; A General Chart of the Pacific Coast from Pt. Arena 
to Cape Mendocino, and additions of the recent off-shore hydrograpby to the General Charts of the 
Atlantic coast from the capes of the Delaware to Cape Hatteras, are the most worthy of notice. 
The work executed under the " urgent deficiency bill" bas also advanced the most important of 
the unfinished plates to a state of progress that promises favorably for fruitful results in the com
ing year. Had this appropriation become available a few months earlier it would have made 
a more marked increase in the output of the year, but the number o.f plates that could be finished 
in the short three months after it passed was too limited to make much impression with completed 
work; the aggregate of engraving that was accomplished, however, in forwarding important 
charts, has been very material. 

The work in the Electrotype and Photograph rooms has been performed most satisfactorily by 
Mr. D. O. Chapman, assisted by Mr. L. P. Keyser. The amount of copper deposited has not been 
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so large as in former years, as the work has heen confine<l entirely to l)Ur own necessities. Some 
changes have been made in the arrangement aud care of the batteries that it is believed will show 
a greater economy in their use, but as comparative results from their actual working are slow of 
attainmeut, a dNailed statement must be. deferred for the prese?1t. Many improvements have 
heeu made hy Mr. ()liapman since taking charge of the work, the most important of which I have 
11otice1l in my successin~ annual reports; hut that they may be a matter of record for fnture refer
ence, '.\Ir. Chapma11 lrns summarized them in a special report dated July 17, 1888, a copy of which 
I have the honor to transmit herewith. 

The machine for filing tlw hacks of thf' electrotype plates, 1l(wised hy .M:r. Chapman and erected 
about six months ago, has proved ,-cry satisfactory, furnishing a smooth, even surface at a much 
rc1l11ce.d expenditure of time arnl la\Jor, aud JiuiHhiug tht\ plates in a more suitaule condition for 
printing. 

The system of mouuti11g photographic prints to scale has continued in sncccssful operation, and 
an exhibit of the !Il('thotl Juts bel~ll prepan~1l at, the re(juest ot the Secretary of the Smithsonian 
lnstitntio11, to form :t part of au exhibit at Cincinnati hy the Institution, showing the progress and 
applicatious of photography. 

In compliance with ;vonr directionri, experiments lun-e been made by l\Ir. Chapman in gilding 
weig-hts matle of the Ilassler bra:ls. A 1cry ltand:-;011w gilt has been obtained by immersing the 
weights in a hot hath of pyrophosphate of sotb aud chloride of gold, but it is yet to be determined 
if the gilt, is enduring all(l in all respects suitahle for the rrnrpose. 

'l'he Plate Printing Oftice has beeu conducted as heretofore by l\Ir. F. l\Ioore, foreman, with 
Messrs. BooYer, Beck, and Crawford as printers, and Messrs. Troutman, Shelton, and Dickson as 
helpers, the latter having been appointed to the Otlice April 21, 1888, at the time 1\Ir. Shelton was 
rc•lieved. This class of work is Jaboriot1s aud exactiug, and it is tlierefore gratifying to find the year's 
output for the Chart-room thirty-two thousand three hundred and forty-five impressions, a larger 
11nm ber than for a11y preeediug year. A,; outlined in a report several ;years ago, the demand ou the 
Printing Office is steadily 011 the increase. This is dne, primarily, to two causes, the charts become 
more widely distributed, increasing the number of persons who use them, and new charts are 
constantly being added to the list from which additional prints must be furnished. If the demand 
were equalized over the year we 8ltoultl be fully able to supply it with our present force, Lut 
unfortunately during the summer months it far exceeds the other seasons, aml the nature of the 
matter to be supp lied preclrnle,:; the possibilit:r of providing it in advance during the duller months. 
Duriug May, .June, an1l ,July the presses turned out more work for the Chart-room than during 
the same months for auy preYions year, and yet we were constantly behind the orders on many of 
the standard ch<trts, and within a few days it has been found necessary to start the fourth press 
by the employment of temporary labor, which will have to be continued until the pressure is 
relieved. It is hoped the addition of motive power to the presses will be fully accomplished during 
the enrrent year, as that will atlord a great measure of assistance, but at the same time we should 
not lose sight of the fact that this class of work increa8e<s naturally, and that it can not be long 
before the force will ha,ve to be supplied to run the fourth press continuously. 

The clerical work of the Division has been maintained by Mr. John H. Smoot with his usual 
energy and precision, and reflects great credit to bis ability and perseverance. 

Assistant Edwin Smitll reported to me for special dut.r in the Division on January 4, 1888, and 
wa;i immediately assigned the work of cataloguing the engraved copper plates. I have h&d such 
a catalogue in contemplation for several years, and had gradually obtained proofs of the old plates 
as opportunity offered, until the data had been collected that would warrant work on the catalogue 
as soon as some one could be made available to take it np. It was therefore a source of great 
pleasure to me when .Mr. Smith was assigned to the Di>ision for this purpose. He continued on 
the duty until April 3, 1888, when his ser>ices were required in the field. A rough draught of the 
catalogue was completed and books hare been ordered for the fair copies. 

The records of the Engraving Dirision show the inception, time, cost, and completion of each 
engraving, and fully satisfy the requirements for the work of the Division. But as they are di
vided into day books, correction books, time and cost ledgers, and historical records with the 
single purpose of recording the history of each plate, they are not in a geographical s~quenoo to 
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give a concise abstract of the work representing a particular locality. The frequeut demand by 
engineers for copies of our original surveys and re-surveJ·s, for comparison with recent work, led 
me to believe that a catalogue of the engraved work that coul<l be furnhihed, arranged by local 
ities, would be instructive as well as very useful. It should be remembered, in this connection, 

_ that our chart catalogue contains only the stawlard charts of the surveys tliat are reliable at the 
'present time; that charts representing stuveys that :ue obsolete, are condemned and speedily 
dropped out of the chart catalogue, and that there is, therefore, no publication of the Survey that 
shows the engraved material of the past that is available for study and comparison. 

On April 7, 1888, one hundred and eighty copper plates were recefred from the Public Printer, 
representing a mass of miscellaneous material that I have not yet been able to clasilify, owing to 
the great demand ou the Printing Office for charts having prevented getting proofs of all the plates 
up to this time. The plates thus far examined were in Yery bad condition, not lrn,·iug been prop· 
erly protected when last printed. These plates will be listed and reported to J·ou at the earliest 
opportunity. 

The Office has also received from ]\fr. D. l\foClelland, April 21, 1888, a copper-plate eugraYing 
of the city of Washington, that has been designated a copy of the Boston plate, aoi1d I heliern com
pletes the resurrection of the early copper plates of the plan of the city, except the original Boston 
plate. I ti:-ansmit herewith the customaQ· list of plates completed, continued, and commenced 
during the year, and I have the honor to remain, 

Yours, very respectfullJ·, 

B. A. CoLO:NNA, Esq., 
Assistant in charge of Office. 

IIERBEH.T G. OGDEN, 
Assistant U. S. Ooast and Geodetfo Survey, 

In eharge of Engmving JJii•ision. 

REPORT OJi' MR. D. C. CHAPMAN, ELECTROTYPING AND PITOTOGRAl'HINU FRANCH OF THE 
ENG EA VING IJlllSION. 

U. S. COAST AND GEODETIC SURVEY OFFICE, 

Wasliington, July 17, 1888. 
DEAR SIR: In compliance with your request of June 30, asking for a statement of the results 

of various experiments I have conducted in this Department, I respectfully submit the following: 
When I was assigned to the Photograph and ElectrotJ·pe Department of your Divtsion there was 

a desire to have the maps reduced by photography and mounted on card-board to the exact scale 
required in the transfer to the copper to be engra\·ed. After a few days' study of the subject and 
a fow experiments, I devised a frame for the purpose, by the aid of which a map may lle photo
graphed and mounted to a reduced scale in very much less time than had been done heretofore, as 
attested by the large amount of this class of work that has since been done by this method. 

STEEL F.A.CING. 

In my first attempt at steel facing I found that a part of the current jumped from the iron anode 
to the lead lining of the vat (holding the solution) and passed around to the back of the cathode, 
making the deposit on the face of the cathode slow and uncertain, and also reducing the strength 
of the solution by not having sufficient anode surface. 

To obviate this I put another anode at the back of the cathode; also put a piece of board 
at the back of the cathode between it and the anode, and have since then had no trouble in making 
a clean hard deposit. 

SCR.A.P ZINC. 

In the use of the battery for electro deposition I found that there was an accumulation of scrap 
zinc covered with mercury, which heretofore had not been utilized. To make use of this I bave 
deviSed and made a frame for holding this material in the battery so that the zinc could be freely 
used up, and leaving the mercury, which is used again, thus avoiding either waste of zinc or 
mercury. 
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SILVERS AND CAitBONS IN 'l'HE BATTERY. 

Experiments for the purpose of determining the relative efficiency of the platinized silvers and 
the carlion plates nse1l in tlrn battery have showu tbat the platinized silvers deposit more than 
double the amount of copper tliat, tlrn carhom; do, the deposit with the silvers being two bun· 
drotl and thirty grains per hour, while tlie car!Jous gave only ninety grains per hour. 1 found 
that it required three times the amount of acid with the carbons that it did with the silvers to 
produce approximately the same deposit, or nearly three times the amount of zinc and carbon 
surface iu the same solution. 

RENEWING TIIE BATTERY. 

I found that the method of renewing the battery by empt;ying the cells and making up an entire 
new solution did not give the best results, sol leav(\ a portion of the zinc sul1ihate in the cells and 
add acid and water whenever they re<1nire to Le strengthened, which gives less internal resistance 
and a more uniform rate of deposit. 

TES'l'ING THE CONDUCTIVITY • • 
I have made several experiments to t~st the conductivity of the copper electrolyte, and found 

that the best results were obtained b,y using a solution of fifty to sixty grains of copper crystal to 
the ounce of water and one-twentieth part sulphuric acid, so we get from the same battery con
siderable more COJlper deposited per day than we did with the old electrolyte. 

FILIN G-MA.CIIINE. 

The labor of filing the plates apart by hand, and great delay in delivery of the work that some· 
times ensued, induced me to devise a machine to assist in this work (the power being already at 
hand in the adjoining room). Tl!e machine lrns been in operation now about five months, and bas 
proved very satisfactory, re(lncing the time required in filing the plates fully fifty per cent. 

Yours, very respectfully, 
D. C. CHAPMAN. 

Mr. H. G. OGDEN, 

.Assistant in ckarge of Engraving Division. 

Engraved plates of charts completed, conti1iued, or commenced during the fiscal year ending June 30, 
1888. 

l. Outlines. 2. Topography. 3. Sanding. 4. Gcnerll.l lotterlng. 

Cata-I Platt> 
logue I Title. No. No. 

--1- ·------~-----~~-w---c~~~tT~-COl;;.~~~~-------. 

!!: I' ~: ~:o::;:~~::: ~~~~;~;;~ ~~;e~: ~~;:i~~i~~ ~~~~ ~~~: 
176 18!8 LemonBaytoTatnp,.Bay ............................. . 
305 1821 Nash Island to Schoodic Island ........................ . 

42411892 Cape Fear River from entranee t-0 lWeves Point ....•••• 

4~5 J 1890 Cape Foor River, Reeves Point to Wilmington ..•...•. 

'5SD 11888 St.Jolm's mrnr, from Tocoi to San .Mateo ............. . 
UlB 11178 Colam!>ia River, No. 4: Grim'• Island to Kalama .•.•.••. 

MlC 1Be7 Colwnbil6 River, No. 5, Kalama to Fales Landing.···-·· 

MlD 1868 Columbia River, No.6,Fales Landing to Portland·····-

Scale. Engravers and work. 

I 
1-80000 3. W. A. Thompson. 4. J. G. Thomp10n and A. Petersen. 
1-80000 3, 4. H. M. Knight. 

1-80000 3, 4. H. M. Knight and E. H. Sipe. 
1-400-00 I, 2. R. F. Bartle. 3. H. C. Evans. 4. A. Petersen and 

E.H. Sipe. 
1-40000 1, 2, 3. R. F. Bartle. 4. Il. M. Knight, J. G. Thompe<>n, 

A. Petersen, and R.F. Bartle,jr. 
1-40000 3. R. F. Bartle. 4. H. M. Knight, .A.. Petersen, and :&. F. 

Bartle, jr. 
1-40000 3. R. F . .Bartle. 4. H. L. Thompson. 
1-40000 l, 3. W. A. ThompllOn. s. H. C. BVllllS. 4. H. M. Knight, 

.A. Petersen, and H. T. Knight. 
1-40000 3. H- c. Evans. 4, IL "M. Kmght, ..1.. Poteneo, aDd H. 

T. Knight. 
l-'0000 a. W. A. Thompson, 11. c. Evana. 4. H. X. Knight, A. 

Petersen, and B. T. Knljlbt. 
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Engraved plates of charts completed, continued, or commenced, etc.-Continued. 

--,----,-------------------------- ---------·-· ---------------

------'-=~ 
Cata-
logue Plate 
:No. No. 

Title. 

----- - ---!----~------
NEW CIIAH.TB COMPI.ETKIJ-CODtinut•(l. 

EngraYers and work. 

123 

677 1818 From Point Arena to Cape Mendoci1w ................ .. 
690 196fJ Commencement Jln.y and City of TacQnu1. ..••.•..••.. - .. 

1-200000 1. VV. A. ThomJlSon. 4. J, G. Tlwmpsonaud A. Petflrstiu. 
1-2-0000 1, 3. W. A. Thompsou. I, 2. lt. :F . .Bartle. 4. E. 11. Sipe. 

NEW EHITION8, 18fll, COMPLETED. 

9 1945 From Cape May to Cape Henry ...................... .. 

10 1714 FromCap-0IlenrytoCapeLookout ................... . 
106 1925 From Kennebec entrance to Saco Ri\""er ............... . 

127 1200 From Cape May to Isle of Wight ...................... . 
100 19i3 .l<'rom Rouml Island to St. Joseph's Island ............ . 

::: I:: ~::~.~:.;::~~,;;:=;;:;;:: 
205 1216 Galveston Bay to Oyster Day ..................... .. 
207 1334 Matagorda Bay ............................ .. 
2<>8 ' 18'9 Pass Cavallo, J,avaca, and San Antonio Bay& .•••...••••. 

MISCE.LLANROUS COMPI.J?TCD • 

1-400000 3. IT. M. Knigbt. 4. J. G. Thompson. A. Petersen, T. 
Wasserbach, andll. T. Knight. 

1-400000 4. J. G. Thompson. 
1--80000 3. ,V, A. Thompsonantl Wa.sserhach. 1.J. G. Tlt:>mpson, 

T. Wasscrhach, and W. ll. Davis. 
1-80000 3, 4. T. Wasserbach. 4. E. II. Sipe. 
1-80000 I, 3. T. Wasserbach. 
1-50000 3, 4. E. Il. Sipe and '\'.II. Davis. 
1-WOOO 3. W. 4-· Thompson. 4. II. L. Thompson. 

1-80000 3, 4. W. IL Davis. 
1-~0000 3, 4. T. '\Vasserbach. 
1-80000 3, 4. T. W a.eserbach. 

1733 
1735 
1737 
1739 

1732 
1759 
1788 
1965 

.Atlantic Coast Pilot Views: ! 

St. Catlrnrine's and Sapelo Sounds ................ ·-1·-·- ......... . 
Doboy and Altamaha Sonn<l ..................................... . 
St. Simon's Sound antl City of Drunswick •.......... 

1 
••••••••• - •••• 

4. IT. T. Knight. 
4. H. T. Knight. 
4. H. T. Kni~ht. 

St. Andrew's and Cnmberland Sounds .••..•..... ··I·· ........... . 4. H. T. Knigltt. 
4. H. T. Knight. 
4. H. T. Knight. 

Warsaw and Ossabaw Sounds ...................... 

1

1 ............. . 

St. John's River Entrance ...................................... . 
St. Augustine Entrance ......................................... . 

Index Map, No. 8, Subsketch, No. 29 ................................ .. 
4. H. T. Knight. 
!, 4. H. T. Knight. 

1l4 1969 
123 1P7( 
125 1995 
211 11159 
303 1984 

610 1979 
686 l!llHI 

111 1991 
127 1983 
20, 1900 
205 1216 
207 133' 
208 1!149 
a37 1970 

369 1987 
369 1988 
'20 1994 

NEW CHARTS COMlf.&NCED. 

Point Judith and Block Island to Plnmb Island •....... 
.Absecon Inlet to Cape May ............................ . 
Delaware Bay and River, Croes Ledge to Reedy Point .. 
Laguna.Madre, Texll8 .................................. . 
Moooe Cove to Engliohwan's Bay, including Machias 

Bay. 
Wilmington and Sa.n Pedro Harbors ..............•.•••• 
Pnget Sound, Washington Territory ..••...•...••••..••. 

NEW EDITION8 COMMDC.Ell. 

.Monomoy and Nantucket Shoals to Muskeget Channel. 
Cape May to Isle of Wight ............................ . 
Galveston Bay .•••••••••••••••.••••••••••••.•••..•..••. 
Ga.h-oetcnllay to Oyster Day •••••••.••.•••..••••...•••. 
Matagorda Bay .••.••.•••.••.••..•••••.•••...••••••.•••. 
Paas Cavallo, Lavaca, and San Antonio Bays ....••..... 
Boston Harbor ......................................... . 

New York Bay and Harhor, upper sheet ............... . 
New York Bay and Harbor, lower sheet .•.•.••••••••.•. 
Beaufort Harbor ....................................... . 

447 1155 St. Simon's Sound, Brnnswiok Harbor, a11d Tnrtle River. 
675 181!() Point Pinos to Bodega Head ........................... . 

8Kll'l'CHll8 A.llI> ILLU8TBATION• COJIWE!ICED. 

1-80000 1 •• Toseph Entbod'er. i. A. Petersen. 
1-80000 1, 2. Josoph Entboffer. 4 . .A.. Petersen andR. F. Bartle, jr • 
1-80000 1, 2. Joseph Enthoffer. '· A. Petersen. 
1-80000 1, 2. H. c. Evans. 
1-80000 I, 2. Jostiph EnthoJfer. i. A. Petersen. 

1-40000 1, 2. H. C. Evans. 3. R. F. Bartle. 4. R. F. Bartle,jr. 
1-80000 1, 2. Joseph Enthotfer. 

1-80000 1, 2, 3. H. C. Evans. '- A. Petersen. 
i-80000 I, 2. R. F. n..rtle. 4. A. Petersen and R. F. Bartle,jr. 
1-80000 3, 4. W. H.Davis. 
1-80000 3, 4. T. Wa&1erbach. 
1-80000 3, 4. T. Wasserbach. 
1-80000 3, i. T. We.&serhach. 
l-40QOq 1. H. L. Thompson. 2,3. W. A. Thompson. 4. E.H.Sipe 

and H. T. Knicht. 
1-40000 1, 2. R. F. Bartle. 
1-40000 1,2. R.F.Bartle. 
1-40000 . 3, i. '.!'. Wasaerba.ch. 

l-40000 I '· H. L. Thompson. 
1-200000 1, 2. W . .A.. Thompson. i. E. H. Sipe. 

19115 Indexld:apNo.8,SubaketohNo.29 ................................... 1,1, H.T.Knight. 

MBW' CBARl'll COllTINUED. 

18 1865 Key Woatto Tampa Bay .............................. . 1-4-00000 3. n. c. Evans. 
17 1903 Tampa.Bay toCapeSanBIM .......................... . l...WOOOO 3. JI. C. Evans. 4. A. Petersen. 

Ill 1942 lfqtucket Shoals to New York, western sheet ••• -•.••. 1-200000 1. J. G. Thompson. 4.Jamee P. Cox and R. J'.Bartle,jr. 
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Engraiied plates of charts completed, continued, or commence11, etc.-Continued. 

- ---- - -- ------- --- ---- _____ / __ _ 
~~:~~I ru~ ~k. 
Jogue ~ No I 

'lo. : 1rnw CllAl<TS Ctll<TIX\"El'--cout:mml. I 

_EngravAlt!I a.nd work. 

101!19:f:' Ifostporttol.ittlfll-Un•r ·----· ----·--·--·--·! 
101 ! 1 V55 East,port to Littl~ Rivur, offshor(~ ... - -. - - .... - . -· . - . - · · '. 

102
1 

li42 Littll~Uivt·rtoJ>t•titManau ····················-·······i 
102 I 1R60 Littl11TI.h·(1rtoP('tit.h.lanan,oifshol'e -------··-------·· i 
119 I 1927 i Great Routh Bay, Fire Islam!. .... - -................. - · ! 
l'.IB : 19;!5 
147 1 lHUl 

151 . 1695 

178 l!l:ll 

179 ' lfl:l~ 

187 1!284 

304 1938 

40lll 1664 
401E 1679 

6001 1755 

l>elawaru Huy and niver, Rt'edy Pohl( to Trt>H1o11 -- •• - . i 
C()Vt~ Sound to Boi,?;tte Inlet, itH'lwlin.2: Cnp1· Lookout. .. · i 
Littl<' llin•r Iult-.t, and part of Lon!!' Bay - - .. - ·. - -. -- .1 

llog Is1ancl to Wan C'rt•ck 1 ]nduding Aul'lolt' A11chura~1· 1 

\Vall Un~ek to Crnlar Kf',PL-- ---·······-··--·-·-· 

Pcrnmcola, Bay to Mohile na.v -- ... A' - .•. --·. ·-· .••• 

Ct'OSN lHhtnd to Na!o!h hlu.ml ........ . 

,Jamcli U.iver, No. i, City Point({) Kiu~land Cn•f•k 

,Jauws l\.in1r. No. 5, Kin~laud Cn·~h fo 1~idrnwml. .... 

Sau Jlie~o Point to Point ..\..n~ua ....••............. 

60(\? 1908 San :Francisco to Uw Stra.itH of .Toan De Fuca ...•. 
669 lg')...8 San Luis Obispo Ilu.y and A pvroachos 

1-8000tJ 
1 

3. \\~.A. Thom]l~on. 4 .r. G. Tliompiwn. 

1--."UPOO 3. \\'.A. Thornp:ioll. 4. J. G. Thomp8on. 

1-!'<0(lOO 

l-81HIOO 

1-80000 

1-KOOOO 

l--8U00il 

l--~')000 

1-cOOOO 

1-SOOOIJ 

4. E. A. Muedd. 

4 .. r G. Thorn JHm!1. 

::. If. C. Ernns. 4. K II. Sipe and JI. T, Knight. 
i, ::! . • Tu:wpli Eathoffer. 

4. E .. \.~he.de!. 

::. n. F. Uartl1\ 

4. A.. Petersen. 

:L .IL C. I~vans. 4-. A. retersen, J. C. Entwistle, antl H. 
, L. Thnmpsou. 

l, 2. R. F. Ra rt le. 4. A. Pt_•tcr~n. J.C. Entwistle, and H. 

T. Knight. 
1-Sooon 3. I:. F. Barth,. 4. R. F. Bartlc,jr. 
1-40000 I. 2. Joseph :B:nthoffer. 

1- 20000 4. II. L. Thompson. 

1-2000(1 4. II. L. TJwmpson. 
1-120000i1 2. \r. A. Tho-mpt1on. 4 .• r. G. Thomp1Wn, II. T. Knight, 

aud R. I•. Bartfo,jr. 

l-1~000110 I. l!. T. Kni;:ht. 4. J. G. Thompson and fl. T. Knil!ht. 
1-20000 3. T. "~1tt'~1~rhach. 4:. Ladwig Von Logau. 

R/1JI'ORT OP THE DUA TTTHO I>H7SIOX, ('(J.18T "1 X!J r;EODETIC S["RIEY OFFICE, FOR TIIE YEAR 
FXJ>LYG .T LYE :m, l~i'ltl. 

U. S. COAST AND GEODETIC SURVEY .OFFICE, 

Washington, July 1, 1888. 

DEAR Sm: During the fiscal year 1S87-'88 thr Drawing Division has remained iu my charge. 
For the first nine months of the year the number of draughtsmen remained the same as the 

year preceding. Dnring tl!e last three months under the deficiency appropriation five additional 
dranghtinnen were employrd. 

The assignmentof work has been about the same as the preceding year, as follows: 
A. Lindenkobl was mostly emplo,ve(l npon b;n!rographic reductions, corrections of and addi

tions to puhlisbed charts, progress sketcheH for the A unual Heport, and auswering various calls for 
information. Ile has rendered valuable service, at times, by directing the work of the Division 
during the absence of its Chief. 

H. I,indenkohl was mostly engaged upon finished drawings for photolithographing, and all 
kinds of work requiring di>•patch. Ile bas also done the usual amount of lithographing for the 
Annual Report. During the year he !ms done an unusually large amount of valuable work. 

E. H. Fowler has made reductions for engraving and photolitliographing, 1)rojections, and 
verifications . 

. E. .T. Sommer has made reductions for engraving and photolithographing, projections, and 
verifications. 

P. Erichsen has been mostly engaged upon inking topographical sbeets and measuring areas 
of engraved work. 

E. Molkow has worked upon reductions for harbor charts for engraving, inked topographical 
sheets, made projections, aud measured areas of engraved work and topographical surveys. 

C. Mahon has been employed principally upon hydrographic re-duciioRs and lettering plane· 
table sheets. 

E. A. Trescot has made drawings of charts and diagrams for pbotolithographing, and registered 
for the Division the original topographical and hydrographic charts. At times he has performed 
the clerical duties of the Division. 
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J. Olberg has made the usual copies of field sketches. 
W. H. Benton bas been mostly engaged upon drawings of charts for photolithographing. 
H. J, Schneider bas made miscellaneous tracings, especially those to answer calls by private 

riarties for copie!l of original surveys. 
During nearly three months of the latter part of the year W. Baumann, G. F. Kroll, F. ,T. del 

Corral!, and G. Wedekind were engaged as temporary draughtsmen; \V. Baumann upon a chart 
for pbotolithographing, and the others upon miscellaneous work and tracings. 

C. G. Bouis was attached to the Di\'ision about two weeks on trial. 
J. H. Roeth performed the clerical work of the Division m1til January 9, 1888, when he was 

transferred to the office of the Hydrograpbic Inspector. 
From January lG to May 16 Assistant W. I. Vinal was attached to the Division, and rendered 

efficient service by regist(lring seveml thousands of miscellaneous maps and drawings, which had 
accumulated in about forty years. 

In addition to the list of charts submitted, which comprises all the regular publications, for which 
the drawings have been advanced or eompleted, there have been prepared, at the request of t,be 
United States attorney for the District of Columbia, careful tracings of the" Dermott Map" and of 
the" King Plats" of the city of Washington for the purpoSll of being pbotolitbographed. 

I desire to say that the number of skilled draughtsmen in the Division is inadequate to the 
demand made upon it for all purposes. We want more of tlie best, for the best are always to be 
preferred from the ti.tamlpoiut of economy. 

Special effort, bas been made to put the results of the most recent surveys promptly before the 
public, and we h!'tve succeeded, with the co-operatiou of the Engraving Division and by photolithog
raphy, in mapping the important resurveys iu Delaware Day, New York Harbor, aud East Hiver 
in shorter intervals from the time of the resnrYcys than ever before accomplislied by the Otlice. 

Spe,cial attention has been given t{> such parts of the coast as were inadequately supplied with 
charts, notably the west coast of Florida aud the coasts of Oregou and of Washington Territory. 
A number of charts, local aud general, of these sections were commenced or issued, and efforts are 
still continued in this direction, so that it is hoped that at 110 distant day all parts of the coast will 
be provided with charts. 

The gratifying reception by the public wbich our full-scale pbotolitliographed charts have had 
during the past year, encourages our hest efforts in that direction. The chart which gives the most 
information will be in must demand for local purposes. 

Respectfully, yours, 

Mr. B. A. COLONNA, 

.Assistant in charge of Ojfice. 

E. HERGESHEIMER, 
.Assistant Coast and Geodetic Survey, 

I1~ charge of Drawing Division. 
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Nos. of 
charts. 

A 
B 
D 
6001 

UNITED ST.A.TES CO.AST AND GEODETIC SURVEY. 

DRAWING DIVISION. 

Charts completed or iii progre118 during the year ending Ju1ie 30, 1888. 

1. Top<Jgraphy. 2. Ily<lrography. 

Titles of charts. Scale. I Draughtsman. Remarks. 

8A.JI~ISH CH.AUTS. ------~--1-
Cape Sa.ble to Cape HaJ-terae .....•.•.•••.....•...... I 1-1200000 ,! 2. A. Lin<lenkohl .....• , -- .•.••..... , Correction. and additions. 
Cape Hatteraa to Key West .•••.•..••••.........•.• i 1-12000!•0 [ 2. A. Lirnlenkohl ..•..•..••.. -- . - .• ·I llo. 
Gulf of M:exicoantl Straits of Florida .............. ! 1-2100000 ! 2. A.Lindenkobl; 11 2. E.J.Sommer.i Do. 
San Diego to Poiut A_rena........................ .. l-120000IJ' 1, 2. A. Lindenkohl; L H. Linden. In progress. 

kohl. 
603 Urupqnah River to the N. W. boumla.r~· ..••••••.•.• 1-1200()00 !. A. Lindenkobl .• ; •••..•••.•...... Do. 

GENERAL C!U.ETS OF THE COAST. 

6b Western part Isle au Haut to Cape Cod .......... - . 
7 Cape Ann toGayHeai! ....••.••.•.....•••....••.... ' 
8a _Approaches to New York-Block Island to Capo 

May. 
10 Cape Henry to Ca1ie Lookout .••••••.••..........•.. 
11 Cape Hatteras to Cape Romain ......••.........•••. 
12 Capo Romain to St. Mary's Entranoo .•••........•.. 
15 Strait• of Florida .... _ ........••................... 
16 Key Wt!•t t-0 Tampa Bay ..........•....•........... 
17 
20 

671 

675 

677 
681a 

68' 

Tampa Bay to Capo San Blas ..••...••••...•......... 
Atchafa.la~·aUayto Galveston---·--------· 
San Diogo to Santa Monica .•.................•..... 
Point l'inos to llodega Hoa.d .....•.....•..•...•..... 

Point Arena to Cape Mernloclno ................ _ .. 
ApproacbestotheC0Ju1ubiaRiwll· ................. 1 

Sea-coast and interior harhor8 of \\ ... 1.~Hhiu~t1m Ter· I 
ritory, from Grny's Harbor to Olym11ia, iududing 
Washington !>ound. 

COAST .AND HARHOH. f'HAHT~. 

1-400000 1, 2. E. J. Sommer ....... ·----·---·-· CorT~ctions. 

1-400000 2. A. Limlenkobl ....••..•.••••••... J Corrections and additions. 
1-400000 I, 2. II. Lindenkohl. ....•...•..••... ' Corrections. 

1-400000 2. A. Linilenkohl .....•....•.•.••.•. Corrections and additions. 
1-401\000 1, 2. A. Lindenkohl. •.•.•..... .•• • •. Do. 
l-400000 2. A. LiDtlcnkohl.................. Corrections. 
1-400000 I. P. Erichoen and E. II. Fowler .. _. Addition•. 
l-iOVOOO 2. A. Lindenkobl and E. II. Fowler .. 
1-400000 2. A. Lindenkohl •••••• - ••• ... .. . .... ... . Finishetl. 
1-40000() l. l'.Erichseu ........................... In progress. 

Do. 

, II.Fowler, and }'. J. Corral. 

1-200000 I. E II. Fowler ...•.•..•.......... 

1 

1-200000 ' l. H. Lindeukohl, E. II. Trescot, E 

1-200000 ! I, 2. A. Lindenkohl; ~- E.J. Sommer. Corrections. 

1-200000 ! 2. E. A. T1·escot ..................... 1
1 

In progress. 
1-300000 1l,2. A.and li. Limleukob.I. l'hotolithograph, correc· 

I tions. 

101 
3ll2a 

102 
303 

3# 

305 
lOi 

·•·••···•· ·•••·· ···•·•· ···· ·•····•·• ····· · ········ ....•......... 1 1, 2. A. Lin1lenkohl ..........•••.... In progress. 
Eastport Harbor .....•........ -··········........... 1-40000 i I. E. II. Fowler; 2. H. Lindenkohl.. Corrections. 

· · · · · · · · · · · · · · · · · ·· · · · · · · · · · · · · · · · · ·· · · · · · · · ·· · · --............ i 2. E. .T. f;omrner; 1, 2. E. H. Fowler. In progress. 
Moose Co-.-e to Englisl11nan'• flay ·•· •·• -·•·•· ..••.. 1-40000 ; 2. A. Lindenkobl; l. C. Mabon .... , Do. 
Cro•s Island to Nash faliln<I -· •· · - - · -- - --· · · -·...... 1-40000 ! 2. A. Lin1lenkohl; 1, 2. E. Il. Fowlor. Finished. 
Nash lRlan<I t.o Scho0<lic Island..................... 1-40000 : 2. A. Limlenkohl ...•........•....•. Corrections. 
Pf'nolmcot Bay ..... - .•.•... - - · · - -·. -- ..••••• ..•• •• .. J-80000 ~- A. Lin,lPnkohl.. ...... .. .. . •. ...... Do. 

31:1 !Ja111,.riMotta an•l Metlomak Ril"<Ws ....••. _ ...••.. 1-40(~10 2. A. Liwlenkohl .......•.••••••..•. 
1-80000 2. II Lindonkohl ...•.••.••.••.••.•. 
1-40000 l, 2. 11. Limlc•nkohl ...•••........... 
1-20000 l, 2. A. Lindenkohl and lL J,inden-

Do. 

Do. 
Do. 
Do. 

106 ! Keum•hec Entrauc<' t.o Haco Jtiver. __ ....... __ ·-· .. . 

315 : Ca•<·o llny ....................•.................... 
S-.111 l'ortland Harbor ..........••••..•..•.•.............• 

108 

337 

111 

112 

113 

346 
353 

353' 

354 
115 

116 

Wells to Capt\ Aun .....••.••....•••....•........... 
Boliton Harbor·-·--· .•.•...........•.•... __ ..... -· .. 

En.stt•rn Shet4-Mononwy and NantnckdShoalx to I 
Muskoget Chitnnel. 

! Midclle ShN,t-Mn•kogt\t C11amwl j,o B11zzar1l'R Bay 
and ont.ranue to Yincya.r11 Sound. 

W<'stern 8heet-Cnttyh nn k to Jllock T sfan<l, inclm\-
ing Narmgans<'!t Ilay. 

EdgMtown Ilarl>or ........................................ . 

Narrag:m..,ttThty ·-·-······························ 
Newport lfaroor aud entrance .....•••••.••..••.••.. 

Briotol Ilnrbor ...•.•.•••..•.••.........•..••..•..•.. 
Long l•land Sonnd. Mi<i•lle Shoet,...Pium Island to 

Wokb'• Point. 

Western Sboet,...Wokh'e Point to N~w ¥01·k .•••••• 

kobl. 

1-80000 2. A. Li11dm1kohl ..................... . 

1-40000 i 2. C. :Mahon .......••••.•.........••. 

1-80000 I, 2. IL Lirnlenkobl antl C. Mahon ... 

! 
l-~0000 , 1. E. IL Fowlor . _ ............•.••.•. 

1-80000 1, 2 . ..\. Li11d1·nlrnl1l; 2. II. LimleD-

i kohl. 
1-20000 ' 2. A. Lind"nkohl ............•.••.•• 
l-400()1) , 2. H. Llndenkohl ...•.••••••.••••••. 
1-20000 : I, 2. II. Lin<lcnkohl .••••••.••••••••. 

I 

1--20000 I 2. E.,T. Sommer .•••.••••••••.••••... 

1-80000 J 2. A. Lindeukohl; 1. E. H. Fowler .. 

I 
1-l!OIJOO I I, 2. E. II. Fowler .•....•••••.•...... 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Photolithograph, co rreo
tlons. 

Corrections. 
New edition. 

In progreaa. 
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Charts completed or in progress during the year ending June 30, 1888-Continued. 

Nos.of 
charts. 

Titles of charts. 

COAST AND HABBOR CllART&-Continued. 

31>8 Fisher's Island Sound .•••••••••.•.•.••••••••••••••• 

361' Harbors of Branford, Sachem's Head, etc .•••••..•.. 

361' Entrance to Norwalk and Sangatnck .•••••...•••• __ 
3614 Port Jefferson ...••..•••••••••.••..•.••••••••••••••• 
3116 Ilempstead Harbor ..••.••••..•••••.••••••••••••.•.. 
361' Long Island Sound, between Throg'sNeckandNew 

Rochelle. 
367 
368 

Sill 

370 
121 

123 

124 
125 

126 

127 
128 

129 
131 

Oyster or Syo88et Harbor .••••••.••••••..••••••..••. 
Huntington Bay .•••••....•.•••.••.•••••••••••••.••. 

New York Bay and Harbor .•••...•• ···············-r 

Ea.st River, Lawrence Point to Throg's Neck ...• --

Hudson River, Fifty-third •troot to Fort W88hlngton 

No.I, NewYork toHavers\raw ................... . 
Sandy Hook to Barnegat Inlet .••.. -..••••••••••••• 

1

1 

Abeeeon Inlet to Cape May ..••••••••.••••••..•••.• 
Lower Sheet-Delaware Entrance-····· ....•..•.... 
Middle Sheet-Part of Delaware Bay and River .•. 
Upper Sheet-Delaware River, Port Penn to Trenton _ 

Cape May to Isle of Wight .....••....••••••.•••..••. 
Isle of Wight to Chincoteague Inlet .•.•....••...... 
Chinooteague Inlet to llog Island Light ..••••.•.•.• 
No. l, Entri.nce toCbeaapeake Bay, Hampton Roads, 

etc. 
132 No. 2, York River to P<>eomoke Sound .••.••••••.••. 
134 No. I, Potomac River to Choptank Rivor .•••••..•.. 
Ul5 No.2,Choptank River to MagothyJUver ......... .. 
136 .No. 3, Magotby River to Head of Bay ••••••••••.•.. 

384 Patapseo River AUd Baltimore Ha.rbor .•••••••.•.•.. 
40111. .TameaRiver,No.t. HamptonRoa.dstoPointofSbool•. 
40411 Norfolk Harbor -••...••••••.•..•••.•.••••.•••••.•••. 
141 Albemarle Sound, W eatern Slloet--Pasquotank River 

to Roo.noke and Chowan Rivers. 
420 Beaufort Hat'bor ..•.. -•••.•••••.••••••.•.•••••••••• 
147 Cape Lookout to Bogue Inlet .••••••.••.•••••••••... 
150 M380nboro Inlet to Shallotte Inlot, Including Cape 

Fea.r. 

424 C&pe Fo>ar River Entrance •••••••••••••••••••••••••• 

426 Cape Fear River, from Fodera! P.pint to Wilmington 

153 N ortb I&land to Long Island, including Cape 
Romain. 

428 Winyah Bay .•••••••••••••••••••••••••••••••••••••• 

156 Savannah to Sap&lo Ial&nd •.••••.••.••••••.•••••.••. 
447 St.Simon'& Sound Br11DBwiokHaroorand Tortle River 
107 Elbow Key to lhtoonmbe Key ••••••••••••••••..••• 
4t1D Key Weat !Urbor .•••••..••••••••.•.•...•••••.••••• 
176 San Carlos :Bay to Lemon Bay, lncl11dlng Charlotte 

Barbor. 
178 Hog Ial&nd to Wall's Creek .•••••.••••••..•••••.••• 
1711 Wall'a Creolt ta Cedar tce:ya ••••••••••••••••••••.••• 

Scale. Draughtsman. Remarks 

1-WOOO 1, 2. Il. Lindenkohl .•••••..••.••••.. Photolithograph, correc
tions. 

1-10000 1,2. H.Lindenkohl --··············· Photolithograph com· 
ploted. 

1-10000 2. H.Limlenkohl -----·············- Do. 
1-10000 l, 2. E. A. Trescot •••....•.•..•...•• -I Photolithograpll. 
1-20000 2. A. LindenkohL. .....•..•.... -.. -j Corrections. 
1-10000 1,2. Il. Lindenkohl. ......•......•.. Pbotolithograph com· 

pleted. 
1~10000 1, 2. E. Molkow.. •• •. . . . •••• ••• .. •• . New edition. 
1-30000 1, 2. E. Molkow .• . •• • .• • • •• .••. .•••.. Do. 
1-40000 2. A. Lindenkohl: l, 2. H. Unden· i Corrections. 

kobl: 1. P. Erich86n and E. J. 
Sommer. 

1-10000 I, 2. H. Lindenkokl _ ................. Photolithograph, 

pleted. 
Do. 1-10000 l, 2. lI. LindenkoW; 2. A. Linden· 1 

kobl. 
1-60000 P. Erich86n ......................... \ Corrections. 
1-80000 1. A. Llndenkohl .. • • . . . • • • • . • . . . • • • Do. 

1-80-000 1. H. Lindenkohl: 2. C. Mahon . •• . Do. 
1-80000 J. A. Lindenkohl; 2. E.J. Sommer. 

OOtn· 

1-8(){)00 1,2. E.J.Sommer: 1. C.Mabon .••. New edition, completed. 
1-80000 

l-80000 

2. A. Lindenkohl: l, 2. II. Linden- 'I New-in progres•. 
kobl. 

2. E. J. Sommer and C. Mabon ...•.•. Corrections and additions. 
2. E. J. Sommer ..••.•••.••••.....••. I Additions. 1-80000 

1-80000 !. P. Erichsen; 2. E .• J. Sommer ..•. -J Additions and corrections. 
1-80000 2. A. Lindenkohl and E . .r. Sommer; 

1. E. A. Trescot. 
l-80000 1. E. A. Troscot .. - . . •• •• . ••.• ••. . . •• . Corrections. 
1-80000 l. 2. A. Lindenkohl . ..• . •• .•••••. ••. Do. 
1-800-00 2. Il. Lindenkohl . .. . . . . . . . . . • . •. •• • Do. 
1-80000 2. A. and n. Lindenkobl ; 1, 2. E. Do. 

J.Sommer. 
1-ilOO-OO 1. P. Erichsen; 2. E. J, Sommer ... 
1-40000 1. C. Mahon .••••••••.•••••••••..••. 
1-10000 l. A. Lindenkohl. •••.•••••••••••••. 
1-80000 2. A. Lindonkobl .••••••••••••.••••• 

1-40000 1, 2. C. Mabon .••••••••••••••••••••. 

2. C. Mahon .•.•••••••••..••.•.••••• 
1-80000 1, 2. A. Lindonkobl and C. Mahon; 

1. If_ Unden kohl and E. IL Fow
ler: 2. E.J.Sommer. 

1--30000 1, 2. A. Lin1lenkohl ; 2. U. Linden· 
kol:l. 

1-30000 1,2. A. Lindenkohl; 2. E. A. Tres
cot and E . .T. Sommcra. 

1-80000 2. C. Mahon .••••••••••••••••••••••• 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

1-40000 1,2. H. Lindenkobl .•.•.••.•••.••••• Photolithograph correo-
tione. 

1---80000 2. A. Lindcnkobl... •. . ••. .• ........ Corrections. 
1-40000 2. A. Lindenkohl . • • •• . • •• . • • • • •• • • . Do. 
1-30000 2. C. Mahon........................ Do. 
1-50000 1. A.. Llndenk,,.hl • • • • • • . .• • • • • . •• •• . Do-
1-80000 1. E. A. Tre&Clot . ••••••. •• . •• • . •• • • • Additions. 

1-80000 2. A. Lindenkohl •..••••.•••.•••..• - Finished. 
1~000 2. A.Lindenkohl; 1. E.J.Sommer; Do. 

2. C. Mahon. 
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Oha.rts completed or in progress during the year end1.nr1 June 30, 1888-Continued. 

------- -- --------~--

Nos.of! 

charts. I 
_____ I 

! 

Titles of charts. 

COAST AND IIAUHOR CHARTS-continued. 
i 

480 Cedar Key• ......................................... i 

160 1 Cedar Keys to Headman'111 lla~·----···-·········· ... . 
187 ! Pensacola Ba~ to Mobilt1 Jlay .................... -

19l Lake llorgno aml Pontchartrain .................... . 
503 ! ThcUigoletF' .............................................. J 

5JG AtcbafalayaBay ................................... I 
204 

520 

206 

610 

611 

61H 

619 

6'!4 

fl'.!!) 

<U:1:~ 

6:!4 

636 

637 

838 

639 

~:~~::::: ~:~-;~~~; ~ :~:: ~:: ~ ~~: ~: :: ~ ~:: ::: : : : ~~:~ ~ ~ i 
Oyster Bay to Matagorda Ila.y ........ ----·· ... - -- . -· · j 

BrazoR Rivt~-r ........................................ - - j 

PasN Cavallo, Lavaca and San Alltouio Days,··· ·· 1' 

.Arani:.as Pass, J..ran~a~ and Copauo Days ........ . 

Pcuh·t~ l8larnl latitude 27° e 1 to latitude :!6) 3.11 
•••• i 

~an Di1•go Bay ............................... ·· - -•. · .... · - ~ 

Sau .Juan Capitt.tr:rno ...................... ····•· ······! 
\\"ilniingtun anll Sau rt•tlro ll:nhor ................. - -, 

s~mta Ra.rl,a.ra. - ... --- ·----- ·----· ............ ---- ·I 
!t~onh_•ruy Ita.y ......................................... . 

R,mta Cruz aml A11a Nuon' IIarhorR ..•.....•. ······1 
Pf\taluma awl Xapa. CrnPkH ...••....•••..•.•. -----·1 

:.;~:·~{·:·:.~a~·,:t~~~~": ::::::: :: : :: :: :: ::::: :: ::: :: ·:::I 
Cape' Orfor•l atld He<-f. --··· ...................... -·1 
Coqni.lll~ Hiver Entrnucn .................... _ ... . 
CooH ltay ....•.....•.•••••....••. - .................. ·1 

l!n1pi1ual1 Rh"t~r J-;ut,rauce ............................ / 

i 

SiuHlaw Rh"t\l' E11tHuH't1 •••.••.••••• 

0.64 \'1u1uina Hivq· Entrn .. nct1 .....••.... 

f)GO Nn~tna~ah Ha.v a,nfl Riv(•r. 
i 659 'l'ilfamook lla,r _ ...... ___ -- ...... . l 

641 

6411• 

6i3a 

U45 

685 

690 

686 

705 

766 

960 

Columbia Hiv<'r No. 1, from 1·11trancn to Fpprr 

Astoria. ' 
No. 2, UpperA~toria to Te11a~illihP0 Island I 
No.4,Griru"s Isla.ad to Kalama ................... .1 
De.'itrnctiou Ialaud ............. --···- ---····----! 
Cape. 'Flat.terr ~tml -Y ~r,.ah Harhnr~ -... · · --- · - - - · · 1' 

Admiralty Inlet _ ............... _ .............. __ .. 

CommtmC~tlH.'bt.. Bay ruul cit,y of Takoma ............ ! 
PugHt~nnd ................ ·················--··\ 
Frodcrick !'011nd, Southeast Ala•ka ......•.. _ ..... 

1 Kaehekmak nay, Cook'N Inlet ..•....•............•. 

Alaska and adjoining territ<>ry .............. _ 

Scale. 

l-50000 

1-RIWOO 

1-80\100 : 

1-HO{)Oll 

1-~0lltlO 

Draughtsman. Remarks. 

I 
•) A. Lindenkohl ....................... i Finished. 

-· C, Mahon......................... Do. 

I. A. anti H. Liml•nkohL..... . .. . . . Do. 
1, 2. A. Limlenkobl. .... .... ..... .. Do. 

1, 2. A. Lindenkobl. 2. P. Erichsen Do. 
and C. Mabon. 

~. A. LindenklJhl .................... . 
~. A. Liadeukohl . 

].jQQOO 

1-80000 

1 4000!1 

l-'10000 

' 1, 2. A. and H. LiIHlenkobl .•...•.••. 

Do. 
Du. 
Do. 

Do. 
Do. 
Du. 
Do . 
Do. 

J, ~. A. Liodcnkohl ............ .. 
1, ~. A. Lin<l .. nkohl ................ ) 

1-BOOOO 1, !!. A. Lindenk[)hl. .............. -·· 

1--~0000 2. A. l .. ind<mkohl ................. ! 
1-80000 ~. C. ~fahou and II. Lindenkohl .. . 

1-400011 j .1. II- Lind••ukoul am! P. Edchoen 1
1 

l~lOl•OC•' l.::!. \V'.ll.Bontou ······-········- Photolithograpb com-

i pl1~tt'tl. 
l-41i0011 ~. l!. Liu<lcnkohl. l, 2. E.J. Sommer Photolithograph correc-

tiOllR. 

1-20000 1,~- E.J.Sommer .................. I Do. 

I -tillOU{\ 1. E .. J. Sorn nJl'r ••••••.••••••••••••. 1 Corrections. 

1-·WOOI\ l. E .• J.8011H11er. ·········-······-·· Do. 
l :wooo :.!. E .• T.Somtuer .. ____ ..•. ......... Do. 

1-4-000U 1, ;!. A. Lin,ieuknhl aml C. Mahon... Do. 
1 ~OOG~J 

l 4001)() 

l l<lOUO 

1, '2. w·. JI. B1111t,011 ....••••.....•••• Photolit.hograph finisltetl. 

1, ::!. ll. IAndtmhuhl. l. E. A.'Irt~bcot.; Co1Tcctio11~. 
1. E...11-.Tre~cot .... -···--········· \ Photolithugraph. 

J ~oooo ' 1. E. ~<\., Tre~cot ..................... j Corrections 
.1-~000o ' J. n. Liml•·nkohl and E. A. Tre•cot. I' Pbotolithograph llnisbe!l. 

1 I, 2. \1". II. Bouton. 
.moon ] ~. IL I .. ind('nkobl ........ ···--- Do. 
'!1101)(1 ) 1. E. A. Trerw, ·t ........... _.. Corrt"Ct1onR. 

10000 : 1, '..!. ".,..· [L Benton.............. Plwtolithograph .. 
1 ::?OODO ' 1. E. A. Truscot ... _ •......•..... _.. Corrections. 

l 40000 : !. E .. J. Sommer. 1, 2. E. IL Fowltir. Do. 

2. II. Lin•lenkohl. 
l-40000 1. R.J.Sommer ........................ Additionsa.ndwrrootions. 
1-40000 2. H. Lindeukohl . _ ..... _. _ .. _ Corrections. 
1-4000fJ l. E.A.Tre•cot.................... Do. 

1-10000 l.A.LindcnkohL !, 2. Il. LindenkohL Correction• and additions. 
l-80000 1. 2. A. Linden kohl and C. Mabon . _ Completed. 

1-20000 ! 1. IL Lindenkobl. •• • • • .. .. •. .. . .. •• . New edition. 
1-RilOOO I l. A. and II. Liudenkohl.... •• . ••••• Commenced. 

1-200000i1,2. W.Baumann ................... Photolithograph com 

plated. 
l-l2B<lGO !. II. Liudenkohl .....•....•••.•.... Correctiona. 

1-3000000 i I, 2. A. anti II. Liudenkohl.... •• ... . Photollthograph. 



 

UNITED STATES UOAS'r AND GEODETIC SUUVEY. 129 

REPORT OF THE CHART JJI VISION, COAST AND GEODETIC SURVEY OFFICE, FUR THE FISCAL YEAR 
ENDING JUNE :io, 1888. 

U. S. COAST AND GEODETIC SURVEY 0FFICE1 

Washington, July 1, 1888. 
Sm: I have the honor to submit the following report of the Chart Division for the year end

ing June 30, 1888: 
The custody, correction, and issuing of charts was made a Division on tlm 15th of December, 

1887, and I received instructions to take charge; previously this had been a part of the Miscella
neous Division. 

As now organized the duties are: To receive all charts from whatever source; to give notice 
when a new supply is required; stamp the catalogue number aml date of printing on each; color 
the buoys, lights, and sectors; correct and verify them up to the date of issue from the Division, 
marking that date upon them; to fill all orders for charts, and to keep a book account of the 
numbers received and issued. 

The total' number of charts disposed of during the past year is 44,595, being an increase of 
.285 per cent. on the issue of the previous year. This is in part due to the number of new charts 
added to the catalogue, of which there were nine from plate-printing and eleven photolithograph 
charts. Allowing for these the per cent. increase is about .26. A veragiag the total number of 
charts issued with the full number in the catalogue, shows that about one hundred and thirteen 
of each were disposed of the past year, against eighty-nine and four-tenths for t~e year before. 

Of the assistants in the Division, Mr. ILG. Eichholtz has had ~eneral charge of the Chart Room. 
Mr. J. H. Barker, with the verification and correction of charts, has Mr. Archie Upperman as his 
assistant. 

The fact that during the past six months some three thousand one hundred and nine corrected 
charts have been sent to the Hydrogra phic Office of the Navy, where they are subjected to a most 
critical examination, and that in no case has a single error or oversight been fonnd for which this 
Division is at fault, tellR strongly of the painstaking care of both Messrs. Ilarker antl Uppermau. 

Mr. J. L. Smith has been employed in stamping the catalogue number, etc., on tpe charts, 
printing slips, etc. 

Miss L.A. Mapes has had charge of the books, and wllen not engaged on them has been em
ployed in coloring buoys, correcting catalogues, etc. 

Miss Mary Thomas has been engaged in coloring buoys, lights. Miss Sophie Hein in chart 
and catalogue corrections, and in coloring light-sectors. Mrs. Jennie H. Fitch commenced work 
on the 4th April coloring buoys and lights, and has also made ready for mailing some four t110u
sand copies of Appendix: 12 of 1886, and letters accompanying, and has also nearly completed 
an alphabetical list of the parties to whom they were sent. 

Miss May Thomas was engaged in correcting catalogues. 
Mrs. A. E. White was in this Division about eight days (in May), and Miss Lizzie l:C:.obinsou 

from May 19 to June 30, both employed on catalogue corrections. 
I have much pleasure in saying that all the employes in the Division, by their energetic atten

tion to their duties, are deserving of special commendation. 
Respectfully, yours, 

B. A. COLONNA, Esq., 

W. II. DENNIS, 
Assistant U. S. Coast mid Geodetic Survey, 

In charge of Chart JJiviswn. 

.Assistant in charge of Office and Topography. 
H.Ex.22-9 
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New charts tulded to catalogue, from July 1, 188i, to Jmie 30, 1888. 

Title. Date. 

-----
FROM 1'~Nr.t:A\•J<.:p 1'1,ATES. 1887. 

Jupiter Inlet to Hillsboro· Inlet .....•.•••..........................•..................•...•••.•.•••••.•.................. 
J<'rom latitude 27° 40' eouthward to Jupiter Inlet............... . ....••............................ 
:Maaoul>oro' Inlet to Shallotte Inlet .........•................. 
Lemon Bay to Tampa Bay . . . .. . . . . . . . ... . . . . ... .. . . . . . . .. .. . . . ...................................•....•..•.. 
Point Arena to Cape lllendociuo ..•.••..•..•.•...•••••...•.•............•....•••...•.•••..................•...•..•....•.• 
Commellcoment Bay to Tacoma City...... . . . . . . . . . . . . . . . . . . . . ........................•..............•...•.........•.•.. 
Columbia River, Kalama to Fales Landing ...••.....••.••.•.......••.•..............••.•...•.••.....••.•.•.•.•..••.•.••. 
Colombia River, Fales Lauding to Portland ....••.•...............••....•••......•..•••••.•.•••••••••••••••.••.••........ 
St. John'• River, Tocoi to San Mateo ................................................................................ . 

PHOTO-LJTHOGJUPHS. 

.Jaly 
July 
Felt. 

Feb. 
Apr. 
Apr. 
May 
May 
May 

Plan of City of Washington ...••...•.•.••.....•..... ··•··· .......... ·•·· ...•••.••.••.•••••.•••••••••••.•.•.•.••......... July 

Siusla.w River entrance .•.•....•. · · ....•..... · · ••• · · · · · · · · · · · •• • •• · ••. · .•. •• ·••• .•.•• :. ·• •••..••....................•.. 1 July 
Sumner Strailand nortborn parf Clarence Strait ....••..•.••.•••••.....•......•••....••••••.....••..••..••..•.•••........ ) Oct. 

:~:~~r~·~.:.~ ~~;~~~~~~;;~u~~ :::::::::: :::: :::::::::::: :::: :: ·:: :::: :: : :::::::::: ::::::::: :::::::::::: ::: : : :: : : ::: :: :·1 ~::: 
From Quoddy Road• to Ilead Harl>or Islands ....•.........•.•.........••............•.•••....•......•.•..•...•••.••.••.. , Nov. 
Ilarbore of Brandford, S&ehem'• Head, nnd the Thimbles ..... : ....•......•.•••.............................•.•••..••. Jan. 

PortJetTersoll, Long'l•lalld Sonnd ..... _. .•.....•...•........... ··························································[May 
Entrance to Norwalk and Saugatuck River. and Norwalk Islands .....•••......•.......••••.............•.....•....•. ""I June 
Iludeon R.iver from Fifty.third Stront to Fort WaRhin~ton. ---- ........................................................ /June 
Ea.st River, Le.wrencA I>t. to Throg's Nt,ck ................................................. ····---------·-----·····--jJune 

Report of charl8 issued for the year ending Jww 30, 188t> • 

HI 
28 i 
13 

13 

12 

12 
25 

25 

28 

14 
30 

7 

9 

10 I 
191 

17 [ 

2: I 
151 
15 

Cata-
1011:ue 
No. 

---

164 
163 

150 

176 

677 

690 

641c 
6!Jct 
455ct 

30354 

639 

706 
356 

114a 

lOla 

3612 

361' 
361 3 

369' 

369' 

. J):~~i~;~ 1 :· 1-Ta1~1::r,-_1_ to ~n~e 30. ,- - Total.----

- 1-···-· ·-· [- ----- :-- _____ ! ______ _ 

Number.. Value. : Number. Value. I Numlter.1 v .. 1ue. 
I I . 

&le"' agent.e •. •• .• .•• ••• . ... . . . . . . . . . .. . . . . . .. .. 12, 194 $5, 024. ~o / 13, 079 $5~~51~ 45· 1 ;;· J ·$10, ~~~-
Sales by omoo an<l Chart Dh-i•ion. .... .. ....... 301 119. 50 I 338 H3. 75 642 263.25 
Congressional accon11t.. •. .. . . . ..... .••... .... .. . . . .. .. ...... I. 117 50R. !lO l, 3r.tl 630. r.o I 2, 483 l, 139. 50 
Ilydrographlc office, Navy........................................... I, 398 .>43. 5.';. ;'WV I, 180. !JV 4, 007 l, 724.'5 

L1ght-bouoe Board .... ··· ·· · ... •· · · · · . · · ·· · ··. ·· ···· ·· ........•. , 81l5 302. 20 I 9"3 417. 45 I 1, 787 7U. 6S 
Executive DepartmPnts. •. . ...•... .•.• .. . . . . .. ... . . .. . . . . . . 2, 836 l, 178. 31 I 2, 478 921. RS [ 5, 3141 2, 100. 16 
J<'oreign Governments .. . •• .••. •. • . • • . .. . . . .. . . . . . ............ · j 297 . 124. 70 i 820 270. oo I, 117 394. 70 

Mlaeell&n"ons .•••••....•...••.•.... - ............................ ' 83' 36. 55' Jl6 49.46 1119 86.00 
[---'----! 

Total•: 

I 
Number issaed ....... __ ........................... .. 

~--~Number com\emned ----·- --~~---~-~-~~~-~-~-----

I I ...... I 19, 034 $7, 838 51 I 

. I 2. ss1 1. 1ss 43 
::::::::, 28.e 

3871 
$11, 265. 45 

146. 35 

41,322 

3,268. 

•11, 103. 00 
1, 301. 78 
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Charts on hand and received from July 1, 1887, to June 30, 1888. 

i----------------------------1 Number. i Valu~l Nu~~~~· Va!ttc, 

·pn hand Jnly 1, 18R7. __ : ____________________ ..•. --·-·· .............. ···---- 39, 391 : $12, 347. 01 I 
ReoeivedJnly 1toDecember31,1887 ................................................... ... 20,503 j 8,018.15 
Charts returned ............................................................................ _2, 115 / _ 773:.::._I 

Total on band and received to December 31, 1887 ............................................... I............ 62, 009 $21, 138. 45 
1 .. ued July 1 to December 31...... ..................... ...... ............................ .. 19, 034 i 7, 838. 51 

CondemnedtoDee.ember3L .............. ---··----·--------····---··---·---···--·--------·· 2,881 I 1,155.431 
--·-1---

Total iosned (including number condemned) ............................. _ .......... _ ........... j. ••••. ... .• . 21, 915 8, 993. ~4 

On lland by books January 1, 1888 .............................. _ ..................................... 1 ........... :--;o:-094 / 12,144.51 
To difference between book• and inventory ....................................................................... / 1, 906 ' 20. 84 

On baml by invent-0ry ,January 1, 1888 .................................. : ................................... 13s, 118 12.165.35 
Received January 1 to Juno 30 (plate)...................................................... lG, 025 7, 103. 85 Ii 

Received .fannary I to June 30 (stone) .......................... ---- ............ ______ .•.••. 5, 100 2, 150. 00 
Section maps, D. C ........................................................................ _. 1, 977 197. 70 

Returned charts............................................................................ 477 276. 20 I 
------1 23 639 9, 727. 75 

Total on hand and recei>ed Jnne 30, 1888 .......................................... __ ... __ ...... __ ... __ ... J---;i-7571 $21, 1193.10 
Issued January 1toJune30 ... .. .. .... .. ... .••. ........ ••••• .... • •. .. ... ... .. ... •••.• .... .. 22, 288 $9, 265. 45 J ' 

CondemnedtoJune30..................................................................... 387 H6.S5 11 I 
Total issued to June 30 (including number condemned) ............................... ~= =:-:-:-=:-::: 22,6751' 9,4ll.80 

On hand by book and inventory July 1, 1888 •••••• .••••• ...... ..... .... ... ......... ... .. .. . ..... . ......... ·I 39, 082 12,481.30 

REPORT OF THE INSTRUMENT DIVISION, COAST AND GEODETIC SURVEY OFFICE, FOR THE YEAR 
ENDING JUNE 30, 1888. 

U. S. COAST AND GEODETIC SURVEY OFFICE, 

Washington, August 22, 1888. 
DEAR Sm: I ham the honor to submit the following report of the Instrument Division for the 

fo;cal year ending June 30, 1888: 
During the year no change bas been made in the personnel of the Division, excepting that 

caused by the resignation of Mr. W. Suess, December 31, 1887, and the employment in his place 
of Mr. 0. Storm. The latter entered upon his duties January H, 1888. 

The equipment of the instrument sht>p has been further improYed by the addition of sundry 
minor tools and a new lathe, of large size; and that of the carpenter shop by the addition of a new 
improved lathe, also of large size. As was anticipated, the betterment of the shop equipment 
has resulte<l in an improvement both in the quality and quantity of the work produced, and I take 
pleasure in reporting that we are now in 11 condition to turn out new instruments of the highest 
grade. Several first-class instmments, whioh will be noticed furt.her on, have already been made, 
and others are now ou hand. 

A number of old instruments have been entirely or partially reconstructed, all(l the usual large 
amount of repairs and alterations of fieM instruments has been attended to. 

The large and increasing amount of repairing constantly required, necessarily limits the produc
tion of new work, and I shall therefore recommend that in future two additional mecha.niciaus be esti
mated for. This increase of force will be necessary from the fact that many of our ohler instruments 
are becoming worn and unfit for use· and will have to be replaced by new ones, which our present small 
force will be unable t.o supply with sufficient rapidity. A new theodolite, for example, of the sizes 
and patttarn recently approved, will occupy a good mecbanician for at least four months, and when he 
is frequently compelled to lay aside his work temporarily, as is now the case, to attend to repairs, etc., 
more urgently needed, it is obvious that the work of renewing our stock of instrument.a will be a 
slow one, and that a.considerably larger force oonld, for a time at least, be a.dvantageonsly employed. 

The following is a list of new instruments made or partly made during the year, and of old 
ones reconstructed: Six three-armed protrootors, two thirty-seven-inch astronomical transits, two 
goodeaie micrometer levels, two sounding registers, thirty specimen caps, twelve plane table 
alidadea (reeonatrueted), two theodolite magnetometers (reconstrncted and enlarged), three mi
crometse, t.wo large Steinheil heliotropes, sundry metric scales, etc., ete. 
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The above were all completed within the limits of the fiscal year excepting the heliotropes 
and alidades; the former, however, were completell by July 10, but the latter, owing to numerous 
interrn11tfons caused by urgent repairing work, will not be finishe<l until the latter part of August. 

Tile two new transits are of the most approved pattern; have all the modern improvements, 
aud are, in short, first-class instruments. Each has a telescope of focal length 37 inches, clear 
aperture of 3 inches, and magnifying powers from 37to108. The pivots are cylindrical and made 
of bell-rnetal, tlie y,;, being of "half-hard'' brass. .A.gate bearings ltavc been discarded, and the 
azimuth and level adjustments arc made at the base instead of at the axis; this maintains a con
stant relation between the ys and piYots, and gives a more perfect bearing surface. The inclined 
surfaces of tlie ys are true plaues iustead of curved surfaces, and the cylindrical pivots conse
quently bear throughout their length instead of at single points as in the ohler instruments. 

The final turning of the pfrots was made by l\fr. E.G. Fischer, who succeeded in bringing their 
inequality within one-tenth of a di\·ision of the le\'el, a division (2 mm) of level having a value of 1".2. 

These instruments are now in use hy the longitude parties, and it is confidently expecood that 
after a thorough trial they will be found s~1perior to any of the transits heretofore used by the Survey. 

The two new Geodesic Levels are of the same pattern as Level No. 1, the instrument used 
on the transcontinental line of levels from Sandy llook to St. Louis. One of tltese instruments 
is now at the Cincinnati Exposition, and the other will shortly be used on the line of levels from 
Washington to Annapolis. 

The twelve alidades, although marked in the list as "reconstructed," are practically new 
instruments, as all tlte parts excepting the telescope tubes have been renewed. The other new 
instruments in the list do not call for special mention. 

Working drawings arnl patterns are now being made for six new 8-inch Repeating Theodolites, 
three of which will be adapted for latitude and azimuth work; six new Geodesic Leveling Rods 
have ahm hecn commenced, and the construction of twenty-four Three-armed Protractors will shortly 
be begun. 

During the year Mr. E. G. :Fischer has performed the duties of Chief Mecltanician, and has 
had immediate supervision of the details of the work in the instrument shop. To his ahility, skill, 
and zeal the satisfactory results are in a large measure due, and 1 take this occasion to express 
my bi~h appreciation of the value of his services, and to thank him for his hearty co-operation in 
the efforts to increase the cfficicnc,y of the DiYision. 

l\lr. H. 0. French has, a., heretofore, had immediate charge of the work of the carpenter shop, 
and has performe<l his 1luties in his usual cnicient and thorough manner. 

The miHcellaneous dutif1s of the Di,·ision, including the care of the iustrnments, camp-equipage, 
and general property, the receipts and shipments of the same, the examination and adjustment 
of instruments, and determination of i.nstrnmcntal constants, the purchase of new instruments and 
supplie8, the official corn•spondence, and the keeping of the records and inventories have like· 
wise received due attention. 

The following statement shows in detail the force employed during the year and the character 
of the work perfornwd by each : 

l\lr. B. G. Fischer, Uhief Meehauician, has made such graduations as were required of theodo
lites, sextants, protmctorR, ali1lade arcs, aml transit circles, and lrns made tl!e working drawings for 
the use of the pattern-makers and mcclninicians. 

Mr. B. gshlemtin seffe•l lluring the entire ye:tr, antl wasem ployed upon the adjustment of in· 
strnments and tlw repair" of thc()(lolites, Icno,ls, zenith teleseopes, sliip alillades, sextants, plane· 
t.ahles, shition transibi, heliotropes, dip circles, nmg1rntometers, pitntographs, protractors, engineers' 
tmnsit.~, gra<lieuters, chronographs, mcridiau telescopes, etc. He has ah.so attended to th9 ruling 
of diaphragms, the sil\·eriug of sextant itnd heliotrope mirrors, etc. 

Mr. 1J. A. Fisch.er served during the whole year, antl was employed upon new protractors, 
sounding registers~ P. 1'. alidades, astronomical transits, an<l letter gauge..<> and upon miscella.ne
ous repairs of protra.ctors, base bar comparators, and zenith telescopes. Ile ha.s also made new 
sh~pping wheels for the dividing engine and assisted in miscellaneous work for the Weights a.nd 
.Measures Dh-ision . 

. Mr. P. Vicr~uclum serve<l during the whole year, and was employed upon misoollauoous ·re. 
pairs of tbeodohtes, plane tables, alidades, tide gauges, protractors, Je\'els, reconnoitering tete· 
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scopes, level rods, vertical circles, engineers' transits, zenith telescopes, sectors, chronograplts, 
signal lamps, heliotropes, sextants, odometen1, surveyors' compasses, binoculars, etc. 

Mr. T. Gerhard served during the year, and was employell upon new godesic level,., alidades, 
and mierometeni, _aml upon recom;t,metiou of magnetometer awl repairs of theodolites, gradieuters, 
iueridian telescopes, aud zenith telesco11es. He also assisted in miscellaneous work for ·v,reigllts 
and Measures Di vision. 

Mr. S. Kearney serv01l during the whole year, and was employed upon miscellaneous repairs 
of plane tables, station transits, eugiueers' transits, beam compasses, leveling rods, steel tapes, 
etc., and assisted in the work ou t!J.e uew levels, transits, and alidades. Ile also made miscella
neous tools and attended to the gas-engine. 

Mr. \v. Suess served during the first half of the year, and was employed upon repairs of sex
tants, magnetic instruments, protractor8, binoculars, 11roportioual dividers, compasses, etc. Ile 
also attended to the office batteries and bells, re1iaired tho ruling-machine, ruled sundry metric 
scales, and did some work on the level-grinder. 

Mr. 0. Storm served from January 16 to the close of the fiscal year, and was employed upon 
the two new transits, the new alidades and heliotropes, and in making sundry chocks and tools. 

Mr. M. Lanxman served during the whole year, and was emploJ·ed upon miscellaneous repairs, 
making tools, and taps, and dies, etc. He also assisted in the work on tho new transits, alidades, 
and specimen cups. 

Mr. H. 0. French, assisted by MP,ssrs. G. W. Clarvoe and C. N. Darnall, has attended to the 
work of the carpenter shop, inclnding the making of patterns, stands, racks, trays for the 
Photograph Division, instrument cases and boxes, book and chart cases, signal lamp boxes, etc., 
the packing for transportation, and miscellaneous repairs to building and office furniture. 

Mr. R. C. Glascock served during the year as property c\e1·k, and has attended to the books and 
records concerning the general property of the Survey, and the official correspondence relating 
thereto. Ile has also compiled the monthly reports of the Division. 

Yours respectfully, 

Mr. B. A. COLONNA, 

Assistant in charge of Office. 

ANDREW BRAID, 
Assistant Coast and Geodetic Survey, 

In charge of Instrument Division. 

REPORT OF THE TIDAL DIVISION, COAST AND GEODETIC SURVEY OFFICE, FOR THE YEAB ENDING 
JUNE 30, 1888. 

TIDAL DIVISION U. S. Co.A.ST AND GEODETIC SURVEY OFFICE, 

Washington, D. O., June 301 1888. 
SIR: I have the honor to submit herewith the report of this Division for the fiscal year ending 

June 30, 1888. 
The work accomplished during the year may be summarized as follows: 
1. Au aggregate of .five years, eight mouths of record from automatic tide-gauges, five years 

nine months of tabulated high and low waters and half-hourly ordinates from the same gauges, 
two years one month of meteorological observations, one year of observed temperatures and den
sities of the sea; one hundred and fourteen original and one hundred and eight duplicate volumes 
of observations on staff and box gauges have been received, examined, and registered, and one hun
dred and thirty letters prepared relating thereto. 

2. The proofs of the tide-tables for the Pacific Coast for the year 1888, one volume octaYO, have 
heen read and differenced. The like tables for both the Atlantic and Pa.cific Coasts for the year 
1889, two volumes octavo, have been prepared, read, and twice differenced in proof. 

3. An aggregate of one hundred and one tide-notes has been furnished for publication on 
thirty-eight eharta, and thirty-one tide-not.es have been prepared in response to three requisitions 
from the. Goa.st Pilot Division. 

4. For use by field parties, seventy.five descriptions of tidal bench-marks, with heighta above 
the plane of reference, etc., have been furnished in response to twenty-three requisitions. 
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5. Tidal datri and information have been prepared and furnished in reply to twenty-six calls 
from persons uot connected with the Survey. 

6. A careful and lal>orious determination of mean half-tide level at Sandy Ilook, N. J., from the 
two series, Jauuary 1, 1882, to August 31, 188-!, a1HI December 1, 1886, to April 1, 1.888, has been made. 

7. An iuvestigation has been made into the correct mean establishments and rauges at San 
Francisco, ()al., and Ai,.;toria, Oregon. That at A~toria has lwen completed and the results iucor
pomted i u the tide table::; for 1889. 

8. The harmonic reductions f()r New Loud011, Co1111., \\~ashington, D. C., and Key \Vest, Fla., 
hegn11 last year, lmn1 been fini~hed, the work n•qnircd aggregating about the s:tme as the reduc
tion of one ye:tr of ohscr\'at,iom;. A ycry full re1lnction, iuclmliug :1 harmonic reduction, of one 
year's observations at St. Paul, Kadiak Island, .\l:tska, has heeu about two-thirds completed. 
Upon this re<ludiou will be based preilictious for Kadiak lsl:tml for 1890 as an additional princi
pal station on our wcstPr11 coast. 

!l. Nou-lrnrmonic reductions IHWP bce11 m:ttle oft1hort series at one huudroll and thirty-four sta· 
tions, 1tggrngati11g about ten yearn of continuous oh.~errntious. This iuclu<les stations ou various 
parts of the Atlantic and Pacific coastis. A\Jont half of them are on the coast of Maine, where the 
work has been begun of reducing all tidal ohsen·at,ions 011 the Atlantic coast and making a com
plete Hhowiug ol result,; i11 fot'Itl to be immediately arnilable. 

'l'he character of the tid:1l work it1 such, and such arc the circumstances of its performance, that 
a detailed statement of the work done by each clerk during the year would lie too voluminous an 
affair to be of unn:h value, antl would require for its production a constant antl serious Lliversion of 
our atteution from ticles to statistics. In tile preparation of tide notes, descriptions of bench-marks 
with a statement of tlleir relation to the plane of reference, and otller tidal data, in response to 
re<1nisitious, the rule is to produce the data as promptly as is practicable. To this eud several 
clerks will be emJJloyed upon tho stuno requisition; for example, one making a thorough sea,rch 
aud bringiug together all avaihtble data and re,·ising results, one or two reducing observations, 
another making the necessary copies of sb]tclies and verbal descriptions, etc. Nor do the exigen
cies of the work admit of our always adhering to a fixed order of procedure, or invariably distrib
uting the same part of tbe work to the same clerk. And like remarks apply with more or less 
force to every description of the work of this Di,·ision. An attempt has been made in the daily 
reports, rendered monthly, to afford means for judging of the eilicicncy of the indiYidnal clerks b.Y 
a statement of the class of work upon which each was emploJ·ed, and, since there is no means of 
measuring its quantity and stating it in uuiti>, a description b_y station and date bas there been 
giYen, by means of which it may be fotrnd and subjected to the inspection of au expert. To thoso 
reports 1 heg lea,·e to refer for detailed and more specific statement. 

'l'he following is a statement of the general character of the work of each clerk: 
Mr. L. P. Shidy has been engaged upon almost ever.Y description of our work, upon the higher 

parts of the harmonic reductiouiS, the non-harmonic reductions, their comparison and revision, the 
preparation of tide notes antl other tidal data, the differencing of the tide tables, reading of proof, 
etc. I depend largely upon Mr. Shidy for the elimination of errors from the work of the other 
clerks and the orderly arrangement of results. 

Mr. J. W. Whitaker made the major part of the predictions with the machine for 1889 and 
assisted iu nearly every other kind of work. I am glad to be ahle to report that be bas made some 
progress in usefulness during the year. 

l\Jis.s A. G. Reville has read proofs, copied sketches, descriptfons, and reductions, read mare· 
grams, made a graphical anal~·sis of the tide at St. Paul, Kadiak Island, Alaska, by the method 
of' Pourtales, predicted with the machine for Smith,·ille, Charleston, Savannah, and Fernandina, for 
1889, and during the latter part of the year lrns assisted in examining and registering the tidal 
records received. Miss Reville has performed all duties dernlvetl upon her with characteristic 
faithfulness, and has steadily progresse<l in usefulness t,o this Di\•ision. 1 think it wot1ld be only 
just to increase her compeusatiou from $i20 to $840 per annum. 

Mrs.1\1. E. Nesbitt predictell from curn~s for Baltimore and Washinooton and for Philad.el· 
pbia in duplicate, for 1889, difforenced the tide tables for 1889, read proof, ;ork~ on the harmonic 
reductions for Washington, Key West, and Kadiak Island, made non-harmonic reductions for some 
fifty stations, and computed on the Sandy Hook half-tide level. Mrs. Nesbitt is almost oontinll· 
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onsly employed upon heavy computations, does a htrge ()trnntity of work of good quality, and I 
earnestly recommeml thitt her compensation be increased from $730 to $900 per annum. 

l\'liss C. B. Turnbull ruled forms, copied sketches and descriptions, copied aud compared 
predictions for 1889, predicted from curves for Baltimore and \Va8hingto11 for 1889, and assisted 
6.11 the harmonic reduction for Kadiak Island. Miss Turnbull wa.s tram;ferred from this Divisiou 
March I. 

Miss F. Uadel was attached to thi8 Di\'ision July 1 to 6, and again from October;> to January 
4, and was employed mling forrm1, copsing, reading maregrrtms, registeriug tidal records received, 
and summing component M for Kadiak Island. 

Mrs. Virginia Harrison was attachecl to this Division Jannars 5, and has been employed 
dilferenciug- the tide t1tbles, reacliug proof, computing half-tide lernl Sandy Ilook, workiug on the 
harmonic reduction for Kadiak Island, and in makiug non-llarmonic reduct10us. 

Miss Glova B. Bower, attached to this Division February 1 to April '.!4, was emvloyed copyiug, 
ruling forms, reading proof, and maregrams. 

1\Ir. S. B. Shelton was under instruction iu tu is Di \'ision prepamtory to taking charge of the 
Sandy Hook tidal station, from April :..ll to May :..ll, when he resig-ne<l. 

l\Ir. J. N. Brandon was nmler instruction in this DiYision, preparatory to taking charge of the 
Sandy Ilook tidal station, from May :..l3 to ,Juue 35, when he proceeded to Sandy Hook. 

The charge of this Di\'ision was contiune1l with the undersigned tllroughout the year. The 
distribution of the work, supen·ision of its performance, with much minute direction to beginners, 
revision of results, preparation of data for charts, the Coast Pilot, field partie8, and parties not 
connected with the Survey, the preparation of the tide tables, and elimination of errors from· them 
while going through tlie press, the examination of tidal records receiYed, and preparation of' 
correspoudence, have left me very little official time for anything else. Chiefly in non official time 
I have investigated the \Vest .Florida, Uat Island, and Biloxi, and Puget Sound titles, the mean 
establishment and range at San Francisco and Astoria, increasing the establishment at A.Atoria 
by 23m; and I have verified Prof. C. H. Darwin's report of 1883 on the llarmonic A.11alyt:1is of the 
Tides, and taken steps, including the computation of fuwlamental ta.oles, to free the Survey 
n~tluctions and predictions from some rather serious errors with which tlwy are afl:ected. 

Yours, respectfully, 

Mr. B. A. COLONNA, 

Assista1it in charge of Office and Topography. 

ALEX. S. UIIIUSTIE, 
Chief of Tidal JJii•ision. 

REPORT OF THE MISCELLANEOUS DIVISJON, COAST AND GEODETIC SURVEY OFFICE, FOR THE 
FISCAL YEAR ENDED JUNE 30, 1888. 

DEA& Sm: I have the honor to submit herewith the usual report of the Miscellaneous DiYision 
for the fiscal year ended June 30, 1888. 

The organization of the Division remained the same as it bad been in the preceding year 
until the 16th of December, 1887. On that date the Chart Division was establi8hed, and to it were 
transferred all the duties and responsibilities pertaining to the correcting, custody, and issue of 
charts. The establishment of this new Division, which had long been the subject of considera
tion, has already been justified by experience; and it is confidently believed that time will con
firm the wisdom ot' the action taken in this behalf. 

The work of the Miscellaneous Division now includes the correspondence with Sale Agents 
in relation to the supply and sale of publications and keeping the accounts connected with the 
s~ime; the purchase, custody, and issue of stationery, the printing and h~sue of the Annual Reports 
and other publications of the Survey, and of the record books, blank forms, etc., used in the busi
ness of the office and in the field-work; the purchase of the miscellaneous supplies, the supervision 
of the office lmildings, and such special duties as are assigned from time to time. 

The following new publications were issned during the year: Tide Tables for the Atlantic 
Coast for 1888; Tide '!'ables for the Pacific Coast for 1888; Subdivision 21, Atlantic Local Coast 
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Pilot; "Tybee Roalls to .Jupiter Inlet;" Bulletin No. 1; Notices to :Mariners Nos. 88to10~, both 
iuclnsi\'e; 'l'ide Tables for the Atlantic Coast for lSS!l, and Title Tables for the Pacific Ooa,st for 
1889. New editions of the "IJaws arnl I~egulatiom; relating to the Coast and Geodetic Surve~-,'' 
and of the '; Oatalog11e of Charts and other Publieations, '' were also published tlnring the year. 

'l'he Annual Iteports of the Survey, the appendice:; to the Aame in pamphlet form, the Notices 
to l'lfariners, aud Bulletins, were distributed as usual to tlie Executive Departments, Senators, and 
Uepreseutati ves, rnstitntions, and inrli vidnals. 

Special efforts were made to distribute the Catalogue of Charts as widely as possible amongst 
captains of vessels and others intcresteJ in Iia\·igation, and it is lJelim·cd that.the largely increased 
demand for cliarts is chiefly owing to these efforts. 

It is impossible to tabulate a large proportion of the work of this Division, and no tabulation 
whatever can he made that will convey mnclt idea of the nmouut of labor involved in the trans
action of its business. The followiu g statement, howevrr, Hhows the ,·olume of tlic work: 

Summary of work do1w in the Jfiscellanemcs Division fro1n July 1, 188i, to June 30, 1888. 

Number of letters written (sale agents, 2209; miscellaneous, 204) ........... . 
Number of ledger accounts kept ........................................ . 
Nnmber of circulars issued ......... _ .... ___ . __ .. __ .... _ .... _·_ ...... _ ..... . 

2413 
77 
28 

N11m ber of orders for purchases issued . __ ...... _ ... _.. . . . . ...... _ .... _.... 413 
Number of requisitions made for printing and binding._. __ . . . . . .. . . . . . . . . . . 112 
Number of requisitions for stationery filled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 668 
Number of requisitions for miscellaneous supplies filled..................... 676 
Number of Annual Reports distributed.................................... 1152 
Number of Tide Tables issued ................. _ ................. __ ....... 4206 
Number of Atlantic Coast Pilots issued.................................... 47 
Number of Subdivisions, Atlantic Local Coast Pilots, issued . . . . . . • • . . . . . . . . 480 
Number of Pacific Coast Pilots, Alaska, l'art 1, issued . . . . . . . . . . . . . . . . . . . . . 82 
Number of charts sent to sale agents ...................................... 25,273 

As stated above, there was a very large increase in the sale of charts during the past fiscal 
year. In the fiscal yearenderl June 30, 188i, there were deposited with sale agents twenty-one 
thousand and ten copies of cliarts. During the fiscal year ended June 30, 1888, twenty-five 
thousitnd two 11'\mdred aud seventy-three charts were sent to agents, being an increase of four 
thousand two hundred and sixty-three copies, and by far the largest number ever issued in any 
one year on that account m the history of the Survey. 

Six new sale agencies were established during the year, four on the Atlantic Coast and two on 
the Pacific Coast. The total number of agencies on June 30, 1888, was seventy-one, viz, fifty-eight 
on the Atlantic and Gulf Coasts, and thirteen on the Pacific Coast. 

The following table shows the aggregate of business done through the sale agencies during the 
fiscal year ended June 30, 1888: 

1

1 

In hand" of sale I Issued to salu I II Returned by I in ~:d~!iee I 
a.g,,nt~ .~uly 1, I agents <luring th~ i Sales by agents during the year. sale agents dur. I •enW.June 

30 ios.. I year. . : mg tile year. ag l8S8. ' 

Publications. )----, -- i--------\ _ i . , . ---, ----l------
1 

i I • i ' II Amonnt i N [ i 
No .. of' Valuo. I No._of Valul'. : No.of: Vain· 'of com-' et I No.of ·1 No.or v-· 

! copies.! coprns. coi>ie~. i e. i missions 
1 

arn?nnt ! copies. Value. copies. w.U&. 
j j J : ) allowed .. roce1veJ.. / ' 

----- -----1 : ----·~----- ---------·--~'----1---'--'----
Cbarts ..••••..••.•••. \ 1s.1:15 !$5,9':I.60: 25,273 i $10,676.25 i 2~.669 ''9,638.35 !.$4,81as9iu,srn.oo1 2,030, $770.2!1i16,7091

1
$6,239.21 

TitfoTabloo .•.••••••. I 219 i 54.75 i 3,459 j 864.75 ! 2,661: 665.25 i 332.63: 332.62 f M ! 21.00 I 933 233.25 

! ,:tla~t'.u.Coast Pilo~•1 a:; ; 2%7. 50 : J~ 112. ou 1 41 , 143. 50 I 30. 75 [ 112. 75 1

1

· 8 28. 00 I 48 l 168. uO 
~ulid1vo•1ou<l, A. L. C. : ' 1 ' , : , 

!' .................. 501 311.Rall 280 isi.u:.! 295! 186.soi 44.2s! 142.osi 40 ; 25.~! «6 282.45 
Pacific Coast Pilot, J J : : : . : 

AJ.aska,partl ..••. 1~_;-~ -~--1~1-~,~,_::~1~~i==l~=l-~~-OO T~~~sofvalues;········'6~l~~10 I········ $11,9'6.95 I-·· .. 10,m.to '$5,253:~~~489.881--······[ 8".M !······· 7,00!.'1 
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The sales made on the Eastern and Western coasts respectively were as shown in the follow
ing table: 

J)uhlications. 
No.of 
('OpieA. ! 

At.lanti" :rntl Gulf t·oa8tH.. 

Ya]nf>, 

Amount 
0 f' COHI · 
mh1~ions 
a.llowPd. 

N«:t 
arno1rnt. 

rcc1·n tltl. 

No.of 
('OpiPH. 

Pacific Coa~t. 

! Amount of 
Value. I 1·on1mi~- N 1·t :1mou11t 

i s i o 11 a I- nc(·h·\·1l 
! lOWC'>il. 

Charts 

1

19 711 $8, 268. 80 ! $4, 1:!3. 68 $4, 135.12 2, 95B ; $1, 369. ;,;, ' $68'1. 71 $1>"4. x4 

Tido ~~~i~~-~~~:~~~~~~~~~~~~~:~::~~:::::~::~ 1:06~; 265.50 I 13:!.74 13~.76' l,599, 399.75 l99.8!l · HJ!J.86 

Atlantic Co<>st Pilots ••.••••••••.••••••••• •• 1 40 1 140. 00 j 30. 00 110. 00 1 1 ~ 3. 50 , -'" 2. 75 
1 

Subdivisions, A. L. C. P . .. .. . . . ••• . .. . •. ., 293 1 183. 10 I 43. 95 141. J ,; i 2 1. ~O : . :rn . 00 i 
PacificCoastPilot,Alaska,part1 ···········\ _ _:_1 __ 1s.oo 

1 
__ 4.50 [ __ n.5o ' __ 41_; __ 92.00 ; ___ 23.110 ,-~~! 

Totalsofvaluea ..••.••...••••..••..... i .••..•• ., $8,877.40 i $4,344.87 ! $4,5:t~.51 ) ...... ' $1.8fi6.00' $i•08.6S $9[>7.35 : 
____ '_ '----·------~-------------~---~-- ! 

The distribution of annual reports was as follows: 

I To , To 
j institutions. ! intliYiduah;. 

I Date of report. 

i lluruoRtic distribution-- }..,on1i)-.'1l tlistrilmtion-

I 
Total. 

·1 1-----1 . 
1651. ••.••.... ····1 2 l 
1852 ..•.••.....••. 

1853 .•••••.•••.••. 
1851 ............•. 1 

1855 ....••.•....•. 

1856 ....••.•...••. 

1857 .•••••••.••••. 

1858 ••••••.• ., •••• 

1859 .••.••.•...••. 

1860 ...•••.....••. 
1861. •••••.•••.••. 

1862 ................ . 

181>3 .•.••.....••. 

1864 ....•..••.•••• 

1866 .•••••••••.••. 

1866 ..•.•••••••••. 

1867 .••••••••..••. 

1868 •••••••••··•· 
1869 •••••••••••••• 
1870 .•••••••...••. 

1871. ••••••••.•••• 

1872 .••••••••••••• 
1873 •••••••••••••. 
187' .••••••••••••. 

1875 .•••••.••••••. 
1876 ..••••.••..••• 

1877 .....•...•.••. 
1878 .••••••••••••. 
1879 ••••••••••.••. 

1880 .••••••••.•••. 

1881 •••••• ·••··••· 
1882 •••••••••••••. 

2, 

2 

2 !--············ 
21 ........ . 
21 
ii 
1 I 
21 
2 

. .............. 
2 

. ................... 
5 2 

5 4 I 
5 

5 
5 4 

6 2 

7 4 

9 tl 
9 10 

JO 12 

10 11 
11 11 
11 13 

11 16 

11 23 
14 59 

14 60 

15 78 

1; 

1 1 ............ . 

11 ....•..••.... 
i I······ ...... . 
1 i 1 I 
1 l .............. 1 

l ii- ......... ·. ·---1' 
2 i---- -- . --
1 i •••• -- • -- - --

2 ; .....••.•..... ! 
2 : .................. .. 

I 

3 \--··-- -------

~ 1::::::::::::: 
a I······ ...... . 
! ! ............ ~ I 
5 
5 

5 

2 

6 ·•••••·••·••• 
6 

5 

5 ··••••·••···· 

4 

5 

5 

5 

2 

9 

11 

13 
lU 

11 

11 

16 

20 
25 

28 

28 

28 

30 

34 
40 

79 
80 

98 
1883. ••• • • • • • • . • • . 15 95 1 ]6 

1884. ••••• ••••. •• . 17 111 5 1 : 134 : 

1885 ••••••. _ .... _. 'fl 241 5 3 , 270 I' 

Total .•••.. __ 2':J ___ 7si)l ___ """i05i--J8
1
1,lo2 
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The following is a list of the publications of tlrn Survey, with the number of copies of each, 
received from the Public Printer during the year: 

Name of 1mblication. 

Atlantic Local Coa~t PHot, Subdivision 21-'' Ts bee Rt)adB 

t.oJupiterlnlt\t'' ------- ---------------· 
Thfo Table~ for tlw AUantlc Coast of the UnitHJ ~tatm4 for 

tht" y1·ar 1888 .. _ ... ---- ......................... - .. ---- .. - - -

Tille •r"hl.-s for the Pacific Coa8.t of the United 8tat .. 1o1 for 

theyt•ar 1888 ....•.................•...•.••••••............ 
Tide Tables for tlrn Atlantic CoaHt of tht' Unite<l. Stateti for 

tho Y<'M 1889 ..••.••••.• - - . . . • ...•........••...•.. - - ..... -

Ti<1" Ta\,les for the Pacific Coast of tho United State" for 
th~ year 1889 ....••. - . - . - ...... - . -•......... - - . - - . - - . -

I .. aws anc.l Regulations relating to tho Const and GeodBtic , 

Survey of t.lrn Unit.ttt.l Statsl'.4. . .. _ --- _ ... ---- .... 

Cntalo::ne of Charts and other Puhlicatio11H, 1887 . -- -- - ..... . 

Jlullctiu No. I ..... ···-·-·········-····················· 

APl'ENDir:ES 'JO THE JlEI'ORT FOH 1886. 

No. 7.-VO)'agesofllisrovery arnl.Exvloration on the Xorth· 
west t.:oa.st of America from 1539 to J 603 .. - - - ...•• - .. 

No. 8.~Monomoy and its Shoals ----· .....•.•........ 
No. 9.-Shore-lino Changt.'R ou l-fartha.'~ Yinc>yard. __ ........ . 

No.10.-The Volt.a of thu llclaware ...................... . 

No. 11.-Gulf Stream J~xploratlonH. OIH"ervations of Cur-

routtt, 1886 ............................................. . 

- ·-

No.of I 
copies.: 

500 

N arne of publication. 

Xo.12. --St~cula.r Variation of the Magnetic DeC'.lination in 

tlw f;"uited States and at some Foreign Station8 (~ixth 
edition) ...•...•..•......•...•..•••..•.•.•.............. 

1, 987 !\o. rn.~Ou Uw Circnln.tion of the s~a through New York 

~. 025 

1, u2•, 
3, 82:1 

l, 500 

500 

300 

2()0 

;ioo 

500 

H:t.rhor ·-·-·· 

NOTICE.ti 'IO MAllISEH8. 

No. 8t>.--Chart. Corr1~cti<m~ tluriri~the Quarter ending June I 
~1::~~~~~

7

(;~:~1~~ ~,:~~~~~i·r~I~~ ·,~.-1~·~~1~· ~~-r:;1: ·,:t:~·,:;~::~~~;:: ~ ~~ -
XI). 90.--Chart Corrections durin~ Month of August, 1887 .. 

S-u. 91.--ChartCorrection8 <luring Month of Scptember,1887 

X1). 92.-Chart Correction:; during Month of October, 1887 .. 

X o. 93.-llangcrou• Rock in Vineyard Sound, Masaaehn•etts 
'.'{ o. 94.-Gulf Stream Cu1Tents ..................••••••.•.•. 

X-o. 95.-Chart CorrediL>n~ during Month ofNovcmber,1887 

'.'lo. 96.--Chart Corr.,ctiou" dnrin)! Mouth ofl)eeemher, 1887 
~o. 9'i.·-Coast, Cun'('llts, approaching Sandy llook ......... . 
S().9f:.--ChartCorrcction~ during Month of January, 1888 

~n. 99.-Chart Corrt-1ctions d11ring Month of Felll'nary, 18fi8.I 

X(1. IOO.-Chart Correction~ during Month of March, }~gs .. 
~o.101.-Charl Correction• uurin~ Month of April, 1881l .. . 
Xo.102. -Chart Corrections during Month of May, 1888 ... . 

No.of 
copies. 

4, 000 

300 

1, OGO 

1, 000 

2, 000 

~. 000 

2, 000 

2, 000 

2, 000 

2, 000 

2, 000 

3, uoo 
3, UDO 

3, 000 

3, 500 

3, 500 

3, 500 

Mr. Freeman H. Green has continued to keep tl1e accounts of the sale agents, and has per
formed various clerical duties in addition. Mr. Green's performance of his duties has been highly 
satisfactory and richly deserves substantial recognition. 

Mr. Ba,ssett has been in charge of th., Map-mounting l{oorn, where the work has been of the 
same character as in preceding years. 

On the 2d of July, 1887, :\Ir. A. D. Simms was assigned to the Division as temporary watch
man, taking the place of C. 0. Hockwell, dismissed. Mr. Simms continued on this duty until July 
29, when he was relieved by l\Ir. W. IJ. Keith, who had 011 the 25th been appointed to succeed 
Rockwell. The employment of William Young ceased on the 15th of July, 1887, but he was re-
employed on tho 18th of the same month. · 

Mr. ,V. M. Long discharged the duties of janitor, and Messrs. David Parker, John G. Culver
well, and W1 H. Keith those of watchmen tliroughout the year. 

William H. Butler, chief messenger; U. II. T. Over, Sandy Bruce, William Savoy, Peter 
Page, anll William West, messengers; Charles H. Jones and Attrell Richardson, packers and 
folders; W.R. McLane, driver; Horace Dyer and Harrison Murray, firemen; Mrs. S. E. Flynn, 
William Young, J. II. Brown, and Robert Brady, laborers, all deserve mention for the intelligence 
and fidelity with which they performed their several duties. 

Yours, respectfully, 

B. A. COLONNA, l~sq., 

Assistant in charge of (~ffice and Topography. 

M. W. WINES, 
General Office Assistant. 
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REPORT OF THE ARCHIVES AND LlBRARY DIVISION, COAST AND GEODETIC SURVEY OFFICE, FOR 
'l'HE FISCAL YEAR FJNDINO JUNE 30, 1888. 

COAS'l' AND GEODETIC SURVEY OFFICE, 

Washington, ]). G., August 28, 1888. 

DEAR Sm: I have the honor to submit herewith the annual report of tile receipt and registry 
in tlie Archives of original and duplicate records, computations, completed original topographic 
awl hydrograpltic sheet:!, and specimens of sea-bottom, turned into the Office during the fiscal year 
ending June 30, 1888, as hereinafter enumerated; and also, of the bookR and pamphlet8 receiyed in 
the Library during the 8ame time. 

I.-Recnrds and Computations. 

GEODETIC wmm:. 

------ I Nuru 1-;:~=-1! 
Number of vol-

11her 0 {- i hl'r of·. 
tuuos. cahim·s j 1•ar k- j 

. I ag~s. : Total. 

1. (;;~~-1 ~.:;.~J~r~~i- t ~rif.i·1· 
1 

nal. ca.t.e. i nnl. i ua . 

----~ ~---'--~-------;----! 
181 161 ______ ..J. ______ 1 34~ I Observations of horizontal measures----·-·---······-··-

24 24 --·---- ·-······ 48 \ 

22 2~ ·::::::: :::::::: 4~ I 
8pirit-lovelingobservations -·-------·· ·····-··········.. 73 62 ··--·-·!·-..... 135 J' 

Rod-books_--··-----·-··--····-·-·-·---- .. ··------·- .. --·/ .--·· --- ·---. --· 9 
Jloscription•ofbenob-marks .... -- ---------·----------· 4 3 ------- ------- 7 1' 

lfaps showing route lines of leYcls. ···-- ·-···-·-·· ··--·- 3 I -...... -··-·-· 4 
Determina.tionofconsta.uts.................................... 4 ! 4 ·-····· ········ 8 'I 

Geodeticmiscella.ny............................ .................. ....... 10 1 
••• .......... JG 

Viewsandsketches ••••••. -···········--··---·----·-----·f 2 ... --· 1: 3 i 

"-::·:.::: :·:::::: :: ·::::: :::··. :.:·::1· .. ~· _~;;;--:~ ::::::;-: ~ 

Ohservationsof vertical measures •••••• -··········· •••••• 
Descdptions of ~ta.tions .. .................................... . 

Ba.se measurement ................................................. . 
lleach mea.surement .................................................... . 

.ASTRONOMICAL WORK. 

-- --------/ Nnm. I Num r---1 
Number of vol-I her of i her of I 

umes. oahiere.1 abeeh. ! ! 

I 
: Total. 

--------;---····---- ------ __ i i 

Origi-1 Dupli- I Ori¢- I Orig!- I I 
nal. , eate. I nal. I nal. I 

Observatlonsforlatitude ............ _. ___ •••••.• __ , ___ jl!--8-/-; =~~ ·---~---' ;8 ! 
Observationaforlongitude ..••••• --····--·······---····-- ·-····-\ 10 ·····-·· -·····-· 10 
Chronogra.phabeeta ----· ·-·---- ___ ---··· ------ ---·-· ---·1- --··. -- . ------ 6t M 

~;.::~::~~~~::~::::::::::::::::::::::::::::: ~; i 1: II : : : ~ I 
Chronometeroomparison reeord.······--········-···-··· 1 I ·-····-· ·-----·"' 2 
Computations ••••••••••.•.••• _........................... 2 -··---- 37 ---· ---1 39 

Total-···········--······-·····---····-····-·-·-·--·· --;----;-1--37-1~1 193 
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I.-Rec-0rds and Computation.~-Contiuued. 

MAGNETIC WORK . 

.Nnmhi~rof \'Ol· Numlwr of ca- Nnmht>r of 
urnrH. hi11rs. dlieetR-. 

To!al. 

Ori1•i- 1'up1i- Oriµ;i- Dupli- Origi-
1 

Hupli- i 
uaf eute. ual. <'ate. naL i t·at1· .. I 

, . I 
Ol>Ker,•a.tionH for terrestrial magufjtiHm ~. \ 2 I 37 36 60 i. i:~7 
Ma~ctictraceH-·-·······················i--·· -- .. ·------ 1---·· -- ---·-·· 555 i 5!i5 i 1,110 

Compututions ... ------------------------- .:.:.::.:..:.:.::.:.! _ _:_:___:_J_~_:_::.:.:.::.:.j __ _8'.JJ_: . .:.:.:.:.::.:.I_~ 
Total··---······-············-······- 2: 4.~ 3fl: GQ5 55,;: 1,338 

I ---------·---

l'E~uur.uM wmrn. 

--------------- ··-·---------. ------------------

Number<lfvol- Numhcr of 
UIIJ('S. 8hN~t8. 

Total. 
I , 

Origi- \ l>npli- i Origi- llnpli- ' 

-------------··---- ual. _i I cate. 
1 ~~~l~ cate. _ 

Pendulum observ·ations................. -·······--··-
1 

g, 9 j --· .. 18 
Sheutreadiugs ............................................. 1 ........ 1 9' 9 
Cbronographshoota ....................................................... 1 133 ..... 

1 
133 

Total ------··-···---==~~~-~---~-~-----·--····--·-·l--9-i--1s-
1

------;;3[~jl60j 

:METEOROLOGICAL WORK. 

i Kumbor of vol- i Number of ca-1 
! umes. \ hiers. 

I -i- , Total. 
\, Orlgi. ; Dll]lli- Origi- : Dupli· I 
i nal. I cate nal. j cate. 

---·- ---:-~-: ~--1~~------

Moteorologic&l observation•-···-·----·--·-··--··-·-----·: 2 '---··--·i i I... .... 3 

Total---··------·----··-------~~-:=:_:_-_~_:_-::~~:! -~ ~1--1-1~-3 

IIYDROGRAPHIC WOHK. 

Number of \ Number of I I 
volumes. I cahiers. Nnm-

--- --l--- ---·-·I ber of . 

0 . . I I . I I bot· n~1- 1 luph- Origi DupJi. ties. 

Num-
ber of Total. 
rolls. 

nal. I care. nal. cate. 
__ 1 __ _ 

------ ---
' I 

Oboervnt'.onsforoonndmgo ................................... 1 366 J 226 j ..... 1 592 

Obser.-ahonsforan:;les................................... 361 221----·-- j _____ ------·- ·--·-·-· 58 
DeocriptionsofhJ<lro1,'I'Rphicsignahi.................... 4 ·--·----\-··--··- ..•.••.. --···-- 5 
Spoo1ruonsof8"ll-bottom ······-----·-····-···-----······ .••..... ------ l •••••••• l........ 4,.1; 447 
Tidal ob..,rvations....................................... 111 i 95 l \ -------· 2-06 

:Ma.regrams and tidal cur...-es. ·---·· -···-· ·---·--····· .... -··--- --!····--- -1:::::: ::i:::::: :: :::::: :: -····~- 88 
Doecriptionoftiuegaugesand bench-m<>rks ...•...•..•.. ---·-···I·-----.. 1: 1 2 
~u'::taod Gnlf Stream obsorvationsnnd data ----·· .. 11 i 11 I 14 '. ••••... :::::::: :::::::: 86 

::::~:~:~:::::::::::::::::::::::::::::::::::::::::: ··---~-1.:::: :~ ·1····--~-i:::::: ~: :::::: :: :::::::: ~ 
Total .............................................. ---sw-1---;;;si---;-i--2~---s9 1,•78-
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II.-Topourapltic and Hydrograpliic Sun,eys. 

TOI'OGRAPBIC WORK. 

~----~-------- --------·· 
. I j Descrip-
R~glswr No. of I tive rn-Titles of topograpbic sheets. ports 
number. sheets. , aceornpa-

l i nyin1t. 

·- 16331 From l1ead of East Bay (Galveston Harbor) to Sali.ine P1tSs, Fla. ............................................... _ l ____ . 
1703 Harlem River from Randall's Island to High Bridge, N. Y . . . . . • ••• . •. . . •• •••••• ••••••. •• .. . . . . . •. . . •• . .. .•• • •. l 
1710 j Newark Day and rnouths of Passaic and Hackensack Rinrs, N. J . . . . . . . . . . ...•.• ... • . . . . . . . . . . . . . .. . . . . . . . . . . . 1 

1 
•••••••••• 

1722 \ Hempstead Harbor, Long Island, N. Y.... .. . . •. ... . . . . .. . • . .•••••. •. •• . .•• ••• . • . . •••••• •••••• •••••• •••.• .•. ••. 1 j · ........ . 
1727 1 North shore of Long Islaud from Rocky Point Landing to East Landing, N. Y . .• • •• . ••• •• . . • . •• •• • . . • . . . . . . . . . 1 I ........ . 
1
17

7:'.'. North shore of Long Island from East La.nding Watling River to Roanoke&, N. Y. •••. •••• •• .••••••••••• •••••• ~ !.· .. · :.· :.··.: ·.: 
"" North ahore of Long Island from Roanoke & to Mattituck Hills 2 &, N. Y .••••... •• . •••• •• ••• • •• . •• . •••• .. . . . . . . . 

1730 North shore of Long Island from Mattitnek Hills 2 & to Gold•mith's Inlet ................................... .. 
1731 Llo:rd's Neck and adjacent shores, Long Island, N. Y ......................................................... . 
1733 Oyster B&y, Long Island, with shore to Matinlcock Point, N. Y .............................................. . 
1735 Block Island, R. I. ............................................................................................. . 
1"137 Norwalk River to Holly's Point, Conn ......................................................................... . 
1743 Hndsen River from Eightieth street to Spoyten Du_p·il Creek .................................................. 1 

1744 Coast of Now Jersey abo'Ve an<l below Groat Egg Harbor, N.J .................................... , •.•••..•.•. 
1753 Coast of California from Villa Creek to Cr~ek 6, Cal. ........................................................ . 
1754 Yaqoln" Bay and part of Yaqnina River, Oregon ............................................................. .. 
1757 Umpquah Rirnr, Oregon ....................................................................................... . 
1768 Umpquah Rh·er, inaluding Gardiner City, Oregon ............................................................ . 
1772 South shore of Little Peoonic Bay. Long Island, N. Y ........................................................ . 
1771l N ortb shore of Great and Little Peconlc Bays, Long Island, N. Y .............................................. . 
1774 South shore of Great Peconic Bay, Long Island, N. Y ........................................................ . 
17751 West shore of Great Peconic Bay, Long Island, N. Y ......................................................... . 
1776 , Coast of Oregon from Yaqulna Head to Cascade Head, Oregon ................................................. . 
1777 ! Coast of Or~gon from Ca<1cade Head to Tillamook Ba.y, Oregon ................................................ . 
1778 / Coast of Oregon from Cape Meares to Tillamook. Bay, Oregon ................................................ . 

gM::'.~}1 Reconnaissance Gray"s Harbor to Cape Flatt~ry, w,.sb. Ter .................................................. .. 

171141 Topograph'I' from Sa11ta Rosa Crook to San Simeon Bay, Cal................................ . ................. . 
1791 Topographical sketch of th~ propoBe<l harbor of Port Ballonn, Cai .......................................... . 
1792 The town-eit<ls of L<>ng Beach a.nd Alamitos Beach, Los Angeles County, Cal.······--··-···· .............. .. 

1:iUI Resurvey of Suisun Bay, Cal ................................................................................ . 

1794 Rosario Strait. Cuemes, Samish, and Ven<lovi Islanc!s, Wash. Ter .......................................... . 
1795 1

1

. Rosario Strait. Samish Bay, Wash. "l'er ...................................................................... . 
1796 Ro•a.rio Strait. Sami8h Flat• to Bellingham, Wash. Tsr ..................................................... . 
17971 Rosario Strait. Lummi and Eliza Islands and Point Frnnoea, Wash. Ter ............................. , ...... .. 
1798 Roaario Strait. North part of Bellingham Bay, Wash. Ter ................................................... . 
1799 Rosario Strait. Nooksachk River, Wasb. Ter ................................................................. . 
1802 A portion of Martha's Vineyard Island, Mass ................................................................. . 
1806 :Resurvey of Astoria and vicinity, Oregon •. • • •• . . . . .. • . . . . . . . .. . . •• • . . . .. . . . . . . . . . . . . . ....................... . 

1~} Part of San Diego Bay, Cal. ................................................................................... . 

1817 American Bottom Base, Ill .••••••• : ............................................................................ . 

1 .••.••••.• 

1 ' 

1 1 ····-· •••• 

1 '. ........ . 
1 ......... . 

~ 1 · :: :::::: 

I 
1 1--········ 
1 1 ......... . 

~ 1······ .. -~ 
1 I 
1 ! 

i 

i 

:1 
~ 1:::: :::::: 

: I 2 

~I 
1, 

1: 
1 i 

: I·· . : 
1818 
1822 
1823 
1824 

Great Point and Nantucket Harbor, Moss ..••.•.•••••.••.••••••.••..••••.••••••••.••...••••..• - .• - ............ - 1 \ • • •· •• • • · · 
Atchafalaya River from Atchafalaya Bay to Sword Point, La.................................................. 1 I I 

1825-'27 

1829 

Atehafalaya River from Sword Point to Bateman's Lake, La................................................... 1 I' 1 

Atcbafalaya River from Batema.n's Lake to :Morgan City, La .••••.••..•• ,...................................... 1 I 
Resurvey of Sa.n Pablo Bay, Cal............................................................................... 3 l 

.From San Oarpoforo Crook to White Rock No. 2, CaL ............................................... , ......... __ 1_1---1 
Total .•.•••.•••••••••••••.•..••••••••••••••••••.••..••.••••.•••.••..••••• ·••··••· ···············--·····--·-~~-1.-.: ..... __ 

HYDROGRA.PHIC WORK. 

H55• Upper part ofOhinoo~e Bay, Md ......................................................................... . 

l67ll Lotnpoe Landing, Cal •••••.•••••••••••••••••. ••••••• .•••••••••.•••••••••••••.•••••••. •••••• .....••••.••••.•.•.. 
1881 PaeUl.o OOMt from Wyman to Punta Gorda, Cal ............................................................. · · 
1082 l'aelftc COMt from Pant& Qonla to Cape JIIOBdooiDo, Cal •••••••.••••••• ··-'··· ••••••.•••••••••••••••• • •• • • · · • • • · 
l'llK Bell Gate 11Ri1 vlelatt,y, N. Y ••.••••••••••••••..••.•.••..••..• - ............................ · • •• • •••• • • • • · · · · • · • 
tm dolumbia atver f""" Colttmbla Olty to head of Bacbelol' laland, Oregon .••..•••.•.•••••.•••• •• - ·•• ••• •••• · •• • • • 
1'112 JlatillMt Bay, N. Y. and N. J .....••••.•..••••.••..•.•.••...•.•.•..•......•....•.. , ..... ···· ····••••···· · ·· · ···· 

I 1 , ......... . 

1 1· ......•.. 
1 '······ .••• 

: 11:::::::::: 
1 ..•.•••••• 
l .......••. 
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Re!(i8ter I 
nnmber. 

UNITED STATES COAST AND GEODETIC SURVEY. 

IL-Topographic and Hydrograpltic Surveys-Continued. 

HYDROGRAPHIC WORK--Continned. 

Titles of hydrograpbic sheets. 

1713 Arlhnr Kill, Ward's Point to Woollbridge Creek, N. Y. all(l X. ·T ... -........................... .. 

1714 Artlrnr Kill, Woodbridge Creek, to Frosh Kill•, N. Y. arnl N .. J .......... · ·• •·. ••· •••••• •• •• •••••• · •••· ·· 
1715 Arthur Kill, Frer;h Ki11~ to Dividing Cref'lk, New York Harbor. N. Y. :tntl N. ,f. -- . --- ..... - . -··· ..... · - ·· ··· ·· 

1716 Staten Island Sound, and lower part of Newark Bay, :Sew York Harbor. N. Y. and N. J ................ - · · ·· · -· --
1~17 , Upper part of Newark Bay, New York Harbor, N. Y. and X. ,J ....••..•...••...•.••••.••..••.•••.. • •• · • · ·· • 

1718. OlfSandy Ilook entranoo to .l<ew York !Tarbor, N. Y. an<l N. J ............... -··· ... ···· ·· ············· ····· 

1719 The Narrows, New York Harbor, N. Y ...•......•..................... · · · ·. ···· ••· ··•·•· ···•·• · ·· · ···•·• · ···· · · · 
1728 PossessionSonnd, 'Va.sh.Ter ............................................................ ··············-···--
1729 Admiralty Inlet from Admiralty HPad to Foulweather Illuff, Wa<h. Ter ..................................... . 

1730 PortS.usa.n, Wa1'b. Ter ----·······································-········································ ··· 
1737 Wrangell Strait, S. E. Alaska ........................................................ - - · · · · · · · · • · · • •· · · · · · · · 
1738, St .. Tohu Harbor, S.E.Alaska .••.•.•.•..•.•.•.•...........••..•.•.•.•.•....•........................•.......... 

1739 ' I>evtey Anc.•horagc,.Ala.ska ...... ----·· ----- - ............. -- .... -- ... -- .. -- ------ .. - . -· ---- -- ------ - --- -- --··· - · 

1740 Steamer Bay, AIMka ......................................................................... · ·· ·•· ······ ·•··· 
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Prom what precedes it will be seen that there have been registered in the Archives during the 
fiscal year ending June 30, 1888, 619 volumes and 1 package of geodetic observations; 224 cahiers 
of geodetic computations; 26 cahiers of descriptive reports on topographic sheets; 92 volumes and 
37 cahiers of astronomical observations and computations; 64 chronograph sheets; 4 volumes, 
'l3 cahiers, and 60 sheets of magnetic observations; 1,110 sheets of magnetic traces; 11 cahiers 
and 80 sheets of magnetic computations; 27 volumes of pendulum observations; 133 chronograph 
i-heets; 2 volumes and 1 cahier of meteorological observations; 917 volumes and 23 ca.biers of 
h,ydrogrnphic observations; 1 roll of hydrograpbic observations; 447 bottles of !lpecimens of sea
bottom, and 88 tide rolls; 13 cahiers of descriptive reports on h;ydrographic sheets; 5!) completed 
topographic sheets; 7 4 completed hydrographic sheets. 

There has been no binding of records or computations done this fiscal year, although there are 
a great number that should be bound for their better preservation, convenience of reference, and 
to give needed room. 

The soundings and tidal obser\•ations ought also to be bound, as they would then occupy much 
less space than in their present condition, and room will soon be needed. 

During the past ftscal year there have been received in the Library 201 bound volumes, 96 
unbound vol um~ and 168 pamphlets, besides a number of periodicals and publications of scientific 
societies. 

Thirty-one volmnes have been 1mbstantially bound at the Government Bindery. Most of these 
were rebound, the original binding being in a bad state. One hundred and twenty-eight other 
volumes were sent to the Bindery for binding, but they were not returned to the Library till after 
June 30, 1888. 

There are still quite a numher of volumes that need rebinding, and many m1bound works 
that should be bound. 

Mr .• J. M. Duesberry has he,en employed in this Division as clerk daring this fiscal year. 
Mr. Joseph Fuqua was employed in the Library on the card catalogue from l\lay 11, 1888, to 

l\l ay 19, 1888, and from June 4, 1888, to June 12, 18~8. 
Miss Florence Carlisle was employed in the Library on the card catalogue from May 28, 1888, 

to June ;)O, 1888. 
Mr. Atlee Johnson was emplo~·ed a few days from ~lay 2R, 1888, sorting books in the fourth 

story of the Butler Building, and in bringing the same down and imtting them ou the tops of the 
cases in the Library. 

The card catalogue is nearly finished. 
Yours, respectfully, 

Mr. B. A. COLONNA, 

Assistant in charge of Office. 

ARTEMAS MARTIN, 
Librat·ian and Custodian of Archives. 

REPORT OF l'HE ACCOUNTING DIVISION, COAST AND GEODETIC SURVEY OFFICE, FOR THE 
FISCAL. YEAR ENI>INO JUNE 30, 18&l. 

ACCOUNTING DIVISION, U. 8. COAST AND GEODETIC SURVEY OFFICE, 

Washington, November 15, 1888. 

Sm: I ba.Y"e the honor to submit herewith the report of the operations of the Accounting 
. Division for the fiscal year ending June 30, 1888. The work of the Division is so varied iu its 
character that a complete report can 11ot be made without a reference to those salient events occur· 
ring during the year which were liable, to a greater or less extent, to affect its operations, and to 
increase or diminish its efficiency. These will, therefore, be alluded to in the course of the report. 

Oommenoing July 1, 1887, a system of making semi-monthly trial balances and monthly bal
ance-sheets, showing in detail the receipts and expenditures of the Survey under the appropriations 
made by Congress, was inangnra.ted, and bas since been adhered to with much success and great 
satisfaction to all concerned. These bala.noo-sheets are made in triplicate-one each for the Sec-
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retary of the Treasury, the Superintendent, and the Disbursing Officer-and they afford a con
venient method for readily >eri(ying the financial condition of the Survey, and serve as a check 
against errors. Their preparation is now mandatory under the Hcgt1lations. 

On Jnly 25, lti87, a special committee, composed of Messrs. Spear and Myers, of the First 
Comptroller's office, appointed by the Secretary of the Treasnrr, made a personal investigation 
and examination of the accounts and records of the Dh-ision, and on the following day officially 
reported to the Department that the accounts of the Survey were found correct and in exact bal
ance. :Eivery facility and courtesy was extended to the committee, and the result, so promptly 
reached, was a desernid tribute to the efficacy of the "balance-sheet" system so auspiciously begun 
on tl.te first of the mouth, the labors of the eommittee consisting simply in checking off the amounts 
given on the balance-sheet and proYing their correctness. 

As a consistent step towards the organization of the methods of work in the Di>ision, the fol
lowing-named new forms aud blanks were prepared during the months of October and November, 
1887, and received the appro\-al of the Superintendent for adoption and printing: 

Fieltl estimates for chiefs of parties (ameutled), balance sheet blanks for Office, Office pay
rolhi, cash receipts aud expenditures, annual statement book for fiscal year, letter returning prop· 
erty lists, letter authorizing advances, letter for adjusting accounts, letter transmitting advances, 
letter for stating balances on accoullts, letter for transmitting checks. 

1'he use of these new forms and recordR has aided most materially i11 lessening clerical labor, 
and affords a more complete aud satisfactory record of work aceomplhshed. 

During .Tnly arnl August, 1887, a series of salary tables, comprising all the new rates per an
num (twenty-three in all) estahlishNl for the seri;ice by tlie 8u1Hlry Ci i:il Act, approved March 3, 
1887 (in addition to thoRe already gi>en in the Government salary tables), were computed in this 
Divb;ion, upon the basis of the regular tables, arnl these computations were afterwards verified by 
the Computing Dh·isiou. 'l'Lesc new tables have been found of very great convenience in check· 
ing the 1iay-roll aml salary account.~, as the use of them avoids the laborious process of combining 
two or more of the old tahles together in ordt•r to arrive at one rate. 

The new edition of the Hegulatious (1887) was proof-read and indexed by me during the early 
imrt of .August, 1887. A recommendation that a number of copies of the new edition be inter
leaved and rebouml, for convenience in making notes or criticisms from time to time, such as the 
future enforcement of the Hegulatiom; would uo doubt suggest, was concurred in by the Superin
ten1lent. 

The annual Heport of Expenditures of the Coast and Geodetic Survey for the fiscal year end
iug Juue 30, 1887, was completed and transmitted to Congress on :February 11, 1888. The delay 
iu the final completion of this rPport wa;; unavoida,ble, and owing to circumstances entirely beyond 
my control. It ;;l10uld have been presented to Congress during the month of December, and the 
failure to do so occasio11etl me much regret. 

The almost continual disallowancn Ll.Y the accounting ofticers in the accounts of the Survey of 
alleged overcharges on fees paid for jurats iuduced me to make efforts to :;ecure information upon 
whieh to formulate a list of the legal rates for uotarial foes in the different States. The files of 
the Comptroller':; and .Auditor's ofiices, the Bmean of l1a.lmr, a.1Hl the Congressional Library were 
examined, and from the data olJtaim><l, a list, believecl to IJe fairly correct, was compiled. This list 
lms been distributed among the ehiefs of the intrties of the Sun·e~-, with the suggestion that further 
ad vices u1lon the snl\jPct would he th:tukfully receivetl b,y this Office. In time, it is hoped tliat a 
perfectly correct list may be obtained, through tho kind co-operation of the :Field Officers. 

Hnring the year, for a period of forty.four days, my services were calle(l inoo requisition by the 
f<'irst Comptroller of tho Treasury, to aid in the final examination and adjustment of the accouuts 
of Mr. William B. l\forgan, late Disbursing Agent. This detail was no doubt proper and neces
sary, but the loss of time from my own legitimate duties in the Accounting Division was a source 
of much embarrassment and oecasionetl much delay in the transaction of current business. 

From .May l!) to June 9, 1888, I was engaged, under instructions from the Superintendent, in 
tra11sforri1~g the Unit:d States schooner Spy from New York, N. Y., to Washington, D. C. Oom
pl!·t~' details as t'.> this duty, and the manner in which it was aiccomplisbe<l, have boon made the 
snhJt>Ct of a special report to the Superintendent. 
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The current work of the Division during the fiscal year has been adjusted with a degree of 
promptitude heretofore unknown in the history of the Accounting Division. But few instances of 
delay in the settlement of accounts have occurred, and these were mainly owing to my enforced 
absence on duty at the Department. Duriug the first six months of the fiscal year the force 
a,ttached to the Accounting Division was also quite inadequate to the demands made upon it, and 
but for the detail of another ernploye therein early in January, 18&~, the current work would have 
fallen greatly iu arrears. Some delay must necessarily result under our present syst~m of making 
disbursements, but it has alwa,ys been my earnest effort to neutralize this as much as possible hy 
giving extr,i time t-0 the business of tlie Divisiou. The Quarterly accounts of the Surve_y have been 
renderer! to the Auditor more promptly during the last fiscal year than has been the case for sev-
eral years past. This gain is quite gratifying, uuder the circumstances. · 

Ia my last .Annual l:,eport, and also in the Monthly Report for September, 1887, I ham called 
attention to the necessity for some arrangement by which a greater degn·c of prinwy and conse
quent freedom from interruption could be secured for the employes of this Division. A counter, 
surmounted by the usual screen-work, sl10uld be erected iu tho rooms of the Accounting DiYision 
at a8 early a date as may be practicable. I again renew my former recommendations to this efi'Mt. 
Such action would be in the line of a sound business policy, and would contribute largely to the 
essential features of accuracy and rapidity in the transaction of the current business of the 
Division. 

It is almost impossible to give intelligible statistics for work such as that accomplished in this 
Division. The nearest approach is to stat~ its volume. The mere examination of the number of 
accouut8 adjusted, letters written, etc., affords but a slight conception of the innumerable details 
to which attention has to be given. The statistics which follow, therefore, while the best that can 
be stated, are not to be considered by any means as covering every feature of the work: 

l'#atistics. 
Abstracts, quarterly, of disbursements, pages of. .................... . 
.Accounts, with United States, opened, number of .................... . 
.Accounts, allotments, opened, number of ...........................• 
Accounts, subappropriations, opened, number of ..................... . 
.Accounts, Pacific railroads, referred, number of ..................... . 
.Accounts, entered on quarterly abstracts, number of ................ . 
Accounts-current, with United States, number of .................... . 
Accounts posted, to allotments, number of ......•................•.... 
Accounts posted, to calendar-year book, number of .................. . 
.Accounts posted, to fiscal-year book, number of ..................... . 
Accounts posted, to voucher-book, number of ....................... . 
.Advances, to Field Officers, amount of ...........•.................. 
Allotments, to Field Officers, number of ••........................... 
Authorities, book of, letters posted to, etc., nnmherof. ............... . 
Balance-sheets, receipts and disbursements, number of. .............. . 
Cash-book, entries in, checks and casli. ............................. . 
Certificates of deposit, received, acted on, and filed ................... . 
Check-lists, for drawing checks, number of. ......................... . 
(]hecks, drawn and issued, number of .............••................ 
Copying, miscellaneous, pages, number of ............. - . . .......... . 
Disbursements, on adjusted accounts, amount of. .................... . 
Drafts, Treasury, received, number of .......•.....••... - - ...... - . - .. 
Estimates, of Field Officers~ received, number of. ...... - -· ........ - . - -
Letters, received, acted on, and filed .••....... _ .... , ....•.......••... 
Letters, written and press-copied ..........•..•.......•........ - - ... 
Letters, indexed, letter-book .............................. - - .... - - - . 
Letters, rough drafts of, written ............•........ -. - . - · · ... - - - - · · 
Pay-envfllopes, prepared, number of ......................... - -· • ... · 

R. Ex. 22-10 

1;39 
16 

144 
74 
37 

l,882 
30 

886 
998 

1, 512 
2,5G4 

$128,2G2.83 
!WO 
528 

12 
2,9-i5 

36 
203 

2, 5!)4 
480 

$473, 177. 77 
26 

·193 
3,202 
3,294 
3,294 
2,469 
1,956 
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bl f 288 Pay-rolls, office, monthly aud semi-mout y, pages o .... - . - - . - .. - - · - -
36 Pa;v-rolls, .Field Officers, quarterly, pages of. ... - ......... - ... · ... - . - · · 

339 Property lists, checked and returned .... -- - .. - . - ... · .... - · · · · - · - - · · · 
Receipts, of funds, from Treasur,y, amount of. - . - -.....•..... - ..... - . - $-!93, 099. 13 
Reports, montbly, of Didsion, pages of .. - ...... - . - ... - ... - . - - - ..• ·· · 252 
_Reports, annual, calendar year, pages of. - ...... - . - . - ....... - ....• ·. 10 
Reports, fiscal year, pages of .......... -...... - - . - - ....•... ·. - - - - . · - . 65 
l':,equisitious, on Treasury, for funds, number of - - .. - - - - - - - · · · · .... · · · 10 
Ite(111isitions, from l'ield OfficerE>, for advances, 11umber of. - .. - - ..... ·. 240 
Statements, of co]l(lition of appropriations. pages of.. . . . . . . . · ..... · . . 24 
'l'riai lmlances, receipts and disbursements, number of - .....•••.... · ·. 25 
Voncbers, adjusted and settled, including hills, number of ......... - . . 18, 910 

A recapitulation of data contained in the monthly reports of the Di\·ision for the fiscal year 
j nst closet.l indicates tbe following : 

Summary for all employes. 

Actual number of days worked ......•.•...............•......• • ..... · · · · 
.Ahse11ces, sick ................... - . . . . . . . . . . . . . . . .. - .. - - .. - - - .... - . - - .. 
Absences, leave. . . . . . . . . . . . . .. - ..... - ...... - .............. - ... - . - - .... . 
Office dosed, h0Jida5·s, etc.... . . . . . . . - - - .. - - - - - - - - - . - - - - . . . - - · - - - · - - - - -

Dfrirled ns .follmcs: 

.Na11w. \\. orkt>tl. .A U1-11~11t, ... A hRent, Ollice 
;-;idi.. kaw·. dor;eU. 

; 
I>aua. nay~. nays. !Jays. 

Pari'ion~. tT olrn w ····-···· ~!'.!'/ ' ., "21! I 1,;i 

\\"ill~. Eu:.:.e1w H ...•... 2tlOJ '•0\ 28 
I 

9:l, I 
f.:111111:111, \\'. II ··········· U:>~ 1 

' 
Tali:1frrr11, :0:.. M ~501 :!i ~ I ~9~ I Bl ..... I 

i :-'mil\i. I'anla Jo; :!551 ao I ~a~ I 9l 

Days. 

1,238~ 

87~ 

103~ 

31~ 

• ·worki111< at lwnrn for elnc11 arnl nue-haJf days. which wa~ charged to leave account. 

The total numl>er of working days during- the year 011 which the Office was open for the trans· 
aetion of hu:-;iuess was :Jo.q. 

'l'l.te arrangement of the work of the Division among its employee has been about as follows: 
Mr. Eugene B. l\lills, accountant, has been engaged in the examination of accounts, checking 

them aH to errors of ennmeration, extension, etc., iu drawing- checks at the Department, and mail
ing the conet<}10111lence of the Di,·ision. He deserves credit for close application to bis work. 

Mr.\\'. IL Lamnan, general hook-keeper, was assigned to duty iu the Division on January 9, 
1888, h~· trnusfer from the II~·drogmpbic Inspector's Office. His experience of nearly two years in 
the otlice of the dishursiug cl<.'rk of the 1'reasury Dqmrtment, prior to his employment in the Sur
vey, ha.-, made l1im a Yalnahle addition to the force of the Division. His work is mainly dependent 
upon my own, and its execution has g-i\'en me much satiRfaction. 

::Hrs. S. ~I. 'l'aliaferro, book- keeper and entry clerk, has been engaged mainly in entering aml 
posting Yonchers, etc., to the y;irious account books of the Division, in the compilation of the Quar
terly Abstracts, and general miscellaneous work . 

.Miss Paula E. Sruith, general clerk, has had charge of the preparation of the semi-monthly 
and monthly pay-rolls and the letter files, and has rendered intelligeut and capable service in the 
execution of innumerable details of the work. 

The experience of another year has con\•inced me more than ever that the Survey should pos· 
sess its own Disbursing Officer. The 1>resent arrangement for making disbursments is at once both 
cumbersome and annoying, produces delay in settlements, and by comparison of results will be 
found much more expensive tban almost any other method we could adopt. It is the outcome of 
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tbe peculiar couditious which existed in the Survey some three years since, conditions which no 
lunger exist, aml it should uow ue abandoned in tbe iutermsts of sound puulic economy. Comparisons 
can be readily made to prove the costl~ness of the present system. The work of the Division is 
constantly increasing in volume, and the time now lost in communicating with the Department aud 
iii the preparation. of papers essential to a proper record under the present system could be sa\'ell by 
tlrn appointment of a Disbursing Clerk for the Sun'ey au<l gi,·en to the current business of the 
Office. In this connectiou, I beg to refer yon to the views expressecl by me upou tl.Jis subject in 
my annual report for the fiscal year ending .June 30, 1887. 

l\ir. George A. Bartlett, Disbursing Ulerk of the Treasury Department, has displayed his usual 
interest in making the disbursements for the Survey. The business of the Divisiou has, as here
tofore, beeu conducted in his name, and in all matters pertaining to the adjustment of his accounts 
by the accounting officers of the Treasur_v he necessarily assumes full responsibility. The ouvious 
propriety of compensating Mr. Bartlett for this responsibility can not be queistioned. l\Iy views 
upon this matter are more fully expressed in the report of the Di \'iision for tlte fiscal year 1886-'87. 

Yours, respectfully, 

Computer 

B. A. COLONNA, Esq., 

JOH:N W. P .A.RSO:NS, 
U. 8. Coast and GPodeti'.c Suri,ey, 

In charge Accounting Divi8ion. 

Assistant U. S. Coast and Geodetic Surre11, 
In charge of 0,ffece aJid Topography. 

REPORT OF THE BUREAU OP lfEIClHTS .1XD }rfEASUllES FOR TflE FISLIL YE.JR EXDLYO JU.YE 
:io, 1888. 

BUREAU O:F WEIGHTS AND :MEASURES, 

U. S. UoAsT .A.ND GEODETIC SFRVlff OFFICE, 

TVaxkington, July 19, 1&"8. 

Srn: I beg leave t-0 submit this report on the work of the Weights and Measures Division 
under my charge since October 7, 1887: 

The letter of instructions from the Superintendent assigning me to this duty directed me to 
prepare for publication the Weights and Measures report, compiled chietly by the late assistant, II. 
W. Blair, under the direction of Prof. J.E. Hilgard, then Superintendent, but not subjected to the 
latter's final revision. Upon perusal of the manuscript I found it necessary to index the records 
of tlle Weights and Measures Office. The time occupied in tho completion of this preliminary 
work and the current work of the Office has prevented me from putting the report into final 
shape for the printer. 

The laborious work of classifying, cataloguing, and indexing the papers of this Office accumu
lated since 1844 was performed by Sub-Assist.ant F. H. Parsons with care and good jmlg
ment while attached to this Division from No\·ember 23 to May 10. The records and correspond
ence np to the time of my assuming charge are now bound and on file in the Archives. 

Dr. J, J. Clark, adjuster, whose long experience and knowledge of details freely rendered 
assisted me materially, ma.de all the weighings and assisted in the comparisons of standards, in 
calibmting a thermometer and in other work. He also prepared the weights and measures ex
hibit for the Cincinnati Centennial Exhibition. 

Assistant J.B. Weir was attached to this Division during the months of March and April and 
again during June. He was engaged in making and revising computations of work done nuder 
my direction and previously. He also assisted in the comparison of standards. 

The principal results of the work done on the standards will be given elsewhere, but a bl'ief 
account may not be-0ut of place here. 

The Arago kilogramme sent to England in 1879, and weighed at the Standards Office in that year 
against the English Standard Kilogramme, was taken to the International Bureau in 1884and weighed 
a.ga.inst the International Standard. Since then the English Kilogramme has also been compared 
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with the International and the outstanding <lifl:'ere11ce formell by the equations thus established is 
less than 0.1 milligrarnme. 

The Arago Kilogramme was also weighed under my direction "With the gilt Silbermann Kilo
gl'amme an<l with the brass Star Kilogramme of this Office, and it appears that while the relation 
of the Arago (platinum) Kilogramme to tlie Silhermann (gilded brass) bas not changed sensibly since 
1873, the Star (brass) Kilogramme has not preserved its weight as perfectly, ha\-iug gained more by 
oxidation than it has lost. by abrasion. T!Jis is in accordance with pre\ious experience. It was in 
vimr of this fact that I requested ~·ou to authorize the Electrot.vping Division t-0 make experiwcnts 
on gilding weights of the composition (Hassler brass) used in this Office as working stamlarus. 

A necessary comparison was also made by me between the two British standard Yards, Iron 
No. 57 and Bronze No. 11. An account of the comparison of these two yards with each other and 
of No. 11 with the Imperial standard was published in Appendix 12, Report for 1876; since then, 
for reasons stated in that appendix, No. 57 was sent abroad and was compared in London with the 
Imperial Stamlard; it was returned to this Office in 1884, but no comparison was made after its 
nitum hetwee11 it·aud No. 11 until the recent one made by me. The result of these subsequent 
comparisons lms shown the correctness of the lengths assigned to Bronze No. 11 and Iron No. 57 in 
A p1iernlix 12, He port for 1876, above quoted. 

Though the courtesy of Prof. Henry l\forton, President of the Stevens Institute of Technology, 
a Hassler brass bar, belonging to the Institute, which bad been compared at the International 
Bureau with its standard was loaned to this Office and was compared with its fellow Yard and Metre 
No. 1, at the prevailing temperature of the comparing room. Berlin Metre No. 49, largely used in 
pendulum work, was then compareu with Yard an<l l\lctre No. 1, and thus related to the Interna· 
tional ::\ktrc. Ilithcrto No. ,1() has been referred to the luteruational Standard through the com
pariso11;; of Profof'sor Foerster at Berlin. The two Yalucs thus obtained arc not strictly comparable 
because the co ellicient of expansion of Yard aml Metre ~o. 1 is not accurately known, and although 
it can [)(l dcriwd from fmther comparisons, at a lower temperature, with No. 49 they will have to 
ht\ lleforn•<l until fall when the temperature of the comparing room is lower. The urgent neces
sity for a room whose temperature cau be artificially eontrollc<l is well known to you, but is again 
made appareut hy these facts. 

The compari;;o11s made wit!J Metre No. 49 show that the latter is not well adapted to its origi
nal pm·11ose, that of serdng as a staJHlanl of' refon)llet', because the <lefi11i11g lines am of irregular 
wi<Ith :uul too crntr;;e anll lleep to meet lllotlern requirements. The effect of the illumination on 
tht> appearance of t!Jese liues was brought out iucide11tally b,r the comparisons recently made in 
wliich the conditions were so varied as to show this source of error. 

Iu this counectiou it s!Jonld be mentioned that the Tolles illuminating prisms in the microscopes 
ham 11ot, as at present arranged, given satisfaction and recourse was again had to the old form 
of an extemal retlect1Jr under the ol~jective. The microscopes of the comparator have been sup
plie1l with levels arnl thHir mounting has been changed. A set of comparisons was made to test 
whethel' the beam coznpasH nlicroscopes of tlie comparator maintain their relative position when 
the beam compass cnrryiug them i8 moved to and fro. The comparhmns so far made indicate that 
the clfoct is very slight. 

In the way of experiment the direct comparison between two end measures and betweeu a line 
autl end measure was marle 011 tlrn comparator in the same way as the comparisons between two 
line me:tsnres ar(! made, witll satisfactory results. 

This method is a motlification of that. of Fizeau, aud a'\ far as known to me has not boon prac· 
ticetl before. The e11<1 bars are preparecl for comparison by stretching a spider thread across the 
<tbutt.ing ~nrf.'lccR. Tbc direct am! rnllected images of the threads are seen separated by a line of 
light from two to five microns wille, on which the pointings are made. 

In conclusion I append au abstract of information famished by this Division. 
Yours respectfullJ, 

Mr. B. A. COLONNA, 

0. H. TlT'rMANN, 
Assista1it, U. S. Coast and Geodetic Sur'Cey. 

Assistant in charge of Office and Topography, 
Wa.shington, ]). 0. 



 

UNI'l'ED S1'ATER COAST AND G I<;ODETH.J SUIWEY. 149 

A.bstract ofinformationfurnishe<l by the Wcigltts an<l ,~feasures Din"sionfroni Octolm· 7, 1887 to June 
:m, 1888. 

Jlat.>. II Nam<·. j 
~~---------!~~~ 

0<~t~
87

. 20 ·1 Fairbanks & Co . ----· ............. -··\ St. JoJmslmr.h Vt . ...• .•• .•. . . •••. \\""oighing-8 of n, Ret nf tros arnlan)inlupoi8 oumwi:t. 
Nov. 5 Snb. AMst. v.m 01d~·11...... ......... (_J; ast anti Guodetie Survey.......... 111 ITg'a.rtl to longth of tap~·. 

Doc. 1' ! \Vm. P. Ma.son -· ....... ------ .... --1 Troy, N. Y -----· .......... .... .. In r'•gaT'{l t,o «h·finition of lq!ill gallon. 

nee. 311 
LouisBC'll ............................ I JohnsHopkin:-JUJJiYersity ····•····· Inre~anltocertainmt:trit'h('alos. 

Due. 6 CoLP.C.Harril'! ....................... ( U.S.Engincers •.•.•••...••..•••.•..• Inrt~~anltolt·ngthofta..pc, 

Dec. 
1 

E. D. Jireston ......................... : U.S. Coast an<l Geodetic Surv<'Y······ 111 reg-a rd to thc:'rrnoruetric comparison:<.. 

llec. 21 E. D. Preston ..•.............•..•..... j U. S. Coast aml Geo<letic Survey...... !Jo. 
Dec. 29 Prof.I. T. Osmond ..................... I State Collegc•1 Pa ...................... Iu re~ard to st.amlard;;; for agricultural colh·gt:in. 

1888. 1· 

Jau. 3 Asst. C. S.Pciree ...•...........•.... , U.S. Coast and Geodetic Surv~y ..... · 1 Itrnmlts of pernlulum weighill~li. 
Jan. 23 F. O. Maxon, C.E ..................... 1 U. S. Navy............................ Reiiults of tape comparil:w11. 
Feb. 2 Keuift'l & E1.1:;er ...................... \ Nt~w York .............................. Comparison of ;vard and mot<-r b;u·. 

Fob. 18 Wm.G.Stdnmetz,C.E .....•..••..•. ! \Vaahing;ton ........................... : nesnltsoftapocomparison. 

Mar. Prof. Wm. Hat•ktrnRs .................. I TT. R. Transit of Venue Commission ... j RC'tmlts of comparison of stnrnlard iuch. 
Mar. 19 Asst. C. S. Peirce . ..•... ......... ......... r. S. CoaAt an<l Geodetic Sun'<•y ..•.•. i Reitnlts of corup:trisorn:t of mekr B ar,tl Xo. 49. 

Har. 30 I>rof.J. 'Torre~ .......................... Iowa College .............................. ' H<'sults of cOmpadson of mdrk weigh ti:~. 

l{n.r. 30 Prof.Geo.TI.Cook ................... ] NcwDrunswick,N .• J ................. ~ Uesult~oftapocomparison. 
Mar. 31 Instrument Div-ision ........................ j U.S. Coast an<l Geodetic Survey ...... ) It-t.'Bnlts of tape comparison. 
May 2 ChiefofOrdnauce ......••••.••.•••.•. I U.S . .Army ....•..••••••.•••...••.... 1 Results of comparisons of 18 rod•arnl~ roun,I 

I gauges. 
May 14 A. IT. Sabin.......................... I.ong Islan1l .................•..... ·-·I RPlatirn t-0 logalcapacity measures. 
May 12 E. D. Preston........................ U.S. Coast and Geodetic Surrey ..... ; Results of thermometer comparisons. 
Jnno 2 F. 0. Maxon, C.E.. .. .... ....... .. • .... . . . U.S. Navy .......................... 1

1 

Results of tapn l'omparisous 
June 6 American Machine Company ....... I Philadelphia................................ Results of wei~hmgs . 

• Tune 12 E.D.VanCA ..................... ····1 Kinsman,Ohio ..••••••••••.••••••.•... I Inregardtotap1·lines .. 
June 19 Chief Hydrogmpher ............•..... 

1 

U.S.Navy .......•.•...•••.••..••••.•. Rt'•ultof tapL·comparisou. 
June 25 .Asst.J.B.Baylor ...•....•......•.... U.B.C..:oastandGcodctic Surrey ..•.. I Do. 
Juno 'ff/ American 1'.lfochine Con1pany ......... Philadelphia .. . . . ............ I Result of weighmgs. 

June 30 Prof. Wm.Harkness .......•.•.•..•... : U.8. Transit of Venus Commission ··I Resultol h•ugth comparisons. 
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APPENDIX No. 5.-1888. 

REPORT OF THE HYDROGRAPHIC INSPECTOR FOR THE YEAR ENDING JUNE 30, 1888. 

U. S. COAB1' AND GEODE'I'IC SURVEY OFFICE, 

Wasltington, U. ()., Oetobe1· 31, 1888. 
SIR: I have the honor to submit the following report on the hydrogrnphic work under my 

charge, and 011 the condition of the vesseh1 of the Sarvey, and the repairs made to them duriug 
the fiscal year ending June 30, 1888. 

HYDROGRAPHY-COAST OF MAINE. 

The beginning of the fiscal year found the steamer Ged1iey, Lieut. F. H. Crosby, U. S. N., 
commanding, on the coast of Maine, the party having arrived on tlle working ground on June 11. 
Lieutenant Crosby closed work on the 19th of October, liaYing in the mean time finished tlle 
bydrography of Passamaquoddy Bay from Eastport to the mouth of St. Croix River-the sun·ey 
of the St. Croix Hiver from its month to Calais-anrl Rheet No. 1 of Cobscook Btty. In addition 
to the regular work on the coast of Maine, Lieutenant Crosby made examinations in Penobscot 
Hiver and in the vicinity of Machias Seal Islands. The Gedne!f returned to New York fate in 
October and was immediately put in condition for further service in the Gulf. 

VINEY ARD SOUND. 

The schooner Eagre, Lieut. C. P. Perkins, U.S. N., commanding, having been engaged in Long 
Island Sound on current work and in making examinations and developing shoal spots, moYed to 
Vineyard Sound a few days before the beginning of the fiscal year. The party was a large one 
and hacl attached to it, in addition to the Eag1·e, the steamer Daisy, three large steam.launches, 
and a small Herreshoff launch. This obviated the necessity for delay in case of the breaking 
down of one of the boats. The work of the party in the Eagre was principally confined to Vine
yard Sound, extending out as far as No Man's Land, which is rather beyond the limits to which 
steam-launch parties should work. This was shown on one occasion when a gale of wind coming 
up suddenly, the Daisy started to convoy and tow the Herreshoff launch back to a secure anchor
age inshore, but unfortunately the launch foundered on the way in. 

The steamer Backe, Lieut. J. F. Moser, U. S. N., commanding, arrived in Vineyard Sound at 
the beginning uf the year, and was very successful in extending the hydrography from Block 

·Island to Martha's Vineyard. The usual delays and interruptions were occasioned by fogs and 
bad weather, but notwithstanding this the progress was very rapid. 

The Backe closed work on the 4th of November and proceeded to Baltimore to refit for work 
ou the coast of Florida. 

The Eagre closed work on the 5th of November and proceeded to New York, at which place 
:~Uthe officers were detached with the exception of the chief of the party, who remained with the 
recorder to get the records in shape for sending to the office. Daring the winter the party on 
board the .Eagre made special examinations near Lawrence Point, East River, and at New York 
entrance. Lieutenant Perkins was detached from the Survey February 28, 1888, and was suc
ceeded in command of the Eagre by Lieut. Sumner C. Paine, U. S. N. 
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Tbe Eagre left New York in May, 1888, to proceed to the eastward and continued thf: 
rn1mrvey of Vineyard Sound. Lieutenant Paine was directed to stop at Stouiugton, Conn., and 
urnke a Hpecial examination of Noyes's Shoal off the entrance to Stonington Harbor. Upon the 
completion of this service the rt>gular work of tlle part~· in Viuc,yanl Sound was taken up ancl 
was in progress at tile close of the fi~cal year. 

'fhc 1wcessit,y of the r<'1mrn1y of Vim\nml Sound is sl1own hy the great changes that have 
been dcniloped in various places, this beillg <'specially marked near the eastern limits. For 
instance, a report of the grounding of the i:;teamer Orion 011 a shoal to the eastward of Great 
Uouud shoal having been received through the Brauch II~·drographic Office at Bostou, the com
mamling oJlicer of the Gedney was directed to make an examination at as early a date as prac· 
tica!Jle. A shmtl was dcYcloped wit!.t least depth of fifteen feet of water wllere the former survey 
gave o\'IW seven fatllorus, and tllis well outside of all the numerous shoals whicl1 lie between 
Nantucket and l\fouoruoy. Many such chaugcs have ueen developed in the iirogress of tl1is 
important work. 

SEA-COAST IIYDROGRAPUY AND CURRENTS. 

The steamer Blake, Lieut. J.E. Pillsbury, U.S. N., commanding, was engaged from July to 
November making off.shore somulings from l\lontauk l'oint to Phelps's Bank, and in making cur
rent obserYatious tixtcnding from a iiosition to the southward of Nantucket to the coast of New 
Jerse~·. 'fhese obserYations added materially to the information in the office in regard to the set 
of the current in this important locality. l\Iuch, however, remains to be done in investigations 
regarding inshore currents aloug our coast. 

CHESAPEAKE BAY-VICINITY OF CAPE CIIARLES. 

Owing to the reported changes in the extensiw; shoal grounds in the vicinity of Cape Charles 
on the northern side of the entrance to Chesapeake Hay, it was deemed advisable to make a 
resun·ey of the locality. Thii:; duty was assigue<l to Lieut. M. L. Wood, L. S. N., assistant Coast 
and Geodetic Survey, who was directed in April, 1888, to assume command of the steamer En· 
dea1wr, then at New York, and organize a hydrographic p:irty on board that vessel. The Endeavor 
left New York April 21, and upon arriYal at the working grouud the resurvey was begun at once, 
and was prosecuted vigorousl.r, though much retal'de<l by nJry unfavorable weather. This work 
was still in progress at the close of the fo;cal year. 

NORTH CAROLrnA SOUNDS. 

The party on board the schooner Scoresby, Lieut. Francis Winslow, U. S. N., commanding, 
was engaged throughout the year upon works connected with an examination of the oyster-beds 
of the sounds of North <.::arolina. 

ST. SillON'S SOUND, GEORGIA. 

The bar obstructing the entrance to St. Simon's Sound, Georgia, is of a shifting character, 
and the results of surveys of it can not be depencled upon for an~· lcni,,rth of timfl. The growing 
commercial interests of the port of Brunswick, Ga., approached through St. Simon's Sound, render 
it desirable, however, that the bar Le examined occasionally. Accordingly the party on board 
the Blake made a resurvey of this bar in M:ay, 18&'), and the results obtained, which show marked 
changes, are now indicat-0d on the charts. 

WEST COAST OF FLORIDA. 

The steamer Bache, Lieut .• r. F. Moser, U. S. N., commanding, having refitted at Baltimore, 
sailml January 3, 1888, for the Gu~f of Mexico, where the hydrographic work on the west ooat1t of 
Florida was carried on by this party until May 10. T11e results show a most gratifying success 
achieved ih the face of many adverse conditions. At the end of the fiscal year the Bache, having 
refitted at New Bedford, Mass., had begnu work in the vicinity of Martha's Vineyard. 
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COAST OF LOUISI.ANA. 

The steamer Gedney, Lieut. F. Il. Crosby, U. S. N., commanding, left New York .January 3, 
1888, under instruction~ to continue unfinished hydrograpby on the coast of Louisiana, and was 
engaged in this ~ork until June 1. During the greater portion of the season, progress was much 

·,retarded hy unfavorable weather. 
On the way south in January, 1888, an examination of a reported shoal was made off New 

Inlet, Florida. 

HYDROGRAPHY-PACIFIC COAST (COASTS OF OREGON AND W.A.SIIINGTON TERRITORY). 

The steamer 1llcArthur, Lieut. J. C. Burnett, U. s. N., commanding, has been engaged in 
hydrographic work on the coasts of Oregon and Washington Territory. On September 18, 1887, 
a whale-boat was capsized while in Shoalwater Uay, Washington Territory, while away from the 
vessel on duty, resulting in the death of Ensign N. S. Mosely, U.S. N., in charge of the boat. A 
special report of this distressing occurrence was made at the time. "\<Vork was closed in October, 
1887, and resumeu in April following. This party was still on the working ground at the close of 
the fiscal year. The prevalence or thick fogs has been a great drawback in the work. 

PUGET SOUND AND ADJACENT WATERS. 

The schooner Earnest has been emflloyed in the survey of the northern waters of Washington 
Territory. Work for the season of 1887 was closed October 2cl. Lieut. C. T. Forse, U.S. N., was 
in command until December 10, 1887, and upon his detachment was succeeded by Lieut. H. T. 
Mayo, U. S. N. Work was resumed in April, 1888, and was in progress at the close of the fiscal 
year. 

ALASKA EXPLORATIONS, 

The steamer PattersQn, Lieut. Commander 0. M. Thomas, U. S. N., commanding, having been 
thoroughly refitted, left San l!'rancisco for Alaska on the 9th of April, 1888, to carry on the regular 
work of the Survey in Stephan's Sound and l<'rederick Passage. In July it became necessary to 
discontinue this work to take up that of Portland Canal and Pearse's Channel, a survey of this 
locality having been requested by the Department of State. Lieutenant CommanderThomas was 
instructed to push this as rapidly as was consistent with accuracy, and to complete it before the 
end of the seaRon. The reports of this work are most gratifying, showing great skill and energy 
on the part of the chief of party and his assistants. 

In addition to the above mentioned work the following hydrography bas been executed by the 
field officers of the Survey in connection witb. topography, and turned in for verification: 

Off Nausett Beach, M.assoohusetts, by Assistant H. L. Marindin, Coast and Geodetic Survey. 
Inside waters of Delaware, Maryland, and Virginia, by Assistant D. B. Wainwright, Coast 

and Geodetic Survey. 
Mobile River, Alabama, by Subassistant J. Henry Turner, Coast and Geodetic Survey. 
Atchafalaya River, Louisiana, by Assistant C. B. Sinclair, Coast and Geodetic Surrny. 
San Juan, Capistrano Bay, California, Ferdinand Westdabl. 
Eel River, California, Ferdinand Westdahl. 
Examination of Newport Bay and San Pedro Bay, Ferdinand West<lahl. 
In the three last named cases the work was executed under the general direction of Prof. 

George Davidson, Assistant Coast and Geodetic Survey. 

DEEP SE.A. SOUNDINGS .A.ND OCEAN CURRENTS. 

The plan submitted by Lieut. J.E. Pillsbury, U. S. N., for his winter's work having been 
approved by you, the Blake, under bis command, started south on the 28th of December, 1887, for 
the purpose of gauging the currents which enter the Caribbean Sea. During the winter he 
occupied stations in &11 the channels between the Windward Islands and extending as far to the 
westward as Cuba. His very interesting report is already in your possession. The work on w bich 
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Lieutenant Pillsbury is engaged is of iuterest not only to the seienfa1t btit of the greatest valut:1 
to the navigator. It is the most praetical and thorough attempt to investigate ocean currents 
that has ever been made, and the results are most grati(ying. 

ALASKA COAST PILOT. 

The amount of new data available co11cerniug the coast of Alaska rendered the rewriting of 
the Ala:ska Coast Pilot desirable, and iu compliauce with my recommernlation to that effect this 
work was, iu November, 1887, placed in the bands of Lieut. Commander H. E. Nichols, U. S. N., 
Assistant Coast and Geo1letic Survey, whose service iu Alaskan waters rendered him peculiarly 
well fitted for this important m;sigumm1t. 

Lieuteuant-Commauder Nichols ha8 been engaged upon this dut_y throughout the remaining 
portion of the fiscal ~-ear. Earl,Y in the spring of 1888 he visited Alaska in connection with the 
work, and was still colledrng tlat;1 in that lom1lity at the close of the fiscal ,Year. Ile has since 
retnrued to San Francisco an<l has imbmitted an interesting report of his season's work. 

COAST PILOT DIVJSION. 

The Coast Pilot DiYision has con tinned under the immediate supervh5io11 of Lieut. George H. 
Peters, U. 8. N., Assistant Coast and Beodetic Snrrny, whose annual re.port is submitted herewith. 

Lieutenant Peters has immedial<> charge of the Coast Pilot work of the Survey on tbe Atlantic 
coast aud his duties afloat require him to be ab,;eut from th~ office from time to time. Dnriug such 
periods Ensign K H. Tillman, U. 8. N ., ha" been in charge of the office work of this Division. 

Altho~1gh the fmce available for compiling Coast Pilot matter, etc., has been materially affected 
by detachment, and b,v assignment to other duties, yet there has been no time wl1en the printer 
has not h.nl i11 hand the ma11uscript of one or more ,-olumes, and other manuscript has been 
prepared and is ready to I e put in type when practicable. 

\Vork has been in progre.~s on a large volume, de.~igncd to cover the Atlantic Coast of the United 
States. As 8tatcd i11 tlw annual n•port of last year, the plau followed in the work it,i iu conformity 
with the method of treatment propo:,ied by lJieutenaut Peters. In consideration of the time rt>quired 
to issue the entire work in printe1l form, it has been deemed mh·isable to prepare and have printed 
separately such parts of the new work a;i cover portions of the coast for which a publication of 
tllis natnre is in most tlcnrnrnl. \Vith this in view, the manuscript of the new work covering the 
coast from Point ,Judith to the B<ist Hivcr inclusive has been sent to the printer, to be issued in 
one part or Yolume. · 

IIYDJWGRA.I'HIC DIVISION. 

This Dh·i,.ion was in charge of Lieut. 1\1. L. Wood, U. S. N., from the beginning of the fiscal 
year until April 17, 1888. Ou the latter date J,ieutenant \Yood was temporarily detached from 
tht~ office and ordered to command the steamer Enrlenror. 

Duriug the absence of Lieutenant \Vood, Lieutenant Peters assumed charge of the Division 
iu addition to his own work, and on the latter's detachment in May for field duty, all this work 
de\·olvetl upon Ensign Tillman, U.S. N. 

Th(~ duties of the Hydrographic Division are various, numerous, and exacting, consisting in laying 
out hydrographic work, plottiug hydrography, examining and rnri(ying sheets from the field and 
drawings for photo-lithograpbs,aml in giving notification of newly discovered dangers, changes in 
hydrograph:r and changes iu the aids to navigation, so that the same may be properly shown on 
the charts at the earliest possible moment and furnished the mariuer through the monthly Notice 
to Mariners. 

The re1lort of Lieut. M. L. Wood, U.S. N., in charge of the Division, is forwarded herewith. 

REP AIRS OF VESSELS. 

During the past fiscal year the vessels of the Survey have been kept in fair condition, and a 
steam-launch and a sharpie, a small schooner of light draugbt, have been purchased or built. The 
latter vessel was built under special instructions from you for use in the inland waters of l!'lorida 
and Louisiana, where a ligbt draught is absolutely essential. 
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A second vessel of the same class, sixty feet long and not to draw more than twPnty inches 
with a loacl of four and a half tons, i:s now being constructed by the same builder, :\fr. A. C. Brown, 
of Tottenville, N. Y. \Vith these limited dimensions, fairly comfortable quarters for three officers 
and eight men are obtained, with water and provision capacity for thirty days. I am informed 
,by Mr. B. .A .. Colonna, Assistant in charge of Office and Topography, who first suggeste(l the build· 
ing of vessels of this class, that they in every way answer the purpose he had in Yiew in proposing 
them to you. 

The 8team-lann('h referre(l to ahove was purchased for use iu Puget Sound for three thousand 
dollars. It was at first the intention to build a boat better adapfod to the purpm;e than anything 
offered for sale, but the high prices charged for both hull and moti\·c power, together with the loss 
of time it would incur, rendered this not advisable. 'When an opportunity occurs, at, the encl of 
the summer season, changes in the internal arrangements of this boat can "be made, which will 
better adapt her for hydrograpbic purposes. 

No extensive repairs have been made to any one of tbe vessels, except possibly to the Hassler 
antl Endeavor. Neither of these vessels had been used for some tinw, and consequently a larger 
sum of money than usual was necessary to put them in proper condition for work. 

The stern-wheel steamer Barata,ria aud launches Nos. 3, 9, and 1G were sold <luring the fiscal 
year, they being olcl and not worth repairing. 

The schooner Silliman wa8 found to be in a condition that did not warrant her heing repaired, 
and there was moreover no neces8ity of retaining her in the Surn;y, as Wtl ban; more vessels of 
this class than are needed. This was by your direction represented to the Navy Department, with 
the sugg~stion that she be transferred for experimental purposes Rhonl'l that Department deem it 
advisable. The offer was accepted and the transfer m:1de, and the Silliman was afterwardR used 
111 an experimental trial of the d,vnamite gun. 

In April the steamer Dafay was by your direction loaned to tlie New York and New Jersey 
Boundary Commission for the purpo8e of replacing the buoys iu Haritan Bay aud to mark the per
manent boundary line between New York and New Jerse;r. 

In .M.ay the schooner Palinunis was tnrned over for the summer to the New York Fisheries 
Commission. 

The steam wliale-boat No. 21 attached to the schooner Yitkon was lost in tl~e month of Nm·em
ber, having been swamped, owing to the parting of a tow-line while alongside of the Yukon. 

The Herreshoff Launch No. 13 attached to tilie 1iarty in Vineyard Sound under charge of Lieut. 
C. P. Perkins, U.S. N., was also lost in Septemher, 1887, while running from No .M.an's Land to 
Uuttyhunk for a harbor. 

The vessels of the Sur,·es have been kept in fair condition during the past year. While the 
amount of the appropriation for repairs of vessels is ample for all ordinary overhauling, it will not 
he sufficient when it becomes necessary to make extended repairs to several of the larger vessels 
and at the same time to replace any of the steam-launches. 

The repairs to the Gedney necessary to place her in condition for passage to San Francisco, 
sheathing and other repairs to the lflake, and a general overhauling of the Endeai,or to place 
her in proper shape to take the Gedney's place in the Gulf, will exhaust so much of the repair fund 
as to render it difficult to keep the other vessels running during the fiscal year. It is important 
that the McArthur should be supplied with a new boiler at an early date, but this will be impos
sible during the present fiscal year (1888-1889) unless special appropriation is made. 

The clerical work in this office was performed by Mr. George J. Vestner, Mr. R. E. King, and Mr. 
W. H. Lanman until January 9, 1888, when Mr. J. H. Roeth was assigned to thii; <luty. This 
work, which is laborious and exacting, has during the year been satisfactorily performed by these 
gentlemen. 

In conclusion I would say that the inshore hydrography of the coast of Maine is, at this date, 
October, 1888, completed. The survey of Vineyard Sound will be completed next year, thus finish
ing the resurvey of that important thoroughfare from New York to Boston. 

The survey of the latter harbor should be ta.ken up at an early date, as the chart at present in 
use is not what it should be for so important a place. The hydrography was executed in 1861-1864 
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under the direction of the Ilaruor Commissioners of tile State of Massachltsetts, so that the Survey 
has no work of its own to place llefore the public. 

'rim original ltydrograpbic survey of thti Atlantic coast is practically completed, but examina
tion aml resun'eys of our sand-bar harbors will be constantly required. 

Tho plan of dividing the coast into districts and having a vessel of the Survey fully equipped 
assigned to each district to gain all possible information necessary to keep charts up to date has 
frequently been a subject of discussion betweell us. 

The hydrographic survey in the Gulf is ne;trly completed; two years shoultl end it with aver-
age season's work. 

In the Pacific the work is not so far advance<l, owing to slwrt appropriations, insufficient num-
ber of vessels, and a very difficult coast to work ou. From these and other causes, notably among 
them, fogs, the work has necessarily been slow. I am of the opinion that it will take from four to 
six years to complete the development of the fifty-fatliom curve from San Diego to Puget Sound. 

The survey of Alaska, one of great importance, has been very rapidl~T advanced during the 
past year. The present scheme embraces only the usual inside steamer route to Sitka, but the in
creasing comm11rce, due to the couutry's great natural atlnrntages in the way of minerals, timber, 
a111l fisl1, seems to demaml that the survey of this important territory be extended to the outside 
coast a.s far as the Aleutian Islands and eventually to Bering Strait. 

Very respectfully, 

Mr. F. M. TIIORN, 

W. CI. BROWNSON, 
Lieutenant Commander U. S. Navy, Hydrographie Inspector. 

Superintendent Coast and Geodetic Survey, Washington D. C. 

llEPORT OF TlIE COAST PILOT DirISlON FOR TIIE FISCAL YEAR ENDINO JUNE 30, 1888. 

U. S. COAST AND GEODETIC SURVEY OFFICE, 
Washington, October 19, 1888. 

SIR: I have the honor to submit the following report covering the work of the Coast Pilot 
Division during the fiscal year ending June .30, 1888. Under the general direction of the Hydro
graphic Inspect.or the duties of this Division involve the execution of work both at the office and 
iu the field. 

At tile beginning of the year the first editiou of Subdivision 21, and new editions of Subdivis
ions 61 7, and 9 of the Atlantic Loeal Coast Pilot were in the hands of the printer. Subdivision 
21 has been put through the press and published. The new (third) edition of Subdivisions 6, 
and 7, in one volume, was in press at the close of the ~ear and will soon be published. The manu
script oftht1 new edition of Subdivision 9 has been returned, with the request that any alterations 
rendered necessary by change in aids to navigation, etc., since its preparation may be made in 
the manuscript, and this work is now in band. 

A new Coast Pilot volume covering the coast from Point Judith to the East River was prac
tically completed at the close of the fiscal year and has since been sent to the printer, under the 
title "U. S. Coast Pilo~Atlantic Coast, Part IV-Long Island Sound, with approaches and ad
jacent waters." This volume was prepared as part of the large volume, now in preparation, which 
is designed to embra~e the Atlantic Coast of the United States. The plan followed is in conformity 
with the method of treatment proposed by me for Coast Pilot work, the adoption of this method 
ha\"ing been authorized by the Superintendent. Part IV is t-0 be issued separately to moot the 
tlemand for a Coast Pilot publication covering the section of the coast include<l therein. 

The manuscript for tbe first edition of the A tlantie Local Coast Pilot, Subdivision 22, Straits 
of Florida, has been prepared and is ready for the printer. 

Much work has been done in connection with. the preparation of the large volume designed to 
cover the Atlantic Coast. A great part of the manuscript for tho coast of Maine is practically 
ready for the printer. Much of the new work on the coast of Massachusetts llas been incorporated 
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in the new edition of Subdivisions 6 and 7 of the old Local Coast Pilot series. For Nantucket and 
Vine;yard Sounds the field-work has been done, and a considerable part of the office work. Buz
zard's and NaITagansett Bays have received nearly all the attention that will be necessary. A 
part of the new litrge volume embracing the coast from Point Judith to the East Hiver is now in 
·the hands of the printer to be published as a special issue, as already stated. Nearly all of the 
manuscript for New York Bay and Harbor and the adjacent waters has been prepared, as has that 
for the coast of New Jersey. In Delaware Ilay and River but little has been done; the field-work 
is still to be taken up. Much work was accomplished in connection with Chesapeake Bay and 
tributaries, which it was intenued to include in a separate small volume. This has not yet been 
done, owing to t.he many delays in printing new editions of volumes already on the catalogue but 
out of print. Considerable revision will now be necessary for the Chesapeake, aml this is now in 
hand. Work is also in progress on the shore from Cape Henry to Key \Vest, which can soon be 
put in shape, as it will probably be covered by less than eight.'· pages of printed matter. 

Excellent result~ are still obtained by the use, when desirable, of the general form of inter
rogatories devised with the view of obtaining directly from the best local sources, special informa
tion concerning our ports and harbors. Great courtesy bas been shown by local authorities in 
furnishing information desired. 

The field-work of collection, revision, and verification of data, has been carried on from time 
to time as necessary under special instructions, and reports covering such work have already been 
made. From the beginning of the fiscal year until in October I had command of the End{!avor, 
engaged in work of this nature on the Eastern coast and especially on the coast of Maine. En· 
sign William J. Maxwell and Mr. John Ross were with me on board the Endeavor, Ensign E. H. 
Tillman _being the only one of the Coast Pilot force at the Office during this period. The members 
of the party were detached from the Endeavor October 20, 1887, and resumecl duties at the Office. 
The results obtained while afloat have given a large amount of matter, now in manuscript, much 
of which is practically in shape for publication. 

After April 18, 1888, the charge of the Hydrographic Division devolved on me and required 
a large share of my personal attention until I again took up field duties, assuming command of the 
steamer Daisy, May 31, 1888, for Coast Pilot work in Nantucket and Vineyard Sounds and Buz
zard's Bay. I was accompanied by Mr. Hoss wLilc engaged on this work, which was not quite 
completed at the close of the fiscal .rear. 

Ensign William J. Maxwell, U. S. N., was detached from the Survey Now.mber 20, 1887. 
Ile is an officer of excellent judgment and is zealous and industrions. I consider myself fortunate 
iu having had his valuable assistance. Ensign Edwin H. Tillman, U. S. N., and Mr. ,John Ross 
have rendered most efficien,t services in connection with the Coast Pilot work throughout the year. 
After my departure for field-work in May, 1888, Mr. Tillman had immediate charge of the details 
of Office work of both the Coast Pilot ancl Hydrographic Divisions, the duties of the latter neceR· 
sarily occupying the greater part of his time. Miss Glova B. Bower was temporarily assigned to 
duty in the Coast Pilot Division as a copyist, in April, 1888, and by instructions of the Superiu
tendent was employed in that capacity as a part of the regular force of the Division from May 1, 
1888. Miss Bower pe1formed her duties to my satisfaction. 

Very respectfully, 
GEOHGE H. PETERS, 

Lieutenant U. S. N., .Assistant Ooa.st and Goodetic Suri,ey, 
Chief of Coast I'ilot Division. 

Lieut. Commander W. II. BROWNSON, U. S. N., 
Hydrographio Inspecwr, Coast alUl Geodetic Survey, 

W asliington, D. C. 



 

158 UNITED STATES CO.AST .A~D GEODETIC Sl.JRVEY. 

REl'OIIT OP TILE HYlJIWGliAPJJIC J>Ir-IS/OV FOTt THE I-EAR E.YDISG .JU.YE :~o. 11'188. 

U.S. COAS'l' AND GEODE'l'IC SURVEY OFFICE, 

Washington, D. C., October 4, 1888. 
Sm: I have the honor to submit the following report of the work performed by the Hydro

graphic Dh·isirm during the fiscal year ending ,J mw :~o, 1888. 
Ou April 17, 1888, I wa;:; temporarily tletaeltetl and onlc>red to take cliarge of a Hydrographic 

party ou board the steamer E1uletttor. During my absence Lieut. 0-. H. Peters, U. S. N., hall 
charge of the <livh;iou until l\lay 31, wlwn he wa;; ordered to fieltl duty, aud Ensign E. H. 'L'ill
man, U S. N., wm; left in charge until the close of the fiscal year. 

'rile draughtsmen assigned to regular duty in tlte Hydrograpltic Division are: Eugeue 'Willen· 
biiclter, \V. C. \Vilhmbiicher, F. 0. Donn, an<l R Il. \Vyvill, tlle latter from December IO, 1888. 

As noticed in my last. report, then• has lwm1 au increase 1luring tile last few years in the amount 
of data from h)·!lrographic parties passing through this Di\·h;iou in the oflic~. Tllis amount has 
probably reached its maximum atH] can he attende•l to hy the force 011 ltand. 

llydro!lmphic .~tati.•tic.~ for .fi.~cal yenr.~ 18.S6-18S8, incl11sii1e. 

Nuu11'Pr of-

' i ~ht·etR.: 
11
\' ol-

I 1 ll•'H. 

Jliscal ymi.r t•1ulin~ .Juul' 30~ 

A11.!!;h"M. Soundings, Mil~s Scprarl;'. 
run. mile~. 

I 

!Rl'G ---· - -- -·-- -- -- - --- --· ------1 
tBHi ....... -········ .•••••.•..•.•.. I 
io:;s .......... _ ..... ·- ... -----.. --- .. I 

I 

:l7i 
' 11 ';, 5~.~ 
' 

5Gi, HfiS 14. 9:Jt 8, 701 

l:M,301 I ()61, 6~:.! 17, 551 11, 286 

l~HI, Gil I (jO!I, !103 

' 
19, 912 l 11, 87f> 

470 

There will always he a uecessity for lm,·i11g the records of work done by hydrographic parties 
in the field plotted, drawu, antl ,·eritied ill tlJis DiYisiou as rapidl,y as i•ossible, so that intelligent 
decisions can ue reached as to the data requin~ll for immediate use in correcting charts already 
published or in process of constrnction. 

l call ;rour attention to a reduetiou in the number of corrections required to be made on proofo 
and copies of cltarts owi11g· to chauge8 in the routine, aml th.e com;equeut reduction ii:t the number 
of corrections required to ht\ mallt~ by lrnud on copies of charts issued from this office. 

During the past few years, owing to the increase in the 11urnber of sources of information, cor
recting charts to <late of seudi ug from the Oflice had become a task i and a1; the1;e corrections re
lating to hydrogrnphy emauated from thiis Division aud had to be indicated on proofs for the 
information of other Divisious in the Office, tl1e labor required in this Division alone was quite an 
it1•m, and the applwatinu of these correctious to printed copies on t,be shelves of the chart-room 
wits <t S(Were labor which uecessarily intflfored with the rapid filling of requisitions. 

To reduce labor hotlt in this Division and in the cltart-room, a chauge bas been made in the 
system of Hupplyiug cnrrections and in correcting copies of cltarts to be issued. Iu consequence 
a material reduction has heeu made in the liability to error in supplying corrections to tlate and 
also in tile numher of corrPl'.tinus to b(~ applie11 hy hand, au<l tile accuracy of Uoast and Geodetic 
Survey charts issued for all pnrpmms materially increased. 

The care and labor formerly expc11de1l in applying hand corrections to proofs and copies is 
now applied in a different form with more gratif~'iug re:rnlts. At present it can be safely said that 
the chart:; of the Coast aud Geodetic Survey are practically corrected from all information received 
at tlie. Office to date of issue from the chart-room. 

The date of priuting and the date of issue from chart-room now indicate the limit of the office 
indorsemeut; an<l the increasing demand for the charts of the Survey on the part of the sea-faring 
colllmunit,y shows an appreciation of the improvements made in keeping important changes 
indicated to as late a date as possible. 

NotPs of corrections for charts ha Ye heretofore been j15sned quarterly in a "Notice to Mar· 
iners," until during the past year, when the issue has been monthly instead of quarterly, with satis
factory results in simplif.ving work in the DiYision and in giving earlier information of important 
changes to tl1ose using charts. -
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The time required for isguing "Notices to Mariners" from the date of sending the copy to the 
date of mailing the printed notice has been reduced to about six or seven dap, which seems about 
as short as it can be made under the present routine of printing in a different part of the city, in 
au office where tl;le work loses its turn of precedence on accouut of the time necessarily taken up 
·in conveying proofs backward aml forward. 

It is possible that arrangements could be made for this printing to be done in this building, aml 
it is certain that a cllange could be effected tllat would result iu economy to the Government and 
sllorten the time now required to publisll a "Notice to Mariners." 

Tllese monthly notices of chart corrections are intended to assist masters of vessels and other 
users of charts in keeping working co11ies up to date and also as a practical iudorsement of those 
requiring no corrections. 

Tlle data contained is compiled with great care from the records of this l>h'ision, of which they 
are partial abstracts. 

Nearly all letters relating to the routine work of the Division have been prepared for your 
signature. 

The duties of the Division are so complex that it is difficult to meutiou the actual work done 
by each draughtsman, as allowances. ham to be made for each in di vi dual sheet that is plotted, 
owing to the particular circumstances under which the llydrogra1lhic survey was maue. 

The draughtsmen have been emplo~'ed as outlined iu my report" of last year, with the excep
tion that to l\Ir. E. H. "\Vy viii the greater part of miscellaneolls work was assigned. 

Where every one bas done his best aud responded promptly to every call, individual mention 
is useless. 

The following is a statement of the work performed: 

Original liydrogra:pltic sheets plotted, verified, and inked dnri1ig the .fiscal year ending June 30, 1888. 

Title of sheet.. 

ATLANTIC COAST. 

Oft' ~auset.t J3ea.t~h. Ma.8~achusett8, sheet No. 1 ..... . 
Oft'Nausett. l~ach. Ma~lnn1~ttt'.I, Mht'lcL Nu. 2 .••.••.•..•••.. 

Off-sboro aonndinJZa, Mvntauk Point tu Phe]ps Bunk ....... . 

Rdgartown Harhflr, .Massacln1Rett.'i .......••. ····---···-- .•. 

Vineyard Sound, Ca,pe l'oge t-0 West Chop.·- ...•. ·-·- ... ·- .. 
Vineyard So11nd, entrance and southern approac.he..~ .... ..... . 

Approachei.to Vineyard Sound !Uld Buzzard's BaY---··---·· 
Approaches to Narrag1wsett Bay, Block Islan<l Sound -- .... 
Co"8t of lllassachu11etts, from Black Rock to Tunipns Beach. 
Co ... t of Rhode Island, from Tunipus Beach to Sachucst Point. 
Coast of RhodelMlaud, fromSa.chuest Point to Brenton'M PoinL j 

Coa.-t of Rh-0dc Island. from Brenton's Point to Point Judith I 
Experimental lines, New York Lower B&y, sheet No. 1 ··-. 
Experimental lines, New York Lower Bay, shoot No. 2 ·--- .. 
Experimenta.l liues, New York Lower Bay, sheet No. 3 .... . . 

Experimental lines, New York Lower Bay,she,etNo. 4.·----1 
Off Sandy Rook, New York Lower Bay·-·--·-··-···--···-·· 
Raritan Bay, New York and New Jersey ... ·-·-·- ·----· ·--· 

The Narrow•, New YorkBay.- •. -- ·-···- ··----·-·-·-
Arthur Kil~ WoodbridgetoFresl1 Kill .... -····-----··-··--· 
Artl1ur Kill, Fresh Kill to Dividing Cr.-ok . _ ••••..•...•..••. 
Staten Island &m.nd and lower part of Newark Bay . _ ... __ . 

Newark BaY·-·-···--··-·····--···--·-···-·-···-·--- ·-···--·-
Examination of inner b&r, Gedney ChanoeL--- -· ·-- ·-· ·----· 
Inside water•, Delaware and Maryland, Miller's Creek to 

Sinepnxent Bay. 
Chincoteague Bay, upper part, :Maryland .• -• -- . _. _ ••..•. __ .. 
Chincoteague Inlet, Virginia·-···-·--···--···········-····-· 
Iooide waters of Virginia, Watt'• Bay to Floyd's BaY-·---- .. 
W68t ooaat of Florida, sooth of Cape Romano, sheet No. :i .. 
W eat ooaat of Florida, aouth <>f Cape Romano, sheet No. 1 .. 

8<'a.lc. lkaught~man. 

1-lOOOV W. c. Willenbncher .. ___ _ 

1-10000 ...... tlo ................... . 

1-3000i)() i··-·-·do. --···-····· ... . 
1-10000 I- ..... .lo ......... - ..... . 
l-10000 I···- __ do .. __ .... - ... __ .... . 
1-20000 i E. Willcubucher._. ___ .... . 

1-401)\)0 ! -----fl" .. ·- ....... ···-· .. . 
l-40000 i ..... (\0 ···-· ·······----· 

1-10000 i W. C. Wilfonbnclier .... 
J-10000 i E. Willenhucbcr ... _. ______ _ 

1-10000 i ...... do ...... ·-·-·-·--· 
1-10000 I W. C. Willenlmcher .. _. 

1-10000 l .• ____ do ..... ·---···-···· 

1-100001·----;do ···-·-······-·--· . 
1-10000 F. C. Donn .......... __ ._ .. 

1-10000 .••••• do-··---·----····-··· 
1-2000\) i E. Willenbucl1er ···--. 

1-200001··----do ··-----·-·-·-·-··-· 
l-~00 ...... do·····--·--· ........ .. 
1-0000 _____ do.·-·-----·-·- _____ _ 

1-5000 l ______ do ·······-··-·· 

1-5000 ···---d•-··-·---··-··· 

Remarks. 

l_,loth"J(l amt drawn. 

!Jo. 

!Jo. 

llo. 
Ilo. 
Do. 

Do. 
llo. 

Du. 

Do. 

Do. 
Do. 

Protracted, plotted, and drawn. 
!lo. 

Do. 
Do. 

Plotted 11.nd drawn. 

IJo. 
llo. 
])o. 

Do. 

Do. 
1-10000 ·-·---do-··-·-- Protracted, plotted, auddrawn. 
1-10000 W. C. Willenbucher . .... ···i r1ott.cd and d1·a.w11. 

1-20000 ·----·do··-··---·····-·---· .. ! Do. 

1-20000 ·--- .• do···--·········---·-··\ Do. 
1-20000 ··----110 -··-·-··-·-···--··· .. PMtracted, plott.>d, and drawn. 

1-26000 ... -.do··--··· ...... ___ ···1 Plotted and drawn. 
1-40000 E. Willenbucber.--··-·--·-· J)o. 

1--40000 .••••• do·····-··-·····--····· Do. 
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Original hytlrographic sheets plotted, verified, aJid inked, etc.-Continued. 

Draughtsman. 
i ------------1----- -

ATf.AS'l"IC t'.O.\.ST-continm'd. / 

W t1st coa~lof Florida, Cl1a.ssal1owitzka Tiilt~r to Crystal RiYer. ! 
Examination of ruhldle ground, Cedar Kess ............... -- -I 
l<Jxa1~iim~~ion o~(mtcr .. bar1 Cedar1{(\ys1 Plorida ................. --·/ 
Molnh\ I~rnir, sheet No. L .•... ·--- ..... ··-- · ---· -- - ·· -· ·- · · ·f 
Mo\J'.le l\'.'i'er, sheet. :r:o. 2 ................................... -1 
Molnle Rn:cr, sheut No. 3 ............................................. . 
Mobilo River, sbPet N(). 4. ...................................................... . 

Mobile River, •hoet No. 5 .................................... , 
Mobile River, oheet No. 6 .••. -···· ... _ .•.•••.•.••••.. _ ..... . 
Mobile River, eboot :Nl1. 7 ............................................ . 

'MobileRivnr, sboot.No.S ·······--···-------··-··-·-·····-· 
Mobile l\iver, shoot No. 9 ............ ---- .... --·--- -.. ---· -
Otfooast of Louisiana., 8outhwost Pass to lougitudo g90 35' 
Off ~oast of Loni.siana, longitude 8[)0 3:11 to Barata.ria Day .... 

Cote Blaucbe Bay, Louisiana - - - ..... -·-- .............. --·---'. 
.Atrhafalay" Bay, 1ln•dge'1 channel, sheet No. 1. ..... -...... -i 
Atohafalsyn Bay, dre<lged channel. shoot No. 2 ............. i 
OffcoastLon.isia.na .............................................. ; 
Vunniltion &y, sheet No. 1. ................................. Ii 

1' ACJFfC COAST. 

San Pablo Bay, California __ -__ ............................. _ 

Karquilws Strait, Valiforuia -...................... -.. -.. .. · j 
Sui~un Day. Suhmn Point to Sh,plwnson Point ... . 
Suhmn 13ay, SWphommu'R Puiut 1o York Point ......•..... 

Coast of Califomia, Whit-0 Itork to Wyman 8---- _ .... _ .... _ 
Coast of California, 'V.rman 1!\ to Punta. Gorda ............. . 

Coast ofCa.lifornia.1 Punta. Gortla to Memlocino ............. . 
Umpquah mv .. r, Oregon entrance _ .. _. _ .... _ ... _ ...... __ .. .. 

Umpquah River, Ort1p:on entrnnoo .. - -.............. _ ..... .. 
Off-shore hydrograph.\", vicinity of Tillamook Bay ....... _ .. _ 

Tillamook Ray •~11trsnce (s:xaminatiou) ·-·-···--····-········I 
Shoalwater lla.y tmtran<'e, Washington Tt•rritors .....•...... ! 
Uetwet'D Shoal water nay aml Gray 1s Ila.rbor . - ........ - ....... . 
Admirl\lty Inlet., Png<'t Souml, Washington Territ-0ry ...... _ 
l'OfUJ1•R8ion Sound, \V;1:8hingt-0n Territory ................... . 
Port8uisu111 W~hington Territury ......................... . 
TI.osa.rio ~trait nwi Uellingharn Ila~· ... _ ........................ . 

Pa..lilla Bay, Washington Territory---------- ------------·-
ALAEiKA. 

Frt1tlorickSoundaml Jlarl>ora (fi\•c s}Jt"L'L~). Sont-he.ast Alaska./ 
lhmcnn (~an.al, Soutlwast. Ala~ku. thrct' sli('t~ts ............... I 
IIarliorM in Clarence and Sumn<"r Strait..q, :Soutbeai:tt Alaeka. 

EXAMIXATIONI!'_ ETC. 

AdtlUional hytlrograµhy for four Mlwottt ...................... . 
.Atldit,fonal hyclro,1?ra1•hy for two shC'ets .......................... _ 

l-40000 E. Willenbncbcr. _. _ ...... _ -! Plottc<l and tlrawn. 
1-10000 ---·-do.................... !lo. 
1--10000 ...... do---------·----·------ Ilo. 

1-50!10 w_ c. Wiilr·nbucher ..... - --. DG. 

1-50110 F. C.1Jonn ................ _: llo. 
1-5000 ! E. Willenbucher. ........... ; Protmcted, plotted, and drawn. 
1-500-0 i .... _.do __ .. _ ............ __ . _ ! Plotted and drawn. 

l-tiOOO ! F. C. Donn -................ 
1 

lJo. 
1-5000 ! E. H. Wyvill. ............. _: Do. 
!-5000 W. C. Willenbucher ........ Protracted, plotted, and drawn. 
1-5000. E. Willenbucher ............ , llo_ 
1-5000 W. C. Willenbucbcr........ llo. 

1-40000 .... do ..................... ; Plotted and drawn. 
1--40(\()0 ...... do ..................... : llo. 

~=~:~~ ·:::::~: : : ::~:: ::::: :::::::: :\ ~~: 
1-10000 ...... do .................. --

l-80000 F. 0. Donn ................. · 
l-20000 ...... do ..................... : 

l-20(\()0 ---- do 

Do. 

Do. 

Do. 

Do. 

1-lOOUIJ ...•.. do------ ····-- ......... Vorifi6d, inked, and finished. 
1-10000 i ....... do ..................... . Du. 

1-10000 .•••.• <lo ......•.••..•••••.•.. l 1lottea and drawn. 

1-20000 
1 
...... rlo ..................... Verified, inked, aud finished. 

1-20000 , ...... <lo ..................... • Do. 

l-~01100 ...... tlo ············· ···-····· no. 
l-10000, W. C. Willenbncber ........ 1

1

Plot.t.i1l1rnd drawn. 

1-lU!llJO , ...... do-·-···--····----·-·-- Do. 
l-40000 ; ...... do ..................... : Protracted, plotted, and draw1» 
1-10000 1

\ ---~--(lo ...................... 1 Do. 

1-WOOO 1'. C. llonn _ ........... _. _ .. l Plotted a:nd dr:nrn. 
1--40000 '. ______ 1!0 -------···----------! Do. 

1-20000 .... do .................... 
1

1

. Verifio<l, iukoo, and finished. 
1-200!10, .... do __ . .... _ .... Do 

1-200110 ' ... _ do .. .. .. • .. Do. 

1-~000o .•••. ..tu_----··-··--·- Do. 

1-20000 ' ..... Ao------- .... ------- Do. 

ViH-i<>ll8. E. Willenbucher ............. YL•rified, correcWd, and finished. 
1-l()IJCO ' ...... <lo ............ . 

Various. \ .•.... do ............ . 
Do. 

Do. 

VnriouR. i W. C. Will<•nlmcher ...... _ ProtJ·aeted, plot.ted, antl drawn--
Vnriom;. l E. \Villenbttchcr ............. · Do . 

' 

Sy1wpsis from the records of the hydrog1·aphie sheets pl-Otteil an<l <lrawn d1iring the fiscal year ending 
June 30, 1888. 

--- --------------- ------------------·--------
Numher of-

Na.mo of' dra.ughtama.n. ---------·---- -------------- ' - ---------. ---~----[ 

' Vol-

------·------
1 

Shoot1-1., UDH.'H. 
..Anglt•f.1. j 8oUU{lillgfl.1 Mil"8· 

i 
Deep-sea 
sonndin~s 

En~t~ne \\"illenbucher .•...•..•..•.... 

1

! *22 166 50,603 i 273,0~-·1--;:~ 
W.C.Willenbucb~r ---········--·-··· 25 105; 25,768: 179,721 I 4,900! ........... . 
F.C.Doun ............................ 

1 

20 1391 62,850 1 206,197 5,912! !- ......... .. 
E. IL Wy-vill ......................... 1 1 i 331 Ii 1,278: U 1········--·· 

--u:;--ill: l4s;5S2 660 220 119, ooq ==== 
-------

1 
I I 

"Does not include eighteen harbor sheets of Sonthoa.st Ala.ska verified corrected and finished by Euaene WIDea· 
b~~ I t & 
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Verijication7 revision, and correction of redurJed drawings of hydrography for fiscal year ending 
June 30, 1888. 

'Catalogue! 
number 

,1 of cl-~~~. --------- __ 

' 

Title of chart. Scale. Draughtsman. 

I Cape Ann to Gn: Head, addition".! ~;plrography ........... _.............. .. . . . . . . 1-400000 
8-a I' Approache• to 1i ew York, new e<ht1011.... .. ....... ..... ....... .. .. . . ... .. ... .. . . .. . . . .. .. 1-400000 

E. Willenbncher. 
Do. 
Do. 
Do. 
Do. 

9 

1 

Cap<1 May to Cape Henry, new edition........................ . . . .••.•. .. .. .• . .. .. . . .. . I 1-400000 
12 Cnpei Romain to St. Mary's Ri"Ver entra.ncie ............••.....•••.. -· .. .• . • .. .. . .. . . .. 1400000 

, Approaches to New York and Long I.land Sound ....••.......•.............•....•....... Me fl' at or 

I ! projection. 
Do. 101-a 1 Quoddy Head to Hea.1 Harbor IA land ..................................................... I 1-80000 

106 j Keunebec entrance to Saco Rivfir, ~~itiooR ---- ... -----· ___ --- _______ .... ___ .... -- .. _. _ --1 1-80000 

111 1 Monomoy to Nantneket Shoals, add1t1ons ................................................ I 1-80000 

W. C. Willenbucher. 
J<.:. "rillenbucber. 

114 j Ea~tern part of l.oug lMfantl Sound, draw-ing .......... ·--- ..... --· ......... _. _ ....... _ 
114-• - Eastern part of Long Island Sound, proof ............................................... .. 
11:. [ Lon;-; Island Souu:l, mi<ldle part, new ...•.•.•.....•...................................... 

llt I Long Island Sound, western p&rt, now ..........•..•...•..•..........•..................... I 
123 Absecon Inlet to Cape May, new ............•.............................•..... --- ..... . 
125 \ Dela.ware Bay and Ri\'°er, midtlle sheet. new. __ ..... _________ ._. ____ .. _______ ... ____ . _____ _ 

126 Delaware nay and I:iver, nppersheet, new .........•..................•.................. 
127 Cape May to ls le of Wight, atlditioual hydrography ...........................•......... 
128 Isle of Wight to Chincoteague Tnlet1 addition.·---··· ........ - ............... __ ..... ____ .. 

129 Chincoteague Inlet to Hog Island, additions ............................................. . 
136 Chesapeake Bay, upper sheet., &flditions ...............•................................... 
J~ Masonboro Inlet to Shallotte Inlet, including Cape Fear ................................ . 

178 

207 

208 

Hog Island to Wall's Creek .......................... . 
Matagorda Bay, additions ...........•...•..........••......•.............................. 
Pass Cavallo, Lavaca, and San Antonio HayN, additions ........................ -.... _ ....... _ 

209 Aran~B.fl Pnss, Aransas aud Copauo Bays, ad<litions _ ..... _ ....... __ ...... _ ............... _ 

210. A ransai'I PasR anfl Corpus Christi _Bay, additions.-· ..... ··-- ............ _ ....... _ ........... _ .. 
211 Padro l•laud, latitu<le 27° 12' to latitude 26° 33', additions ....•...............••........... 
212 Latitude 26° 33' to Rio Grande, additions ................................................. . 
303 Coast of Maine ........................................................................... . 
311 PenobMCot Rh·er and Belfast Bay a<lditions .....•..••.••••....•••....•...•...••.•......... 
225 Portlan,1 Harhor1 additions .. -- ......................................................... _ ..... . 
337 Boston Ilarhor, addL:oul-1 .... ·-·-. _ ....... _ ..... _ ... _ ............................... _ ... _ .. 

361-2 Hat·bor of Beaufort, ~achRm'A Head_ .......... __ ._._ ...................•... ----- ....... _ .. 

361-3 Entrance to Norwalk and Sang11,tnck Rh·era, etc .............•......................••••.. 
36!-4 Port Jeffn·son ..................................•..................•....••................. 
36J..S L<ing l•land Sound, Throg'a Neek to Davenport Island ..•.•..•.••.....••.....••.•.•....... 
304-2 Block Island ............•..•.............................•...•...••.•....••.•..••..••..•.. 
367 Oyster Bay ..................••••••......................•.•....•.•••.•.•.•......•...•.•... 
869 New York Day and Harbor, new edition .....•........•......•...•..................••.... 
369-6 East River, Lawrence Point to Throg'• N eek ........................................•.... 

369-71 Hud•on Ri_ver and S_pn~ten DuyvH Creek ..... ·: ...........•...••••...•••..•.••..•...•.•.. 
369-8 Hudson River, FiftJ·third street to Fort Washmgton ..•..•.•...••......•..••..•..•••.... 
370 Hudson River, New York to Haverstraw ..••.•.•......•........•..•..•••••.....••••..••..• 
384 Baltimore Harbor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . ........•...•.............. 

420 Beaufort H,.rbor, N. C .......•.•.......•....•...••••.•.•••..•....•...•...••.•••....•....•.• 
424 

425 
520 

516 

606 

610 

610 

638 
639 
640 

6'1-b 

681-a 

88' 
685 
708 

960 

C>ape FMr River entranoo...... . ..••••.••••.•.••••......•.•..•..••.••.•...•...•.......... 
Cape F•ar River, Federal Point to Wilmington .•.....••.......•..•....................... 
Galveston Harbnr .....•...................•........•........••...•.....•.............••••. 
Atebafal&yaBay (dredge<l channel>. .•....••....•••.•...••...••.......•................•.. 
San Diego Day .•.......••..•............•..•.•.•••••..••.•.....•...•..••.....•....•..• ···· 
San ;r nan Capistr&110 Bay .............................................................. - .. 
&n Pedro Bay ....••.••..........•....••••.•••••••••••••••.•••....•......•......•.•••..... 
Wilmiogt.on and San Pedro Harbor .•.•.••.••••••••.•.••...•..•.•••........•••••••••••.... 
Umpquah l!.lver .....•.••..••••.•..•••.•••••..•••••••••••••.••••••....•.••••••••.•.•....... 
SinalawRiverentrance ....••..•.•......•.........•..••.•...•........•......•.••...•...•.. 
ColomblA River entrance to Astoria .•••••••••••••••••••••••••••••••••••..•.••...•..•.••• 
Columbia River, Grim'& Sonnd to Ka.lama .•..•••••••.•.•..•••••••••.•••.••••••...••••.•.. 
ColmnblaRiverapproaches .•.••...••.•.•.••••.••••.•••••••••..••.•..•••........•....•.•.. 
Sea-coast and interior harborsofWMhington Territory ....•••.••.•••••.•.•••.•••••.••••. 
Admiralty Inlet, Puget Sound ••••.••••••..•..••.••••..••••••••••••••.••••••••••••••.•••. 
Snmn...-Stralt, Ala1'ka ••••••••••••••....••••••.••...•..•.•••••••••••..•..•••......•.•.• 
Alaska and aclj-Oining tenitor)' ..•..•••...•..•...•......•....................••........ - .. 

H.Ex.22-11 

1-80000 Do. 
1-80000 W. C. Willenbucher. 

1-80000 E. Wil!enbucher. 
1-8(1000 

1-80000 
l-80000 
1-80000 
1-80000 
l-FOOOO 

1-80~00 

1-~uooo 

1-ROOOO 

Do. 
Do. 
no."' 
Do. 

Do. 
Do. 

Do. 
1lo. 

Do. 
l-80000 Jlo. 

l-80l)(){l W.C. Willenbueher. 

1-~oooo Do. 
1-80000 Do. 
1-80000 Do. 
1-80000 E. Willenbncher. 
l-80-000 W. C. Willenbueher. 
l-400(){) E. Willenlmch.r. 

1-40000 ' W. c. Willonbucl1er. 
1-WOOO I Do. 

1-40000 E. Wilfonbueher. 
1-10000 Do. 

1-10000 no. 
1-10000 

1-JOOOQ 

1-1000-0 

Do. 
Do. 
Do. 

1-30-000 Do. 

1-40000 Do. 

1-10000 Do. 
1-5000 Do. 

1-10000 W. C. Willenbucher. 
1-60000 Do. 
!-6000-0 E. Willcnhncber. 
1-40000 Do. 
1-40000 Do. 
1-40000 Do. 
l-40000 Do. 
1-500()(' W.C. Willenbncher. 
1-40000 F, C. nonn. 

1-10000 'E. Willenbucher. 

1-40000 F. C. Donn. 
J-40000 
1-20000 

I-10000 

W. C. Wi!lenbncber. 
le. WUlenhucher. 

Do. 

1-40000 Do. 

J-4-0000 Do. 
l-20000 II'. C. Donn. 

1-300000 Do. 
1-80000 E. Willenbaeher. 
1-20000 Do. 

1-300000 F.C.))onn. 
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Miscellaneous draughtinff done durin,q the Ji.seal year ending June 30, 1888. 

l ll'~·wript i1111. J)ranghtsma.n. 

Rt~du~in!!h:rtlro,(!Taplly nf Ma.sonboro 11ilt't mill Yieinitr for Coa(-;t Chart Xo.150 ............. - E. Willenbucher. 
Hmlucm~ 1tew h.\llrngraphj of 0,vstn Bay t.o Reale 1-:{ltOO~i, for c1)ruparl1'1>u .......•..•••.••...••••••.....•..• Do. 

Het!ucin.~ ad<litiona] h~·drog!'a11hy for Coal-'!t Chart Xo. 1::?3 .....••••...............•••......... ---- -- .•.•.. - . . Do. 

Heilucin~ Con.RI er·~ Island Harbor for ell art ~53-2 . . . . . . •. •• . . .•• .• . .. . . . . . . .. . . . .. . . . • . . . • . •• . • . .• .• •. . . • . . . . Do. 

l~ed11c;n~ i11shore hydrography for Coast Ch:ut No. 211 .......................... -- .•.•.. ••• . .• •. .••. .•.••.. Do. 
]!,~dm~\u~ a.;lllitional i-;ourn1in '.'A for Coast Chart, N n, 127 ....•............•...............•............•....... 

\\"t1rking ont. 1n·ojt!t'h for fiftt•~n d1art~ l'OYerin~ tbe snrv1•,rs in S. E. Ala.s1rn by Thomas in 1887, and Snow 

uncl Hdm in 1886. 

W.C. Willenbuchcr. 

i E. Willenhucher. 

I 
I~ula1;.:iug11yc1rO;.~Tapl1.v around Point .Tndith ........................•...••••...••...•.•.•..•....•••••.••.... , ,Y. C. Willenbucher. 

HonA:h reduction of t>nghiet'r's :-;111TPY of Pas~ Ca1nlln, for 5~~-U--------------------------------------------- Do. 

Correcting four-fathom curn: nu 1ww Coagt Cliart :Xo.] 2.J ...................................................... I E. \YiJlenbucher. 

Ht1-adjuMturnut of rrnluct~d h,\drogrnph,\ for Cua.Rt Ch;irts Xos. 11;; aJJd lHi, new ....•.••....•....•.••••.•...... / Do. 

Ovt~rlrnnliug- }len~a.tor Chart. of Long l!llall(l Sonrnl for naHJl')-l ............................................... -1 Do. 

On~rhauling a1l fir~t aBtl Ht'<'ornl proofs or pl1otnl ithogTaph ic eh art:-> - •••...••••.•.•••• ·-. - - - •••••••• -- ••• ·- -- - "'"· c. 1\~illenlm~her. 
On~rhauliu~ fiDal proof of new CoaHt Chnrt Xo. l~·L .. __ ... _ .... _ .........................•...•...••..•..... __ 1 no. 
Jtrawing cur'"eR ou charts at Baltimore JiarlJOl". t·tc 

Furnishing additional topo,grapliic dat:i for fo1ir projp1·tim1..; for h.nl1ngrn.phir partit•s 

Indicating on proof wlrnrn hyrlrPgraphy i~ 111·1·1lr-d ..•. _ ... _ ........ _ .. 

(:mu paring numt>rou:<1 diart~ of ditl•·TC'llt ..,,·ale;-; .............•......••••.•.•••••••••••.•••. 

Plott.iJJg: aidA to na\'"ig-:1tion on 11unwro11s chartR . - .... - . -- . - - - - - . - .. - - · - - - · - - -· - • · •• · · · • • • · - • •• • · · · • •· · · · · • •• ·.1· 

Correction of nnmercms chartf'l for filt', Eu_g-raYin~ Hid:-; ion :1nil C11ar1. Hoom ............................. ___ .. 

Correetin~ manuscripts and reading 11roof of mo11thI,r Notit'I' to :Mariners .........••..•.•.••••.•.••••.•.• _ ••. 

Layinµ- out scheme~ forpro,ic:dions and tlup1icatin.:: Hillllt' ...................................................... . 

I~aying: out ,1-u~henw for nc~w chal't1>t of J)p}aware HiYPr. _____ ... _. _ .... ____ .•.... _. ------ .........•..••..•..•••. 

Rt>"'iAteri:eg and :1rrangi11g for Hie~ all liydrogrriphic record . ., ri~ceh·ed ..................... __ ............... _ ... _ .. 
}'uruh~bing stat,i~tk~. talm1a1-t"'•l statenu•nt~, ete .. for .Aunua1 Hepurt. .................................... __ ••• 

Ke-t~J)ing up hydrog:rnphk J1 r.)gre:.-1s Sh·tche~ .. _ .. ___ .....................•...••..............•....•.......... 
ln\"estigating tides of Columhia HiYt>r and otlwr plac<'s ..... _ ...•.••. _ .•. _ ........................ __ •..• __ . ____ _ 

Verification uf projcctiouH fur fit-hl parti1'R ..•......•....•...•.•.. _ •..•...••..••. _ .............................. . 

MA.king ninPtC('.ll tracings for t1eltl nnd oilh~1~ u.se ................................................................. . 

C01Te..•tinj!" and lettering eight hllll' pri11t.s of Coa~t Chart No. 101-a _ .. __ ... --···---- ............................ . 

Corrnctin~ and letterin~ four bhw priutf' of Sum1H:.·r ti trait ..................................................... _ 
Gnlf Stroam c11rq~s, copyin:;: cnn"<'H awl h·tforing ............................................................. . 
Gulf Stream cnrrPut stations, locatin:! n.ml plotting. 

Do. 
Ilo. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
I>o. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

F. C.Donn. 
Do. 

Gulf Stream recor·jl:i, t•x:imiuin,!! recor1h1 for anchoragP .............................. __ ...... _____ ........... __ _ _ _ _ Do. 

Otf.shorr. curri>nt,l'I, San1ly Hook. plottini.! poRition of :-italiou ..••.• , ......................................... _. .••. Do. 

Veri(ring and corrPcting- i=tixteen differont charts for tllo, .Engraving Division ..•...•..•••. _ ...••••. _. __ ... _. Do. 

Very respectfully 7 

M. L. WOOD, 
Lieutenrint U. 8. N., in charge Hydrographie Division. 

Lieut. Commander W. H. RROWNSON, U. S. N., 
Inspector o:f Hydrograglty, Coast and Geodetic Survey. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Names of vessels, their tonnage, etc., in the service of the Coast and Geodetic 
Survey durip,g the fiscal year ending June 30, 1888. 
------~---------

\ I Complement of..:... 
No. Name of Vessel. jTonn•g<.1-------

1

1 ! Officers. ' }'[en. 
I I ---!------------------ --- -1----1---1 

1 ! Steamer Patterson ...•.•...••••••• ·•• ••••. ·•••·· 1 453 I 12 I 44 
2 j Steamer Hassler • • • • • • • • • • • • •• •• • • • ••• • . • • • • • • . . 243 I. 10 I: 34 
3 I SteamerBlake.................................. 218 I IO I 37 

4 I SteamerBache .•••..•••••..••..•.•.•••...•...••. , 186 ! 10 37 
5 SteamerGedne~- ................................ ! 133 8 26 

6 Steamer McArthur ..••••.••••.•.. · • · ...•.•..•.. f 112 7 ! 29 
7 SteamerEn<lea\'or .............................. ; 10.5 7: 19 

8 Steamer Hitcbcook .•••••••••••.•.••.•.•..•.•••.. 

1

i 83 5 I 14 
9 Steamer Arago................................. 38 : 5 j 2 

~~ ~::::~:~~o~:::::::::::::::::::·.:::::::::::::; ~: 1~ 
1 Schooner Eagre .. . . • • . . . . . . • • •• • •• . . • . • . . . • . . . • . 202 ' 6 ; 22 

.2 ~!::::~:~:~~~::::::::::::::::::::::::::::::: :: I ~: 
SchoonerReady................................. SO 1

1 
5 H 

5 Schooner Yukon................................ 78 H 
8 SchooncrPalinurns...................................... 76 14 
7 Schooner Scoresby........................ . • .• . . 72 , 5 u 
8 Scboone1· Matchless •••••••••••••.•••••....••.••...•.•••••. j 5 Ji 

9 ScboonorQuick ................................. ! 381 4 I 12 
10 SchoonerSpy ...•.......................................... 3) 8 

R:irge Beauty ..•.•...••........•.•....•.•...•••. t 28 ..••••.••. ! 1 

RECAPITIJLA1'ION. 
'Vhole number of vessels: 

Steamers ...•.•.•...•••.••..••.• ·•··••····· .•...••.• ···-·············........................ 11 
Schooners .•..•••.•••••••••••••.•...•..•...•..••..••••. ·································-·············· 10 
Barge............................................................................................. ... 1 

Tot..I............................. ............................................... ...... ............ 22 

Number of 't'•sseb in a.ctiv-e service .. -· .. -- -. --- -- - -- --- .. -- ------. -- . ---- ---·---· .. _ ------- ... __ ... ______ 17 
Average nnmber of naval officers for the seitr . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • • . . . . . . • • . . . •• . • • . . .• . . . . . . . . . 56 
Average number of men for the year ..•............••••••....••..•.•.•...•••.•.•.•....•..••.....••.....•.. 268 

163 

The complements above given do not represent the actual number of officers or men in the 
Survey during the year, owing to the fact that some vessels were employed only a pa.rt of the 
time. 
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List of Na,1•al Officers attachcil to the Coast anil Ueoilctic 8m·1•cy during the fiseal year ending 
June .10, 1888. 

Name. 

I.IEl'TENANT·COMMANI•· 

D"to 
nttiH~lwd. 

T)atfl 
tl('t!l.f'hPfl. 

KR~-

C. M. Thonrns .•.•..•. ( .1an. 20, 1HS7] .....•.•... 

,V, Il. Brownson ...... \*Ang.ll, 1881 

R. E. Nichols....... ; NoY. - l~X7 

LlKUTE~ANTS. 

ll. R Man•fiHirl , .. .. M"Y 15, 1R8' , 

J.E. Pillabury ........ i .July J:J, 180~ 
J. F. Moser ............ [ .ran. ~9. 1884 

Char!~• T. Fo,.e...... I July 7, 1884 
Glrnrlt'B P. Perkins .... j Apr. 27, 1886 

S. C. Paine ............ i May 1, lRSR 
J). D. V. Stuart ........ i ,Jnl_y 10, 1885 

FranciR "rinidow ------i Nov. 12, IRB6 
F. R. Crosl1y .....•.... :Oct. 6,18H4: 

,J.C. Burnett .....•.... : )far. 2a, 18Rfi 

George Il Peter~ ..... _ i .Ttnw :w. 1X8."i . 

lJavid P<'al'ork ........ 1 Mar. 29 18'6 Feb. 14, H'>'8 
I 

1.11.:UTRXANTh. JHN101t i 
GIL'\IlE, i i 

JI[. L. Woo<L. .......... !Apr. 21, 1887 
1 

Geo1·gelli1.Rt.oney ....... f ~hy lfi.18AH': 

J[. T. Mayo .............. ! .Mny 71 ll-li-.fi 

Cl1arlt-R A. G-nvA ...•.. ApT". 9, lfi'R 

newitt Coffman ........ Api. l~. l!-'.~ti -:'\O\". 14, 1:-<i'i/ 

l•' I' ""ri1o:ht ······-· •, Apr. 7, lRRG Od. 20. tHi-:7 

A. W. Hoel<! .......... . AJH'. 9, IR8; J),., . '.?l, 1~~7 

J.~xr;m:ss. 

IL '""· llnrrhmu ........ l\fa.y 2, 1R~7 Oct. :!O, l:-.X7 

W. M. Constant...... ~far. l9, 18"8 
,J, 11. Olinir ............ , July ~l, lr'~7 · 

N .. J, L. T. llalpuu· 

: Still in J.\Cl''\'"iC'f'. 

nu. 
Do. 

S1 ill i11 serYict'. 

no. 
llo. 

Uo. 

Ile. 
J)o. 

Do. 

1 Jo. 

~1.ill in ~t'rYiee. 

no. 
1 }o. 

J)o. 

~tiJl ill Sf')'\'i1•1·. 

J)O, 

I lo . 

.A.!\. \\"mNI ............ 1 M~u'.17, 1887 , .. i j)11, 

I lu. 

]}o. 

])u. 

l·~dwanl Lloyd, jr ...... 1\la.r. 1~, 1t'AA 

U. M. Hughe8 .Jan. 1a, JR~fl i 
A.G. H.og~rs l•~t~h. 10, IRi-::1: 

\\'.I'. White 

,f. II. f\J,ipley ---· 
H. c. ])(•Ilt 

A. C, Alruy, 

l-1o ?tt <i arret t. ........ . 
C.C. Marob 
.r. A.lloll ,., ....... 

E. Ll.Till111:i.11 .. 

.1. L. l 1111Tdl. ......... . 

lf. I ... Rt>ad ......... . 

]{. 0. llitl«r ........ .. 

A. P. Nibliwk ...... , .. 

Ft~h. 10, 1';;:1: 

Apr. 7, lr\8;) 

11ar. 1;, 18<'7: 

~(•pt. IG. IHS7 

M:t;. lfi, 1888 

Ma,· 3,1'>'4 

FHh 2~. 18.""5 

Di'C 2~. )81'(1) 

~far. 26, 18.-<ll 

A pr. !!7, 18µ;7 

~'\pr. 29, U-:,fCi 

~July ~. 1884 

• Le. Draku ............ Apr. 1H, lf:H-ll 

,Ju}.\· '.!1.18W; 

;:-\q1t. n, u;iw; 

Au~.19. JH.•; 

'No\'.~~1, li-:H7 

.fnl~· 11, ll"H"i 

~tar. ~.t. Hi8~ 

.N°4W. ;lO, 18F:j 

w· .. T. M"xwell ...... f\1•pt, I, JX8r. Xov, ~O. l:<R7 

Franklin Swift.. Ptt. :W.18Ril ! -- ........ .. 
I 

()11. 

IJ11. 

no. 
Do. 

])o. 

J)o. 

Ho. 

~am('. 
Daffi 

attaehecl. 
Ilafo 

detached. Hemarki-1. 

E~:->liiXS-i'outiune(l. I 
Spe-111·cr \\~oml ........ .Mar. 17, 1888 .....•......•. Still iu Aerrice. 

iY. B. Fletr.!1er,. ..... May 17, 1886' May 17, 18871 

)far!Jur.> ,Johnston ... · llCay 19, 1886: Nov. 17, 1887 1 

W. R. :II. fie!11. ...... ' Ma.v 19, 1888 ! .............. i 
E. ,,\. A1Hlt>rson ........ Apr. 24, 1888 i ............... ! 
Harry A. Ji'ield ··--··'Aug. 1,188.): Nm:.14,1887/ 

. .:\. M. Hf'l'c'h(~r ...... Ang.16,18861------·····- .. ! 
F. K IlilL. ........ , .. Mar. 31,18881 .............. 1 

X.S ~fos«1C.'"--·····-· tAng.23,18881 ............. 1 
Walter U. !Inlme ..... ' Jnl.v 12,1886 ! ........... -.. 

1 
,T. Il ~lcDonal<l ...... ' -~ng.JO,l8R6 1 .............. 1 
JI.}; l'.nnwnter ...... July H, 1886 I Nov. 14, 1887 

I K ~ .. ~.' 111om • • • • ,July 22, l88G 1 Nov 3, 1887 

G. H SlouHu Aug. 7, 188i i··-··· ........ 1 

J.P. :\feGnimwss .... Au;,:. 9, IB87 i······ ......... , 
Jo~eph StranHS ....... July 16,18871 ..•.•..••..•.. 

C. f\, 8tanworth ........ JnJy 15, 1887 ) ............. ! 
I~. J,_ I~u~~t·ll. ....... July 25,1887 f···--····--···I 
JI. A. Jli."'p!mm .•..... ' .Tul_v 13,1887 / ............. , 

,fo]y 12,1887 ' .............. ! 

,J. E, Shi!Hld ........ July 13,1887 f"·-- ......... 1 

V. 8. Xn1 ...... -· .•••. Hept.131 1887 ,. .•••..•••.•.. ] 

I 
1 '1'. ll. Strt"1·t~.. .. 1 May l!l, 1884 Oct.. 30, 188711 

l'AF.SJW ARHISTA~T fil:ll- I 

1a~ox~. ' I 
F. n. ;-;1qdw11~0ll .•. - i Sept. 1, 18~ Oct. 28, 1887 I 

I, j), ( ), J,P\~j,._ •••••• • • •, 

HolH·rt \'Vhit in~ .... . 

~\. :'. :\ u:-itin .......... . 

NoY. 28, 188:J 

Mar, 17, 181<8 

Sept. 22, 1885 

.............. i 
I 

no. 
Do. 

Do. 

Do. 

Do. 

no. 

Do. 
Do. 

Do. 

I>o. 
Do. 
J)o. 

J)o. 

Uo. 

no. 

Still in sen~ice. 
Do. 

Do. 
.Jolin}.!. !"it~do ..... Mar. 30, 1888 ....... ··-····-' Do. 

f"'.. "\\". H1·a11n ......... )-lar. 2i, JBAA .•••••.••..••. 1 Do. 

W H. J:n~h ..... .Time ~. 1884 Oe\. 21, 1887 

.\.S~ISTAXT Hl"J{(;(~0X6. 1 

Ern,.;t \V. ~\n::mi · .Jaa. - 18fi7 

'l'. A. U1Tryhill ..... i Ort. 21, lRRi 

E. P. !-'totw ....•.••.•.. · Oct. 29, 1887 

l'AJ",....J..:11 .,!-1!-'fo'J'.\.'\J' l'Al:"
MAi-.'IEH. 

Still in service. 

.T. X. Sp1·1·l l>ec 2C, 1~8fi . .. .. . Still in service. 

l'A8t-'J-:U A!-.$lRT'A\'T J{~. i 
IJl.'iEEltR. ! 

IL ::\, S1·t>\'t'Il1'0ll •••••• : Mar. JO, 1883 

Georg1• C11wi1·, jr .•.•. 

(lt•nrg1~ ll. Stric·J..;faml 

'\Y. H. Dun11ing ....•. 

. Tan. 1, 18$5 

S.'•JlL 17, 18!!6 

NOY. 15, 1887 

A8l"THTA~r EX1;1!'\F.EUS . 

Roh1·rtl, ll<'i11. ....... ,Junn 9, 188~ Oct. - 1AA7 I 

Still in service. 
Do. 
Do. 

fliHnnc1JLIA•ouanl,,ir. HPC. 21,1~86 ···-··········] StillillRPniee.. 

I Dit'<l September JS, 18Bi. 
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List of Naval Officers attached to tire Coast and Geodetic Survey, etc.-Continued. 

I!ECAl'lTULATJON. 

Lieatenant-Cotnrnanclt.>t'S ... ___ --- ........ _ ... --- .................... -· .......•... __ .... --- . -- . --· .. -- . 

Lieutenaijts .................... _____ ----······-. --·················---·····--···-····--------··-···· 12 
Lieurenaut~ (j nuior gro.ulB) . . . • . • . . . . • . . .•...•..•..........•..... _ •..•. _. . . . . . . . . . • • • • • . . • . . . • . . . . ..•. 
Ensigns .••.....••.... ---- ......•..............•................... ___ . .. ....... .. . . . .... ... . . . . ... . .•. . 45 
Surgeon ............................................................................. -----. ... .. .. . . . .. . 1 
Pnssed Assi8tant SurgHOll1' .................•..•..........•••....••.• __ ........•••......•........•.••• 
Assistant S11rgcuns .•.. _ •.•......•..•... _ .... _ .......... _ ................•.. _ ..........•••....•....•••. 
Passed Assistant Pa~·ma~ter ................................................••........................ 
Pa.Hsed _,-\ssistant EugitH~t~rl'\ .....•.........•.....................•..•.................•......•.••..•... 
Assistant Engineers .................•.................................................................. 

85 

Norn.-From th<1 statement in11uediately followiu~, it app~·ar!'-t that of the tight~y-five otllver." ahm·1· named, 11fty-8ix. were ou duty in the Sur
vey at the close of tblj fiscal year. 

List of Namil Officers attached to the Coast rrnd Geodetic 8wTey, June 30, 1888. 

COAST AND GEODETIC SURVEY OFFICE. 

Lieut. Uommander W. II. Brownson, llsdrograpLic Inspector. 
Lieut. Comrmrnder H. E. Nichols, Alaska Coast Pilot. 
Lieut. George II. Peters, Coast Pilot Division. 
Ensigri, E. II. Tillman, Ilydrographic Di\·ision. 
Passed Assistant Paymaster .J. N. Spee! iu charge rnwal pay accounts. 

ATLANTIC AND GULF COASTS. 

Steamer Blake (Atlantic Ooast).-Lient .• l. E. Pillsbnrs, Commanding; Ensigns N. J. L. T. Hal
pine, J. E. Shindel, R M. Hughes, A. G. Rogers, and C. i::l. Stan worth; Passed Assistant Surgeon 
J. A. Berryhill ; Passed Assistant Engineer George Cowie, jr. 

Steamer Bache (Atlantic Uoast).-Lieut. J. F. Moser, Commanding; Ensigns W. 0. Hulme and 
H. A. Bispham; Passed Assistant Surgeon Jol!u 1\1. Steele; Passed Assistant Engineer Samuel 
H. Leonard,jr. 

Schooner Eagre (Atlantic Coast).-Lieut. Sumner U. Paine, Commanding; Ensigns L. M. Gar
rett, "\'V. R. M. Field, and G. R. Evans. 

Steamer Daisy (Atlantic Coast.).-Ensign Franklin Swift, Commanding. 
Steamer Enaeavor (Atlantic Ooast).-foeut. M. L. Wood, Commanding; Ensigns W. M. Con

stant, Edward Lloyd, jr., and E. A. Anderson. 
Steamer Gedney (Atlantic Coast).-Lieut. F. H. Crosby, Commanding; Ensigns R. 0. Bitler, 

Jos. Strauss, and D. S. N es; Passed Assistant Surgeon A. A. Austin. 
Schooner Scoresby (Atlantic Ooast).-Lieut. Francis Winslow, Commanding; Ensigns J.C. 

Drake and R. L. Russell. 

PACIFIC COAST. 

Steamer Patterson (Coast of Alaska).-Lieut. Commander C. M. Thomas, Commanding; En
signs J. H. Oliver, A. N. Wood, Spencer Wood, A. M. Beecher, J. D. McDonald, and G. R. Slo
cum ; Passed Assistant Surgeon Robert ·whiting. 

Steamer McArthur (Coasts of Oregon and Washington Territory ).-Ueut. J. C. Burnett, Com
manding; Lieut. Charles A. Gove; Ensigns F. K. Hill, J. A. Bell, and J.P. McGuinness; Passed 
Assist.ant Surgeon C. W. Deane; Passed Assistant Engineer W. B. Dunning. 

Steamer Hass"/er (Coasts ofOalifornia).-Lieut. H.B. Mansfield, Commanding; Lieut. Gtorge M. 
Stoney ; Passed Assistant Surgeon D. O. Lewis; Passed Assistant Engineer George D. Strickland. 

Schooner Earnest(Ooa.stof Washington Territory).-Lieut. H. T. Mayo, Commanding; Ensign 
A.C. Almy. 
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Number of Naval Officers attached to the Coast and Geodetic Survey vessels during the fiscal year 
ending June 30, 1888. 

--------:::-::::~~----v~.~~8~:;;~,:~~. 1-9~-- --- Xame of vessel:------, ~Fi~ i-~~. 19· 

8teamerBlake ............................. : 8 I Steawer:Mc.Arthur........................ 71 
Steamer Bache............................. 7 'I Steamer Patterson .. ...... ....... ... .. . 10 8 

SchoonerEagre ..... ~ ............................ 11 

•••••• • ScboonerScoresll.v-·~~~---·················· 3 I 
Schoon~rEarntist............................... I Coast8nrvoy0ffioo............................. 4 i 6 

Steamer Endeavor .......... -........ - -- - -I Total .................................. --52 --49ll 
Steamer Geaney .......................... · 1 

SteamerRassl..,r ............................... 
1 

2: 

I 

I 
! ----·-----

Average number. 56. 

Number of men attached to tlw Cow;t and Geudel'ie Survey ·vessels dttring 
the .fi.~r,al year ending June 30, 1888 .• 

- -------- ----- -----------------------

:Kame or nssel. : S\~pwmLer 
l 30, 1887. 

December March 31, 
31, 1887. : 1888. 

June 30, 
18S8. 

8tearuer Arago ......................... .... · 

Steamer l~ache ........ ..................... . 
Stearner Blake .............................. . 
Bteamer narataria .. .... __ ................. . 

Barge Beauty ........................... _ .. t 
St.eamt'r Daisy ............................. 'J 

Schooner Drift ............................... .. -1 
Schooner Eagre ........................... . 
Scaooner Earnest .................... ........... . 
Sti;;amer Endeavor .............................. . 

3li 

37 

1 

1 
11 

1 

23 
15 

20 

38 

GI 
Steamer Gedm·Y---·---·--·-··-········---- 27 25 ! 
Steamer ll&8sler ...... ...... ..... ...... .... 13 11 I 
Steamer H~tchcock ............... H............ .. 2 2 I 
Sd1oonerMatchless.................... ........ 2 I 
Steamer Mc.irthur ..... _ .................. I 29 °- I 

Steamer Pat,terson ............ _ ............ I 45 ; ! 
&booncr Pa.Huurus ......................... j 2 I ! 

31 
as I 38 

39 I 37 

1 J ....... .. 

: ! ........ ~~ .. 
I~ I 
14' 

30 I 
6, 

21 
2i 

2s I 

16 

25 

2i 

33 

29 

st I 4a 
21 ........... . 

SchoonerQnick ............................ · 1 1 1 

SchoonerReady............................ 1 l I 3 .......... .. 

~:~:::: :;!'·~~-~::::::::::::::::::.::::: .......... ~~ .......... '.~.: .... ·----~~- 1~ 
SchoonC',rYukon ..... .......................... j ____ 1_! ____ 1_! 1, 

Total .................................. i 286 ' 2:l5 , 241 I 311 

Average number of men, 268. 



 

App END Ix N 0. 6 .-1 8 8 8. 

IN TWO l'ARTS. -

PART I.-THE VALUE OF THE "ARCANO DEL MARE" WITH REFERENCE TO OUR 
KNOWLEDGE OF THE MAGNETIC DECLINATION IN mm EARLIER PART OF THE 
SEVENTEENTH CENTURY. 

By CHARLJ:GS A. SCHOTT, Assistant. 

The extreme paucity of reliable magnetic records in the two centuries preceding the year 1700 
is well known, hence any work falling within this period and apparently overlooked (as we find uo 
mention of it either in Hansteen's Magnetisums der Erde nor in Humboldt's Cosmos), would 
deserve careful examination respectiug the value of its contents conr.erniug terrestrial magnetism. 

We became first acquainted with the work through Volume ll of Justin 'Vinsor's "Narrati,·e 
and Critical History of America," Boston and New York, 18861 arnl introduced some information 
derived from it on pp. 310 and 380 of the Annual Report of the Coast aud Geodetic Survey for 
1886. Further attention was lately drawn to the work, and at the suggestion of Assistant George 
Davidson, the Superintendent applied to the librarian of Harrnrd College, Cambridge, to have tbe 
work examined for any magnetic data it might contain. Through the courtesy of Mr. Winsor, wLo 

. allowed the work to be sent to Washington, we were enabled to make itll desirable extracts, and to 
have some of the chart!:; bearing on North American waters photographed for our historical collection. 

The work consists of two large folios bearing the title "Dell' Arcano Del Mare, Di D. Rdierto 
Dvdleo DvcaDi Nortvmbria, E Conte Di V Varvich; Libri Sei." Itis dedicated to ''Al Serenissimo 
Ferdinando Secondo, Grau Dvco Di Toscaua," and was printed "In Firenze uella stamperia di F. 
Onofri, 1646;" Volume I, in two parts, contains the text, and volume II, bearing date 16! 7, i11 
entirely made up of boldly engraved charts from the hands of A. F. Lucini. These charts comprise 
all regions then known to the navigator, hut in our remarks we :;hall confine ourselves wholly to 
those charts which relate to North America or to waters adjacent thereto. 

This elaborate nautical work, entitled the ''Mystery of the Sea," treats of astronomy as 
applied to· navigation, of nautical instruments, the construction of ships, the art of navig&tion, 
tactics and evolutions of men-of-war, etc., etc. But what is of special importance to us, among the 
methods of finding the longitude at sea the author brings forward (chapters VIII and X, tomo I), 
as others had done before him, one that depends on the observed changes of the magnetic declination, 
and to this particular circumstance may be ascribed the frequent references to declinations (varia· 
tions of the compass) made in the text and placed on the charts. 

Uufortun~ly there is no explanation respecting observer, date, or position, nor could we:find 
any tabular statement or any direct reference to the values delineated on the charts, whetLer from 
bona fide observations or possibly interpolated values; great care is therefore necessary in esti· 
ma.ting the real value of the information thus presented. Upon the whole the recorded declinations 
appear to be trustworthy, and if any interpolated values are given on the charts they are probably 
few in number and in some cases may admit of' recognition. 
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The lougitndes of the charts are counted eastward from the island of Pico,* one of the Azores; 
the modern determination of its initial meridian is 2so 281

• 2 or 111 53m 52s. 8 W. from Greenwid1. 
(The latitude of Pico is 3go 25'.0.) East declinations are indicated on the charts by the term 
"variatio grecale" (i.e., east of north), and west declination by" rnriatio maestrale" (i.e., west of 
north); such expressio11s as'' la bnssola grechcggfa" and" la bnssola maestreggia" may be reudered 
"the compass (north end of t1ecdle) turw; toward the cast and towards the west," respectfrely. 

The charts appear to he a great ad nrnce 011 those prcce<ling t!Jem, being remarkably free from 
graphical conventioualism and distinguished hy clearneHs and conectness as then understood, yet. 
the work repeats two geographical bluuders of its time, Yiz: the definite location of the island of 
Friel'laudia to the south west of Iceland and between it aud Greeuland, and secondly, the close 
approach of tlm coast of A8ia towards the coast of Ualifornia.t 

Lik11 tlie earlier so called variation charts of Audrea Biauco (1436.) aud of Alonzo de Sauta 
Uruz ( lWO), tbe Arf'ano 1fol :\lare ouly record>; tile declination without any attempt to generalize the 
data, charts of iso-magnetic cun·es not being then generally known 011 account of their novelt,y. 
The first chart 011 the latter principle is tlne to Fatlier Christopher Burrus, of Lisbon (died in 1632). 
In consequence of the absence of the date to the declinatious, as gfren 011 the charts of the Arcano, no 
definite epoch can he a1;si~'lled to any of these magnetic data, and if we reflect that it was the general 
belil'f in those times that the declination at any oue place was im:ariable, it is certain that the col
h•ctetl data must he taken as spreading oYer a number of years [lrior to HH6; nor must we forget 
tlrnt the diffusion oflrnowlcdgc was then quite slow.+ The first writer who clearly asserted the 
existence of a change iu the declination with time was Gellibraml ( Discours mathematicall on the 
variation, t•tc., l63ii). Thus it is high)~· probable that the greater part of the declinations gi\'en in 
the Arcano must he referred to some time in the 8ecoud 11uarter of the 17th ceutury. If we look for 
intl•rrrnl evidt~uce of the dates, it woul<l secm that, in general, the latest information is given, though 
in some cases the \'alnNl ma;v en•n refer to the preceding century, as for im;tance in the case of the 
<leclinatiom; given on the coast of California, oft' Cape l\leudocino and off Punta de los Reyes, which 
in all probability refer to time of Drake; perlutps nothing later was procurable for this then out of 
the way coast. The declinations gfren in the West Indies indicate data intermediate iu time 
between 1600 and 1700, at any rate, later than the declinations upon which Ilansteen based his 
isogouic lines for the .rear 1600; while the declinations given for the coast of Nova Scotia and the 
New England States appear to be other than those ohsen·ed by Champlain (1604-1612) and lludson 
(1600), and the,y are more consistent among themselves than those given by these navigators. 

In view of' the fact that the secular variation generally affects the declination at a moderate 
rate, 'rn may, in tbc absence of any better information, and when some definite date is desirable, 
assume 1630 ± 15 years as probably uot leading to any great error. 

With n•ference to N ort!J America arnl adjacent regions, I have collected all the declinations 
given in the Arcano and placed them, as 11ear as their exact location could be given, on the aecom-

. . •The adoption of one of the islands of the Azores for the location of the initial meridian in counting longitudes 
IH saal to harn <·ome about throu~h the c1rcn111stanc11 ~hat at the tune of adoption the variation pf the compass-noodle 
was zero or 11e~rly zero at those 1sla:i'.l·"• but for positions to the eastward the variation was easterly and increasing 
with d1sta~1co fr?m _the1!1'. aIUl tl!r pos1:10ns to the west w~rd the var1at1on was westerly and increasing. The tempo
rary sclect,1011 of th1H 11nt1al merultan is thus connected with the great problem of determining lougitnde at sea by the 
aid of the dircCLiou of the horizontal magnetic needle. 

. tTht> former e~ror is due to a voyair.e of th.e Fratelli Ze_ui (_l:IBB-1404), alleged to have been made to high northern 
lat1tndc&, and ~f which an account wa" hrst prmtc~ m Ve111ce m _1558, the existence of which in manuscript bad Jong 
beeu known; Colurubns also kuew ofth1~ mythical island, whteh 1s now snppoS€d to refer to one in the German Ocean. 
The other error is simply a remnant of the older belief, accordinrr to which the newly discovered part of Central 
America was 110 other than thti extreme eastern part of Asia 

0 

t Since wri~ing this article I became .aware of the <li~covery, by Dr. John G. Kohl, of certain of Dudley's MS. 
1~1aps at the Mumch.L1br~ry. ~e g1Hs l6:JO a~ the date for the maps of the "Arcano" (Hee Bibliographical Contribu
tions No. 19, by .Tustm Wmso;; issued by the library of Harvard Colleg", Camhri<lge, 1886.) The charts necessarily 
cover a p~nod of a number ol years, though _the bu~k of tlltlm. was probably completed iu 1630, and it is said that an 
earher ecl1t10n of the Arcano of that <late exists. Kohl mentions the vear 1621 as the latest date on the MS of the 
mnp showing the northwest coast of California (Sir J<'rancis Drake's discovery in 1579) and \Vinsor remark~" that 
~ho ~nap, Norn Belgica et Allglica Nova of Blaeu, Amsterdam, 1635, was largely followed by Dudley "-Dudley died 
111 lb:l!l. 

~o far a~ terrestrial i~ag_netism is conc,ern~d, deteruiiniug the exact date of each cl1art is oflesa moment, since 
the effect, of the secular _van.auo~ oftll(I cleclmat10n dur1~1g a few years i8 but a small part of the probable uncerta.int.r 
of the reoorded observat10n itselt; the latter may be estimated at about 20. 

June 11, lt!&l. S. 
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panying map (Illustration No. 19), where they are shown by x 's. To judge better of their intrinsic 
value and to render the information more useful for the study of the secular variation, I ha\•e also 
delineated on the map the system of isogonic curves, which result directly from a simple graphical 
process. These curves exhibit but very moderate deviation;; between observation and representation, 
jtlld they seem to· confirm the curves constructed by Hansteen for the epoch 1600, and they clearly 
place themselves intermediate between this earlier epoch and that of Halley's Tabula Nautica, a 
century later. Among these lines there is one of special interest, namely, the agonic line, for the 
epoch of the Arcano, which swept over the North Atlantic, and is delineated 011 the accompanying 
map (Illustration No. !.:O) by means of the following data found in the Arcano. Firnt, on the east 
coast of South America, south of the Orinoco, in latitude+ 8°, there is little declination west; 
in latitude+ 1 o the declination is ~o west; in latitudd- 30 it is small, probably east; aml in 
latitude-Szo tbe declination is 30 east; thus the line of no declination probably intersected the 
South American contineut in latitude _50, or in the vicinity of Uape San Roq 1ie. Next, in the bay 
of Panama, in latitude 7 p, oft' Point Ulm me; we have the declination ~o west, and off Burrica, 
between Nicaragua and Veragua, the declination is marked "inappreciable," thi:> is in about tbc 
same latitude; the agonic line must therefore luwe passed from Point Burrica through Costa Hica 
and across the lake of Nicaragua, since we find already JO east declination in latitude lOio, longitude 
8G0 , or off Point Juan. Thirdly, we find the declination zero at the island of Pico, iu the Azores, 
with easterly declination to the east and westerly to the west of tlwse islands. Fourth, we have 
the statement that at the Cape Yerde Islands the declination was inappreciable, but at the Canary 
Islands reached 2° east,. The sweep made by the agonic ctll"rn, as shown on our illustration, is thus 
justified, and when compared with the Banst.een's delineation of it for the epoch 1600, goes to show 
that it had not reached its extreme position at the beginning of the century. At all places situated 
within the western or concave bend of this agonic line the declination was westerly, and, in general, 
the westerly declination increases with increasing distance from the line; on the other hand, on its 
convex or easterly side the declination is of the opposite sign. The data given in the "Arcano" 
thus strongly intlorse the belief that westerly declination prevailed i'a the region of the Greater and 
Lesser Antilles for about a century and a half after their discovery, but in Halle_y's time this was 
no longer the case, as shown iri the following comparative table for some principal places or their 
sites. 

DECLINATIONS IN THE WEST INDIES AND CE.KTRAL AMERICA. 

At New Orleans 

At Key West 

At Havana 

At Port Royal 

At Barbadoes 

At Vera Cruz 

At Panama 

According to Han- _ 
steen 1 ~ isogonic 
chart for 1600. 

-·----------~1--

130 w. 
12 w. 
11~W. 

8 w. 
3 w. 
s w_ 
3 w. 

Accmcling to the 
Arcano. Epoch, 
about 1630 ± 15. 

I 

According to 
Halley'-' isogonic 

chart for 1700. 

-- ---------~--~-! _______ _ 

5t0 \Y. zt 0 E. 

6 w. st E. 
6 \Y. 6 E. 

4 w. 7i E. 

w. st E. 

2 \V. 7t E. 

o! W. IO E. 

I Apparent 
I change to the 
I eastward. 

go 

11t 
12 

Ilj-

6i 
9 

mi 

·-----------------~------------------------ ··---------~----- ~ -

These numbers, if reliable, would imply a rate of change much greater than any noticed after. 
wards in this region, and would necessitate a corresponding change in the form of our analytical 
expression for the secular variation, as heretofore.given.for these localities, in order that the formulre 
lnay apply to the early times here in review. However, Hansteen's chart for 1600 rests upon very 
scanty observations• and on wide interpolations, while the values taken from the Arcano appear 
systematic and may be assumed to rest on independent data; nor do the Balleyan nlues impress us 
with any feeling of accuracy; they certainly hav~ the character of extreme values, and were proba. 
bly influenced injuriously by observations made in Jamaica, where the needle may have been locally 

'His sources were: Pureba.s's Pilgrims or Hacklnitns posth11mus; Edward Wright., certain errors in navigation 
detected and corrected, and Atbanasii Kircheri Magnes, sive opus de arte magnetic,, 
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deflected. The diflicuity of recognizing the true law of change from conflicting testimony may be 
exemplified in the case of Port Royal, where, according to Robertson, the declination was 6:1° East 
in 1660, and hence contradictory to the values given by Halley and in the Arcano. According to 
our researches the easterly declination at Port ltoyal reached its maximum about 1778 with 60 2' 
East. We are still reluctantly compelled, from want of sufficient data, to confine our analytical 
expression for the law of the secular variation for stations in this part of America to times after the 
middle of the 18th century. 

Turning now our attention to the coast ofN ew England we can there confront the information 
given in the Arcano with the somewhat earlier observations made by Champlain and Hudson. It 
should be remarked that the observations made by these navigators were difficult to reconcile. 
Champlain's observations between N oYa Scotia and Uape Uod n1ried but little iu amouut (about20)1 

but indicated high westerly declination, whereas Iludson's were extremely irregular, and as far as 
could be made out were of small westerly declination. Now, the Arcano gives values lying between 
these two extremes, and moreover confirms Hudson in making tile declinations decrease when passing 
to the southwestward and thus disposes of the anomal~' shown in Champlain's values, which indi
cated the opposite direction. Champlain':; observations date between 1604 and 1612, with an 
average value for the Gulf of Maine of 18° W.; lI udson's refer to 1609, when on his third voyage, 
and his results rauge from 10° W. to zero, wltereas the Arcano gives 12~0 W., and apparently does 
uot contain any value attributable to these navkators. 

The declinations given in the A.rcano, in the region of the Gulf of Maine, would seem to demand 
a correction of ahont + :P, and to Cl.rnmplain's results on the coast of Maine and Massachusetts I 
am inclined to assign corrections between - lo and-3°, and his large but consistent values may 
possibly find a ready explanation in the custom of European navigators of this age to set their 
compass-card over tli.e needle with au index error equal to the average magnetic declination pre
vailing over the regions ordinarily traven;ed by them, and this was particularly the custom with 
navigators of the northwestern coast of Europe. Compasses so fixed by the maker may give rise, 
when unnoticed, to a constant error, as is supposed above. The compass nsed by Hudson behaved 
differently, and its defoct is easily accounted for uy supposing that the needle bad then parted 
with the greater amount of its original charge of magnetism-in other words, it had lost too much 
of its directive force to have bee11 of any account. 

No critical examination was made of t!Je magnetic information contained in the Arcano for 
other parts of the world, as the8e are not directly connected with the iuquiry which brought the 
work under our notice; but if so extended, further light may be thrown on the sources whence its 
magnetic data were derived. 

Upon the whole the scrutiny of the work left au impresHiou fa\·orable to its reliability, and if 
the omissions of observers' names and <lateH !]etract mnch from its ,-alue it ne,·ertheless fills a gap 
in :t period of which onr information has heretofore been most scanty aud unreliable. 

COMPUTING DIVISION, May I, 1888. 

CHARLES A. SCHOTT, 
A.ssi8tant. 
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PART IL-HISTORICAL REVIEW OF THE WORK OF THE COAST AND GEODETIC 
SURVEY IN CONNECTION WITH TERRESTRIAL .MAGNE11I8M. 

By CHARLES A. SCl'IO'l"l', Assistant. 

Although one of the minor branches of the 01ierations of the Survey, the study and application 
of the results of terrestrial maguetism from a practical point of view are of great importance, not 
only to the surveyor, but also to the mariner, to whom they are indeed indispensable. 

This will be readily understood by simply referring to tlie extended use snrve_yors have made 
of the magnetic needle for the demarkation of land and the consequent frequent necessity of 
retracing old lines so laid out and recorded. 

With reference to the needs of the navigator, the charts of the SnrYey require the impress of 
the compass; on these arc recorded the variation of the needle, and the annual change is stated so 
as to render the sailing directions applicable for other years besides that of the issue of the chart. 
With reference to the adjustment of the compass on board ship and the construction of deviation 
tallies to answer for difierent directions, inclinations, and positions of the ship, aknowledge of the 
magnetic dip and the intensity is demanded. The work of tlrn Survey and the results secured may 
be advantageously shown by a short historical review. 

In the early years of the SurYey, under its first Superintendent, the magnetic declination {the 
scientific term equivalent to the mariner's" variation") was supplied on the charts as found by the 
ordinar,y nautical instrumental means then in vogue. In the transactions of the American Philo
sophical Society, Phila., 1825, he proposed to measure reltitivc magnetic intensity by means of oscil
lations of a needle, no method for absolute measurement being then known. The magnetic work 
of the Survey, however, may be s<.1.id to luwc commenced in its three-fold a5pect-the declination, 
the dip, and the intensity-with his successor in office in 1843. Prof. Bache bad previously made 
a magnetic survey of Pennsylvania, which, although a small l>eginuing, was not followed m1til in 
quite recent years by the magnetic surveys of Missouri and New Jersey. He imported new instru
ments suitable for more refined measures of the declination than could be secured by the older 
instruments, and at the same time capable of exact determinations of the intensity in absolute 
measure; he also procured dip circles, and availing himself of the additional temporary aid of Dr. 
Locke, of Cincinnati, and of Prof. Renwick, of Columbia College, the work of observation was then 
fairly started, and has since been prosecuted uninterruptedly by various assistants of the Survey. In 
consequence of the dual or polar character of the magnetic force it resistell for a long time all 
attempts of measure expressible in the W1ual dynamical units, but in 1833 Gauss showed how this 
could be don6; and after the invention, in 1836, of the portable magnetometer, his method for the 
absolute measure of magnetic intensity came into general use. 

Those who are acquainted with magnetic observations, which also include those astronomical 
operations which involve geographical position and azimuth, know the delicacy and refinement of 
theoperations when great accuracy is demanded, and it should also be remembered that in the 
early days of the development of practical methods there were none of those facilities we now 
possess in the number of trained observers, in the home manufacture of instruments, and in the 
many treatises for instruction now at hand. Apace with the field work the office work of computation 
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and discusision has been prosecuted, and the results ha,·e been published from time to time in the 
annual reports. 

At first the observations were confined to the vicinity of the sea coast, hut it waf: soon found 
that the charts could not satisfactorily be supplied with the Yalues for the variation of the compass 
unless the obsen'ations were extended snfticie11tly inland to girn proper direction to the magnetic 
lines or isogonics as they are called, which cun·es exhibit for any place the angular difference 
between the astronomical and magnetic meridian,.; for a certain epoch. Meanwhile, imrYeyors from 
all parts of the country have applied for information, not only for the present nllue of the 1lecli11a
tio11, but, what was far more difficult to supply, for its valtw at Home earlier period. To satis(y this 
inquiry, and to pro,Tide a better knowledge of tl1e annual change of the declination needed for the 
charts, a more sy:;t1~matic general collection of all magnetic observations taken within the limits of 
the United Stares from the earliest to the present time was 111111ertaken, and this register bas beeu 
kept up siuce 1878, at which time the field of activity of the Stll'\"C,Y wal'.I enlarged hy tl1e change of 
CoaRt into Coa;;t and Geodetic Surn\y. This collectiou, arrange<l by Stat1•s and 'l'erritories, now 
comprises seyeral thousan1l ohservationR, for declination, dip, mid relative and total intensities, 
and together with the direct sun·ey work, which in ,July la;;t, comprised 731 st<itious (many of them 
occupied se,•eral times at definite interYals), constitutes the material from which most oft he deduc
tions were derived, and which mark the mh·ancemeut of our knowleclge in this <lepartment of 
research due to the Survey. 

The first permaueut magnetic obsernttodes in North America were established at Toronto b,y 
the British Government about 1840 (which observatory is still in operation under the auspices of 
the Canadian Gm·ernment), a11d about the same time at Philadelphia, 1840-4.':i, at Girard Uollege. 
The latter was directed by Prof. Bache, who, after taking charge of the Ooa st Survey, took arlvan
tage of the newlj' invented application of photograph,r to automtitic registration, a11d procured one 
of the Brooke rnagnetographs, and canse1l it to lie set np and to record continuously the Yariations 
of the declination and of the horizontal and 1·ertical intensities at Key West, Fla., between 1860 
antl 1866. After tlle lapse of half a sun-spot cycle, which is the minimum duration for which it is 
profitable to kt•ep up continuous ohsern1tion at any one place, the instrnments were transportell 
to Madison, "Wisconsin, where, betweeu 1876 and 1880, a second series of observation8 was l'.<ecnred. 
Whcu the support and co-operation of the surn>y were sought for the two international expeditions 
fitted out b,y the United States for polar research, the ueeded magnetic instruments, both absolute 
and <lifferential, so far as the Survey could supply them, were furnished, and the observers were 
trained during the short time permitting. 

The magnetic records of the secoud year (1882-83) at Point Barrow, Alaska, by the party in 
charge ofJ~ieut. Ray, were made by the Brooke magnetometers, which had in the mean time been 
altered for direct or eye observations. 

A superior self-recording magnetic apparatus, knowu as the Adie magnetograph. after the Kew 
pattern, and likewise working by means ofphotography, arrh'ed here during the late war, but for 
want of funds was not set up until 1882; this superior instrument was located at Los Angeles, 
California, and continues to give excellent results. It is intended to terminate this series towards 
the beginning of the year 18!:10, and then to re-mount the instrument at San Antonio, in south
eastern Texas, and later on to mow. it to some place in W asl1i11gton Territory, in order to cover 
as much as possible of the region, for which, heretofore, our knowledge of the laws of terrestrial mag
netism bas been most incomplete. 

The first isogonic chart published b;y the Sun·ey, entitled" Lines of Equal Magnetic Declina. 
tion," will be found in the Annual Report for 1855; the last one, in three sheets, appeared in the 
Annual Report for 1882; a comparison bt·tween these charts will show in the most conspicuous 
·manner the progress made in our knowledge in this direction dming the interval. The index to 
scientific J)apers in the Annual Report for 1881, under the headiug of Terrestrial Magnetism, enu
merates uo less than sixty.six titles up to the close of 1880; this will give some idea of the activity 
of the survey in this dl.'partment. Several important investigations have appeared in the later 
Annual Reports; in the report for 1882 we have an appendix discussing the distribution of the 
magnetic declination in the United States for the year 1885, the results being based ou observations 
at more than 2300 stations. In the report for 1885 we have an investigation of the magnetic dip 
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and intensity, with their secular variations and their geographical distribution in the United States; 
this appendix, 145 quarto pages, involved great labor in its preparation; it is accompanied by three 
finely executed charts, besides the illustrations in the text; it discusses no less than 2000 dip obser
vations and more tban 1500 observations for intensity. The results for secular change of dip and 
iuteusity are new. In the report for 1886 (now published) A11pendix 12 contains the sixth edition 
of an investigation, much sought after, namel;r, "The secular Yariation of the magnetic declination 
in the United States and at some foreign stations." From a small beginning in 1859 this paper 
has grown to be a complete depository of magnetic results available for the study of the secular 
change within our territory, and the author discusses most thoroughly the laws goYerning this 
mysterious movement, the cause of which i8 as yet entirely unknown, though in its nature it must 
be cosmical, since we cannot think of any adequate cause within the earth to produce, so far as 
we can judge, with remarkable regularity, the ob~erved slow angular and supposed cyclic motion 
of the needle for centuries. 

The deductions rest on lOil observations made at 94 stations; the earliest observations on our 
western coast date from the 16th century (Sir Francis Drake), the earliest records on the eastern 
coast dating- from the beginning of the next century (Htulson and Ohamplain). In this branch of 
research the Survey profited by the use of the valuable collection of declinations and dips, the 
earliest on record, made by Prof. E. Loomis (now of Yale College) who published them in Silliman's 
Journal in 1838 and 1840, and without which our results would not possess the extent :ind degree 
of reliability they now have. In this 6th edition, which spreads over 116 quarto pages, we have 
minute references to observations, together with their critical examination. The resulting secular 
change, illustrated by several diagrams, is expressed analytically and is also gfren in tabular 
form; .. the laws which so far have :tppeared to govern this motion are stated and embrace the 
whole of the area of the Unite{l States (inclusive of Ala.ska), and are given sufficient geographical 
expansion to facilitate their connection with similar relations referring to Europe, South America, 
and Eastern Asia. 

The magnetic records brought liome by the Polar Expeditions in command of Lieutenants Ray 
and Greely were placed in the care of the Coast and Geodetic Sun'ey; this material was subjected 
to computation and discussion ancl arranged for the press. The Point Rarrow work, 1881..S::{, forms 
part VI of the official publication ofLwut. Uay's expedition (published in 1885), and the work done 
at l!'ort Conger (1881-83), uuder Lieut. Greely, will form Appendix No. 139 of Vol. Il of the official 
publication now passing through tbe press. 

The reduction, analysis, and discussion of tbe automatically registered material at tbe mag
netic observatories still awaits adequate computing foree to bring out the many laws and complex 
relations involved in the ceaseless changes of the magnetic force. 

When the Survey was called upon to be represented in the Government Exhibit at the Cen
tennial Exposition of the Ohio Valley and Central States at Cincinnati, Ohio, 1888, the writer pre.
pared an article ou terrestrial magnetism and provided four miniature diagrams, reduced from the 
larger maps published by the Survey, as suitable illustrations of the present distribution of the 
terrestrial magnetic force, hoth in direction and intensity, within our geographical boundaries. 
As a matter of general interest, these reduced maps are here reproduced, together with a brief 
explanation. 

NOTE TO THE FOUR SMALL MAGNETIC MA.PS ILLUSTRATING '.l'HE DISTRIBUTION OF THE EARTH'S 

MAGNETISM ABOUT THE PRESENT TIME WITHIN THE AREA OF THE UNITED STATES. 

An i8ogonic curve is a line of magnetic declination which connects all places at which the angular 
deviation of a compass needle (or of a horizontal needle), from the true meridian, whethei- to the 
right or le~ of it equals the amount or degrees placed against it. 

•For every station the declination is given for every tenth yea.r from the time of the first ob11ervation up to 1850, 
a.fter which time it is given for every fifth year to 1895, inclusive. 
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T;.iese curves are usually given for equidistant values and for whole degrees. In our illustra
tion No. 1 they are drawn for each 5th degree.* 

No. 1. 
ISOGUN!C: JXAl> of'-lh!"'! UNllED SIATES 'felt< 'the y~l!LI" J88S. 

65' 

--
!><: .. , • 

• ""'"'"1'~"1~. 

A1i isoclinic n1r1,e is a liue of given magnetic inclination, and unites all places where the dip of 
the 11orLh (pointing-) eud of a freely i:;nspern1ed needle equals the amount or degrees placed against 
it. The <lip is mea8tffl•d from the horizontal plaur and may be downward, as for our illustration 
No. 2, or upward, as in the southern hemisphere. lsoclinic curves are generally drawn for equi
distant values, in our ilhuitration for each i>th degree. 

Nn. 2. 
lSOCLl NIC MAP of the UNITED STATES f"or t.he year 1888, 

Cki•.:>u.rv'i.r~ ~ 

An isod;111inmiccuru js a line of given intensity of the horizontal component of the earth's mag
netic force, aud is drawn through all places where the horizontal intensity is of the amount placed 
ag-ainst it. The intensitJ· is expressell either in units of the foot, grain: and second (the old English 
units). or in units of the centimetre, the gramme, and the second (the newC. G. S. units or dynes). 

- - -·- ·--·-·--- -~-. -·--

•Tho four maps wero constructecl for the epoch 1885 and No. 1 answers more strictly to that year; for the otlier 
maps the chang" during three pJars is _not lloticeable. 
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In our illustration No. 3 the intensities are gfren in both units, and the eurves are at equal 
intervals of half a unit of the English scale, or of 0.023 dynes of the 0. G. S. system. The num· 
bers in the middle of the map refer to the old units. 

No. 3. 

JSODYNAMIC MAP ot the UNITED ST'ATt'.S ror lhe year lSM. 

An isodyna.mic cun'e may also be a line of a given intensity of the total magnetic force, and is 
drawn through all places at which this intensity is of tlle given amount. The unit of force is the 
same as explained above, and the intervals of the curve!' on our map are for whole and half English 
units, or for 0.0461 and 0.023 dynes. 

The numbers in the middle of the map refer to the old units. The epoch for the distribution of 
intensities is likewise the beginning of the year 1885. Ju all cases, however, the annual change 
is so small that the maps answer equally well for the present time, and they were consequently 
marked for the year 1888. 

No. 4. 

'1$01'YNAMIC l'llAI> of 'll1e UNtTrD STATtS fOY' tl'le"yeu 1881.. 
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The annual expenditure on account of terrestrial magnetism is quite small, being only about 
2~r0th part of the whole appropriation for the Survey, but it is to be hoped that this useful and 
interesting branch of terrestrial physics may hereafter receive a more liberal support. 

COMPUTING DIVISION, June 7, 1888. 

CHARLES A. SCHOTT, 
Assistant, Coast and Geodetic Survey. 



 

App END Ix No. 7 .-188 8. 

THE SECULAR VARIATION OF rrHE MAGNETIC DECLINATION IN THE UXITED 
STATES AND AT SOME FOREIGN STATIONS. 

By CHARLES A. SC:HO'I'T. 

AsBiBtant, CoaBt and Geodetic Survey. 

[Seventh edition, Juno, 1889.]" 

Introduction.-The practical nature of the inquiry, and the necessity of looking to the publi
cations of the Coast and Geodetic Survey to supply the latest information on the subject of the 
changes, secular and otherwise, of the direction of the magnetic needle, has causml an ever. 
increasing demand for the results of these investigations now conducted by the Sun·ey for thirty 
years, and this in turn has acted as a stimulus to advance our knowledge of the secular changes 
of the magnetic force, both for direction ancl intensity, and to keep tbe results up to date. It thus 
becomes necessary from time to time to submit to analysis any additional observations, to re-discuss 
the older series, and publish the results at intervals of a few years, as well as to direct new obser
vations to be made at those places where they may contribute most effectively towards the elucida
tion of the laws of change. 

Appendix No. 6, Coast and Geodetic Survey Report for 18851 contains an exhaustive article 
on the secular change of the magnetic dip and the magnetic intensity, as obseryed in the United 
States from the earliest to the present time. It is accompanied by three maps, showing the actual 
distribution of these magnetic elements for the epoch 1880.0. This, together with the present com
munication, completes the inquiry in this branch of knowledge as far as this could be done at the 
present time. 

During the two years which have elapsed since the last issue of this paper the available 
material for the discussion of the secular variation of the declination has greatly increased, bringing 
np the number of stations contained in this edition to 109 and the number of declinations to 1245, 
for each of which full reference is given, as well as a comparison of the observed and computed 
values. The average number of observations for a station is 11. It is satisfactory to remark that 

•This article originally appeared in Coast Survey Report for 1855, Appendix No. 48, and was eoutinnecl in Reports 
ofl856, 18S8, and 1859, Appendix No. 24, pp. 296-305. In the second edition, in Coaat Suryey Report for 1874, Ap
pendix No. S, pp. 72-108, the investigation appears grea: ly extended; the substitution of a sine for a cosine function 
was made and the epoch was changed from 1830 to 1850; also some use was made of Cauchy's method of interpola
tion for the establishmtlnt of some second periodic terms. The third edition, issued in J mrn, 1879, appeared in pamphlet 
form, and is not contained in any annual report of the Coast and Geodetic Survey. The geographical range of the 
investigation was much enlarged, and the paper was illustrated by two plates. The next or fourth edition was 
brought out in June, 1881, and forms .Appendix No. 9, Coast and Goodetie Survey Re.port for 1879; it was illustrated 
with three plates. In the fifth edition, of November, 1882, .Appendix No. 12, Report for 1882, there were discussed 
B:l7 declinations, observed at 82 stations, situated in the United States and a few in Europe, South America, Asia 
and Polynesia, the latter for the purpose of extending our knowledge of magnetic changes beyond our immediate 
sea coast. The sixth edition forms.Appendix No.12, Annual Report for 1886; it is distinguished by a more systematic 
arrangement of its contents and by a more liberal introduction of observations made at sea near our coasts, besides, 
the number of stations to which the record and discussion extends, is increased to 94 with an available material of 
1071 obseued declinations. 

H. Ex. 22-12 177 
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the introduction of tbe new obsernttions tended greatly to improYe the m1merical ''alues of the 
analytical expressions, aud to g-ive greater accuracy to the results deduced, as wel1 as to prod1rne 
greater uniformity in such phases of the secular variation as the amplitude of the motion and the 
epochs of maxiurn autl rniuima or times of magnetic elongation, so for as these depend on the 
geographical po;;ition of tlw stations. 

In tile collection of ouserved declinations, as heretofore given, I had sparingly made use of 
observations taken on board ship, introducing such observations only from necessity, i. e., in the 
absence of observations on land; but in the last and pr€sent discussion apparently trustworth~· 
observ:ttious made at sea ha'e been more freely introduced, and in the case of the great number of 
observations by Spanish na,·igaturs towards the close of the past century, along our Pacific coast, 
their united testimon~- lrns great ls benefited our range of knowledge by giving greater security and 
unity to results which before appeared doubtful or scattered. The collection of this material is con
taiued in Appendix No. 7, ()oast and Geodetic Survey Heport for 1885, and was communicated by 
Assi1;tant G. Davidson. Its value was then conjectural, but the discussion of it proved to be highly 
creditable to the reputation of the navigators of that period. I find the average probable uncer 
tainty• of a declination (variation of compass) observed uu board the wooden hulls of those times not 
to exceed± io, the same as I llad assigned to the observations taken by Vancouver, an amount 
which probably represents the best practice of that epoch. 

In our owu times, for vessels composed of iron and steel, and otherwise largely supplied with 
such metal, when swung on (sa_y) 8 or 32 equidistant points of the compass, the observed declination 
will still be subject to a probable uncertainty of about ± 0°.5 to ± 00,3 

'l'he immediate object of the discussion of the secular change of the declination is to furnish 
the means of referring observed declinations from one epoch to another, as, for iustai1ce, when 
surveyors are required to re-discoYer and re-trace old lines originally rnu uy compass, but which 
had lwcome ouliterated in the course of time, or when the Yariation is demanded for the compasses 
plaef'd 011 the sailing coast and harbor-charts of the Survey. The principal demand for the results 
of this article comes, however, from sun·eyors and from memhers of the legal profession, which 
demand fri'q uently arises from litigation in cases of disputed land boundaries. Sin('e the source 
where 1mclt information could be had became better kuown, the unmber of applications to the 

'l'o facilitate reference to stations and results, thti contents of the paper are arranged in three 
parts-an eastern, middle, aud western division-in which the places follow in geographical order; 
and the final tableti of results gi\'e the declinations, after the year 1850, for every fifth year, instead 
of for every tenth as in the older editions. The tables are extended to include the year 1900, tlw 
predictions for that epoch~ however, must necessarily rernaia rough appro:cimations. Tu remler 
this investigation more useful to practical men, I have thought it desirable to preface it with a 
brief acconnt of the principal motions, systematic as well as apparently irregular, to which the 
direction of the magnetic needle has been found subject, in order to clearly separate and distin
guish these chauges from the secular variation, which last ii; here made the special object of treat
ment. 

The magnetic declination. -The magnetic declination (or variaticn of the compass, as it was for· 
merly called. by surveyors and still is by navigators), at any place, is the angle contained between 
two vertical planes, one being the astronomical or true meridian, and the other the plane in which 
the horizontal axis of a freely suspended magnet lies at the time. The former plane is fixed an1l 
the latter variable, since it is found that the needle when delicately suspended is generally in a state 
of slow or tremulous motion. The magnetic declination varies with respect to space antl time; it 
is, therefore, necessary to girn with the statement of its measure the exact time (year, day, and hour) 
when an obser\'ation was ma<ll", as well as the geographical position of the place (the latitude and 
longitude, it suffices to give these co.ordinates to the nearest minute of arc). The declination is 
called" west" when the north end of the magnet points to the west of true north; algebraically thi1:1 
fact is here indicated by a+ sign, and if" east" by a - sign. It is a matter of observation that the 
magnet, when light, and delicately suspemlecl (by a single fibre of raw silk) is seldom or never at 
rest, but is always shifting its direction, or is in a state of oscillation or of tremor, and occasionally 

•Used in the sense of probable crior in the method of least squares. 
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subject to sudden violeut and irregular chauges. These angular motions ham been classified as 
regu1ar (periodic) and irregular variations, and of these we propose to notice briefly the priucipal 
ones, as also their mag1Iitudes as they may be met with within the limits of the United States. 

The solai·-d-iurnal Yaria tion consists in a systematic angular movemeut of the direction of tlw 
magnet, having for its period the solar day. Its phases depend ou local time, and its character is 

-, the same for the greater part of the northern hemisphere; viz, about the time of snurise the north 
end of the ueedle is generally found approaching to or near its most easterly extreme or elongatio11 
from the magnetic meridian. This phase happens, for instance, at Philadelphia, on the yearly 
average, abont 811 a. m.; at Key West, Fla., about 8t11 a. m.; and the same at Madison, \Vis. It 
is subject to au annual variation, being about three-quarters of an hour later in the mouths when 
the sun is south of the equator, and about one-half of an hour earlier in the summer mouths tha11 
its yearly average time of occurrence. The north end of the needle then begins its principal daily 
motion, and reaches the opposite extreme position, or its western elongation, about half past 1 
o'clock p. m. It is reached a few minutes earlier in snmmer an<l a few minutes later in winter, and 
hardly varies half an hour for different localities. After this epoch the nee<lle takes up an east
erly movement and gradually returns nearly to the direction from which it set out in the morning. 
Frequently an interruption, or small reversed motion, is exhibited during the night. At Philadel
phia the averagr, daily direction is reached in snmmer abont 10t11 a. m. and in winter about 
lO~h a. m., and generally within half an hour of these times at other places. The magnetic merid
ian is crossed a second time, generally between 7 and 9 p. m. The angular range between the 
morning and afternoon elongations, or tile diurnal range, is about 8' oil the average at Philadel
phia and about 5~' at Key West; in higher magnetic latitudes it is more, in lower less. This range 
is subject to an annual inequality, hei11g much more conspicuous in summer than in winter (1~' 
at Philadelphia in August and 5' in Nornmber). At Sitka, Alaska, the diurnal variation from 
observations between 1848 and 18G2 showed an average range of lOJl' with the easterly extreme at 
8 o'clock a. m., and the westerly extreme about 32 p. m. At Point Barrow, on the Arctic Ocean, 
in latitude 71018', the daily range iR nearly 40' with the easterly extreme about 8 o'clock a. m., 
and a delayed westerly extreme about 5 p. m.-as observed by Lieut. P. H. Ray. At Lady Franklin 
Hay, GL'innell Land, in latitude 310 44', the daily range, on the yearly average, rises to 10 G' with 
an easterly extrmne as early as lJt a. m., and a westerly extreme as early as 1 p. m.-as ob:-;erved 
by Lieut. A. W. Greely. It is fnrther Ruhject' to a periodic inequality related to the eleven-year 
cycle of the sun-spots. 'l'he diurnal motion is least in years of minimum sun-spots (as in 185G, 1867, 
1878 and 1889, for instance) and greatest in years of maximum suu·spots (as in 1860, 1870 and 1883), 
the factors being 0.7 and 1.3, about, of the average amount of these years respectively. This daily 
variation appears at times intem1ified, at other times enfeebled, and during the winter months there 
are occasionally days on which it can not be recognized. Ob;;ervations must f>e corrected for time 
of day in order to reduce the re~mlt to the average direction of the twenty-four hours; a table gi\·eu 
for this purpose is fouud in Coast aud Ge0<letic Survey l~eport for 1881, Appendix No. 8, Art. 6. 

The annual variation of the declination is so small that a mere mention of its existence suffices; 
its amplitude is at most l~ minutes of arc. 

The variation depending on the solar rotation has a period of about tvrenty-six days; its 
amplitude is likewise small in our latitude. 

- The lunar inequalitie.~: These we also pass over on account of their small amplitude. TLe 
principal ineqtiality of the lunar diurnal variation exhibits the peculiarity of two maxima and 
minima on each lunar day, thus partaking of the character of the tides. The range of this inequal
ity at Philadelphia is about 27", and at Toronto, Canada, about 38". Other lunar inequalities 
are of yet sm:tller order. 

The secular variation of the magnetic declination, our subject proper, is most probably also of 
a periodic character, but since it requires centuries for its full development, and since, as yet, uo 
one cycle has actually been completed within the range of observation, we are obliged, in the absence 
of any reliable theory, to follow up the phenomena, tentatively, by continuous observations. The 
secular motion may be compared with a wave motion or with an oscillation of a pendulum which 
comes to rest momentarily at its extreme positions or elongations and moves fastest mid way between 
these extremes. Smaller variations within this -period have also been detected, but the general 



 

180 U~ITED STATES COAST ANH GEODBTlO SCl~VEL 

angular movement (say of the north end) of the magnet may be descr;bed as follows: About the 
times of maximum deflection the magnet appears almost stationary or only slowly oscillating about 
the same average direction for several years (as obserwd by ordinary or rough instruments); imon, 
however, the effect of the secular change becomes perceptible, increasing gradually, year by year; 
this progressive angular motion soon reaches an annual maximum nilue, after which, still moving in 
the same direction, it slowly diminishes in speed and finally becomes again stationary, now at the 
opposite extreme digression, after which po8sibly it will return again to its first position. Within 
the area of the United States and south of latitude 4!l0 a complete oscillation of this kind may 
require between two and a half and three and a half centuries, during which time the magnet wou1'l 
swing twice, i. e., once forward and once backward, through an arc of several degrees, generally 
keeping within the limits of 40 and .so of total range for our geographical boundaries; in other locali
ties the period and range are very much greater. The remarkable regularity of the motion is well 
shown on the accompanying diagram (illustration No. ~1) for Paris France (selected on that account), 
for which place we probably possess the longest series of o!Jservations; the period is about four 
and two-third centuries, and the range nearly 33°. To illustrate further the effect of the secular 
change, we may take the case of New York City. In this locality the needle was observed to be 
in nearly a stationary condition about Hl82, its north cud pointing then fully 90 to the west of north; 
it then moved easterly and reached its easternmost digression about 1784, showing at that time only 
4ko west declination. Ever since this epoch the motion has been west.erly, its present value being 
nearly 8~o ,V,; the greatest annual change (nearly 5') was apparently passed about the middle of 
the century. The times of these stationary epochs are different at different localities; the last 
epoch of eastern elong-ation was noted earliest in l\laine towards the close of the past century, later 
the Mississippi Valley, and it has now reached the coast of California and of Washington Territory. 
At present over nearly the whole of the United States the effect of the secular change is to increase 
weRt declination, or (what is the sarne) to decrease east declination; lmt on parts of the Pacific coast 
and for some short distance in the interior the effect is still opposite, viz, an increase of east declination. 
Alaska, howHer, is to ue excepted; there easterly declination is now slowly decreasing. There 
are, consequently at present two regions or belts of no change, one in the east, just entering the 
State of Maine, the other, on the west coast of California, Oregon, and Washington Territory, just 
passing out to sea. They will !Je referred to in detail farther on. It is this regular motion, 
known as the secular variation, which renders it necessary to reconstruct isogonic charts from time 
to time and to correct the compasses and magnetic bearings on our charts. Although this secular 
variation is perfectly systematic, it does not generally appear so; the observations are more or less 
irregular when made at different places iu the same general locality, either on account of small 
observing errors or in consequence of local deflections, or for the reason that the ordinary daily 
variation and other inequalities have not been fully eliminated from the results. Among the latter 
irregnlarities mnst he classell the-

11lagnetic disturbances or storms.-Tbese may occur at an~T time, and are, when taken individually, 
beyond the power of prediction; but attacked by the statistical method, i. e., when classified and 
when averages are taken of many thousands, they are fouud to be subject to various laws. Their 
presence is generally indicated by sudden deflections, and by rapid and great fluctuations of the 
direction of the needle as compared with its normal position; which otherwise might have been 
expected at that time of day and mouth. They often take place simultaneously over distant 
regions of the globe, and in duration may be confined to a few hours, or they may last a day or even 
for several days. They are frequently accompanied by auroral lights and by strong electric earth
cnrrents. When analyzed in large numbers they exhibit a solar-diurnal variation, the westerly 
aud easterly disturbances, however, following different laws. They also have an annual variation 
and seem to depend largely on the eleven-year cycle of the sun-spots. Irrespective of direction 
of the disturbing forces the most disturbed hours of the day are generally those between 7h an!l lOh 
a. m., and the least disturbed those between 211 and ()h p. m. Westerly disturbances occur most fre. 
qnently about 8h a. m., and least about Sh p. m.; they exhibit a single daily progression. Easterly 
disturbances reach a maximum about 8h p. m. and a minimum about 2h p. m.; they exhibit a double 
daily progression. Westerly and easterly disturbances appear to agree in their annual variation, 
in their times of maxima, i.e., in August, September, and October, and in their times of minima, 



 

No.21 

¢C;CJCCO-QOOCQQ 
~r-cccr.o NM~U'Jtt' 

0 
M 

0 ., 

C .5'. Coa,st a.n.d Ocod.etic Sw"Vt' R.,art !Or 1886. 

lIS. Coast ;,nd (i,-oddu· Su1~·~1: 
June 181f9. 

~ c c ~ c 
~ ~ ~ ~ r ~ ~ 

i 



 

UNITED STATES COAST AND GEODETIC SURVEY'. 181 

'i.e., in January and June. The disturbances are most frequent and considerable in the years of 
maximum sun-spot activity and the reverse in years of minimum sun-spots. The following table'of 
the observed disturbances, in a bf.hourly series at Philadelphia in the years 1840 to 1845, will give 
an idea of their relative frequency and magnitude: 

Deviations from nor
mal direction. I 

Number of I 
disturbances. ! 

·-------1----1 
31.6 to 101.8 

rn1.8 to 181 . 1 

181 .1 to 25 1 .3 

25'.3 to 32'.6 
Beyond 

I 
2189 

147 

18 

3 
0 

At Key West, Fla., the maximum deflection noticed between 1860 and 18G6 was 21'.4 At 
Madison, Wis., where the horizontal magnetic intensity is considerably less, very much larger 
cleflectionshave been noticed. Thus, on October 12, 1877, one of 48', and May 28, 1877, one ofl o 24'. 
In high magnetic latitudes where the horizontal cotnponent of the magnetic force is feeble, the dis
turbances attain great intensity, thus at Lady Franklin Bay, Grinnell Land, Lieut. Greely noted 
an extreme range of declination of not less tllan 20° 28', this occurring during the great November 
storm of 1882. 

We now proceed to the special consideration of the secular variation of the magnetic declina
tion, beginning with an account of its first recognition. 

Historical note.-The following brief historical remarks on the magnetic declination and its 
secular variation have been prepared from extracts from Humboldt's Cosmos (Otte's translation, 
Loudon, 1849-1858), Vol's II and V; from the Encyclopredia Britannica, 9th edition, Art. Compass, 
Vol. VI {Boston, 1877), and from E. '\Talker's treatise "Terrestrial and Cosmical Magnetism," 
Cambridge, (England), 1866, in which works fuller references will be found. The Encyclopredia of 
Experimental Philosophy, London, 1848, Art. Magnetism, as well as Gehler's Physikalisches 
Worterbuch, Le!pzig, 1825, Art. Compass, were also consulted. 

The first notice of the magnetic needle as applied to navigation we meet with among western 
(European) nations does not date further back than the eleventh or twelfth century of our era, but 
in China the directive property of the magnetic needle was made use of on land as early as the 
twelfth century B. 0., and, according to t.radition, even at a much earlier time (2834 B. C.). In 
the third and fourth centuries of our era Chinese vessels were guided by the magnetic needle, 
and through them a knowledge of the polarity of the needle was conveyed to India and thence 
westward. In the ninth century Chinese merchants traded in ships to the Persian Gulf and the 
Red Sea. Probably through the influence of Arabian navigators, or through the agency of the 
Crusaders, the use of the mariner's compass was introduced into Eastern Europe. Among the first 
European writers of the middle ages who refer to the loadstone or to the compass is the Icelandic 
historian, Are Frode, who lived about the end of the eleventh century. He states that the directive 
property of the loadstone was then known to seamen in northern countries. Next are mentioned, 
Alexander Neckam, in two treatises, " De Utensilibns " and " De Naturis Rerum," of the twelfth 
century; Guyot of Provins, in 1190, and Jaques de Vi try, between 1204 and 1215. lfaymond Lnlly, 
in 1272 and 1286, remarks that tlie seamen of his time employed the magnetic needle, and from 
Torfmus we learn that the compass was in use among the Norwegians about the middle of the 
thirteenth century. Among then-western nations the construction of the instrument underwent 
great improvements, particularly by the hands of Flavio Gfoja, of ..A.malphi, Italy, in 1302. 

Tke declination.-From a Chinese work, written between 1111 and 1117 .A. D., we learn that 
the needle was then suspended by a thread and that the mode of measuring the amount of the 
declination, it being then west {or, as there expressed, east of south), had long been understood. 
It can hardly be supposed that the fact of the needle, in general, not pointing exactly to the true 
north and sontb could have been overlooked in the twelfth century, on the coasts of the Mediter-
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ranean, in places where the declination reached 60 to 10°. A passage interpolated in a Paris MS., 
a•copy of" Epistola Petri Peregrini," etc., of 1269, states the declination to have been determined 
by him in Italy at 50 E. Columbus probably was the first who records the change in the sign of 
declination with change of geographical position. On starting from the west coast of Spain he II ad 
em;t declination. Ill September, 1492, in the Atlantic, in latitude28°longitude28°(about) heobser\•ed 
11 o W. He bas thus the merit of being the first to discover a part of an agonic line, or line of no de· 
cliuation. The first scientific work in Europe in which the declination is treatml at any length and 
deduced from actual observations is that by Boroughs, published in 1581, entitled "A discourse on the 
Variation of the Cum pas or Magneticall Needle," and is dedicated to the" tra\·aillers and mariners of' 
England." In 1599, Prince Maurice, of Nassau, the lord high admiral of the Low Countries, recom
mended seamen to keep a register of the declination in every part of the world they might visit. 

lsogonic charts.-It il,i supposed that on tile clmrt of Andrea Bianco, drawn up in the year 
1436, certain declinations only were marked, but Alonso de Santa Cruz, in 1530, constructed the 
first general declination chart, though based upon ,·ery imperfect material. Upon the chart by 
Father Chriistopher Burrus (who died in Hl32), published at Lisbon, the magnetic lines are called 
"tractus cbalyboeliticos." About 170 years after Alonso de Santa Cruz, Edmund Halley published 
his celeurated isogonic chart for the year 1700, based entirely upon observations. [Tabula Nautica, 
Variation um l\fagueticarum Index, juxta obsen·ationes anno 1700.] His voyages of the years 1698, 
1699, atHl 1702 were undert11ken 11t the expense of the British Government. This chart comprisp,s tlle 
areas of the North and South Atlantic, the Indian, and the extreme western part of the Pacific 
Ocean. Isogonic chart::; became quite numerous after Halley's time. Those by Hausteen (Mag
uetismus der Ertle, 1819) deserrn special mention; his earliest one is for the year 1600. In 1838 
Gauss published liis " General theory of Terrestrial :.\Iagnetism " (in Resaltate, etc., des Magneti
schen Vereins, Gi.ittingen) and the resulting isomagnetic curve;i were afterwards charted. A 
translation oft.he theory aud copies of the charts are given in Taylor's Scientific Memoirs, Vol. II, 
London, 1841. In the work of A. Ermau and H. Petersen, "Tlie .Foundation of the Gaussian 
theory and the phenomena of Terrestrial Magnetism in the year 1829," Berlin, 1874, the general 
distribution of magnetism over the globe is shown on six charts for the epoch 1829. For the most 
complete magnetic charts depending directly on observations, the reader is referred to General 
Sir Edward Sabine's Contributions to Terrestrial .\fagnetism, Nos. XI, XIII, XIV and XV, Phil. 
T1·ans. Roy. Soc., of the years 1868, 1872, 1875 and 1877, respectively. These charts refer to the 
period 1840 to 1845. Charts on :Mercator's pr~jection of" Curves of Equal Magnetic Variation" 
were published by the English admiralt.Y for the epochs 1858, 1871 and 1880, and by the Deutschen 
Seewarte for 1880.• The latest isogonic charts for the United States of America, reduc<>,d to the 
epoch 1885.0, will be found in the Coast and Geocletic Survey Report for 1882, Appendix No. 13, 
in three sheets, Nos. 38, 39, 40, with a second edition of the first two numbers in one sheet, issued 
in February, 1889. 

The seculari,ariatfon of the declination.-The discovery of the gradual change of the declination, 
whioh for any one place had previously beeu supposed by philosophers to be constant, is due to 
Gellibraml, of Gresham College, England. In 1635 he published his work, entitled "A discourse 
mathernaticall on the Variation of the l\fagneticall Needle, together with its admirable diminution 
lately di8covered." He hased his conclusions upon the recorded ohservations of Boroughs (1580), 
of Gunter (1622), and his own ob11ervations (1633-'34), showing that in the vicinity of Loudon the 
direction of the needle had clrnnged in the interval fully 70 to the westward. From this time the 
fa.ct of the secular rnriation was completely established, and it remained t,o later times t,o deter· 
mine it.'> extent and develop the law governing this change, and to endeavor t,o find its cause. That 
the \'elocity w:ts not uniform was soon perceived, and the apparently periodic character of the varia
tion was promiuently forced upon the attention of obseners when the needle reached a.stationarv 
condition, as, for instance, in the eastern part of the United States towards the end of theeighteeuth 
century, and then recommenced its motion in a direction opposite to that it had before. Similarly 
at Paris, France, the secular cliange was westward between the stationary epOQhs of l&ro (about) , 
aud 1812 (about), since which time the needle has commenced retracing its course eastwardly. 
Nearly mi(lway between such stationary epochs the annual change is observed to be a maximum. 
Set' illustration No. 21, upper diagram. 

• See also "Berghaus' Physicalischer Atlas," chart Ne;~ 39, which is for the epoch 1865. 
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ANALYTICAL EXPRESSION OF THE SECULAR VARIATION OF THE :MAGNETIC DECLINATION. 

The secular 1'ariation can be represented with considerable accuracy by means of a circular or 
lrnrmonic function, as migllt be expected from the almost unlimited adaptation of such functions to 
all forms of periodically recurring phenomena, provided a sufficient number of terms are intro

' dueed. The formula employed for our purpose may he \nitten-

D = o + r sin (am+ c) + r, sin (a,m + c,) + r 11 sin (a11m + c11 ) + ....... . 
Where D =magnetic declination at any time t, positirn when wt>st, negative when east. 

m = nurn ber of years and fractions of a year from an epoch t0 for which 1850 has been adopted ; 
hence m = t - 1850.00 

a a, a 11 •••• are factors depending on the adopted periods P P, P11 •••• of tlle several 

3600 3000 3600 terms; so that a=-
1
;- a,= 

1
, o:11 =~y-, etc. 

I l 11 

0 . 1 27Z' r rn genera a= -p-

Thus to a=0.9, 1.0, 1.2, 1.5 there correspond periods of 400, 360, 300, and 240 years respectirnly. 
r r, r11 •••••• are parameters or semi-ranges, 
c c, c11 •••••• epochal constants of the several periodic terms, and 
o= a constant, representing the average or normal declination about which the periodic 

fluctuations take place. 
The quantities o, r r, r11 ••• a a, a11 ••• and c c, 011 ••• for any one locality must be 

determined from the observations made there at >arious times, a~td their most probable values are 
to be deduced by application of the method of least squares. 

We begin by assuming a suitable >aluc• for the length of the principal period, and the first 
periodic term of the formula 1s treated as follows: 

Put o=o,+x where o,= an assumed approximate value of o and x a correction to it; also put 
r cos C=Y antl r sin c=z, 

then the conditional equations will take the form : 

O=o,-D + x+ sin am.y+ cos am. z 

from which the numerical Yalues of x y z are to be deduced in the usual way by means of normal 
equations. To determine the value of a (and similarly of a, a 11 ••• ) the computation is repeated 
three times (or more if necessary) using the slightly clianged valnes a +Lia and a-Lia, from 
which that particular value of a is found and finally retained which renders the sum of the 
squares of the differences of observed and computed declinations a minimum. In some cases 
where certain observations were evidently less trustworthy than others, and which nevertheless 
could not be dispensed with owing to the small numbt>I' of obser>ations or on account of their 
special value with reference to time, special weights were assigned; generally each observation 
received the weight unity, a few imperfect observations the weight one-half, and to some particu
larly valuable observationi:i double weight was assigned. In tllese cases the conditional equations 
were multiplieil by the square root of their respective weight. The material on hand wa.;i thus 
carefully scrntinir.ed respecting its relative and ab.;olute value, and of observations evidently grossly 
in error no notice whatever was taken. In finally selecting what seemed to be the best expression 
for the secular change at a station, I have also frequently been guided by the acoord of the various 
constants entering into the equation when compared with corresponding values in tlJe equations for 
surrounding stations. ·When applying Cauchy's method of iuter1'°lation the form 

D=o + rcos c. sin ma+ rsin c. cos 1na 
was found more convenient in use. This method was employed for establishing such second or 
third periodic terms as appeared demanded uy the observations, but only a few such terms could 
be determined as they generally failed in consequence of the insufficiency in number of data or 
for want of sufficient accuracy in the observations. 

The annual change v of the magnetic declination due to the secular motion, positive when 
increasing west declination (or decreasing east) and negative when in the opposite direction; also 

•It may be found graphically in the first instance. 
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the epoch of minimum west declination (or of maximum east); also the amount of the declination 
at this epoch and the apparent probable error of au observation-are found as follows : 

Differentiating the expression for D, we have 

dD=ra cos (am+ c) dm + r, a, cos (a,m + c,) dm + . 

hence for any time t and for minutes of arc, 

'l' = 60 sin 10 [ra cos (am+ c) + 1·,a, cos (ff1ni + c,)+ ... ] 

Maxima and minima are deduced from the equ;ltion: 

0 = ra cos (am+ c) + r,a, cos (a,m + c,) + ..... 

from which expression m can be fouull. 
The apparent probable error e0 of an observation is deduced from th,e differences L1 of then 

. . b h fi l J0·455 .~:L12 h '"" . d' te . observedandcomputed<leclmat10us vt e ormu a Co= , w ere..:;; Ill wa s summation . n-~ . 
and n, equals the number of unknown qnantities in the expression for D, as determined from the 
obscrrntious themselves; when weights p cuter, we substitute pL12 for L/2 and then obtain the 
probable error of an obser\'ation of unit weight. The greater part of this apparent probable 
error or rather lll'Obable uncertainty in the representation is due to the fact that the obserrntious 
collected at auy one place were not genemlly made at precisely the same spot, thus introducing 
the effect of any local irregularities in the 11istribution of magnetism in addition to the o:rlinaQ· 
\>bserving errors. In the case of observations e\·ideutly not corrected for dirunal variation, and 
for which the hour of the day of observation was not knowu, the received imperfect value had to 
be accepted; this remark applies more particularly to accurate measures for which alone this cor
rection is of importance. 

Tlwre arn some stations where either from want of a sufficient number of observations, or from 
shortness of interrnl between the first and last obser\'ation, the length of the period of the seen· 
Jar Yal'iation could not be made out. In such cases the declination and annual change due to the 
secular motion may temporarily be expressed by means of au exponential function, t.hus: 

D=do + y (t-t0 ) + z (t-tof+ .... 

where <7o =magnetic declination at epoch t0• I adopt, as in the preceding formuhe, t0 = 1850.0, 
and put do= (~ + x, where o = an approximate value of d0 and x a correction to it to be determi11e1l, 
as well as y and::, etc., from the observations themselves. For this purpose we have a number of 
conditional equations of the form 

0 = o - D + x + y m + zm2 + 
which equations are to be treated, as customary, b,y the method of least squares. 

Let D = resulting magnetic declination { + whhen westt } for the time t 
- w en eas 

a= annual change= y + 2z (t- t 0) = y + 2z • m; also 

- T = time of maximum declination = t0 - ]l 
2z 

In case the change of declination can be represented by a straight line, we have 
D =do+ a (t - to) and the conditional equation will be of the simple fonp: 0=d0-D+a (t-f0) 

where d,, = mean of all observed declinations and t0 = mean of corresponding times. 
The principal uncertainty in the investigation thus arises partly from large observing or iustru· 

mental errors in the older observations made with the ordinary compasses or with rude instruments 
generally, and partly, in case of modern observations, since the introduction of more refined instru
ments (the magnetometer with collimator magnet and theodolite), from changes in the local posi· 
t ions and from imperfect elimination or irregular variations from the normal direction of the magnet. 
l n consequence of the extended use of iron and steel above and below ground, and the spread of 
the electric telegraph, telephone, and electric-light wires, combined with the rapid growth of cities 
extending tbt1msekes over the sites of the older stations, it is found difficult to select and preserve 
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at such places a suitable locality for i:>ermanent use. Accurate investigations of the secular varia· 
tion can only be carried out at regular magnetic observatories or in localities permanently exempt 
from all disturbing influences. 

In applying at present a periodic function for the representation of the secular variation,• it 
should be under~tood that this does not neaessarily imply that the phenomenon is a periodic one, or 

-, even that it has an invariable period of the length assigned, or that it must exhibit a secoud 
motion of like character to the first; it is possible that a whole period may not be completed 
without some minor change of law. The aim is simply to represent by a suitable and sufficiently 
compreheusive formula the changes which are observed in the direction of the horizontal compo· 
neut of the magnetic force from year to year and during centuries, and to provide the means for 
the further investigation of the phenomenon with a view to ascertaining its probable cause~ as well 
as for predicting, at least for a few years in advance, the probable direction of the needle. This 
last information is required in the construction of our hydrographic and coast charts, for the use 
of the navigator and for the surveyor. 

The analytical process is thus one of a tentative character and the formulro are necessaril,Y 
empirical and in need of continual reconstruction and improvement. Employing thus a formula or 
interpolation capable of represeutiug the phenomenon ouly as far as observed, it would manifestly 
be uusafe to exteud its numerical results either way much beyond the limits of observation. The 
predictions are here given within proper and safe limits, and the tabular results should not be trans 
gressed in either direction unless the results are sustained by additional observations. 

COLLECTION OF OBSERVED :MAGNETIC DECLINATIONS SUITABLE FOR '.l'HE INVESTIGATION OF 

THE SECULAR VARIATION. 

The material collected for this pt1rpose has been arranged geographically in three groups for 
greater convenience of reference and of comparison of results. It approximates to an arrange
ment proceediug from stations of the greatest west declination (at present) to thoi-e of greatest 
east declination, and comprises the whole area of the United States as Wl'll as a few foreign locali
ties, which were introduced for the special purpose of preparing the way for geographically extend· 
ing and connecting the Jaws of the secular change, so far as they can be made out for North America. 

Group I comprises stations mainly on the Atlantic coast of the United States and the region 
east of the Appalachian range. 

In particular, tile stations of this eastern series extBnd from Newfoundland and Eastern 
Canada along our Atlantic coast as far south as Florida. Added to these are one station in France, 
one iu the Bermuda Islands, and one in Brazil. 

Group II includes stations mainly in the central part of the United States, between the 
Appalachian and Rocky Mountain systems. 

In particular, the stations of this central series cover the region south of Hudson Bay and 
within the United States, including the entire area drained by the Gulf of Mexico. Added to these 
are two stations in the West Indies and one in Central America. 

Group III comprises mainly the Pacific coast stations, and includes the Rocky Mountain region. 
In particular, the stations are scattePCd from the Isthmus of Tehuantepec through the western 

coast States and Territories, including Alaska. To this group are added one station in Siberia and 
two in the ~andwich Islands. 

* Ifwe suppose for the moment that the secular variation consists simply of a swing about a mean position, the 
deJlecting force being a maximum at the times of elongation and zero for the epoch midway between, we may obtain 
some rough evaluation of tho magnitude of the horizontal deflecting force when greatest. Thus, at Philadelphia the 
half-amplitude or the secular deflection eitbei' way from the nol'mal equals nearly 3°.3 and the last extreme deilectiou 

3.3 1 . 
happened about 1802. At that time, then, the deflecting force corresponded to 57. 3=17 nearly of the normal hori-

zontal foree acting In the plane of t.be meridian. This deflecting force is very much greater than the <lefleoting force 
which produces the daily solar variation, the latter being at mo5', at Philadelphia, for an average amplitude of 81.0, 

equal to 34~:. 7 = ~ nearly of the ea.me normal horizontal force. 
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Eiich group is treatetl separately; the record of observations is given first, with such notes 
appended as seemed tkmanded for each locality; then follow the analytical formulm expressing the 
l'lecnlar change, next ar1-1 given the comparhmns between observed and computetl values, and the 
istatement of results is completed by decennial tabular values of the declination up to the year 
1850, after that by compnte1l values g-i\•en for every fifth year1 ending with 1900. A comparison of 
the results reached in the several editious of this paper shows a gradual improvement of precision, 
yet much more is expected through foture accumulations of data promising results more compre· 
hensive and reliahle than can be declueed at present. 

GROUP I.-Series of magnetic stationR mainly on the Atlantic coast and in the region east of the 
Appalachian range. 

The stations of this eastern series are irregnhtrly distrilmtetl over the region between New
foundland anti li'loritfa, with one station each, in Frauce, in the Bermudas, and Brazil. 

Observations were collected and discussed for secular change of declination at the following 
places, arranged in the order of decreasing latitudes : 

1. Saint John's, Newfoundlaud. 
2. Quebec, Canada. 
3. Charlottetown, Prince Edward Island. 
4. Montreal, Canada. 
5. Ea.stpurt, Me. 
6. Bangor, Me. 
7. Halifax, Nova Scotia. 
8. Burlington, Vt. 
9. Hanover, N. H. 

10. Portland, Me. 
11. Rutland, Vt .. 
12. Portsmouth, N. H. 
13. CheHterfit ltl, N. H. 
14. Newburyport, Mass. 
15. Williamstown, Mass. 
16. Albany, N. Y. 
17. Salem, Muss. 
18. Oxford, N. Y. 
19. Cambridge, Mass. 
20. Boston, Mass. 
21. Provincetown, Cape Corl, Mass. 
22. Providence, R. I. 
23. Hartford, Conn. 
·21. New u .. Yen, Conn. 

1 25. Nantucket, Mass. 
26. Coltl Spriug Harbor, Long Island, N. Y. 
27. New York, N. Y. 
. .. Tpone, Pa., 
28. Bethlehem, Pa. 
2'J. Huntingdon, Pa. 
30. New Brunswick, N. J. 
:n Jamesburg, N. J. 
32. Harrisburg, Pa. 
3:J. Hatboro', Pa. 
34. Philadelphia, Pa. 
35. Chambersburg, Pa. 
:l6. Baltimore, Md. 
37. Washington, D. C. 
38. Cape Henlopen, Del. 
39. Williamsburg, Va. 
40. Cape Henry, Va. 
41. New Berne, N. C. 
42. Milledgeville, Ga. 
4:l. Charleston, S. C. 
44. Savannah, Ga. 
45. Paris, France. 
46. Saint George's Town, Bermuda Islands. 
47. Rio de Janeiro, Brazil. 

The first column of the recorll for any station contains the running number of the observed 
values ma.de u,;e of in tlrn discussion; the second, the date of the observation; the third, the 
observed value; and thP fourth, the name of the obserrer, the geographical position of the station 
the reference to pnblic<ttinn, and other pertiueut rt.'mitrks. Unless otherwise stated unit weigh~ 
w = l) is given to each. ooservation in tile computation. • ' 
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GROUP !.-Collection of observed Magnetic Declinations, Eastern &ries. 

1630, about. 

2 1700 __ 

3 1750 __ 

4 1787 __ 

5 1833 __ 

6* 1844, October. 

7* 1857, July. 

8* 1862, September II. 

9* 1863, September ~2-

10* 1864, June 3. 

11* 1866, April to October. 

r 
1881, June 29 

1.-SAINT JOHN'S, NEWFOUNDLAND .. 

</>=47° 34'.4 A.=52° 41 1 .9 W. of Gr. 

(Government House.) 

15 W. R. Dudley's Arcano de! Mare, Florence, 1646-47. [w=J4 .-SCH.] 

16 

26 30 

29 36 

31 21 

31 20· 

31 18 

31 00 

30 55 
30 26 

Edm. Halley's Tabula Nautica; Variationum Magneticarum index, etc., 1700. 

Greenwich aslro'I observations, 1869. [Auxiliary value,w= J1.-Sctt.] 

A rough auxiliary value depending on observations about this period; see 

C. and Geod. Survey Bulletin No. 6. (w=,U.-ScH.] 

E. Walker's" Terrestrial and Cosmical Magnetism," Cambridge, 1866, plate 

7, according to Hansteen. [Auxiliary value, w= j(.-ScH] 

P. Barlow's isogonic chart. in Phil. Trans. Roy. Soc., 1833, pt. I, p. 668. 

Capt. Bayfield, R. N.; in Phil. Trans. Roy. Soc., 1849, p. 211. 

Capt. J)ayman, R. N.; account of deep-sea soundings in the North Atlantic 

Ocean, 1858, p. 61. 

} Capt. Orlebar, R. N. 

Near Government House. 

Lieut. C. P. Perkins, U.S. S. Alliance; in <!>=47° 34', A.=52° 35'.W. Naval 

Professional Papers No. 19, Washington, 1886. 

12 ~ 1881, September26, 27, 28. 30 37. 3 W. Lieut. S. W. Very, N. S. N., Asst. Coast and Geod. Survey. In N. W. cor

ner of grounds surrounding the Government House. [Mem value +30°.52 

for 1881.6; the weight 2 was given to this value.-ScH.] l 
2.-QUEBEC, CANADA. 

il.=71° 14'.5 W. of Gr. 

(Wolfe's Monument.) 

0 I 

I 1642 __ 16 w. Padre Bressani; Hansteen's Magnetismus der Ertle, 1819; also Trans. of 

the Lit. and Hist. Society of Quebec, 1865.t (Hansteen's date, 1649, 

ch...nged to 1642, according to President Langton's art. X of Trans. The 

weight o. 5 is given to this value.-ScH.] 

2 1886 __ 15}'i De Hayes; Hansteen's Mag. der Ertle, 1819. 

r6 

{ Edm. Halley's isogonic chart for 1700, Greenwich observations for 1869. 

3 1700 __ 
16"4 

A rough auxiliary value; see C. and Geod. Survey Bulletin No. 6. [Mean . 16°. 25-Scu.] 

4 1750 __ 12}4 A rough auxiliary value depending on observations about this period; see 

C. and Geod. Survey Bulletin No. 6. 

5 1785 __ 12 35 Surveyor-General Holland; E. T. Fletcher in Trans. of the Lit. and Hist. 

Soc~of Quebec, 1865, art. ix. 
6 1789, June 30. II 45 Louis Perrault, P. L. S. ; reference as above. 

1 1791, June 22. 13 00 w. Pierre Beaupre, P. L. S.; reference as above. -
*The information for the years marked by an asterisk was communicated to the office hy Staff-Commander F.J. Evans, 

Hydrographerto the British Admiralty. 
t I am indebted to Mr. Marcus Baker, of the Compt1ting Division, Coast and Geodetic Survey, for pointing out aud procuring 

this volume for me. 
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Collection of Magnetic Declinat-ions, etc.-Continued. 

QUEBEC, CANADA-Continued. 

-----------~--~--

r 
8~ 
l 

9{ 

IO 

ll { 

12 

13 

( 
I 

14~ 
i 
l 

r 
15 ~ 

l 
r 

16 ~ 
i 
L 

•7 l 
18 

20 

23 

1 "l 

1792, March 24. 

1792, May 9. 

1792, May 16. 

1792, May 16. 

1793 __ 

1793, November 19. 

18o5, April. 
18rn __ 

1810,June5. 

1811, June. 
1814 __ 

1820, October 2. 

I 820, November. 

1821, August 25. 

1821, September. 

1821, September. 

1821, November 28. 

1822, January 21. 

1822, January 21. 

1822, April 26. 

1822, May. 

1823, March 26. 

1823, May 12. 

1823, October 3. 

1823, October 23. 

1823, November 14. 

1824, March 2. 
1831 __ 

1831, July 20. 

1831, autumn. 

1831, September 6. 

1831, December 10. 

1832, May. 

1833, May. 

1833, July. 
1834 __ 

1834, March 10. 

1834 .. 

1834, July. 

1835, December. 

1838 and 1839. 

1839, May. 

1839 __ 
c.__ ______ . 

0 , 
12 15 

13 09 

12 00 

12 15 

12 05 

13 00 

II 35 
II 00 

12 15 

12 15 

II 50 

12 30 

12 35 

12 15 

13 00 

13 00 

13 20 

13 00 

13 00 

13 00 

13 00 

13 00 

13 ()() 

13 00 

13 00 

13 00 

12 40 

13 38 

13 10 

13 00 

14 00 

13 12 

13 oo 

12 30 

13 00 

14 14 

13 00 

13 00 

13 00 

IJ IO 

13 00 

13 30 

13 35 

w. J. B. Demers, P. L. S. l 
A. Dezery, P. J .. S. . 

I S 
~Reference as above. (Mean+12°.42 for 1792. 3-

Ch. Turgeon, P. ,. . I 
. Seu.] 

Fr. Legendre, P. L. S. J 
Surveyor-General Holland.} Reference as above. [Mean+12°.54 for 

J.C. Antill, P. L. S. 1793.6-Scu.] 

Reg. A, folio 117, Dept. of Crown Lands; reference as above. 

llec'luerel's Traite du Magnetisme, Paris, 1846. 

Reg. A, folio q1; E.T. Fletcher, Trans. Lit. and HistSoc. of Quebec, 1865. 

[Mean+11°.62 for 18rn.5-Scu.) 

Reg. A, folio 143; reference as above. 

Kent, Becquerel's Traite du M:ignetisme, Paris, 1846. 

Bourdage,, P. L. S.; E. T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 

1865. 

L\ving;tone, P. L. S.; reference as above. [Mcan+12°.54 for 1820.8-

Srn.] 

Jno. Mc:'\aughton, P. L. S.} 
A. Cattanach, P. L. S. 

\ 
Reference as above. 

V. Ware, P. L. S. 
• , 1821.7-Scu.] 

E. fetu, P. L. S. 

Jos. Hamel, P. L. S. l 
Ph. Verrault, P.-L. S. 1 

~ Reference as above. 
P. J. llurcau, P. L.S. J 
Reg. A, foliv 162 ~. 

N. Le FranGois, P. L. S. l 
D.S. Ballantyne, P. L. S. 

Jos. Gamahe, P. L. S. ~Reference as above. 

A. Bochet, P. L. S. I 
L. Dorval, P. L. S. J 
A. Cattanach, P. L. S.; reference as above. 

Captain Bayfield, Becquerel's Traitc du Magnetisme, Paris, 1846. 

Thom. Carrol, l'. L. S. l 
Jos. Hamel, P. L. S. E.T. ·Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 

H. Corey, P. L. S. l 1865. [Mean+13°.40 for 1831.7 --ScH.] • 

John Newman, P. L. S.) 

Reg. B, fol. 36; reference as above. 

Reg. B, fol. 43. } 

R B 
, 

1 
Reference as above. 

eg. 'IO .43. 
[Mean+12°.75 for 1833.5- SCH.] 

Capt. Bayfield; Trans. Roy. Soc., June, 1872; Gen. Sir. Edw. Sabine, Conts. 

to Terr. Mag., No. xiii. 

Reg. A, fol.197. l 
Reg. B, fol. 61. ~E.T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 1865. 

Reg. B,fol,69. J [Mean+13°.31 for 1834.4-Scu.] 

Reg. B, fol. 85 ; reference as above. 

[Mean+ I 3° .37 for 1839.3-
1 Reg. B, fol. 66. } 
'I Reg. B, fol. 144. Reference as above. 

W. Reg. B, fol. 154. Seu.] 

- -----------··--
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Collection of Magnetic Declinations, etc.-Oontinued. 

QUEBEC, CANADA-Continued. 
-----· 

25 { 
1840, May. 20. 

1840, September 14. 

I 26{ 

1842, December 7. 
1842 __ 

27 1846 __ 

28{ 

1847, September 17. 
1847, September 20. 

1847, October 13. 

29{ 

1848, February. 

1848, June 28. 

1848, October. 

30{ 
1849, March 8. 

1849, July 8. 

31 1850, April. 

32 1851, autumn. 

33 1853, January 19. 

34 1858, October 8. 

35 1859, July 19. 

36 186o, October 12. 

37 1865 __ 

38 1879, September 16, 19. 

1833 __ 

2 1842, June. 

3 1857, May. 

4 1858, May 18. 

5 1859, May 20. 

6 186o, May 17. 

7 1861, May 14. 
8 1862, May 27. 

J 1883, August 29. 

1883, September 22. 

l 

0 

13 50 

13 35 

13 50 

14 12 

14 32 

15 30 

14 45 

13 40 

15 15 

14 30 

15 30 

15 15 

15 15 

15 00 

15 30 

15 34 

w.1 R. M. Moore, P, L. S _____ ,, _____________ } Reference as above. [Mean 

Proces-Verbal, by Jos. Bouchette, D.S. G. + 13°.71for18405-ScH.) 

Reg.B, fol. 28r., AnsedesMeres; reference as above. } 
Capt. J. H. Lefroy, R. E.; Phil. Trans. Roy. Soc., (l\Iean + 14°·02 for 

1849, part II. 1842.7-Srn.J 

Reg. B, fol. 318, La Canarcliere; E.T. Fletcher, Trans. Lit. and Hist. Soc. 

of Quebec, 1865. 

Reg. B, fol. 316. 1 
Reg. B, fol. 262. } Reference as above. [Mean+ 14°.64 for 1847.7·-SCH.] 

Reg. B, fol. 269. J 
Reg. B, fol. 277------------------ ----- -} 
Reg. B, fol. 299 ____________ ------------ Reference as above. [Mean 

N. Le Fran~ois, P. L. S., Field-Book C, 5o +14°·58 for i848.5-ScH.] 

Reg. B, fol. 316 ____ } Reference as above. [Mean+ 15°.37 for 1849.f.- I 
Reg. C, fol. 5------ SCH.) 

Reg. C, fol. 13; reference as above. 

Reg. C, fol. 33; reference as above. 

Reg. B, fol. 320; reference as before. 

Capt. Orkbar, R. N.; communicated by Capt. F. J. Evans, Hydrographic 

Dept., Admiralty, London. 

16 17 C. A. Schott, Asst. Coast Survey; station near \Volfe's Monument. Coast Sur-

vey Report for 1859, p. 296, rp and A. as in heading. 

16 28 .Capt. Orlebar, R. N.; communicated by Capt. F. J. Evans, Admiralty, Lou- I 

don. [This value received double weight.-ScH.] 

16 40 E.T. Fletcher, surveyor to Dept. of Crown Lands. [This value was given 

double weight.-ScH.] 

17 13. 7 W. J.B. Baylor, U.S. Coast and Geodetic Survey, in q,=46°481.4, A.=71°141.5 

W.; station of 1859, Coast and Geodetic Survey Report for 1881, App. I 
No. 9. [This value was given douule weight.-ScH.] 

3.-CHARLOTTETOWN, PRINCE EDWARD ISLAND. 

0 

19 JO w. Peter Harlow's isogonic chart for 1833, Phil. Trans. Roy. Soc., 1833, pt. i, 

p.668. 

21 03 Capt. Bayfield, R. N. Letter of Staff-Comdr. J. F. Evans of Jan. 5, 1866; see 

also Phil. Trans. Roy. S9c., 1849, p. 211. 

23 02 

22 54 

f D>pL °"'"°'• R. N. 

• 
22 51 

Reference as above. 
22 so 

22 45 
I 

23 19 J 
24 02 Lieut. J.C. Rich, U.S. S. Alliance; in <11=46°10',i\.=62°181 \V. Naval i 

Professional Papers No. 19, Washington, 1886. 

Refer I 24. 19 VI. ·Lieut.R.B.Peck, U.S. S. Swatara; intf1=46°10',A.=62°271 W. 

ence as above. [Mean 24° l0'.5 w., ""·"'~ .. .....,_.," ·-1 
decl'n=23°261 W·-ScH.] 
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1700 __ 

1749 __ 

1750 __ 

1785 __ 

1793, July 26. 

1814 __ 

1834 __ 

1835 __ 

1842, August. 

1859, July 20. 

1879, September 25. 

-
16o.t-1612. 

1630, about. 

1700 __ 

1750 __ 

1775 __ 

1797 __ 

1833 __ 

Collection of Magnetic Declinations, etc.-Continued. 

4.-MONTREAL, CANADA. 

{ 

A= 73° 341 .6 W. of Gr. 

(College Observatory, McGill University.) 

14! W. 

IO 38 

10.3 

8 24 

8 r5 

7 45 
8 00 

9 50 

8 57.6 

12 21 

A rough auxiliary value, depending on observations about this period; see 

C. and Geod. Survey Bulletin No. 6. 

M. Gillion. V. Colvin, Sup't Adirondack Survey, N. Y., 7th Annual Report, 

Albany, 1880, p. 492. 

A rough auxiliary value, depending on observations about this period, see C. 

and Geod. Survey Bulletin No. 6. [Not used.-ScH.] 

IIolland, Surv. Gen. of Canada. V. Colvin, Sup't Adirondack Survey, N. 

Y., 7th Annual Report, Albany, 1880, p. 492. 

Jer. l\fcCarthey, Trans. Lit. and Hist. Soc. of Quebec, session of 1864-'65, 

new series; Quebec, 1865, p. 3. 

Becquerel's Traite du Magnetisme, Paris, 1846. 

Capt. Bayfield; Gen. Sir Edw. Sabine's Conts. No. ix, Phil. Trans. Roy. 

Soc., 1849; in¢=45° 32', "-=73° 34' W. 

Reference as for Nos. 2 and 3. 

Capt. J. H. Lcfroy, R. E. Coast Survey Report for 1855, p. 304. Gen. Sir 

J. H. Lefroy's Diary of Magnetic Survey, Canada, etc., London, 1883. 

C. A. Schott, asst. Coast Survey; Coast and Geodetic Survey Report for 

1881,App. No. 9. Groundsof McGil!Universityin¢=45° 301.5, A=73° 

34'.6 w. 
13 40. SW. J.B. Baylor, Coast and Geodetic Survey. Grounds of McGill University. 

Report for 1881, App. No. 9. 

5.-EASTPORT, ME. 

4'=44° 541·4 A.= 66° 591.2 W. of Gr. 

0 ' 
17 32 W. 

134 

13 

13.3 

11.4 

12 40 

12 19 

14 JO 

(Fort Sullivan.) 

Champlain's observation at Douchet Islan.J, St. Croix .liver. [Information 

received from asst. H. Mitchell, May 4, 1877, w= }:J'.-8'...1.] 
R. Dudley's Arcano del Mare, Florence, r646-' 47. [Not used. -SCH.] 

( Edm. Halley's isogonic chart, Tabula Nautica; Variationum Magneticat. 

I index, etc., 1700. Greenwich astronomical observations, 1869. [Auxili

j ary value, 13°.03, according to my discussion of observations about this pe· 

l riod, see C. and Geod. Survey .Bulletin No. 6, w= ~.-SCH.] 
An auxiliary value, same reference as above. [ w = J4 .-SCH.] 

At Grand Manan Island; Des Barres's, Atlantic Neptune, London, 1781. 

From a chart, at the mouth of St. Croix, in \ii= 45° 05', A.= 67° U' W. 
Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. {Reduction to 

Eastport about - 5'.-ScH.] 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., 1833. 

[w= ~.-SCH.) 
1857, September 16-19. 15 21. I w. G. W. Dean, asst. Coast Survey; at Calais, in\D=45° 11'.1, ,\ =67°16'.SW. 

Coast Survey Report for 1858, p. 191. [Reduction to Eastport-12', not 

uscd.-ScH.] 
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Collection of Magnetic .Declinations, etc.-Continued. 

7 1800, August to December. I 
8 1861,Januaryto"December. f 

9 1862,Januaryto December.! 

IO 1863, January to December. ! 

ll 1864,JanuarytoJuly incl. I 
12 1865, July 22-25. I 

13 1873, September 2, 3. 

14 1879, August 27, 28. 

15 1887, August 24, 26. 

l 18o5 __ 

2 1837 __ 

3 1840 __ 

4 1844, J uneto October, incl. 

5 1857, October lJ, 14, 15. 

6 1879, August 21. 

I 

ltio.i-t612. 

2 1630, about. 

( 

3 1700 __ l 

EASTPORT, ME.-Continued. 

0 / 

17 57. l W. 
( Coa"t Survey obscnc1"; i 

~: :: ~:: ~~~-~.-~~;~;r-~~~~~~~~~~~~~~~~~~ j at the Fort Sullivan . 17 59.2 

18 oo.6 

18 02.3 

18 03. 7 
18 o6. I 

18 56.0 

S. Walker, R.H. Talcott, E. Goodfellow ___ ---- J\Iagnetic Observatory, 

E. Goodfellow_____________________________ Coast and Geodetic 

E. Goodfellow, A. T. Mosman, H.W. Richardson · . ' , . I Survey Report for 1881 

II. W. Richardson _ _ __ _ _ __ _ _ __ _ _ _ _ __ __ _ _ _ _ _ App. 9· 'I'= 44° 54'.4, 
l ;t = 66° 591 .2 W. 

Dr. T. C. Hilgard, observer for Coast Survey; at Fort Sullivan, in \0=44° 
541 .3, A= 66° 591 .3 W. Reference as above. 

J.B. Baylor, U.S. Coast and Geodetic Survey; at station of 186o. Refer

ence as before. 

18 35. 2 W. J. Il. Baylor, asst. Coast and Geod. Surv~y; at parade ground. Fort Sullivan. 

MS. in archives. 

6.-BANGOR, ME. 

¢=44° 481 .2 il=68° 46'.9 W. of Gr. 

(Thomas Hill.) 
·-· 

0 I 

II 15 W. J. Herrick, at Hampden, in \1=44° 441 , il=6S0 501 • Prof. E. Loomis' col-

lection in Sill. Jour., vol. xxxiv, 1838. 

13 04 J. Herrick, position and reference as before. 

13 22 Hon. N. Barker, Commissioner; at Hampden. Pamphlet by I. E. Getchell, 

North Vassalboro', l88o. 

14 29 W. P. Parrott & S. Nott; at Bangor, in 9'=44° 481 , il.=68° 46'. MS. pre-

sented to the Survey by S. Nott, llfay 30, 1888. Observations made al-

most daily, and generally at three stated hours. [Observations reduced 

to mean of day by myself.-SCH.] 

15 19. 9 G. ,V, Dean, asst. Coast Su~ey; on Thomu Hill, near and south of astro· 

nomical station. Position as in heading. 

16 29. 3 W. J. B. Baylor, sub-asst., C. and Geod. Survey, at Bangor, on Thomas Hill, in 

o I 

14 

13 

12; 

9'>=44° 48'.2, l=68° 461.9, near astronomical stattion of 1851 and 1857. 

MS. in archives. 

7.-HALIFAX, NOVA SCOTIA. 

¢=44° 39'.6 il.=63° 35/,3 W. of Gr. 

(Naval Yard Observatory.) 

W. According to Champlain's observations at Cape Breton, in Nm·a Scotia and 

New Brunswick. At Cape La Have, the station nearest to Halifax, he 

observed 16° 15' W., in 1/1=44° 11 1, 1=64° 151 W. Trans. Lit. and Hist. 

Soc. of Quebec, session 1864-'65,John Langton, president; Quebec, 1865. 

(w=~.-ScH.] 

R. Dudley's Arcano del Mare, Florence, 1646-'47. [w= }f.-ScH.] 

Edm. Halley's Tabula Nautica; Variationum Magneticarum index, &c., 

1700; Greenwich astro'l ohservations, 1869. (Auxiliary value.-ScH.) 

W. A rough auxiliary value depending on observations about this period; see 

C. and Gcod. Survey Bulletin No. 6. (Mean, u 0 .75; w= Ji.-Sctt.] 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Collection of Magnetic Declinations, etc.-Continued. 

1756 __ 

1775 . 
1798 __ 

1818 (?). 

1821, June to November. 

1833 __ 

1852-53. 

1852-53. 

186o, July 22. 

1866, April. 

1873, May 15.' 

1879, September 8, IO. 

-------·--

1793 __ 

18o5 __ 

1818 __ 

1822 __ 

1826 __ 

1830 __ 

1831__ 
1832 __ 

1834 __ 

1837 __ 

1840 __ 

HALIFAX. NOVA SCOTIA-Continued. 

o I 

12 W. I A rough auxiliary value depending on observations about this period; see 

12 50 

13 35 
16 30 

lj 28 

lj 36 

17 30 

18 JO 

18 51 

19 55 
21 05.6 

21 35 

20 4.1· 3 W. 

C. and Geod. Survey Bulletin No. 6. [w= Yz.-Scu.J 

From a MS. map by Charles Morris, asst. surveyor. 

Iles Barres 's sailing directions. 

Plan of Halifax, published by Thomas Backhousc. 

Remark book of J. Napier, master R. N.; as given by Anthony Lockwood. 

Observer as above; observation in June, 17° 381.z W.; in Nov., 17° 33 1 .5 ,V. 

Peter Barlow's isogonic chart for 1833 in Phil. Trans. Royal Soc., 1833, pt. 

i, p. 668. 

Capt. Jlayfield, magnetic survey. 

Remark book by J. Hill, master R. N., viz, Aug., 1852, 18° 461 W.; Sept., 

1852, 19° 21 1 W., auci Aug., 1853, 18° 25' W. [W<; adopt, for 1852.7, 

the mean value 18° 461 \V., and for 1853.2, the value 18° 51 1 W.J 

Capt. Orlcbar, R. N. 

Halifax Dock Yard, in <>=+4° 40', il.=63° 25 1 \V.; declination April 1, 

at 9 a. m., zo0 55 1.0 \V.; on April 3, at 3 p. m., 21° 161.3 W. [w=2.

Scn.J 

IL M. S. Challenger, at Drill ground, Dock Yard, in \!'=44° 391 .8, 1=63° 

351.2 W. Repurl on the scientific results of the voyage of H. M. S. Chal

lenger, etc. Narrative, Vol. IL London, 1882, pp. 26 and 46. 

J. 1l. Baylor, United States Coast and Geodetic Survey, at southeast end of 

!lock \"ard, in 9=44° 391 .5, A.=63° 351 .0 \V. Coast and Geodetic Sur

vey Report for 1881, Appendix No. 9. [w=z.-ScH.] 

8.-lll:RLTNGTON, VT. 

¢=44° 28'.5 il.=73° 121.o W. of Gr. 

(Coast Survey astronomical station.) 

·---------------·---------------- ---------

o I 

7 38 W. Dr. Williams; in 0=44° 28', A=73° 141 W.; Prof. E. Loomis's collection 

in Sill. Jour., vol. xxxiv, 1838. 

6 12 J. Johnson, in Thompson's Ilistory of Vermont. From repeated comparisons, 

7 30 

7 42 

7 36 

8 IO 

8 15 

8 25 

8 50 

9 45 

9 42 

declination believed by him to be a minimum at this time. [Weight >f 
given to this value.-Srn.J 

J. Johnson } Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, ·1838; in 

I J. Johnson fi'>=44° 281 , 1=73° 141 W. 

l Prof. G. W. Benedict; in ¢=44°271 ,1=73°10'W.; Prof. E. Loomis's col

l lection in Sill. Jour., vol. xxxix, 1840. 

I J. Johnson) 

J. Johnson I 
T J h 

r Prof. E. Loomis's collection, Sill. }our., vol. xxxiv, 1838. 
. o nson 1 

j. JohnsonJ 

Prof. G. W. Benedict; Thompson's History of Vermont. [Perhaps a mis

pfint for 8° 45'; not used.-Scn.] 

W. J. Johnson; Thompson's History of Vermont. 

*Observations marked. by an asterisk were communicated to the Survey by Staff-Commander Fred. John Eva~s, R. N.; let
ters dated January 5, 1886, and April 26, 1887. 
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II 1845, June 26. 

12 1855, August 28. 

13 1870, November 12. 

14 1873, October 14, 15. 

I 1765 __ 

2 1810 __ 

3 1839 __ 

4 1855, September I8. 

5 1873, October 4-1 I. 

6 1876, August 3, 5. 

1879, October 6. 

7 1879, October 7. 

I6o4-J6I2 

1630, about. 

I 1700 __ 

2 1750 __ 

3 1763 __ 

aEt.2i-13 

Collection of .Magnetic Declinations, eto.-Oontinued. 

. 
{ 

BURLINGTON, VT.-Continued. 

o I 

9 22 W. Dr. J. Locke; in 1)1=44° 27', .l=73° 101 W.; Smithsonian Contributions to 

Knowledge, vol. iii, 1852. 

9 57.1 C.A.Schott,asst.CoastSurvey; atencampmentflag-staff nearthelakeshore, 

in <Jl=44°29'.3, A=73° lJ'.4 "\V.; Coast Survey Report for 1855, p. 337. 

IO 57 G. A. Marr, west of cemetery, in ¢=44°3o',.l=73°121 . Prof. Papers U.S. 

Eng's No. 24, 1882. 

II 19. oW. Dr. T. C. Hilgard, observer for U.S. Coast Survey; in 9=44°281.2,.l= 

73° 121.3; Coast and Geodetic Survey Report for 1881, App. 9. 

9.-HANOVER, N. H. 

A=72° 171 .1 W. of Gr. 

(Dartmouth College Observatory.) 

o I 

7 0 w. 

4 15 

9 15 

IO 27 

IO 49· 6 

II 05. 3 

IO 50. 5 

According to President Wheelock, in <1>=43°41 1 , A=72° rn1 W.; Prof. E. 

Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

President \\ heelock; reference as above. 

Prof. C. A. Young, in ¢=43°421,il.=72°101 W.; Prof. E. Loomis's collec· 

tion in Sill. Jour., vol. xxxix, 1840. 
J.M. Clark, at West Hartford, Vt., in ¢=43° 42',l=72° 22'. 

Dr. T. C. Hilgard, observer for U. S. Coast Survey; near observatory; Coast 

and Geodetic Survey Repon for 1881, App. 9. 

F. E. Hilgard, at White River Junction, Vt., in <?=43° 401 , A=72°'i's1 . 

National Academy Series. C. and Geod. Survey Report for I882. 

J.B. Baylor, Coast and ~eodetic Survey. This station was the same as that 

of 1873, a littlt: north of observatory. [Not used.-Set1.] 

Same observer; at a station three-quarters of a mile west of Observatory Hill, 

in 9'=43° 42'.3, .1.=72° 181.o W.; Coast and Geodetic Survey Report ) 

for 1881, App. 9· 

Io.-PORTLAND, ME. 

<{>=43° 381 .8 A=70° 161.6 W. of Gr. 

(Bramhall Hill.) 

0 I 

I 19 12 w. Champlain's observations at the mouth of the Kennebec River. [Not 

used.-SCH. ) 

12-t R. Dudley's Arcano del Mare, Florence, 1646-' 47. [Not used.-Scn.] 

' 12.4 Edm. Halley's isogonicchart, TabulaNautica, etc.; Greenwich astronomical 

observations, 186g. 

u.8 A rough auxiliary value depending on observations about this period ; see 

C. and Geod. Survey Bulletin No. 6. [Mean+ 12°. I-Sen.] 

9-2 A rough auxiliary value depending on observations about this period; see 

C. and Geod.. Survey Bulletin No. 6. 

7 45 w. Prof. John Winthrop; at Falmouth, in '1'=43° 391, .il.=70° 19' W. Sill. 

Jour., vol. xvi, 1829; see also Prof. E. Loomis's remarks on the Winthrop 

table, in Sill. Jour., vol. xxxiv, 1838. 
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UNITED STATES OUAST AND GEODETIC SURVEY. 

Collection of Magnetin Declinations, etc.-Continued. 

1775 __ 
1833 __ 

1845, JtlDe 4. 

185I, August I8, 20. 

1859, July 15. 

1863, July6. 

1863, July 15. 

1864, August to December. 

1865, January to December. 

1866, January to March incl. 

I873, September 8, 9, I I. 

I887, October 14, '5. 

1789, April. 

1810,May. 

18u, September. 

1859, July 2I. 

I873, October 17, 18. 

1879, October 14, 15. 

1771 __ 

1171 __ 

1775 __ 

1833 __ 

o I 

8 30 

IO 00 

II 28. 3 

II 41, 1 

12 20 

12 I8. I 

I2 28.2 

I2 43.7 

I2 42.3 

12 42.9 

12 43. 6 

PORTLAND, ME.-Continued. 

W. I J. F. W. Des Barres'sAtlantic Neptune, London, 1781. 

Peter Barlow's isogonic chart for I833; Phil. Trans. Roy. Soc., I 833. [Not 

used.-ScH.] 

Dr. J. Locke, in 'i'=43°41 1,1=70° 20' W.; Smithsonian Contributions to 

Knowledge, vol. iii, 1852. 

J. E. Hilgard, asst. Coast Survey; at Bramhall Hill, in \0=43° 38'.8, l= 

70° I6'.6 W.; Coast Survey Report for I854, p. 143. 

C. A. Schott, asst. Coast Survey; at Bramhall Hill; Coast Survey Report for 

1859, p. 296. 
C. A. Schott, asst. Coast Survey; at Mount Joy Observatory, in 1'=43° 

391.9, 1=70° 141 .9 W.; Coast Survey Report for 1863, p. 204. [Not 

used.-ScH.] 

C. A. Schott, asst. Coast Survey; at Bramhall Hill, near station of 1859; 

I Coast Survey Report for 1863, p. 204. 

I} Prof. H.W. Richardson, observer for U.S. Coast Survey; at Bramhall Hill; 

monthly determinations on four days each; Coast and Geodetic Survey 

/ Report for1881, App. No. 9. 

I3 51.oW. 
I 

Dr. T. C. Hilgard,observerforU. S. Coast Survey; near Mount Joy Observa

tory; reference as above. [To refer to Bramhall station, add 10' .-SCH.] 

! J. B. Baylor, asst. C. and Geod. Survey; at Bramhall station. MS. In archives. 
I 

IL-RUTLAND, VT. 

'11==43° 361.5 A=72° 551.5 W. of Gr. 

(Post-office.) 

0 I 

7 03 w. 
} Dr. Williams; Sill. Jour., vol. xvi, 1829. 6 04 [Weight,~ assigned.-ScH.] 

6 OI 

9 49 C. A. Schott, asst. Coast Survey ; near new post-office; Coast Survey Re-

port for I859, p. 296. 

IO 40.2 Dr. T. C. Hilgard, observer for U. S. Coast Survey; Coast and Geodetic Sur-

vey Report for 1881, App. 9. 

11 09.ow. J. B. Baylor, Coast and Geodetic Survey; station of 1873, north and west 

of post-office, in ?=43° 391 .5, 72° 551 .5 W.; reference as '1>efore. 

I2.-PORTSMOUTH, N. H. 

r-43° 041·3 A=70° 421.5 W. of Gr. 

(New Castle Light-house.) 

0 ' I 
7 46 w. Holland, at Kittery, Me., opposite Portsmouth, in .;=43° o61, il.=70" 451 

W.; Prof. E Loomis's collection in Sill. Jour., vol. xxitiv,' 1838. 

7 4B Holland, in '11=4J0 05',.l=70°45'; reference as above. (Not used.-
ScH.) 

' ' 
7 45 J. F. W. Des Barres's Atlantic Neptune, London, 1781. 

8 45 w. Peter Barlow's isogonic chart for 1833; Phil.·Trans. Roy. Soc., 18;13. 
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Collection of Magnetic Declinations, etc.-Continned. 

PORTSMOUTH, N. H.-Continued. 

0 I 

4 1844-45. . 9 47 w. Major Graham; at Boiling Rock; Gen. Sir Edw. Sabine, in Phil. Trans. Roy. 

Soc., 1872; in qi=43° 051 , 4=70° 451 W. 

5 1850, August 28, Septem- IO 30.2 J. E. Hilgard, asst. Coast Survey; at Kittery Point, Me.; Coast Survey Re-

ber 2. port for 1854, P· 143. 
6 1859, July 14. II 15. 0 C. A. Schott, asst. Coast Survey; at Kittery Point, Me.; Coast Survey Report 

for 1859, p. 296. 

7 1879, August 13, 14. I2 31.3W. J. B. Baylor, U. S. Coast and Geodetic Survey; station of 1850 and 1859, 

in c/>=43° 041 .8, .:l.=70° 431 .0 W. of Gr.; Coast and Geodetic Survey 

Report for 1881, App. 9. 

13.-CHESTERFIELD, N. H. 

il=72° 241 W. of Gr. 

l 11812 __ 
0 I 

6 26 w. 

l 2 1813 __ 6 25 

3 1814 __ 6 17 

4 1815 __ 6 07 l 5 1816~- 6 03 

6 18I7 __ 6 02 I 7 1818 __ 6 00 

8 1819 __ 6 03 

I 9 
1820 __ 6 00 

IO 1821 __ 6 07 I 
11 1822 __ 6 12 

12 1823 __ 6 30 Nathan Wilde, observer; Prof. E. Loomis's collection in Sill. Jour., vol. 
13 1824 __ 6 40 xxxiv, 1838; position assigned <1>=42°53',il.=72° 201 W. 
14 1825 __ 6 35 

I5 1826 __ 6 35 
16 1827 __ 6 45 

I I7 1828 __ 6 52 

18 1829 __ 7 00 

19 1830 __ 7 o6 
20 1831__ 7 IO 
21 1832 __ 7 IS 
22 1833 __ 7 30 
23 1834 __ 7 35 

24 1835 __ 7 40 
25 1836 __ 7 45 
26 1837 __ 8 os A. C. Twining; reference as above. 

27 1874, Od:ober 4· IO 26.6W. Dr. T.C. Hilgard, observer for Coast Survey; in </>=42° 541.0,i\.::::72° 261 .0 

W.; Coast and Geodetic Survey Report for 1881, App. 9. 
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USITED STATES COAST AND GEODE.TIU SURVEY. 

Collection of Magnetic Declinatwns, etc.-Continued. 

14.-:C-l"EWBURYPORT, MASS. 

\b=42° 48.'9 1=70° 49'.2 \V. of Gr. 

(From Island Light.) 
·------- --~----- ----------

1750 __ 

1775 __ 

1781__ 

1833 __ 

1850, September 18-20. 

1859, July 13. 

1887, October 19, 20. 

o I 

8 14 W. A rough auxiliary value depending on observations about that period; see 

C. and Geod. Survey Bulletin No. 6. [ w = Y,.-Scn.] 

6 45 J. F. Des Barres's Atlantic Neptune, London, 1781; north of Cape Ann, op· 

posite Newburyport. 

7 18 o,. Williams, in ?=42°48',1=70° 521 W. Prof. E. Loomis's collection in 

8 30 

IO 05.6 

IO 58.0 

12 11.9 w. 

Sill. Jour., vol. xxxiv, 1838. 

Peter Barlow's isogonic chart for 1833. Phil. Trans. Roy. Soc. for 1$33. 

J.E. Hilgard, asst. Coast Survey; on Plum Island, in 11>=42° 481.o, 1=70° 

48'.8 W. Coast Survey Report for 1854, p. 143. 

C. A. Schott, asst. Coast Survey; same position as in 1850. Coast Survey 

Report for 1859, p. 296. 

J.B. Baylor. asst. C. and Geod. Survey; position as before. MS. in archives. 

15.-WILLIAMSTOWN, MASS. 

1=73° 131 .4 W. of Gr. 

(Astronomical Observatory.) 

----· ·------------~------c·----------------------------~ 
1750 __ 

i 
2 I 1786 __ 

I 
I 1833 __ 3 I 

4 I 1837 __ 

5 I 1876, July 28, 29. 

6 I 1886, August 22. 

I 
I 
J 

0 I 

7 32 

5 52 
6 15 

7 45 
JO J0.8 

IO 21 

W. 

w. 

A rough auxiliary value depending on observations about that period ; see 

C. and Geod. Survey Bulletin Ciro. 6. [w= Y,.-ScH.] 

Dr. Williams; Prof. E. Loomis's collection, Sill. Jour., vol. xxxiv, 1838. 

Prof. A. Hopkins; Prof. E. Loomis's collection, Sill. Jour., vol. xxxix, 1840. 

Prof. A. Hopkins; reference as before. 

F. E. Hilgard, at North Adams, about 4 miles east of Williamstown; in 

q1=42° 42', "-=73° 08' W.; National Academy series, Coast. and Geo

detic Survey Report for 1882, App. 14. 

A. Walker and Prof. T. H. Safford; southern part of meridian line of Wil

liamstown College, in qi=42° 421.8, A.=73° 131 .4 W.; letter of A. Walker, 

dated Sept. 25, 1886. 

16.-ALBANY, N. Y. 

<1>=42° 391.2 1=73° 45'.8 W. of Gr. 

(State Capitol.) 

·-- ----·------------;---------------------------

1817, October. 

2 1818, August 1. 

3 1825, April 24. 

4{1 

1828 __ 

1828, September 20. 

1828, September 22. 

5 1830, June 14. 

6{ 

1831, May 5. 
1831__ 

1831, November 5. 

o I 

SH 
5 45 
6 00 

6 14 

6 16 

6 18 

6 18 

6 25 

6 32 

w. 

6 40 W. 

} 

S. De Witt, surveyor-general ; 

vol. xvi, 1829. 

I 

in 9=42° 391
, A'-=73° 44' W. Sill. Jour., 

~Geological Report, State of New York, and Sill. Jour., vol. xxxix, 18.j.o. 

J 
Regents' Report. 
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Collection of Jfagnetic Declinations, etc.-Continued. 

18 34, October 1. 

I 836, October 29. 

1847, November. 

1855, August 31. 

1856, September I. 

1858, May 12, 13, 14. 

1879, October 21, 24. 

1750 __ 

178I, August. 

1805, November. 

18o8,June. 

1810, April. 

18Io, April, to1811, May. 

1833 __ 

1849, August zo. 

1855, August 25. 

18n.5 

1887, October 22, z3. 

o I 

6 40 w. 
6 47 

7 35 
7 54.7 

ALBANY, N. Y.;--Continued. 

I 
} Regents' Report and Sill. Jour., vol. xxxiv, 1838. 

Regents' Report. 

C. A. Schott, assistant Coast Survey; at Greenbush, opposite Albany, in 

<i\=42° 37'.5, Ac:,73° 441 .3 W. Coast Survey Report for 1855, p. 337. 

8 39. 2 Karl Friesach, Berichte der Kais. Kon. Akad., Vienna, vol. 29, 1858. 

[When correcte<l for diurnal variations, +s0 35'.-ScH.] 

8 17.0 G. W. Dean, asst. Coast Survey, at Dudley Observatory, in ©=42° 391.8, 

il=7 3° 45'.o. Coast and Geodetic Survey Report for 1881, Appendix 9. 

9 51. 7 W. J. B. Baylor, U.S. Coast and Geodetic Survey; in ground' of Dudley Ob

servatory, station of 1858. Coast _and Geod. Sul\'ey Report, i881, Ap· 

. pendix 9. 

I7.-SALEM,* MASS. 

il=7o0 521 .5 W. of Gr. 

(Fort Lee.) 

O I 

7 43 \V. A rough auxiliary value depending on observations about that period; see 

C. and Geod. Survey Bulletin No. 6. [w=Yz.--Scu.] 

7 02 

5 57 

5 20 

{ 
5 47. 7 

5 13.4 

6 22.6 

8 30 

IO 14.5 

President Willard, at Beverly, in ~=42° 331, il=70° 541 W. Mean of se,·en 

observations. Sill. Jour., vol. xvi., 1829. [Reduction to Salem -8'.

SCH.] 

Dr. Bowditch, in Summer st., Salem; from 115 observations. 

Dr. Bowditch, one-eighth of a mile south of above place; from I 12 obsen·a· 

tions. [w =U.-Scn.] 

} 
Dr. Bowditch, about one-fourth of a mile east of the place of 1805. 

5° 30'.6-ScH.] 

[Mean 

Dr. Bowditch, result of a third needle from 5 I 25 observations from monthly 

means. [Mean of two values, 5° 56'.6 for 1810.8-ScH.] 

Peter Barlow's isogonic chart for"1833; Phil. Trans. Roy. Soc., 1833. [ w = 
~-Seu.] 

Prof. G. W. Keely, observer for U.S. Coast Survey; at Fort Lee. Coast 

Survey Report for 1854, p. 143. 

IO 49. 7 C. A. Schott. asst. Coast Survey; at Fort Lee. Coast Survey Report for 

1855, p. 337. 

II 30 [. K. Harris, communicated to Superintendent in a letter dated Lynn, Feb. 

18, 1878. 

12 38. I W. J. B. Baylor, asst. C. and Geod. Survey. Position as in 1855. MS. in 

archives. 

*The locality is subject to local magnetic deflections; these disturbances have been traced to and over Cape Ann. 
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UNITED STATES OOAST AND GEODETIC SURVEY. 

Oollection of Magnetic Declinations, etc.- Continued. 

18.-0XFORD, CHI':NANGO COL"NTY, N. Y. 

1792-1795. 

1817 __ 

1828, July 7. 

1834, October 9. 

1836, October 5. 

1837 __ 

1838, July 6. 

1849, November 27. 

1857, April 4. 

1858, February 4. 

185 8, December. 

1873, December 1. 

1874, May 29, 30; June 2, 

3, 4, 5, 6. 

1885,September 23,24,25. 

1708 __ 

1742 __ 

1750 __ 

1757--
1761__ 

1763 __ 

178o __ 

1782 __ 

1782 __ 

1783 __ 

1788 __ 
1810 __ 

0 ' 

3 

3 

4 30 

3 52 
4 09 

4 30 

4 30 

5 ll 

5 44 

5 47 

5 50 

6 52 

w. 

A=75° 40'.5 W. of Gr. 

I E. B. McCall, surveyor; in a letter to the Superintendent of the Coast Sur-

' vey,dated Dec. 22, 1858. 

I} E. B. McCall; in 4>=42° 261 .5, ;\. = 75° 421 W. Reference as above. 

' [Weight y,; given to this value.-SCH.] 

} 
Regents' Report; in '!' = 42° 28, A.= 75° 331 W.; also Prof. E. Loomis's 

collection, Sill. Jour., vol. xxxiv, 1838. 

l 

Regents' Report of 1839; al5o Sill. Jour., 1838. 

At Guilford; in 4>=42° 241,A=75° 261 W. Regents' Report for 1839; 

also Sill. Jour., 1838. [ 4° 27' when reduced to Oxford.-ScH.] 

~ E. B. McCall; letter to Supt. of Dec. 22, 1858. 
I 
J 
Erving Taintor, local surveyor. 

6 55.7 Dr. T. C. Hilgard, observer for U. S. Coast Survey; on hill about three· 

fourths of a mile north of railroad depot; in 4> "'--. 42° 261 .5, 1=75° 401 .5 

W. Coast and Geodetic Survey Report for 1881, Appendix 9. 

7 43· 3W. J. B. Baylor, subasst. Coast and Geodetic Survey; near Taylor and Scott 

streets, in 4>=42°26'.5,1=75° 401.5 W. MS. in archives of the Survey. 

9 

8 

7.8 

7 20 

7 14 

7 00 

7 02 

6 45 

6 44 

6 52 

6 38 

7 30 

19.-CAMBRIDGE, MASS. 

A=71° 07 1.7 W. of Gr. 

(Harvard College Observatory.) 

W. Brattle, observer;. Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838; 

also Mem. Am. Acad., vol. ii, new series, Cambridge, 1846. 

Prof. J. Winthrop's table; Sill. Jour., vol. xvi, 1829; also Mem. Am. Acad., 

vol. ii, new series, Cambridge, 1846. [See remarks on the Winthrop table 

in connection with the Boston series.-Scn.J 

A rough auxiliary value depending on observations about that period ; see 

C. and Geod. Survey Bull.etin No. 6. [Not used.-ScH.) 

Prof. J. Winthrop; reference as above. 

Dr. Williams; Mem. Am. Acad., vol. ii, new series, Cam., 1846. 

Prof. J. Winthrop; Sill. Jour., vol. xvi, 1829. 

Dr. Williams; Encyclop~dia Metropolitana, London, 1848. 

{

Dr. Williams; reference as above; also Mem. Am. Acad., 1846, where de· 

clination 6° 46' W. is given. Prof. Sewall, mean of extremes 6° 21' and 
7° 08' W.; Sill. Jour. for 1829. See also first vol. of Mem. Am. Acad. 

(Used 6°.75 W.-ScH.] 

Dr. Williams; Mem. Am. Acad., 1846; also Encycl. Metrop., 1848. 

Dr. Williams; Mem. Am. Acad., 1846. 

W. I Prof. Farrar; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 
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1833 __ 

1835 __ 

1837 __ 

1840.4 

1842.2 

1844 __ 

1845,June 2. 

1850, August 9. 

1852 __ 

1854 __ 

1854, May IO. 

1855, May 22, 23. 

1856, May 16. 

1856,July 17. 

1859, March. 

1866-'67-168. 

1879, August 7, 9· 

1700 •• 

~ 

Collection of Magnetic Declinations, etc.-Continued. 

CAMBRIDGE, MASS.-Continued. 

o I 

S o W. Peter Barlow's isogonic chart in Phil. Trans. Roy. Soc., 1833. [Not used.-

Sm.] 
8 5 I Prof. Farrar; Prof. E. Loomis's collection, Sill. Jour., vol. xxxiv, 1838. 

9 09 Mern. Am. Acad., Cambridge, 1846. 

9 18 W. C. Bond, director Harvard College Observatory; Mem. Arn. Acad., 1846. 

9 34·9 

9 39 

9 32 

9 3° 

JO 08 

JO 39 

9 46 

IO 54.6 

JO 50.3 

JO o6 

In ~=-P0 22'.9, 1=71° 071 .7 \V. 

Prof. Jos. Lovering; half-hourly observations during one year, Oct., 1841, to 

Oct., 1842; Mem. Arn. Acad., vol. iv, 1850. 

W. C. Bond, director Harvard College Observatory; MS. communicated by 

Prof. J. Lovering, of Harvard College. 

Dr. John Locke, Smithsonian Contributions to Knowledge, vol. iii, 1852. 

Lieut. J. C. Ives; at Harvard College Observatory; Coast Survey Report for 

1856, p. 222. 

W. C. Bond, director Harvard College Observatory; communicated by Prof. 

J. Lovering in letter of May 29, 1855. 

Observer and reference as before. 

Lieut. J.C. Ives, at Har. Coll. Obs'y; Coast Survey Rep. for 1856, p. 222. 

(The mean +J0°.21 is used.-Scn.] 

W. C. Bond, director Har. Coll. Obs'y; co=unicated by him in letter of 

Dec. 24, 1858. 

W. C. Bond; reference as above. 

Karl Friesach; at Cambridge Obs'y; results corrected for diurnal varia

tion; Berichte der Kais. Kon. Akademie der\Viss., Vienna, vol. 29, 1858. 

[The mean +10°.47 is used.-Sctt.J 

Lieut. W. P. Smith, U.S. E.; at Har. Coll. Obs'y; communicated by Capt. 

G. G. Meade, U.S. E. 

10 41 Prof. Jos. Winlock, director Harvard College Observatory; from a large 

number of observations communicated by him in Nov., 1872. [Com

puted by me and reduced to mean epoch 1867.5-ScH.] 

11 46. 3 W. J. B. Baylor, U. S. C~t and Geodetic Survey; in the grounds of the Har. 

0 I 

10 w. 

,, 

Coll. Obs'y,tf>=42° 221.8, A=71° 07 1.6 W • 

.20.-BOSTON, MASS. 

A.=71° 03'.9 W. of Gr. 

(State-house.) 

Prof. J. Winthrop's table, Sill. Jour., vol. xvi, 1829; also Mem. Am. Acad., 

vol. ii, new series, Cambridge, 1846. [Prof. E. Loomis has pointed out 

the observed and interpolated values of the Winthrop table; only the 

former are used. The table was originally published in the " Boston 

Post Boy," July 2, 1764, for which information I am indebted to Mr. 

J. H. Trumbull-SCH.] 
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I 
! 

I i 1700 __ 

2 1708 __ 

3 1741__ 

1750 __ 

4 1775-'76. 

5 1782 __ 

6 1793_ 

7 1So7 __ 

8 1833 __ 

9 1839 __ 

IO 1846, September 6-8. 

II 1855, August 24. 

12 1872, September 28, 

October I. 

13 I8j7. 5 

I 

I 
r SKt, October I 8. 

i L_i_ 

I 609, July 28. 

1609,July 29. 

1630.about. 

2 1700 __ 

Collection of ]IJ.agnetic Declinations, etc.-Continned. 

0 I 

IO 

9 

7 30 

7.8 

7 40 

7 00 

6 30 

6 05 

8 00 

9 o6 

9 31. 4 

IO 13.7 

30; I II 15.2 

II 36 

II JI 

w. 

w. 

BOSTON, MASS.-Continued. 

Edm. Halley's isogonic chart for epoch I 700; reproduced by photolithography 

in Greenwich astron'I obser's for 1869. [Winthrop's value is supposed to 

be taken from Halley.] 

Mathews, observer; Sill. Jour. for 1829, Dr. N. Bowditch. See also Ency

clopcedia Metropolitana, London, 1848. 

Mathews; Encyclo. Metrop., London, 1848. 

A rough auxiliary value depending on observations about that period; see 

C. an~ Geod. Survey Bulletin No. 6. [Not used.-ScH.] 

Des Barres's Atlantic Neptune, London, 1781. 

Dr. N. Bowditch; Sill. Jour. for 1829; also first volume of Mem. Am. Acad. 

Mem. Am. Acad., new series, Cambridge, 1846; mean of 1644 observations. 

Communicated hy W. Rotch; letter dated Fall River, Feb. 17, 1874. 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc. for that year. 

\V. C. Bond; atDorchester,in9=42° 19', A.=71° 04' W.; Prof. E. Loomis's 

collection in Sill. Jour., vol. xxxiv, 1840. 

I .ieut. T. J. Lee, asst. Coast Survey; at Dorchester Heights, South Boston, in 

q, =42° 20'.o, ;\. = 71° 02'.5; Coast Survey Report for 1854, p. 143. 

C. A. Schott, asst. Coast Survey, in South Boston; locality as above; Coast 

Survey Report for 1855, p. 337. 

A. H. Scott, observer for C. S. Coast Survey; locality as above; Coast and 

Geodetic Survey Report for 1881, App. 9. 

At meridian line on Boston Common, from records at the City Hall, com

municated by I. K. Harris, Feb. 18, 1878. 

Lieut. C. C. Cornwell, U.S. S. Powhatan; at sea, in</>=42° 2o', il=70° 47 1 

W.; Naval Prof. Papers No. 19, Washington, 1886. [Reduction to Boston 

harbor uncertain; not used.-ScH.] 

21.-PROVINCETOWN, CAPE COD, MASS. 

¢=42° 03'.1 A.=70° 111.3 W. of Gr. 

0 , 

6 0 w. 
5 30 

12.2 

(Town Hall.) 

Hudson, third voyage; off the Isles of Shoals} Prof. E. Loomis, in Sill. 

Hudson; near Cape Cod, at sunset. Jour., vol. xxxix, 1840. 

[These values appear too small, considering that Champlain found 

18° 401 W. at Malle Barres, now Nauset Inlet, Cape Cod, between 16o8 and 

1612; but Champlain's value errs probably in the bpposite direction. Hud

son found zero declination, Aug. 2, off Cape Cod. Not used.-ScH.] 

On a map from R. Dudley's Arcano de! Mare, published at Florence in 1646, 

we have the magnetic declination 12° W. for latitude 42° 3o', longitvde 69° 

W. [This value refers to a time later than that of Hudson and Champlain, 

but it must be earlier than 1639, the year of Dudley's death; see Narra

tive and Crit. Hist. of Am., by Justin Winsor, vol. iii, 1884, p. 303. 12°.2 

W., with w= J4, is here adopted.-ScH. ) The probable error of this 

value may be estimated as between 2 and 3°. 

Edm. Halley's Tabula Nautica; Variationum, etc. Greenwich Astro'l Ob-

{

9 30 

9.e i 
servations for 1869. [w= y.'.-Sca.J 

W. A rough auxiliary value depending on observations about that period; see 

, C. and Geod. Survey Bulletin No. G.. [Not uscd.-ScH.] 
! 
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Collection of Magnetic Declinations, etc.-Continued. 

1750 __ 

1776_ -

1833 __ 

1835, September. 

186o, September 14, 15. 

1717 __ 

1720 __ 

1725 __ 

1730 __ 

1735 __ 

1740 __ 

1745 •. 
1750 __ 

1755 __ 

1760 __ 

1765 __ 

1769 __ 

1775 __ 
178o __ 

1785 __ 

1790 __ 

1795 __ 

18oo __ 

18o5 __ 

1810 __ 

1815 __ 

1819 __ 

1825 __ 

1830 __ 

1833 __ 

1835 __ 

1840 __ 

184t__ 
1842 __ 

1843 __ 

PROVINCETOWN, CAPE COD, MASS.-Continued. 

0 I 

7.7 w. 

6 30 

8 15 

9 20 

I 
II 23.5\V., 

0 ' 
9 36 w. 
9 28 

9 14 

8 54 

8 39 

8 15 

7 59 
7 40 

7 21 

6 57 

6 43 

6 30 

6 20 

6 16 

6 13 

6 10 

6 IO 

6 15 

6 19 

6 24 

6 30 

6 37 

6 51 

7 ro 
6 00 

7 34 

8 25 

8 31 

8 39 

8 46 w. 

A rough auxiliary value depending on observations about that period; see 

C. and Geocl. Survey Bulletin No. 6. [w= Jf.-SCH.] 
At Nantucket, from a chart. Prof. Loomis, in Sill. Jour., vol. xxxix, 1840. 

(The reduction to Cape Cod may be estimated at +45'• hence referred 

value 7° 151 W.-Sctt.) 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., for 1833. 

[10= Jf-SCH] 
Major J. D. Graham, U.S. Eng. at House Pt. Island, in q, = 42° 03', A= 

70° 04' \V. Government survey of Cape Cod. Sill. Jour., vol. xxxix, 

1840; also Phil. Tnllls. Roy. Soc., 1849. 

C. A. Schott, asst. Coast Survey; near Town Hall, in t/J = 42° 03'.2, ii= 

70° II'.1 W. Coast and Geodetic Survey Report for 1881, App.9. 

22--PROVIDENCE, R. I. 

il.=71° 231 .8 W. of Gr. 

(Brown University.) 

R. Jackson, on a map of Providence. 

l 
I Sill. ]our., vol. xliv, 1843. (The declinations between 1717 and 1843,incl. 

I 
as given by M. B. Lockwood, civil engineer, are not stated to be from 

actual observations or from recorded bcarin,_"YS, and I strongly suspect 

~, that the table of results here presented is like the Winthrop table, and 

that for Hatboro', Pa., made up in great part by interpolation. Values 

J '7ro w '765, i..J., "'" ...i. --Sen.] 

Dr. B. West. Prof. E. Loomis, in Sill. Jour., vol. xxxiv, 1838. 

r [See remark above; values 1775 to 1810, incl., not used.-ScH.] 

J 
M. Brown, B. Lockwood, and G. Shelden. 

[Probably observed by Lockwood.-SCH.] 

} (See remark above; values not used.-ScH.] 

Peter Barlow's isogonicchart; Phil. Trans. Roy. Soc., 1833. [Not used.

ScH.] 



 

202 

10 

II 

12 

2 

3 

4 

5{; 

6 

7 

8 

2 

3 

4 

5 

6{ 

UNITED STATES COAST AND GEODETIC SURVEY. 

1855, A.ugust 20. 

1884, June 20. 

1885, April 11, 13, 14. 

1750 __ 

1786 __ 

1810 __ 

1824 __ 

1828 __ 

1829 __ 

1859, July 7, 27. 

1867,August·15, 17. 

1875 (?). 

1879, July 24, 25, 26. 

1750 __ 

1761 __ 
1775 __ 

178o __ 
18n __ 

1818, August. 
1819 __ 

1819, May. 

1820,April. 

Collection of Magnetic Declinations, etc.-Continued. 

PROVIDENCE, R. I.-Cuntinued. 

o I 

9 31. 5 W. C. A. Schott, assist. Coast Survey, east of Brown University, in 1>=41° 

50'.2, il=7! 0 23'.7; U.S. Coast Survey Report for 1881, App. 9. 

II 07.7 O.T.Sherman; Report Board of Managers Yale CollegeObs'y,1884-'85; 

in 9=41° 501
, il=7 l 0 24' \V. 

1 l 09. 6 \\'. J. B. Baylor, C. S. Coast and Geodetic Survey; station east of Brown Uni

versity, near that of 1855, in '1'=41° 501.2, A.=71° 231.7 W. MS. in 

archives . 

o I 

.. ··------------------- ---------------

23.-HARTFORD, CONN. 

A.=72° 401.4 W. of Gr. 

(State-house.) 

-· ---------·-- -------------------. 

6.78 W. A rough auxiliary value depending on observations about that period; see 

C. and Geod. Survey Bulletin No 6. [w.=7f.-ScH.] 

5 25 Dr. Willia1m; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

4 46 A sher Miller, at East Hartford, in 9'=41° 461 , il=72° 381 W.; reference as 

5 45 

6 03 

6 03 

7 17.0 

7 49.3 

8 58 

8 34.0 w 

above. 

i N. Goodwin; 
I 

J 
reference as before. 

C. A. Schott, asst. Coast Survey, in City Park; Coast Survey Report for 1859, 

p. 296. 

C. A. Schott, asst. Coast Survey, near the Athenreum, in ¢==Po 45'.9, A= 

72° 40'.4 \V.; Coast and Geodetic Survey Report for 1881, App. 9. 

T. C. Ellis, civil engineer. Report Chief of Engineers, U.S. A. In ¢=41° 

45', A=72° 401 W. [Not used.-Scn.) 

J.B. Baylor, U.S. Coast and Geodetic Survey; station of 1859 in City Park, 

in ¢=41° 45'.9, A=72° 40'.5 W.; Coast and Geodetic Survey Report I 
for 1881, App. 9. 

24.-NEW HA VEN, CONN. 

o I 

6.24 w. 

5 47 

s 25 
s 15 
5 IO 

A=72° 551.7 W. of Gr. 

\Yale College.) 

A rough auxiliary value depending on observations about that period; see 

C. and Geod. Survey Bulletin No. 6. [=.7f.-ScH.] 
President Stiles ___ .. l 
Prof. Strong ______ I 
P 'd S .1 ~Prof. E. Loomis's collection, Sill.Jour.,vol. xxxiv,1838. res1 ent ti es._. __ J 
Nathan Redfield __ _ 

5 45 Hon. De Witt, Sill. Jour., vol. xvi, 1829. [Not used.-SCH.] 

4 35 Prof. Fisher, of Yale College; Prof. E. Loomis's collection, Sill. Jour., vol. 

xxxiv, 1838. [Not used.-SCH.] 

} 4 25· 4 W. i Prof. Fisher, from hourly observations; Sill. Jour., vol. xvi, 1829. 
_____________ ! 
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Collection of Magnetic Declinations, etc.-Continued. 

1828 __ 

1834, November. 

1835, November. 

1835 __ 

1836 __ 

1837, November. 

1840 __ 

1844, August 28. 

1845, September 10. 

1847, Sept(!mber 25, 28; 

October 1, 2. 

1848, August 21-29. 

1S48, August Io, 12, 14. 

1848, August 30, Septem

ber 1. 

1855, August 17. 

1871, March. 

I 872 __ 

1884, January to May. 

1884, June to December. 

188~, July 22. 

1885, January to June. 

NEW HAVEN-Continued. 

o I 

17 w. N. Goodwin; Prof. E. Loomis's collection, Sill. Jour., vol. xxxiv, 1838. 

} 5 40. 6 

5 52 
5 55 

5 5° 
6 IO 

5 45. I 

6 17.3 

7 27.2 

7 25.5 

6 37.9 

6 31. 9 

7 02.7 

7 22 

8 27.5 

8 41. 2 

8 50.9 

Prof. E. Loomis, from hourly observations; Sill. Jour., vol. xxx, 1836. 

Prof. E. Loomis's collection of 1838. [Not used.-Scn.] 

E. C. Herrick; Prof. E. Loomis's collection of 1838. 

E. C. Herrick; Sill. Jour., vol. xxxiv, 1838. 

E. C. Herrick; Prof, E. Loomis's collection, Sill. Jour., vol. xxxix, 1840. 

Prof. J. Renwick, observer for U. S. Coast Survey at Yale College, in </J= 

41° 181.5, A=72° 55'-7; Coast and Geod. Survey Report for 1881, 

App.9. 

Prof. J. Renwick, observer for U.S. Coast Survey at Pavilion Hotel, south of 

college, near the bay, in \1>=41° 181 , A=72° 541.6 W. Reference as above. 

R. H. Fauntleroy. asst. Coast Survey, at Fort Wooster, in cb=41° 16'.9, 

A =72° 531 .6 W. Reference as above. (Local deflection; observation not 

usecl.-Sn1.) 

J. S. Ruth, subasst. Coast Survey, at Fort \\'ouster, position and reference 

as before. [Not used.-ScH.] 

J. S. Ruth, subasst. Coast Survey, Pavilion Hotel, position as in 1845. 

Reference as before. 

J. S. Ruth, subassl. Coast Survey, at Oyster Point, in \0=41° 171 ,o., A=72° 

55 1 .7 W., in meridian of Yale College. Coast and Geod. Survey Report 

for 1881, App. 9. [Used mean, +6°.58-Scn.] 

C. A. Scnott, asst. Coast Survey at Oyster Point, near position of 1848, in</>= 

41° 161 .9, A=72° 55 1 .8 W. Reference as above. 

G. H. Mann, C. E., on College Green, survey of the harbor of New Haven 

by the U.S. Engineers; MS. communication. [Not used; local deflection 

suspected.-Scn.] 

R. M. Bache, asst. Coast Survey; topographic an<l hydrographic survey of 

New Haven Harbor and vicinity; from bearings of trigonometrical lines. 

Hydrographic chart No. 1170. 

Dr. T. E. Thorpe, in Prof. Silliman's garden, in 1/1=41° 18'.7, A=72° 55 1.6 
W. Proceedings of Royal Society, No. 200, 188o. 

} 

0. T. Sherman, Yale College Observatory grounds, near Silliman'sgarden, in 

¢=41° 181 .7, il.=72° 55'.6. Report to Board of Managers Yale College 

Obs'y 1884-85. (Mean, +8°.93-Sctt.] 

0. T. Sherman, at South End, in cp=41° 141 .2, A=72° 53' W. Reference 

as above. [Not used.-ScH.] 

9 oo. 3 W. 0. T. Sherman, Yale College Observatory grounds. Reference as above. 
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CoUection of Magnetic Declinations, etc.-Continued. 

1700 __ 

1750 __ 

1775 __ 

1776 __ 

1833 __ 

1834 __ 

1838-'39. 

{ 

1842, August & September. 

1843, September. 

I 846, July JO, 3 I. 

1855, August 22. 

1867, l\hy 28, 29, 30. 

1879, July 31, August 2. 

1883, June JO. 

I 

0 I 

s 15 

8.6 

6.9 

6 30 

6 30 

30 

8 27 

9 02. 3 

9 os1 

9 IO 

9 14.0 

9 58.3 

JO 19·9 

II 27.9 

II 38 

\\'. 

w. 

25.·---NA.'\TL:CKET, :\!ASS. 

A= 70° 061.o \Y. of Gr. 

( :l[itchcll' s observatory.) 

--------------------------------

Edm. llallcy's Tahu la l\autica, etc. Greenwich Astra'] Observations for 1869. 

A roug11 auxiliary value depern1ing on observation~ about that period; see 

C. and c;eod. Survey Bulletin ?fo. 6. [:l!ean 8°42 W. and w= 

}~.-Sc11.] 

A rough auxili:i.ry value depending on observations about that Period; see 

C. and Ge<Hl. Survey Bulletin Nb. 6. [w = Yz.-ScH.] 

J. F. Iles Barrcs's Atlantic ::"\eptune, London, 1781. 

From a chart; l'ruf. E. J,,-,omis's coll•ction, in Sill. Jour., vol. xxxiv, 1838. 

[Probably of the same origin as preceding value. Not used.-SCH.] 

l'eter Harlow's isogonic chart of 1833; Phil. Trans. Roy. Soc., of that year. 

('•'-=~~.-SCH.] 

Wm. Mitchell; Sill. Jour., vol. xlvi_. 

Lieut. T. J. Lee,\;. S. E., assist. Coast Survey; near Mitchell's house; Coast 

Survey Report for 1854, p. 143. 

C. A. Schott, assist. Coast Survey; near Nantucket Harbor light, on beach, in 

¢=41° 17 1 .5, Jc= 70° 06 1.0 W. Coast Survey Report for 1855, p. 337. 

C. 0. Boutelle, _assist. Coast Survey; at Nantucket Cliff, in¢= 41° l 71 .2, 

A_= 70° 061 .3 \\'.; Coast and Geodetic Survey Report for 1881, App. 9. 
f 

I. B. Baylor, l:. S. Coast and Geodetic Survey; at the Cliff station; reference 1 

I as above. 

l.icut.E.S.Prime, U. s. S. \'antic; at sea, in¢=41° 291 , lL=70° 121 W. I 
Naval Professional Papers No. 19. Washington, 1886. [Reduction to Nan- I[ 

tucket about --12', hence Dec.=+ 11°.43-Sctt.] 

26.-COLD SPRING HARBOR, LONG ISLAND, N. Y. 

1771,June 13. 

1818, May. 

1844, September 15. 

1844, September 16. 

1864, December 28. 

1886, July 7. 

A=73° 281 W. of Gr. 

o I 

5.7 \V. A rough auxiliary v:ilue depending on observations about that period; see 

C. and Geod. Survey Bulletin No. 6. [w=;;.-sc11.] 

5 07 1 f. Leffenl; communicated Oct. l 5, 1886, by Edmund Jones, surveyor. 

4 52 E. Hicks; authority as before. 

6 I I. 6 J. Renwick, observer, C. and Geod. Survey Report for l88r, App. No. g; 

at Lloy<l's Harbor, in ¢=c40° 55 1.6, A-=73° 251.1. 

6 50. 5 J. Renwick, observer. Refereuce as before. At Oyster Bay, ini;=40° 521 .3, 
A= 73° 311 .6. [Mean 6° 31 1 W.-ScH.] 

7 47 S. V. \Vhiting; communicated by Edm. Jones, Oct. 15, 1886. 

8 34 W. : J. and E. Jones; reference as above.* 

* Nos. 2, 3, 5, and 6 are derived from bearings of old lines and rest on the assumption of the present differeuce of declination 
between ll:c\\" York and Col<! Spring llarbors, viz, 35 1 • 
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16o9, September I. 

16o9, September 2. 

1609, September 13. 

1630, about. 

1684 __ 

1686 __ 

1700.0 

1755 __ 

1775. 0 

1824 __ 

1833 __ 

-

Collection of ,1Iagnetie Declinations, etc.-Continued. 

27.-NEW YORK CITY AND \'ICINITY, N. Y. 

{ 

{ 

o I 

2 

8 

13 

I I.5 

8 45 

9 00 

8 45 

8 20 

8.1 

8 45 

7 20 

7 20 

6 22 

5 28 

5 ()() 

7 

4 20 

4 40 

3 

il=74° 001 .4 \Y. of Gr. 

(New York City Hall.) 

w.f 
1 

Hudson, on his third voyage, Sept. 8, found 8° W. on the Jersey shore, a 

little Lelow the mouth of the Hmbon River. The clay before he found : 

not above 2° W. A few miles up the Hudson he found, in 16o9, Sept. 

13, 13° W. Prof. E. Loomis's collection in Sill. Jour., vol. xxxix, 1840; 

extract furnished by Prof. J. Sparks from 3d vol. of Purchas' Pilgrims. 

[The known local deflections about the Palisades render the last result 

of doubtful value, and the first does not appear to possess much prob

ability; the best that may now be done is perhaps to adopt provisionally 

the rnlue 8°±2°.-Scn.] 

An auxiliary value derived from R. Dudley's Arcanu de! Mare, Florence, 

1646-'47; see Appendix No. 6, Report of 1888. [w= ,%.-SCH.] 

Philip \¥elles, surveyor-general. Report of the New York Commissioners 

on the Connecticut boundary, made to the Kew York legislature in April, 

1857 (Sen. Doc. 165, p. 155). Information receivecl from J. H. Trumbull, 

~pril, 1876. 

Geo. Keith, at Sandy Hook; line run between E. and \V. New Jersey; rec

ords of proprietors of Xew Jersey. Communicated by Prof. G. H. Cook, 

State geologist of N. J., Oct. 11, 1879. 

On Staten Island; Geological Survey of New York, 1858. E. Duxbury's 

patent. 

Edm. Halley's isogonic chart for epoch 1700, reproduced by photolithogra

phy in the Greenwich observation> for 1869. 

A rough approximate value depending on observations about that period; 

see C. and Geod. Sun·ey Hulletin No. 6. [Not used.-ScH.] 

John Beatty, deputy suryeyor; on map of Livingston's manor, New York. 

En~ravecl in O'Callaghan's Doc. Hist. N. Y., vol. iii, 414. Received 

from J. H. Trumbull. 

G. Burnet; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

Cadwalader Colden, one of the commissioners of the New York and Con

necticut boundary in 1724. Report of commission.rs of 1857. Received 

from J. H. Trumbull. [The two results are supposed to refer to the same 

source.-SCH.] 

Alexander; Prof. E. Loomis's CQllection in Sill. Jour., vol. xxxiv, 1838. 

An auxiliary value depending on observations about that 'period; see C. and 

Geod. Survey Bulletin No. 6. [Mean, 5°.92 W.-ScH.] 

Evans; reference as above. 

J. F. W. Des Barres's Atlantic Neptune, London, 1781; at Sandy Hook. 

[Not used.-ScH.] 

Prof. E. Loomis's collection iii Sill. Jour., vol. xxxiv, 1838; also Encyclo. 

Metrop., 1848. 

Blunt's map; Prof. E. Loomis's collection of 1838. 

Peter Barlow's isogonic chart. Phil. Trans. Roy. Soc., 1833. [Not used.

ScH.J 

4 50 Capt. Owen; Prof. E. Loomis's collection of 1838. 

5 40 W. Prof. J. Renwick, at Columbia College (near City Hall). Prof. E. Loomis's 

collection of 1838. 
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Collection of 1l£agnetic Declinations, etc.-Continued. 

1840,June 16 to July IL 

1840, July 18 to October 16. 

18.p __ 

1842, September. 

1844, August 20, 22. 

1844, August 24. 

1845, September 4. 

1846, April 30. 

1846, May 7. 

1847, October 16-20. 

1855, August 7. 

1855, August 8. 

1855, August II. 

NEW YORK AND VICINITY, N. Y.-Continned. 

0 I 

5 OI 

5 53 

6 06 

5 32.5 

5 51. I 

5 51. 0 

6 13. I 

6 25.3 

5 og.7 

4 57·4 

5 37.4 

5 35· I 

s 41.0 

w. 

6 39.6. 

7 02.1 

6 28.oW. 

Lieut. S. C. Rowan, U. S. N., observer for U.S. Coast Survey; at Howard, 

Staten Island, in ¢=40° 371.6, il=74° 05 1.4; Coast and Geodetic Sur

vey Report for 1881, App. 9. 

Lieut. S. C. Rowan, U. S. N., observer for U.S. Coast Survey; at Bergen 

Neck, in <t>=40° 451 .8, il=74° 021.6 W. Reference as before. [Mean, 

+5°45 for 1840.6-Srn.] 

Douglass's mnp of New Jersey; Coast Survey archives. 

Coast Survey observer at Sandy Hook, N. J., in \f>=40° 271 .7, A.=74° 001.2 

W.; Coast and Geod'c Survey Report for 1881, App. 9. [Probable re

duction to New York+221-ScH.] 

Lieuts. G. M. Bache and J. Hall, U. S. N., observers for U. S. Coast Sur

vey; at Sandy Hook; reference, position, and reduction as before. [Not 

used-Sen.] 

Prof. J. Renwick, observer for U.S. Coa.<tSurvey; at Sandy Hook, N. J.; ref

erence, position, and reduction as before. [Not used.-ScH.] 

Prof. J. Renwick, observer for U.S. Coast Survey; at Columbia College (old 

position), in </)=40° 421 .6, il=74°oo1.5 W.; Coast and Geodetic Survey 

Report for 1881, App. 9. 

Prof. J. Renwick, observer for U.S. Coast Survey; reference and position as 

before. 

Dr. John Locke, observer for U. S. Coast Survey; at Bloomingdale Asylum, 

I 
Manhattanville, in \1>=40° 501.3, il=73° 561 .7 W.; Coast and Geod'c 

Survey Report for 1881, App. 9. 

I Dr. John Locke, observer for U.S. Coast Survey; at Mt. Prospect (formerly 

Flatbush), Brooklyn, in¢=40° 401 .3, il=73° 581 .0. Reference as before. 

Other observations at this place are given in the Regents' Report of the 

University of the State of New York, viz: 
o I 

Oct. 1834, 4 25 W. 

Oct. 1835, 4 45 

Oct. 1837,445 

Dec. 18, 1838,4 45 

Jan. 4, 1840,4 55 

o I 

Dec. 22, 1840, 5 oo W. 

Dec. 30, 1841, 5 12 

Dec. 30, 1842, 5 IO 

Dec. 20, 1847, 5 30 

Oct. 26, 1848, 5 15 

l 

f 

Assigned position 

l/l=40°37' • .l= 
730 58'W. 

J 
Dr. John Locke, observer for U. S. Coast Survey; at Cole, Staten Island, 

in \1>=40° 31 1.9, A=74° 141 .1 W.; Coast and Geodetic Survey Report 

for1881,App.9. I 
Dr. John Locke, observer for U. S. Coast Survey; at Newark, in ¢=40° . 

441.8, il=74° 101 .o W.; Coast and Geodetic Report for 1881, App. 9. 1 

[Mean value, +s0 .57 for 1846.3-Scn.] 

R.H. Fauntleroy, assistant Coast Survey; at Legget, ljl=40° 481.9, A.=73° 

531.5 W. Reference as above. 

C. A. Schott, assist. Coast Survey; at Governor's Island, in \1>=40° 41 1.5, 
il=74°01'.1 W.; Coast and Geod'c Survey Report for 1881, App. 9. 

Observer and reference as above; at Bedloe's (Liberty) Island, in <1>=40° 

41'.4, A=74° 021 .7. 

Observer and reference as before; at receiving reservoir (now in Central 

Park), in l/J=40° 461.7, A=73° 581.2 W, [Mea.n used,+ 6° 431,:2-

SCH.] 
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Collection of Jfagnctic Declinations, etc.-Continued. 

1855, Auglist 14. 

186o, September 21, 22. 

1872, October 31, Novcm-

ber 1 and 2. 

1873, NoTember 5, 6, 7, 9. 

1874, August. 

1879,July 17, 18. 

1883, August 24. 

1884, May I. 

1884, July 17. 

1885, September 30, Octo

ber 1, 4. 

1885, October 16, 17, 18. 

NEW YORK AND VICINITY, N. Y.-Continued. 

o I 

6 I 1. 2 \V. Observer and reference as before; at Sandy Hook, N. J. Position as in 1842 

and 1844. [Xot used.-Scn.J. 

6 44 

8 45.8 

7 og.o 

7 23 

7 32.0 

7 16 

7 00 

7 34 

7 52.8 

C. A. Schott, asst. Coast Survey; at Mt. Prospect (now Brooklyn new water 

works), in </J=40° 401.3, 4=70° 58'.o \V.; Coast and Geod'c Survey 

Report for I 88 I, A pp. 9. 

A.H. Scott, U.S. Coast Survey; at Central Park, west of mall, in q.=40° 

46/.2, A=7J0 58'.2 W.; reference as above. [Not used; local deflection.

Sen.] 

Dr. T. C. Hilgard, observer for U.S. Coast Survey; at Sandy Hook, N. J. 
Station near that of i842, '44, '55, q>=40° 271.7, :l.=74° 001.2 W. [Re

duction to New York+ 20' -Sen.] 

Report of Chief of Engineers, U.S. A., for 1875; Chart of Way Reef, Hell 

Gate. 

J.B. Baylor, U.S. Coast and Geod'c Survey; at Sandy Hook, N. J.; sta

yon of i873. [Reduction to New York i 20<-Scu.] 

J,j'eut. R. B. Beck, U. S. S. Swatara. in <11=40° 29', ) 

1=7305ew. I 
Lieut. U. Sebree, G. R. S. Thetis, in ¢=40°261 , I 

A=73051'W. I 
Lieut. R. B. Beck, U. S. S. Swatara, in ¢=40° 301 , I 

A=73° So'W. J 

Nava I Profe5sional 

Papers. No. 19, 

Washington, 1886. 

[Reduction to Sandy Hook, for values of 1883 and 1884, about-9'; not 

used.-ScH.] 

J. B. Baylor, subasst. Coast and Geod'c Survey; at Sandy Hook, N. J., 
station of 1879. MS. in Coast and Geod'c Survey archives. [Reduc-

tion to New York about+ 20'.-ScH.] 

8 59. 7 W. I J. B. Baylor, subasst. Coast. and Geod'c Survey; in Riverside Park, 

N. Y.,in ~=40°49',;\.=73°57 1 .6 W. MS.in archives of the Survey. 

[Not used on account of localdeflection.-ScH.] 

TYRONE, BLAIR COUNTY, PA. 

~-------·----·- ------- ---------··-------------------------

·{I 
0 I 

1871, September 25. 3 06 
1871, September 27. 3 12 

2{ 
i873, April 3. 3 24 

1873,May 10; noon. 3 22 

1873,June18; 10 a.m. 3 19 

3 1874, May 29. 3 20 
4 1875, June 2. I o 26 

f 1878, November 6; roy. ! . ; 45 
I a.m. 

s{ 1878,November 14; 9 a. m. 3 39 
1878, Novcmber14; noon. 3 43 

l 1878, Decemberr 3; 4 p. m. 1 3 43.5 
6 1879, March 18; Ip. m. I 3 52 

w. 

w. 

l Observer W. G. Waring; results communicated by him to the office by let-

' 

ter, dated Tyrone, Pa., April 14, 1879. [Correcting the values for diur

nal variation and contracting to yearly means, we have the following 

results for discussion : 
0 

1871. 65 +J.15 
3.35 

3·33 
3.43 

f

l 1873. 36 

1874.41 

1875.42 

1878.88 

} 

1879. 21 3· So 

[The only deduction that can be made at present is for value of annual in. 

crease between 1871 and 188o, vfa: + 3'.3-ScH.] 
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I757--

2 1784 __ 

3 I799--

4 I841,July23. 

5 I851__ 

6 I874,June 20. 

7 I878.2 

8 I88t. 2 

9 I88z.7 

IO I884.o 

Collection of Magnetic JJeclinations, etc.-Continued. 

28.-BETHLEHEM, NORTHAMPTON COUNTY, PA . 

.l=75° 22'.9 w: of Gr. 

(Sayre Observatory, Lehigh University, South Bethlehem.) 

0 ' 
6 30 

2 53 
I 52 

3 26 

3 50 

5 19. 5 

5 37 

5 52 

6 05 

6 06 

w. 

w. 

------------------------------------. 

R. W. Walker,* from bearings of old lines. [The weight one-half is given 

to this ,-:ilue.-Sc1-1.] 

Reference as :ibove.* 

Reference as above.* [The weight one-half is given to this value.-Scu.J 

l'rof. A. D. Bache, at Easton, 3° 38'.o W., in \'J=40° 42', A=75° I5' W.; 

Coast Survey Report for 1862, App. 19. [Reduction to Bethlehem, by 

isogonic map in Coast Survey Report for I862, -I21.-SCH.] 

R. W. Walker,* from bearings of old lines. 

Dr. T. C. Hilgard, near Lehigh University; in</>=40° 371.o, l=75° 22'.9 

W.; Coast and Geodetic S11rvey Report fur I881, App. 9. [Position cor

rected.~ Sc11.] 

R. W. Walker,* from bearings of old lines. 

Prof. C. L. Doolittle, Lehigh University.* 

R. W. Walker,* deduced from So observations made by stu<lents. 

R. W. Walker.* 

*This result was given by Mr. R. W. Walker, and communicated to me by Prof. M. Merriman, of Lehigh University, letter 
of June 7, 1884.-SCH. 

29.-HUNTINGDON, HUNTINGDON COUNTY, PA. 

l=78° 02' W. of Gr. 

----------------------~,-------.-----------------~-------------, 

1750 __ 

3 I840, July 30. 

4 1849, May 21. 

5 I852, April. 

6 1858, September IO. 

7 I 86o, April 19. 

8 1874, August. 

9 I879, August 19. 

Io 188o, September 24. 

II 188I, June 20. 

12 1883, April 9. 

IJ 1884, May 26. 

L4 --~~5, December 24. 

o I 

0 51 

l 52. 3 

I 59 

2 16 

2 34 

2 4I 

3 34 

4 23.4 

4 33.7 

4 37.5 

W. A rough auxiliary value depending on observations about that time; see C. 

and Geod. Survey Bulletin No. 6. [w= ~.-Seu.] 
John S. Lytle, county surveyor. Report of Secretary of Int. Affairs, State of 

Pa., 1884. 

Dr. A. D. Bache; Coast Survey Report for 1862, App. I9. 

Report of Secretary of Int. Affairs, Pa., I876. Declination 1849.3, 3° 34'-

10 35'=1° 59'· Report, 2° 231 • (Mean, 2° 1 I 1.-ScH.] 

Report of the Secretary of Internal Affairs for 1884-' 85, Harrisburg, 1886 ; 

J. S. Africa, secretary. 

Report of Secretary of Int. Affairs for 1876. Decl'n 1858.7, 3° 341-

10 00'=20 34'. 

Henry Wilson, county surveyor. 

Report of the Secretary of Internal Affairs for I884-'85, Harrisburg, 1886; 

J. S. Africa, secretary. 

Letter from Hon. J. ~.Africa to J.B. Kaufman, dated Jan. 17, 1881. 

Report of Secretary of Int. Affairs for r884-'85, Harrisburg, 1886; J. S. 

Africa, secretary. 

4 38.0 w. 
}•·f=~bd=. 

The values Nos. 2, 4, 6, 7, 9 were communicated by J.B. Kaufman, surveyor of Franklin Co., March 14, 1888. 
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Collection of Magnetic Declinations, etc.-Contlnned. 

30.-NEW BRUNSWICK,* N. J. 

t/>=40° 29'.9 A=74° 26'.8 W. of Gr. 

(Rutgers College.) 

0 ' 18oo __ 2 24 w. Bearings of old lines taken by G. Hill. 

2 1804 __ 2 30 Bearings of old lines taken by Jas. M. Cobb. 

3 1811 __ 3 19 Bearings of old lines. 

4 1814.6 3 07 Bearings of old lines taken by G. Hill. 

5 1815.9 3 13 Bearings of old lines taken by G. Hill. 

1830.5 3 34(?) Bearings of uh.l lines taken by G. Hill. [Not used.-SCH.] 

6 1836.6 4 40 Bearings of old lines taken by G. Hill. 

7 1838.5 4 45 Bearings of old lines taken by G. Hill. 

1846.0 5 23(?) Bearings of old lines taken by G. Hill. (Not used.-SCH.] 

8 1848.6 5 IO Bearinb'S of ukl lines taken by G. Hill. 

9 1850.8 5 23 Bearings of old lines taken by G. Hill. 

10 1863.0 6 09 Old deed reported by G. Hill. 

II 1864 __ 6 IO Prof. G. 'H. Cook, at county meridian. 

12 1866 __ 6 oo(?) T. N. Doughty. 

13 1870 __ 6 24 Bearings of old lines. 

14 1880 __ 7 IS Prof. E. A. Bowser. 

15 1884 __ 7 30 Jas. M. Cobb. 

16 I886 __ 7 30 Geo. Hill. 

11{' 
1887 __ {7 32 Geo. Hill. 

1887.8 7 34 w. Observed at Rutgers College and at several stations northward. [Mean, 

7°.55 W. for 1887.7-SCH.) 

*The data for this station are taken from the" Magnetic Survey of New Jersey" by George H. Cook, geologist in charge. 

3r.-JAMESBURG AND VICINITY,* N. J. 

il=74° 271 W. of Gr. 

0 ' 
1 1761__ 4 33 w. 

l 2 1795 __ 3 II 

3 1799 __ 2 43 

4 1815 __ 3 I2 J ll~ry M. Th- from "'""'" ?' old lino•, 
5 1826 __ 3 50 
6 1829 __ 3 52 

7 1887 __ 7 25 w. 

*The data for this station and vicinity are drawn from the" Magnetic Survey of New Jersey" by George H. Cook, State 
geologist in charge. 

H. Ex . .22-14 



 

210 UNITED STATES COAST AND GEODETIC SURVEY. 

Collection of Magnetic Declinations, etc.-Continued. 

32.-HARRISBURG, PA. 

il=76° 52.'9 W. of Gr. 

(State Capitol) 

----------------,--- -·· --·--·-·· -----· 

l--11795,August 19. 
0 ' 

o 26 E. From a map of the borough of Harrisburg, on file in office of register and 

recorder of this county, made by Tlios. Foster. Communicated by \V. W. 

Wright, March IO, 1875. [Weight assigned }.(.-SCH.] 

2 

3 1843 __ 

4 1854, autumn. 

r 1857, April 29. 

5~ 
l 1857,June 3. 

6 186o--'61. 

7 1862,July 28, 29. 

8 1874, October and No-

vember. 

9 1876, December 2. 

IO 1877, September 25, 26. 

II 1881, May 25. 

12 1885, August 17, 18, 19. 

13 1883, Sept, and Oct. 

14 1889, February 21. 

3 12. 5 W. Dr. A. D. Bache; in the grounds east of the capitol ; Coast Survey RepoTt 

for 1862, p. 212. [Weight assigned Yz.-Scu.J 

2 35 From a map of the borough of Harrisburg, on file in the city register's office, 

made by John Roberts. Communicated by W. W. Wright, March IO, 

1875. 

3 06 John Roberts and Samuel Hoffer, surveyors; on true meridian established 

3 18.3 

3 20 

3 30 

3 44- 5 

4 51 

5 IO 

4 53.5 

5 17 

5 21. 9 

5 31.2 

5 30. 9 w. 

by them east nf the State House. Communicated by \V. W. \Vright, Feb., 

187 5. [See also Annual Report of Sec'y of Int'! Affairs of Pa. for 1876.] 

James Ferguson, James Aspach, and Daniel Hoffman, surveyors. Results 

recorded at county commissioners' office. Communicated by W. W. 

Wright, Feb., 1875. 

Samuel Hoffer; reference as before. 

From surveys made by Rather Page; map in city register's office at Harris

burg. Comm'd by W.W. Wright, March 10, 1875. 

C. A. Schott, asst. Coast Survey; grounds of the State Honse, near eastern 

entrance; Coast Survey Rep. for 1862, p. 212. 

H. Alricks, jr., J. Simpson Africa; Annual Report of Sec'y of Int'] Affairs 

of Pa., 1876; vV. McCandless, secretary. 

A~nu_al Report of the Secretary of State for 1876, as above. 

Edwin Smith, asst. Coast Survey; grounds east of the capitol, near astronom

ical station and near station of 1862, in·qi=40° 15 1 .8, il=76° 521.9 W. 

J.B. Kaufman, county surveyor. At station in capitol grounds; declina

tion corrected for diurnal variation. Letter of March 6, I 889. 

J.B. Baylor, subasst. Coast and Geodetic Survey; station of 1877. MS. in 

Survey archives. 

J. S. Wall and J. H. Campbell at meridian line of 1877, capitol grounds. 

I Rep. of Sec. of Int. Affairs of Pa. for r 888. 

: J. B. Kaufman, county surveyor. At station in capitol grounds; declina-

1 tion corrected for diurnal variation. Letter of March .6, 1889. 



 

1680 __ 

2 16go __ 

3 1700 __ '· 

4 <t710 __ 

5 1720 __ 

6 1730 __ 

7 1740 __ 

8 1750 __ 

9 176o __ 

IO 1770_ -

II 1780 __ 

12 17go_ -

13 1800 __ 

14 1810 __ 

15 1820 __ 

16 1830 __ 

17 1840 __ 

18 1850 __ 

1630, about. 

1701 __ 

2 1710 __ 

3 1750_ -

4{ 
1793 __ 

1793--

5 18o2 __ 

6{ 
18o4 __ 

18cJ4 __ 

1{ 
1813 __ 

1813 __ 

8 1837 _ -

9 1840, June. 
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Ool"lection of Magnetic Declinations, etc.-Oontinned. 

33.-HATBOROUGH, MONTGOMERY COUNTY, PA. 

0 I 

8 28 w. 
8 15 

7 55 
7 28 

7 00 

6 25 

5 35 

4 55 
4 00 

2 55 
2 05 

I 50 

I 55 
2 00 

2 27 

3 00 

3 5° 
4 25 w. 

o I 

il = 75° 07 1 W. of Gr. 

l I Table communicated to the Supt. of the Coast Survey by Mr. E.W. Beans, 

letter dated Hatboro', March 1, 1852. Coast Survey Report for 1855, p. 

I 
312. [It can not be supposed that this table presents results of direct ob-

observation, but it is most probably the result of some process of intapola-
I tion probably a graphical one. :'11r. B<ans expressed his entire confidence, 

~ in the accuracy of the data collected. and I do not doubt that the table io 

I made up from reliable observations of numerous bearings of old and new 

lines. It should also be remembered that at the time this table was com-

I municated, our knowledge of the secular variation was very imperfect, and 

that it was subsequently found to be in good accord with bter researche$. 

I It is to be regretted that in consequence of Mr. Beans's demise nothing 

I 
further could be learned of the series.-ScH.] 

I 
J 

34.-PHILADELPHIA, PA. ... 
.l=75° 091.0 W. of Gr. 

(State Honse.) 

11]( W. According to R. Dudley's Arcano <lei Marc, Florence, 1646-'47. (Not 

nsed.-Sctt.] 

8 30 Observed hy Mr. Scull, according to G. Gillet, Sill. Jour., vol. xxiii, 1833. 

8 30 Th. Whitney; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

S 45 Kahn's Travels; reference as above. [w= Yz.-Sctt.] 

1 30 Th. Whitney; reference as above. 

1 30 Mr. Brooks; Sill. Jonr., vol. xxiii, 1833. 

l 30 Mr. Howell; reference as above. 

2 oo By several men of science ; reference as before. 

2 to Th. Whitney; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

2 25 D. McClure; reference as before. 

2 27 Th. Whitney; Sill. Jour., vol. xxiii, 1833. 

3 52 W.R. Johnson; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 183R. 

3 37 Dr. A. D. Bache, at Girard College Observatory; in 1>=39° 581.3, A= j5° 

10'.3 W. Annual change= 41.4 from differential obserrntions between 

June, 1840, and Dec., 1845; see Coast Survey Reports for 1859, p. 285, 

and for r86o, p. 311. [Subtracting 51.3 from the observed valne of 1841 

(see further on), we have for June, 1840, the value+ 3° 481 , and subtract

ing 26' from the observed valne of 1846 (see further on), we have+ 3° 

# 26'; the mean, or+ 3° 371 , is set down for June, 1840.-ScH.] 

IO 1841,July20,November 1. 3 53. 7 W. Dr. A. D. Bache, at Girard College Observatory; Coast Survey Report for 

1862; magnetic survey of Pennsylvania, p. 213. 
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Collection of Magnetic Declinations, etc.-Continued. 

11 

12 1855, September 5. 

13 1862, August 15, 16. 

14 1872, October 19, 20, 21. 

15 1877, October 2, 3, 5, 6. 

16 1884, September 3, 10, l r. 

l7J6, Kovemher 4. 

2 17 44, September 11. 

3 1746, March 25. 

4 1754 __ 

5 1768, May 6, '1fovcmbec; 1. 

6 1770, April 25. 

7 1786, March 3 r. 

s 1787, March 7. 

9 1794 

10 1807-'8-'9. 

II 1816, November 18. 

12 1818, :\lay. 

13 1822, J\ovemher 21. 

14 1825, December 6. 

15 1830, November 5. 

16 I 1836, March 25. 

17 I I 840, August 24. 

18 1850, April 29. 

19 1852, April I 2. 

20 I 859, October 24. 

21 1863, March 25. 

PHILADELPHIA, PA.-Continued. 

0 ' 

3 51, I \V. 

4 31. 7 

5 00.0 

5 27.8 

6 02. 2 

I Dr. John Locke, Giranl College Magnetic Obs'y; 

. I S54, p. 14+. 

Coast Survey Report for 

C. A. Schott, assist. Coast Survey; grounds east of main building of Girard 

College, in <? = 39° 58'4, A= 7 5° 101.2 W.; Coast Survey Report for 

1855, P· 337 · 

C. A. Schott, assist. Coast Survey; at site of old magnetic observatory, Girard 

College; in 6 = 39° 5814, A= 75° 1o'.2 W.; Coast Survey Report for 

1862, p. 212. 

A. H. Scott, U. S. Coast Survey; at site of old magnetic observatory, Girard 

College; Coast and Geodetic Survey Report for 1881, App. 9. [ w = 2-

Srn.) 

J. B. Baylor, U.S. Coast Survey; SW. of ma.in building of Girard College, in 

rp = 39° 581.3, A= 75° 10 1.3 W.; Coast and Geodetic Survey Report for 

1881, App. 9. [Weight 2 assigned-Sm.] 

6 21. 6 \V. Edwin Smith, asst. Coast Survey; in the grounds of Girard College, near 

chapel, and near site of station of 1877; in r/> = 39° 58'.3, A= 75° 101.3 

W. MS. in archives of the Survey. [Double weight assigned to this 

value. -SCH. J 

35.-CHAMBERSBURG, FRANKLIN COUNTY, l'A. 

A=77° 401 W. of Gr. 

i 0 

I 4 15 w. Zachary Butcher. 
I 

3 40 Thomas Cookson. I 
I 3 19 Thomas Cookson. 

3 16 From land patent, on various lines, values varying between 2U-0 and 4°. Not 

very reliable. 

I JO Col. John Armstrong, mean of 1° 15' and 1° 45' W. 

I 30 Col. John Armstrong. 

0 15 W. l\Iathew Henderson. 

0 15 E. Mathew Henderson. 

0 30 Mathew Henderson; mountain surveys. 

0 42.5 Joseph Snively; values between 401 and 45' E. 

0 30 Wm. S. Davis. 

0 22 'Vm. Cummins. 

0 15 Wm. S. Davis. 

0 00 E. \Vm. S. Davis. 

0 15 w. Wm. S. Davis. 

0 27 Wm. S. Davis. 

0 54.4 Dr. A. D. Bache, at Invin's Mill near Mercersburg, in ~=39° 471, A=77° 
561 \V.; Coast Survey Report for 1862, App. 19. [Reduction to.,Cham-

bcn,lmrg, +s'-Sca.] 
I 30 John B. Kaufman ; by means of an old, plain compass. 

I 42 Observer and remark as before. [In annual report of the Secretary of Inter-

nal Affairs for Pa., Harrisburg. 1886, the value 1° 39' W. is given.-SCH.] 
z 12 John B. Kaufman; by means of a Gurley R. R. compass. 

2 15 John B. Kaufman, notes a very small increase in_ declination between r857 
and 1863. 

I 
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24 

25 

26 
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28 

29{': 
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31 

32 

33 

34 

35 

36{ 

37 

38{ 
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~l 

r 

I 
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l 
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.· Oollecti0n of Magnetic Declinations, eto.-Continued. 

CHAMBERSBURG, FRANKLIN COUNTY, PA.-Continued. 

I 1864, Marc~ 3 I. 

1865, June 1, 19- I 
I 

1866, February 23. I 

1867, October to December. 

1869, May 24. 

1871,April, May,June. 

1873, April. 

1876, April. 

1876, October. 

1877, June. 

1878, April 22. 

1879, April 12. 

l88o, April 19. 

I88I, April30. 

1882, April 29. 

1883, April 30. 

I883, October 20. 

1884, April 8. 

1885, April 14. 

1885, July 8. 

1886, March 4. 

April 6. 

April 27. 
June 4. 

October 1. 

1887, January 19. 

January 20. 

January 21. 

January 22. 

March 11. 

, April 26. 

0 I 

2 19 

2 24 

2 25 

2 35 
2 40 

2 55 
3 00 

3 15 

3 IO 

3 20 

3 24" 

3 31 

3 36 

3 4r 

3 45 

3 50.5 

\\'. 

11 

~ Observer as before. 

I 
I 
J 
,\nnual Report of Sec. of Int. Aff., Pa., 1876, Harrisburg, 1876. [Mean 

uscd.-ScH.] 

John l3. Kaufman; by means of a Gurley solar-transit. 

John l3. Kaufman, at 4 p. m. [Reduction to mean of day, - 31-SCH.] 

John R Kaufman, at 3 and 4 p. m. [Reduction to mean of day, -31-Scn.J 

John ll. Kaufman, at 3Y, p. m. Reduction to mean of day, -41-ScH.] 

John B. Kaufman, at 2 p. m. [Reduction to mean of day, -51 -SCH.] 

Juhn l3. Kaufman, between I I and I2 a. m. [Reduction to mean of day, 

-21-ScH.] 

John B. Kaufman, between 3 and 4 p. m. [Reduction to mean of day, 

-41-Scu.] 

3 47 John D. Kaufman, at 9 a. m. and 2 p. m., at Upper Strasburg [Mean of 

day adopted, 3° 47 1 \V.-ScH.] 

3 49 John B. Kaufman, at IO and I I a. m. [In the Ann=l Rep. of the Sec'y 

3 53.5 
3 55.4 

3 54.0 

3 56.2 

3 57.0 

3 55.5 

3 59.2 

3 57. 6 

3 53. 0 

4 00.0 

4 00. 5 

of Int. Aff. for Pa., the additional value 3° 561 W. is given.-SCH.] 

John B. Kaufman, at 11 a. m., at county meridian. 

John B. Kaufman, from 20 obs'ns, ten direct and ten reversed, I to 2 p. m.; 

and 3° 531.5 W. at 6 p. m., two obs'ns. [Corrected mean of 2 days 

adopted, 3° 521.5 W.-Scu.] 

John B. Kaufman, 3h 25m p. m. 
John B. Kaufman, 2h 4om p. m., 20 ob's in 4 groups. 

John B. Kaufman, 10h 4om a. m., at county meridian. 

John B. Kaufman, 1 I a. m., 5 ob's, at 7 a. m., 3° 441.8, 20 obs'ns, and 3° 

58'.9 at 2 p. m., from 11 ob's; at home meridian, Upper Strasburg, <f>= 

40° 03', .:l.=77° 41' w. 
John B. Kaufman, at 3 p. m., 2 obs'ns, at county meridian, ¢=39° 56', 

'A=77° 391 W. [Corr'd mean of 5 days adopted, 3° 531 .0 W.-ScH.] 

John B. Kaufman, II}.( a. m. to I p. m.; 1 i direct and I 5 reversed obs'ns. 

John B. Kaufman, II a. m. and 3° 541.1, at 9h 15m a. m. (II d. and I2 

r. obs'ns); 4°011.1, at Ip. m. (4 obs'ns), and 4°02'.4 at 3 p. m. (4 

obs'ns). 

John B. Kaufmllll, 5 obs'ns, at wJ{ to 11 a. m., 4° 001 at noon, 4° 01 1 at I 

p. m, 4° 05 1 at 3 p. m., and 4° oo' at 5 p. m. 

John B. Kaufman, at I I a. m., 4° 05 1 at o and r p. m., 4° 10
1 at 3 p. m., 

4° oo' at 5 p.m. 
John B. Kaufman, at IOJ{ a. m., and 4° 061 at _2 p. m. [Corr'd mean of 

5 days adopted, 4° 001.o W.-ScH.] 

4 oo. 6 W. John B. Kaufman, at county meridian. Mean of 10 compasses at I lb a. m., 

4° oo'.6 W. [Reduced to mean of day, +3° 591.8, mean for 1887.12, 

+3° 51}'.S-Scn.] 
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Collection of Magnetic Declination8, 11tc.-Continned. 

CHAMBERSBURG, FRANKLIN COUNTY, PA.-Continued. 

1888, January 18, Febru-} 
ary 2,J, March 9, 

April 3-30, June 

12, October 10. 

1889, January 31, March 6. 

0 ' 0 ' 

f 
Jan. r8 +

4
4 

0

oo
2 

l 
rObservations by J. B. Kauf- Feb. 2 

I 
man and eleven other sur-

1 

Feb. 3 4 02 I 
veyors. Letters of March 4, Mar. 9 3 59. 1 

11 July 10, 1888, and March 6, I Apr. 3 4 06 Mean, 40 01'.5 w_ 
_ i 1889. [Numerous observa- Apr.16 4 01. 1 Ir for 1888 .. 2 

4 02. 4 \\'. J 
, tions at Upper Strasburg and 1 Apr.17 4 04 

I at Chambersburg at various I Apr.28 3 56 J 
times of the day, reduced to Apr.30 4 03 

[ mean of day were combined I June12 4 01. 3 

l by me as follows: Oct. rn 4 03. 4 

l Mean for 1888.5, +4°02'.4 W.-Sc11.] 

4 05. 4 \V_ 1 John B. Kaufman, al Upper Strasburg. Observations corrected for diurnal 

I 
variation. Letter of March 6, 1889. [Mean, +4° 05 1.4 for 1889.1-

Srn.] 

Nearly the whole of the tabular results were obtained J;rom Mr. John B. Kaufman, county surveyor, Franklin County, Penn
sylvania, who communicated the same to me in a letter dated" Upper Strasburg, Pa., March 11, 1887." His table is headetl 
"Declinations collected i>y John B. K:rnfman, county surveyor, Franklin County, Pennsylvania, partly obtained by differentials 
between old and new bearings of tn1'tworthy lines, partly by direct observatiom at the county meridian, latitude 39° 56', longi
itudc 77° 391 \V., and al the private meridian near Upper Strasburg, in latitude 40° 03' and longitmle 77° 41' W., about." He 
further remarks: "From 1736 till 1852 (the declinations are) from land surveys, except the observation of Irwin's Mill; after 
l 852, partly by well-established lines compared with annual tests at county meridian, till 1876. Since last date observations were 
recorded from annual tests at private meridian. No correction made for diurnal variation." 

36.-BAL TIM ORE, MD . 

<1>=39° 17°.8 .l=76° 371.0 W. of Gr. 

(Washington Monument.) 

0 

1630,about. II(?) W. According to R. Dudley's Arcano del Mare, Florence, 1646-'47. [Not 

used.-SCH. J 
Given values.* 0 0 

1679.0 5.25 D. of '679. oo.D. of '8'4. 5+4. 501 +0.75 
2 1683.5 6.25 D. of 1683. S=D. of 1814. 5+5. 50 +0.75 

3 1703.5 5. 12 D. of 1703. S=D. of 18II. 8+4. 43 +0.69 
4 1720. 5 4.21 D. of 1720. 5=D. of 1816. 0+3. 42 +0.79 
5 1729.2 4.02 D. of 1729. Z=D. of l8o7. 1+3. 39 +0.63 
6 1'754· 5 2.28 D.of1754.5=D.of 1855.5--0.37 

Adopted value for 
+2.65 

7 1756.9 2.88 D. of 1756. 9=D- of 1815. 0+2. 12 
later epoch. 

+0.76 
8 1771.0 I. II D. of 1771. O=D. of 1846. 5-1. oo +z. n 
9 1776. I I. 75 D.of 1776. l=D.of 1811.4+1.07 +o.68 

lO 1780.5 0.77 D. of 1780. 5=D. of 1861. 5-2. 25 +3-02 
II 1787.5 0.37 D. of 1787. 5=D. of 1851. 0-2. oo +z.37 
12 18o8.5 00 1~'·5 D. Byrnes, from numerous observations at Baltimore, in different localities; 

13 I Sill. Jour., vol. xviii, 1830. 
I 840, August 27. 2 16.5 w. Dr. A. D, Bache, Coast Survey Report for 1862, p. 213. 
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Collection of Jl_agnetic Declinations, etc.-Oontinned. 

BALTIMORE, MD.-Continued. 

0 I 

14 1847, April 29. 2 18.6 \\'. Capt. T. J. Lee, U.S. E., assistant Coast Survey, at Fort McHenry, in </'= 

39° 15 1.8, .l=76° 341.S W.; Coast Survey Report for 1854, p. 144. 

15 1856, September 13. 2 29.3 C. A. Schott, assistant Coast Survey; just outside Fort :McHenry; in 1'= 

I 
I 

39° 151.9, A=76° 34'.9 W.; Coast Survey Report for 1858, p. 191. 
i 16 1875. 5 3.74 D. of 1875.5=D. of 1857.0+1° oo. Adopted value for 1857.0+2°.74* 

1877, October ro, 11, 12. 
I 

40 IO'.S J.B. Baylor, U.S. Coast Survey, at Fort McHenry, near station of 1856, in i 17 

I 

1'=39° 15 1.9, -1=76° 341.9 W.; Coast and Geodetic Survey Report for I 
1881, App. 9. 

18 1885, August 5, 6, 7. 4 29.3 W. 

I 
J. JJ. Uaylor, subasst. Coast and Geodetic Survey, at Fort McHenry, station 

of 1877. MS. in archives of Survey. 
' 

- - --- -- -------- -------- -
*Mr. Thomas Kelbaugh, surveyor at Mount Carmel, Baltimore County, Maryland, communicated to the Coast Survey Office 

(letters dated August 17 and 24, 1877, ancl April 28, 1879) 52 cases of observed (or allowed for) changes of magnetic <leclina
tions between two given dates. These differences were mostly from redeterminations of magnetic bearings of old lines made 
with the common surveyor's compass, by different individuals and with different instruments. Their locality was generally within 
a radius of 15 statute miles of the city of Baltimore, and ou the N., the NE., ancl N\V. of it. These snr",·eys were made by order 
of the Baltimore County circuit court, in consequence of disputed land boundaries. Other values Mr. Kclbaugh copied from the 
record books of the county surveyor and his assistants, between 1805 and 1825. 

(These 52 differential values were carefully scrutinized hy me and finally combined to 12 mean results, as given in the above 
table results Nos. r to 1 r inclusive and .Ko. 16. To these several clitferences I have adCted the respective values adopted by me for 
the declination at the time of the resurvey. These latter data resulted from a formula for Baltimore a.> established by me in 1877 .-SCH. J 

2{ 1792 __ 

1792 __ 

3 

4 

5 
6 

7 

18o<), December 

1842.0 

1855, July. 

1856, August 14, 20. 

1856, August. 

I 

2~ \V. 

0 51 E. 

0 19 E. 

0 IO E. 

0 52 w. 

I 20.2 

23.9 

2 24 

2. 21. 4 

2 oo.9W.-

37.-WASHINGTOK, D. C. 

1=77° 001.6 W. of Gr. 

(U. !'>. Capitol, dome.) 

A rough auxiliary value depending on observations about that period ; see 

C. and Geod. Survey Bulletin No. 6. (A compromise value, considering 

the observation at Baltimore. w=YJ'-Scu.] 

Major A. Ellicott, surveyor-general ; inscription on fourth mile-stone, north

westerly from east corner of District; reported by G. Mathiot. [1' ot 

used; supposed locally affected.-ScH.] 

Major A. Ellicott; inscription on first mile-stone northwesterly from east cor

ner of District ; r,eported by John Wiessner. 

Major A. Ellicott; inscription on east corner-stone of District; reported by J. 
Wiessner; in <;l=38° 53 1.6, tl.=76° 541.6 W. [Mean--0°.24-ScH.] 

Nicholas King, surveyor for the city of Washington; l'rof. E. Loomis's col· 

lection in Sill. Jour., vol. xxxiv, 1838. [w=_%°-ScH.] 

J.M. Gilliss, U.S. N.; on Capitol Hill, north of the Capitol; in<1'=38° 531.7, 

tl.=77°001 .6; Sen. Doc. 2d sess., 28th Congress, 1844-'45. 

J. M. Gilliss, U. S. N. ; place and reference as before. 

C. A. Schott, assist., Coast Survey; on Capitol Hill, near Gilliss's station ; in 

<jl=38° 531 .6, A=77° oo'.6 W.; Co~t and Geodetic Survey Report for 

1881, App. 9. 

I 

I C. A. Schott, assist. Coast Survey; near old office building on Capitol Hill; I 
in <jl=38° 53'.1, -1=77° oo'.6 W.; reference as before. 

C. A. Scllott; in park east of the Capitol, in <jl=38° 531.3, A=77° 00".5 \ 

W.; reference as before. [Not used.-ScH.] 
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IO 

II 

12 

13 

15 

16 
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18 

19 

21 

22 

23{ 

24{ 

I I 25 I 
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26) 

l 

28 

29 { 

30 

31 

32 

33 

34 

UNITED STATBS COAST AND GEODETIC SURV'EY. 

Collection of Magnetic I>eelinations, ete.-Continued. 

\V ASHINGTON, D. C.-Continued. 

O I 

1857,March 9. 2 24.8\V. W. Reed; near Capitol, south side; Coast Survey Report for 1858, p. 196. 

186o, August 16 to Sep- 2 26. 7 

teml>er 26. 

1862, August 18, 19. 1 2 39. 4 

1863, June 18 to July 28. 2 41. 8 

1866, November I. 2 44. z 

1867, January to Deccm- 2 48. I 

lier. 

1868, January to Decem- 2 51. z 
ber. 

1869, January to June, in- ; 2 53. o 

clusivt:. 

1870, June 13, 14, 15. 

1871, June 14, 15, 16. 

1872, June 14, 15, 17. 

1873, June 14, 16, 17. 

1874, June 13, 15, 16. 

1874, July 20, 21, 22. 

1875,June 12, 14, 15. 

1876, May I and 2. 

1877, June 14, 15, 16. 

1877, August 17. 

1878, June 14, 15, 17. 

1878, September 8. 

1879, June 9, 10, I I. 

1880, February 23, 24, 25. 

1880, April 3. 

·IS8o, June 12, 14, 17. 

1882, June 15, 16, 17. 

1883, June 18, July 5. 

1884, February 5, 7. 

1884, Jw1e 16, 17. 

1885, June 13, 15. 

1886, June 14, 15, 16. 

1887, July 28, 29. 

i 

2 53.6 

2 56.9 

3 00.0 

3 00. I 

3 07.4 

3 05.2 

3 15.5 
3 18.8 

3 42. I 

3 36.8 

3 47.5 

3 43.0 

3 50.4 

3 52.4 

3 57.2 

3 57· I 

3 55. 4 

4 00.2 

3 57.9 

4 05.2 

4 IL5 

4 08.7 
4 05.0 

Communicated by observer. 

C. A. Schott; near Coast Survey Office (old building), in \(>=38° 531 .1, 

A=77° 001.6 W.; Coast and Geodetic Survey Report for 1881, App. 9. 

Observer, locality, and reference as before. 

Observer, locality, and reference as before. 

J'rof. W. Harkness, U. S. N.; grounds of the U. S. Naval Observatory, in 

q,=38° 531.7, A.=77° 031.1 W.; Smithsonian Contributions to Knowl

edge, No. 23g, p. 61, Washington, 1873. 

1 C. A. Schol!; al magnetic observatory, comer 2nd and C streets S. E., 
I 
[ Capitol Hill, in w = 38° 531 .1, A= 77° 001.2 W.; monthly determina-

1 tions, Coast Survey Report for 1869, pp. 199-207. 

J 

} 

C. A. Schott; at magnetic observatory, corner 2nd and C streets S. E.; Coast 

Survey Report for 1870, App. 14. 

) 

Obsencr and locality as before. 

Coast and Geodetic Survey Report for 1881, App. 9. 

[Mean for 1874.5, 3° 061.3-Scn.] 

} Observer, locality, and reference as before. 

C. A. Schott ; at new magnetic observatory, near corner of First and B sts. 

S. E., Capitol Hill, in¢= 38° 531.2, ,l = 77° 001.4 W. 

A. Braid; U.S. Coast Survey; same locality and reference. 

C. A. Schott; locality and reference as before. 

Dr. T. E. Thorpe; locality as above; reference as before. 

1 Wm. Eimbeck and C. A. Schott, assists. Coast Survey; locality and reference 

as before. 

Marcus Baker, U. S. Coast and Geodetic Survey; locality as before. MS. in 

archives. 

} 
J.B. Baylor; U.S. Coast and Geodetic Survey; locality as bef'?re; Coast and 

i Geodetic Survey Report for 1881, App. 9. [Mean,+ 3°.92-Scn. 

W. Eimbeck, assist. Coast and Geodetic Survey; locality and reference as 

before. 

C. A. Schott, assist. Coast Survey; locality as before. MS. in archives. 

i J.E. Maxfield, sergeant U.S. Signal Corps; locality and refcren~,as before. 
I 

] c. A. &lwu' ,,,,i;., """ ·-~ M bolore. MS. "' -~. 
' J.B. Baylor; station in vacant lot just south of new office building (C. and 

G. S., 1871 ), close to station of 18.~6 and 1857, in .p = 38° 531.2, ii.= 77° 

oot.5. MS. in archives. 
1888, June 19, 20. 4 08. 8 J. 13. Baylor; locality as above. MS. in archives. 
1889, Sept. 24, 25, 26. 4 15. 1 W. E. D. Preston; locality as above. MS. iu archives. 



 

2 

3 

4 

5 

6 

7 

8 

I 

2 

3 

4 

5 

6 

7 

UNITED STATES COAST AND GEODETIC SURVEY. 217 

{ 
16og, October 4. 

16og, August 12. 

1630, about. 

1700. 0 

1750 __ 

1795 __ 

1833.0 

1841, May. 

Collection of Magnetic Declinations, etc.-Continued. 

38.--CAPE HENLOPEN, DEL. 

O I 

6 w. 
IO 

il = 75° 05 1 .0 W. of Gr. 

(Light-house.) 

Hudson; on the coast of New Jersey, in 1' = 39° 30'} . 
Prof. E. Loonns's col-

Iludson; off the coast of Maryland, in <f> = 38° 1 31 

lection in Sill. Jour., vol. xxxix, 1840. [The mean latitude is 38° 51 1, and 

the declination may be taken at 7 Y, 0 W. with an estimated probaule error 

of ::I: 3° at least. It is of very little weight. Not used.-ScH.] 

10Yz According to R. Dudley's Arcano de! Mare, Florence, 1646-'47. [Not 

6 

used.-Scu. 

Edm. Halley; Tabula Nautica Variationum Magneticarum, etc. Repro

duced by photolithography in the Greenwich observations for 1869 .. 

[w=~-SCH.) 

3 ,% A rough auxiliary value depending on observations made about this period; 

see C. and Geod. Survey Bulletin No. 6. [w= Y,-Scu.] 

o 55 From Aurora; at Lewiston, in ¢ = 38° 46', il = 75° 08' W. Prof. E. 

Loomis's collection in Sill. Jour., vol. xxxiv, 1838. [Position corrected by 

me.-Scu.] 

I 15 Peter Barlow's isogonic map of 1833; Phil. Trans. Roy. Soc., 1833. [On 

this map the name Cape Henlopen is erroneously placed.-ScH.) 

4 42 Barnett; Phil. Trans. Roy. Soc., 1841. [Not used.--ScH.] 

1843, October and Novem- 2 26.0 S. P. Lee, U.S. N., act'g assist. Coast Survey; near the light-house; Coast 

and Geodetic Survey Report for 1881, App. 9. ber. 

1846, July I. 

1856, August 27. 

1885, July 29, 30, 31. 

1694 __ 

1750 __ 

178o __ 

11ki9 __ 

1840, January. 

1874, December 4-9· 

1887, April 9, 11, IZ. 

2 45.0 Dr. John Locke, act'g, assist. Coast Survey; at Lewis's landing, in 9'=38° 

48 .8, il=75° 11'.9 \V.; reference as above. 

3 03. 9 C. A. Schott, assist. Coast Survey; near and southwest of the light-house, in 

1>=38° 461.5, il=75° 05 1.3 W.; reference as above. 

4 59. 6 W. J. B. Baylor, subassist. Coast and Geodetic Survey; near light-house, in 

j'>=38° 461.7 il.=75° 051.2 W. (Weight= 2-ScH.] MS. in archives of 

the Survey. 

39.-WILLIAMSBURG, JAMES CITY COUNTY, VA. 

1>=37° 161.2 il=76° 421.4 W. of Gr . 

0 I 

s w. 

I 56 

0 50 w. 
0 33 E. 

0 45 w. 

2 12 

3 02.9W. 

. 
Bishop Madison, president of William and Mary College; in 9'=37° 

13, il=76° 351 W.; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv. 

1838. 

A rough auxiliary value depending on observations about that period; see 

C. and Geod. Survey Bulletin No. 6. 

}

Bishop Madison, president of William and Mary College; in t/>=37° 

151, .l=76° 351 W.; Prof. E. Loomis's collection in Sill. Jour., vol. 

xx xiv, 18 38. 

Lieut. Col. Edw. Sabines's isogonic chart for Jany., 1840, in Phil. Trans. 

Roy. Sac. for 1849, part I. 

J.B. Baylor, U.S. Coast Survey. In the grounds of the W. & M. College. 

tp-=37° 16'.3, .:l.=76° 42'.7 W.; Coast and Geodetic Survey Report for 

1881, App. 9. 

J. B. Baylor, assist. C. and Geod. Survey. Position as before. MS. in archives. 
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UNITED STATES COAST AND GEODE'.l'IC SURVEY. 

OoUedioti of .Magnetic Declinations, etc.-Oontinued. 

1700. 0 

, 1728, March 6 

1732._ 

' 1732 __ 

1750 __ 

1775--
18og __ 

1823-'24. 

1832, June 9, II. 

I 856, September I I, I 2. 

1874, November26, 27, 28.1 

I 879, l\Iay and June. 

1881, June 16. 

1883, January 2 . 

1883, June 30. 

1883, August 29. 

1883, December IO. 

1884, May IO. 

1884, October IO. 

1887, April 14, 15, 16. 

40.-CAPE IIENRY, VA. 

<1'=36° 55/,6 il=76° 001.4 \V. of Gr. 

0 I 

4 W. 

3 

4 42 

4 40 

I 47 

5 00 

0 00 

I J2 

0 45 
I 28 

2 39.5 

2 32 

3 I I 

3 IO 

3 o6 

3 35 

3 39 

3 37 

2 55 

.'l 20.1 W. 

(Light·house.) 

I 
Edm. Halley's Tabula Nautica Variationum Magneticarum, etc. 

\V, Byrd; at head or Currituck Sound, in ©=36° 33'. The Westover MS. 

I [Reduction to cape +20',about.- Sen.] 

i ,V. lloxtou; seven miles fron1 Cape Henry, in <1'=36° 501 • Hansteen's 

l\lagnetismus der En.le, 1819. [Probable reduction to cape -101-SCH.] 

I>ouglass's History; in </'=37° 07 1 , A=75° 5o/ W. l'rof. E. Loomis's co]. 

lection, in Sill. Jour., vol. xxxiv, 1838. (This is supposed the same as 

IIoxtou's obs'n; not used.-Scn.J 

A rough auxiliary value depending on observations about that period ; see 

C. and Geod. Survey Bulletin No. 6. 

J. F. \\'.De,; Thurcs's Atlantic Neptune, London, r781. [Not used.-ScH. J 
President Madison, at Norfolk, in </'=36° 51 1 , 4=76° 191 W. Prof. E. 

Loomis's collection, in Sill. Jour., vol. xxxiv, 1838. [Reduction to cape 

-4' by obs'ns in 1856, but too doubtful to apply.-SCH.] 

H. 13oye's State map of Va., of rS59. [Not used.-Scu.] 

Prof. J. N. Nicollet; Coasl Survey Report for 1864, p. 210. 

C. A. Schott, assist. Coa,,,t Survey; near the light-house, in <1'=36° 55 1.6, 

A=76° 001.4 W.; Coast Smvey Rep. for 1856, p. 227. 

Dr. T. C. Hilgard, observer for l'. S. Coast Survey; near the light.ho.; 

Cua.>t and Geo1lelic Survey Report for 1881, App. 9. 

Lt. S. W. Very, U.S. N.; from 50 observations at the Rip Raps, in ¢=36° 

591.o, A.=76° 181.4 W. MS. communication. [Reduction to Cape 

Henry about +10'-Scn.J 

Lieut. C. P. Perkins, U. S. S, Alliance; in ¢=37° 001, il=76° 101 W.; 

Naval Professional Papers, No. 19. [Reduction to cape +s', about.

Sen.] 

Lieut. G. A. Norris, U. S. S. Enterprise; in ¢=36° 56', l=76° o6' W.; 

reference as before. (Reduction to cape aliout + 5/ - ScH.] 

Lieut. C. Belknap, U. S. S. Vandalia; in ¢=36° 57', l=76° 02' W.; ref· 

erence as Wore. (Reduction to cape about zero.-Scn.] 

Lieut. H. W. Lyon, U. S. S. Galena; in ¢=36° 54', il.=75° 541 W,; ref

erence as before. [Reduction to cape about -51-ScH.] 

Lieut. C. Belknap, U. S. S. Vandalia; in ¢=36° 561, il.=75° 571 W.; ref
erence as before. [Reduction to cape about zero.; mean, +3° 22' for 

1883.5-ScH.] 

Lieut. F. Ifanfor<l, U.S. S. Pensacola; ln ¢=36° 54', l=75° 45' W.; ref· 

erence as before. [Reduction to cape about -15'-Scu.] 

Lieut. C. C. Cornwell, lJ. S. S. Powhatan; in 1'=37° oo', l=76° o61 W.; 

reference as before. (Red'n to cape about +s'; mean, +3° 11 1 for 
1884.5-ScH.] ,. 

J.B. Baylor, asst. C. and Geod. Survey. Near old liglit·house as in 1874; in 

'1>=36° 55 1 .6, il=76° oo'+ MS, in archives. 
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1750 __ 

2 1796 __ 

3 18o6 __ 

4 18o9 __ 

5 1840.0 

Collection of Magnetic Declinations, etc.-Continued. 

41.-NEW BERNE, N. C. 

0 I 

0.29 

2 40 

2 00 

I 45 

0 00 

'/'=35° o6' A=77° 02' W. of Gr. 

E. 

E. 

A rough auxiliary value depending on observations made ahout that time; 

see C. and Geod. Survey Bulletin No. 6. 

} 

Jonath. Price; from Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 

1838; position assigned <1>=35° 201 , A=77° 05 1 W. [Latitude 141 too 

high.-Sca.] 

Lieut. Col. Edw. Sabine; isogonic chart for 1840, Jan'y; Phil. Trans. Roy. 

6 1874, December21, 23, 24.1 I 20.4 w. 
Soc., 1849, pa_rt i. 

J. B. Baylor, aid U.S. Coast Survey; at cemetery in '/>=35° 071.4, A=77° 

oJ'.3 W.; Coast and Geodetic Survey Report for 1881 ; App. 9. 

7 1887, March 19, 20. 

I 1750 __ 

2 1805 __ 

3 1835 __ 

4 1838 __ 

, 
5 1875, June 15. 

6 1887, March 8, 9. 

2 1750 __ 

3 1775 __ 

I 54·4 w. J. B. Baylor, asst. C. and Gcod. Survey. In national cemetery, as before. 

MS. in archives. [w=I~-ScH.] 

42.-MILLEDGEVILLE, GA . 

.\=83° 121 W. of Gr. 

o I 

2.05 E. A rough auxiliary value depending on observations about this time; see C. 

and Geod. Survey Bulletin No. 6. 

5 30 J. Bethune; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. Po-

sition assigned, 1>=33° 071, A=83° 201 \V. 

4 40 Observer and reference as above. [w= jf-ScH.] 

5 51 Geological Survey of Georgia; Prof. E. Loomis's collection in S,ill. Jour., 

4 14. I 

vol. xxxix, 1840. Position assigned, ¢=33° 071, A=83° 201 \\'. [ w= 7f 
-SCH.) 

J.M. Poole, Bache-Fund observer to National Academy of Sciences; Coast 

and Geodetic Survey Report .for I 882, App. 14, pp. 402 and 425; in the 

old Capitol grounds. [This value is one of two obtained by the observer, 

and one of these is prol$ably affected by a misreading of 1°; the value 

given by me is the first one, taken from the MS. computation.-Sca.] 

3 36. 4 E. J.B. Baylor, asst. C. and Geod. Survey; in grounds of the Capitol, tfl=33° 

o I 

0 30 

5 23 

I 39 

041.2, A.=83° I<Y. MS. in archives. 

43.-CHARLESTON, S. C. 

=79° 551.8 W. of Gr. 

(St. Michael's Church.) 

E. Edm. Halley's isogonic chart for 1700, reproduced by photolithography in 

the Greenwich observations for 1869. [Weight~ in discussion.-ScH.] 

English Pilot, published at Tower Hill in 1794; extracted from a paper by 

Andrew Hughes. [Not use<l.-ScH.] 

A rough auxiliary value depending on observations made about this period ; 

see C. and Geed. Survey Bulletin No. 6. 

3 48 E. J. F. W. Des Barres's Atlantic Neptune, London, 1781-. 
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Collection of Magnetic Declinations, etc.-Continued. 

CHARLESTON, S. C.-Continued. 

,---.---------·--------·------------··-------------------------

I777--

4 I 784, February. 

5 i 1785, October. 

6 I824-'25. 

1833.0 
s 1837 __ 

9 1840 __ 

IO I84I, May. 

II 1847. October. 

12 1849, April 1-22. 

I4 1880, Jnauary 2I, 22. 

15 1885, December 29, 30. 

0 , I 
3 48 F. 1 From u chart. Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

5 I5 

5 45 

3 45 
4 00 

2 54 

2 44 

2 24 

2 15 

2 16. 5 

0 58. 2 

' 0 25. 6 

[Supposed the same as that g-i,-en in the Neptune; not 11'ed.-SCH.] 

} 
Joseph Purchell, surw·ym. From a pamphlet hy Charles Parker, Charles

ton, 1849. Observations said to come from a reliable source. 

Lieut. Sherburne, U.S. N.; lllunt's chart of I824-'25. 

Peter Harlow; isogonic chart for 1833. I'hil. Trans. Roy. Soc., 1833, part 1. 

Capt. ;;Ji,>room; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

Position in \fl=32° 471 , A.~79° 571 \V. 

Dr. C. Da,·ies, in his treatise on surveying. 

llarnet, Phil. Trans. Roy. Soc., vol. for 1849. 

Charles Parker; from a pamphlet published by him at Charleston, 1849. 

C. 0. Boutelle, assist. Coast Survey; at Breach Inlet, on Sullivan's Island, in 

¢=32° 461.3, -l=79° 48'.9 W.; Coast Survey Report for 1854, p. 145. 

C. 0. Boutelle, asst. Coast Survey; at Fort 1farshall, near Breach Inlet, in 

¢=32° 461.4, A.=79° 4IV.8 \V.; Coast and Geodetic Survey Report for 

I88I,App.9. 

J. n. Baylor. U. S. Coast and Geodetic Survey; position and reference as 

before. 

o 14. 2 E. J. R. Baylor, subassist. Coast anrl Geodetic Sun·ey; near Breach Inlet, Sul

livan's Island, in '.P=32° 46'.3, -l=79° 481.9 W. MS. in archives of the 

Survey. 

44.-SAVANNAH, GA. 

-l=81° 05 1.5 W. of Gr. 

(Savannah Exchange.) 
.---,----------------···----- ·-· 

I 

:1 

5 I839._ 

6 I852, April 26, 27, 28. 

7 1857, May 1, 2. 

8 1874, March 8, 9, IO. 

9 1886,January 6, 7. 

o I 

2.21 

4 

5 00 

i 5 05 

3 31 

3 40.3 

E. A rough auxiliary value depending on observations about this period; see 

C. and Geod. Survey Bulletin No. 6. 

Becquerel's Traite du Magnetisme, Paris, 1846; Cartes du Depot; in 

c/'=32° 041 , A.=81° 051 \V. 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., 1833, part I. 

Geological Survey; in 9'.,,,,32° 05 1 , -l=81° 071 W.; Prof. E. Loomis's col

lection in Sill. Jour., vol. xxxix, 1840. 

Dr. Posey; reference as before. • J.E. Hilgard. asst. Coast Survey; on Hutchinson's Island, opposite Savan-

nah, in c/'=32° 05 1.2, .l=81° 05'.3 \V.; Coast and Geodetic Survey Re

port for 1881, Appendix 9. 

3 27. 5 C. A. Schutt, asst. Coast Sun·ey; position as in 1852; Coast and Geodetic 

Survey Report for 1881, Appendix 9. · 

2 16. 9 F. Blake and C. Tappan, observers for U.S. Coast Survey; position as in 

1852 and 1857; reference as above. 

I 37· 2 E. J.B. Baylor, subasst. U. S. Coasr Survey; on Hutchinson's Island; position 

as ahovc. MS. in archives of Survey. 
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Collection of llfagnetic Declinations, etc.-Continued. 

45.-PARIS, FRANCE. 

,l = 2° 20'.2 E. of Gr. 

(Paris Astro'l Observatory.) 

O I 

l* I 1541__ 

2 11550 __ 

3 i 158o __ 

7 E. Belbrmatus. 

8 Orontius Fin<£us (Oronce Finne). 

II 30 Sennertus. 

4 16o3 __ 8 45 Nantonnier. 
5 I6IO __ 8 oo Nantonnier. 

6 

7 
8 

9 
10 

II 

12 

13 

14 

1630 __ 

1642 __ 

1659 and 166o. 
1664 __ 

1666 and 1667. 

1670_ -

168o-81-82-83-84. 

1685-86-87-88-89. 

1691-92-93-95-96-9j-98. 

4 30 

2 30 

I 30 

0 40 

0 08 

I 30 

3 08 

4 52 

6 37 

15 1699, 1700-1-2-3-4, 1705, 9 00 

-6-7. 

16 1708-9-IO-Il-12-13-14- II II 

15-16. 

17 1717-18-19-20-21-22-23 12 52 

-24-25. 

18 1726-27-28-29-30-31-32 14 37 

20 

25 

-33-34. 

i735-36-37-38-J9-4CJ-41 15 23 

-42-43. 

1744-45-46-47-48-49-50 16 37 

-51-52. 

1753-54-55-57-58-59-6o. 17 49 
1765 __ 

1770-71-72-73-74. 

1777-78-79-So-81. 

19 00 

20 01 

20 40 

21 25 

26 I 789-90-91-92-93• 22 18 

27 I798-99-I8oo-oI. 

28 18o2-3-4• 

29 18o5 __ 

30* 18o7 _·_ 

22 14 

21 58 

22 05 

22 34 

( 

31~ 
l 

r8m, March 13, 1 p. m. : 22 16 
I 

1811, October 15, noon. I 22 25 

1812, October 9, 2 jf p. m. [ 22 29 

1813,0ctober 30,noon. 122 28 

Petit. 

Petit. 

(?) 

E. l 
W. f Picard. 

w. 

J 
Picard and La Hire. 

La Hire and Cassini. 

La Hire and Cassini. [Mean of 2 values of 1698 included.-SCH.] 

La Hire and Cassini. [Includes mean of z values each for 1700-1-2-3-4, 

and of 3 values !or 1705.-ScH.] 

1 
La Hire and Cassini. [One value for 1715, 3 for 1716, and 2 values each 

for other years.-ScH.] 

Cassini, La Hire, and Maraldi. [Two values for 1717-18-21-22-23, 3 for 

1725, and 1 for 171<r-20-24.-Sc11.J 

Maraldi and Buache. [Two values for 1734.-ScH.] 

Maraldi and Cassini. [Two values for 1735-36-38-40-42 each.-ScH.] 

Fouchy. 

}Maraldi. 

Maraldi and Le Monnier. [Two values each for 1772-73-74.-ScH.] 

Le Monnier. [Two values for 1778, 6 for 1779, 46 for 178o, and 12 for 

1781.-SCH.J 

Le Monnier. [Three values for 1782-83 each, and 2 for 1784-86 each.-

Sett.] 

Le Monnier. [Two values for 1790-91 each.-ScH.] 

Le Monnier. [Two values for '7!'19·-Sc11.J 

Le Monnier, Bouvard, and Cotte. [Three values for 18o2.-ScH.] 

Cotte; E. Walker, in "Terrestrial and Cosmical Magnetism," Carnbridge,1866. 

Bouvard, 

l Observations by Arago; Walker'~· Tcr. an<l Cos. Magnetism, Cambridge 

(Eng.), 1866. [Mean of 4 values, 22° 241 .5; same corrected for diurnal 

J
i variation, 22° 20'; epoch, 1812.2-ScH.] 

*The values Nos. I .to 30, inclusive, between 1541 and _1807, except for 1805, were taken from the article" Magnetism," by 
Peter Barlow, in the Encyclop::edia of Experimental Philosophy (a part of the Ency. Metropolitana), London, 1848. (These values 
were C<>n1bined by me into suitable groups, and their means were taken as indicated in the table.-ScH.] 
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32{ 

f 
I 

33i 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

2 

3 

4 

l 

UNITED STATES COAST AND GEODETIC SURVEY. 

Oollection of Magnetic Declinations, etc.-Continued. 

I 0 I 

1814, August IO, noon. I 22 34 
1816, October 12, 3 p. m. I 22 25 
1817,February 10,oY, p.m. 22 19 
1823 __ 22 23 
1827 __ 22 20 

1828 __ 22 05 
1829 __ 22 12 

1835.5 22 04 

1838, February. 21 38 

18+z. 5 21 29 

1858, January 1. 19 36. 3 

1865 __ 18 44 

1869, September 1. 17 08.4 

1875, July. 17 21 

1879, January I. 16 56 

1885,JanuarytoDeccmbcr. 16 06. 9 

18SG.5 16 00.9 

1887.0 15 57.2 

w. 

PARIS, FRANCE-Continued. 

I 
I) Observations by Arago; Walker's Ter. and Cos. Magnetism, Cambridge · 

I ~ (Eng), 1866. [Mean of 3 values, 22° 26'.o; same corrected for diurnal 

I J variation, 22° 22'; epoch, 1816.5-ScH.] 

·1 
J ~A. Guyot, in Johnson's Universal Cyclopredia, Art. Earth, New York, 1876. 

I i [.\Ican of 4 values, 22° 151, for 1827.2-Scu.J 

I J 
Arago; Gen. Sir Edw. Sabine, in Phil. Trans. Roy. Soc., vol. for 1872, part 

II; in </>= 48° 53', A= 2° 20' E. 

Darondeau; Phil. Trans. Roy. Soc., 1849, part II. 

Lamont; Gen. Sir Edw. Sabine, in Phil. Tra~s. Roy. Soc., vol. for 1872, 

part II. 

Rev. S. J. Perry; Magnetic survey of the east of France; Phil. Trans. Roy. 

Soc., vol. for 1872, London, 1873. 

Encyclopxdia Britannica, 9th edition, 1877, Art. Compass. 

Rev. S. J. Perry; Magnetic survey of the east of France; reference as for 

No.37. 

Jordan's Vermessungskunde, Vol. l, Stuttgart, 1877, 

Annuaire pour l'an 1882, Paris. 

r Pare Saint Maur; Th. Moureaux, observer; Comptes Rendus de l' Academie, 

I June, 1886; in <i> = 48° 48'.6, 1=2° 29'.6 E. Annual change, 7'-4 
losing. (For these values, and their reduction to Paris by the addition of 

I the constant 41 .S, I ~m indeLtecl to the courtesy of M. Moureaux, who i:omi municated them in his letter of Feb. I, 1887; see also Memoires divers 

I 
l 

pendent l'annee 1885, and Annales of Observatory, 1886. The values, 

reduced to Paris, arc therefore 16° n'.7, 16° 05'.7, and 16° 021.o, re

spectively.-ScH.] 
1888.5 15 52. 1 W. "Nature," of Dec. 13, 1888. [Reduced to Paris, 15° S6'.9-ScH.J 

1831 __ 6 59 

1837 __ 6 40 

1845, Octo!>er. 7 01 

1846 __ 6 SJ 

46.-BERMUDA ISLANDS.* 

1=64° 42'.6 W. of Gr. 

(Signal station, St. George's Town.) 

w. ! Austin and Foster; Sir Edw. Sabine, in Phil. Trans. Roy. Soc., 1874, Con:'n 

I M~::; :e~e::!:oa:~~f:r:.640 47' W. 

Capt. Barnett, Roy. Eng's; Bermuda Royal Gazette; at signal station; in 

Q=J2° 23', il.=64° 4o' w. 
Capt. Barnett, Roy. Eng's; Sir Edw. Sabine, in Phil. Trans. Roy. Soc., 1874, 

Cont'n xiv. In ¢=32° 23', 1=64° 471 W. 

*According to the "Arcano del Mare," the declination about 1630, to the south of the islands, was about 11 ~0 Wm. [ScH.) 
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6 

2 

3 

4 

6 

8 

9 

IO 

I873, Y!ay I3. 

187 3, April 12. 

I 768, October. 

1787 __ 

1820 __ 

1821 __ 
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Collection of Magnetic Declinations, etc.-Continued. 

0 f 

7 JO 

7 15 

BERMUDA ISLANDS-Continued. 

w. II. M. S. Challenger; Green outside dockyard, in 1'=32° 19'.2, A.=64° 

51 1.8 W. Results of the Voyage of H. M. S. Challenger; Narrative, vol. 

ii, London, 1882. 

H. 1\1. S. Challenger; St. George, Button Island, in <1>=32° 221.6, A=64° 

421.6 W. Results of the Voyage of H. M. S. Challenger, Narrative, vol. 

ii, London, 1882, pp. 25 and 46. [According to Staff Commander E.W. 

Creak, R. N. ("On Local i\1a.gnetic Disturbance in Islands situated far 

from a Continent," Proceedings of the Royal Society, Ko. 242, 1886), 

the position on the Green outside dockyard appears to be the only one 

that may be taken as free from disturbing local attraction; I have there

fore transcribed this and the result at St. George's, omitting the Challenger 

results at other stations on the Bermudas. Commander Creak assumes 21 

increase foi< the annual change about this time.-Sch.] 

7 45 W. Brit. Admiralty Chart No. 36o, Feb., 1877; annual increase of declination 

about 3'. 

47.-RIO DE JANEI~O, BRAZIL.* 

<P=-220 54'.8 A=43° 091 .5 W. of Gr.t 

0 I 

7 34 

6 12 

2 54 

3 2I 

(Flag-staff at Fort Villegagnon.) 

E. Cook ------1 Voyages of the A,Jvcnturc and Beagle, I826-'36, Vol. I, Capt. 

J. Hu~tec __ ~ I'. I'. King, London, 1839, p. 523. Discussion by Major 

FreycmeL __ I Sabine. For reference to Cook and Hunter, see also Han

Run1kcr -··-- j sken's ~l:ignetisnms der Ercle 1 Christiania, 1819. 

1830, Ma,..23, 25, 26; June' 2 08.4 A. G. Erman, Reise um die Erdc, etc., Berlin, I835. In <P=-22° 5J'.9, 

-l=n° 051.2 W. 2, 5, 13. 

1836 __ 2 00 

1857 __ I 20 

11)66, January 8. 2 4r. 8 

1876.5 4 26 

1882, August 3. 4 39 

E. 

W. 

w. 

Capt. Fitz Roy; Voyages of the Adventure and Beagle, 1826-'36, London, 

1839. 

Capt. E. 0. Stanley and G. R. Richards and Lieut. Bullock, R. N.; Ad

miralty Chart No. 54r: Fort Villegagnon, in = - 22° 541.j, '1.=43° 

og'.o W. 

W. Harkness, Prof. U. S. N.; position near north face of Fort Caraguata, in 

<P= - 22° 541.1, A=43° 061 .5 W., Smithsonian Contributions to Knowl

edge No. 239, Washington, 1873, p. 61. 

Lieut S. W. Very, U. S . .'<. From numerous observations at various times 

and different places. [;\-IS. communication to me, dated Dec.13,1879-ScH.] 

Annales du Bureau des Longitudes, tome iii, Paris, 1883, p. 396-97. 

[At this place the secular change is progressing perhaps at the most rapid 

rate known within the tropics and close lo the magnetic equator. In a 

pamphlet published in 1594, entitled "The Seaman's Secret," the celebrated 

navigator John Davis notes, under the head of remarks, after leaving Brazil, 

"the compass varies 9°, the south pointing westward." (Encycl. Brit., 9th 

edition, 1884, Art. Navigation.)-Scu.] 

*According to the "Arcano del Mare," the declin-:i.ti~~-about 11i30, off this port, was nearly I 0 East. [Sen.] 
t Longitude from" telegraphic determinations of longitude;" Lieut. Comdr's Green and Davis, U.S. N., 1878-'79, Wash

ington, D. C., 188o. 
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RESULTS FOR GROUP !.-Magnetic stations on the eastern coast of the United States and 
inclusive of the region of the Appalachian range, with some additional stations in Newfoundland 
and other foreign localities. 

In the last column, below, of the expressions for the secular variation of the magnetic dee· 
lination, the letter D stands for declination, a plus sign indicating west, a minus sign east 
declination. The letter m stands for t-1850.0 or for the difforence in time, expressed in years and 
fraction of a year, for any time t and the middle of the century; it is to be taken within the range 
of observations at any station. 

No I Name of station and State. 

Saint John's, N ewfoundlancl. 

2 Quebec, Canada. 

3 I Charlottetown, I'rince Edward Isl

and. 

4 Montreal, Canada. 

5 Eastport, Me. 

6 Bangor, Me. 

7 Halifax, 1\ova Scotia. 

8 Burlington, Vt. 

9 Hanover, N. H. 

IO Portland, Me. 
ll , Rutland, Vt. 

I 2 Port,mouth, N. II. 

13 Cl1estertield, N. II. 

14 N ewburyporl, l\Iass. 

I 5 Williamstown, :0.1ass. 

16 Al\iany, N. Y. 

17 Salem, Mass. 

18 i Oxford, N. Y. 

19 Cambridge, Mass. 

20 Boston, Mass. 

21 l'rovincctown, Mass. 

22 Providence, R. I. 

23 Hartford, Conn. 

24 New Haven, Conn. 

25 Nantucket, Mass. 

26 Cold Spring Harbor, Long Island 

N. Y. 

27 :Kew York City, N. Y. 

28 Bethlehem, Pa. 

29 Huntingdon, Pa. 
I 

Latitude. 1 
West longi-

' tude. 

o I o I 

47 34. 4 52 4 r. 9 

46 48.4 71 14.5 

45 30.5 73 34.6 

44 54.4 I 66 59. 2 

44 48.2 68 46.9 

44 39· 6 63 35· 3 

44 28. 5 73 I 2. 0 

43 42.3 

43 38.8 

43 36.5 

72 17. 1 

70 16.6 

72 55.5 
43 04. 3 I 79 42. S 

42 53- s I 12 .f4 

42 48. 9 ! 70 49· 2 

42 42 • 8 73 l 3· 4 

42 39.2 73 45.8 

42 31. 9 

42 26. 5 
42 22.9 

42 21. 5 
42 03. r 

41 50.2 

41 45.9 
41 18. 5 

41 17.0 

40 52 

40 36.4 

40 31 

70 52. 5 

75 40. s 
71 07. 7 

71 03. 9 

70 II. 3 

71 2y.8 

72 40.4 

72 55. 7 

70 o6. 0 

73 28 

75 22.9 

78 02 

The magnetic declination expressed as a function 
of time. 

0 0 

D=+21. 94+ 8. 89 sin (I. 05 m+63. 4)* 

D=+14. 66+ 3. 03 sin (1. 4 m+ 4. 6) 

+ o. 61 sin (+o m+ 0.3) 

D=+15. 95+ 7. 78 sin (r. 2 m+49. 8) 

D=+n.88+ 4. 17 sin (1.5 m-18.5) 

+ o. 36 sin (4. 9 m+19) 

D=+15.18+ 3. 79 sin (z.25 m+31. l)* 

D=+13. 86+ 3. 55 sin (1. 30 m+ 8. 6) 

D=+16. 18+ 4. 53 sin (1. o m+46. l)* 

D=+10. 81+ 3. 65 sin (1. 30 m-20. 5) 

+ o. 18 sin (7. o m+r32) 

D=+ 9. 8o+ 4. 02 sin (1. 4 m-14. I)* 

I D=-1 l I. 40+ 3. 28 sin (1. 30 m+ 2. 7) 

D=+10.03+ 3.82sin (1.5 m--24.3) 

D=+10. 71+ 3. 36 sin (1. 44 m- 7. 4j 

D=+ 9. 60+ 3. 84 sin(!. 35 m-16. 1)* 
D=+10.07+ 3.02sin (1.35 m- l.o) 
D=+ 8.84+ 3.13sin(1.4 m-14.0)* 

D=+ 8.17+ 3. 02 sin (1. 44 m- 8. 3) 

D=+ 9. 98+ 3. 85 sin (1. 4 m- 5. r)* 

D=+ 6. 19+ 3. 24 sin (1. 35 m-18. 9) 

D=+ 9. 54+ 2. 69 sin (1. 30 m+ 7. o) 

+ o. 18 sin (3. 2 m+44) 

D=+ 9. 48+ 2. 94 sin (r. 3 m+ 3. 7) 

D=+ 9.67+ 3.04sin(1.3 m+u.o)* 

D=+ 9. 10+ 2. 99 sin (1. 45 m- 3. 4) 

+ o. 26 sin ( 7 m+84) 

D=+ 8. ?6+ 2. go sin (1. 25 m-26.4) 

D=+ 7.78+ 3.11sin(1.4om-22.1) 

D=+ 8. 61+ 2. 83 sin (1. 35 m+19. ~'} 

D=+ 7. 19+ 2. 52 sin (I. 35 m-11. 4) 

D=+ 7. 04+ 2. 77 sin (1. 30 m-18. 1) 

+ o. 14 sin (6. 3 m+64) 

D=+ 5. 40+ 3. 13 sin (I. SS m-38. 3) 
D=+ 3. 76+ 2.93 sin (1.48 m-35. 2) 

" 

*A rongh expression. 
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Results for Group I-Continued. 

No. Name of station and State. 
I 

Latitude. I' West longi
tude. 

The magnetic declination expressed as a function 
of time. 

-----=-~-·~-•--~-1·- --------------·--------
0 I o I 

30 New Brunswick, N. J. 40 29. 9 74 26. 8 D=+ 5. u+ 2. 94 sin (1. 30 m+ + 2) 

31 Jamesburg, N. J. 40 21 74 27 D=+ 6. 03+ 2. 94 sin (1. 40 m-22 4) 

32 Harrisburg, Pa. 

33 Hatborough, Pa. 

34 Philadelphia, Pa. 

35 Chambersburg, Pa. 

36 Baltimore, Md. 

37 Washington, D. C. 

38 Cape Henlopen, Del. 

39 Williamsburg, Va. 

40 Cape Henry, Va. 

4r New Berne, N. C. 

42 Milledgeville, Ga. 

43 Charleston, S. C. 

44 Savannah, Ga. 

45 Paris, France. 

* A rough expression. 

40 15· 9 

40 12 

39 56.9 

39 55 

39 17.8 

38 53.3 

38 46. 7 
37 16.2 

36 55.6 

35 06 

33 o+ 2 

32 46. 6 

32 04. 9 

48 50.2 

76 52.9 

75 07 

75 09. 0 

77 40 

76 37.0 

77 00. 6 

75 05.o 

76 42. 4 

76 00.4 

77 02 

83 12 

79 55.8 
81 05.5 

2 20. 2 E. 

D=+ 2.93+ 2.98 sin(!. 50 m+ o. 2) 

D=+ 5. 17+ 3. 16 sin (r. 54 m-16. 7) 

+ o. 22 sin (4. I m+157) 

D=+ 5. 36+ 3. 17 sin (1. 50 m-26. r) 
+ o. 19 sin (4. o m+146) 

D=+ 2. 79+ 3. IO sin (r. 55 m--30. 6) 

+- o. 20 sin (4. 6 m+-124) 

D=+ 3. 20+ 2. 57 sin (1. 45 111-21. 2) 

D=+ 2. 73+ 2. 57 sin (1. 45 m-21. 6) 
+ o. 14 sin (12 vz+27) 

D=+ 4. 01+ 3. 22 sin (r. 35 m-25, 2) 

D=+ 2. 33+ z. 56 sin (r. 5 m-38. l) 

D=+ 2.42+ 2.25 sin (r.47 m-30.6) 

D=+ o. 63+ 2. 56 sin (1. 45 m-18. 2)* 

D=- 3. 10+ 2. 53 sin ( r. 40 m-61. 9 )*. 
D=- I. 82+ 2. 75 sin (I. 40 m-12. 1)* 

D=- 2. 13+ 2. 55 sin (1. 40 m-40. 5)* 

t The secular variation observed at Paris is illustrated on accompanying illustration No. 21. It is introduced for the purpose 
of showing the extremely systematic character of this variation. In the upper half of the diagram the dots indicate the observations, 
and the smooth curve represents the declination according to a constant and the first periodic term D=+6°.479+16°.002 sin 
(0.765 m+I r8° 461.5). At this station the phenomenon of secular variation has now been followed up for about 349 years, in w:1ich 
interval it exhibited two well marked extremes, viz, about the year 1581 a maximum eastern position, and about the year 1812 a 
maximum western position; the interval between these two consecutive elongations is 231 years, which may be regarded approxi
mately as the time of half a period; in the formula the numerical value of a implies 470 years for the period. The secondary wave 
superposed upon the primary is shown in the lower half of the diagram; it has two characteristics, viz, a variability in the para
meter, that is a diminution in the size of the wave since about 1540, with a possible increase now, and secondly a variability in the 
length of the period, which was nearly constant in the second half of the sixteenth and throughout the seventeenth centuries, but 
afterwards diminished rapidly. Both variations, if real, are undoubtedly periodic, though from want of sufficient data our tabular 
values are limited in time. It appeared to me doubtful whether one or two secondary waves lie between 1740 and 1870, and since 
the above diminution of the period hinges upon this question, two analytical expressions were presented in a preceding edition of 
this paper, one showing one crest, the other two crests within the interval. The latter expression is here given the preference in 
consequence of its better representing the latest observations. The factor (4.04, etc.) of n, where n=t-1700 corresponds to a 
length of period of about 90 years, which at present has diminished to about 57 years. These variations necessarily complicate 
the formula. The law, however, may be studied at Paris to better advantage. The station was only introduced here with the 
object of prominently showing the stately secular swing of the needle, and to facilitate the connection of its phases with those 
noted in North America. 

H. Ex. 22--...li 



 

226 UNITED STATES COAST AND GEODETIC SURVEY. 

GROUP !.-Comparison of observed and computed Magnetic Declinations. 

I Year and i 
I 
----·· 

Comp'd / 0 C 
-_. di 

Obs'd Coml,''d \ O- C. Year and f Obs'd \ear an \ Obs'd Com~'d I 0-C. 

-~r:~on. i decl'n. decl n. , fraction. i decl'n. decl'n. I - __ · fraction. / decl'n. decl·n. 
! ____ J : 

- --- -~··---

I.-SAINT JOHN'S, NEWFOCNDLAND. QUEBEC, CANADA-Continued. EASTPORT, ME.-continued. 

---
I 

0 0 I 0 0 0 0 0 0 0 

1630.0 +15.00 +20. 04 : -5· 04 1848.5 +14. 58 +14. 72 - . 14 1797.5 +I2.32 +13.01 - .69 

1700.0 15.00 13.08: +1.92 1849.4 15. 37 1+ 84 + .53 1833.0 14.50 15.81 -1.31 

1750.0 17.75 16.05 ' +1. 70 1850.3 15.25 14.93 + .32 186o.8 17.95 17.82 + .13 

1787.5 16. 00 21. 60 ' -5. 60 185 I. 7 IS.00 15. IO - .IO 18&1.5 I7-99 17. 86 + .13 

1833.5 26.50 28.34 -1.84 1853. I 15. 50 15. 26 I + . 24 1862. 5 18.01 17.92 +·09 

1844.8 29.6o 29. 47 i + . 13 1858.8 15.57 15.89 ' - .32 1863.5 18.04 17.98 +.o6 

1857.5 31. 35 30. 361 + ·99 1859.5 I6.28 15.97 + .3I 1864.3 18.06 18.02 + .04 

I862.7 31. 33 30. 59 ' + . 74 1860.8 16.47 16.09 + .38 1865.6 18.10 18.09 + .0[ 

1863. 7 JI. 30 30. 62 + .68 1865.5 16. 67 16.54 +. 13 1873. 7 18. 93 18.46 + .47 

1864.4 31. 00 30. 65 + .35 1879. 7 +17. 23 +17.38 - . 15 1879.7 19. 13 18.68 + ·45 

1866. 5 30.92 30. 71 + .21 
I 1887. 7 +18. 59 +18.87 - .28 

1881. 6 +Jo. 52 +Jo. 77 - .25 J.-CHARLOTTETOWN, PRINCE EDWARD 
- ----- •----·-·· ISLAND. 6.-BANGOR, ME. 

I 2.- -Ql:EllEC, CANADA. 
1805. s I +n. 25 

I I833.o +19.50 +19. 76 - .26 +n. 17' + .08 --------------,--
1842.4 21. 05 21. 02 + .03 

1642. s : +16.00 +17.001-I.OO 
I837. 5 ' I3. 07 13·39 - .32 

1686.5 
I857.4 .23.04 .22. 6o +·44 1840.5 13.37 13.63 - .26 

15.50 17.33 -1.83 

r6. 49 i - . 24 
I858.4 22.90 22.68 + .22 I844.6 I4·48 13.96 + .52 1700. 0 16. 25 

1750. 0 ' 12. 14 ! + .36 
1859.4 22.85 22.76 + ·09 1857.8 I5.J3 15.00 + .33 12.50 

1785. 5 i 12.58 I2. 24 / + . 34 
1860.4 22.83 22.84 - .01 1879. 6 I +16. 49 . +16.46 + .03 

1789.5 
1861. 4 22.75 22.91 -- . r6 

11. 75 -- -- - -----------12. 22 I - . 47 
I862.4 23.32 22. 98 + ·34 7.-HALIFAX, NOVA SCOTIA. 

1791. 5 13.00 I2.20 i +.So 
1883.7 +23.43 +23. 73 - .30 I I792.3 12.42 12. 20 I + . 22 ' 16o8.o ', +16.25 +17.42 -1.17 

1793.6 12.54 12. 17 + . 37 1630.0 
I 

14.00 15. 70 -1.70 
I805. 3 I I. 58 12. 08 I -- . so 4.-MONTREAL, CANADA. 

11.80 1700. 0 12.75 + .95 
I8IO. 5 11. 62 

:::~;I~-~~ 1700.0 \ +1+ 75 +15. 63 I - . 88 
1750.0 I2. 00 12. 52 - .52 

I8II. 5 12. 25 1756.5 12.83 12.85 - .02 
I814. 5 II. 83 1749. 5 IO. 63 IO. 761- · 13 

1775-5 13.58 14.02 -.44 f 
1785.5 8.40 I820.8 12.54 j I ' 8.45 I - .05 12.3 i' .21 1798. 5 16.50 15.75 + .75' 

I82I. 7 12.90 12.36 i + .54 1793.6 8.25 8.16 + ·09 1818.5 I7·47 17.32 + .15 
1822.2 13. 00 12 .. w I+ .6I l8I4.5 7.75 7.77 - .02 

1821. 6 17. 6o 17.56 
1834.5 8.oo 8.8o - .So 

+·04 
I823.6 13.00 12. 45 i + . ss I 1833. 0 17.50 18.38 -.88 
1824.2 12.67 12.491 + . 18 1835.5 9.83 8.90 I+ .93 1852.7 18.77 - .82 19.59 
I831. 7 13.40 12.991+·41 1842.6 8.97 9.70 - .73 

18.85 19.62 
1859.5 11.901+.45 

1853.2 -·77 
1832.4 I3.00 13.05 - . 05 12.35 

186o. 5 19.96 -.04 
1879. 1 I +13. 67 +13. 791- . 12 

19.92 
I833.5 12.75 lJ.14 - .39 1866.3 21.09 20.19 +·90 I 
1834.4 13.31 13.22 + ·09 1873.4 21. 58 20.42 +1.16 
1835.9 13. 17 13.36 - .19 5.-EASTPORT, ME. 

1879.7 +:zo.72 +zo.57 + .15 
1839.3 13.37 13.70 - .33 

16os.o I +I 7. 53 +18. 951-I. 42 1840.5 13.71 13.8I - .IO 8.-BURLINGTON, VT. 

1842. 7 14.02 14.07 - .05 1700.0 13.30 IJ.64 f - •• 34 
I846.5 14.53 14.49 + .04 1750.0 II.40 II. 38 : + . 02 1793.5 + 7.63 + 7.35 + .28 

I847.7 +I4.64 +14.63 + .01 1775.5 +12.67 +u.8I I+ .86 i8o5. s + 6.20 + 7.22 -1.02 
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GROUP I.-Oomparison of observed and oomputed Magnetio Deolinations-Coutinued. 

-Yeara~~--1-~bs'~ Comp'd II O-C Year and I Obs'd 
fraction. decl'n. decl'n. · fraction. decl'n. 

1----'---------'----1 ·----

Comp'd I O-C -~-ear and I Obs'd Comp'd I O-C 
decl'n. · fraction. decl'n. dccl"n. I · 

----~------~---. 
BURLINGTON, VT.-Continued. 

0 0 

+ 7.50 + 7.43 + .07 
7.70 7.62 + .08 

7.6o 7.88 - .28 

8. 17 8. 18 - . 01 

RUTLAND, YT.-continued. 

1811. 7 

1859.6 

0 0 

--:- 6.02 + 6.25 - .23 

9· 82 9· 37 + . 45 
1873. 8 IO. 67 IO. 79 ·- . 12 

1879.8 +u.15 +I1.36 - .21 

I4.-~EWBURYPORT, MASS. 

1750.0 i + 8.23 + 7-97 + .26 

I715.5 6.75 7.11 - .36' 

I78I. 5 7.30 7.06 I + . 24 I 

1833. o 8. 50 8. 84 I - . 34 1 

1818.5 

1822.5 

1826.5 

1830.5 

1831. 5 

1832.5 

1834.5 

1837.5 

1845.5 

1855. 7 
1870.9 

1873.8 

8. 25 8. 26 - . 01 ... -----------~---1 1850.7 I0.09 I0.07 i + ,02: 

8. 42 8. 34 + . 08 12.-PORTSll!OUTH, N. H. 1859. 5 IO. 97 IO. 69 l + . 28 

8. 83 8. 50 + . 33 1----------------1 I887. 8 I +12. 20 +12, 38 i, - . 18 i 

8. 75 8. 75 . 00 

9· 37 9. 37 . 00 

9· 95 IO. 01 - . o6 

10.95 II, 12 - .17 

+11. 32 +11. 3I + . 01 

9.-HANOVER, N. H. 

! 1771.5 + 7.77 + 7.81 - .04 1--------------
1775.5 7.75 7.66 +.09 

183J. 0 8. 75 8. 94 - • I9 

1845. 0 9. 78 9. 86 - . 08 

1850. 7 10. 50 IO. 33 + . 17 

1859.5 u.25 I1.08 +.17 

1879. 6 +12. 52 +12. 65 - . 13 

I5.-\\'lLLIAMSTmr"1, MASS. ,_ ____________ _ 
1750.0 

1786. 5 

I833.5 

1837.5 

+7-54 +7-47 -+· . 07 

5.87 

6.25 

7.75 

I876. 6 10. 52 

5.79 + .08 

6. 95 - . 70 

7. 21 ' + . 54 

JO. 07 : + .45 

1765.5 

1810.5 

1839.5 

I 1886. 6 +10. 35 
+ 7. 00 + 6. 83 ' + . 17 13.-CHESTERFIELD, N. H. I -\ IO. 73 - • 38 

I 1855. 1 
187J. 7 
1876. 6 

1879.8 

1700. 0 

1750.0 

1763.5 

1775. 5 
1845.4 

1851. 6 

1859.5 

1863.5 

1864.8 

1865.5 

4.25 

9.25 

I0.45 • 

10.83 

1r.09 

+11.64 

6. 04 -1. 79 

7.87 +1.38 

9. 37 +1.08 

ll. II I - • 28 

11.381- .29 
+11.66 -.02 

I 
IO.-PORTLAND, ME. 

+I2.10 +12. 16 - .06 

9. 20 8. 85 + . 35 

7.75 8.37 - .62 

8. 50 8. 19 + . 31 

II. 47 

IJ.69 

12.33 

12.47 

12.73 

12.71 

II. 27 + . 20 

II. 74 - .05 
12.JI + .02 

12.59 - . 12 

12.6g + ·04 

12.74 - .03 

1866.1 12.72 12.77 - .05 

1873.7 12.89 13.27 - .38 

1887.8 +13.85 +14.04 - .19 

I I.-11.UTLAND, VT. 

178g.3 + 7.05 + 6.58 + .47 

1810.4 + 6.07 + 6. 23 - . 16 

1--~--.,--------,..----1--------------~ 

1812. 5 
18I3.5 

I8I4.5 

1815.5 

1816.5 

l8I7.5 

18I8.5 

1819.5 

1820.5 

1821.5 

1822. 5 
1823.5 

1824.5 

1825. 5 
1826.5 

1827.5 

1828. 5 
1829. 5 

1830.5 

1831. 5 

1832. 5 
1833.5 

1834. 5 
1835.5 

1836.5 

1837.5 

+ 6 + 6 + 6 16.-ALBA~Y, ~. \'. 
. .43 .07 .3 ·---....,..----------

6. 42 6. II + . 31 

6. 28 6. 15 + . 13 

6.19 -.07 

6. 23 - . 18 

6.27 - .23 

6.32 - • 32 

6. 37 - .32 

6.42 - .42 

6.47 - ·35 
6. 52 - .32 

6.58 - .08 

6. 64 + .03 

6. 70 - . 12 

6. 76 - . 18 

18I7. 81 + 5. 73 
1818.6 5.75 

1825. 3 I 6. oo 

1828. 6 I 6. 21 

1830.5 

r83r. 6 

1834.8 

I836. 8 6. 78 

1847. 9 7. 58 

1855.7 7.91 

1856, 7 8. 58 

I858. 4 I 8. 28 

1879. 6 I + 9. 86 

+ 5. 7r ; + .02 

5.74. + .OI 

6.08 - .08 

6. 26 + .OI 

6.38 - .08 

6.45 + ·09 
6. 65 + .02 

6. 78 .oo 

7. 58 .oo 

8. 17 - .26 

8.24. + .34 

8. 371- .09 
+ 9.87 - ,OI 

i 

6. 12 

6.05 

6.04 

6.oo 

6.05 

6.oo 

6. 12 

6.20 

6.50 

6.67 

6.58 

6.58 

6.75 

6.87 

7.00 

7• IO 

7. 17 

7.25 

7. so 
7.58 

7.67 

7.75 
8.og 

6. 82 - • 07 17.-SALEM, MASS. 

6. 88 - . 01 1---------------c----

6. 94 + .o6 

7.01 + .og 

7.o8 + .og 

7. 15 + . 10 

7.22 + .28 

7.'l9_ + .29 

7.36 + .31 

7.44 + .31 

7. 52 + . 57 

1750.0 

1781. 6 

1805. s-
18o8. 5 

+ 7.89 + 7.78 +.II 

6. go 6. 20 + . 70 

5.95'. 6.44 - .49 

5. 33 6. 54 I -1. 21 

5. 94 6. 65 I - • 11 1810.8 

1833. 0 8. 50 

1849. 6 10. 24 

1855. 6 10. 83 

1877.5 11.50 

1887.8 +12.64 

8.12 + . 38 

9.6o + .64 

IO. 161 + .67 
I2. IO - .6o 

+Iz.831- .19 



 

228 UNITED STATES COAST AND GEODETIC SURVEY. 

GROUP !.-Comparison of observed and computed Magnetic .Declinations-Continued. 

18.-0XFORD, N. Y. BOSTON, MASS. --continued. HARTFORD, CONN.-Continued. 

·--------,----------,-----+----------..,----lf------,----------- -------

! 
o o I o 0 

1794- 0 + 3· 00 + 2. 96 i + . 04 

1817. s 3. oo 3. 31 I - . 31 

1741.5 

1776. 0 

1782.5 

1793·5 
1807.5 

1833.0 

1839.5 

1846.7 

1855.6 

+ 7.50 + 7.49 + .01 

7. 67 6. 54 +1. 13 

1859.6 + 7.29 + 7.34 

1867. 6 7. 82 7. 84 

1879. 6 + 8. 57 + 8. 59 

- ~os / 
- .02 I 

1828.5 4.50 3. 79 i +. 71 7. 00 6. 55 + . 45 - .02 

1834.8 3.87 4. 1311 
- .26 

1836.8 4.15 4.26 -.II 

6. 50 6. 72 - . 22 

6.08 

8.oo 

9. IO 

9.52 

7. 18 -I. JO 24.-NEW HAVEN, CONN. 

1837. 5 4. 50 4. 30 i + . 20 8. 55 - . 55 1-----..,------------

8. 97 + .13 1750.0 + 6.24 + 6.82 I- .581 1838. 5 4. 45 4. 36 I + . 09 

1849. 9 5. 18 5. 14 I' j-- • 04 9. 45 + .o7 1761.5 5.78 6.041- .26 I 
1857.3 5.73 5.68 + .05 I0.23 IO. 04 + . 19 1775. 5 5. 42 5. 28 I + . 14 

1780. 5 5.,25 5. 01 I + . 18 1858. I 5. 78 5. 74 I + · 04 

1859.0 s.83 5.81 I+ .02 

1872.8 II. 25 11.09 + . 16 

1877-S +u.6o +u.35 + .25 181i.5 5.17 

---~--- ----- -~--------· 

21.-PROVINCETOWN, MASS. 

I87J. 9 6. 87 6. 941 ·- • 07 

1874. 4 6. 93 6. 97 i - . 04 

1819. 8 4. 42 

1828. 5 5. 28 

4· 76 + .41 

4.97 - .55 
5.32 - .04 

5.67 +.OJ 

5.74 +. 18 

5.82 + .01 

5.98 +.19 

6.24 - .49 

6.32 - .03 

6.51 + .07 

7.01 + .04 

8.29 +.17 

8.73 - .04 

9. 15 - . 22 

1ss5. 1 + 1. 12 + 7. 11 I - . 05 , ____________ ___, 1835. 3 5· 68 
I 

1630. 0 +12. 20 +12. 71 - . 5 I 
19.-CAMJJRIDGE, MASS. 

1700.0 9.50 9.88 - .38 

1836.5 

1837.9 ! 

1708.5 

1742.5 

1757.5 

1761. 5 
1763.5 

1780. 5 

1782.5 

1783.5 

1788.5 

1810. 5 
I 1835. s 
I 1837. 5 

1840.4 
1842.2 
1844. 5 
1845.4 
1850.6 
1852. 5 
1854.5 
1055.4 
1856.5 
1859. 2 
1867.5 
1879.6 

I 

1750.0 7.70 7.01 + .69 1840. 5 I 6. 17 

1344. 6 I 5. 75 + 9. 00 + 9. 26 - . 26 

8. 00 7. 66 + . 34 I 776. 5 6. 50 6. 65 - . 15 
1845. 7 / 6. 29 

7.33 7.24 -!- .09 
1833. 0 8. 25 9. 09 - . 84 

1848. 61· 6. 58 
7.23 

7.00 

7.03 

6.75 

6.87 

6.63 

7. 50 

8.85 

9· 15 
9.30 
9.57 
9.65 
9.53 
9.50 

10. 13 
10.21 

10.91 
10. 47 
10.So 

10. 70 
+11. 77 

7.13 +.IO 

7.09 -.09 

6.86 + .17 

6.85 - . JO 

1835. 7 9. 33 9 13 + . 20 

186o. 7 +11. 39 +10 87 + . 52 1855. 6 7. 05 

1872. 5 I 8. 46 

1878. 5 l 8. 69 22.-PROVIDENCE, R. I. 
1884. s 8. 93 

6.86 + .01 ·---~. ----------· 

6.89 -.26 1717.51+9.60 +9·68 --.08 
1885. 2 I + 9· oo + 9.20 - .20 

7.48 + .02 1769.5 6.50 6.28 + .22 25.-NANTL'CKET, MASS. 

8. 98 - . 13 1815. 5 6. so 6.oo - . JO 1--------------

+ 8. 42 + 9. o6 - . 64 .i 

6. 90 6. 46 + . 44 
9. 11 + .04 1819.5 6.62 6.6g - .07 1700.0 i 
9.32 - .02 1835.5 7.57 7.79 - .22 1750.0 

6. 50 6. 16 + . 34 
'l· 50 8. 52 -1. 02 

8.45 8.62 - . 17 

9· 04 8. 89 + . 15 
9· 15 9· J2 + . 03 ' 
9· 17 9· 18 - . 01 
9.23 9.37 - .14 

9.45 + .12 1840.5 8.42 8.30 + .12 1775·5 

9.6r + .04 1841.5 8.52 8.40 + .12 1833· 0 

9· 68 - . 15 1"·2. 5 8 6 8 1834. 5 I """ · 5 · 50 + . 15 , 
JO. 03 i - . 53 1839. 0 ·1 

6 i 1843.5 8. 77 8.6o + . 17 8 
IO. I i - , OJ l 42. 7 
rn.29 I - .08 1855.6 9.52 9.56 - .04 1843.7 

IO. 35 I + . 56 1884. 5 II. 13 II. 13 .00 1846. 6 

9·97 9·90 + .O'J IO. 421 + . 05 1885. 3 +II. 16 +II. 19 - . 03 1855. 6 

10.59 + .21 1------------2.---....I 1867.4 10.33 10. 52 - .19 

+ .43 
+.28 

lI.05 I - ·35 23.-HARTFORD, CO:-IN. 1879.6 II.46 
+11.581+.19 ----,--. 1883.41 +11.43 

I 20.-BOSTON, MAS5. -- 1786. 5 5. 42 5. 28 + . 14 26.-COLD SPRING HARBOR, N. Y. 

I 750. 0 .

1

: + 6. 78 + 6. 67 + . II 

I I 1810. 5 4· 77 5. 25 - . 48 -------·---------! 

I 1700.0 I +10.00 +10.o61- .o6 1824.5 I 5.75 5 6o l + .15 
1708.5 + 9.00 + 9.49 - .49 1829.0 i + 6.05 + 5.76 + .29 

~---'--------~---!..------'-~ 

1750.0 + 5. 70 + 5.8o - . to 

1']71. 4 + 5. 12 + 4. g6 + . 16 
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GROUP I.-Coniparison of observed and computed Magnetic Declinations-Continued. 

-I Y_e_a_r-an-,J--! __ C _ _l_b ___ s-'d ___ C_om-p'_d_ 1 __ 0 ____ C ____ \_'e_a_r __ a_n __ d_[_ -0--b-s-'d _____ C_o __ m ___ p_'_d _____ O ______ ~~ Y~~r-arnl l--~lbs'd Comp'd 1

1

1 ;=-C. i 

11

- -fr-ac-ti-on_._!_de_c_l' __ n_. __ <l_e_c_l'_n. __ [ __ · ~r-ac-·ti_· u_n._,_'~~cl'_n_. __ cle-·c-l'n_. ______ -fr-ac_t_iu_n_. ~i _d_e_cl_'1_1. __ cl_ec_·1_·n_. _I___ 
1 

COLD SPRING HARDOR, N. Y.-continuecl. HETU LEH E~1, l'A. -continued. 31.-JAMESBURG AND VICINITY, N. J. I 
-----------------·-·---- ________ 1 ____ 0 --0 -T-0 i 

0 0 0 I 0 

1818.41+4.87 + 5.15 i - .28 

1844.7 I 6.52 6.39 f + .13 

1S74. 5 

1878. 2 

1881. 2 

1882.7 

1884.0 

1761.5\+4.55 +4·4o +.15 

1795. 5 1 3· 18 3, 13 + .05 

+ 5. 32 + 5. 38 - . o6 

5. 62 5. 69 - . 07 

1799. 5 I 2. 72 3. IO - . 38 i 

18I5. 5 I! 3. 20 3. 23 -- . 03 

1865.01 7.78 7.58,+.20 5.87 5.95 ·- .os 

-1-88_6_. 5~1 ~-~:_5_1 _+ __ 8._1_4~1 _-_._1_1_ 6. os 6. 01 I + . 01 

+ 6. IO + 6. 18 - . 08 1826. 5 3· 83 3· 62 + . 2 [ 

27.-NEW YORK, N. Y. 
1829. 5 I 3. 87 3. 75 + . 12 I 
18s7.5 j + 7.42 + 1.51 I - .09 l 

16o9. 7 + 8. 00 

1630. 0 ll. 50 

1684. 5 8. 75 

1686. 5 9. 00 

1691. 5 8. 75 

1700. 0 8. 33 

1714. 5 8. 75 

1724. 0 7. 33 

1750. 0 5. 92 

1755· 5 5.00 

1789. 5 4. 33 

1824. 5 4. 67 

1834. 5 4. 83 

1837. 5 5. 67 

1840. 6 5. 45 

1841. 5 6. IO 

1842. 6 5. 91 

1844. 6 6. 22 

1845. 6 6.42 

1846. 3 5. 57 
1847. 8 5. 68 

1855. 6 6. 72 

186o. 7 6. 73 

1873. 8 7. 48 

187+ 6 7. 38 

1879. 5 7. 87 

1885. 7 + 8. 21 i 
I 

29.-HUNTlNGDON, PA. 

+ 8. 4° Ii - . 4° 32.-HARRISBURG, PA. II 

9· 34 +2. 16 1750. 0 + 4· 25 + 3. 92 ' + . 33 1--------------
9. 261-. 51 1794.0 0.85 I.IS -.33 1795.6 i i - 0. 43 - o. 02 I - • 41 I 

9.19 - .19 i84o.6 1.87 i.55 + ·32 1840.5 + 3.21 + 2,21 ! +1.00 ! 
8. 97 I - • 22 1849. 3 2. 18 2. 03 + . 15 1843. 5 58 I + I 

2. 2. 44 I_ . 141 
8. 55 ! - • 22 t852. 3 2. 27 2. 22 + • 05 1854. 8 3· 01 3, 31 I - • 30 

7. 73 I +1. 02 1858, 7 2. 57 2. 65 - • 08 1857. 4 3· 32 3· 51 1-- , 191 
7.131+.20 186o.3 2.68 2.76 -.08 1861.0 3.50 3.79,-.29, 

s.58 i-;- .34 1874.6 3.51 3.s2 - • 25 1862.6 3. 74 3. 90 I_ .16 i 
5. 30 - . 30 1879. 6 4• 12 4. 20 - • 08 1874, 8 4: 85 4· 741 + . I I 
4.29 +.04 1880.7 4.25 4.28 -.03 1876.9 5.17 4.86:+.31 

4.88 - .21 1881.5 4.39 4.34 + . 05 1811. 1 4.89 4.91 I- .02 

5. 33 - . 50 1883. 3 4. 56 4. 47 + . o9 1881. 4 5. 28 5. 12 i + . 16 

5.48 + .19 1884.4 4.62 4.55 · + ·07 1885.6 5.36 5.33 ! T .03 

5. 65 - . 20 1886. 0 + 4. 63 + 4. 67 j - • 04 1889. I + S· 52 5. 481 + • 04 
5. 70 + . 40 ·-----------;_ __ _:_ ______ !_ __ 

5. 75 • + . 16 

5. 87 + . 35 

5.93 + .49 

5.96 - ·39 

6.o5 - .37 

6.52 + .20 

6. 84 - . II 

7.65 -.17 

7. 71 - . 33 
8.oo -.13 

8. 35 - ~ 14 

30.-NEW BRUNSWICK, N. J. 

18oo. 5 
1804. 5 
1811. 5 
1814.6 

1815.9 

1836.6 

1838. 5 
1848.6 

1850.8 

+ 2. 40 + 2. 56 - . 16 

2. so 2. 70 - . 20 

3. 32 3. 00 + . 32 

J. IZ 3· 15 - • 03 

3. 22 3. 22 • 00 

4· 67 4· 44 + . 23 

4. 75 4. 56 + . 19 

33.-HATBOROUGH, PA. 

I 

168o. 5 + 8. 47 

1690. 5 8. 25 

1700.5 7.92 

1710. 5 7. 47 

1720. 5 7. 00 

1730. 5 6.42 

1740. 5 5. 58 

1750. 5 4· 92 

176o. 5 4- 00 

1770. 5 2. 92 

I + 8. 31 i + . 16 

8.16 i + ,og 

7.861 + .o6 

7.451 + .02 
6.96 + .04 

6. 38 I+ .04 

5.661- .08 

4.83 I+ .09 

3· 931 + .o7 
3.07 . - . 15 

28.-BETHLEHEM, PA. 
863.0 

186+ 5 
1866. 5 

1870.5 

188o. 5 

1884. s 
1886.5 

1887.7 

5· 17 

5.38 
6. 15 

6.17 

6.oo 

6.40 

7. 25 

7.50 

7.50 

5. 23 - .06 

5. 38 . 00 

6.17 - .02 

6. 26 - .og 

6. 38 - . 38 

178o. 5 2. o8 

1790. 5 I. 83 

2. 381- . 30 

I. 95 I -- . 12 

1.841 + .08 
2.05 ·- .05 

2. 50 I - .05 

3.08 I - .o8 

3. 731 + .10 

1757.5 
1784.5 

1799.5 

1f!+1. 6 

1851. 5 

+ 6.50 + 5.49 +1.01 

2, 88 3.J8 - . 50 

1.87 2.6o - .73 

3.43 2.g6 + .47 

3. 83 3· 56 + . 27 + 7. 55 

6. 62 - . 22 

7. 14 + . II 
7. 33 i + . 17 

7.41 I+ .09 

+1.461+·09 

18oo. 5 I. 92 

1810. 5 2. 00 

1820. 5 2. 45 

1830. 5 3. 00 

1840. 5 3· 83 

1850. 5 + 4. 42 + 4,391 + .03 ___ ___,_ ______ _:_ __ .......:----..,,,--------'-------"---·----~-------~-~ 
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GROUP !.-Comparison of observed and computed Magnetic Declinations-Continued. 

······· .--·---·-i -------··-----i---------,---- I 

Year arnl' Ohs'd Comp'cl ' 0 C Year and! Obs'<l Comp'<l I O-C Year and I 
fractiu_:-_ dccl'~-decl'n, ~--~ __ fraction._! dec~:· __ de-cl~-· _i ·--~· fraction. i 

Obs'd 
decl'n. 

Comp'd 

1

1 0 _ C. I 

34.-J'lllLAUELl'lllA, l'A. 

I 701. 5 
1710. 5 

1750.5 

1793.5 
1802.5 

1So.~. 5 

1813.5 

1837.5 
1840,5 

1841. 7 

1846.4 

1855. 7 

+ 8. 50 + s. 13 ' + . 37 

8. 50 7. 81 + . 69 

5.75 5.28 +.47 
I. 50 2. 22 - . 72 

I. 50 2. 14 - . 64 

2. 08 2. 09 - . 01 

2. 43 2. 23 + . 20 

3.87 3.31 'i- .56 

3.62 

3.90 

3.85 

4.53 

3.49' + .13 

3. 57 ! + . 33 
3.85 .oo 

4· 45 : + .08 
1862. (> 5. 00 4. 90 + . IO 

1872. s :, 5. 46 5. 64 1

• - • 18 

1Sn, 7 6. 04 6.03 + .01 

1884. 7 + 6, 36 + 6.57 .21 
i 

decl'n. 

CHA~lBERSJJURG, PA.-continued. WASHINGTON, D. c.-continued. 

I 
I 0 

1867.8: + 2.58 

0 0 0 

1809. 9 + o. 87 + o. o6 + . 81 

!869. 4 2. 67 18.41. 0 I. 34 I. 13 + . 21 

1871. 4 2. 92 I842. 0 J. 40 l. 19 + . 21 

1873. 3 3. 00 1855. 5 2. 40 2. 27 + . 13 

1876. 5 3· 21 I856. 6 2. 36 2. 33 + . 03 

1877.4 3.33 1857.2 2.41 2.36 + .05 

1878. 3 3· 35 186o.7 2.44 2.52 - .08 

1879. 3 3· 47 1862.7 2.66 2.59 + .07 

1880. 3 3, 53 1863. 6 2. 70 2. 63 + . 07 

1881. 3 3. 6o 1866. 8 2. 74 2. 74 . 00 

1882.3 3.72 1867. 5 2. So 2. 78 + . 02 

1883.6 3.78 1868. 5 2, 85 2. 83 + . 02 

1884. 3 3. 82 1869. 3 2. 88 2. 87 + . 01 

1885. 4 3. 88 1870. 5 2. 89 2, 95 - .o6 

1886.4 3.88 187I. 5 2.95 3.02 - .07 

1887.1 4.00 I872. 5 3· 00 3. 10 - . IO 

1888.5 4.04 4.13 - .09 

[ 35.-CJU.MBERSBURC, PA. 1889. I I + 4. 09 + 4. 17 I - • 08 

i-1-7-30_'. _8_' ___ : -4-.-2-5 _+_4-. O-J-,--+-.-2-2 :~~~~~~-'-3_6~.--:_B-A:L_T~I-~-!-O--R-E~,~M~D~.~~~~~= 

I87J. 5 3.00 3· 18 - . I8 

I874. 5 3· II 3· 26 - . IS 

1875. 5 3· 26 3· 35 - . 09 

'7+4· 7 3· 67 3· 53 

1746. 2 ' 

1754. 5 I 

3.32 

3.27 
3·43 
2.86 

1768. 6 I. 50 I. 76 

1770. 3 : I. 50 I. 62 

1786. 2 ' + o. 25 0. 36 

1787. 2 - o. 25 

1794. 5 0. 50 
' 1808. 5 o. 71 

1816. 9 : o. 50 

1818. 4 0. 37 

1822. 9 - o. 25 

1825. 9 0. 00 

1830. 8 + o. 25 

1836. z o. 45 

1840, 6 o. 99 

1850. 3 I. 50 

1852. 3 I. 70 
1859. 8 2. 20 

+ 0. 29 

- 0.13 

0.48 

0.38 

0.33 

0. 17 

- 0.04 

+ 0.22 

0,52 

0. 79 
I. 39 

I, 52 
2.01 

+ .14 
- , II 

+ .41 
- .26 

- .12 

-.II 

- .54 
- .37 
- .23 
- . 12 

- .04 

- .08 

+ .04 

+ .03 
- .07 

+ .20 

1679,0 

1683.5 

1703.5 

1720.5 

1729.2 

1754. 5 
1756. 9 

l 771. 0 

1776. I 

1780.5 

1787.5 
18o8.5 

1840. 7 

1847.3 

1856.7 

1875.5 

I876. 3* 3· 31 3· 42 - • 1l 

1877. 5 3. 66 3. 54 + . 12 
+ 5. 25 + 5. 77 - • 52 I878.6 3.75 3.62 + .13 

6. 25 5. 75 + . 50 1879.4 3.84 3.69 + .15 
5. 12 

4.21 

4.o7 
2.28 

2.88 

I. II 

I. 75 

o. 77 
0.37 
0.21 

2.27 

2. 31 

2.49 

3.74 

5· 2 7 - · 15 188o.3 3.92 3.77 + .15 

4.45 - · 24 1882.5 3.93 3.96 - .03 

3· 93 + . 09 1883. s 4. 00 4· 03 - . 03 
2 ·3 1 - .o3 1884.3 4.03 4.oS - .05 
2 • 16 + . 72 1885. 5 4· 19 4. I5 + . 04 
l. 41 - 'JO 1886. 5 4, 15 4. 20 - • 05 

I. 19 + . 56 I887. 6 4. 08 4. 25 - . 17 

I. 02 - . 25 1888. 5 4· I5 4· 28 - • 13 
0. 82 - •45 18'1n 7 + 25 + 2 07 .,.,.. I 4· 4·3 

1
-. 

o. 66 - • 45 1----'--------'----1 

I. 76 + . 51 
2. II + , 20 

2.69 - . 20 

3·90 - .16 

38.-CAPE HENLOPEN, DEL, 

+ 6. 00 + 6. 39 - . 39 

1877. 8 4· 18 4. 04 + . 14 

1885.6 + 4·49 + 4.50 - .01 

3. 50 2. 92 + . 58 
o. 92 0. 83 + . 09 

+.II 
+. 18 

+. 19 
1863. 2 2. 25 2 23 + o• t----'-------....:_ __ _j 

• I • - 37.-WASHCNGTON, D. c. 

1700.0 

1750.0 

1795.5 

1833.0 

1843.8 

1846. 5 

1. 25 I. 61 - • 36 

2. 43 2. z.3 + . 20 
1864. 2 2. 32 2. 30 i + . 02 

1865, 4 2, 40 2. 38 i + .02 I7SO.O + 2. 50 + 2.14 + .36 
2. 75 2.40 + .35 

1856. 6 3. 07 3· II - 0 04 

1885.6 + 4·99 + 5.26 - .27 _1 __ s __ 66_._1~+ __ 2_._4_2 ___ ~__:~j__:_~_: __ 1~92. s - o. 24 + o. 25 _ .49 
.... _______ ...__ __ ..!..,. __ _.!. ______ -..!. __ __, 

«·Change of station between 1876 and 1877. 
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GROUP 1.-0omparison of observed and computed Magnetic Declinations-Continued. 

\ Vear and I Obs'rl Comp'cl I 0 C Vear and I Obs'd Comp'd I O-C Year and / Obs'd Comp'd I O-C fraction. ; decl'n. decl'n. - · ~action. decl'n. decl'n. · fraction. \ ded'n. decl'n. · 

l I . 
---~--~-

39.-WILLIAMSBURG, VA. 43.-CHARLESTON, S. C. PARIS, FRANCE-continued. 

·-· ·---

I 0 0 0 0 0 0 I 0 
0 0 

1694. 5 i + 5.00 + 4.67 + ·33 1700.0 - 0.50 + 0.06 - .56 1687.5 I+ 4.87 + 4.25 +.6z 
1150. o I I. 93 2. 29 - .36 1750. 0 I. 65 - 3.10 +1.45 1695. I I 6. 62 6.27 + ·35 
1780. 5 I + o. 83 + 0.49 + .34 1775. 5 3.80 4.28 + .48 1703. 5 9· 00 8. 54 + .46 
1809.51-0.55 - o. 28 -- .27 1784. I 5· 25 4.48 -.77 1712. 51 II. 18 10.86 + .32 
1840. 0 + o.75 + 0.38 + .37 1785. 8 5. 75 4.51 -1.24 172i. s 12. 87 12.84 + .03 
1874.9 2.20 2.43 - .23 1825.0 3.75 3.83 + .08 '73"·' I ... ,, 14.40 + .22 
1887. 3 + 3.05 I 1833.0 - .58 1739. 5 15. 38 15.61 + 3· 201-. 15 4.00 3.42 - .23 

I 

1837.5 2.90 3· 17 + .27 1748. 5 16.62 16.66 - .04 

40.-CAPE HENRY, VA. 1840. 5 2.73 2·99 + .26 1757· I I 17. 82 17.69 + .13 

·-~--
1841. 4 2.40 2.93 + ·53 1765. 6 I 19.00 18.92 + .08 

1700.0 + 4.00 + 4.55 - .55 1847. 8 2.25 2.53 + .28 1772. 51 20.02 20.01 + .01 

1728. 2 3.33 3.60 - .27 1849.3 2.28 2.43 + . 15 1779. 5 20.67 21. 09 - .42 

1732.5 4. 53 3·31 +1.22 1874.4 0.97 0.76 - .21 1784.5 21.42 21. 75 - ·33 

1750.0 I. 78 2·33 - .55 1880.1 0.43 0.42 - ,QI 1791. 5 22.30 22.39 -.09 

1809.5 o.oo 0.17 - .17 1886.0 - 0.24 - 0.08 - .16 1800.0 22.23 22.64 - .41 

1832.4 0.75 0.54 + .21 --·· ---~-·- 1803.5 21. 97 22.59 -.6z 

1856. 7 1.47 I. 62 - .15 44.-SAVANNAH, GA. 1805.5 22.08 22.53 - ·45 

1874.9 2.66 2.66 .00 1807. 5 22. 57 22.45 + .12 

1879.4 2.70 2.91 - .21 - .08 
1812.2 22.33 22.21 + .12 

1750.0 - 2.21 - 2.13 
1881. 4 3.27 3.oz + .25 1817.5 + .67 

1816.5 22.37 22. 02 + . 35 4.00 4.67 
1883.5 3.37 3. 14 + .23 1833.0 

1827.2 22.25 21. 8o + ·45 5.00 4.43 - .57 
1884.5 3.18 3.19 - .01 1838.5 5.08 4.26 - .82 1835.5 22.07 21. 84 + .23 

1887.3 + 3.34 + 3.34 .00 1839.5 
1838.2 21. 63 21. 82 - .19 

3.52 4.22 + .70 
1852.3 3.67 3.67 

1842.5 21. 48 21. 66 - .18 .oo 
41.-NEW BERNE, N. C. 1857. 3 3.46 3.42 - .04 

1858.0 19. 6o 19. 51 +.09 
1865.5 18.73 18. IO + .63 1874.2 2.28 2,42 + .14 

1750.0 + 0.29 1886.0 - 1.62 - 1.69 + .07 
1869.7 17. 14 17.52 -- .38 

- 0.11 + .40 
1796. 5 - 2.67 

1875.5 17.35 16.94 + .41 
I. 92 - .75 1879.0 16.93 16. 71 + .22 

18o6. 5 2.00 I. 90 - .10 45.-PARIS, FRANCE. 1885.5 16.20 16.01 + .19 
1809. 5 - 1.75 I. 86 +.n 

1886.5 I6. IO 15.84 + .26 
1840.0 o.oo - o.75 + .75 1541. 5 - 7.00 - 6.6o - .40 1887.0 16.03 15.76 +. 27 
1875.0 + 1.34 + 1.421- .08 1550. 5 8.oo 7.50 - .50 1888.5 +15. 95 +15.46 + ·49 1887.2 + 1.91 + 2.13 - .22 158o.5 II. So 10.73 -.77 

~---

16o3. 5 8.75 8.76 + .01 
46.-ST. GEORGE'S TOWN, BERMUDA. 42.-MILLEDGEVJLLE, GA. r6ro.5 8.oo 7. 64 - .36 

1630.5 4.50 4.51 -j- ,OJ 

1831.5 I + 6.98 + 6. 881 + . Io ! 1750.0 - 2.05 - 2.16 +.II 1642.5 2. 50 3.o8 + .58 
1805.5 5.50 S· 18 - .32 166o.o I. 50 I. II - .39 1837.51 6,67 6.851- .18 
1835, s 4.67 5.61 +·94 1664.5 - 0.67 0.47 - .20 1845.8 ! 7.02 6.90,+.12 
1838.5 5. 85 5.57 -.28 1667.0 + 0.13 - 0.08 + .21 1846. s I 6.88 6.91 - .03 
1875.5 4.24 4.22 - .02 1670.5 I. 50 + 0.51 + ·99 1873. 31 7. 21 7.6o -- . 39 I 
1887.2 - 3.61 - 3.53 -.o8 1682.5 + 3.13 + 3.03 +.10 1876. 5 + 7. 75 + 7. 731 + .02 ! 
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GitoUP !.-Comparison of observed and computed Magnetic Declinations-Continued. 

--· 

Year an 
fraction JI Ol"'J Comp'd I 0 C 

decl'n. decl'n. - · 

- -----

47 .-RIU DE JANEIRO, BRAZIL. 

1768. 

1787. 
1820. 

5 
5 
5 

5 

'-~ ! 

0 

-· 7. 57 
6. 20 
2.90 

- 3.35 

0 I 0 

- 7.41 - .16 
6.42 _;_ . 22 

3.35 + .45 

- 3.241- ·II 

i 0-C. 
Year and [ Year and I Ohs'd Comp'n Obs'd Comp'd j O-C 

fracli~~:· decl'n. decl'n. I fraction. I decl'n. decl'n. · 
I 

-- -···-

RIO DE JANE!RO--continued. RIO DE JANEIRO-continued. 

I 
I , 0 0 I 0 0 0 

1830.5 - 2. 14 - 2.15 I+ .01 1876. 5 I + 4. 43 + 4.05 + .38 
1836.5 - 2.00 -:- 1.40 i - .6o 1882.6 ! + 4.65 + 4.88 - .23 
1857. 5 + I. 33 -j- 1.431- .IO 

1866. o I + 2. 70 + 2.61 ! + .09 
i 

RESULTS FOR GROUP I-Continued. 

Contents of columns: 'J'hethird column gives the year of first observation; the fourth, the whole 
number of obserrntious used in the discussion; the fifth, the probable error of an observation or 
of a representation; the sixth, the year of nearest easterly digression or magnetic elongation with 
conesponding amount of minimum 1cest declination (or maximum east declination); the remaining 
columns are explained by thP.ir headings; the annual change is given for three modern epochs. 
lYe.~t 1leelination is indicated by a plu.~ sign as is also increasing west declination; the contrary 
direction is indicated by a minus sign. 

Station. 

1 i Saint John's, Newfoundland. 

Quebec, Canada. 

3 Charlottetown, Prince Edward 

Island. 

4 Montreal, Canada. 

5 Eastport, Me. 

6 Hangor, ;\fe. 

7 I Halifax, Nova Scotia. 

8 I Burlington, Vt. 

9 ~ Hanover, N. H. 

IO l'ortland. Me. 

11 Rutland, Vt. 

12 l'ortsmouth, '!'>. H 

13 Chesterfield. N. H. 

q l'\ewhuryport, Mass. 

l 5 \Villiamstown, Mass. 

16 Alhany, N. Y. 

17 Salem, Mass. 

l& Oxford, N. Y. 
: 

19 I Cambridg-e, Mass 

,..; ~-,1 uj I .g I E i:- ~- -- ~- ..... - ..; 

~ ·~ I § ! ~ I ~ -~ ~ ~ dJ ·B ~ 5 
1 EI·~ !ta 1gj-~~c= ~g Cc= 

~ I ~ i ~ c ~a ~~~ f:!·.::: ~~] 
-g ~ ) t3 .g l ~ -~ ~ ~ ~ d ~ ~ ~"' : 

Annual change in 

v. '- ~ ~ I ~ ~ ~ s"' § ... ..d ~ ] v t:: S ~ 
J: 0 ! a;aJ i"'-<o e:::i ... u C>Q) a::S;:i:o 
._ ti I 3 "' I c "1 "' E .§ 8. E "'.§ .§ 8. 
~ ~ : E I ~ !: :s ~ OJ 'fi v ~ ~ c a,l I 
2 ;;: i 2 i 8. " s Ei" 8. E Ei ·5" I 1885.0 1890.0 •895.0 
"' z ';::.., I'~ »< ~ ..... 

:-:30(?) -:-1 ±311 //_1_1_0_4_+_1_3_~_0_
1

--18_7_5_+ __ 30-~-8 1/ _/ 7 -2.14 -/ 4 I 

1642 38\ 2o!l\18o7 +12.1 1889(?) +17.5 li+o.7 o.o -0.9 
1833 9 . 12 I 1734 + 8. 2 l8S4 +z3. 7 -o. 3 -1.4 -2. 4 , 

,, 11.... + 1-1 ---- ---- 1· +3· 6 +3- 3 +3· 4 1700(?) 

16o8 

1805 
16o8 

1793 

1700(?) 

1789 
1771 
1812 

1750(?) 

1750(?) 
1817 

1750(?) 

1794 
17o8 

IO 

15 

5 
16 

14 

7 
13 
6 

7 
27 

7 
6 

13 
IO 

21 i/ 1753 +11. 4 1897(?) +19. o +1. 3 +o. 8 +o. 2 

16 [, 1774 +10. 3 1912(?) +17. 4 I +2. 8 +z. 4 +1. 9 

33 Iii 1714 +u. 6 1894(?) +zo. 7 
1 

+o. 7 +o. J -o. 1 
121

1 
18rn + 7. 2 ____ ____ +S· 8 +s. o +3· 8 

27 !i 1796 + 5. 8 ---- ---- +4· 8 +4· 4 +3· 9 
IO 1! 1779 + 8. I 1917(?) +r4. 7 +3· 0 +z. 6 f-2. 2 

16 II 18o6 + 6. 2 ---- ---- +s. 3 +4· 9 +4· 4 
7 I 1793 + 7. 3 ____ ··--- +3- 7 +3· 2 +z. 7 

16 II 1795 + 5.8 ---- ---- +4.6 +4·3 +3·9 
1311784 +7.o 1918(?) -t13.1 +3.o +z.6 +z.z 
31 1796 + 5·7 ---- ---- +3.8 +3·4 +3·0 

6 ! 1793 + 5· 2 ---- ---- +3· 4 +3.0 +z. 5 
26 1789 + 6. I 1918(?) +13. 8 ·t-4- I +3· 6 +3· 0 

141 9 
24 ±:11 

1797 + 3.0 
1783 + 6.9 

++o +3·7 +3·4 
+1.8 +1.5 +1.2 
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RESULTS FOR GROUP I-Continued. 

--------------~-----------~-.---------------------------. 

~ ).6 J E c:t?ti m ="''ti'...;-

Station. 

20 Boston, Mass. 

21 Provincetown, Cape Cod, Mass. 

22 Providence, R. I. 

23 Hartford, Conn. 

24 New Haven, Conn. 

25 Nantucket, Mass. 

Cold Spring Harbor, N. Y. 

27 New York City, N. Y. 

28 Bethlehem, Pa. 

29 Huntingdon, Pa. 

30 New Brunswick, N.J. 

31 Jamesburg, N. J. 
32 Harrisburg, Pa. 

33 Hatboro', Pa. 

34 Philadelphia, Pa. 

35 Chambersburg, Pa. 

J6 Baltimore, Md. 

37 Washington, D. C. 

38 Cape Henlopen, Del. 

39 Williamsburg, Va. 

40 Cape Henry, Va. 

41 New Berne, N. C. 

42 Milledgeville, Ga. 

43 Charleston, S. C. 

44 Savannah, Ga. 

45 Paris, France.* 

46 Saint George's Town, Bermuda. 

47 Rio de Janeiro, Brazil. 

1700 

1630(') 

1717 

I750(?) 

1750(?) 

1700(?) 

1750(?) 

I~ 

1757 

1794 
1800 

1761 

1795 
I68o 

1701 

1736 

1679 

1750(?) 

I~ 

1694 

1700 

1750(?) 

1750(?) 

1700 

1750(?) 

·~ \ ~ I· ~ .§ ~ a ~ ·~ ~ ~ 
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13. :±23 I 1778 + 6.5. -·-- .; +2.6 +2.2 +1.9 
. I I I 

7 17 I 1772 + 6.6
1

19u(?) +12.7 Ii +z.3 +1.9 +1.4 

12 7 i 1779 + 6.o 
1 

---- ii +4-7 +4-4 +3.6 
8 

I9 

13 
6 

IO 

I4 

I7 

IJ 
I8(?) 

I6 

42 

18 

33 
8 

7 

13 

7 
6 

15 

9 

45 
6 

IO 

121

1

!,' 1799 + 5· 2 I ii +3· 6 +3· 5 +3· 3 

II i 1802 + 4·7 \[ +4· I +3.8 +3·4 

14 :, 1771 + 6. 1 1904(?) +u. 5 
1 

+1. 6 +1. 2 +o. 8 

IO i: 1792 + 4. 7 1925(?) + 9. 7 ii +2. 9 +2. 6 +2. 3 

18 I: 1784 + 4·4 ii +3-7 +3.8 +J.8 

19 :. 1817 + 2.3 \l +4·9 +4.6 +4·3 

7 \: !813 + 0. 8 I[ +4· 3 -t-4. I +3· 9 
8 i '11 . 1778 + 2.2 , +z.6 +2.2 +1.8 

IO I! 1802 + 3· I !i +3· 8 +3· 6 +3· 3 

1s),1790 o.o 1 1~+2.8 +2.3 +1.8 

6 11 1191 + 1.81 I +s.2 +4·4 +3·3 

11 \: 1802 + 2.1 · ii +4· 1 +4·4 +4·4 
I " 1 : 18o9 - 0.5 ---- if +4.8 +4·9 +4.8 

17 

6 
1802 + o. 6 ---· 11 +3· 4 +3· I +2. 8 

1803 + 0.2 i 1927(?) + 5·3!1 +J.2 +1.5 +1.2 

19 I 1802 + o.8 i It +4.2 +4.0 +3·7 

161\ 1811 - 0.3 I \ +3.6 +3·4 +J.2 

201l18ro +0.2 1+3.2 +J.o +z.8 
24 (! 1801 - 1.9 

1 
+3·3 +3.o +z.6 

I8 ii I830 - 5. 6 i +3· 6 +3· 7 +3· 7 

28 !l 1794 - 4.6' 

23 
1 

1815 - 4. 7 I 

I
I At east~m I At west~m elon-

elongat10n. gation. 

Epoch. Amo:nt. I Epoch. Amount. 

111 1581 ~10.7 
1 

1799 -t-22.6 

II !1 I838 + 6. 8 I 
±I4 l1 ---- I 

+3· 2 +2. 9 -t2. 5 

+3· 7 +3· 6 +J.4 

-8.8t ----
1 +3·4 +J.6 -t3.8 

II +7· 9 +1. 7 +7. 5 

*The maximum west declination, according to the formula, was reached in 1799, but according to direct observation, in 
I8o7 and a.gain in 1814; the latter value, however, would certainly place it too late, the observation referring to noon and to a 
single day. The observations when plotted appear stunted about the time of turn in the secular motion ; omitting the effect of 
the secondary wave, the primary wave would place the maximum in the year 1812. 

t·According to Mr. Monreaux's observations (Memoires divers; observations magnetiques faites a l'observatoire du Pare 
Saint-Maur, pendant l'annee, 1885) the decrease between 1884.5 and 1885.5 was 61.3 
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RESULTS FOR GROUP !.-EASTERN SERIES. 

Tabular values of magnetic declinations. Computed magnetic declination at each station 
for every tenth year of the series, and after 1850 for eYery fifth year. .A plus ·sign signifies west
erly declination, a minus sign easterly declination. The first tabular result for any station indicates 
that the first observation made there falls between that tabular date and the next one following it. 

16oo 

10 

20 

+20 

+18. 5 

I +17 
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1+18 
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8o : 14 17. 5 15 

. :ti 

~ " I z ~ I 

I i i I 1 1 
~ ~ : I ~ ~ 

r..:.. oci I °' , ; M ~ 
----: ---l---i---1--- ---

' I 0 I 0 

+18 

17.3 

16.5 

15. 7 

+14.9 

+14.2 

13.5 

I I go,; +13 +17.0 '+14. 5 +12.0 

1700 Ii +13 +16. 5 +13. 7 +11. 8 +12. I 

10 1! 13 15. 5 13. 0 11. 7 II. 4 
20 i] IJ. 5 14. 3 12. 3 I I. 7 10. 6 

30 II[ 14 13. 3 11. 9 II. 8 9. 9 

40 i +15 +12. 5 +12. o +u. 6 +12. 1 
1 

+ 9. 3 

1750\+16 +12.1 +10. 7 11. 4 +12. 5 1 +8.8 

6oli 17·5 12.1 9·7. II.4 13.ol +1.2 8.41 

701i 19 12.2 9.0: 11.6 13.711 6.6 8.18 +7·9 

80 ii 20. 5 12. 2 8. 6 12. 0 14. 4 6. I 8. 12 + 1· I 7. 5 i 
90 Ii +22 +12.2 + 8.3 ,-j-12.6 +15. I 1·+ 7.4 + 5.8 + 8.23 + 6.6 + 7.4 I 

11 
18oo\!+23.5 +12.1 +s.0'+13.2 9 +15.9:+7.3 +s.8 +s.50+ .. 6.3 +7-4 

10 11 2s 12.1 7.8 14.0 11.4 16.7: 1.2 6.o 8.92 6.23 1.1 I 
2011 26.5 12.3 7.9 14.8 12.I 17.41 7.49 6.5 9.46 6.46 8.1 I 
3° Ii 28. 0 12. 9 +19. 3 8. 4 15. 6 12. 8 18. 2 I 8. 14 7. 2 IO. 10 6.93 8. 72 

40 i[ +z9.o +13.8. +20.7 + 9.4 16.4 6 +18.9

1

1+ 8.95 + 7.9 +10.82 + 7.61 + 9·47 j 
1, ! 

1850 ii +z9. 9 +14. 9 ' +z1. 9 +10. 7 17. 1 4 +19. 4 1+ 9. 66 + 8. 82 l+n. 56 + 8.46 +rn. 28 \ 

s5 jj 3o. 2 1s.5 22.4 11.4 17.5 14.8 19. 7 9•96 9. 31 11.92 8.93 10.70 I 
6o Ii 30. 5 16. 0 22. 8 12. 0 I 17. 79 15. 2 19. 9 IO. 26 9· 8o i 12. 29 9· 41 JI. 12 j 
65 i

1 

30.7 16.5 23.2 12.5 I 18.08 • 15.5 20.1 10.6o 10.28 12.64 9.91 11.53 

7° Ii +Jo.8 +16.9 +z3.4 +13.0 \+18.32 \+15.9 -t20.3 +10.98 +10.76 +12.97 +10.41 +11.94 

1875 [I +Jo.8 +17.2 +23.6 +13.5 
1
+18.531+16.19 +20.5 1

1

+11.42 +11.24 +13.29 +10.go +12.32 

So fl 3o.8 17.4 23.7 13.81 18.71 ! 16.48 20.6 11.91 I 11.68 13.58 11.38 12.68 

85/' 3o.7 17.5 23.7 14.1
1

18.84/ 16.73 20.7! 12.41 12.I 13.85 tI.84 13.00 

90 I. 3o. 5 17· 5 23. 7 14. 4 I 18. 92 II 16. 95 20. 7112. 85 12. 5 14. 08 12. 26 13. 3 
95 ;, +Jo.3 +17·5 +z3.5 +14.71+19.0 ,+17.1 +20.7 +13.2 +12.8 +14.3 +12.6 +1~.5 

1900 :, +z9.9 +17.5 +z3.3 +15.0 1+19.0 
1

-t-i7.3 f-20.7 !+13.5 +13.1 +1+4 +13.0 +13.7 
i' l I I 

*Remits for seventeenth century very doubtful, and at all statio;s the values for the year 1goo are but rough predictions. 
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IO 
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30 
40 

1650 
6o 

70 
So 

90 

IO 

20 

30 
40 

l I. 5 
II 

+m. 5 

---- + 9. 8 +ro. I +ro ___ _ 

9.2 9·4 9 +ro.4 

8. 7 8. 7 8. s I 9· s 
8. 2 I 8. l. 8 8. 8 

+ 7.821+ 7.6 + 7.4 + 8.4 

1750 ---- + 8. 0 I + 7. 5 ---- + 7. 8 ---- + 7. 46 + 7. I + 7. 0 + 7. 8 i ---- + 6. 8 
6o 7.5 6.8 7.I 7.I7 6.8 6.8 7.0 6.1 

70: 
8o 

7.21 6.3 6.6 6.96 6.6 6.6 6.3 5.6 

7.07 5.9 6.2 6.86 6.5 6.7 6.o +5·4 5.I 

+ 1.01 + 5.7 + 5.9 +3.or + 6.90 + 6.65 + 6.9 + 6.2 +s.2 + 4.8 

I8oo ____ +1.26 +5·7 ____ +6.3 +2.96+7.ro+6.90+7.2 +6.46 +s.I6
1

1

+4·7 

IO + 6.0 7.60 5.9 + 5.4I 6.6 3· 10: 7,46 7.29 7.7 6.54 5·24 4·7 

20 6,41 8.07 6.3 5.8I 7.2 3.40 ! 7.97 7.78 8.2 6.71 5.46 5.0 
30 7.0 8.65 6.8 6.35 7.9 3.871 8.6o 8.37 8.88 7.29 5.80 5.39 

40 + 1.1 + 9.31 + 7.4 + ,.00 + 8.7 +4·461+ 9.29+9.oI

1

+ 9.56 + 8.24 +6.24 + s.95 

1850 + 8.5 +ro.02 + 8.I + 7.74 + 9.64 +5.I4 j+ 9.99 + 9.67 j+ro.25 + 9.18 +6.771+ 6.6I 
55 9. o ro. 37 8. 5 ·8.12 Io. 11 5. 51 

1 
Io. 33 I Io.oo 10. 59 9. 53 7. o6 6. 97 

6o 9.4 10.72 8.8 I 8.49 l0._58 5.Sg I0.63 I I0.33. l0.91 9.78 7.36 7·35 
9.9 II.o6 9.21 8;86 II.04 6.26 10.92 I0.64 II.2I I0.00 7.68 7.72 

70 +Io. 3 +n. 39 + 9. 6 + 9. 23 +zr. 48 +6. 65 +n. 17 +10. 94 +n. 5 +10. 21 +7· 99 + 8. m 
I 1 

I875 +ro.8 +11.70

1

+10.0,+9.57 +11.90 +1.02 +I1.40 +n.22 +u.8 +Io.47' +s.30 + 8.47 

8o II.2 lI.99 to.31 9·90 12.29 7.38 11.59 11.47 I2.0 10.79 8.62 8.84 

85 n.6 I2.25 10.6 10.19 12.7' 7.72 11.74 11.7 12.2 u.17 8.92 9.I9 

90 I2.0 12.48 10.9 I0.46 13.0 8.05 II.9 II.9 I2.4 II.56 9.2 9.52 

95 ! +12.3 +12.7 +11.2 +Io.7 +13.2 +8.35 +12.0 +12.I +12.5 +1r.9 +9·5 + 9.8 

1900 I +12.6 +12.8 +11.4 +10.9 +I3.5 +8.6 +12.0 +12.2 +12.6 +12.1 +9·8 +ro.1 

* Results for seventeenth century very doubtful, and at all stations the values for 1900 are but rough predictions. 
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! 

I850 9. 57 +6. 69 +6. 3I +3· 46 i +2. 07 

55 9. 87 6. 99 6. 62 i 3. 81 I 2. 6o 

6o 10.15 1.2s 6.91 I 4.19 I 2.74 
65 IO. 40 7. 58 7. I6 I 4· 58 3· IO 

70 +10.64 +;-.87 +7.40 
1 

+5.oo i +3·48 

+4.49 

3.93 

3.49 

+3· 2I -0. I 

2.93 

3.43 

4· 02 3· 77 
+4.66 +4.28 
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I. 4 
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+8.3 
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+5.7 
5.8 

+S·7 

+1.9 +s.2 +5·4 

7.5 7.8 5.0 

7. 0 7. 4 4. s 
6. 4 6. 8 +4· 45 3· 9 

+5· 1 +6. 2 + 3. 83 +3· 2 

+4.8 +5·3 +3.I8 -t2.6 

3.9 
3. I 

2.4 

+2.o 

2.0 

2.5 

3.0 

+3· 7 

4,4 

3.6 
2. 8 0. 82 I. 04 

+2. 3 +o. I2 +o. 76 

2.16 0.48 

2.44 -0.28 

o.68 

o.88 

2.9I +0.17 1.23 

+3· 46 +o. 75 +1. 70 

+5· 32 +4· 91 +2. 94 +4· 35 +4· 07 +1. 38 +2. 27 

5· 66 5· 25 3· 33 4· 6 4· 39 I. 70 2. 58 

5.98 5.6o 3.71 5.0 4.73 2.02 2.90 

6.29 5.96 4,08 5·3 5.08 2.35 3.23 

+6. 59 +6. 32 +4· 43 I +s. 1 +s. 44 +2. 10 +3· 55 
I 

I875 +10.86 +8.I5 +1.64;+5.42[+3.85 +6.87 +6.67 + 4. 75 +6.2 +5.8I +3.o6 +3.87 

80 11.04 8.41 7.90 i 5.851 4.23 7.12 +7.01 5.05 6.7 6.20 3.44 4.17 

85 11.19 8.66 8.181 6.261 4.6o 7.35 7.3515.30 7.I 6.59 3.84 4.47 

90 8.89 8.49 ! 6.66 i 4.95 7.55 7.65' 5.52 7.6 6.97 4.25 4.74 

95 1.40 +9.I +s.8 +1.03
1

1

+5·3 7.72 +7·941+5·7 +7·9 +7·4 +4.65 +s.oo 

i 1900 r.s +9·3 +9.I +1.4 I +5.6 +1.9 +s.2 I +5.8 I +8.o +1.1 +s.o +s.2 
! ________________________ ! ____ , ------ , I 

* Results for the seventeenth century very doubtful, and at all stations the values for 1 goo are but rough predictions. 
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IO 7.7 
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30 4.6 
40 - 3·3 
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6o - I. I 
70 . I + 0.4 

I I 80 2. 5 
90 +4·7 + 4.9 

1700 ---· - +6.4 +4·6 +4.6 ... ......... ----- +o.o ............... + 7.6 
IO 5.8 4.4 4.3 

I 
-0.5 10.3 

20 5.2 4.0 3·9 I. 2 12.6 

30 3·5 
I 

I. 8 4.4 3.4 r 14.3 
40 +3·7 +z.9 +2.9 -2.5 +15. 7 

1750 +z. I +z.9 +2.3 +z.3 -0.1 --·--- -3.1 ----- +16.8 ___ ..., ---· 
6o (. 5 2.3 I. 65 l. 8 o. 7 

I 
3.7 I 18. I -7.63 

70 I.a I. 7 1,05 I [. 2 I, 2 4. I I 19.6 7.35 
80 o.6 

I o.8 I. 6 I 6.89 I. 2 0. 52' 4.4 21. 2 

90 +0.3 +0.9 +0.10 +0.45 -I.8 -4.55 \', +z2.'3 -6.25 

18oo 
,I 

+0.2 +o.8 -0.17 +0.241 -1.9 -5.0 -4.55 ----- ii +22.6 ---- -5.44 
0.28 4· 37 I -4.7 I• 

4.49 Io 0.2 0.9 o. 17 I. 9 5.3 : 22. 3 
20 I 0.4 I. I -0.22 0.25 I. 6 5.6 4.05 4.7 I 21.9 3.43 
30 0.75 I. 5 +0.01 0.47 I. 25 5. 6 3.59 4· 5 11 21. 8 +6.9 2.22 I, 
40 +t. 08' +2.00 +0.38 +0.82 -o.75 -5.55 -3.o3 -4. 2 II +z1. 8 +6. 86 -o. 94 

1850 +t.84 +2.64 +o.88 +1.27 -o. 17 -5.33 -2.39 
-3. '' [· +w. 9 

+6. 95 ! +o. 40 . 
3.54 I 55 2.23 2.99 I. 16 I. 53 +0.14 5· 17 2.06 20. I 7.02 1.08 

6o 2.50 3.36 I. 47 1.80 0.46 4.98 I. 73 3· 27 I 19. I 7. 15 I. 77 

65 2.68 3.73 I. 78 2.08 o.79 4.76 I. 39 2. 9811 18. 2 7.30 2.46 

70 +2.92 +4· 11 +z. IO +2.37 +1.11 -4.51 --1.07 -2. 68 ii +17. 5 +1.46 +3· 151 I 
1875 +3-30 +4-49 +z.43 +2.66 +1.42 -4.24 -0.75 -2.37 !1 +17.0 +1.66 +3.84 

8o 3· 75 4.86 2.75 2.94 1.72 3.96 0.45 2.o6 II 16.6 7.8g 4.51 
85 4. 12 5.2 3.o6 3.22 2.01 3.66 -o. 17 1. 76 I 16. I 8. 14 5. 18 
go 4.33 5.6 3.3 3.5 2.27 3.36 +o.og I. 45 II 15. I 8.4 5.83 

95 +4·4 +5·9 +3.6 +3·7 +2.5 -3.05 +0.3 --1.2 !i +13.8 +s.7 +6.5 

1900 +~.6 +6.2 +3·9 +3·9 +2.7 -2.7 I +0.5 -0.9 \\ ---- - ----- ---- -
I I 

All values for 1900 are but rough predictions. 
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GROUP II.-8erics of Magnetic Stations mainly in the central part of the Un-ited States between tlie 
Appalachian and Rocky Mmmtain ranges. 

The stations of this central series are distributed over the region south of the Hudson Bay 
and over the area between the eastern and western mountain ranges inclosing the drainage of the 
Gulf of Mexico; added to it are two stations in the West Indies and one in Central America. 

Observations were collected and discussed for secular change of declination at the following 
places; the stations are arranged in the order of decreasing latitude: 

I. York Factory, Hudson llay, Brit. Poss. 
2. Fort Albany, Brit. N. A. 

18. Pittsburgh, Pa. 
19. Denver, Colo. 

__ Michipicoten, Ontario, Canada. 20. Marietta, Ohio. 
3. Duluth, Minn., antl Superior City, Wis. 21. Athens, Ohio. 
4. Sault de Ste. Marie, l\'lich. 
5. Pierrepont Manor, N. Y. 
6. Toronto, Canada. 
7. Grand Haven, Mich. 
__ Madison, Wis. 
8. Milwaukee, Wis. 
9. Buffalo, N. Y. 

10. Detriot, Mich. 
I 1. Ypsilanti, Mich. 
12. Eric, Pa. 
13. Chicago, Ill. 
14. Michigan City, Ind. 
15. Cleveland, Ohio. 
16. Omaha, Nebr. 
17. Beaver, l'a. 

22. Cincinnati, Ohio. 
23. Saint Louis, Mo. 
24. Nashville, Tenn. 
25. Florence Ala. 

Natchez, Miss. 
26. Mobile, Ala. 

Pensacola, Fla.* 
27. New Orleans, La. 
28. San Antonio, Tex. 
29. Key West, Fla. 
30. Havana, Cuba. 
31. Kingston, Port Royal, Jamaica. 
32. llarbados, Caribbee lslands. 
33. Panama, New Granada. 

The first cohunn of' the record for any station contains the running number of the observell 
values made use of in the discussion, the second the date of the observation, the third the ob
served value, and tlie fourth the name of the observer, the geographical position of the station, 
the reference to publication, arnl other pertinent remarks. Unless otherwise stated, unit weight 
(tc= L) is given in the computation to each observation. 

I I 
I 

1725 __ 

2' 1787 __ 

3i 1819, September. 

41 
1843, July 24, 26. 

1857, August. 5 
1878 __ 

6 1879 __ 

7 • 1884, September 12, 13. 

1.--YORK FACTORY, HUDSON BAY . 

<P=s6° 59'.9 .1..=92° 261 W. of Gr. 

0 

19 

5 
6 00.3 

9 oo.G 

7 37 
5 30 

7 00 

w. I Capt. Middleton; Hansteen's Magnetismus der Erde, 1819. (w=J.(-SCH.] 

\V. I Ilansteen's isogonic chart; reference as above. 

E. 
1 

Sir John Franklin, in ¢=57° 001 , 92° 261 W. Gen. Sir Edw. Sabine, 

Proc. Roy. Soc., 1858, and Cants. to Terr. Mag. No. xiii, Phil. Trans. Roy. 

Soc., 1872. 

Capt. Lefroy, R. E.; Sir J. H. Lefroy's Magnetic Survey of Canada, etc., 

London, 1883. 

Capt. Blakiston, R. E. ; reference as before. 

Alfred R. C. Selwyn, director Geological Survey of Canada ; Report of 

1878--'79, appendix vii, Montreal, 188o, at N. E. side of fort; this lo

cality appeared to be subject to local attraction. [Value not used.-ScH.] 

Observer and reference as before; at the S. W. side of fort. 

6 39.8 E. Otto J. Klotz, D. T. S. Communicated by the Hon. E. Deville, Dept. of the 

Int., Ottawa. At Capt. Lefroy's station, in \6=56° 59'.9, .\=92° 2.61 W. 

Sec also letter of 0. J. Klotz to this office, dated March 19, 1885. 

*This station inserted while the paper was going through the press. 
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2.-FORT ALBANY, BRIT. NORTH AMERICA. 

1668 __ 

1730, August 22. 

1774, September 14. 

184Q-45. 
188o __ 

188o __ 

o I 

19 15 W. C. Hansteen in his Magnetismus der Erde, Christiania, 1819; in ¢=52° 

221, 1=82Jf0
• "The declination has increased between 1668and 1730, 

and decrea.sed from 1730 to the present." [This remark appears to be 

borne out by the results found at York Factory.-ScH.] 

23 00 

17 00 

7 Yz 

{
II 

10 w. 

Captain Middleton. Reference as above. In ¢=52° 221 , A.=82° 381. 

Hutchins. Reference and position as abo,·e. 

Genl. Sir Edw. Sabine's isogonic map in Phil. Trans. Roy. Soc., 1872. 

English Admiralty chart of curves of equal magnetic variation. 

Deutsche Seewarte, lines of equal ma~etic variation. [Mean, 10Yz0 W. 

Used with w=2-ScH.] 

·-~----------~------~··-- ~-- ~--

2 

1824 __ 

1844, October 30. 

188o, July 21, } 

September 9. 

*The values are temporarily introduced in the absence oi direct ouservations. 

MICHIPICOTEN, ONTARIO, CANADA. 

(Garden, Hudson Bay Company's ground.) 

o I 

4 33 E. Capt. Rayfield, R. N., Sir Edw. Sahine, in Phil. Trans. Roy. Soc., r872, 

Cont'n xiii. Fort Michipicoten is placed in <f=47° 561, A=85° 05' W. 

o 20.3 E. Lieut. J. H. Lefroy, R. E.; Gen. Sir J. H. Lefroy's Diary of Magnetic Sur· 

vey of Canada, etc., London, 1883, p. 167; in cp=47° 561.0, 1=84° 541 

W. [In foot-note, p. 72, it is pointed out that the value heretofore given 

(3° 49' E.) was erroneous.-ScH.J 

I 20.5 W. Lieut. S. W. Very, U.S. N., Actg .. Asst. Coast and Geodetic Survey. Posi

tion as in heading. Coast and Geodetic Survey Report for 1881, App. 9. 

[Results at this station insufficient for discussion; the corrected value for 

1844 appears less probable than the old value.-ScH.] 

3.-DULUTH, MINN., AND SUPERIOR CITY, WIS. 

¢=46° 451.5, A=92° 041.5 W. of Gr. 
-~·---~-~·- - ---- ----·--

1824. s: 

1859,July. 

2 1861__ 

3 1870, September 20. 

4 1871,June 20, 27. 

1873, August 13, 15. 

5 1880, August 21, 23. 

I 

12 30 

9 25.2 

10 12 

10 30 

10 40 

II 51.8 

9. 45.4 

E. 

E. 

Capt. Bayfield; at river St. Louis, near Fond du Lac, in ¢=46° 43', A=92° 

10' W. Sir Edw. Sabine, in Phil. Trans. Roy. Soc., 1872, Cont'n xiii. 

[To reduce to Duluth subtract 10'; not used.-Sctt.] 

Lieut. W. P. Smith, U.S. Survey ofN. and N. W. Lakes; Capt. G. G. Meade, 

Detroit, 1859. At Minnesota Point, in <1>=46° 461 , A.=92° 14' W. 

U.S. Survey of N. and N. W. Lakes. 

Gen. C. B. Comstock, U.S. Lake Survey; at Superior City, in ¢=46° 43', 

1=92° 041 W. Gen. Comstock's letter of May 7, 1875. 

Gen. C. B. Comstock; reference as before. In <1>=46° 45'.4, A.=92° 041.5 
W. At North Base, Minnesota Point. 

Capt. A. N. Lee, U.S. E.; at Duluth; Report of Chief of Engineers, 1874, 

App. C C, and letter of Gen. Comstock as above. In ~=46° 4y.5, 1=:= 

92° 041.5 W. [Not used.-ScH.] 

J. B. Baylor, U. S. Coast and Geodetic Survey; at Superior City, in s>=46° 

40', A.=92° 04' W. Coast and Geodetic Survey Report for 1881, App. 

9. (To this value double weight is given.-ScH.] 
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GROUP IL-Collection of Magnetic Declinations, Central Series.-Continned. 

4.-SAULT DE STE MARIE, MICH. 

1790 __ 

1819, May 2. 

2 1843 __ 

3 1844, November 4. 

4 1845 __ 

5 1846, NO\·emher. 

6 1856, September 29. 

7 1873, July 22, 23. 

8 1879, :Kovemhcr 12. 

f I 1880,July II, 13, 14,17, 19.

1 

I 
9i 

I I l 1880, August 6, 7. 

I 
I 

--------~ 

(Garden of Fort Brady.) 

o I 

0 E. Alex. C\lackenzic; Voyages through the continent of America, London, 1801. 

2 32.8 

I 08 

I 01.I 

0 46 

0 40 

0 32.1 E. 

0 04.9 w. 

I 01.0 

0 53.7 

l 04.5 \\'. 

Falb of Ste. Marie, in </>=46° 31', il.=84° 001 W. 

i Sir John Franklin; Sir J. H. Lefroy's Magnetic Survey of Canada, etc., 

London, 1883. [Not used.-SCH.] 

Lieut. J. H. Lefroy; Sir Edw. Sabine, in Phil. Trans. Roy. Soc., Cont'n xiii, 

1872. 

Lieut. J. H. Lefroy; Sir J. H. Lefroy's Magnetic Survey of Canada, etc., 

London, 1883. In Phil. Trans. Roy. Soc., 1872, position in ¢=46° 31', 

:l.=84° 32' w. 
Observer, position, and reference as before. 

Lieut. G. C. Westcott, U. S. A. Information from Mr. J. B. Baylor. 

Karl Friesach; Kais. Acad. der ·wiss., vol. 29, Vienna, 1858; position as

signed ¢=46° 30', A=84° 341 W. 

Capt. A. N. Lee, U. S. E.; Survey of the N. and N. W. Lakes, Gen. C. B. 

Comstock in charge. MS. of 1873, also Report of Chief of Engineers, U. 

S. A., 1874, App.CC. In </>=46° 301 , ft.=84° 2o'.o W. 

City Surveyor at Fort Brady. Information from Mr. J. B. Baylor. 

Lieut. S. W. Very, U. S. N.; Actg. Asst. Coast and Geodetic Survey. In 

vegetable garden of Fort Brady; in ¢=46° 291 .9, il.=84° 20'.1 W. 

Coast and Geodetic Survey Report for I 881, App. 9. 

J. B. Baylor, U. S. Coast and Geodetic S,urvey. In military post garden, 

about 30 meters N. W. of Lieut. Very's position of 1880. Reference as 

above. [Mean, o0 591 .1 W.-SCH.] 

5.-PIERREPONT MANOR, JEFFERSON COUNTY, N. Y. 

1823, September 18. 

2 1847, September 18. 

3 1856, November 25. 

4 1860, July 15, 16. 

5 1863, July 10. 

<1>=43° 44'·5 il.=76° 031.o W. of Gr.* 

o I 

2 16.1 W. W. C. Pierrepont. Letter of Verplanck Colvin of May 5, 1871; also, report 

of the Adirondack State land survey, 1886, Verplanck Colvin superin

tendent, Albany, 1886. [Compared with an observation at Lowville in 

1821, viz, 4° 301 Vlf., the Pierrepont Manor valne appears too small. A 

table of values in the Adirondack Survey Reports for 1884 and 1886, giv

ing observed and interpolated declinations between 1797 and 187 4, is very 

defective.t The weight J:3 is assigned to the 1823 observation.-ScH.] 

4 23 \ 
5 10.0 

5 36 

~Letter of V. Colvin of May 5, 1871, and his reports of Adirondack Surveys 
I of 1884, 1886. 

5 44 w. J 

*The geographical position here given depends on that of Mannsville as determined by the U. S. Lake Survey. 
t The table gives zero declination for October 1, 1797. This mistake originally arose, I suppose, by confusing the annual 

change, which was then about zero, with the declination itself. Mr. Colvin himself point~ out elsewhere in his report of 1886 
that the declination was not uro in the Adirondack region about that time, but reprints the table uncorrected. 
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GROUP IL-Collection of Ma.gnetic Declinations, Central Series-Continued. 

PIERREPONT MANOR, JEFFERSON COUNTY, N. Y.-Continued. 

6 

7 

8 

9 I 
IO I 

:: I 

13{1 

1864, April 12: 

1865, {May } 4-
June 

1866, September Ir. 

1867, July 27. 

1868, May 12. 

1869, May II. 

1870, May 27, September 

21. 

1874. 

1874, October 20. 

0 I 

5 5° w. 

6 00 

6 15 

6 IO 

6 IO 

6 18 

6 03.5 

6 44 

value, 6° 331 \V. adopted. - SCH.] 

6 I 1_.9 __ \ __ ~_,_· ,i--D-r. T. C. Hilgard, Observer to U. S. Coast Survey. Station half a mile 
S. ,V_ of village, stone in pasture on Pierrepont's meridian line. ['Veighte1l 

~~~~~--~~~-'----~~ 

1840, January. 

4 1845. 5 
5 1846. 5 
6 1847. 5 

7 1848. 5 
8 1849. 5 
9 1850. 5 

10 1851.5 

11 1853, July and August. 

12 1854, February, March, 

·April, and June. 

13 1855, August to December, 

both inclusive. 

14 

15 
16 

17 
18 

1856.5 

1857.5 

1858.5 

1859.st 
186o. s 

6.--TORONTO, ONTARIO, C.\NADA. 

~=43° 391·4 A=79° 231.5 W. of Gr. 

(The Magnetic Observatory.*) 

o I 

I 27 W. Capt. C. J. R Riddell, R. A. Ph;]_ Trans. Roy. Soc., 18-i-9. 

I 29.1 

I 30.8 

I 33.2 

I 35.4 

I 36.9 

I 38.6 

I 40.9 

I 46.1 

I 48.0 

I 52·3 

I 56.3 

2 oc:>.5 

2 04.5 

2 074 
2 10.6 w. 

f Vol. i, Toronto Mag'! and Met'! Observations, p. xi. Mean annual declina

~ tions. In the abstract of result,,, published in 1875, 1° 19'.1 Vv. is given 

L ror 1842.s 

1 
I 

I Vol. ii, Toronto Mag'! aud Met'l Observations, pp. iii-v. Mean annual 

J declinations. 

j 
1 
~These values are corrected for annual and secular variations. 

I 
J 

l Mean annual declinations. 

J 
*For \-alues in the above table prior to 1869, see also results published by G. T. Kingston, M. A., director of the Magnetic 

Observatory, Toronto, in the Canadian Journal, especially two communications, "Monthly absolute values of the magnetic ele
ments at Toronto, from 1856 to 1864, in~lusive," and "Monthly absolute values of the magnetic elements at Toronto, from 1865 
to 1868, inclusive, with the annual means from 1841 to 1868." Director Kingston placed the observatory in ~=43° 39'-4, ii.= 
79° 23'.3 w. 

t June 25-30, 1859, Lieut. W. P. Smith observed the declination 2° 11'.6 W. Capt. G. G. Meade, U. S. Survey of the N. 
N. and W. Lakes, Detroit, 1859. [Not used.-ScH.J 

H.Ex.22-16 
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19 

20 

21 

22 

23 
24 

25 
26 

27 

28 

29 

30 

31 

32 
33 

34 

35 

36 

37 

38 

UNITED STATES COAST AND GEODETIC SU J~VEY. 

GROUP II.-Colleotion of Magnetfo Declinations, Central Series-Continued. 

1861.5 

1862.5 

1863.5 

1864.5 

1865.5 

1866.5 

1867.5 

1868.5 

1869. 5 
1870.5 

1871. 5 
1872.5 

1873.5 

1874.5 

1875.5 

1876.5 

1877.5 

1878. 5 
1879.5 

188o, October 18. 

1884. August. 

TORONTO, ONTARIO, CANADA-Continued. 

: ;4-3 w.1
1 2 15.7 I 

: :~:; 11 r Mean annual declinations. 
2 24.8 'l 
2 27.6 11,1 J . 
2 29.8 

2 33.2 

2 37. 1 I} Abstracts and Results of magnetical and meteorological observations at the 

2 41.9 I Magnetic Observatory, Toronto, Canada, from 1841 to 1871, inclusive. 

2 47.9 I Toronto, 1875. Mean annual declinations. 

2 53.0 ! l 
2 58.3 , I 
3 04.1 : Mean annual declinations communicated Feb. 28, 1881, by Mr. Chas. Carp-

3 11.7 ! I mael, director of the Toronto Magnetic Observatory and Supt. of the 

3 18.5 ! r Meteorological Service, Toronto, Ontario. [In a recent communication 

3 24.9 I to the Supt. of the Naut. Alm. he gives the longitude 79° 231 3911-

3 31-4 : I SCH.] 

3 37.3 : J 
3 41.1 

I 

Communicated by Mr. C. Carpmael, director of the observatory, Jan. 14, 

1881. 

3 57.2 W. I Communicated by Mr. Otto J. Klotz. Proceedings of the Association of 

j Dominion Land Surveyors, Ottawa, 1885. 
391 

---'-----------'--------------- ----- ---------------------------" 

I I 1825 __ ! 

2 1837 __ 

3 1859, August 18. 

4{ 

1865 __ 

1865, September. 

5 1871, July 31. 

6 1873, August 28, 29. 

7 1880, July 20, 21. 

7.-GRAND HAVEN, MICH. 

<1>=43° 051.2 i\.=86° 121 .6 W. of Gr. 

I o 

I 3}{ to 6° E. L. Lyon; at Grand River in </>=42° 551, il=86° I01 W. Prof. E. Loomis, 

Sill. Jour., vol. xxxix, 1840. 

Geological Report; reference as above. In fl= 1 
42° 55 1

, A=86° I01 W. [w=z-ScH.] I 
} Weighted mean, 5°.08 E. 

Geological Report; reference as above. In </i= j 
43° 191, A=85° 59' W. [w=1-ScH.] 

4 24.2 Lieut. W. P. Smith, U.S. Survey of N. and N. W. Lakes; report by Capt. G. 

G. Meade, Detroit, 1859. In 9=43° 05'.2, A=86° 12'.6 W. 

4 15 U.S. Survey of !'\.and N. W. Lakes. MS. by Col. Reynolds, Dec., 1865. 

In ¢=43° 041, A=86° 131 W. 

4 20 J. de la Camp; Prof. Papers, U. S. Eng's No. 24, Washington, 1882. In 

d>=43° 05', il.=86° 12'. [Mean, 4° 171.5 for 1865. 6-Scn.) 
3 33 [ L. Foote; Prof. Papers, U. S. Eng's No. 24, Washington, 1882. In </1=43° 

\ 041 , A=86° 141 . 

3 28.2. I Capt. A. N. Lee, U.S. Survey of N. and N. W. Lakes; MS. of 1873. See 

I also Report of Chief of Engineers for 1874. 

2 25.7 E. i J. B. Baylor, U.S. Coast and Geodetic Survey. In grounds of the connty 

I 
court-house, 9=43° 041 .7, A=86° 12'.6 W. Coast and Geodetic Survey 
Report for 1881, App. 9. 
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MADISON, WIS. 

¢=43° 041 .6 il.=89° 24'.2 W. of Gr. 

(University of Wisconsin.) 
,----,.------·--------------·--·-----·--

2 

r, 
I J 

'1 
4 

5 

1839, November 2. 

1841, September. 

1876, October 10, II, 12, 

13, 14. 

1877, August 30, Septem

ber u. 
1878, August 29, 30. 

1878, SeptemLer 8, 9, ro, 

II, 12, IJ. 

1878, November22, 23, 25. 

1879, September 22 to 

October II. 

1880, September I 5 to 22. 

0 f 

7 30 E. Dr. J. Locke; in survey of "Mineral Lands," Exec. Doc., 1839-40, vol. 

7 30 

6 59.7 

6 44., 

6 34.0 

6 31:8 

6 22.9 

6 26.8 

vi, 1839. In 9=43° 03', il.=89° 11 1 W. 

Dr. Locke and l'rof. Loomis; southeast of the State-house (or Capitol), in 

<,1>=43° 041.5, il.=89° 231.0 W. Phil. T.rans. Roy. Soc., 1872. [The 

long. given, 89° 061 , is much in error.-Sc1!.] 

F. E. Hilgard, observer for U.S. Coast Survey; ll 
Coast and Geod'c Survey Rep. for 1881, App. 

9. [Not used. -SCH.] 

A. Braid, U. S. Coast Survey. Reference as 

above. [Not used.-:"ui.] 

Dr. Gustavus Hinrichs; in connection with mag· 

netic survey of Iowa. :11S: communication. 

,V, Suess, observer for l:. S. Coast Survey; 

Coast and Geodetic Survey Report fur 1881, 

App. 9. 

J. B. Baylor, U. S. Coast and Geod'c Survey. 

Reference as before. [Corrected for local 

attraction; weight assigned, ?f--ScH.]. 

I 
~ 
I 
I 
I 
J 

Station near and south of 

University central 

building, m ¢=43° 

04'.5, A.=89° 241.2 

W. [This place was 

found affected by the 

erection of a water tank 

ancl of vertical pipes, 

hence a new station 

was established in 1878 

on lhe University 

farm,"' about l st. mile 

west-Seu.] 

David Mason, observer for Coast and Geod'c Survey. Station on Univer

sity Hill, south of building, 

6 20. 9 E. Observer, position, and reference as above. 

"'The observations on the University farm, in .P=43° 041.5, il.=89° 25 1.2 \V., gave the following results (see Coast and 
Geod'c Survey Report for 1881, App 9): 

1879, October 6, 7, 8, 9. 

1880, September 23 to 28. 

1881, December 16, 17, 

18, 19. 

1888, August 31. 

6 30.9 

6 22.9 

6 21.0 

5 53· 2 E. 

I J. B. Baylor, observer l [Combining the two f For 1878.8, ; 3/3 E. 

Dav. Mason, observer ~ stations, the follow- I 1879. 7, 6 28.8 

Dav. Mason, observer J ing mean values {l 1880.7, 6 21.9 

W. Suess, observer___ were adopted: 1881.9, 6 19.8 E. 

-SCH.) 

J.B. Baylor, asst. C. & Geod. Survey; MS. in archives. 

·-----'---- -- - -·-· ---·- -- --~-

[From the values collected at this station nothing further can be deduced than the average annual change, which was +J'.8 
between 1878 and 1888-ScH.] 

1859, August 20 

2 1871, May. 

3 1873, August 22. 

4 1882, September. 

s 1888, August 25, 27. 

8.-MILWAUKEE, WIS. 

A.=87° 541.2 W. of Gr. 

6 20. I E. Lieut. W. P. Smith, U.S. Survey of N. and N. W. Lakes; communicated by 

Capt. G. G. Meade, Detroit, 1859. In</> =43° 021.8, 1=87° 551.1 W. 
6 43 Major D. C. Hanston, U. S. E.; Prof. Papers U. S. Engineers No. 24. 

Washington, 1882; in¢= 43° 021, ii.= 87° 54'· 

6 22. 4 Capt. A. N. Lee, U.S. E.; survey of N. and N. W. Lakes, Gen'l C. B. Com· 

stock in charge. MS. received in 1873. Position as above. 

4 SS Major D.C:Houston, U.S. E.; on breakwater, in ¢=43° 031 , A.=87° 551• 

•Letter of W. Powrie, surveyor, Sept. 21, 1884. 

4 22. 3 E. J. B. Baylor, asst. C. and Geod. Survey. West of.North Point Light-House; 

in </> = 43° 04.'.o, ii.= 87° 521.6 MS. in archives. 
------- --------
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GROUP IL-Collection of Magnetic Declinations, Central Series-Continued. 

9.-BUFFALO, N. Y. 

0 , W. 
r 789, June 29. 4 06 

1797 __ 0 00 

1798 __ 0 30 

1837 __ I 25 

1839._ I 15 
1845 __ I 25 

1859, June. 2 56. 5 

1872,June 14. 3 52.4 

1873, June 4 and 5. 3 58.3 
1885, September 17, 18, 5 o+3W. 

19. 

il = 78° 531.5 W. of Gr. 

(Light house in the harbor.) 

Seven miles south of Buffalo (creek) in l/>=42° 45 1, il=78° 53'. MS. of a 

surveyor discovered at the State library, Albany. Information by F. M. 

Thorn, March 30, 1890. [Not used .. --ScH.] 

Amry Atwater, surveyor; east end of Lake Erie. MS. collection by Charles 

\Vhittlesey; communicated to the Coast.Survey March 26, 186o. 

Buffalo reservation, lake shore. August Porter, in twenty-second report of 

Regents of University, New York, Albany, 1869. 

R. W. Haskins, in ¢=42° 531 , il=78° 55 1 W. Prof. E. Loomis's collection, 

Sill. Jour., vol. xxxiv, 1838. 

At Fort Erie, </1=42° 521
, A.=78° 591 W. U.S. Lake Survey chart. 

Capt. J. H. Lefroy; Gen. Sir Edw. Sabine's Contribution xiii, in Phil. Trans. 

Roy. Soc., 1872. 

Lieut. W. P. Smith; U.S. Lake Survey, in <fl=42° 53',il=78°53'W., 

near south pier. Report of the U.S. Lake Survey, by Capt. G. G. Meade, 

Detroit, 1859, App. B. 
Capt. A. N. Lee, U. S. Lake Survey, in ¢>=42° 53', il=78° 541 W. Re

port of Chief of Engineers for 187 3, magnetic results, 1870-73, pp. 1195-

u97. 
Observer, position, and reference as before. 

1 
J.B. Baylor, subasst. U. S. Coast and Geodetic Survey. At Fort Porter, 

I ¢=42° SS', il=78° 54' W. MS. in Coast and Geodetic Survey archives. 
~~~~~~~~~-'--~~~~~~ 

1810 __ 

1822 __ 

1828 __ 

1835 __ 

1840 __ 

1840 __ 

1859, April. 
1865 __ 

1872, May 8-29. 

18n May 5-17. 

1876, June 3,.6. 

1885, September 2, 3, 4. 

rn.-DETROIT, MICH. 

il = 83° 03'.o W. of Gr. 

0 , 

2 48 E. J. Mansfield. Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

3 13 
2 50 

2 10 

0 42 

0 40 

0 25.2 

0 17. 3 

Position assigned, ¢>=42° 30', il=82° 58' W. 

L. Lyons _. ___ ·--- 1 · 
I Prof. E. Loomis's collection in Sill. Jour., vol. xxxix, 

L. Lyons_--------
. ~ 1840. Position assigned, <Ji=42° 24', il=82° 

Geological Report__ j 
. 58'W. 

Geological Report._ 

Prof. E. Loomis; Gen. Sir Edw. Sabine, Phil. Trans. Roy. Soc., 1872, Con· 

tribution No. xiii. 

{ 
U. S. Lake Survey. MS. communicated by Col. W. F. Raynolds, U.S. E. 

Position assigned, '}1==42° 201, il=83°oJ' v.-. 

{

Capt. A. N. Lee, U.S. A., observer; U. S. Lake Survey, Gen. C. B. Com

stock, Superintendent. Report of the Chief of Engineers for 1873, pp. 
. 1195-1197. Position assigned, </>=42° 20'.o,.A.=83°02'.5 W. 

· Lieut. T. N. Bailey, observer; U.S. Lake Survey; Report of Chief of En· 

gineers for 1877, vol. 2. Position assigned, </>=42° 20', A.=83° 03'.1 W. 

o 31. o W. J.B. Baylor, subasst. U.S. Coast and Geodetic. Survey. MS. in C. and G.S. 

archives. Rear of Harper Hospital. In <f>=42°21'.o,il=83°031.1 W. 
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1815 .. 

2 1825 __ 

3 1832 __ 

4 1838 __ 

5 1851 __ 

6 1855, January 10. 

7 1859, February 26. 

8 186o, June 1 I. 

9 1863 __ 

lO 1875, December 4-
11 1878 __ 

12 1881,March 11. 

13 1885, August 18 .. 

14 1887, April 25. 

1888, August 23, I p. m. 

11.-YPSILANTI, MICH.* 

A=83° 38' W. of Gr. 

·- ·--- . -----
I 

0 ' I , 
4 00 

3 16 

2 40 

2 25 

E. I Covcmment land surveyors. 

W. Brookfield. 

I 12 

l 00 

0 45 

0 38 

o 25 E. 

0 30 w. 
0 45 
I 00 

W. 

[ 0. Risdon (?). 

0. Risdon (?). 

C. S. Woodward. 6-inch transit needle. 

C. S. \Vuodward. Solar compass. 

C. S. \Voodward. 6-inch trn.nsit needle. 

C. S. Woodward. 6-inch transit needle. 

C. S. Woodward. 6-inch transit needle. 

C. S. Woodward. 5-inch Engli~h theuilolite. 

C. S. Woodwaril. 5-inch English theodolite. 

C. S. Woodward. 5-ihch English theodolite. 

C. S. Woodward. 5-inch English theodolite. 

C. S. Woodward. 5-inch English theodolite. 

} C. S. Woodward. 5 and 6 inch suneyor's transit. 

mean of day +1°.50-ScH.] 

[Value reduced to 

_______ j 
*This valuable series of observed declinations was communicated hy C. S. W9Q<lward, surveyor; see letter to Superintend

ent of Sept. 10, I 888. 

12.-ERIE, PA. 

A=8o0 05'.4 W. of Gr. 

(Court-house.) 

,.-~-,-~~-~~--~~~.-~~----.------

I 
1786, October. 

. 
2 1793 __ 

. 
3 1795 __ 

I 
4 1841, August 9. 

5 1855 __ 

'{ 
1859, April. 

. 

1859,June. 

0 ' 

o 32 W. New York and Pennsylvania boundary line; monument on French Creek, 

0 42.2 E. 

0 43 E. 

0 30 w. 

I 33 

I 34 

in 1'=42° oo', l=79° 58' W;, about 10 miles S.S. E. of Erie. Geological 

Survey of New York. See also map in the State Dept. of New York 

on which the observed variations are "protracted by Abm. IIardenberg, 

one of the Commis:;ioners for the State of New York, Oct. 29, I 787." 

Annual report of the Secretary for Internal Affairs, State of Pa., 1885; 

Harrisburg, 1886 . 

Andrew Ellicott; stone monum_ent corner Parade and Front streets, in 

9=42° 08'.2, ;\.=80° 05'.2 W. American Almanac of 1861, p. 54, Bos

ton, 1861. 

Dr. A. D. Bache, magnetic survey of Penn'a; Coast and Geodetic Sur

vey Report for t862, p. 213. 

Annual Report of the Secretary for Internal Affairs, State of Pennsylvania, 

for 1877; Harrisburg, 1878. 

Samuel Low; at meridian line established by him ip. cemetery. Mean of 9 

years of observation, 1855 to 1863, inclusive. From Annual Report of 

Secretary for Internal Affairs, Commonwealth of Pennsylvania, Harris

burg, 1876, p. 20 A. In ¢=42° 091, A=8o0 051 W. 

I 44.4 W. Lieut. W. P. Smith, U.S. survey of N. and N. W. Lakes; Capt. G. G. Meade 

in charge. At Presque Isle Harbor, in \f'=42° 091 .8, l=8o0 051.3 W. 

[Mean of two values, +1° 39'.2] 
" 
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ERIE, P A.-Continued. 

---,---

rl 1862, J\ugust 6, 7. 

7~ I 
I. 

LI 
1862 __ 

8 1867, April. 

( 187 3, June 12, 13. 
I 

9i 
I 
l, 187 3, October. 

IO 187 5, October 9. 

II 1876 __ 

12 1877, November. 

lJ 1883, November 9. 

14 1885, September 11, 12, r4. 

1823 __ 

2 1857, July 23. 

3 1878, September 2. 

4 1888, August 18, 20. 

0 I 

l 33 W. 

I JO 

2 13 

2 00.7 

2 36 

2 IO 

2 50 

3 00 

3 20 

3 08.2\V. 

C. A. Schott, assistant Coast Survey. Same place as in llr. Bache's survey, 

near Mr. Reed',; house, 7th street, in 1)1=42° 07 1 .5, A.=80° 05 1 .3 \V. 

Coast Survey Report for 1862, p. 212. 

Samuel Low, obsen·er. Annual Report of Secretary for Internal Affairs of 

Pa., 1885; Harrisburg, l 886. 

Samuel \Vilson; at meridian line in cemetery. Mean of 7 years of obser

vation, 1864 to 1870,inclusive. Annual Rep. of Sec'y for Int. Aff. of Pa., 

1876. 

Capt. A. N. Lee, V. S. Lake Survey. Report of Chief of Engineers for 

1873, pp. l 195-1197; magnetic results 1870 to 1873. In '/'=42° 08'.2, 

A.=80° 05 1.3 W. 

Samuel \Vilson; at meridian line in cemetery. Mean of 6 years of ohser. 

vation, 1871 to 1876, inclusive. Annual Rep. of the Sec'y for Int. Alf. of 

Pa., 1876. [Mean, +z0 181.3.J 

A. C. Lamson, in ¢=42° 081, A.=8o0 07 1• Prof. Papers, U.S. Eng's, No. 

24, Washington, 1882. 

Annual Report of the Sec'y for Internal Affairs of Pa., 1876. 

Annual Report of the Sec'y for Int. Alf. of Pa., 1877; Harrisburg, 1878. 

l'latt, observer; Annual Rep. of the Sec'y for Internal Affairs of l'a., 1885; 

Harrisburg, 1886. 

J. B. Baylor, subasst. Coast and Geodetic Survey. Marine Hospital, in 

¢-42° 091 , A.=80° 05 1 W. MS. in archives of C. and G. S. 

13.-CHICAGO, ILL. 

A.=87° 361 .8 W. of Gr. 

(Observatory, Dearborn University.) 

0 ' 
6 12 E. 

5 46. I 

4 33· I 

4 07. 4 E 

Major Long's expedition; Prof. E. Loomis's collection in Sill. Jour., vol. 

xxxiv, 1838. Locality assigned, ¢=42° oo', A.=87° 40' W. 

Lieut. Col. J. D. Graham; Pub. Doc. 35th Congress, 1st Sess., No. 42, 1858. 

In cp---41° 541, A.=87° 381 W. 

Dr. T. E. Thorpe; grounds of the Chicago University, position as in heading. 

Proc. Roy. Soc. No. 200, 1880. 

J.B. Baylor, asst. C. and Geod. Survey; near station of 1878. MS. in 

archives. 
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l 1830_ 

2{ 

1857, May 7 to December 

JI. 
1859, August 28. 

3 l 87 l, September l I. 

4 l 873, August 25, 26. 

1796, September. 

2 1830 __ 

3 1831, August. 

4 1834, winter. 

5 r838, winter. 

6 r84o--

7 r84r, May r. 
' 8 r845 __ 

9 1859, July 5. 

1865, May 22. 

ro 1871, November g-11 .. 

11 1872,Jnne r7, 18. 

12 1873, June 16, 17. 

13 1876, October 27, 28. 

14 188o, July 9, IO, IZ. 

15 1888, July 23, 24. 

• 

I 

I 

14.-MICHIGAN CITY, IND. 

0 I 

5 35 E. 

3 4j 

5 22. 6 

4 02 

3 59.0 E. 

o I 

z 0 

I 20 

I 15 

0 50 
0 35 
0 19 

E. 

A=86° 54'·4 W. of Gr. 

(Light-house.) 

Government land surveyors, communicated by C. S. \Voodward; letter of 

Sept. 10, 1888. 

C. S. Woodward, surveyor. 

Lieut. \V. P. Smith, U.S. Lake Survey; Capt. G. G. Meade in charge, De. 

troit, 1859. [Mean value::, +4° 32 1 .8 for epoch 1858.7-Scu.J 

L. Foote; in \f>=4r-" 441 , A=86° 541 . Prof. Papers U.S. Engineers No. 24, 

Washington, 1882. 

Capt. A. N. Lee, U.S. Lake Survey; Gen. C. B. Comstock in charge; MS. of 

I87J. 

15.-CLEVELAND, OHIO. 

"-=81° 41'.5 W. of Gr. 

(Marine Hospital.) 

Aug. Porter and Seth Pease; in cfr=4I 0 301, A.=81° 401 W. MS. compiJa. I 
tion by Charles Whittlesey, March, l86o. In Coast Survey Archives. 

Ahaz Merchant; Prof. E. Loomis's collection, Sill. Jour., vol. xxxix, 1840. 

Edwin Foote; MS. compilation by C. Whittlesey, l86o. 

Ahaz Merchant; Prof. E. Loomis's collection, as above. 

Observer and reference as above. 

Prof. E. Loomis; Gen. Sabine in Phil. Trans. Roy. Soc. 1872, contribution 

xiii. (Misprinted 1° 19' E, see Dr. C. Davies on "Surveying.") 

o 05. 2 J. N. Pillsbury. MS. compilation by C. Whittlesey, 186o. 

o 39 E. From a chart of survey of N. and N. W. Lakes, Top. Eng'rs. Beacon Light 

in ?=41° 31', A=81° 41 1 .5 W. 
o 46 W. Lient. W. P. Smith, Top. Eng'rs; in 'fl=41° 30", il=81° 401 W. MS. by 

Ch. Whittlesey; also MS. by W. F. Raynolds, Major of Eng'rs, survey of 

N. and N. W. Lakes, Dec., 1865. 

I lZ E. (?) MS. by W. F. Raynolds, Maj. of Eng'rs; at east end of pier, W. T. Casgrain, 

observer. [Value not used.-ScH.) 

o 32. 6 W. Edw. Goodfellow, asst. Coast Survey; at Marine Hospital in 4'=41° 301.4, 

A.=!S1° 411.5 W.; Coast and Geodetic Survey Report for 1881, App. 9. 

o 44. 9 Capt. A. N. Lee, U.S. Lake Survey; Report of Chief of Eng'rs for 1873. 

o 50. 9 Observer and reference as above. 

I o8 A. C. Lamson, in 4'=41° 3o', .l=81° 43'. Prof. Papers U.S. Eng' rs No. 24, 

Washington, 1882. 

I 38. S J.B. Baylor, U.S. Coast and Geodetic Survey; station of 1871, grounds of 

the City Hospital. 

2 03. 7 W. J.B. Baylor, asst. C. and Geod. Survey; station of 1871 and 188o. MS. in 

archives . 
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UNITED STATES COAST AND GEODETIC SUl{,VEY. 

GROUP 11.-0ollection of Magnetic Declinations, Central Series-ContinU:ed. 

16.-0MAHA, NEBR., AND COUNCIL BLUFFS, IOWA. 

1819, September 22. 

1869, January 25-27. } 

February I 2, l 3. 

1872, October 31. 

18j7, October 13-18. 

l 878, August 30. 

1880, October 15, 17. 

1888, September 25, 26. 

1786 __ 

1866, August 7, 8. 

1874, August l I. 

1879 __ 

I 883, September 28. 

I 840, August 10. 

1878, September 5. 

1884, September 26. 

1885, August 24, 25, 26. 

<b~-41° 151 .7 il=95° 561.5 W. of Gr. 

( Astron'l station, grounds of High School, Omaha.) 

o I 

12 58.8 E. 

IO 42.6 

10 44.2 

IO 22.0 

IO 39·i 

IO 06.2 

9 29.6 E. 

o I 

I 
I Major Stephen H. Long, U.S. A.; Expedition to the Rocky Mts., Philadelphia, 

I 
1823 (2 volumes). At Engineers' cantonment in .P-41° 251, ll.=96° 001 

W. [Reduction to Omaha, about -12', hence decl'n, 12° 47' E.-ScH.] 

' { Edw. Goodfellow, asst. Coast Survey; at astron'lstation, Omaha; Coast and 

Geodetic Survey Report for 1881, App. 9. 

Dr. T. C. Hilgard, Bache-Fund observer to National Academy; station as 

before (1869); Coast and Geodetic Survey Report for 1882, App. 14. 

A. llraid, U. S. Coast Survey; station of 1869; Coast and Geodetic Survey 

Report for 1881, App. 9. 

llr. T. E. Thorpe; at Council Bluffs, near railway depot in ¢=41° 151.3, 

il.=95° 521.4 W.; Proc. Roy. Soc. No. 200, 188o. 

]. B. Baylor, Coast and Geodetic Survey. Station on grounds of High 

School as in 1869, 1872, and 1877; Coast and Geodetic Survey Report for 

1881,App.9. 

J.B. Baylor, asst. Coast and Geodetic Survey. Grounds of High School. 

MS. in archives. 

17.-DEAVER, PA. 

il.=8o0 201 W. of Gr. 

o 51 E. Andrew Ellicott,atthe Pennsylvania and Ohio line; in .P=40° 421,;\=8o0 31 1• 

[Reduction to Beaver+8', derived from an isogonic map for 1790-ScH.] 

o 36.8 \V, F. II. Agnew; at Beaver, in \)=40° 43'.7, il=8o0 20.5'. MS. communica

tion. 

I 08.2 

l 31 I :~~~:~::::~::~::;:,~;~~'.'.;.~~:£.:: :::: 
Sec'y of Int. Affairs of Pa. for 1885, Harrisburg, 1886. [Reduction to 

Beaver +s'-ScH.] 

I 42 \V. At Heaver; observations by county surveyor. Reference as above. 

18.-PITTSBURGH, PA. 

il=8o0 001.8 W. of Gr. 

(Allegheny Observatory, Allegheny.) 

o I 

o o8 W. 

0 33.1 

2 21.6 

2 55.7 w. 

Dr. A. D. Bache; at Homewood, in .P=40° 281 , .:\=79° 591.5 W.; Coast 

Survey Report for 1862, App. 19. 

Dr. John Locke; in ¢=40° 261, A=79° 58' W..; Coast Survey Report for 

1855, p. 304. 

Dr. T. E. Thorpe; at Allegheny, grounds of the astron'l observatory, latitude 

and longitude as in heading. Proc. Roy. Soc. No. 200, 188o. 

Hemmings; Annual Report of the Secretary for Internal Affairs of Pa. for 

1885, Harrisburg, 1886, p. 16 A, p. 31 ·A. 

J. B. Baylor, subasst. Coast and Geodetic Survert at Allegheny, grounds of· 
the Observatory. MS. in archives of Survey. 
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1866,July. 

1872, October 13, 14, 19. 

1873, August 14. 

1878, August 8. 

1878, September 3, 4, 5. 

1888, October 29, 30. 

19.-DENVER, COLO. 

¢=39°45'·3 1=104° 591 .5 W. of Gr. 

0 I 

15 0 

14 44.7 

14 42.8 

14 43.4 

14 40.2 

(Coast Survey Astron'l Station.) 

E. John Prince, Surveyor-General of Colorado; in f/>=39°45 1 ,1=105° 001 W. 

Letter to Office, of July 27, 1866. 

Dr. T. C. Hilgard, llache-Fund observer to National Academy of Sc.; on 

Pierce's Block; Coast and Geodetic Survey Report for 1882, App. 11. 

Edw. Smith, asst. Coast Survey; at astron'I station, in ¢=39° 451 .3, l=I04 ° 

591.5 W.; Coast and Geodetic Survey Report for 1881, App. 9. 

Dr. T. E. Thorpe; in Mrs. Craig's garden, <jJ=39° 451.3, A.=104° 591 .6 
W.; Proc. Roy. Soc. No. 200, r88o. 

J.B. Baylor, U.S. Coast Survey; comer of 17th st. and Broadway. Position 

as in heading; Coast and Geodetic Survey Report for r88r, App. 9. 

[Mean, - 14° 41 1.8 for 1878.6) 

1

14 o6.1 E. 1 J.B. Baylor, U.S. C. and Geod. Survey. Station in grounds of State Capi

! to!, a short distance south of station of 1878; in</J=39° 45'.3, A.=104° 591.5 
i 

20.- MARIETTA, OHIO. 

\!>=39° 25 1 1=81° 28' W. of Gr. 
.--------------------·-

[ Jared Mansfield; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. I 1810 __ 

2 1823-24. 

3{ 
1838 __ 

1838 __ 

4 1845, April. 

5 1850 __ 

6 1864, January 26. 

7 1881, May 30, 31. 

I 179"--
2 18o6 __ 

3 1838 __ 

4 t 88o, December 3, 4. 

0 I E. 
2 36 

3 30 

{: 29 

36 

2 25 

r 25 

I 17.6 E. 

0 07.2 w. 

Boye; at Parkersburg, \V. Va., in ¢=39° 161 , 1=81° 341 \V. Boye"s 

State rrrap of Va. [Reduction to Marietta about + 51, henc~ decl'n= 

-3° 251-SCH.) 

Prof. E. Loomis; reference as abo,·e, in ¢=39° 251 , 1=81° 26' ,V. 
B. E. Stone; near Marietta, in ¢=39° 31 1, A.=81° 261 '"'· Prof. E. 

Loomis's collection in Sill. Jour., vol. xxxix, 1840. [The weight Yz is as- I 

signed to the mean value.-ScH.] 

Henck's Field-book. 

A. D. Bache's table in Gillespie's Treatise on Land Surveying. 

A. T. Mosman, asst. Coast Survey; at Parkersburg, W. Va., in <P=:;9°161.0, 

1=81° 341 .z W.; Coast and Geode1ic Survey Report for 1881, App'. 9. 

[Red'n to Marietta about +5'-ScH.) 

J.B. Baylor, Coast and Geodetic Survey; at Parkersburg, station of 1864; 

reference as before. [Red'n to Marietta about +s'-ScH.] 

21.-ATHENS, OHIO . 

1'=39° 19' .l=82° 02' W. of Gr. 

o I 

4 03 E. Public Surveys; Prof. E. Loomis, in Sill. Jour., vol. xxxix, 1840. 

4 17 This value depends on the observed declination-3°12' in 1838, by Pruden, 

and the observed difference of declination between the years 18o6 and J 

1838at Gallipoiis, by G. Fletcher, viz,-3°4ot+2° 35'=-1° 05 1• Ref- I 
erence a:; above. 

3 12 S. B. Pruden. Reference as above. 

0 40.5 E. J.B. Baylor, C. andGeod. Survey, int=39°191.8, il=8202'. Appendix9, 

Report for 1881. 
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22.-C!NCINNATI, OTHO. 

4>=39° 06'.4 .:l=84° 29'.8 W. of Gr. 1=39° 08'.4 

Ohl Astronomical Observatory on Mt. Adams. New Astronomical Observatory on Mt. Lookout. 

-- ---- ----- ------- ------, 

o I 

4 58 F_ Public surveys; Prof. E. Loomis's collection in Sill. Jour., vol. xxxix, 1&40, I 'I 1806 __ 

2 1810 __ 

3 1840, January 11. 

4 I 845, April. 

5 1880, November 27. 29, 30. 

6 1888, July 28, 30. 

I 1819,June 17. 

I 
I 

I I 1835 __ 

I 
183g •• 

2 I 1855 __ 

I 18 56, October 31. 

I 1872, June, July, and Au-
I gust. i 
I 

I 

J 1877,June. 

5 1878, August 14, 15. 

6 1879, September. 

5 00 

4 04 

2 144 

I 58.0 E. 

0 I 

IO 47.6 E. 

8 49 

7 45 

8 00 

6 23.1 

6 37.5 

6 30.5 

I 

in 9=39°061, .:l=84° 271 Vl. 

Jared Mansfield; l'rof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838, 

in w=J9°07 1_,1=84° 27 1 \V. 

1 lr. John Locke; "Survey of Mineral Lands," Exec. Doc., 183')--40, vol. vi; 

in tp=39° 061 , y=84° 27 1 W. 

Dr. John Locke; Coast Survey Report for 1855, p. 304; in 1=39°061
, 

;t,=84° 221 \Y. 

J.B. Baylor, U.S. Coast and Geocl. Survey; grounds of new astronomical 

observatory on Mt. Lookout; Coast and Geodetic Survey Report for 1881, 

App. 9· 

I J. n. Baylllr, asst. C. and Geod. Survey. 

1 
archiyes. 

Close to station of I 880. MS. in 

' 
23.-ST. LOUIS, MO . 

.:l=90° 121 .2 \\'.of Gr. 

(Washington University.) 

Maj. S. H. Long; at St. Louis, in ¢=38° 361, A=90° o61 W. [Longitude 

as given, about 51 too small.-ScH.] Account of an expedition from 

fittsburg to the Rocky Mts. in 1819 and 1820, by Maj. S. II. Long, I'hila

delphia, 1823. [Not used; suppased to be in error about 2y.j0-~H.] 

Col. Nicolls; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

De ~-ard, surveyor; on city commons. Letter ufThos. Featherson, of June 

18, 1877; communicated by W. Eimbeck, asst. Coast Survey. [Not used.

Sm.] 
Colton's General Atlas, New York, 1873. 

Karl Friesnch; Derichte der Kais. Akad. der \Viss., Vienna, vol. xxix, 1858. 

(Not used; supposed to he locally affected.-ScH.] 

Dr. T. C. Hilgard, Dache-Fund observer to National Academy. Two sta

tions, south and west of court-house; first on Compton Hill, in ¢=38° 

371.1, .:l=90° 141.0 W., decl'n 6° 351.2 E., and second near City Hos

pital, in ¢=38° 361.5, .:l=90° 121 .7 W., decl'n 6° 391.9 E. Coast and 

Geodetic Survey Report for 1882, App. 14. [Result at a third station, 

6° 48'.9 E., in field adjoining first position, not used.-ScH.] 

Thomas Featherson, deputy county surveyor St. Louis Co.; from compari

scms of 17 old lines run in the city commons in 1838 ,by De Ward, sur

veyor; communicated by W. Eimbeck, asst. Coast Survey; annual 

change since 1838 supposed to have been +1'.91 

6 33·7 Prof. F. E. Nipher, Washington University. Observations in vacant square, 

S. E. comer of Garrison ave. ~nd Dickson street; Trans. St. Louis Acad. 

of Sciences. [The instrument was loaned by the Coast Survey.-~SCH.] 

6 13.3 E. Observer as before; at comer of Garrison ave. and Glasgow place; com

municated to office Oct. 14, 1879. 
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0 I 

1886, Octolier 3, 4, 5, 6. 6 I0.6 E. 

ST. LOUIS, MO.--Continued. 

C.H. 

Gro 

Sincla~r~~s:-~-oast and Geodetic Survey; near N. W. comer of Tower-\ 

ve Park, St. Loni;, in '/'=38° 361 . 7, A=90° 15'4 W.; MS. in archives I 
urvey. I of S 

The expression deduced for St. Louis is still uncertain. 

24.-NASHVILLE, TENN. 

I 1829 __ 

2 1835 __ 

3 1877, December 5, G, 7. 

4 1888, August 7, 8. 

1818 __ 

2 1835 __ 

3 1865, April 17. 

4 1875, May 29. 

5 1881, September 5, 6. 

1=86° 481 .2 W. of Gr. 

(Vanderbilt University.) 
-··- -------

0 I I 
6 50 E. I Prof. Hamilton; Prof. E. Loomis's collection ,in Sill. Jour., vol. xxxiv, 1'538, 

in \1>=36° 10', 1=86° 49' W. 

7 07 Prof. Hamilton ; reference as above. [w= J(-ScH.] 

5 14.9 And. Braid, U. S. Coast Survey; grounds of Vanderbilt University, in </J= 

36° 081.9, 1=86° 48'.2 W.; Coast and Geodetic Survey Report for 1881, 

App.9. 

4 31.0 E. J. B. Baylor, asst. C. and Geod. Survey. Station near that of 1877 and west 

of the central building of the university; </J=36° 08'.9, A=86° 48'.3. MS. 

in archives. 

25.-FLORENCE, ALA. 

\6=34° 471.2 

0 ' 
6 35 

6 28 

5 24 

5 14.4 

4 37.8 

E. 

E. 

(Coast Survey Station.) 

J. H. Weakly; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838; 

position assigned,<f>=34°501,1=87° 471 W. 

Observer and reference as before. 

A. T. Mosman, asst. Coast Survey; Coast and Geodetic Survey Report for 

1881, App. 9, in </>=34° 471.2, A=87° 411.7 W., near railway bridge. 

F. E. Hilgard, Bache-Fund observer to National Academy, in </>=43° 

47',;\.=87° 42' W.; Coast and Geodetic Survey Report for 1882, App.14. 

J.B. Baylor; Coast and Geodetic Survey; grounds of College for Females, 

in <1>=34°471,1=87° 43' W.; Coast and Geodetic Survey Report for 

1881, App. 9. 
,--------------~~----~ 

NATCHEZ, MISS. 

</>=31° 33'·5 ;\_ = 91° 24'.o W. of Gr. 

(Coast Survey Astronomical Station.) 

0 I 

I I8o2~ 9 0 E. Dunbar; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838; in</>= 
31° 341, A.=91° 25' W. 

.2 r872, April 2I, 22. 7 14.8 Dr. T. C. Hilgard, Bache-Fund observer to National Acad.; in f/>=31° 34', 

1=9r0 241 W.; Coast and Geodetic Survey Report for r88z, App. 14. 

3 1878-'79. 7 23 E. W. H. Dennis, asst. Coast Survey; in <1>=31° 33'.5, A=9I0 24'.1 W. 

Marked on MS. triangulation sketch. 

(No satisfactory result can be had from these few observations.-ScH.] 
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26.-MOBILE, ALA. 

---------------

1809 __ 

1814 __ 

2 1835 __ 

3 1840 __ 

4 1843 __ 
I 

5 1847, May 21-30. 

6 1857, Felm1ary 14-18. 

7 1875, May 27. 

¢=30° 41 1.4 

--------

0 I 

8 IO E. 

G 30 

7 12 

7 05 

6 56 

7 04.1 

6 52.2 

6 07.0 

5 17 E. 

(Episcopal Church.) 
--------------------------------; 

,J. II. Weakly; in ©=30° 40', A.=88° u' W.; Prof. E. Loomis's collection 

in Sill. Jour., vol. xxxiv, 1838. [Not nsed.-SCH.] 

Kent; Encycl. Britan., 7th edition, 1842. For Mobile Bay; in 4'=30° 131 , 

A.=88° 21' W. [Longitude <lefective.-Scu.] 

J. II. Weakly; Prof. E. Loomis's collection in Sill. Jour., vol. xx xiv, 1838. 

Chart of Mobile Bay by E. and G. W. Blunt; Coast Survey Report for 1845, 

p.42. 

Commander L. M. Powell, U. S. N. (in an ·official report). At Mobile Pt. 

Light, \!J=30° 13'.8, .:l.=88° 01 1 .5 W.; Coast Survey Report fur 1855, p. 

323. [Reduction to Mol>ile inappreciable.-SCH.] 

R.H. Fauntleroy, asst. C:oast Survey; at Fort Morgan, in <1>=30° 13'.9, A= 

88° 01 1.2 W.; Coast and Geodetic Survey Report for 1881, App. 9. 

Edw. Goodfellow, asst. Coast Survey; in Public Square, Mobile, 210 feet 

north of astronom'l station, in \D=30° 41'.6, 1=88° 021.6 ·w.; Coast and 

Geodetic Survey Report for 1881, App. 9. 

J. M. Poole, Bache-Fund observer to National Academy; in part of city 

known as Snmmerville, in ¢=30° 421 , A=88° 031 \V.; Coast and Geo

detic Survey Report for 1882, App. 14. 

I , I .", , .. ~h ., 
I _J _________ L __ _ 

Lieut. E. S. Prime, U.S. S. Yantic; in <1>=30° 081, A.=88° 01' W.; Naval 

Professional Papers No. 19, Washington, 1886. [Reduction to Mobile in

appreciable.-~ScH.] 

! 

: i 

4 

5 

--------------

1807 __ 

1817 __ 

1835 __ 

6 1843 __ 

7 1858, June 21. 

8 1861, January 8, 9. 

91 188o, January 1. 

10 1890, March. 

o I 

4Y, 
4Y, 

7 50 

8 45 

6 IO 

6 54 

6 47.3 

E. 

PENSACOLA, FLA.* 

A.=87° 18'.3 W. of Gr. 

(Light-house.) 

From an English plan of Pensacola. t 
Des Barres's Atlantic Neptune, London, 1781; Pensacola Bay, inside the 

harbor. (¢=30° 20', A=87° 16'-ScH.] 

V. S. Pintado.t 

V. S. Pintado.t 

Pensacola, by a Navy officer, Sill. Jour., vol. xxxiv, 1838. In 1f>=30° 241 , 

A.=87° 121• Prof. E. Loomis gives 6° oo' E. 

Navy-yard; Commander L. M. Powell, U.S. N. 

Public square, astronomical station; J. G. Oltmanns, subassist, Coast Survey. 

In ¢=30° 241.6, A=87° 12°.9 Rep. for 1881, App. 9. 

6 42. 2 At Barkley Point, in ¢=30° 24'.6, A=S70 12'.5; G. W. Dean, asst. Coast 

Survey. Report for 1881, App. 9. 

5 20 W. H. Davison, city engineer, Pensacola.t 

4 55 E. W. H. Davison.t "I think the present variation here is a trifle under 5° E." 

Letter of March 261 1890. Mr. Davison also remarks: "8° 45' is the 

highest variation of which there is any record in our archives.'' 

*This station was inserted while the pJLper was going through the press. [April 189o.] 
t Information received from \V. H. Davison, city engineer, Pensacola, letter of March 26, 18'Jo. 
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GROUP II.-Collection of Magnetic Declinations, Central Series-Continued. 

27.-NEW ORLEANS, LA. 

o I 

1700 __ 

{:Yz 
1720 __ 2 

1750 __ 4 36 

1768 __ 7 50 

1796 __ 5 o6 
18o6 __ 8 03 

1840 __ 8 20 

1856, December 28. 8 00 

1858, April 6, 7. 7 51· s 

1870 __ 7 o6 

1872, February 10-15. 6 39.6 

E. 

(Custom House .. ) 

An auxiliary value depending on observations about this period; see C. and 

Geod. Survey Bulletin No. 6. 

Edm. Halley's isogonic chart gives 2 Yz 0 ; see reproduction of chart in Green

wich observations for 1869. [Adopted mean, -2°.75-Scu.J 

Father Laval; Prof. E. Loomis's collection in Sill. Jour., vol. xxxiv, 1838. 

[To this value the weight Y, is given.-Scu.J 

An auxiliary value depending on observations about this period; see C. and 

Geod. Survey Bulletin No. 6. 

Gauld; Gauld's survey of the Delta, near Pass a l'Outre. 

="ew Orleans, add !01 • Not used.-ScH.] 

[Reduction to 

A'. G. Blanchard, city surveyor; change from 1796 to 1870, 2° east. 

Lason; from 372 observations. Prof. E. Loomis's collection ill' Sill. Jour., 

vol. xxxiv, 1838. 

From information recorded in General Land Office. 

Karl Friesach; Berichte der Kais. Akad. der Wiss., Vienna, vol. :xxix, 1858. 

G. W. Dean, asst. Coast Survey; near Canal and Basin sts., in <1>=29° 571 .4, 

.l=90° 04'.4 W.; Coast and Geodetic Survey Report for 1881, App. 9. 

M. J. Thompson, State engineer. 

Dr. T. C. Hilgard, Bache-Fund observer to National Academy; observations 

at City Park, 6° 39'.8 E.; at Fair Grounds, 6° 391 .5 E. Position of City 

Park in tp=29° 55 1.6, .l=go0 07 1.8 W.; position of Fair Grounds in 

qi=29° 59'.1, il=90°04'.8 W. Coast and Geodetic Survey Report for 

1881, App. 9, and for 1882, App. 14. 

11 188o, March 24, 25. 6 27. 6 E. J.B. Baylor, U.S. Coast and Geodetic Survey; at Fair Grounds; Coast and 

Geodetic Survey Report for 1881, App. 9. 

28.-SAN ANTONIO, TEX. 

(Arsenal Grounds.) 

0 I 

I 1825 __ IO 30 E. 
} Land Office record at Sau Antonio; communicated by Mr. J. B. Baylor. 2 1836 __ 9 45 

3 1874 __ 9 30 

4 1878, June IO, II' I 2- 9 22. 3 E. J.B. Baylor, U.S. Coast and Geodetic Survey; in Arsenal Grounds; position 

as in heading; Coast and Geodetic Survey Report for 1881, App. 9. 

I 
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UNITED STATES COAST AND GEODETIU SURVEY. 

GROUP II.-OoUection of Magnetic Declinations, Central Series-Continued. 

29.-KEY WEST, FLA. 

1700.0 

1750 __ 

1829, February. 

1843._ 

1849, August I<)-21. 

186o, February, March, 

June, and December. 

1861, February, March, 

ancl April. 

1862, May to December, 

inclusive. 

1863, January to Decem-

ber, inclusive. 

I 864, J.rnuary to Decem-

her, inclusive. 

I 865, January to Decem-

her, inclusive. 

1866, January to April, in-

elusive. 

·1879, March 24, 25, 26. 

1884, April 4. 

1884, May 10. 

1887, February I, 2, 3. 

1700.0 

4>=24° 331 .5 A.-=81° 48'.5 W. of Gr. 

o I 

5 

5.6 

6 25 

6 02 

5 28.8 

4 46.6 

4 44.5 

4 39. 9 

4 36.8 

4 33.9 

4 31.5 

4 29.8 

3 33·9 

3 00 

2 49 

(Tift's Observatory.) 

E. Edm. Halley's isogonic chart or Tabula Nautica Variationum Magneticarum 

Index, &c., anno 1700, reproduced in Greenwich observations for 1869. 

[Probably 1° in error; see values for Havana and Kingston; not used. -

Sm.) 

An auxiliary value depending on observations about this period; see C. and 

Geod. Survey Bulletin No. 6. [w= ~-SCH.] 
W. A. Wliitehead; from a map of Florida by the Topographical Engineers, 

1846. 

Report of Commander L. M. Powell, U.S. N.; at Custom-House. 

J. E. Hilgard, asst. Coast Survey; at Sand Key, in tj>=24° 271.2, A.=81° 

531 .1 W.; Coast Survey Report for 1854, p. 145· 

Prof. W. P. Trowbridge, asst. Coast Survey; at magnetic observatory, in 

¢=24° 331 .1, A.=81° 481 .5 W. W. P. Trowbridge and S. Walker, ob

servers. Coast and Geodetic Survey Report for 1881, App. 9. 

l 
I 

S. 'Valker, observer; at m~etic observatory. Means of monthly results 

and corrected for diurnal variation .. In 1861 the observers were S. 

r 
WalkcrandJ.G.Oltmanns; in1862, Walker,Oltmanns,andF. F. Nes; 

reference as before. 

j 
Lieut. S, M. Ackley, U. S. N., asst. Coast and Geod'c Survey; grounds of 

Army Hospital, in \1>=24° 331 .3, A=81° 47'.9 W.; Coast and Geodetic 

Survey Report for 1881, App. 9. 

Lieut. C. Belknap, U. S. S. Vandalia; in t/>=24°271 , A=81°48' W.; 

Naval Professional Papers No. 19, Washington, 1886. [Red'n to Key 

West inappreciable.-ScH.] 

Lieut. R. B. Peck, U.S. S. Swatara; in \fl=24° 251 , .l=81° 46' W.; refer

ence as before. [Reduction to Key West inappreciable; mean, -2° 

54'-5; w=~-SCH.) 
3 19.8 E. , J. B. Eaylor, asst. C. and Geod. Survey at the grounds of the Army Hospital. 

I . Position as in 1879. 

30.-HAVANA, CUBA. 

~=23°09'.3 il=82° 21 1.5 W. of Gr. 

(Morro Light.) 

o I 

6 E. Edra. Halley's isogonic chart for 1700; reproduced in Greenwich observa-

tions for 1869. [Not used.-Scn.] 

4 24 E. Mathews; in 1>=23°02',il=81°44' W.; Encycl. Britan., 1848. (Rmigh 

reduction to Havana +10'; hence 4° 341 E.-Sca.] 
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GROUP II.-Collection of Magnetic Declinations, Central Series, etc.-Continued. 

2 17 32, March' and April. 

3 1815 __ 

4 1816, August. 

5 1833. 0 

6 I 857, January 28. 
7 1858 __ 

8 1879, March 13, 14, 15. 

9 1884, April. 

HAVANA, CUBA-Continued. 

o I 

4 30 E. J. Harris; off Havana, in @=23°08', il.=82° 32' W.; Phil. Trans. Roy. 

7 00 

5 ~o 
6 50 

5 15 

5 45 
3 53.8 

2 34 

·soc., vol. vii (abridged), 1724-34; also Encycl. Metrop., 1848. 

Encycl. Brit., 7th edition, 1842. 

Bentley ; reference as before. 

Peter Barlow's isogonic chart for 1833; Phil. Trans. Roy. Soc., 1833, p. I. 

[Supposed to be about 1° too great; see Key West and Kingston series ; 

used temporarily 5° So' E.-SCH.] 

Karl Friesach; Imp. Acad. of Sc., Vienna, vol. xxix, 1858. 

From a map of Cuba, 1860. 

Lieut. S. M. Ackley, U.S. N., asst. Coast and Geodetic Survey; at the Col 

lege de Belen. [Annual change at the Colegio de Belen, according to 

Padre B. Vines, S. J., director of observatory, 41.5, decreasing for several 

years past. Letter of Lieut. Ackley of Mch. 21, 1879. The position of 

the Morro Light, as given in heading, is that determined by Lieut. Comdr. 

F. M. Green, U. S. N., and that of the Colegio de Belen is according to 

Director Vines (1885) in ¢=23° 08'.2, il.=82° 221.1 W.-ScH.] 

Lieut. C. Belknap, U. S. S. Vandalia; in <11=23° 021, -l=81° 431 W. 

Naval Professional Papers No. 19, Washington, 1886. [Reduced to Ha

vana, 2° 44' E.; the weight l ~ is temporarily assigned to this value.

ScH.] 

IO 1885, November 5, 6, 14. 3 41 Benito Vines, S. J., Real Colegio de Belen. Observaciones magneticas y 

meteorologicas de! Real Colegio de Belen. Habana, 1886. 

11 1886, December 21, 4 p. m. 3 33. 5 E. Reference as above. [Corrected for diurnal variation, -3°.58-ScH.] 

4 

s{ 
6 

7 
8 

I 

166o __ 

17261 September 12. 

1732, March and April. 

1789 to 1793. 

1791to1792. 
18o6 __ 

1819 __ 

1821 __ 

1822 __ 

1832 __ 

1833(?). 

31.-KINGSTON, PORT ROYAL, JAMAICA . 

l/J=l7° 551·9 .l=76° 501.6 W. of Gr. 

o I 

6 30 

6 30 

4 31 
6 02, 5 

6 50 

6 45 

6 30 

4 50 

4 50 

E. 

(Port Royal Flagstaff.) 

Declination in Jamaica according to J. Robertson; Phil. Trans. Roy. Soc., I 
18o6. [Not used.-ScH.] 

According to Mountain's chart constructed in the year 1700 from Dr. Hal

ley's tables; Long's History of Jamaica. [Halley's Tabula Nautica gives 

7° E. for 1700. Not used.--ScH.] 

Mathews, at Port Royal. Magnetismus der Erde, Hansteen, 1819. 

J. Harris, at Black River; Phil. Trans. Roy. Soc., 1733. [Mean value of 

6° and 6° 51 E.-ScH.] 

} J. Leard; Chart of Port Royal. 

J. Robertson; Phil. Trans. Roy. Soc., 18o6. The variation in Jamaica said 

to have been constant for 130 to 140 years. 

De Mackau; in t/>=17° 551, .l=76° 091 W.} Becquerel's Traite du Mag-

De Mayne; in ¢=17° 55', A=76° 53' W. netisme, Paris, 1846. 

4 54 Owen; Becquerel as above. 

5 13 Foster; Becquerel as above. 

4 40 E. From a map of Kingston, date of 1854. 



 

256 

9 

IO 

II 

12 

13 

UNITED STATES OOAST AND GEODETIC SURVEY. 

GROUP II.-Oollection of 1W_agnetic Declinations, Central Series-Continued. 

:8_;3.0 

1837, October. 

1847,April. 

1857, March 2. 

1866 __ 

1875 __ 

1876 __ 

Kl~CSTO~, PORT ROYAL, JAMAICA-Continued. 

o I 

6 30 

4 18 

3 40 

3 40 

4 57 

4 00 

E. Pe:::c~;ar,:::: ~:~:::.:~ ~~=r~:ora~~~~; I~'~~~ :rr:~l:·; ~:~- ~;::a~~3~;1d [::;I I 
West series.--Scu:'] 

Milne; in 1=17° 561, il=76° 5r 1 \V. T.ieut. \:ol. Edw. Sabine's contri- I 
butions lo Terr. Mag. No. ix; Phil. Trans. Roy. Soc., 1849, part II. 

, Harnett; in <!>=17° 561 , il.=76° 51 1 ·w.; reference as before. 

I Karl Freisach; Imp. Acad. of Sci., Vienna, vol. xxix, 1858. 

I 
British Admiralty Chart of Jamaica, No. 446; variation in 1866, nearly sta-

I tionary. [Not uscd.-ScB.] 

British Admiralty Chart, No. 456; Port Royal and Kingston Harbor; an

nual decrease 2 1 • 

3 35 Brit. Admiralty Chart, No. 762; West India Islands and Caribbean Sea. 

i+ 1sso__ I 3 06 

''_J •884, ''"~ry 8 1 ~ Brit. Admiralty Chart; curves of equal magnetic variation, I 88o. 

8 

! 

i 

. I 

1726, June 26, 28; Oct. 23: 

1726, June 29. 

1 76o, May 28, 31. 

1761, May 4. 

1833 __ 

1839 __ 
1846 __ 

1871 __ 

I 884, April 24. 

1700.0 

1775, November. 

1 ;90, October 3. 

E. Lieut. R. B. Peck, U. S.S. Swatara; in ¢=17° 58', il.=76° 48' W.; Naval 

Professional Papers, No. 19, Washington, 1886. 

32.-BARBADOS, CARIBBEE ISLANDS. 

o I 

4 30 

3 47 

I 29 

I 13 

I 27 

0 35 

I 50 

il.=59° 37'·3 W. of Gr. 

(Bridgetown, Rickett's battery.) 

E. I Mathews. "Magnetism~s der Erde," C. Hansteen, 1819, and Encyclopredia 

I
i Metropolitana, 1848. At Carlisle Bay. 

E. 

W. 

Hansteen's "Magnetismus der Ertle," 1819; at Lambert Point. [Mean, 

-3° 55'-SCH.] 
Ross; reference as above. 

Ross; reference as above. 

Phillips. Sir Edward Sabine in Cont's xiv, Phil. Trans. Roy. Soc., 1875. 

Milne; reference as before. 

Schomburgh; reference as before. 

Staff Com. Parsons, Brit. Adm'y chart No. 2485, edition of 1873. Magnetic 

declination decreasing about 2' annually. 

Lieut. Hal)ford, U.S. S. Pensacola, in <1>=13° 191, il=S9° 41' W. U.S. Nav. 

Prof. Papers No. 19, Washington, 1886. (Approximate reduction to Bar. 

bados -15'; hence declination +1.0 58; w"" Ji-Sett.] 

33.-PANAMA, NEW GRANADA. 

</>=8° 57'.1 il -= 79° 321 .2 W. of Gr. 

(Cathedral.) 

10 

7 49 

7 49 

E. 

E. 

Approximate value; Edm. Halley's isogonic chart for 1700, reproduced in 

Greenwich observations of 181i9. [Not used.-ScH.] 

Encycl. Brit., 7th edition, 1842. 

Don A. Malaspina; Berliner Astronomisches J ahrbuch, Vol. 53, fen 1821t, p. 

188. ' 
---- - ----------------------------------
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GROUP II.-Oollection of Magnetic Declinations, Oentf'al Series-Continued. 

3 

4 

7 

8 

1791, Decemlrcr. 

18o2 __ 

1822 __ 

1837 __ 

1849 __ 

1849 __ 

1866, May 14. 

9 1873, December 25. 

IO 188o __ 

II 1883, February 22. 

12 1884, March 20. 

H.Ex.22-17 

PANAMA, NEW GRANADA-Continued. 

o I 

7 49 E. Encycl. Brit., 7th edition, 1842. [Probably same authority as for preceding 

8 00 

7 00 

7 02 

7 15 
6 55 

6 17 

5 24 

5 02 

date; not used.-ScH.] 

Encycl. Brit., 7th edition, 1842. 

' 

Hall; in <Ji=8° 58', .:l.=79° 21' W. Becquerel's Traite du Magnetisme, 

Paris, 1846. [The weight J,f is assigned to this value.-ScH.] 

Sir Edw. Belcher; in <j>=8° 57 1, A=79° 291 W. Phil. Trans. Roy. Soc.,1843. 

Hughes; Brit. Admiralty chart. 

Major W. H. Emory, Mexican Boundary Commissioner; in ¢=8° 57', A= 

79° 29' W .. ; Coast Survey Report for 1856, p. 223. [Mean, 7° 5' E.

SCH.J 

Karl Friesach; in 1'=8° 57', .:l.=79° 31' W. Sir Edw. Sabine's Contribu· 

tions to Terr. Mag., in Phil. Trans. Roy. Soc. for 1875. 

Prof. W. Harkness, U.S. N.; in ¢=8° 55', .:l.=79° 301 .5. Smithsonian Con

tributions to Knowledge, No. 239, Washington, 1873. 

From log-books of the Benicia and Richmond; Hydrographic Office, Navy 

Dept., Washington; in ¢=7° 261 , .:l.=79° 54' W., off Point Mala. [Re· 

duced to Panama -38', hence deci'n 6° 191 E.; weight Yz.-ScH.] 

Brit. Admiralty Chart; curves of equal magnetic variation, 1880. 

Annales du Bureau des Longitudes, tome 3, Paris, 1883, p. 396-7. Prome

nade near the Cathedral, in ¢=8° 571 , .:l.=79° 31' W. 

S 23 E. Lieut. C. Belknap, U.S. S. Vandalia; in l/l=9° 22', .:l.=79° 54' W. Naval 

Prof. Papers, No. 19, Washington, 1886. [Reduction to Panama inap

preciable.-ScH.] 



 

258 UNITED STATES COAST AND GEODETlU SURVEY. 

RESULTS FOR GROUP IL-Magnetic stations mainly ill the central part of the United States 
between the Appalachian and Roeky Mountain ranges, with additions in British North America, 
Canada, the West Indies, and Central America. 

The letter D in the last column of the table stands for declioation, a plus sign indicating west 
declination, a minus sign east declination. The letter m stands for t-1850.0, or for tbe difference 
in time, expressed in years and fraction of a year, for any time t and the middle of the century; it 
is to be taken within the range of observation at any station. 

1~~--i----~-, a-m-e-of--st-at-iClil_a_n_d_S __ t-a-te-.-___ I _L_a-ti-tu_d_e_----,-,-,e-:~-J-~.-ng-i---T-h_e_m_a_g_n_e_ti_c _d_e_cl_in-a0-t}-o~-im_e_:._p_re-ss_e_d_a_s_a_fu_n_c_ti-on-
1--, ----------1-------1-------

1 : \ 

I I York Factory, British :-iorth America.! 

2 I Fort Albany, British Korth America. 

{
j Duluth, Minn., and 

3 : Superior City, \Vis. 

4 Sault de Ste. l\Iarie, Mich. 

5 Pierrepont Manor, N. Y. 

6 Toronto, Canada. 

7 · Crand Haven, Mich. 

8 Milwaukee, \V,s. 

9 Buffalo, N. Y, 

IO Detrctit, Mich. 

Ii Ypsilanti, Mich. 

12 Erie, J>a. 

13 Chicago, 111. 

14 Michigan City, Ind. 

15 Clevelatid, Ohio. 

16 Omaha, J\'cl:Jr. 

17 Heaver, Pa. 

18 Pittsburgh, Pa. 

19 Denver, Colo. 

2D Marietta, Ohio. 

21 Athens, Ohio. 

22 Cincinll'!\ti, Ohio. 

23 Saint Louis. Mo. 

24 l\ashvillc, Tenn. 

25 Florence. Ah. 

26 Mobile, Ala. 

l'ensacola, Fla. 

27 New Orleans, Vi. 

28 San Antonio, Tex. 

29 Key West, Fla. 

30 Havana, Cuha. 

31 Kingston, Port Royal, Jamaica. 

32 Barbados, Caribbee Islands. 

33 Panama, New Granada. 

56 59.9 

52 22 

46 45·5 

46 29.9 

43 44. 5 

43 39·4 

43 05. 2 I 

43 02.5 

42 52.8 

42 20.0 

42 14 

42 07. 8 

4I 50. 0 

• 41 43.4 

41 30. 4 

41 15.7 

40 44 
40 27. 6 

39 45.3 

39 25 

311 19 

39 08.4 

38 38.0 

36 o8.9 
34 47.2 

30 41. 4 

30 20.8 

29 57.2 
2 9 25.4 

24 33.5 

23 og.3 
17 55.9 
13 05.7 

8 57. I I 

0 ' 

92 26 

82 38 

92 04. 5} 
92 04. 2 

84 20. I 

76 03.0 

79 2 3· 5 

86 12.6 

87 54.2 

78 53.5 
83 03. 0 

83 38 

80 05.4 

87 36. 8 

0 0 0 

D=+ 7. 34+16. 03 sin (I. IO m-97. 9) 

D=+15. 78+ 6. 95 sin (1. 20 m-g9. 6)* 

D=- 7.70+ 2.41 sin (1.4 m-120.0)* 

D=+ I. 54+ 2. 70 sin (1. 45 m-58. 5) 

D=+ 5.95+ 3.78sin(1.4 m-22.2) 

D=+ 3.6o+ 2.82sin (1.4 m-44.7) 

+ o.09sin (9.3 m+136) 

+ o.o8sin (19 m+247) 

D=- 4.95+ o.038o m+o.00120m2 

I D=- 4. 12+ 3. 6'o sin (1. 45 m-64. 5)* 

· D~+ 3. 66+ 3. 47 sin (r. 4 m-27. 8) 

D=- o. 97+ 2. 21 sin (1. 5 m-15. 3) 

D=- '1. 20+ 3. 40 sin (1. 40 m-4. I) 

D=+ 2. 17+ 2. 69 sin (r. 5 m-27-3) 

D=- 3. 77+ 2. 48 sin (1. 45 m-62. 5) 

86 54. 4 
1 
D=- 3. 23+ 2. 42 sin (I. 4 tn-48. o) 

S. 41. 5 I D=+ o. 47+ 2. 39 sin (1. 30 m-14. 8) 

95 56. 5 D=- 9· 30+ 3· 34 sin (I. 30 m-54. 7) 

8o 20 

80 oo.8 

104 59.5 
81 28 

82 oz 

84 25. 3 

9<l 12.2 

86 48.2 

87 41. 5 

88 02. 5 

87 18.3 

90 03.9 

98 29.3 

81 48.5 

82 21. 5 

76 50.6 

59 37.3 
79 32.2 

D~+ I. 41+ 2. 72 sin (x.~o m-39. 6) 

D=+ I. 85+ 2. 45 sin (1. 45 m-28. 4) 

D=-15. 30+ o. 011m+o.0005 m• 

D=+ o. 02+ 2. 89 sin (I. 4 m-40. 5) 

D=- I. 51+ 2. 63 sin (1. 4 m-24. 7) 

D=- 2. 59+ 2. 43 sin (x. 42 m-37. 9) 

D=- 5. 91+ 3.00 sin (1. 40 m-51. I)* 

D=- 3· 57+ 3· 33 sin (1. 35 m-68. 5)* 

D=- 4. 25+ 2. 33 sin (1. 3 m-52. 8) 
D=- 4. 38+ 2. 69 sin (1. 45 m-76. 4) 

D=- 4.40+ 3.I6sin(1.4 m-59.4) 

D=- 5. 20+ 2. 98 sin (1. 40 m-69. 8) 

D=- 7. 40+ 2. 88 sin (1. 35 m-81. 8)* 

D=- 4. 31+ 2. 86 sin (1. 30 m-23. 9) 

D=- 4. 25+ 2. 74 sin (1. 25 m-23. 3)* 

D=- 3· S1+ 2. 39 sin (I. IO m-IO. 6) 

D=- 1.38+ 2.84sin(1.1om+09.4) 

D=-- 5. 66+ 2. 22 sin (1. IO m-27. 8) 

* Ex}Jression very uncertain. 
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GROUP II.-Oomparison of observed and computed Magnetic J)eclina,tions. 

Comp'<l 
<lecl'n. 

I 
0-C. l Yearandl Obs'd Comp'dlO-C Yearandl Obs'd Comp'dlO-C. Yearandl Obs'd 

fraction. I decl'n. decl'n. · fraction. decl'n. decl·n. fraction. decl'n. 

---~------~---1-----~------~----1----~-------~-----

1.-YORK FACTORY, BRIT. N. A. 

1725. s I +19~ oo 

1787. 5 + 5. 00 

0 

+20.43 

+ 3.68 

- 6.oo - 4.69 

9. 01 8. 12 

7.62 8.66 

0 

-1.43 

+1.32 

-1. JI 

-0.89 

+1.04 

1819.7 

1843.6 

1857.6 

1879.5 

1884.7 

7. oo 7. 22 +o. 22 

_ 6.66 - 6.48 I -0.18 

2.-FORT ALBANY, BRIT. N. A. 

1668.5 +19.25 +20.48 -1.23 

1730. 6 23. 00 21. 97 +I. OJ 

PIERREPONT MANOR, N. Y.-continued. 

1860.5 

1863.5 

+ 5.6o + 5.45 +o. 15 

5. 73 5. 73 00 

1864. 3 5. 83 5. 81 

1865.4 6.oo 5.91 

1866. 7 6. 25 6. 03 

1867. 6 6. 17 6. II 

1868. 4 6. 17 6. 19 

+ .02 

+·09 
+ .22 

+ .06 

- .02 

TORONTO, CANADA.-continued. 

187J. 5 i + 2. 97 

1874. 5 i 3. 07 3· 09 - . 02 : 

0 II 0 II 

- .01 I + 2.98 

1875. s [ 3. 19 3. 20 - . 01 f 

1876.5 i 3.31 3.30 + .01 i 

1877.5
1 

3.41 3.41 .oo I 
1878. 5 3· 52 3· 50 + . 02 

1869. 4 6, 30 6. 28 
1879. 5 3· 62 3· 58 + . 04 ! 

+ . 02 1880. 8 3· 68 3· 67 + ·OJ f 

_ . 32 1884. 6 + 3· 95 + 3. 87 + ·08 I 
- . 22 1-------------i _____ , 

: 

1870.5 6.06 6.38 

1874. 81 + 6. 55 + 6. 7i 

6.- ··TORONTO, CANADA, 

1774. 7 17. 00 16. 99 +o. OI 1-----------.,-----1 

7.--GRA!<ll HA\•E!<, M-lCH~----i 

1825. 5 - 5. 25 - 5. 161- . 09 

1842. 5 7. 50 9. 19 -I. 69 

1880. o +IO. 50 + 9. 56 +o. 94 

3.-DULUTH, MINN., AND SUPERIOR 
CITY, WIS. 

1859.5 - 9.42 - IO.QI 

1861.5 10.20 Io.04 

1870. 7 IO. 50 IO, II 

1871. 5 IO. 67 IO. II 

188o. 6 I - 9· 76 ~Io. 05 

I+ .59 

- .16 

- .39 

- .56 

+ .29 

4.-SAULT DE STE. MARIE, MICH. 

1790.5 o.oo + 0.01 - .01 

1843.5 -I.13 -0.96 -.17 

1844.8 1.02 0.93 - .09 

1845. 5 o. 77 o. 91 + . 14 

1846. 8 Q, 67 o. 87 + . 20 

1856. 7 - o. 54 - o. 49 - . 05 

1873.6 + o.o8 + 0.43 - .35 

1879.8 l.02 0.82 + .20 

I88o.6 +0.99 +o.88 +.II 

$.-PIERREPONT MANOR, N. Y. 

+ 2.27 + 2.71 

4.38 4.33 
1856. 9 + 5. 17 + S· I3 

-0.44 

+o.05 

+0.04 

1840. I 

1841. 5 

1842.5 

1845.5 

1846.5 

1847.5 

1848.5 

1849. 5 
1850.5 

1851. 5 

1853.5 

1854.5 

1855.5 

1856. 5 

1857. 5 

1858.5 

1859.5 

186o. 5 

1861. 5 
1862. 5 

1863.5 

1864. 5 

1865.5 

1866.5 

1867.5 

1868.5 

1869.5 

1870.5 

1871.5 

1872. s 

+ I. 45 + I. 36 + . 09 
1837.5 5.08 5.241 + .16 

1859.6 4.40 4.47 I+ .07 
I. 24 (, 40 - . 16 

1865.6 4.25 4.07 - .18 
I. 32 I. 45 - . 13 

I87J. 7 3· 47 3· 38 - · 09 
1.48 1.52 - .04 

1880. 5 - 2. 43 - 2. 68 + . 25 
I. 51 

I. 55 
I. 59 
I. 62 

I. 64 

I. 68 

I. 77 
I. 80 

I. 87 

I. 94 

2.01 

2.07 

2. 12 

2.18 

2. 24 

2.26 

2.32 

2.36 

2.41 

2.46 

2.50 

2.55 
2.62 

2.70 

2.8o 

+ 2.88 

1.54 - .03 
I. 56 - • 01 ·---~-----------

!. 57 + . 02 

I. 59 + . 03 

I. 62 + .02 

I. 66 + .02 

1.76 +.or 

1.82 - .02 

I. 88 ·- .01 

I.95 - .01 

2.02 - .01 

8.-MJLWAUKEE, MlCH. 

---~-----------. 

1859. 6 - 6. 34 - 6, 90 + . 56 

187I. 4 

187J. 6 

1882.7 

1888.7 

6. 72 6. II 

6. 37r 5• 94 

4. 92 5. 18 

·- 4.37 - 4.65 

9.-BUFFALO, N. Y. 

- .61 

- .43 

+. 26 

+ .28 

2.08 - .01 ·---------------! 
2.14 - .02 

2.20 - .02 

2. 25 - .01 

2.29 - .03 

2.33 - .OJ 

2.37 - . 01 

2.41 ,()(} 

2.45 +.OJ 

2.50 .oo 

1797. 5 0. 00 + o, 26 - . 26 

1798. 5 + o. 50 o. 24 + . 26 

1837.5 

1839.5 

1845.5 

1859.5 

1872. 5 
J87J. 5 
1885,7 

J. 42 

I. 25 
I. 42 

2.94 

3.87 

3.97 

+ 5.07 

I. 19 + . 23 

1.31 i - :06 

I. 11 I - . 29 

2. 19 I + . xs 
3· 891- .02 

3· 97 ! • 00 

+ 4.98 I + ·09 
I 

2. 55 .oo ·------'------------! 
2.62 

2.69 

2.78 

+ 2.88 

• oo 10.-DETROtT, MICH • 

+ . OI 1----:-, ---------;----! 

+ .02 1810.s I -- 2.80 -· 3, IO 

• ~ 1822. 5 j - 3. 22 - 2.82 

+ .30 

- .40 I 
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GROUP IL-Comparison of observed and computed Magnetic Des1inations-Continued. 

DETROIT, M!CH.-continuecl 

I o 

1828. s I - 2. 83 

1835. 5 2. 17 

1840.5 1.97 

1859. 3 o. 70 

1865. 51 o. 67 
1872. 4 0. 42 

1873. 41 o. 29 
1876. 4 - o. 08 

1885.7 I+ 0.52 

!--- I 

- 2.6o 

2.30 

2.o6 

I. 01 

o.66 

0. 28 

0.22 

- 0.06 

+ 0.40 

-- . 23 

+. 13 

+ .O<) 

+ .31 
- .OI 

-- . 14 

-- .07 

- .02 

+ .12 

11.-Yl'SlLANTI, MICH. 

- . JI 

3. 31 + . 04 

2. 83 + . 16 

2.37 - .05 

13.-CH!CAGO, ILL. 

---------1--------o ----o- __ l ___ o_ 

1823. 51- 6. 20 - 6. ai: i + . 01 

1857.6, 5.77 5.711-.06 

1878. 7 I 4· 55 4· 661 + . 11 
1888.6 - 4.12 - 4.05 - .07 

14.-MICHIGAN CITY, IND. 

-- ~---------------

1830. 5 - 5. 58 - 5. 57 - . 01 

1857.7 3.72 4.69 + .97 

1859. 7 5. 38 4· 6o - . 78 

1871.7 I 4,03 3•¢ - .07 

1873.6 -3.98 -3.85 -.13 

15.-ChEVELAND, OHIO. 

Year and 1--0bs'd 
fraction. decl'n. 

Comfd I O-C. 
decl h. I 

I 

17.-BEAVER, PA. 

1786. s I - o~ 72 - o~ 72 ~ oo 

I 866. 6 I + 0. 62 + o. 64 - . 02 

1874.6 I' I. I4 I.17 - .03 

1879. 5 I. 6o I. 49 + · II 
1883. 1 / + I. 70 + (, 77 :- . 07 
-- ------ ------------

1840.6 

1845.3 

1878.7 

1884. 7 

1885.6 

IS.-Pl'fTSHURGiI, PA. 

+ 0.13 + 0.21 

0.55 
2.36 

2.68 

+ 2.93 

0.44 

2.41 

2.76 

+ 2.82 

19.-DENVER, COLO. 

- .08 

+.JI 
- .05 

- .08 

+.II 
1825.5 

1832.5 

1838.5 

1851. 5 
1855.0 

1859. I 

I.20 1.3I + .11 , ______________ -I 

1.00 1.03 + .03 6 I 
I 

1866. 51-15. 00 -14.g81- .02 
14. 79 + .05 

14. 76 + .05 

14. 58 - . 12 I 186o.4 

1863.5 

I 1875.9 
: 1878. 5 
I 1881. 2 

I 1885. 6 

1

1887. 3 

. 1888.6 

I79 .7 - 2.00 - 1.97 - .03 1872. 8 14. 74 
0.75 0.69 - .06 I830.5 1.33 1.o6 - .27 I87J.6 14. 71 

1878. 61 14. 70 
188&. 8 I -14. IO 

o. 63 o. 58 - . 05 
- 0.42 - 0.34 - .08 

+ 0. 50 + O. 61 - . JI 

o. 75 0. 79 - 04 

I. 00 0. 97 + . 03 

I. 22 I. 23 - . 01 

I. 42 I. 33 + . 09 
+ I. 50 + I. 40 + . IO 

12.-ERIE, PA. 

1831. 6 

1834. I 

1838. I 

1840.5 

1841. 3 

1,845.5 

1859.5 

187 I. 8 

1872. s 
187J. 5 
1876.8 

1880.5 
1888.6 

l.OI -.24 

0.90 + .07 

o. 72 + . 14 

o.6o + .28 

I 
-14.12 + .02 

20.-MARlETTA, OHIO. 

I. 25 

0.83 

0.58 

0.32 

0.09 o. 56 + . 47 ·--------------

- 0.35 - .30 1810.51- 2.6o - 0.65 

+ 0.77 + 0.38 + ·39 1824.0 3.42 

- 2.86 

2.79 
2 ·39 

+ .26 

- .63 

+ .85 0.54 I.01 - .47 1838.5 1.54 

0. 75 I. 04 - . 29 

o. 85 I. 09 - • 24 

I. 13 I. 24 + , II 

1.64 1.40 + .24 

18+5.3 

1850.5 

2.10 - .32 

1.83 + .41 

1864. I - I. 21 - I. OI - • 20 

1881. 4 + o. 20 + o. 20 • 00 

+ 2.o6 + 1.73 + ·331----'-------.:...---1 
1786. 8 + O. 53 - O. II 

1793. 5 - o. 70 o. 32 

1795.5 - o. 72 - o. 37 

1841. 6 + o. 50 + o. 45 

- . 35 - ------------'----1 21.-ATJ'!ENS, OHIO. 

1855.) 1.55 1.29 

+ .05 

+ .26 
16.-0MAHA, NETIR. 

!'796.5 - 4-05 - 4.10 + .05 
1859. 4 I. 65 I. 56 

1862. 6 I. 53 I. 73 
1867. 3 2. 22 2. II 

+ ·09 1---,,---------1 
- .25 1819.7 -12.78 -12.63 - .15 

+ . II 186g. I IO. 7r . IO. 96 + , 25 

18o6. 5 4-28 4.13 _:__.IS 

1838. 5 3· 20 3· 23 + .03 
188o.9 - o.68 - 0.67 - .OI 

2.31 

2.83 

2. 55 - . 24 

2. 75 + .08 

18n, 9 3. oo 2. 84 + . 16 

1883.9 3.33 3.24 + ·09 
1885. 7 + 3· 14 + 3. 36 - . 22 

1872. 8 IO. 74 IO. 72 - . 02 1-----'--------'----""f 

i-877. 8 ro. 37 IQ, 3i . 00 22.-eINCINNATI, OKJO. 

1878.7 10.66 10.30 - .36 l-----------.,...----1 

rll88. 7 -- 9. 49 - 9· 56 + . 07 
18o6.5 - 4.97 - 4·99 + .02 

1810. s - 5.00 - 5.02 + .02 

I88o. 8 IO. IO 10. I5 I + , 05 

~---~-------...:._ ____ _,_ __________ :..__ __ ,.!_ ___ L_ ____ ~-.2..-;._~..-
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GROUP II.-Oomparison of observed, and compuwd Magn1Jtic Declinations-Continued. 

Year and I Obs'd 
fraction.· I decl'n. 

Comp'd I ~-C 
decl'n. · 

CINCINNATI, OHIO-continued. 

0 0 .. 
- 4.77 - 4.51 - .26 

188o.9 2. 24 

1888. 6 - I. 97 

4.30 + . 23 

2, 341 + •IO 

- 1.88 - .09 

23.-sT. LOUIS, MO. 

Year and I Obs'd 
fraction. de cl 'n. 

I 

I 
Comp'cl I O-C 
decl'n. · 

Year and I 
fraction. I 

Obs'd 
decl'n. 

I r 
Comp'd I 0-C ; 
decl'n. I ___ · [ 

I --PE_N_·s-Ac_o_L_A_~ -F-LA_._-_co~~mu_e_d_._0_--1---H-A-;-·ANA, 0cuJJA-con~inu~d~-0 I 

1835.5 -6.17 -7.51 +1.34 1833.011 -5.83 -6.11!+·34! 

1843.5 6.90 7.34 +0.44 1857.1 5.25 4.93 i - .32 I 
18;8. 5 6. 79 6. 73 -o. 06 1858. 5 5· 75 4· 85 1- . 90 1 

1861. o 6. 70 6. 60 --0. IO 1879. 2 3· 90 3. 63 I - . 27 

1880.0 5.33 5-34 +0.01 1884.3 2.73 3.33 II+ .6o' 

1890. 2 - 4. 92 - 4. 57 --0. 35 1885. 9 3· 65 3· 24 - . 41 
1------,------,--;_ ___ !_ ______ L_ __ , 1887. 0 - 3· 58 - 3· 18 - . 40 

1835. 5 - 8. 82 - 8. 74 -0. 08 27.-NEW ORLEANS, LA. 

i 

1855.5 8.oo 7.96 -o.04I---------------- 31.-KINGSTON,JAMAICA. II' 

1700.0 - 2.75 - 2.26 - .49 
1812· 6 6· 63 6-9° + 0· 2 1 1 720. 5 2. oo 2. 38 + . 38 1726. 1 - 4- 52 - 5- 14 I + . 62 i 
18n.5 6.51 6.56 +0.05 1750.0 4.6o 3.72 - .88 1732.2 6.04 5.341- .70 II 

179 . 5 5· IO . 92 +1. 2 · 7 ·II - · 7 1878.6 6.56 6.48 -0.08 6 6 8 1791.8 6 8 6 \ 6 
1879. 7 6. 22 6. 39 +o. 17 So6 8 6 i8o6. 5 6 8 6 , 

I ·5 .05 7.4 - ·59 .5o 5· 5 - • 5 \, 
1886. 8 - 6. 18 - 5. 88 -o. 30 8 8 6 6 

1840. 5 8. 33 8. 16 - . 17 I 20. 0 4. 3 5. 4 I + . 3 i 

24.-NASHVILLE, TENN. 

1829. 5 \ - 6. 83 

1835.51 7.12 

1877. 9 I 5. 25 

- 6.88 + .05 

6. 90 - . 22 

5.27 + .02 

1888. 61- 4· 52 - 4;51 - .01 

25.---Fl.ORESCE, ALA. 

1818.5 ·- 6. 58 - 6. 58 

1835. 5 6. 47 6. 46 

1865. 3 5. 40 5. 51 

1875. 4 5· 24 S· 04 

.oo 

- .01 

+.11 
- .20 

8 8 8 8 I+ I 157.0 .00 7.7 -.22 122.5 4·90 5.37, .471 

1858.3 7.86 7.73 - .13 1832.5 5.22 5.00 ]- .22 i 
1870.5 7.IO 7.16 + .06 1833.5 +67 4.96 I+ .29 i 

1872.1 6.66 7.07 +.41 i837.8 4·3° 4.7Sf+·48! 

88 6 (J 6 8 1847.3 3.67 4·37 + .70 
I 0. 2 I - . 4 - . 5 + . 12 , _____________ _, 

28.-SAN ANTONIO, TEX. 

1825. 5 -IO. 50 -IO. OI - . 49 

1836. 5 9· 75 10. 24 + . 49 

1874. 5 9· so 9· 56 + . 06 

1878.4 - 9. 37 - 9. 38 + . 01 

29.-~EY WllST, FLA. 

1857.2 3.67 3.92 + .25 
1875. 5 4. 00 3. IO - .go 
1876. 5 3. 58 3· 05 - . 53 I 
1880. 5 3· IO 2. 88 - . IZ2 i 
1884. I - _2. 33 - z. 73 + . 40 I __________________________ [ 

32.-BARBADOS, CARIBBEE ISLANDS. 
---~------"7""'-~ 

i 
I 

1726. 5 I _ j. 92 - 3· 661- . 26 i 
I 76o. 4 • 4. 50 4- 22 - . 28 I 
1761.4: 3.78 4.22 + .44 \ 

1833.5 \' 1.48 1.81 I* ·B 
1839. s I. 22 I. 49 I + . 27 I 

1-------------~---+ ·09 1750.01- 5.6o - 5.57 - .03 
----'-------~---1 1829. I 6. 42 6. 54 + • 12 

1843. 5 6. 03 5. 84 - . 19 

1881.i,. - 4.63 - 4.72 

26:---MOBILE, ALA. 

1846. 51 I. 45 - I. IO 1 - • 351 
1871. 5 - 0. 58 + 0. 17 i - . 75 
1884. 3 + I, 58 + 0. 70 : + . 88 

33.-PANAMA, NEW GRAN~DA. I, 

1775. 8 - 7. 82 - 7• 71 - . I I 

1790.8 7.82 7.83 + .01 I 

18o2. 5 8. 00 7. 79 -- . 21 II 

1822.5 7.00 7.49 + .49 
1837.5 7.03 7.09 +.o6 

1849.6 5.48 5.49 + .01 
186o. 7 4· 78 4· 81 + . 03 
1861. 2 + 74 4· 77 + . 03 
186z.7 4.67 4.68 + .01 
1863. 5 4. 61 4. 62 + . 01 
1864.5 4.57 4.56 - .01 
1865. s 5. 53 4· 50 - . 03 
1866. 2 4· 50 4· 45 - . 05 

- . 03 • 1879. 2 3· 56 3· 62 + . o6 
+ .38 1884.3 2.91 3.30 + .39 

. 
1814. 5 - 6. 50 - 6. 50 . 00 

1835.5 7.20 7.05 - .15 

1840.5 7.o8 • 7.07 - .01 

1843.5 6.9~ 7.o6 + .13 

1847.4 7.07 7.03 - .04 

1857. I 6. 87 6. 84 - . 03 

1875. 4 6. 12 6. 09 
1883.2 - 5.28 - 5.66 

1887. I - 3· 33 - 3· 13 -- · 20 1849.5 7.08 6.69 - ·39 
1858. 5 6. 28 6 . .34 + . <4 
1866. 4 5. 93 6. 02 + . og 
1873.9 6.32 5.71 - .61 

188o.5 5.40 5,44 + .04 

PENSACOLA, FLA. 
30.-HAVANA, CUDA. 

1726,5 - 4.57 - 4.36 - .21 
1732.3 4.50 4.70 + .20 

1763. 5 - 4- SO - 4• 40 --0, 10 

1775. 5 .4- 50 5: 29 +o. 79 

1&>7.5 7.83 7.17 --o.66 1815. 5 7. 00 6. 76 - . 24 1883. I 5.03 5·33 + .30 

1817.5 - 8.75 - 7.45 -1.30 1816. 6 - 5. so - 6. 74 +1. 24 1884. 2 - 5. 38 - 5.29 - .og 

-·'-----' 
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RESULTS FOR GROUP II-Continued. 

Contents of columns: The third column gives the year of the first observation; the fourth, the 
whole number of observations used in the discussion ; the fifth, the probable error of :tn observa
tion or of an expression; the sixth column gives the year of nearest easterly digression or 
magnetic elongation, with corresponding amount of maximum east declination; the annual 
change is given for three modern epochs. East declination is indicated by a minus sign, as is also 
easterly increasing declination ; westerly declination and westerly increase are indicated by a 
plus sign. 

Station. 

York Factory, Brit. N. A. 

3 

Fort Albany, Brit. N. A. 1668 ) 

l>nluth, ~finn., & Superior City, \\"is. ' 1859 ~ 

5 
6 

8 

9 

S.rnlt <le Ste. ~hrie, ~lich. 

J>ierrepont Manor, 1\. Y. 

Toronto, Cana<la. 

Grand Haven, 11ich. 

~lilwaukee, \Vis. 

Buffalo. :t\. Y. 

JO I letroit. '.\lich. 

I I \'p,ilanti, '.\itch. 

12 Erie, Pa. 

13 Chicago, Ill. 

14 :llichigan l'ity, Intl. 

15 Cleveland, Ohio. 

16 Omaha, Nebr. 

17 Bea,·er, Pa. 

18 l'ittsburgh, Pa. 

19 Jlenver, Colo. 

20 :Marietta, Ohio. 

21 Athens, Ohio. 

22 Ciucinnati, Ohio. 

23 Saint Louis, Mo. 

24 Kashville, Tenn. 

25 Florence, Ala. 

26 Mobile, Ala. 

Pensacola, Fla. 

27 : New Orleans, La. 

28 [ San Antonio, Tex. 

29 II Key West, I-la. 

30 Havana, Cuba. 

31 
1 

Kingston, Jamaica. 

32 II Barbados, Caribbee Islands. 

33 Panama, New Granada. 

lj<)O \ 

1823 

1840 

1825 

1859 

1797 

1810 

1815 

1786 

1823 

1830 

1796 

1819 

1786 

1840 
1866 

1810 

1796 
18o6 

1835 

1829 

1818 

1814 

1763 

1700 ': 

1525 : 
1750?

1 

I 
1726 I 
17261 
1726 

1775 I 

9 

13 

39 

6 

9 

II 

15 

13 

4 

5 
15 

7 

5 
5 
5 

4 

6 

7 

4 

5 
8 

IO 

II 

41 
14 I 

I 
II 

15 

8 

12 

/ 

9 

2 

9 

29 

10 

1857 

1858 

1871 (?) 

1828 

1802 

10 1800 

4 1789 

13 1808 

6 r831 

36 r820 

13 1792 

9 1823 

5 1814 

6 lSoS 

4 1839 

23 1815 

5 i8o3 
9 1813 

9 1822 

5 1834 
7 1821 

8 1841 

34 1828 

22 1836 

14 1844 

5 
29 

1799 

1797 

25 I 177s 
21 1 176o 

I 1793 
I 
i 

- 8.7 

+ 8.8 

-IO. I 

- I. 2 

+ 2.2 

- 5.3 
- 7,7 

+ 0.2 
- 3. 2 

- 4.6 

- 0.5 
- 6.3 

- 5.7 

- 1.9 

-12.6 

- 1.3 

- o.6 

-15.4 

- 2.9 

- 4.1 

- 5.0 

- 8.9 

- 6.9 
- 6.6 

- 7. r 

- 7.6 
- 8.2 

;-IO· 3 
- 7.2 

- 7.0 
- 6.2 

- 4.2 

- 7.9 

Annual change in 

I 

+ 9· 4 +10. 9 +1'2. 2 

+ 4. 7 + 5. 4 + 6. I 

+ I. I(?) + I. 5(>) + I. 9(?) 

++o +4.1 +4·1 

+ 5. 0 + 4· 6 + 4. 2 

+ 2. 3 + 3. 8 + 4. 4 

+ 7. 3 + 8. o(') (?) 

+ 5· 3 + 5. 4 + 5· 5 
+ 4· 8 + 4· 5 + 4· 2 

+ 2.8 

+ 3.5 
+ 3.8 
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RESULTS FOR GROUP II, CENTRAL SERIES-Completed. 

Tabular values of magnetic declinations. Computed magnetic declination at each station for 
e\·ery tenth year of the series, and after 1850 for every fifth year. A plus sign signifies westerly 
1leclination, a mi~us sign easterly declination. The :first tabular result for any station indicates that 
1he first observation made there falls between that tabular date and the next one following it. 
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The tabular values for 1900 are but rough predict.ions. 
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The tabular values for 1900 are but rough predictions. 
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The tabular valu~ for 1890 are but rough predictions. 
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GROUP III.-Collection of Ma.gnetie Declinations from the earliest to the present Mme, observed on or 
near the l'acyic coast of the United States a.nd u:est of the Rocky Mountains, and extending over the 
region from the Isthmus of Tehuantepec, Mexfoo, northward to Bering Strait and the Arctic Ocean, 
coast of Alaska. 

To tl1ese are added observations at a station in Kamtchatka aifd at two stations in the Sandwich 
Island~. This collection comprises only places for which sufficient data w<·re found for the 
dh1cussioa of the secular change of tbe declination. 

Since the issue of the fifth edition of this paper a valuable collection of magnetic data has 
been pubfohcd by As:ii:itant G. Dadd:ion in Appendix No. 7, Report for 1885, entitled "Collec
tion of some Magnetic Variations off the Coasts of Califuruia, and Mexico, observed by Spanish 
Navigators in the last Qmuter of the Eighteenth Century." The contents of this communication 
bearing directly upon our researches, it was submitted by me to a careful scrutiuy, when its value 
became at once apparent, as it enable<l me to assign for that early period a closely approximate 
valne for the 1leclii1atio11 for any part of the coast between San Blas, a leadrng- Mexican port at 
the time, aml Va11cou ver Island. By means of these obsernttions, when properly discussed, almost 
as satisfactory a valuH could be given as if it had been directly observed, and consequently I have 
introduced sucli restllts iu the general collection of declinations at all places where observations 
were wanting about that period and in some instances made use of these values as checks on 
observations which otherwise appeared doubtful. It will therefore be proper to explain the method 
of procedure and give the results deduced, before presenting the general collection of data for the 
secular-change statious on the Pacific coast. 

All observations in question were made at sea, hence individually they give little reliable 
information for any particular place, but collectively their value becomes apparent if it can be 
shown that the probable error of a single observation is reasonably small and that the law of geo· 
graphical distribution of the <leclinabon can be made out satisfactorily. This was effectefl by 
plotting all observed valnes for localities not more than about 40 of arc or about 240 nautical miles 
distant from the coast and representing the distribution of the declination a111 a function of the 
latitude and longitmle, but disregarding the effect of the secular change during the interval 1774 
to 17!>0; in other words, making no allowance for reduction to mean epoch. 

To facilitate treatment of so large a number of observations by application of the method ofleast 
square~, the 122 obserrntions selected as within our limit were united into mean values, for 7 groups, 
which could readily be marked out on the chart. No rejection was made and the values forming 
each group may be identified, if desired, by the epoch and their latitude and longitude without 
special reference to Appendix No. 7, Report of 1885. These groups are given below. In the table 
the groups are marked "A" to "G,'' and the headings No., r, cp, il, D indicate the running number, 
the year and fraction, the latitude, the west longitude, and the observed declination, respectively. 
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__----:~~structed from Observations made by Spanish Navigators between 1774 & 1790. 
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GROUP III.-Oollection of Magnetic Declinations from the earliest to the present time-Continued. 
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17go. 6 49- 6 --17.0 
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GROUP III.-Collection of Magnetic Declinations from the earliest to the present time-Continued. 

RESl'LTS FOR EACH GROPP. 

il ]l I r tp I Group. 

------.1 

A 

B 

c 
D 

E 

F 

G 

:\lean 

1875.9 22. 3 108.7 i - 5.5 
1780.2 20. 2 I 13. I - 5.5 

1785. I I 24. 5 114. 7 - 6. 7 

1787. I ! 30. 3 I 18. 9 - 9· 3 

I 1782. 2 ! 36. 7 12J. 2 -12. 6 

I 1 7i9· s 4r. 3 i 125. 3 -14. 9 

I
I~~ 48. J __!_!_7· 2 .~~ 

1783. 3 ' JI. 9 I 18. / i ~Io. 3 
I . I 

For the relation D= j ( cp, i\.) I have found it sufficient to make use of the following terms only, 
others depending ou the square or on higher powers would have no sensible effect upon the result, 
uor would they be warranted by the uncertainties in the observations themselves: 

where 
.d<p=<:p-<:po=<p- 310.9 
.dA=A.-A0=A-l180.7 

D=Do+.d<p.x+ LIA cos <p.y+.dg?.z 

D 0 =normal declination for epoch 1783.3=-l00,3 
D=declination at that time for any place (within the geographical lilpits of the investigation) 

and whose latitude is <p and whose longitude is A.. The conditional eq nations then become as follows: 
+4.8=- 9.6 x-9.3 Y+ 92 z 
+4.8=-11.7 x-5.3 y+l37 z 
+3.6=- 7A x-3.611+ 55 z 
+ 1.0=- 1.6 x+0.2 Y+ 3 z 
-2.3= + 4.8 x+3.6 Y+ 23 z 
-4.6=+ 9.4 x+5.0 y+ 81' z 
-7.0=+16.4 x+5.6 y+26!J z 

and the normal equations become: 

whence 

6GG.7 .r+333.7 y+ 2456.4 z+ 299.6=0 
-- 196.9 Y+ 250.1 z+ 153.3=0 

-- 110057.0 z+1036.9=0 

~
-x=-0.381 

y=-0.132 
z=-0.0006 and D=-l00.3-0.381.dcp-0.132 .dA cos <p-0.0006 .dqr 

which equation leaves the following residuals, obsen·ed-computed: 

Group. Obs'd D. I Comp'd IJ. I 0-C 
I 

0 0 
---0 -1 

A - 5.5 - 5.5 0.0 i 
I 

B - 5.5 - 5.2 -0.3: 

c - 6. 7 - 7.0 +0.3 j 
D - 9·3 - 9.7 -ro.3 

E -12.6 -12.6 o.o 

F -I4.9 -14.6 --0.3 

G -17.3 ---17. 4 +-o. I 
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GROUP III.-Oollection of .llfagnetic Declinations from the earliest to the present time-Continued. 

The remainders in the last column indicate a sufficiently close representation of the observations. 
}'or the probable error of the mean of a group we have 

r=0.674 I [~rI =:f:00.205or ± 12'. "Vn-m 

On an average the number of observations in a group is 17, hence the probable errorr0 of any 
individual observation for declination is 0.205 v' l 'for ±0°.845 or ±51', a tolerably fair value, con
sidering the time when these observations were made. It also compares favorably with tlie 
estimated average probable error of au observation made by Vancouver. 

To draw the isogonic lines as represented on the accompanying map (No. 24) it was only ne®S· 
sary to find the roots of the above equation for certaiu assumed values of D, ranging from _50 to 
-180, and plot the corresponding values of <p and 1 or points for each line. 

A comparison of the isogonic lines of 1783 with those of the present time sliows that a 
century ago the general direction of the curves was not very unlike the present one, but they were 
less crowded than now. Iu the space between San Blas and tlie northern part of Vancou;-er 
faland we find a change of declination in 1783 of 13°, whereas in the same space we now have 
mo of change, and, rouglily speaking, the declination a century ago was 4° less easterly than at 
present in the region of Sau Blas and 6° less than at present at Vancouver Island. 

Series of Magnetic Stations mainly on the Pacific Coast and in the region of and west of the Rocky 
Mountains. 

The stations of this western series are irregularly scattered over the region extending from 
the Isthmus of Tehuantepec, Mexico, to the Arctic Ocean, Alaska. Added thereto is a station in 
Kamtchatka, Eastern Siberia, antl two on the Sandwich Isl:rnds group. 

In this series the observations for magnetic declination have been collected and discussed for 
secular variation at the following places, arranged in order of increasing latitudes: 

1. Acapulco, ~Mexico. 
2. Vera Cruz, Mexico. 
3. City of Mexico, M"xico. 
4. San Blas, Mexico. 
5. San Lucas, Lower Cal., Mex. 
6. Magdalena Bay, Lower Cal. 
7. Cerros Island, Lower Cal., Mex. 
8. El Paso, Texas. 
9. San Diego, Cal. 

10. Santa Barbara, Cal. 
I 1. Monterey, Cal. 
12, San Francisco, Cal . 

. 13. Cape Mendocino, Cal. 
14. Salt Lake City, Utah. 
15. Vancouver, \Va.sh. 
16. Wallula, Wash. 
17. Cape Disappointment, Wash. 

Olympia, Wash. 
18. Seattle, Duwamish Bay, \Vash. 
19. Port Townsen<l, \Vash. 
20. Nee-ah Bay, Cape Flattery, \Vash. 
21. Nootka, Vancouver Island. 
22. Captain's and Iliuliuk harbors, lJnalashka Is'd. 
23. Sitka, Alaska. 
24. St. Paul, Kadiak Island. 
25. Port Mulgrave, Yakutat Bay, Alaska. 
26. Port Etches, Alaska. 
27. Port Clarence, Alaska. 
28. Chamisso Island, Kotzehue Sound. 

29. l'etropavlovsk, Kamtchatka. 
30. Kailua, Is'd of Hawaii, Sandwich ls'ds. 
31. Honolulu, ls'd of Oahu, Sandwich ls'ds. 

The first column of the record for any station contains the running number of the declina
tions used in the discussion, the second the date of observation, the third the observed value, aud 
the fourth the name of the observer, the geographical position of the station, the refert>nce to 
publication, and other 'Pertinent remarks. Unless otherwise stated, unit weight (w=l) is given 
to each observation in the computation. 
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Gn.our III.-Collcction of Magnetic Declinations, Western Series. 

-----··---· 

1630,about.-

1744~-

2 1791, April 29. 

3 1822 __ 

4 1828 __ 

( 1837 __ 

5 ~ 
1838 __ I 

LI 
1838 __ 

1841_ 
I 

6 I 1866, May 30. 

... 
18j4, March 17. 

8 1880, November 23, 24. 

9 1882, November 18. 

I 1:30, about. 

I 
2{1 

1726 to 1727. 

1769_ -

17f>9, Maich I 5. 
1776 __ 

3 I 
4 ' 1815 __ 

I 
6 

7 

8 

9 

1819, April 27. 

1839 __ 

1856, August 7, 8. 

1861 __ 

188o, February 10, 11, 12. 

0 I 

17~ 

3 

7 44 
8 40 

9 07 

8 23 

8 13 

8 17 

8 17 

8 22 

8 38.7 

7 56.6 

7 54 

3 

2 15 

6 40 

6 28 

7 30 

JO 37 

9 16 

8 22 

8 17 

8 20 

E. 

E. 

1.-ACAPULCO, MEXICO . 

.:l.=99° 53 1 .5 W. of Gr. 

(South of Fort San Diego.) 

According to R. Dudley's" Arcano del Mare," Florence, 1646-'47, the de-

clination was 1>f0 E. off this port. [No use is made ofthis.-Sctt.] 

Anson; Hansteen's Magnetismus der Erde, 1819. 

Don A. Malaspina, observed on land. Berliner Jahrbuch, vol. 53, for 1828. 

Hall; in <p=16° 501, A.=99° 511 \V. Becquerel's Traite du Magnetisme, 

Paris, I 846. 

Capt. Ileechey; Becquerel, as above. 

Sir Edw. Belcher; Fort San Diego, in rp=16° 501 .9, .:l.=99° 521 .2 W. 

Admiralty chart of Acapulco _______________ } 
. . [Mean-8°.29for 1838.0 

Sir Edw. Belcher; Phil. Trans. Roy. Soc., I 843. 
-SCH.] 

Du Petit Thouars; Voyage of the Frigate Venus. 

Duflot de Mofras's Explorations of Oregon, Paris, 1844. [Probably Du Petit 

Thouars's value; not used.-Sctt.J 

W. Harkness, Prof. U. S.N., in 9=16° 501 .1, A.=99° 52 1 .3 W. Observa

tions on Terrestrial Magnetism, Smithsonian Contributions to Knowledge, 

No. 239, 1873, p. 61. 

G. Dewey, Comdr. U.S. Str. Narragansett, Lieuts. Z. L. Tanner and E. J. 
Young, observers; in </!=16° 501 .5, A.=99° 55'.4 \V. 

I 
H. E. Nichols, Lieut. U.S. N., ru>sist. U. S. Coast and Geodetic Survey; 

Cocoanut Grove, close to Prof. Harkness's station of 1866; in ¢=16° 49'.2, 

I il=99° 561.3 W. 

I 
U. S. S. Ranger, Lieut. W. P. Ray, in ip-,-16° 51 1, .:l.=99° 56' W. Naval 

Professional Papers No. 19, Washington, 1886. 

2.-VERA CRUZ, MEXICO. 

A.=96° 081.8 W. of Gr. 

(Castle San Juan d'Ulloa.) 

\V. Accordi!1g to R. Dudley's" Arcano del Mare," Florence, 1646-'47, the de

clination was 3° W. off this coast. [No use is made of this.-Sca.] 

E. Joseph Harris; Phil. Trans. Roy. Soc. (abridged), 1824-'34. 

} Encycl. Brit., ~eventh edition, [ 842. 

Don Ulloa; Encycl. Brit., seventh edition, 1842. 

Malony; Encycl. Brit., seventh edition, 1842. [Weight)( assigned to this 

value.-ScH.] 

Wise; Encycl. Brit., seventh edition, 1842. 

Behard; ¢=19° 121, A=g6° 09' W. Phil. Trans. Roy. Soc., Sir Edw. 

Sabine's Contributions to Terr. Magn., No. xiv, vol. 165, 1875. 

August Sonntag; in rp=19° 121, A.=96° og' W., at the villa la Guaca, 200 

yds. south of the city; Smithsonian Contributions to Knowledge. Wash· 

ington, 186o; also, Coast Survey Report for 1856, p. 214. 

English Admiralty Chart, No. 523, corrected to 1861. 

7 26. 3 E. Lieut. S. M. Ackley, U.S. N., asst. U. $.Coast and Geodetic Survey; north

east bastion of Castle San Juan d'Ulloa, +=19° 121.2, l.=96° 081.5 W. 
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GROUP III.-Collection of Jlfagnetic Declinations, Western Series-Continued. 

3.--CITY OF MEXICO, MEXICO. 

l{ 
1769, June. 

l 769, December. 

2 1775--

3 1803, December. 

4 1849 __ 

5 l 850 __ 

6 1856, December 10-17. 

7 1858 __ 

8 l86o __ 

9{ 
1862 __ 

1862 __ 

I 1866 __ 
10{ 1867 __ 

II 1868 __ 

12 1879, September, October, -November, December. 

13 1884, April 5, 8, 9, II, 15, 

19. 

1630, about. 

I 1714, November 22. 

2 I 788, March 9. 

3 I 791, April 12. 

4 1821-122. 

1828 __ 

o I 

5 20 

5 35 
6 42 

8 08 

8 30.2 

8 35.2 

8 46 

8 22.3 

8 30 

8 :20.5 

8 34.8 

8 08.5 

8 og.3 

8 10.0 

8 34.5 

1=99° II 1.6 W. of Gr. 

(Observatorio Xacional.) 

E. Don Alzate; Hansteen's Magnetismus <ler Enle, 1819. 

Don Alzate; reference as above. 

Velasquez de Leon; Memoria del Observatorio Meteorologico Central de 

Mexico; Por V. Reyes, Mexico, 1880. 

Alex. von Humboldt; Hansteen's Magnetismus der Erde, 1819. 

Gomez de la Cortina; Memoria de! Observatorio Mctcorologico Central de 

Mexico; Por V. Reyes, Mexico, 1880. 

Velasquez y Teran; F. Diaz Covarrubias's Tratado de Topografia y Geodesia, 

Mexico, 1869,tomo l,p. 221. 

August Sonntag; Observations on Terr. Mag. in Mexico, Smithsonian Cant's 

to Know!., Washington, 1860; also Coast Survey Report for 1856, p. 214." 

Alamazan; in Mem. del Observatorio Central; F. Diaz Covarrubias's Tra

tado de Top. y. Geod., Mexico, 1869. 

Salazar Llarregui ; in Mem. del Observatorio Central; F. Diaz Covarrubias's 

Tratado, as above. 

Diaz Covarrubias; Tratado, as above. 

Iglesias; Memoria de! Observatorio Meteorologico Central de Mexico; Por 

V. Reyes, Mexico, 1880. 

} 
Ponce de Leon; Tratado de Topografia y Geodesia, Mexico, 1869, tomo 1, 

p. 221. 

Fernande?. y Diaz Covarrubias; Tratado, as before. 

Memoria so bre el Departmento Magnetico del Oloservatorio Meteorologico 

Central de Mexico, Por V. Reyes, Mexico, 1880. (The weight one-half 

is given to this value.--SCH.] 

8 19.0 E. Observatorio Central (at Tacubaya ), M. Barcena, director; official, news

paper slip communicated by the Mexican Consul at San Francisco. The 

observations of April 15 were made hy Prof. G. Davidson, assist. Coast 

and Geodetic Survey; he found 8° 131.9 E. 

0 / 

5 

7 28 

8 40 

II 06 

4.-SAN BLAS, MEXICO. 

il.=J0.'1° 181 4 W. of Gr. 

(Custom House.) 

E. According to R. Dudley's "Ai:cano de! Mare," Florence, 1646-'47, the dec

lination was about 2.Yz0 E. [No use is made of this.-ScH.] 

Sauvague le l\1uet, in the ship Comtesse de Pontchartrain. Communicated 

by Asst. G. Davidson, Dec. 7, 18S7. [Referred to San Blas from Ban-
• ! 

deras Bay, where le Muet noted "no" variation. w= Yz.-ScH.] I 
Don Esteban Martinez; in the Princessa; </>=21° 301

, ;L=ro5Yz 0 \V. Asst. 

Davidson's collection, Coast and Geodetic Survey Reporl for 1885, Ap

pendix No. 7. [W=Yz-ScH.] 
Don A. Malaspina; observed on shore. Berliner Astron. Jahrbuch, vol. 53, 

for 1828; also Encycl. Brit., seventh edition, 1842. 

Hall; Encycl. Brit., seventh edition, 1842. ·· 

E. Capt. F. W. Beechey; Beechey's Narrative of a Voyage to the Pacific, 

1825-'28; also Becquerel's 'Fraitl!: du Magnetisme, Paris, 1846. [Not 

used.-ScH.] 

.. 
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UNITED STATES COAST AND GEODETIC SURVEY. 

GROUP III.-Oollection of Magnetic DeclinatiOna, Western Series-Contim1ed. 

1837 __ 

1837 __ 

1838 __ 

1839 __ 

1841 __ 

1874, February 23, 24, 26. 

1880, December 5. 

SAN BLAS, MEXICO-Continued. 

0 , 

8 34 

9 09 

8 47 

9 00 

9 12 

9 08.2 

E. 

9 18. I F.. 

SirEdw. Belcher; in\1>=21° 32', A=I05° 16;W, Phil. Trans. Roy.Soc., 1843. 

Du Petit Thouars; Voyage de la Venus, 1841. Gen. Sir Edw. Sabine's 

Cont's to Terr. Mag., No. xiv. Phil. Trans. Roy. Soc., vol. 165, part 1, 

1875; position in ct>=21° 321 , A=I05° c161 W. 

Sir Edw. Belcher; in the Sulphur; reference as above. 

Sir F.dw. Belcher; Phil. Trans. Roy. Soc., 1843. 

Duflot de Mofras's Exploration of Oregon, Paris, 1844. 

G. Dewey, Comdr. U. S.S. Narragansett, Licuts. Z. L. Tanner and E. J. 
Young, observers, in </!=21° 321 .4, i\.=105° 181 .7 W. 

II. E. Nichols, Lieut. U.S. N., asst. U.S. Coast and Geodetic Survey; near 

Custom House, station of Sir E. Belcher of 1839; in ¢=21° 321 .2, il= 

105° 18'.1 W. [w= 1~-SCH.) 

5.-SAN LUCAS, LOWER CALIFORNIA, MEXICO.* 

9=22° 53'·3 il.=109° 541 .7 W. of Gr. 

(Ilay of San Lucas.) 

o I • 
I 1709, January 12. 3 E. Ouservation by Captain Woods Rogers; in ¢=22° 16', A.=114° 091 , to the 

2 I 1714, October 21. 
I 

3 1779, November 15. 

1783. 3 

4 i 1839.5 

5 1841. 5 

6' 

I 
1873, June 9. 

. 

I 30 

6 

5.85 

8 38 

7 53 

I IO 23.3 

westward of the Cape. C. Hansteen's "Magnetismus der Ertle," Chris

tiania, 1819. [The reduction to the Cape may be assumed as+ Jf 0 , hence 

declination -2°.50, with w=~-Scu.) 

Sa.uvague le Muet, close under shore, in 9'-=23° 15', il=I !0° 15 1 • Spanish 

MS. translated by W. Revely and published by A. Dalrymple in 1790. Com

municated by Asst. G. Davidson, Dec. 7, 1887. [w= ~-Seu.] 
Sr. Virey and Antonio Bucareli; in f=22° 501 , A=JI0° 081 • C. and Geod. 

Survey Report for 1885, App. No. 7. [w=~-ScH.] 

Value deduced from 122 observations by Spanish navigators along the coast 

between San Blas and Nootka; Appendix 12, C. and Geod. Sbrvey Report 

for 1886. (Not used.-ScH.] 

Sir Edward Belcher, Phil. Trans. Roy. Soc:., 1843 and 1875. In <f==22° 52', 

"-=109° 53' W; San Lucas Bay. 

Duftot de Mofras, Explorations of Oregon, Paris, 1844. In 'f1=22° 521.5, 

"-=109° 5o'.5 w. 
Lieuts. Z. L. Tanner and E. J. Young; cruise of the U.S. S. Narragansett, 

G. Dewey, Commander, May, 1873, to March, 1874. In f=22° 53'.3, 

"-=109° 54'·9· [On Feb. 27,28,and March 1, 1873, Asst. W. Eimbeck 

observed at San Jose del Caho, in 'fl=23° o 31 .6, A.=109° 40'. 7, the declina· 

tion lo0 32'.4 East (Appendix No. 9, Report for 1881). According to 

observations by G. C. Reiter in 1875 (which see further on), the declina

tion at San Lucas was 12'.6 less east than at San Jose; but, according to 

observations by Z. L. Tanner in 1873, it was44'.1 greater, again according 

to Lieut. Comdr. Nichols, Feb. 18, 20, 1881, San Lucas had 17'.6 less dec

lination than San Jose; hence on the average it was 4'.6 more easterly, and 

Asst. Eimbeck's observatinn referred to San Lucas gives for 1873.15 the 

value -10° 37'.o adopted mean, or -Io" JO' for epoch 1873.3.-Sce:.] 

*According to R. Dudley's "Arcano dd Mare," Florence, 1646-'47, the declination at Cape San Lucas was about3}(0 east at 
some time between 16oo and 1647. [No use can be made of this at present.-ScH.) 
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GROUP III.-Colleetion of Magnetie lJeclination.s, Wester1! Series-Continued. 

SAN LlICAS, LOWER CALIFORNIA, MEXICO-Continued. 

7 1875,January 17. 9 38.8 G. C. Reiter; Cruise of the U.S. S. Narragansett, Nov., 1874, to J1dy, 1875. 

In <{>=22° 53 1 .3, A=I09° 54'·7 
8 1881, February 20. 9 26. 2 E. Lieut. Comdr. H. E. Kichols, U.S. N., and asst. C. ancl Geod. Survey. In 

qi=22° 531 .6, A=I09° 541 .7 W. Appendix No. 9, Report for 1881. 

2 

3{ 

4 

5 

6 

r 
7i 

l 

8 

1 

z 

-------------'------' ----------------------------- --------~----

1630, about. 

I 7-14, October IO. 

1783.3 

1837 __ 

1837 __ 

r839 __ 

1841__ 

1866, June 9. 

1871, March and June. 

1873, March 5, 6, 7. 

I 873, J \Ille 23. 

1 881, F ebrua.ry 24. 

6.-MAGDALENA BAY, LOWER CALIFORNIA. 

I o / 

4 

I J{ 

6 47 

8 15 

8 17 

9 15 

8 15 

IO 40.5 

II 00 

JO 36. 6 

IO JO. 8 

i1.=n2° 081 .9 W. of Gr. 

(Near village on Man-of-War Cove.) 

E. According to R. Dudley's "Arcano del Mare," Florence, 1646-'47, the dec

lination was not far from 4° E. [No use is made of this.-Sc11.) 

SauvaguP, le Muet, in the ship Comtesse de Pontchartrain. Communicated 

by Asst. G. Davidson, Dec. 7, 1887. [w= ,%"-SCH.] 

Deduced from 122 observations by Spanish navigators along the coast be

. tween San Blas and Nootka; see preceding investigation. 

Du Petit Thouars; voyage of the Frigate Venus. 

Voyage of the Frigate Venus. } Gen. Sir Edw. Sabine, in Phil. Trans. 

Sir Edw. Belcher in \11=24° 381, Roy. Soc., vol. I~, part I, 1875; 

A=II2° 071 W. Cont's to Terr. M11g., xiv. 

Duflot de Mofras; Explorations of Oregon, Paris, 1844; in ¢=24° 36', 

A=112° 05 1 W. [Not nsed.-ScH.] 

W. Harkness, Prof. U. S. N.; Cruise of the Monadnock, 1865-'66, Smith

sonian Contributions to Knowledge, No. 239, \Vashington, 1873; in</>= 

24° 40', il.=112° 071 \V. 

G. Bradford, asst. Coast Survey, near village on Man-of-\Var Cove, in r/J= 

24° 37 1.5, A=I 12° 13/.3 \V. Chart in Coast Survey archives. 

\V. Eimbeck, assist. Coast Survey, near village on Man of-War Cove, in</>= 

24° 38'.4, A=I 12° 08'.9 W., near Belcher's and Bradford's stations. 

Record in Coast Survey archives. 

G. Dewey, Comdr. U.S. S. Narragansett; Lieuts. Z. L. Tanner and E.J. 

Young, observers. (Double weight given to this value.-ScH.] 

10 29. 1 E. H. E. Nichols, Lieut. Comdr. U. S. N., assist. U. S. Coast and Geodetic 

Survey; at Eimbeck's station of 1873, in \fl=24° 381 .4, il.=I 12° 081.9 

W, [Double weight given to this value.-ScH.) 

7.-CERROS ISLAND, SEBASTIAN VIZCAINO BA~, LOWER CAL., MEX. 

0 , 
1714,0ctober 17. 2 

1783.3 8 26 

B. EL 22-18 

1j1=28°04t A.=115° 121 \V. of Gr. 

(Morro Redondo Bay.) 
. -

E. Observer: Sau vague le Mu et; letter of G. Davidson, 

•=28° 12', 1=117° 451. [\\'hen referred lo Cer 

weight =.}t-ScH.) 

----- _______ , 

Dec. 7, 1887. In 

ros Island -1°.75; 

E. Deduced from 122 observations by Spanish navigators a Jong the coast from 

San Blas to Nootka. (=}4-Sca.] 
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GROUP III.-Oollection -0/ Magnetic Declinations, Western Series-Continued. 

CERROS ISLAND, SEBASTIAN VIZCAINO llA.Y, LOWER CAL., MEX.-Continued. 

o I 

IO 46 E. At San Bartolome Bay, in ¢=27° 401
, il.=114° 531 . Phil. Trans. Roy. Soc., 3 I 1839 __ 

4{ 

5 

6 

7 

I 

2 

3 

4 

5 

1873, February 17, 18. II 45• 2 

1873, September 9. 12 03.5 

1874, December 28. 12 09. 2 

1881, March 9. II 58. 6 

1888, March 26, 29, May { 11 40. 5 
31, June 1. II 38. 4 E. 

1843. [Reduction to Cerros Island, S. E. point-8', hence decl'n -10° 

541-ScH.] 
Asst. W. Eimbeck (G. Davidson in charge of party) at Cerros Island, in 

\1>=28003'.9,il=II5o II'.5 

Lieuts. Z. L. Tanner and E. J. Young. Cruise of the U.S. S. Narragansett, 

G. Dewey, Comdr. At Cerros Island, in ¢=28° 021 , A=II5" 11 1 . 

(Mean or -I 1° 541.3 used for epoch 18734-Scn.] j 
At Cerros Island, in <1>=28° 021, il=IIS0 11 1• Lieuts. J. E. Craig and 

C. Seymour; Cruise of the U.S. S. Narragansett, G. Dewey, Comdr. 

At Cerros Island, in <>=28° 031 .4, A=rIS 0 11'.3 H. E. Nichols, Lieut. 

.. U. S. N. and Asst. C. and Geod. Survey. C. and Geod. Survey Report 

for 1881, App. No. 9. 

S. E. Bay, Cerros Island, q.=28° 031 , .l.=115° 131 . 

Morro Redondo Bay, Cerros Island, \1>=28° 041., .l=115° 121 • Lieut. C. F. 

Pond; Cruise of the Ranger, F. A. Cook, Comdg. Notice to Mariners 

Nos. 41 and 52, 1888. ,[Mean -11° 39.1.4 for 1888.32-ScH] 

8.-EL PASO, TEX. 

\l>=JJO 45'·5 il=1o6° 291.1 W. of Gr. 

(Fort Bliss.) 

' 
0 I 

1852 __ 12 24 E. Major W. H. Emory, Commissioner United States and Mexican boundary 

survey; Amer. Acad. of Sci., vol. vi, new series, 1856. At Frontera in 

¢=31<> 491
• A=Io6° 291 w. 

1859, January 20. 12 25. 0 J. IL Clark. U.S. Commissioner; Report of Commissioner of General Land 

Office, 47th Cong., Sen. Exec. Doc. NI). 70, Washington, 1882; at Frontera 

in c/>=31<>49',il=1o6° 331 W. 
1878 __ 12 25.2 At astronomical monument, Fort Bliss; in ¢=31° 451 .5, A=Io6° 2g'.1 W. 

Report of Chief of Engineers, U.S. A., for 1879, vol. iii. 

1884, April 8. 12 05 Prof. G. Davidson, asst. Coast and Geodetic Snrvey; about 200 yds. north 

of R.R. depot, in ¢=31°45.51,A=ro6° 27'W. MS. at C. and G. Survey 

Office. ', -
1888, December 1, 2. II 53.8 E. J.B. Baylor, asst. C. and Geod. Survey. Station on U.S. Reservation, bo, nd: I 

I by Missouri, El Paso, Oregon, and Franklin streets. MS. in archives. 

' .. 
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UNITED ST.A.TES CO.A.ST .A.ND GEODETIC SURVEY. 

G:n.oup III.-Oollection of Magnetic Declinations, Western Series-Oontiaued. 

9.-SAN DIEGO, CAL. 

0 , 
1714.8 6 

1783.3 IO 26 

1792 __ II O 

I793--. II 0 

1839 __ 12 20.6 

I84r__ II 0 

I851, April 28 to May 7. 12 28.8 

I 853, October I 5. 12 31. 7 

1866, June 15. 13 09.4 

I871, May 28, 29, 30. 14 46.7 

E. 

A=I 17° 14.3' W. of Gr. 

(La Playa, Point Loma.) 

Sauvague le Muet. A rough deduction from observations by le Muet in 

1714, about the Island of Guadaloupe. Referred differentially to San 

Diego. Letter of G. Davidson, Dec. 7, I8S7. [w=Yz -ScH:.] 

Deduced from I 22 observations by Spanish 116 vigators along the coast be- ' 

tween San Blas and Nootka; see preceding investigation. 

Capt. G. Vancouver; Vancouver's Voyage of Discovery, etc., 1790-'95, vol. 

2, p. 475, London, 1798; also Hansteen's Magnetismus der Erde, I819. 

In </>=32° 391,;t~u7° 171 W. [w=Yz-ScH.] 

Reference as above; in 1'=32° 421, A=I 16° 531 \V. Observed on buard 

ship on or near the coast. [Not used.-ScH.] 

Sir Edw. Belcher; in'?=32°41',il.=117°1J'\V. Phil. Trans.Roy.Soc., 

1841. 

Duftot de Mofras, Explorations of Oregon, l'aris, 1844; in '1>=32° 391.5, 

A=II7° 17 1 W. [Not used.-SCH.] 

G. Davidson, asst. Coast Survey; near La Playa, in 9=32° 421.2, il= 

I I 7" 141.6 W., Coast Survey Report for 1856, p. 229. 

Lieut. W. P. Trowbridge, asst. Coast Survey; at La Playa, near the custom 

house. Coast Survey Report for 1856. 

W. Harkness, l'rof. U.S.~ ; in 11>=32° 421 , A=Il7° 131 W., at La l'laya; 

Smithsonian Contributions to Knowledge, No. 239, Washington, 1873. 

G. Davidson, assist. Coast Survey, at New San Diego; in 9=32° 431.1, 

A=II7°09'.7W., Coast and Geodetic Survey Report for1881,App.9. 

[Not used, distance from La Playa too great and reduction uncertain.

Seu.] 
8 1872, November19, 20, 2I. I 3 I9. 4 G. Davidson, assist. Coast Survey, and S. R. Throckmorton, aid; near La 

Playa, inrp=32°42'.2,il=II7° 141.6\V.; station of 1851. Coast and 

Geodetic Survey Report for I881, App. 9. 

I879 __ 

9 1881, April 6. 

ro 

1

1888, June 16, 17. 

12 55 

13 04. 2 E. 

Capt. W. A. Jones, from a plan of New San Diego, showing U.S. Barracks. 

[Not used.-SCH.] 

H. E. Nichols, Lieut. Comdr. U.S. N., asst. Coast and Geodetic Survey, near 

Davidson's station of I851, in </>=32° 421.2, il=I 17° I4'-5 W. Coastancl 

Geodetic Survey Report for I 88 I, Appendix. 9. 

, Lieut. C. F. Pond, U. S. N., in U.S. Steamer Ranger at La Playa, in 9=3~0 

I 421, A=l 17° 14'. Notice to Mariners, U.S. Hydr. Office, No. 41, 1888. 

---~ 

0 , 

10.-SANTA BARBARA, CAL. 

\1>=34° 24'.2 A.=119° 43'.o W. of Gr. 

(Astronomical station of 1869.) 

E. Sau vague le Mu et. A rough deduction from observations by le M uet, 17 I 4, 

in th~ vicinity of Guadaloupe Island; referred differentially to Santa Bar· 

ba.ra. Letter of G. Davidson, Dec. 7, 1887. [w= ;(-SCH.] 

11 22 E. Deduced from 122 observations by Spanish navigators along the coast be-

tween San Blas and Nootka; see preceding investigation. 



 

276 USITED STATES 00.AST AND GEODETIC SURVEY. 

GROUP III.-Oollection of Magnetic Declinations, Western Series-Continued. 

3 1793, Kovcmber. 

4 1839 __ 

5 1869, November 16--19. 

6 1881, April 14. 

IO I5 

SANT A BARBARA, CAL.-Continued. 

E. Capt. G. Vancouver; Hanstcen's Magnetismus der Erde, 1819. In </>=34° 

241 , A=I 19° 16' VI/. 

13 28 Sir Edw. Belcher; l'hil. Trans. Roy. Soc., 1841 .. In ¢=34° 241 , A=I 19° 41' 

W. [w- ~-Sm.] 
15 11. 9 S. R. Throckmorton (G. Davidson, assist.. chief of party), Coast and Geo-

detic Survey Report for 1881, Appendix 9. In <1>=34° 241.2, A=II9° 

421 .8 \V.; atoutermostspurofhill. [w=~-Scn.] 

14 51. 9 E. H. E. Nichols, Lieut. Comdr. U. S. N., assist. Coast and Geodetic Survey; 

Report for 1881, App. 9. Near long wharf and the Eurton Home, in 

------------- ---------

I 
I I 

I 
21 

I 
1786, September 14, 1 5. 

I 

31 1791, September 23. 

! 
1792, December. 4 

5 1794, November 13. 

1818, September. 

1827 __ 

6 1837 •• 

7 1839 __ 

8 1841 •• 

• 

o I 

12 26 

10 56 

1:1 22 

12 22 

16 30 

14 30 

14 30 

15 00 

14 00 

E. 

11.-MONTEREY, CAL. 

A=J21° 531.6 \V. of Gr. 

(Custom House.) 

Deduced from I 22 observations by Spanish navigators along the coast from 

San Blas to Nootka; see preceding investigation. [w= ){-SCH.] . 

La Perouse (J. F. G. de); at sea, a few miles from the anchorage, variation 

-II 0 57'; and twenty miles north and west from Pt. Pinos -11° 39'. 

Voyage autour du monde, Paris, 1797, vol. 3, pp. 302 and 390. Com

municated by Mr. Marcns Baker, C. and G. Survey. 

Don A. Malaspina; Berliner Astron. Jahrbuch, vol. 53, for 1828. Observa

tions made on shore. 

Capt. G. Vancouver; in ¢=36° 361
, A=l21° 34' W.; Vancouver"s Voyage 

of Discovery, etc., 1790--'95, vol. ii, p. 51; London, 1798; also Han

steen's Magnetismus der Er<le, 1819. 

Capt.G. Vancouver; in')l=36° 361 , A=l21° 51 1 W.; Vancouver's Voyage 

of Discovery, etc., 1790-'95, vol. iii, p. 337; also Hansteen's Magne

tismus der Erde, 1819. Probably taken on shore. 

Capt. Golovnin (V. M.); apparently at Presidio, in </J=36° 361.z. Voyage 

around the World, St. Petersburg, 1822, vol. 2. Communicated by Mr. 

Marcus Baker, Coast Survey. Not used; apparently about 3° in error.

SCH.] 

Capt. F. W. Beechey; l'hil. Trans. Roy. Soc., vol. 165, 1875, Sir Edw. 

Sabine's Cont's to Terr. Mag., No. xiv. [Not used.-·ScH.] 

Du Petit Thouars; Voyage of the Frigate Venus. 

Sir Edw. Belcher; in l/>=36° 361, A=12I 0 531 W. 

1&p. 

Near Monterey. 

Phil. Trans. Roy. Soc., 

Duflot de Mofras; Exploration of Oregon, Paris, 1844, at Presidio, in , ' 

i/>=36° 36', .:l.=121° 53' w. 
Chart of the harbor of Monterey, surveyed by Comdr. T. A. Domin; position 

offort,l/>=36° 36'4, A.=121° 521.4 W . 

\

- 10-1851, Februa--ry-8_. ___ _,__1_4_5_8_. _3_E_. -1....G---Da-v-id_son __ ·_ass __ t._C_oas_t_S_u_rv_e_y_;-at_P_o_in_t_P_in_os_,_ast_ron __ o_m_i_ca-'-1-stati_.·_o_n_,~i-n. ____ +=36° 37'.8, A.=121° 551.5 W. Coast Survey Report (or 1856, p. 229. 



 

U:SITED STATES COAST AND GEODETIC SURVEY. 277 

GROUP III.-Collection <>f Magnetic Declinations, Western Series-Continued. 

MONTEREY, CAL-Continued. 

r4 58. 9 E. \V."P. Trowbridge, Lieut. U. S. A., assist. Coast Survey. Station near bar· 

racks of redoubt, in 0=36° 36'.2, il.=121° 53'.8 W. Coast and Geo· 

detic Survey Report for 1881, Appendix 9. 

12 1873, August 30, 31, 15 55. 3 G. Davidson, asst. Coast Survey, and S. R. Throckmorton, aid; neo.r astro· 

September L 

13 1881,April 20. 

nomicai station; in ~=36° 371.s, A= rzr 0 551.6 \V. Coast and Geodetic 

Survey Report for 1881, App. 9. 

15 53. 9 E. H. E. Nichols, Lt. Comdr. U.S.:'<., assist. Coast and Geodetic Survey; near 

Lieut. Trowbridge's station of 1S54; in redoubt, <1'=36° 361 .2, il=121° 

531.8 W. Coast and Geodetic Survey Report for 1881, App. 9. [w=2 

-SCH.) 

12.-SAN FRANCISCO, CAL.* 

¢=37° 47'.5 il=122° 271 .3 W. of Gr. 

(Presidio.) 
~--- -·-------------------1-

.2 1792, November 20. 

1816, October. 

3 1818, September 20 (0. S.). 

1824 __ 

4 1827 __ 

5 1829, December 6. 

6 1830 __ 

1{ 
1837 __ 

1837 __ 

8 1839 __ 

9{ 1841, Octobef. 

1842, January. 

IO 1!49-'So. 

"{1 

r852, February 18-28. 

1852, March 24. 

1852,' April 21. 

1852, .May 28. 

0 

12 55 E. Deduced from 122 observations by Spanish navigators along the coast from 

16 05 

15 00 

16 00 

15 27 

i 14 55 

'4 51 

15 20 

15 00 

15 20 

15 30 

rs 30 

15 .j.o.8 

15 27.6 

15 28.8 

15 27.8 

15 31. I E. 

San Blas to N ootka; see preceding investigation. 

Co.pt. G. Vancouver; in ¢=37° 481 , il.=122° 07 1 .5 \V. Vancouver's voy

age, 1798, vol. 2, p. 27. Taken on board ship, values varying from -12° 

02' to -13° 321. Communicated by Mr. Marcus BakeI, Coast and 

Geodetic Survey.. [Longitude defective.-"SCH.] 

Kotzebue; Kotzebue's Voyage of Discovery, 1815-'18; in <P=37° 48'.6, 

A=122° 121.5 W. [Not used.-Sc11.J 

Capt. Golovnin (V. M.); voyage around the world, St. Petersburg, 1822, 

vol. 2. Communicated by Mr. M. Baker. 

Kotzebue. } [Notused.-ScH.] · 

Beechey; Becquerel's Traite du Magnetisme, Paris, 1846. 

Erman (A.G.); Reise um die Enle, Berlin, 1835, vol. 1. 

Erman (A.G.); Phil. Trans. Roy. Soc., vol. 165, 1875. Sir Edw. Sabine's 

Cant's to Terr. Mag., No. xiv. 

Sir Edw. Belcher; in cJi=37° 481 , A=l 22° 23' W. Phil. Trans. Roy. Soc., 

1841. 

Du Petit Thouars; voyage of the Frigate Venus. 

Sir Edw. Belcher; in f>=J7° 48', A=122° 231 W. Phil. Trans. Roy. Soc., : 

1841. 

Dufiot de Mofras; exploration of Oregon, Paris, 1844; in <;>=37" 48'.5, A= 

122° 2&1.4 w. 
Duflot de Mofras; as above. At Fort Point, Golden Gate. 

Ringgold, Comdr. U.S. N.; at Alcatraz Island, harbor of San Francisco. 

l G. Davidson, asst. Coast Survey; at Presidio, astronomical station; in 9= 
I I 37° 471.5, A=122° 271.3 W. Mean of daily maximum and minimum. 

f Coast Survey Report of 1856, p. 229. Mean value =- 15° 28'.8 

J See also C. and G. Survey Report for 1881, App. 9. 

*According to Sir F. Drake's observations off the Coast of ~ew Albion in 1579 (?), and from data given in R. Dudley's 
"Arcano del Mare" of 1646-'47 (Carta prima generale d' Ameri<:a, libro Secundo), it is probable that about the year 1610, 
thirty yeah more or less, the declrnatiou was about 8° East. [No use can yet be made of this. ·-ScH.) 
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UNITED STATES CO.AST AND GEODETIC SURVEY. 

GROUJ> III.-Oollertion of Magnetic Declinations, Western Series-Continued. 

1858, June 3-8. 

1858,June l0-12. 

1866,June 26. 

1871, December 14, 15, 16. 

1872, Oct-0ber 26, 27, 28. 

1873,June 25, 26, 27. 

1873, August 19-23. 

1873, November 12-16. 

1874,January ro, 12, 13, 14. 

1874, February 19, 20, 21. 

1879, March 12-15. 

188o, September 25, 26. 

188o, November 20. 

1881, March 30, 31, April 

I. 

1881, April 26, 2j. 

1881, July 12, November 

I. 

1881, June 22, 23, 24, De-

cember 1, 2, 3. 

1883, June 3. 

1884, September 5-16. 

1885, August 4-12. 

1886, April 21-24. 

1887, November 15-19. 

1888, May 28, 29, 30, 31. 

1889, April 24, 25, 26, 27, 

29, May 1. 

SAN FRANCISCO, CAL-Continued. 

0 

15 49.4 E. 

15 56.2 

16 25.5 

16 23. I 

16 25.7 

16 25. 4 

16 24.0 

16 25. 4 

} 16 26. 9 

16 J+.O 

16 28.3 

16 39.5 

l6 33·3 

16 JI. 9 

16 32.2 

16 18. 2 

16 38.6 

16 32.3 

l6 33.4 

16 33.1 

l6 33·9 

16 33.9 

16 36.3 E. 

I !Karl Friesach; Reports Imp. Acad. of Sciences, Vienna, 186o, vol. 38; at 
i I Dupont street, near Catholic ch.; in </>=37° 471.8, A=122° 241.o W.; 

second set of obsn's corner Stockton and California sis. [Mean value I~ 
11 
1 t =- 15° 521.8-SCH.] • 

I
I w~;~~~:::~:::~ ~.S. :~t~::i:~~o~tr::t~~n:::~n~~~:;~e~~:~~:: 

Washington, 1873. 

i G. Davidson, asst. Coast Survey, and S. R. Throckmorton, aid; at Presidio, 

\ station of 1852. Coast and Geodetic Survey Report for 1881, App. 9. 

I} R.r~ore ~ •hO'• 

: G. Davidson and Wm. Eimbeck, assts. Coast Survey; at Presidio. Refer. 

I ence as above. [Mean for 1873.7 =-16° 24'.8-ScH.] 

Reference as above. 

G. Davidson and B. A. Colonna, assts. Coast Survey; at Presidio. Refer

ence as above. 

H. E. Nichols, Lieut. U. S. N., asst. Coast and Geodetic Survey; at the 

Presidio station. Reference as above. 

W. H. Dall and M. Baker, Coast and Geodetic Survey; at the Presidio sta

tion. Reference as above. [Mean value for 1880-'81 =-16° 33'.9-

Scu.] 
W. Eimbeck, asst. Coast and Geodetic Survey; at Presidio. Reference as 

above. 

{ 
H. E. Nichols, Lt. Comdr. U.S. N., asst. Coast and Geodetic Survey; at 

Presidio station. Reference as above. 

J. S. Lawson, asst. Coast and Geodetic Survey; at Presidio station. Refer

ence a.<; above. (Mean of four values =-16° 28'.9 for t881.48-ScH.] 

R. A. Marr, aid Coast and Geodetic Survey; at Presidio. MS. in archives. 

G. Davidson, asst. Coast and Geodetic Survey, and R. A. Marr, aid; at 

Presidio. MS. in archives. 

G. Davidson, asst. Coast and Geodetic Survey, andF. Morse, aid; at Presidio. 

MS. in archives. 

Observers, locality, and reference as before. l 
Observers, locality, and reference as before. I 

J 
MS. in archives. 

Observern, locality, and reference as before. 

Observers, locality, and reference as before. 
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UNITED STATE8 COAST AND GEODETIC SURVEY. 27~ 

GBOlJP III.-Oollection of Magnetic Declinations, Western Series-Continued. 

13.-CAPE MENDOCINO, CAL. 

.l.=124° 24'.3 W. of Gr. 

(Light-house.) 
-------------------- ------ --- ----- ---- ------

1579 {?) 

1693 __ 

1786, September 7, 8. 

1792, April 18. 

1792,April 19. 

1792, April 22. 

r 794, October 3. 

1854, April 25 to May 2. 

1886, April 7, 8, 9, lo. 

o I 

9 

2 

14 IO 

14 54 

16 00 

15 00 

16 00 

14 00 

E. Sir Francis Drake; on a map by R. Dudley, in the "Arcano del Mare," 

and preserved by Petrus Koerius, dated 1646, showing the coast of New 

Albion, discovered by Sir F. Drake in 1579. Narrative and critical his

'tory of Ameriw., Justin \Vinsor, vol. 2. Boston and New York, 1886. 

[The compass is 1 Y, 0 south of Cape Mendocino; no use can· at present 

be made of this.-Scu.] 

G. F. G. Carreri, Giro del Mondo, Napoli, 1699; see also IIansteen's Mag

netismus der Erde, 1819; in ¢=40° 291 , 1=124° 29' W. (Result prob

ably many degrees in error; the narrative states the pilots could give no 

reason for this strange result; not used.-Scu.]* 

Deduced from 122 observations by Spanish navigators along the coast be

tween San Blas and Nootka; see preceding investigation. 

La Perouse (J. F. G. de); Voyage amour d11 monde, Paris, 1797, vol. III, 

pp. 302, 390- On board the Boussole, in 1'=40° 21 1 , 1=124° 36' W., 

average declination =-14° 59'; on board the Astrolabe, about the 

same position, de~lination =-14° 48'. Communicated by Mr. Marcus 

Baker. 

Capt. G. Vancouver; near the cape, about ten leagues from it, it bore N. 

36° W. Vancouv~r's Voyage of Discovery, etc., 1790-'95, London, 

1798, vol. 1, p. 197. (This would put him in about ¢=39° 58', 1= 

124° 12' W., probable reduction to the Cape -0°.25, hence declination 

=-16°.z5-ScH.] 

Same authority, vol. 1, p. 198, on board ship in ¢=40° 03', .l=124° 091 

W. Cape Mendocino bore N. 2° W. four leagues from shore. [Probable 

reduction to Cape -0°.20, l1ence declination -15°.;o--ScH.] 

Same authority, vol. 1, p. 200. In ¢=40° 321, il.=124° 32' W. [Probable 

reduction to Cape +0°.10, declination =-IS0 .go; mean of three values 

=-15°.78-ScH.] 

Same authority, vol. III, p. 321. ln'1>=40°42',1=124° 301 W. [Probable 

reduction to Cape+o0 .12,declination=-13°.88-ScH.] 

17 04- 5 G. Davidson, asst. Coast Survey; at Humboldt astronomical station in 

</>=40° 441.7,il.=124° 12'.8 W. Coast and Geodetic Survey Report for 

1881,App. 9. (Probable reduction to Cape+o0 .15 Hence declination 

=-16°56'-Scu.] 

18 oo, 5 E. G. Davidson, asst. Coast and Geodetic Survey, and F. Morse aid; near the 

light-house in <fi=4.o0 26'.3, .l=I24° 24'.3 W. MS. in archives. 

*This navigator probably refers to False Cape Mendocino, as we may infer from his latitude. This latter cape is now 
called Cape Fortunas, and is in '1>=40° 30'.5, il=1u0 22'.8 W.-ScH. 



 

280 UNITED STATES COAST AND GEODETIC SURVEY. 

GROUP III.-Collection of Magnetic Declinati<>WJ, Western Series-Continued. 

14.-SALT LAKE CITY, UTAH. 

il=II 1° 53'.8 W. of Gr. 

(Temple Sguare, astronomical station.) 
-------------------------·-- ""----- -----"-----------------------------~----

2 1866, August. 

3 

4 1872. -

s{ 
1878, August 15. 

1878, October 26, 28, 29. 

6 1881,l\Iay 12, lJ, It. 

7 1883, Noveml>er15, 16, 17. 

8 1884, Octolier 22, 23, 24. 

9 1885, November 5-10. 

IO 1887, November 8-11. 

1788, August 14. 

2 1839 __ 

"l 1S60 __ 

5 1 881, October 26, 27. 

I 

0 , 

15 34 E. Major \V. H. Emory, U.S. A,; Amer. Acad. of Science, vol. vi, new series, 

1856. In ¢=40° 46', il.=112°081 \V. 

16 30 

16 36.4 

17 01 

16 48. I 

16 44.2 

16 28.4 

16 14. I 

16 13.6 

16 29.3 

16 30. 6 E. 

Jesse \V. Fox; letter from Surveyor-General's Office, dated Aug. 29, 1866. 

In <l>=40°46',il=Ill 0 54''.V. 
G. \V. Dean, asst. Coast Survey; Temple Square, near astro'l station; in 

9=40° 46'.o, .\=111° 53'.8 \V. CoastanclGeodetic Survey Rep. for 1881, 

App.9. 

Report of Chief of Engineers, 1879, Part III, p. 2099, at Camp Douglass, 

near astronomical monument; in '1'=40° 45 1.8, A=l II
0 501.2 \V. 

Dr. T. E. Thorpe; Proc. Roy. Soc., No. 200, 188o. East of the President's 

house; in ¢=40° 46'.1, il.=111° 53'-7 W. 

J. B. Baylor, aid Coast and Geodetic Survey; near Fourth street south and 

Second street east of Temple. Coast and Geod<;!tic Survey Report for 1881, 

App. 9. [Mean of two determinations, -16° 46'.2-SCH.] 

Wm. Eimbeck, asst. Coast and Geodetic Survey; about 25 metres S. E. of 

astronomical station, Temple Square. Reference as above. 

Wm. Eimbeck, asst. Coast and Geodetic survey, and G. F. Bird, aid; station 

as above. MS. in archives. 

Observer, locality, and reference as above. 

Observer, locality, and reference as above. 

W. Eimbeck, asst. Coast and Geod. Survey, and J. II. Turner, aid. Station 

and reference as above. 

15.-VANCOUVER, WASH. 

1'>=45° 311·5 A.=122° 39'.7W. of Gr. 

(Flag-staff of Fort Vancouver.) 

o I 

14 26 E. Gray; Haswell's narrative, communicated by Asst. G. Davidson; in 

21 30 

20 05 

<1>=45° 271, A=l22° 19' W. [Probable reduction to Vancouver -81, 

hence declination =-14° 34'; the weight one-half is given to this result. 

The formula established for stations on the coast and epoch 1783.3 would 

give for this place -16°00'-ScH.] 

Sir Edw. Belcher; Phil. Trans. Roy. Soc., 1841; in ~==.i5° 37', il.=122° 

361 W. 

S. G.ufielde, surveyor-general Washington Territory; MS. communication 

dated Aug. 24, 1866. [In </>=45° 40', .il.=122° 38' W.-ScH.] 

Capt. R. W. Haig, English Commissioner of boundary survey. Phil. Tnms. 

Roy. Soc., vol. 154, part II, 1864. In f=4S0 38', .il.=122° 28' W. 
20 53. 3 E. J. S. Lawson, asst. Coast and Geodetic Survey; south of Old Fort in 

</>=45° 37'.5,.il=122° 39' W. Coast and Geodetic Survey Report for 

1881, App. 9. 

~Jl-~~~~~-~~~~-~~~~-'--~~~~~~~~~~~~~~-~~~~~~JML....~~~~--' 



 

UNITED STATES COAST AND GEODETIC SUltVEY. 

GROUP III.-C'ollection of Magnetic Declinations, Western &ries-Coutinued. 

16.-WALLA WALLA AND WALLULA, WASH. 

A=II8° 22' \V. of Gr. 

(Near Court-House; at Walla Walla.) 

281 

_ ___L...-....---- ---------------- ----· -----------

r 
2~ 
l 

3 

r 
4~ 

I 
t 

' 
I 1853 __ 

0 f 

l86o __ 20 30 

186o_ - 20 00 

1861 __ 20 30 

1881, September 24, 25, 26. 22 04. 4 

1881, September 29, 30, 19 55· 7 
October 1, 2. 

K (;overnor T. I. Stevens; North Pacific Railroad Explorations, at Old Fort 

Walla Walla, in 1'>=46°04/, A=l r8° 4!V\V. Coast Survey Report for 

1856, p. 223. [Approximate reduction to Walla Walla-0°.84-ScH.) 

S. Garfiehle, surveyor-general of Washington Territory. In town Walla 

Walla, or near new Fort 'Walla \Valla,in \l>c=4.6°03',A=II8°2o'W. 

MS. communication of Aug. 24, 1866. 

Capt. J. Mullan, U.S. A.; "Magnetic Variation," by J.B. Stone, Ne"• Vork, 

1878. In 9=46°03',.l=II8°241 \V.; in town Walla Walla, near new 

fort. [Mean, -20.25 -Sen.] 

S. Garfielde, surveyor-general \Vashington Territory; at \Vallula, or old 

Fort Walla Walla. (In ¢=46° 05 1 , A=I 18° 55 1 W.; approximate re

duction to Walla \Valla, -0°.84-ScH.] 

J. S. Lawson, asst. Coast and Geodetic Survey; town of \Valla Walla, in 

9'=46° 031 .9, A=I 18° 201.5 W. Coast and Geodetic Survey Report for 

1881, App. 9. 

J. S. Lawson, asst. Coast and Geodetic Survey, at \Vallula, near and north 

of old fort, in ¢=46° 071 , il.=I 18° 55 1 W. Reference as above. [Ap

proximate reduction to \Valla \Valla,-0°.84; mean value,-21°.42-

Scn.] 

S 1887, September 16, 17, 19. 21 10. 3 E. E. Smith, asst. C. and Geod. Survey. ·At Walla Walla, near astronomical 

I 1783.3 

2 1786,September 1,2. 

3 1792, April 27. 

4 1839 __ 

5 11\42 __ 

6 1851,July S-9· 

station in Court-House block; in \1'=46° oJ'.8, ;\.=u8° 20".8 MS. in 

archives. 

17.-CAPE DISAPPOINTMENT, WASH . 

0 / 

16 23 E. 

18 00 

18 00 

19 II 

20 00 . 
20 19.1 E. 

..l.=124° 02'.8 \V. of Gr. 

(South shore of Baker's Bay.) 

Deduced from 122 observations by Spanish n:nigators along the coast be. 

tween San Blas and Nootka; see preceding investigati on. 

La Perouse (J. F. G. de); observed on board the Bo ussolc, Sept. 1, in 

31 ; and Sept. 2, in 1>=46° 39', .:l.=124° 17'W., declination =-18° 5 

\1>=45° 57',i\=124" ro1 W.,declh1ation =-17°07'. 

Monde, etc., Paris, 1797, vol. iii, pp. 300, 303, 388; 

Mr. Marcus Baker. 

Voyage autour du 

communicated by 

Capt. G. Vancouver; on board ship; in <j>=46° 141, .:l.--123° 59' W., near 

er Erde, 1819. mouth of Columbia River; IIansteen's Magnetismus <l 

Sir Edw. Belcher, in Baker's Bay, \fl=40° 171, A.=124° o z' W.; Phil. Trans. 

Roy. Sae., 1&p. 
t mouth of Colum-i:luflot de Mofras ; .. Exploration of Oregon, Paris, 1844; a 

bia River . 

G. Davidson, asst. Coast Survey; near beach of Baker's 

pointment, in <ft=46° 161.7, il.=124° 02
1 .8 W.; Coast 

vey Report for 1881, App. 9. 

Bay, Cape Disap

and Geodetic Sur-
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1851,July 14-19. 

7 1858 __ 

8 1873, October 24-27. 

1873, October 19-23. 

9 1881, October 14. 

1783. 3 

2 1853 __ 

3 1856.5 

4 1881, November 2, 3, 4. 

1783.3 

2 1855 __ 

3 1871, September 27-0cto-

her 3. 

4 1881, November 8-11. 

5 I 888, July 9, 10, II. 

CAPE DISAPPOINTMENT, WASH.-Continued. 

20 45.3 E. 

21 00 

21 26.5 

21 46.9 

I Observer and reference as above ; on top of Cape at astronomical station, in 

¢-46° 161.6, il.- 124° 03 1.0 W. [Not usec1.-Scn.J 

Communication by S. Garfielde, surveyor-general Washington Territory, dated 

Aug. 24, 1866. 

\Vm. Eimbeck, asst. Coast Survey; near beach of Baker's Bay, in <?=46° 

161.7,il=124°021.8\V.; Coast and Geodetic Survey Report for 1881, 

App. 9· 

< lbserver and reference as before; on top of Cape at old astronomical station. 

[Not used.-ScH.] 

21 36. o E. H. E. Nichols, Lt. Comdr. U.S. N.; asst. Coast and Geotletic Survey; near 

0 I 

16 35 E. 

21 15 

20 47 

2134.6E. 

beach. 

OLYMPIA, WASH. 

il=l22c 54' W. of Gr. 

Deduced from 122 observations by Spanish navigators along the coast be

tween San Blas and Nootka; sec preceding investigation. 

S. Garfielcle, surveyor-general 'N ashington Territory; in ¢=47° 031 , il= 122° 

54' W.; MS. communication to office of Aug. 24, 1866. 

I 
Sir Edw. Sabine; Phil. Trans. Roy. Soc., 1872, communication XIII; in 

¢=47° 03', il.=122° 55 1 V{. [Compared with observations made at 

Steilacoom this value seems too small.-Sc11.J · 

J. W. Lawson, asst. Coast Survey; near Eleventh and Main streets, in ¢=47° 

021 .3, il.=122° 54'.o W.; Coast and Geodetic Survey Report for 1881, 

App. 9· 

[The above observations are insufficient to deduce a satisfactory. value for 

secular change.-Scu.J 

18.-SEATTLE, DUWAMISH DAY, WASH . 

c/>=47° 351·9 .:l.=122° 2o'.o W. of Gr. 

0 I 

16 45 E. 

21 25 

22 35.4 

22 02. 5 

(Astronomical station of 1871.) 

Deduced from 122 observations by Spanish navigators along the coast be

tween San Blas and Nootka; sec preceding investigation. 

S. Garfielde, surveyor-general of \Vashington Terr'y. MS. communication 

dated Aug. 24, 1866. [In c/>=47° .36', ilc=122° ~o· \\'.-Sen.] 

S. R. Throckmorton, aid Coast Survey; in f/!=47° 351.9, il=122° 201.o 
W. Coast and Geodetic Survey Report for 1881., App. 9. [Result de· 

pends on a doubtful azimuth.-ScH.] 

J. S. Lawson, asst. Coast and Geodetic Survey; station near that of 1871. 

Lat. and long. as above. Coast ~ Geodetic Survey Report for 1881, 

App. 9· 

22 29. 1 E. E. Smith, asst. C. and Geod. Survey. In the grounds of the University, in 

t/>=47° 36'.5, .il.=122° 20'.I 
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1792, May. 

3 1856, August I 7-20. 

4 1857 __ 

1859 __ 

5 1862 __ 

6 1876, February. 

2I 30 

20 40 

21 39.5 

21 54 

20 45 
22 00 

21 59 

19.-PORT TOWNSEND, \V ASH. 

;\=122° 44'.9 ,V, of Gr. 

(Station Point Hudson.) 

E. Deduced from 122 observations of Spanish navigators along the coast be

tween San Blas and Nootk:i; sec preceding investigation. 

Capt. G. Vancouver; at Port Discovery, in ¢=48° 021 , 1=122° 381 \V. 

Hansteen's Magnetismus der Ertle, 1819. (Apparently about 3° too 

great, not used.-ScH.] 

Chart by U. S. Exploring Expedition, Commarnkr \Vilkes, at Carr Point, 

in </>=48° 031 .3, il.=122° 501 .8 \V. 

G. Davidson, asst. Coast Survey; at Point Hudson, in \!>=48° 07'.o, A=I 22° 

441.9 W. Coast and Geodetic Survey Report for 1881, App. 9. 

S. Garfiel<le, surveyor-general Washington Terr'y, at Admiralty Head, 

Whidbey Island, in ¢==48° 091 , ;\=122° 41' \V. Letter to office dated 

Aug. 24, 1866. [Reduction to Port Townsend +8', decl'n =-21° 46'

SCH.) 

Reference as above; in ?=48° 07 1, ;\=122° 45 1 W. [Not used.-ScH.] 

Reference as above; in ?=48° 011. il.=121° 51' W., at mill. 

Capt. G. H. Burden, U.S. A. Report of Chief of Engineers, U.S. A., r876, 

P· 3· 
7 1881, November 16, 17, 18. 21 26. 9 J. S. Lawson, asst. Coast and Geodetic Survey. Astronomical station of 1852 

at Point Hudson, in q._48° 07 1 .0, .:l=122° 45 1 .0 \V. Coast and Geodetic 

Survey Report for 1881, App. 9. 

1888, July 19, 20. 

I 1783.3 

1788, August 15. 

2 1792, April 30. 

3 1841__ 

4 1852, August 17-23. 

5 1855, August 13-18. 

6 1881, October II. 

22 48. 8 E. I(?) E. Smith, asst. C. and Geod. Sun•ey; near Marine Hospital, in 9'=48° 07'.o, 

I il.=122° 45'.1 [Supposed locally affected; not used.-Scn.] 

--· 

zo.-NEE-AH BAY, CAPE FLATTERY, WASH. 

A= 124° 38'.o W. of Gr. 

(Astronomical station, Scarboro' Harbor.) 

0 I 

17 15 E. 

19 14 

18 00 

22 30 

21 29.9 

21 48. 2 

22 44. z E. . 

Deduced from 122 observations by Spanish navigators along the coast be 

tween Sa.n Blas and Nootka; see preceding investigation. 

C. Duncan, entrance Strait of Juan de Fuca. On Dalrymple's chart, in lj>.= 

48° 371 , .l.=124° 54'· [Not used.-Scu.] 

Capt. G. Vancouver; inside Cape Flattery, in </>=48° 19', il.=123° 41'\Y. 

[Supposed misprint for 124° 311 -SClL] Hansteen's Magnetismnsder 

Erde, 1819. 

Chart of U. S. Exploring Expedition, Commander Wilkes; at Scarborough 

harbor, north point of Nee-ah Island, in q.=48° 21'.8, .l.=124° 381 .o \V. 

[Weight J4 assigned to this value.-Srn.J 

G. Davidson, asst. Coast Survey, and J. Rockwell, aid; at Scarboro' harbor 

astronomical station, in f>=48° 21'.8, A=I24° 381.0 W. Coast and Geo· 

detic Survey Report for 1881, App. 9. 

Lieut. W. P. Trowbridge, asst. Coast .Survey; Nee-ah Bay, near Waaddah 

Island, in .p==,µl0 22', il.=124° 361 .8 \V. Reference as above. 

H. E. Nich-;,ls, Lt. Comdr. U. S. N., asst. Coast and Geodetic Survey; near 

station of 1855. RefGTcncc as above . 
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21.-NOOTKA SOUND, VANCOUVER ISLAND. 

I 778, April 4. 

~=49° 35'·= il=126° 371 .5 W. of Gr. 

(Friendly Cove.) 

o I 

19 45 E. Capt.J.Cook; inResolutionCove,</>=49°351 ,Ac=l26°371 \V. Hansteen's 

17 54 

Magnetismus der Enle, 1819; also Encyclopaedia Metropolitana, i84S. 

[Cook notes large local attractions on shore at Ship Cove, vol. ii, p. 338, 

of his Voyage to the l'acitic, London, 1784; the value here given was ob

served on board ship.-ScH.] 

Deduced from 122 observations by Spanish navigators along t11e coast be

twe-en San Blas and Nootka; see preceding investigation. 

3 1786, August 25, 26. 19 47 La Perouse (J. 1''. G. de); Voyage autour du monde, etc., Paris, 1797, vol. 

iii, pp. 300, 310, and 388. Observed about ten miles off shore, on board 

the Astrolabe, in average c/>=49° 391 , and average il=I28° 391 W., de

clination~ -19° 47 1 . On board the Boussole in average l/>=49° 371 , 

average A.=127° 22' W., declination =-23° 141. Communication by 

Mr. Marcus Baker, Coast and Geodetic Survey. [The observations on 

the Buussule nut used.- SCH.] 

1791, August 16, 17, Sep- 22 30 Don A. Malaspina; observed on shore; Berliner Astron. Jahrbuch, vol. 53, 

for 1828. Position on Sept. 4, 1791, in c/>=49°57',il=I26°19'W. 

Et. March'1lld's Voyage autour du Monde, Paris, an vii, vol. 2. [Not 

used.-ScH.] 

tember 4. 

4 1792, October. 

5 186o __ 

6 1863 __ 

7 1881, September 27. 

1778, October 12. 

1 1790,June 4-13. 

2 1792 __ 

18 22 

23 47 

23 05 

Capt. G. Vancouver; in Nootka Sound, 9=49° 34', il.=126° 28' W. 

Hansteen's Magnetismus der Ertle, 1819. 

G. H. Richards, Capt. R. N., in Friendly Cove, in 9=49° 351 .5, A.=126° 

371.5 W. Vancouver Island Pilot, Admiralty, London, 1864. 

Observer and locality as above; Admiralty chart of Nootka Sound, No. 1916, 

1865. Note: Magnetic variation increasing about 2 1 annually. 

23 36. 2 E. ' H. E. Nichols, Lt. Comdr. U. S. N., asst. Coast and Geodetic Survey; at 

Friendly Cove. Coast and Geodetic Survey Report for 1881, App. 9. 

[Double weight has been given to this observa.tion.-ScH.] 

22.-UNALASHKA, CAPTAIN'S AND ILIULIUK HARBORS. 

1'=530 52'.6 il.=166° 311.5 W. of Gr. 

(Greek Church, Iliuliuk Village.) / 

O I 

19 59. 2 E. Capt. J .. Cook; Voyage to the Pacific Ocean, London, 1784. Position on 

shore of Samganuda harbor; in '1>=53° SS'• l=I66° 301 W. [Not used.

Sen.] 

19 30 

19 35 

John Henry Cox; Dalrymple's charts. Muscle Cove, in "=53° 50". Com· 

rnunicated by Mr. Marcus Baker, Computing Division, Coast Survey, 1879. 

[Not used.-SCH.] 

Commodore J. Billings; M. Sauer, an account of a geographical and astro· 

nomical expedition to the 'northern parts of Russia, London, 18o2. On 

shore of Beaver B;y, in 'f=53° 561 , il=t65° 40'W. Communicated by 

Mr. Marcus Baker. [Weight one-half assigned in discu.ssion.-ScH.] 

19 oo E. Sarycheff; old Russian chart, no date, year doubtful; at lliuliuk in r-s3° 
571 , l=I66° 32' W. Communicated by Mr. W~H.·Dall,asst. Coast Sur· 

vey, Nov., 1873. 
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GROUP III.-Oollection of 11fagnetic Declinations, Western Series-Continued. 

UNALASHKA, CAPTAIN'S AND ILIULIUK HARBORS-Continued. 

1817, June. 

1827, August 1 1. 

1829.0 

1831__ 

1848 __ 

1849 __ 

1867, September 8,9. 

1871, November 11. 

1873, May 26, 27. 

1873, September 17, 18, 19. 

1874, September 15. 

188o, July 28, 29. 

1883, September 20, 21. 

1775, August 23. 

o I 

1 y :z4 E. 1 'ttu lfm Kotzebue; Voyage of discovery into the South Sea, London, 1821, 

19 50 

19 54 

19 30 

19 30.5 

20 00 

19 47.4 

19 45 

18 59.7 

Iimliuk Village, in <1>=53° 521 .4, il.=166° 31 1.9 \V. Communicated by 

\lcS'.;rs. Dall and Baker, U.S. Coast Sun·ey. 

Capt. F. P. Liitke; Lenz in Mem. St. Pet. Acad. of Sci., vi., serie Math. et 

I'hy. Sc., vol. i, 1838. In ¢=53° 541, A=I66° 30' W. Communicated 

by Mr. Marcus Baker. 

Capt. F. I'. Liitke; Gen. Sabine, in Phil. Trans. Roy. Sue., vol. 162, London, 

1872. [Supposed to refer to the same observation as above; not used.

Sm.] 
Vasilieff(?); at sea, north of Akutan. Russian Hydrogr. chart, No. 1379, 

1847. In ¢=54°4. A=166°.o W. Communicated by !I-fr. Marcus Baker. 

Russian Hyclrographic Office, chart 8. [Supposed to refer to preceding ob

servation; not used.-Sctt.] 

Tebenkotl's Atlas, chart No. xxv, near church at Iliuliuk in '.P=53° 521 , 

.l=t66° 25 1 W. 

A. T. Mosman, asst. Coast Survey (G. Davidson, chief of party); on shore 

at Captain's Harbor at Spithead, in ¢=53° 531.9, A=l66° 301.4 W. Coast 

and Geodetic Survey Rep01t for 1881, App. 9. 

Kadin; MS. chart of Iliu!iuk and Captain's Harl>ur. Communicated by Mr. 

W. H. Dall. 

Dr. W. H. Dall,observer; Amaknaklsland,oppositevillage. [Notused.

Sni.] 
Dr. W. H. Dall, observer; near church oflliuliuk; in¢=53° 52'.6, .l-166° 

31 1.6 w. 
Mr. Marcus Baker, observer; Amaknak Island, uff village in </!=53° 521 .9, 

A=166° 31'.7W. Coast and Geodetic Survey Report for 1881, App. 9. 

[Weighted mean declination -19°031.2 used in discussion.-SCH.] 

18 42. 8 Mr. Marcus Baker, observer. Reference as above. 

18 38. o Messrs. Baker and Dall, Coast and Geodetic Survey, Iliuliuk Harber; posi-

tion as in 1873, Amaknak Isd. Referenct: as before. 

18 42. 8 E. Mr. R. A. Marr, aid, Coast and Geodetic Survey; at spit in Captain's Har· 

bor. MS. in office. 

o I 

22 

23.--SITKA, ALASKA. 

</>=57° 021.9 il=135° 191 .7 W. of Gr. 

(Parade grounds, Sitka.) 

E. Don Bruno de Heceta; in <1>=57° 081 , .l=140° 44,. W.; Coast and Geo

detic Survey Report for 1885, App. 7, p. 276; see also F. A. Maurelle, 

Journal of a voyage to N. W. coast of America, D. Barrington Miscella

nies, London, 1781. (At sea; not used.-ScH.] 

23 30 E. San Virey and Antonio Bucareli; in <1>=S6° 13', il=141° 52'W.; Coast 

and Geodetic Survey Report for 1885, App. 7, p. 278. 
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SITKA, ALASKA-Continued. 

I 
, I 

1786, August 6, 7. E. 1 La Perouse (J. F. G. de); Voyage autour du monde, Paris, 1797, vol. iii, pp. 

296, 299, 386; mean of four determinations, a few leagues off shore. On 

board the Boussole, declination =28° 28' E., in average <1>=56° 54' and 

average .il.=135° 26' Vv.; on board the Astrolabe, about the sam'e posi

tions, declination =25° 04' E. [Mean declination = --26° 46' used.

ScrL] Observations communicated by Mr. Marcus Baker, attached to 

the Computing Division at the Survey Office m July, 1879. 

3 

4 1791, August 8, 11, 21. 

5 18o4, August 20. 

6 1818, July. 

7 1824, August. 

8 1827.5 

9 1829, November 10. 

··I 
1837, September 12-16. 

1839, July 15-19. 

II 184z, every month, except 

January, February, and l 
October. I 

12 1843,January to December. 

13 1844,Januaryto December.I 

14 1845,January to December., 

15 1847, May to December. 

16 1848,Januaryto December. 

17 1849, January, February, 

March. 

18 1850, January to December. 

1851. 0 

• 

u 00 

26 45 

27 15 

27 30 

28 50 

28 18.8 

27 42 

29 32.5 

28 32.4 

28 54.0 

28 57.3 

29 00. 0 

28 58. 9 

29 04. 5 
29 03.6 

28 50. 3 

29 14 E. 

Capt. G. Dixon; Voyage around the world, London, 1789, at anchor near 

White's Point, </!=57°03', A=135° 38' W. From compass Learings. 

Communicated by Mr. Marcus Baker. 

Capt. E. Marchand; Voyage around the world, London, 18o1, two volumes. 

Mean of three values given in vol. ii. One mile north of Dixon's station, 

in </!=57° 04', A=135° 391 W. (In volume i the observer gives the 

declination =-28° 45'.) Communicated by Mr. Marcus Baker. 

Capt. U. Lisiansky; Voyage around the world, London, 1814. In 4'=57° 

03', .il.=1350 30' w. 
Capt. V. M. Golovnin; Voyage around the world, St. Petersburg, 1822, vol. 

ii. Mean of several observations between -Z4° and -30~0• In </J= 
57° 02~.8, A=135° o61 .6 W. Communicated by Mr. Marcus Baker. 

Capt. Otto von Kotzebue; New voyage around the world, 1823-'26, London, 

1830, vol. ii, pp. 66, 77; see also Becquerel's Traite du Magnetisme, 

Paris, 1846. In ¢'=57° 021.9, .il.=135° 33'·3 W. 

Capt. F. P. Liitke. Gen'! Sir Edw. Sabine's Conts. to Terr. Mag., No. xiii, 

Phil. Trans. Roy. Soc., 1872. In r/J=57° 031 , A=135° 231 W. 
Ad. Erman; Reise um die Welt, Berlin, 1835, vols. i and ii; a careful de

termination on shore, in a place in the rear of the church, in 4'=57° 021.7, 

A=135° 251.5 W. 

Sir Edw. Belcher; a careful determination on •hore near the Governor's 

house, in r/J=57° 03', A=135° 26' W. Sir Edw. Sabine; in Phil. Trans. 

Roy. Soc., 1841, part i. 

Sir Edw. Belcher; a careful determination at summer-house in the Gover

nor's garden, in .P=S7° 031, A=135° 221 W. Sir Edw. Sabine; in Phil. 

Trans. Roy. Soc., 1843, part i. [Mean of these two values, or - 28° 371, 

used for epoch 1838.6-Scn.J 

l At magnetic observatory on Japonski Island, founded in 184z. Hourly obi) servations. In '/>=57° 021.9, .l=135° 20".1 W. Annuaire Met. et Mag. l du Corps des Mines de Russie, St. Petersbourg, 184- to 184-.* 

l At magnetic observatory on Japonski Island. Annales de l'obierv. phys. 

I .central de Russie, St. Pctersbourg, 184- to 185-. 

J 
Capt. Richard Collinson; MS. in Brit. Hyd. Office. Sir Edw. Sabine in 

Phil. Trans. Roy. Soc., r87:i; Conts. to Terr. Mag., No. xiii. [Not 

used.-SCH.) 
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32 

33 

34 
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1851, whole year. 

1852,January to July, No-

vember,and December. 
1856 __ 

1857, whole year. 

1858, whole year. 

1859, whole year. 

r86o, whole year. 
r86r __ 

1862, whole year. 
r863 __ 

1864 __ 

1867,August 17, 18, 19, 20. 

1874, May 4, 5-

1876, January 15 to March 
20_ 

1879, April. 

188o, May 17, 18. 

0 

28 53· I E. 
28 48. 5 

28 58.6 

29 07.2 

29 IO. 5 

29 o6. I 

29 07.9 

29 04· I 

29 00.9 

29 o3.3 

29 04.2 

28 49 

28 59.5 

28 20.5 

28 54 

29 04.8 

SITKA, ALASKA-Cotinued. 

l See differential observations at magnetic observatory, Japonski Island; 

J 
Compte Rendu of the Central Physical Observatory of Russia, 1851 to 

1864. In 1851-'52-' 56 observations during 17 hours each day. 

l Differential observations as above; in r857-'58-'S9-'6o-'61-'63-'64 

r servations during 19 hours each day. 

J Houri y observations in 1862. 

ob-

[Mr. Marcus Baker discussed the magnetic observations at Japonski Island 

made between 1850 and 1864, incl., and as there was no absolute deter

mination for this period, he based his annual mean values on the computed 

value resulting from my expression of the secular change of Sitka, given in 

the preceding edition; thus the differential scale reading 396.0 for 1857.5 

corresponds to the declination 29° 07'.2 E., March, 1882.-Sctt.] 

A. T. Mosman, asst. Coast Survey; at old Russian observatory on Japonski 

Island, harbor of Sitka, in </>=57° 021.9, l'=135° 201.1 W. Coast Pilot 

of Alaska by the U.S. Coast Survey, 1869, p. 120. 

M_ Baker,'U. S. Coast Survey (W. H. Dall, asst. in charge of party); station 

on parade ground, in </>=57° 021.9, .l=135° 191.7 W. Coast and Geo

detic Survey Report for 1881, App. 9. 

Capt. J. B. Campbell and Lt. W. R. Quinan, U. S. A.; Report of Chief of 

Engineers 1876, part 3, p. 751. 

Lieut. J.E. Craig, U. S.S. Alaska; Report to Capt. G. Brown, U.S. N., ~fay 

7, 1879, at station of 1874 on parade ground. 

M. Baker and W. H. Dall, U- S. Coast and Geodetic Survey; near old 

Russian observatory, Japonski Island, in </J=57° 02'.9, A.=135° 201.3 
W. Coast and Geodetic Survey Report for 1S81, App. 9. 

35 1881, September 15, r6. 29 I I. 2 E. H. E. Nichols, Lt. Comdr. U. S. N., asst. Coast and Geodetic Survey ; on 

J aponski Island, station of I 88o. Reference as above. 

*For the collection of the values Nos. 11 to 29 incl., I am indebted to Mr. Marcus Baker, of the Coast Survey, Computing 
Division, 1879. He discussed the differential hourly observations made at the malinetic observatory between 1842 and 1849, basing 
the annual means upon the absolute d· terminations of Jan. 4, 1843, when D=28° 481 .9 E., and of March 4, 1843, when D=28° 
57 1.3 E. The first value corresponded to scale value 419.3, the second to 432.4 divisions of the differential declinometer.-Scu. 

2+-ST. PAUL, KADIAK ISLAND, ALASKA. 

A.=152<> 21 1 .3 W_ of Gr. 

(Astronomical Station of 1867.) 

0 I 

·{ 
1778, May 21. 23 42 E. CapLJ. Cook; Voyage to the Pacific Ocean, London, 1784, vol. ii, pp. 507-'8. 

At sea off Pye Islands in 91=59° 30'.3, A.= 149" 541 W. 

1778,June IJ. :w 31 Same observer and reference; at sea off S. \V. end of Kadiak in </>=56° 491
, 

A.=154°~W. Communicated by Mr. Marcus Baker, C. and G. Survey. 

(Taking mean values we have for ¢=58° 101, .l=152° 071 W., tlie 

value -22° o61 for epoch I 778. 4 The weight one-half is given to this 
" result.-ScH.] 
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GROUP III.-OollectiQn of Magnetic Declinations, Western Series-Continued. 

1779, August 9. 

1790. -

I 790, July JO. 

18o4, August 16. 

18oS •• 
1808 __ 

1818,July 19. 

1834 __ 

1839,July. 

1845 (?) 

1867, August, 28, 29. 

1874, June 7. 

1880, July 9. 

ST. PAUL, KADIAK ISLAND, ALASKA-Continuecl. 

0 I 

- 27 0 

25 30 
22 IO 

26 07 

z6 oo 

25 30 

26 30 

28 38 

26 43 

27 00 

I 26 05 

E. San Virey and Antonio Bucareli. At sea in 1'=57° 591
, il.=152°07' W. 

Coast and Geodetic Survey Report for 1885, App. 7, p. 278. [Not used. 

-SCH.] 

Sarycheff, old Russian chart, no date. 

Fidalgo, in packet Philipino; in <(J=58° ro', .l.=152°071 \V. Camacho 

Island in sight. Coast and Geodetic Survey Repor\ for 1885, App. 7, p. 

283. [Not used.-ScH.] 

c. Lisiansky; Voyage, etc., London, 1814, p. 365. 

{

Russian ~aval Officer; old Russian chart, >heet No. xvi. In '/J=57° 47 1.2, 

7i=152° 18'.3 W. Communicated by Mr. M. Baker. [The mean decli

nation=-250 45' will be used in the discussion.-Sch.J 

Golornin (V. J\L); Voyage, etc., St. Petersburg, 1822, vol. 2, p. 59. At St. 

Paul Harbor in front of Governor's house on hill, in </>=57° 471.2, 

il.=152° 18'.3 W. Communicated by Mr. M. Baker. 

Murasheff; at St. Paul's Harhor. Russian Hydr'c chart No. 1425. Com

municated by Mr. M. Baker. 

Sir E<lw. Belcher, near Cape Greville, in <(1=57°20', il.=152° 51 1 \V. Phil. • 

Trans. Roy. Soc., 1843, part ii. 

Vasilieff; Tebenkofl's Atlas, xxiii. St. Paul's Harbor. Communicated by 

I 
:Mr. M. Baker. 

A. T. Mosman, asst. Coast Survey; Harbor of St. Paul at astronomical sta-

1 tion on steep rocky bluff about r Yz miles east of village, in t/>=57° 48'.o, 

1 .:l=152° 21'4 W. Coast and Geodetic Survey Report for 1881, App. 9. 

25 22 J Marcus Baker and \V. H. Dall, U. S. Coast Survey; reference as above. 

25 09. 2 E. I Observers and reference as above; at Chagafka Cove, harbor of St. Paul. 
I 

25.-PORT MULGRAVE, YAKUTAT BAY, ALASKA. 

<1>=59° 33'.7 il.=139° 45'.9 W. of Gr. 
..... ·---·-----··-· ··-·-------- ·------------------------------

o I 

23 10 E. Capt. J. Cook; Voyage to the Pacific Ocean, London, 1784,Yol. iii, p. 506. 

May 6, a(sea, off Dry Dank, in tp=59° 081, il=r39° 41' W. 

24 26 May 7, at sea, near coast south of Mt. St. Elias, in \'J=59c 27'.5, ii.= 

I 

{
! 1778, May 6. 

l j 1778,1vlay7. 

) 
I 

2 

3 

4 

5 

1787, May. 

1791, July I. 

r794,Jnly. 

18o2 (about). 

140" 53' W. Communicated,by Mr. Marcus Baker, Coast and Geodetic 

Survey. [Taking mean values we have for ¢=59" 18', il.=140° 17'W. 

the declination =-23°.80 for 1778.3; the weight one-half is given to 

this ~a!ue.-ScH.] 

Capt. G. Dixon; Voyage around the World, London, 1789. 
Don A. Malaspina; Bode's Berliner Jahrbuch for 1828; also Espinoza 

Memorias, 2 vols., Madrid, 11ki9. On shore in ¢=59° 33'.7, il=139° 

46'.3 W. 

26 oo Capt. G. Vancouver; A Voyage of Discovery, 1790-'95, London, 1798. 

At Port Mulgrave, Lieut. Puget, observer, with ship's compass. Commu

nicated by Mr. M. Baker. 

29 oo E. Old Russian chart without date or author; at New Russia. Harbor, settled 

1795 and destroyed 18o3; in .;=59° 31', ;l.=139° 361.5 W. O>tnmu

nicated by Mr. M. Baker. 

·------------'------'------------------------------' 
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GROUP III.-Oollection of Magnetic Declinations, Western Series-Continued. 

6 1823 __ 

7 1874, May 22. 

8 188o,June 24. 

1778, May 19. 

r 1787, May. 

PORT MULGRAVE, YAKUTAT BAY, ALASKA-Continued. 

0 ' 

30 30 E. Lieut. Khromchenko, on Russian Hydro'c Chart, No. r378; at end of spit, 

29 58.3 

in ¢=59° 33'.6, A.=139° 46'.5 W. 

M. Baker, U. S. Coast Survey, W. H. Dall, chief of party. Coast and 

Geodetic Survey Report for 1881, App. 9. 

29 59. 8 E. Observer and reference as above. At Yakutat Bay. 

z6.-PORT ETCHES, PRINCE WILLIAM SOUND, ALASKA . 

0 ' 
23 37 

2600 

E. 

.:l=r46° 37'.6 W. of Gr. 

(Astronomical station of r874.) 

Capt. J. Cook; Voyage to the Pacific Ocean, 3 vols., London, r784, vol. iii, p. 

507. Communicated hy Mr. Marcus B:iker, Coast :incl Geodetic Survey. 

21 
1787,May and July. 26 30 

Portlock; Voyage, &c., London, 1789; at Chalmer's Harbor, in rp=6o0 17', 

A.=147° 27 1 W. Communicated by Mr. M. Baker. 

Observer and reference as above. At Port Etches, Garden Cove, in qi=6o0 

201.5, A.=r46° 46' W.; maps, pp. 215 and 216. Communicated by Mr. 

M.Baker. 
~ 

1787 __ 

3 1788, May 17. 

·{ 
1790 __ 

1790, May 23. 

1790,July 30. 

5 1794,June. 

6 z810(?) 

1 1830 __ 

8 

9 

B. Ex . .22-19 

27 00 

25 00 

26 28 

26 00 

28 30 

28 30 

28 07.5 

James Johnstone, Dalrymple's charts, at Cape Hinchinbrock, in rp==6o0 18', 

A.=147° or' W. Comm'd by Mr. M. Baker. [Not used.-Scu.J 

Don Estaban Martinez, in the Princessa. In ¢=6o0 rn', A=147° 351 ,V. 
Coast and Geodetic Survey Report for 1885, App. 7, p. 281. 

Nuchek, Constantine Redoubt. Sarycheff, old Russian chart without date 

or number; in ¢=60° 18', il=146° 32' W. Communicated by Mr. M. 

Baker. 

Fidalgo, in the pa_cket Philipino. In ~=6o0 121 , .1.=146° 31' W. Coast 

and Geodetic Survey Report for 1885, App. 7,p. 283. [Mean value= 

-26° 141 used in discnssion.-Sn1.J 

Commodore J. Billings; M. Sauer, Account of a Geographical and A~tro

nomical Expedition, London, 1802, p. 200. Communicated by Mi". l\1. 

Baker. [Not used.-ScH.) 

Capt. G. Vancouver; Voyage round the World, London, 1798, vol. iii, p. 188; 

at Port Chalmers, in rf>=6o0 161
, A.=146° 38' W. Observed 30 sets with i 

4 compasses, -ranging from -26° 50" to -30° 09'. CommWliCated by 

Mr. M. Baker. 

Nuchek; Sarycheff, old Russian chart No. xvii; in tj>=6o0 17'.5, .1.=147° 

oo' W. Communicated by Mr. M. Baker. 

Nuchek, Constantine Redoubt. Chernoff, Russian Hydr'c Chart No. 1378, 

published in i847. In 1J1=6o0 20', A=I46° 321 .5 W. 

Sir Edw. Belcher, on beach near Phipp's Point, Port Etches. Sir Edw. Sa

bine, in Phil. Trans_ Roy. Soc., 1843, part 2, and Contributions xiii, r872; 

in~ :u', .l.=146° 41' W. • 

29 09. 8 E. Marcus Baker, U. S. Coast Survey (W. H. Dall, chief of party); at Port 

Etches, on beach near Phipp's Point. Geographical position as in head

ing. Coast and Geodetic Survey Report for 1881, App. 9. 
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GROUP III.-Colleation of Jfagnetia DeclinaUons, Western Series-Continued. 

2 1850. 5 

J 1854. 5 
4 1879,July. 

5 1880, September 8. 

1826, August. 

1826.5 

1826.5 

i 
2 ! 1849.5 

J 188o, August JI. 

'--·--

27.-PORT CLARENCE, ALASKA. 

A.=166°. 50' W. of Gr. 

(Point Spencer.) 

0 / 

26 55 E. Capt. F. \V. Beechey; Port Clarence and Grantley Bay, in ¢=65° 17', A.= 

26 00 

2J 01. J 

166° 19' W. Sir Edw. Sabine, in Phil. Trans. Roy. Soc., Contribution 

xiii; 1872. 

Captain II. Kellett. Reference as above. 

Captain Maguire. Reference as above. 

Aug. Wykander; Nordenskiold in the "Vega." Communicated by Mr. W. 

H. Dall. 

22 45 E. Mr. M. Baker, Coast and Geodetic Survey {W. H. Dall, chief of party); at 

Port Clarence, near Point Spencer, in <1>=65° 161.1, A.=166° 50'.6 W. 

Coast and Geodetic Survey Report for 1881, App. 9. 

28.-CHAMISSO ISLAND, KOTZEBUE SOUND, ALASKA. 

0 , 
31 24.J 

JI IO 

28 53 

30 26 

26 49 

E. 

E. 

A.=161° 49' W. of Gr. 

Capt. F. W. Beechey; Beechey's Narrative of a Voyage to the Pacific, 1825-

'28, London, 1831. Communicated by Mr. M. Baker. 

Brit. Admiralty chart, No. 593. Communicated by Mr. M. Baker. 

Capt. F. W. Beechey. Reference as above. Sir Edw. Sabine's Cont's, xiii, 

Phil. Trans. Roy. Soc., 1872. (Not used.-Sca.] 

Capt. H. Kellett. Reference as above. In ¢=66° 16', 1=161° 481 W. 

Mr. M. Baker, Coast and Geodetic Survey (W. H. Dall, in charge of party); 

at Chamisso Harbor; position ¢=66°IJ'.J,1=161°481.7 W. 

29.-PETROPAVLOVSK, KAMCHATKA, SIBERIA. 

---·--------·-----~---i-=~----

1779, June. 

2 

1804, September. 

1804, September. 

1809, June 23, July 23. 

1 6 18. 7 E. Capt.J. King; A voyage to the Pacific Ocean, London, 1784. West side of 

I village, in!/>= 53° oo;.6, 1=158° 43'·3 E. 

I 6 oo G. Sarychetf; F. P. Liltke's Voyage around the world, St. Petersburg, 1835. 

1 5 20 A. J. van Krusenstern; Voyage around the world, LoQdon, 1813. On the 

I spot on which the village stands, in<I>= 53° 00'.2, l=t58° 471.7 E. 

5 39 

7 21 

Observer and reference as above. On Avateha Bay. [Mean value.=-

50.49 used in discussion.-Sca.J 

Capt. Hagemeister; mean value by two compasses. A. G;. Erman, Reise 

um die Erde, Berlin, 1835, vol. ii. Communicated by Mr. M. Baker. 

(Nol used.-SCH.] 

4 13 E. Gen. Sir Edw. Sabine's Cant's to Terr. Mag., No. xiii, in Phil. Trans. Roy. 

Soc., 1872; in11>=53° oo', A.=158° 40' E. [This is supposed to refer to 

Capt. Beechey's observation of 1827; not used.-ScH.] 
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GROUP UL-Collection of Magnetic DecUnations, Westerti Series-Continued. 

1827, September 30. 

1827, September 30. 

1829.5 

1837, September 4. 

1849.5 

1854,July. 

1856, October. 

1866 __ 

PETROPA VLOVSK, KAMCHATKA, SIBERIA-Continued. 

4 13.3 E. 

3 43 

4 05.8 

4 04 

3 27 

2 37 

3 40 

3 24 

I 25. I 

Capt. F. \V. Beechey; Narrative of a Voyage to the :racific, 1825-'28, Lon

don, 1831; mean of 9 determinations, in <1>=53° 01 1 , i\c=o158° 431 .5 E. 

Capt. F. P. Lutke; Lenz in Mem. St. Peters. Acad. Sc., vi, vol. i, 1838; in 

sb=53° or', l=158° 441 E. 

A.G.Erman,Reise um die Erde,Berlin, 1835. In ,,=53°oo1 .5,A=1·5s0 

401 E. [The mean of the three determinations is used giving the middle 

one the weight one-half, hence for r827.6 the declination =-4°.07-

Scu.] 

Gen. Sir Edw. Sabine's Cant's to Terr. Mag., in Phil. Trans. Roy. Soc., 1872. 

(This is supposed to refer to Erman's value of 1827; not used.-Scu.] 

Du Petit Thouars; Voyage autour du monde, Paris, 1843. In front of 

Auchard's house, in 9=53° 01 1 , A=I58° 43 1 E. 

C:ipt. II. Kellett; Gen. Sir Edw. Sabine in Phil. Trans. Roy. Soc., vol. 162, 

London, 1872. 

I Frigate Aurora; Compt-rendu annuel de l'Observatoire Phys. Cent. de 

j 
Russie, annee 1854; St. Petersbourg, 1855. In ¢=53°00',l=1S8° 

431 .5 E. [Weight one-half assigned to this value.-ScH.] 

, Admiralty chart, No. 2460; position of Petropavlovsk in Ency. Brit., 7th 

edition, </1=53°01 1 , il=158° 431 E. [Suppusecl to be a computed value; 

not used.-ScH.] 

K. S. Staritzky; Onazevich's collection of observations made during hydro

graphic explorations in the Pacific, 1874-'77; St. Peteroburg, 1878. 

9 1876,Juneu,13,Septem- I 09 E. M.L.Onazevich; reference as above. 

ber 15. 

N. B.-This important Asiatic •tation was included in the discussion on account of its proximity to the \Vestem Aleutian or 
Rat Islands, and as affording the means for connecting the law of secular change with that found to prevail m·er Siberia. For 
information No. 3, part of 4, and of Nos. 5, 7, and 9, I am indebted to Mr. Marcus Baker, temporarily (I 879) attached to the Com
puting Division of the Coast and Geodetic Survey Office. 

The following two stations on the Hawaiian Islands, which were first introduced in the third 
· edition of the paper on the secular cbange, are here retai u ed, but without giving for them an 

analytical expression of the law of change. This was thought to be the proper course to pursue 
in view of the uncertainty now attaching to the former values in consequence of later and impor
tant information bearing on the subject. 

In.a letter addressed to me by OurtisJ. Lyons, assistant Government Survey, dated Honolulu, 
January 9, 188(, Mr. Lyons expresses his conviction that from 1850 to 1884 the secular variation 
was increasing the easterly declination prevailiug over the Hawaiian Islands, and cites his expe
rience on Hawaii, viz: "From a number of compaR1; bearings observed by me in 1853 when com
pared with the respective bearings taken by tbe same compai;;s and the same observer in 1872-'73, 
the increase of declination was 40', he11ce annual increase 2'.0" Again, in 1873, Mr. Lyons made 
careful notes of a magnetic bearing of a base line in Oahu and repeated the same with the same 
instrument in 1884: and found an increase of about 20', hence annual increase 1'.8 He also states 
that he knows the spot where Commander Wilkes's observatory stood at Honolulu in 1841, aud 
that the .old sit.a is now incln.ded in the palace yard; at this plaoo he finds the declination in 1884 
to be 90 30' E., hence annual increase l'. 7 

If it thus be a fact that from about the middle of this century to the present time east 
doolhmtion at the Hawaiian Islands has been on the increase, as believed by :M:r. Lyons, the expla
nation might be found in the presence or obtrusion -of a secondary wave of sufficient range to have 
temporarily overpowered and concealed the ordinary effect of the priwa.ry wave of secular motion. 
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There certaiuly was indicated by the observations an increase of east declination from the earliest 
times for which we have any record up to the year 1832, some years more or less, when apparently 
a maximum was reached; this last feature it would seem we have now to give up and a wait. further 
development before we can be certain of our deductions. 

In a second letter t-0 me dated Ilonolulu, April 23, 1884, Mr. Lyons gh:es further informatio11 
supporting his former statements by fresh observational eridence of direct measures, aml gives as 
his result that the annual increase of easterly declination between 1871 and 1884 was about ?r 
(1'.9 + 2'.2 + 1'.5) or 1'.9 very nearly. 

30.-KAILUA (KAIRUA), HILO AND KEALAKEKUA (KARAKAKOA) BAYS, ISLAND OF HAWAII (OWHY
HEE), HAWAIIAN ISLANDS . 

1 779--

2 1791, October 4, 8. 

3 1795, March. 

4 1796,January31. 

I 
1796 __ 

5 . 1818, October. 

6 1819 __ 

1824 __ 

1825 __ 

10 1853 __ 

1 I 1875, August 18. 

12 1877 __ 

.\=156° or' W. of Gr. 

(Kailua Bay.) 

0 , 

8 06 E. Capt.J.Cook; Karaka.koaBay,in~=19"'28',;l.=156°001 W. P.Barlow, 

8 02 

7 47 

8 15 

9 12 

7 3° 

9 50 

IO 14 

8 51 

7 43 

8 50 

9 27 

8 15 

7 34 

in Encycl. Metropol., London, 1848; see also Hansteen's Magnetismus der 

Erde, Christiania, 1819. 

Capt. Etienne Marchand; west of Hawaii. Voyage·autour du Monde, Paris, 

an vii, vol. 2. On Oct. 4, declination =8° oo' E., in t/>=19° 131 , .il.=154° 

34' VI.; on Oct. 8, decl'n =8° 05 1 E., in t/>=19° 19', A.=157° 221 W. 

Capt. G. Vancouver; A Voyage of Discovery, etc., London, 1804. Mean of 

3 compasses on ship and on shore, in rfJ=I9° 28'.2, .\=156° 02'.2 W. 

See also Encycl. Metropol., London, 1848. 

{

Lieut. W.R. Broughton; Encycl. Metropol., London, 1848. [For first value 

see Hansteen's Magnetismus der Erde, Christiania, 1819. Second value 

not used.-ScH.] 

Capt. V. M. Golovnin, at Kairua Bay. Voyage around the World, St. Peters

burg, 1822, vol. 2. 

Capt. Freycinet; at Kawaihae;in t/>=20° .5, northwest Hawaii. 

Byron; Island of Owhyhee, in <1>=19° 43', A.=156° ro' W. Gen. Sir Edw. 

Sabine's Cont's to Terr. Mag., No. xiv; in Phil. Trans. Roy. Soc., vol. 165, 

pt. i, 1875. [Not used.-Scu.J 

.Byron; at Hilo. Communicated by W. D. Alexander, supt. Hawaiian Gov

ernment Survey, letter of Dec. Ir, 1877. 

Voyage de la Venus, Paris, 1841. Position and reference as for the value 

for 1824, above. [Not used.-ScH.] 

Commander C. Wilkes, U. S. N.; at Hilo. Communicated by Mr. W. D. 

Alexander, supt. Hawaiian Survey. 

U.S. Hydrographic Office. U.S. S. Brandywine at sea, in ;=19° 351 , A.= 

158° 14' W. [Reduction to Kailua +6', hence declination -9° 21'

ScH.] 

C. J. Lyons, asst. Hawaiian G<Jvemment Survey; on shore at Kawa.il!ae. 
Comm'd by Mr. W. D. Alexander, supt. Haw. Survey. 

H. M. S. Challenger; Hilo, on Cocoanut Island, in jl=I9° 43'.9, il.=155" 

04'.o W. Rock consists of lava, and very magnetic. Voyage of H. M. S. 

Challenger, Narrative, vol. ii, London, 1s82. 

8 IO Observer, C. J. Lyons; in Hamakua and North Hilo, N. E. coast of Hawaii. 

Comm'd as above for No. ro. [lo' may be subtracted to refer to latitudes 

of Hilo and Kailua, hence decl'n "-8".o-ScH.] 

8 30 E. I-etter of C. J. Lyons, dated Honolulu, Jan. 9' 1884; considered by him as 

the best value for this date, as based upon actual survey. 
a 
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GROUP III.-Collection of JJlagnetic Declinations on Islands in the Pacific Ocean-Continued. 

31.-HONOLULU, ISLAND OF OAHU (WOAHOO), HAWAIIAN ISLANDS. 

1792, March. 

1 793--

1796, February. 

1816 __ 

1837 __ 

1837 __ 

1838 __ 

1840 __ 

184I __ 

1845, January 25. 

1859, January, February, 

and March. 

1867, August. 

1875 __ 

1875,July :z9, 30, August 

10. 
1875 __ 

il=r57° 55'.o W. of Gr. 

(Fort near town.) 

o I 

7 50 E. Capt. G. Vancouver; observed on board ship, at anchor in Whyteete Bay, in 1 

5 52 

9 41 

IO 57 

IO 24 

9 sz 

IO 26 

IO II 

IO 00 

10 39 
10 39 

9 17 

8 15 

10 to 

9 10 

9 42 

II 15 

9 18 

9 25 

9 50 

9 16 

9 15 E. 

c/>=21° 161 .8,.l=I57° 50'.4 \V. Voyage around the world, London, 1798, 

vol. i. Communicated by Mr. )\farcu~ Baker, Coast and Geodetic Survey. 

I Capt. G. Vancouver;' at \Vaikiki, south of Honolulu. Communicated hy ~Ir. 

\V. D. Alexander, supt. Hawaiian Government Survey, in letter dated 

I Mikawao, Maui,Jlec. 11, 1877. [:\ot used.-Scn.J 

Lieut. \V. R. Brnugliton; \Vhytcete I.lay, in ¢=21° 181 ,il=I57° 591.5 \V. A 

Voyage of Discovery, London, 1804. Communicated by Mr. M. Baker. 

Kotzebue; at Honolulu. Communicated by Mr. W. D. Alexander, supt. 

II. S. [Not used.-Scn.] 

'1 Capt. Freycinet; at Honolulu. Reference as above. 

Byron; from L. S. Kaemtz's MSS. Oahu Island, in d>=ZI 0 17 1 , .l=15S0 oo' 

I 
W. Gen. Sir Edw. Sabine's Cont's to Terr. Mag., No. xiv. Phil. Trans. 

1 
Roy. Soc., vol. 165, pt. i, r875. 

] Capt. Beechey ; position an<l reference as above. 

) 
Voyage <le la Bonite, Paris, 1842. Honolulu, in <11=21° 191 , .l=157° 48' 

W. Ref. to Phil. Trans. as above. 

Voyage de la Venus, Paris, I841. Position and reference as above. 

Capt. Beechcy. }On Oahu Island. Reference as above. 

Capt. Belcher. 1837.5, =-10°.32-ScH.] 

[Mean value for 

Berghaus; from L. S. Kaemtz's MSS.; at Honolulu. 

Commander C. Wilkes, U.S. N.; at Honolulu. Communicated by Mr. \V. 

D. Alexander, supt. H. S. [Not used.-ScH.] 

U.S. Hydrographic Office; U.S. S. Brandywine, at sea, in <7>=21° 54', 

l=157°05' \V. [Reduction to Honolulu +5', hence declination=- 10° 

051-ScH.] 

Capt. C~llinson, MS. in Brit. Hydr. Office. At Honolulu. Gen. Sir Edw. 

Sabine, in Phil. Trans. Roy. Soc,, vol. 165, p. i, 1875. 

Karl Friesach; Memoirs of the Imperial Academy of Sciences, Vienna, vols. 

xxixto xliv. In ¢=21° 181 .6, .l=157° 48'.9 \V. 

Capt. W. Reynolds, U.S. N., in the Lackawanna; Chart No. 6. Wharf near 

custom-house, in '{i=21°181.2,1=157° 501.1 W. (Not used.-Scn.] 

C. J. J,yons, asst. Government Survey; north side of entrance to Honolulu har

bor. Comm'd by W. D. Alexander.supt. H. G. S., letter of Dec. 1 l, 1877. 

Observer and reference as above. On the south side of entrance, at Fisher

man's Point. 

Observer as before, in Punchbowl street, in r-21° 18', l=157° 52' W 

Comm'd by C. J. Lyons, letters of Jan. 9 and Apr. 23, 1884. 

Observer and reference as before. West base Oahu triangulation, Honolulu. 

[Mean value for 1873.5, =-9°.63-ScH.] 

W. D. Alexander; entrance of Pearl Locks, Oahu, and throughout Ewa 

district. Reference as for 1871. 

H. M. S. Challenger; on spit south of town in <P=21° 18'.o, l=157° 51' W. 

Voyage of H. M. S. Challenger, Narrative, vol. ii, London, 1882. 

Observer and reference as for first value of 1875. Shore of Waikiki, south 

of Honolulu. [Mean value =-9°.40-ScH.] 
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GROUP III.-Gollection of ldagnetic Declina.tions on Islands in th~ Pacific Ocean-Continued. 

HOXOLULU, ISLAND OF OAHU (WOAHOO), HAWAIIAN ISLANDS-Continued. 

,~-1::------------- -~-3-2-;. 11-0bserver, position, and reference as for 1873. 

Il

l r8 r Ii.I 1881~ ~ 9 40 Observer, position, and reference as for 1873. 

1883, June 17. IO 42 I Lieut. "\V. H. Parker in the u. s. s. Essex; at sea, in c/J=2I" rs'. il.=156° 

I 13' \V. Naval Professional Papers, No. 19, \Vashington, 1886. [Reduc
/ I fJ 1 i 
I • ' 1 lion to Honolulu inappreciable.-SCH.] 

I l' '·
1 

1883,· August 19. 
1 I 9 09 i Lieut. F. Hanford in the U.S. S. Pensacola; at sea, in cfl=21° I01 , A=157° 

J I 54'\V. Naval Professional Papers, No. 19, Washington, 1886. [Reduc-

1 '

I lion to Honolulu-31,hencedecl'n =-9°121 ; mean value for 1883.54, 

= -9° .95-ScH.] 

I r i 1884. o. IO 14 Observer and reference as for 1873, at west base, Honolulu. 

I 1 1884. o. 9 30 C. J. Lyons, asst. H. G. S. ; at old station of 1841, occupied by Commander 
: 20 i 
I l i C. Wilkes. Letters of Jan. 9and Apr. 23, 1884. 

1 I I 884, January 4. 9 57 E. 

1

1 Lieut. W. Swift in U. S. S. Alert; at sea, in rp=20° 35 1 , A=I 57° 45/ W. 

I 
Naval Professional Papers, No. 19, \Vashington, 1886. LReduction to 

--'-1'---

I_fo_n_o .. l .. u_l_u_ -Io', hence declination =-I0°07I'. Mean of 3 detennina
tions=-90 571-ScH.] 

- --- - ·- ---- -----·- -·------

The values available for discussion of the declination at the Hawaiian Islands after rejecting 
3 apparently anomalous ones for Kailua and 4 such in the Honolulu series, are as follows: 

KAILUA BAY, HA\\"AII. 

De-cl'n. f' No. ) Year. ) Decl'n. I\ No. I 
I' I 1, I 

---0 --1!-1---0-1-1-· 
(--9. 20) 7 II 1825. 5 -8. 85 I IO ! 

7. 50 '(1836. 5) (7.62) I II 

9· 83 8 1841. 5 8. 83 II 12 

(10. 23) 91 1845. 2 9• 35 I 13 

Year. I Decl'n. 

----
0 

1853.5 -8.25 

1875.6 7.57 

18n.5 8.oo 

1884.0 8.50 

, Ko. Vear. J'\o. Year. 

------~---

I 
I 

1779.5 (1796. o) i 
2 1791. 7 1818.8 

3 1793.2 6 18r9.5 

4 1796.0 8.25 (1824. 5) 

HONOLULU, OAHU. 
···---

I :i No. Vear. IJecJ'n. ::\o. Year. Decl'n. No. Year. Decl'u. No. Year. Decl'n. 

-·----- --------·--- I·---·· ------· --
0 <> 0 0 

I 1792. 2 -7.83 5 1827. 5 -IO. 43 IO 1845. I -10.08 rs 1873. 5 -9.63 

(1793. S) (5. 87) 6 1836.5 IO. 18 II 1852.5 9. 17 16 1875.5 9.40 
2 1796. I 9.68 7 1837. 5 IO. 32 12 1859.2 9. 70 I 17 1879.5 9-54 

I 
(1816. 5) (IO. 95) ! 8 1838. 5 10.65 (1867. 6) (II.25) 18 1881. 5 9.67 

! 
3 r819.5 

I 
10.40 : 9 1840. 5 9.28 13 1871.5 9.6o 19 1883.5 9.95 

4, 1825.0 9· 87 ii (1841. 5) (8. 25) 14 1872.5 9.30 20 1884.0 9.95 
I -

Observations inclosed within parentheses are proposed for omission in any process for representation that may be employed. 

No expression of the above observations by means of e. periodic function will for the present 
be attempted, as it seems impossible, without undue and arbitrary straining, to reconcile such a. 
formula with the condition imposed by Mr. Lyons, i. e., that the easterly declination was increasing 
on the islands from a.bout the middle of the century to the present time; we therefore prefer t.o 
suspend our judgment as to the direction and amount of the secular change a.t the present tintei and. 
shall wait for further development. 
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In a volcanic region like thitt of the Hawaiian Islands it is absolutely essential for the eluci
dation of the secular change in any of the magnetic elements that the successive observations 
should be made at the same stations, otherwise local disturbances may completely hide the true 
progressive movement and render all comparison nugatory. Even with this precaution we are 
obliged to l)Ssume that the law of secular chauge has not at times been suddenly interrupted 
through the agency of volcanic eruptions or through the effects of earthquakes. 

A complete magnetic survey of this group of islands could not fail to throw much light on the 
distribution and character of the local disturbances, as well as furnish evidence whether or not the 
secular change over disturbed and undisturbed regions is the same, and it is t.o be hoped that it 
will be undertaken by the Hawaiian Government Survey. 

The Hawaiian Islands group i!:l magnetically considered no less interesting than are the 
Bermuda Islands, in which latter group, however, there is less liability to abrupt local changes in 
the curves representing the distribution of magnetism than in the former. 

RESULTS FOR GROUP III.-Magnetic stations on the Pacific coast and Rocky Mountain 
region;- also in Mexico and Alaska a.nd in some foreign countries. 

In the la.st column of the table the letter D stands for declination, the minus sign indicating 
east declination. The letter m stands for t-1850.0 or for the dift'erence in time, expressed iu years 
and fraction of a year, for any time t and the middle of the century ; it is to be taken within the 
range of observation at any station. 

\No. 
\ 

Name of station and State. 

I 1-
I Acapulco, Mexico. 

2 Vera Cruz, Mexico. 

3 .City of Mexico, Mexico. 

4 San Blas, Mexico. 

5 San Luca>, L-Ower Cal., Mex. 

6 Magdalena Bay, Lower Caiifomia. 

7 Cerros Island, Lower Cal., Mex. 

8 El Paso, Tex. _ 

9 San Diego, Cal. 

IO Santa Barbara, Cal. 

JI Monterey, Cal. 

12 San Francisco, Ca.I. 

13 Cape Mendocino, Cal. 

14 Salt Lake City, Utah. 

15 Vancouver, Wash. 

16 Walla Walla, Wash. 

17 Cape Disappointment, Wash. 

18 Seattle, Wash. 

19 Port Townsend, Wash. 

20 Nee-ah Bay, Wash. 

21 Nootka, Vanc_ouver Island. 

22 Captain's and Iliuliuk Harbors. 

23 Sitka, Alaska. 

24 St. Paul, Kadiak Island. 

25 Port Mulgrave, Alaska. 

26 Port Etches, Alaska. 

27 Port Clarence, Alaska. 

28 Chamisso Island, A~. 

29 Petropavlovsk, Siberia. 

i I 
Latitude. I vVest longi 

j tude. I The magnetic declination e xpressed as a function 
e. of tim 

-i 
o I /-- - o o . • 0 I I 

16 50. 5 \ 99 52. 3 [ D-- 4· 48+ 4. 41 s'.n \I. 

19 I I. 9 96 08. 8 D=- 5. 09+ 4. 22 sm (I. 

19 26.0 99 II. 6 D=- 5· 34+ 3. 28 sin (I. 

21 32. 5 105 18.4 D=- 5. 21+ 4- 26 sin (1. 

22 53.3 109 54.7 D=- 5. 94+ 3. 68 sin (I. 

24 38.4 112 08. 9 D=- 6. 33+ 4. r7 sin (r. 

28 04 115 12 D=- 7. 40+ 4. 61 sin (1. 

3r 45·5 106 27.0 D=-- 9. 08+ 3. 40 sin (1. 

32 42. I II7 14.3 D=-10. 32+ 3. oo sin (1. 

34 24.2 Il9 43· 0 D=-I 1. 52+ 3. 32 sin (1. 

36 36. I 121 53. 6 D=-13. 25+ 2. 83 sin (1. 

37 47.5 122 27.3 D=-13. 94+ 2. 65 sin (r. 

40 26.3 124 24·3 D=-I 5. 25+ 2. 45 sin (I. 

40 46. I III 53· 8 D=-12. 40+ 4. 25 sin (1. 

45 37. 5 122 39.7 D=-17. 93+ 3. 12 sin (1. 

46 04 II8 22 D=-17. So+ 3. 30 sin (1. 

46 16.7 124 02.8 D=-19. 39+ 2. 54 sin (I. 

47 35.9 122 20.0 D=-19. 19+ 3· 14 sin (r. 
48 07.0 122 44.9 D=-18.84+ 3.oosin(r. 

48 21. 8 124 38.0 D=-19. 83+ 2. 91 sin (1. 

49 35.5 126 37. 5 D=-21. 25+ 2. 74 sin (1. 

53 52.6 166 31. 5 D=--18. 01+ 1. 82 sin (r. 

57 02.9 135 19.7 D=-25. 79+ 3. 30 sin ( r. 

57 48.0 152 21. 3 D~22. 21+ 5. 18 sin (r. 

59 33.7 139 45.9 D=-24. 03+ 7. 77 sin (r. 

6o 20. 7 146 37.6 l•=-23. 71+ 7. 8g sin (1. 

65 16 166 50 D=-18. 98+ 7. 99 sin (1. 

66 13 161 49 D=-23. 62+ 7. 64 sin (r. 

53 or 201 r7 J)= - - 3. 35+ 2. 97 sin (1. 

*Approximate expression. 

0 ,,,_ 85. 7)* 

2 ,,,_ 63.4)* 

o m- 87.9)* 

ism- 96. S) 

20 m-II6. 8)* 

15 m-I19. 2)* 

05 m-107.0) 

3 m-108.4) 

IO m-126. 5) 

IO m-123. 1) 

IO m-144.0) 

05 m-135. 5) 
10 m-128.0)* 

4 m-121. 6)* 

35 m'-134. r)* 

3 m-129.0)* 

25 m-158. 7) 

4 m-136. r)* 

45 m-122. 1) 

40 m-141. 6) 

30 m-152. o)* 

3 m- 69.6)* 

30 m--104. 2) 

35 m- 72. 5) 

30 m-- 85. 8) 

35 m- So. 9) 

3 m- 68.4)* 

3 m- 64.0)* 

3 m+ 12.2) 
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GROUP III.-Oomparison of observed and computed Magnetic Declinations. 

I Year and Obs'd Comp'd I 0-C. 
Year and! Obs'd Comp'd I O-C. Vearand I Obs'd Comp'd I O-C. I fraction. decl'n. decl'n. fraction. I decl'n. decl'n. fraction. decl'n. decl'n. 

i 

I I 
I 

I.-ACAI'l'LCO, MEX. SAN BLAS, MEX.-continucd. S.-EL PASO, TEX. 
I 

I ----~------
I 

I I 
I 0 0 0 0 0 0 i 0 0 

- : .. I - 3.62 + ,62 1791. 3 - 6,39 -1.08 1852.5 I -12.36 
i 1744.5 - 3.00 - 7.47 i -12.40 

I 
1791. 3 7.73 7.05 - .68 1822.0 8.67 8.54 - .13 1859. I 12.42 12.46 + .04 

1822.5 8.67 8.53 - .14 !837.5 8.85 9. 19 + .34 1878.5 12.42 12.30 -- . 12 
! 

I 
1s2s. 5 I 9.12 8. 69 - ·43 1838.5 8. 79 9.22 + .43 1884.3 12.08 12. 13 + .05 

r838. o I 8.29 8. 85 + .56 l839. 5 9.00 9.25 + .25 1888.9 -II. go --1 I. 9,5 + .05 

1866.5 8.37 8.60 + .23 1841. 5 9.20 9.3o +.IO 
I 1874.2 8.64 8.36 - .28 1874. I 9· 14 9· 18 + .04 9.-SAN DIEGO, CAL. 

1880. 9 
i 18So.9 - 8.94 - .36 7.94 s.08 I + . 14 - 9.30 

I 1714. 8 I 
' 

1882.9 ! - 7.90 - 7. 991 + .09 - 6.oo - 7.33 -j-I. 33 

5.-SAN 1.UCAS, LOWER CAL. 1783.3 I0.44 9.3o -I. 14 

2.-VERA CRUZ, MEX. 1792.5 Ir,00 9.82 -J. 18 

1839.5 I2.34 12.32 - .02 
i 

1727· 0 - 2.25 + .67 
1709.0 - 2.50, - 2.40 - • IO 

1851. 31 12.48 12.77 + . 29 
- 2. 92 

1769.4 6. 57 6.53 - .04 
1714.8 I. 50 2.30 +.So 1853.8 12.53 12.85 + . 32 

1776.5 7. 50 7· IO 
1_779. 9 6.oo 4.63 -I. 37 1866. 4 13. 16 13. 16 .oo - .40 

1815. 5 10.62 9· 17 -l. 45 
1839.5 8.63 8. 78 + .15 1872. 9 13.32 13. 26 - .06 

1819.3 9.27 
1841.5 7.88 8.88 +1.00 1881. 3 13.46 I3-32 - .14 9. 24 - .03 

1839.5 S.37 9· 18 + .81 
r87J. 3 10.50 9.62 - .88 1888.5 -13.07 -13.31 + . 24 

1856.6 8. 28 8. 57 + .29 
1875. 0 9.65 9.61 - .04 I 

1861. 0 8.33 8.33 .oo 1888. I - 9.44 - 9.56 +. 12 10.-SANTA BARBAR . .\, CAL. I 
188o. I - 7.44 - 7.02 - .42 

- 8. 19 I + . 69 I 6.-MAGDALENA BAY, LOWER CAL. 1714.8 - 7.50 

3.-CJTY OF MEXICO, ME.X. 1783.3 Il. 36 IO. 581- • 78 

1793. 8 ' 10.25 II. 23 + . 98 
----"~~---~------·-,-~-

1714.8 - I. 50 - 2. 17 + .67 
I 

1769.7 - 5.46 - 6.or + .55 
1839. s I 13.47 13.88 + .41 

1783.3 6.78 5.19 -I.59 1869.9 15.20 14.78 - .42 
1775.5 6. 70 6.33 - . 37 1837.5 . 8. 27 9.35 +1.o8 
1804.0 8. 13 

1881. 3 i -14. 87 -14. So - .07 
7.70 - .43 1839. 5 9.25 9.46 + .21 I 

1849.5 8.50 8.62 + . 12 1866.4 ro.67 10.43 - .24 I J. -MONTEREY, CAL. 
1850. 5 8. 59 8.62 + .03 1871. 3 ll. 00 10.49 - .51 
1856. 9 8. 77 8. 58 

I 
- .19 1873.3 IO. 56 10.50 - .06 1783.3 -12.44 -II. 53 - .91 

1858.5 8.37 8.56 -r . 19 1881. I -ro.48 -10.47 ·- .01 1786.7 II. So II. 69 - .II 

1860.5 8. 50 8.54 - .04 I 791, 7 IO, 93 II. 92 + .99 
1862.5 8.46 8. 52 ...j_ .06 1792. 9 I 12. 37 II. 98 - .39 

1867.0 8. 15 8.44 + . 29 7.--CERROS ISLAND, MEX. 
1794,9 12. 37 12.07 - .30 

I ' 
I 1868.5 8. 17 s.., I+.,, 1837. 5 14.50 14.32 - .18 

I 
1879.8 8.58 8.12 - .46 

. 
1714.8 - I. 75 - 3·09 +1.34 1839.5 14.22 14.42 + .20 

1884.3 - 8.32 -7.98 -.34 1783.3 8. 43 7.64 - .79 1841. 5 15.00 14.52 -.48 
! ------ I 

I 1839.5 IO.go 11. 47 + .57 1843. 5 14.00 14. 61 + .61 

I 
+-SAN BLAS, MEX. 187J. 4 II. 90 II. 96 +.o6 1851. I 14.97 14-96 - .01 

I875.o 12. 15 rr.94 - .21 1854.4 14.98 15. IO +.12 

1714.9: - 0.50 - I. 16 +.66 1881. 2 II. 98 11. 83 -- • 15 I87J. 7 15.92 15. 75 - .17 

I 178S. 2 / - 5.00 - 6.11 +1. II 1888. 3 -11.66 -11.63 - .03 1881. 3 -J5.90 -16.04 + .14 
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GROUP III.-Oomparison. of observed and cornputed Ma,gnetic Declinations-Continued. 

fraction. decl'n. decl'n. · fraction. decl'n. decl n. 1 

Year and 
fraction. 

OLs'd 
1lecl'n. 

Comp'd 
decl'n. 

I I i U-C. I 
Yearandl Obs'd Comp'd \ O-C Yearand] Obs'd Corni:;'d I O-C. 

1--~-------··--------"-1-----1·------------
i I 
j i 

12.-SAN FRAN'CISCO, CAL. SAl.T LAKE CITY, UTAH-continued. 

0 0 

-12. 91 -12. 8o 

12. 80 

15.00 

15.45 

14.92 

14. 85 

13.23 

14.47 

14- 89 

14. 99 

1878. 7 -16~ 77 -16~60 1 __ ~ 17 - . II 

0 

+ .43 1881.4 16.47 16.55 + .08 

- . 53 1883. 9 ~6. 24 16. 49 + . 25 

-- . 56 1884. 8 16. 23 16.46 + . 23 

+ . 07 1885. 9 16. 49 16. 42 - .07 

+ . 17 1887. 9 I -16. 51 -16. 36 I - . 15 

+ .141----'---------'----1 
+ .07 15.-VANCOUVER, WASH. 

19.-l'OKT TUWNSE!\"D, \\'ASH. 

1783. 3 

1841. 5 
1856.6 

1857. 5 
1862.5 

1876. I 

I 88r. 9 

0 0 

-17. 00 --16. 96 

20.67 20.98 

21. 66 

21. 77 
22 .. 00 

21. 63 

21. 64 

21. 75 
21. 98 21. 82 

-21.45 -21.75 

- .04 

+ .31 
- .03 

- . 13 

- .25 
- .16 

+ .30 

1783. 3 

1792.9 

1818. 7 

1827.5 

1829.9 

1830.5 

1837.5 

1839.5 

1841. 9 

1850.0 

1852.3 

1858.4 

1866.5 

1871. 9 

1872. 8 

187J. 7 
1874.0 

1879. 2 

188o.8 

1881. 5 
1883.4 

1884.7 

1885. 6 

1886.3 

15. 17 

15.33 
15. 50 

15. 68 

15.48 

15.88 

16.42 

16.38 

16,43 

16.41 

16.45 

16. 57 

16.56 

16.48 

16.64 

16.54 

16. 56 

16.55 

15. 02 

15.31 

15.40 

15.50 

15.80 

15.87 

16.o6 

16.27 

16.39 

.oo 
·-----·--------- _____ __.20.-NEE-AH BAY, CAPE FLATTERY, WAS!i. 

1887.9 16.56 

+. 12 

+ ·39 
+. 18 

- .15 

+ .01 

+ .02 

1788.6 -14.57 -16.05 

1839. 5 19. 37 19. 57 

1859.5 21. 50 20.60 

+l.4-8 
+ .20 

- .90 

1860. 5 20. 08 20. 64 + . 56 

1881. 8 -20. 89 -21. 05 + . 16 
___ l ______ ___,_ __ --1 

16.-WALLA WALLA, WASH. 

-21.05 

+ .53 
-- .53 
- .32 
- .12 

17.-CAPE DISAPPOINTMENT, WASH. 

1888. 4 16. 57 
16.58 

16. 58 

16. 58 
+ •OJ 1------------,----1 

188g. 3 -16. 6o - .02 

13.--CAPE MENDOCINO, CAL. 

1783.3 

1786.7 

1792.3 

1794. 7 
1854.3 

-14.17 

14.90 
15. 78 
13.88 

16.93 

-14. 36 
14.51 

14.77 

14.88 

17.30 

+ .19 

- .39 
-1.0l 

+1.00 

+ .37 

1786. 7 
1792.3 
1839.5 

1842.5 

1851. 5 
1858.5 

1873.8 

18. 00 

18.00 

19.18 

20.00 

20.32 

21.00 

2!. 44 

17. 24 

17.42 

19.75 

19.91 

20.39 

20.73 
2 1. 37 

- . 76 
- . 58 

+ . 57 
- .09 

+ .07 

- .27 
- .07 

1881. 8 -21. 60 -21. 61 + . 01 

1886. 3 -18. 01 -17. 70 - . 31 1----C....--------'----l 

18.-SEATTLE, DUWAMISH BAY, WASH. 

l<J.-5.ALT LAKE CITY, UTAH. 

i783.3 

-15. 57 -16. 05 + . 48 1855. 5 
16. 50 16. 6o + . IO 1871. 8 

-16. 75 -16. 80 I + . 05 

21.42 21.65 +. 23 

22. 59 22. 21 - . 38 

16. 61 16. 64 + . 03 18l!1. 8 22. 04 22. 33 + . 29 

-------

1783. 3 I -17. 25 -17. 45 + . 20 

1792. 3 18. 00 17. 87 - . 13 

1841. 5 
1852.6 

1855.6 
1881. 8 

22.50 

21. 50 

21. 80 

--22. 74 

I I I 
1778. 2 ! -19. 75 -18. 761- . 99 I 
1783. 3 ! . 11. 91 18. 91 +r.oo I 
1786. 6 I 19. 78 19. 02 - . 76 I 
1792. 8 I 18. 37 19. 27 + . go I 
186o. 5 ! 23. 78 23. 07 -- . 71 l 
1863.51 23.08 23.21 + .131 
1881. 7 • -23. 6o -23. 81 + . 21 I 

__ _,_1 ____ ____, __ I 
22.-CAPTAIN'S AND JUULIUK HARBORS, i 

UNALASHKA. I 

1790. 4 -19. 5§ -19. oo ' - . 5s I 
1792.5 
1817.5 

19.07 + .07 \ 
19. 70 + . 30 

19.50 

20.00 

19.79 

19.75 

19.81 

19.83 
19.72 

19.33 

19. 25 
19.06 19. 15 
18.71 19.12 
18.63 18.91 

- .02 

+ .33 
- .28 

- .46 

- .50 

+·09 
+ .41 
+ .28 

:__ __ _!.~--1_1._02 __ -_1_6._6_s_J!._,-_·_3_7.!__1_sss_._s....!_-_2_2_.4_8_-_2_2_.3_0-'----·_1_s_._ __ ~--------------

1850.5 
1866.6 

1869.4 

r872. 5 

1827.6 

1831. 5 
1849.5 
1867.7 
1870.5 

1873. 5 
1874.7 

1880.6 

1883. 7 -18. 71 -18. 8o +·09 
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GROUP III.-Comparison of observed and computed ilfagnetie Deelinations-Oontinued. 

I V car and Obs'd -~~np'd 1· 0-~-~~- \f'1~acrt 1.~01nH.l 
11
•·· Obs'<; -- ~d~emc-·l\:n~'.~ 

1

1_ 0 -~y car an~l-l Obs\! Corn}:.~;·1-0 _ ;l 
1 

__ r_ra_c_ti-on __ ·_~_" __ ed'n. decl'n. ··---------_~ _______ dee::__ ___ _!_ ____ -~:~c~on. I _~1:~1~:~--d-e~~- _ · i 
I,, _____ 2_3_.-_s_1T_K_A_, __ A_L_A_:iK_· ._A----~---s-·1T_K_' ,_,,_A_L_,_'s-·K_A_-_c_o_n_ti_n_u_e,_1. __ -1-- _PORT ETCHES, ALASKA-continue.d. __ .1 

0 ! 

-2j~50 -24.89 

26.77 25.40 

24.00 25.47 

+1. 39 

-I. 37 

1880.4 

] 881. 7 

0 

-29. 08 -28. 77 

-29. 19 -28. /3 I -

I 
+r.47 ~-----------------. 

-I. 98 
- .01 

-+ . 42 

+ . 52 

24,-ST. PA'C"L, KA.DIAK IS'D, ALASKA. 

__ 1_7_7~-. -4~,---2-2-. -I0----2-3-. -I-8-cl ~:.·:~ 

0 

1788. 4 -25. 00 -25. 87 +. 87 

+ .02 

-I. 56 

1790. 5 26. 23 26. 25 

1794. 5 28. 50 26. 94 

1810. 5 
1830.5 

1837.7 

1874.4 

28.13 

JI. 63 

31. 63 

--29. 16 

29. 36 +r. 23 

31. 24 - . 39 

31. 53 - . IO 

-29. 57 i + . 41 

27. 77 
26.75 

27.25 

27. 50 

28.83 

28.31 

28.62 

28.54 

28.90 

28.96 

29.00 

28.98 

29.08 

29.06 

28.84 

28.88 

28.81 

28.98 

25.79 

26.74 

27.67 

28.02 

28. 19 

28.31 

28.68 

28.81 

1790. 5 25. 50 24. 5811 - • 92 
1804. 6 26. 12 25. 95 - . 17 ,_ ______________ , 

28.89 

28.94 

.00 

+ .06 

+ . 27 
.06 
•JO 

- . II 

- .04 

1808. 5 25. 75 26. 27 1 + . 52 

1818. 5 26. 50 26. 90 I + . 40 
I 

1834. 5 28. 63 27. 38 1· -1. 25 

1839. 5 26. 72 27. 38 I + . 66 

1845. 5 27.00 

1867. 7 26. 08 

1874.4 I 25.37 
28. 96 - . 12 88 ! 

l o. 5 I -25. 15 

27. 29 i + . 29 

26.09 i + .01 

25.51 I+ .14 

-24. 90 : - . 25 
28. 97 - . 09 11------------------'I 

29.00 i + .16 

29.01 + .13 

29. 03 + . 22 

25.-PORT MULGRAVE, YAKUTAT RAY, 
ALASKA. 

27.-PORT CLARENCE, ALASKA. 

---;~~; s 1-~6. 91 -26. 90r=~:~ 
1850. 5 ' 26. 43 26. 38 ! - . 05 

1854. 51 26. DO 26. 08 + . o8 
1879. 5 23. 02 22. 98 - . 04 

1880. 7 I -22. 1s -22. 79 + . 04 \ 

! 

28.-CHAM!SSO IS'D, ALASKA. I 
I I i 

1826. 5 i - 31. 29 -31. 24 I - . 05 i 

+·09 1778. 3 -23. 8o -24. 14 
1849. s I 30. 43 30. s2 I + . 09 .

1

-+ .34 ' 
188o. 7 i --26. 82 -26. 74 / - • oS Ii - .04 26.DO 

26.67 

26.DO 

- . 25 , ____ ! _______ --'-----: 

29.-PETROPAVLOVSK, KAMCHATKA. I 
25. 75 

29. 08 - . ID I 79 I. 5 26.46 - .21 

26. 94 + .94 29.09 - . 01 

29.09 . - .04 

29.09 ' + .oz 
29. O<) ' + . 07 

29.08 + . 02 

1794. 5 
1802.0 

1823. 5 
1874.4 

188o. 5 

29.DO 28. 13 - .87 

30. 50 30. 74 + . 24 

29. 97 30. 32 + . 35 
-30. DO -29. 64 - . 36 

+ .01 ·----~------~--....... 

26.-PORT ETCHES, ALASKA, 

-----~·-------------

- 6. 3 l - 6. 27 - · 04 

6. 00 5.98 - .02 

5. 49 5. 51 + . 02 

4- 07 4. 21 + . 14 

3· 45 3. 54 + . og 
2.62 2.75 

1779. 5 

1786.5 

1787.4 

I 79I. 6 

1804.6 

1818.5 

1824.5 

1827.5 

1829.9 

1838.6 

1842.6 

1843.5 

1844.5 

1845.5 

1847.7 

1848.5 

1849. I 

1850. 5 
1851. 5 
1852. 4 

1856. 5 
1857.5 

1858. 5 

1859. 5 
186o. 5 

1861. 5 
1862.5 

1863.5 

1864.5 

1867.6 

1874. 3 

29. 12 

29. 18 

29. IO 

29. 13 

29.07 

29.02 

29.o6 

29.07 
28.82 

28.99 

29.08 

29.05 

28.93 

+ .23 

- .06 3. 67 2.43 

I. 42 . I. 70 1876. I 
1

. 28. 34 . 28. 90 + . 56 1778. 4 I -23. 62 -24. 041 + · 42 

1879. 3 ' --28. 90 -28. 81 -- . 09 1787. 4 : -26. 25 -25. 69 - . 56 

!_----~I ____________________ ----'-------------'------'--------'-----' 

1779·5 

1792.5 

1804.7 

1827...6 

1837.7 

_1849. 5 

1854. 5 
1866.5 

1876.6 - I. 15 - I. 18 

+. 13 

-I. 24 

+ .28 

+ .03 
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RESULTS FOR GROUP III-Continued. 

Contents of columns: The third column gives the year of first observation; the fourth, th~ 
whole number of observations used in the discussion; the fifth, the probable error of an observa
tion, a.nd the sixth the resulting epoch of nearest extreme easterly declination and the amount of 
maximum deflection at that epoch. A "minus sign indicates east declination, and the annual 
change a.bout the present time is shown for four epochs, at intervals of five years; a plus sign 
indicates diminishing easterly declination, a minus sign the reverse motion. 

,.; Station . .., 
-" ;:: 
a z 

I Acapulco. 

2 Vera Cruz. 

3 City of Mexico. 

4 San Blas. 

5 Cape San Lucas. 

6 Magdalena Bay. 

7 Cerros Island. 

8 El Paso. 

9 San Diego. 

IO Santa Barbara. 

1 1 Monterey. 

12 San Francisco. 

13 Cape Mendocino. 

14 Salt Lake City. 

15 Vancouver. 

16 Walla Walla (and Wallula). 

17 Cape DisappointmenL 

18 Seattle. 

1.9 Port Townsend. 

20 Nee-ah Bay. 

21 Nootka. 

22 Captain's and Iliuliuk Harbors. 

23 Sitka. 

24 St. Paul, Kadiak. 

25 Port Mulgrave. 

26 Port Etches. 

27 Port Clarence. 

28 Charnisso Island. 

29 Petropavlovsk. 

1744 

1727 

1769 

1714 

1709 

1714 

1714 

1852 

1714 

1714 

1783 

1783 

1783 

1850 

1788 

1853 

1783 
1783 
1841 

1783 

1778 

1790 
1779 ' 
1778 

1778 

1778 
1827 

1826 

1779 

9 

9, 

13 
IO 

8 

8 

7 

5 
9 
6 

13 

27 
6 

IO 

5 
5 

~I 
6 

6 

7 
12 

35 
II 

8 

9 

5 

3 

9 

~ r'1 II e . i:-5 I i ri ii ? l 1 ~ .1.. Annnal change iir \, 

..::. $ 1, ...c: .c: S a ---------------

~£. ~ \,i,, '~ ~ ~ ·~ 111,' ' ~ :: ::: ;; ::: 1s8o. o 1885. o 1890. o 1895.0 I 

-I /,-----o-
1

1

1 

f I + 31• 2 + ·3··:5 ... 1' 

±:20 Ii 1846 - s. 9 ·, +z.6 + 2. 9 
28 ii 1828 - 9. 3 I ++ 7 + 4· 9 + 5. I + 5. 2 

13 1848 - 8.6 +1.8 + 2. I + 2. 3 + 2.5 

25 1856 - 9.5 

32 11 1872 - 9. 6 
31 1875 -10.5 
20 1866 -12. 0 

4 1864 -12.5 
36 ' 

24 

19 
IO 

37 
12 

36 

17 I 
23 
16 

II 

21 

31 

28 

36 

15 

15 
16 

1883 

188o 

1899 

1893 
1886 

1873 
1883 
1880 

1905 
1883 

1872 
1887 
1898 

1834 
1861 

1837 

1847 

1843 

1833 

1830 

1771 

-13.4 

-14.8 
-16.1 

-16.6 

-17. 7 
-16.7 

-21.0 

-21.1 

-21.9 

-22.3 

-21.8 

-22.7 

-24.0 

-19.8 
-29.1 

-27.4 

-31.8 

--3r. 6 

-27.0 

-31. 3 

- 6.3 

+z. 5 + 2. 9 + 3· 3 + 3· 7 

+o. 7 + I. 2 + I. 7 + 2. I 

+o. S + 1. o + 1. 4 + 1. 9 

+ I. 3 + I. 7 -f 2. I + 2. 5 
-f-1.6 + 2. I + 2.6 + 3.0 

-0. 2 + O. I + 0. 4 + 0. 8 

0. 0 + 0. 4 + O. 7 + I. I 
-1.2 - 0.9 -- o.6 - 0.3 

--0.7 - 0.4 - o. 2 

-0.2 o.o + 0.3 

+I. I + I. 8 + 2. 5 
-o. 3 + o. 2 + 0. 8 

o. 0 + o. 5 + I. 0 

+ 0.1 

+ o.6 

+ 3.2 \ 

+ l.J I 
+ 1.5 . 

-1.7 - 1.4 - I.I - 0.7 

-o. 4 + o. 2 + o. 8 + I. 3 

+0.9 + 1.5 + 2.0 + 2.5 

--0. 7 - o. 2 + o. 3 + o. 8 
-I. 5 - I. 0 - 0. 6 - O. 2 

+2.1 + 2.3 + 2.4 + 2.4 

+1.9 + 2.3 + 2.7 + 3.1 

+6. 2 + 6. 6 + 6. 9 -+ 7. 2 

+1.2 + 8.1 + 8.8 + 9.4 

+8. 5 + 9· 3 + 9· 9 +IO. 5 

+9·5 +10.0 +10.4 +10.7 

+9· 4 + 9· 9 +rn. 2 +10.4 

+ 2. 5 + 2. 2 + I. 8 + I. 3 
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RESULTS FO& GROUP III, WESTERN SERIES-Completed. 

Tabular values of magnetic declinations. Computed magnetic declination at each station for 
e\·ery tenth year of the series, and after 1850 for every fifth year. A minus sign signifies east 
declination, .a plus sign west declination. The first tabular result for any station indicates that 
the first observation made there falls between the tabular date and the next one following it. 
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p:: 

0 "' . u "'- u 

I I "' ... 0 ._ ·;;:; "'·~ "" ~~ :::: u u.::: " if. K c; ~ ·,; a· ... 
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l.J ~ "' rfl 

"' ~ ;;. rfl u u rfl 

I v 8 
~ ...; <'i ..;., 1 ..t- ,;.. '° r.:. 00 0. 

J ·----· - I~----

0 0 0 0 0 0 0 0 0 0 

1700 ___ .. ---- ---- ---- -2.6 ---- ---- ---- ---- ----
' 

IO -1.0 2.4 - 2.2 - 3.0 - 7.4 - 8.2 

20 -2.4 I. 3 2.3 2.2 .. 3. 3 7.4 8.2 

30 3· 2 I. 7 2.3 I 2. 3 3. 7 7.4 8.3 

40 -3.3 I -4.0 -2.3 -2.5 I - 2.5 - 4.3 - 7.6 - 8.5 

I 
I 
I 

1750 -4.0 -4.8 ---·- -3.0 -2.9 - 3.0 1- 5.0 ---- - 7.9 - 8.9 

6o 4.8 5.7 -5.4 3.8 3· 4 
i 3.5 I 8.2 I s. 7 

I 

9.3 

70 5. 6 6.6 6.o 4.6 4.0 4.2 I 6. s 8. 7 9.8 

8o 6.3 7.4 6. 6 5.4 4.6 4.9 7.4 9.2 10.4 

90 -7.0 -8.o -7.1 -6.3 -5.4 - 5. 7 - 8.2 - 9.7 -Il.O 

r8oo -7.6 -8.6 i -7.5 -7.1 +6.2 - 6.6 -.9.0 ---- -10.3 -l!.6 

IO 8. I 

I 
9.0 I 7.9 7. 8 6.9 7.4 9.8 10.8 I2.J 

20 8. 5 9·.3 8.2 8.43 7. 6 8.2 rn.5 II. 4 12.9 

30 I 8.7 9.3 8. 5 8.92 8.26 8.9 I!.O IJ, 9 13.43 

40 -8.9 -9.2 -8.6 -9.26 -8.81 - 9.49 -II. 5 -12.35 -13.90 

1850 -8.88 -8.86 -8.62 -9.44 -9.23 - 9.97 -11. Sr -12.31 -12.73 -14.30 

55 8.83 8.64 8.59 9.47 9.38 IO. I5 I I. 91 12.41 12.89 14.46 

6o ~-75 8 . .39 ' 8.55 9.45 9.50 IO.JO I!. 98 12.47 13.03 14.6o 

65 8. 64 8. ID i 8.48 9.40 9.56 I0.41 12 .. 0I 12.48 13. 14 14.70 

70 -8.50 -7.77 -8.39 -9.29 -9.62 -ro.47 -!2.00 -12.45 -13.22 -14.78 

1875 -8.33 -7.41 -8.26 -9.15 -9.61 -ro.50 -II. 95 -12.38 -13.28 -14.82 

8o 8.12 7.03 ~. IJ 8. 97 9.57 to.48 II. 86 12.26 13.31 14.84 

85 7.89 6.63 7.g6 8.76 9.49 10.42 I I. 74 12. Il 13.32 14.82 

go 7.64 6.21 7.77 8.50 9.37 10.32 11. 58 II. 91 13.29 14.8 

95 -7.4 -5.8 -7. 6 -8.2 -9.21 -10.2 -11.4 -11.7 I=:::: 
-14.7 

I 1900 I -7.1 -5.3 -7.4 -7.9 -9.0 -ro.o -II. 2 -II.4 -14.6 
I 

The values for 1900 are rough predictions. 
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15. 49 
-15. 65 

-15. 78 

15.89 

15.98 
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-16. l 

-16. I 
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RESULTS FOR GROUP III, WESTl!:RN SERIES-Completed. 

·~ u 
'.J I 

0 

" 
I 

"" " ... 
" 

i:: ...:.: . "' ,.........;. " . "..i:: " [.:.; r5 ~~ ..... .s " 0 
,,~ 

I 

~;:::, u 

" I· ~ 'M " " "' (fJ u [fj > I 
oi I :> ;!' .,., 

! I 
-------·· : ----·!-----:----·---- ----1 

0 0 0 0 0 0 0 

---- ___ .,.. ---- .. ___ 

··--- ---- ---- ----

-12.6 -14. 2 -15.6 -17.1 -16.8 -17.3 
-13.1 -14.7 -16. 1 -J7. 3 -17.4 -17.8 

-13.6 -15.1 ---- -16.8 -17. 7 -18.1 -18.3 
14. I 15.6 17.5 18.2 18.8 18. 9 

14.54 16.o 18.2 18. 7 19.6 19.6 
15. 00 16.5 18.9 19. 2 20. 3 20.3 

-15. 42 -16.9 -19.6 -19.8 -20.9 -21.0 

-15.79 -17.2 -16.0 -20. 17 -20.4 -20.31 -·21. 3 -21.38 -21.64 

15.96 17. 3 16.3 20.41 20.6 20.56 21. 6 21. 57 21.90 
16. IO 17. 4 16.45 20.62 

16.23 17.5 16.58 20.78 

-16.34 -17.6 -16.64 -20.91 

20. 81 20.80 21. 8 21. 70 22. 13 

20.91 21.02 22.0 21. 79 22.33 
-21. 0 -21. 22 -22. 13 -21.83 -22.50 

-16.44 -17.6 -16.64 -2[. 00 -21. I -21. 40 -22.23 -21.83 -22.62 
16.51 17.69 16.58 21. 04 21. I 21. 56 22.28 21. 78 22.70 

16.56 17. 70 16.45 21. 05 21. I 21. 69 22.29 21. 68 22.74 

16.58 17.69 16.3 zr.o 21. 0 2l. 79 22.25 21. 54 ' zz. 73 

-16.59 -17.7 -16.0 -zo.9 

-16.57 -17.6 -15.7 -20.8 
' 

-20. 9 i -21. 9 -22.2 1-21.3 -22.7 

-20. 81-21. 9 --22. I -21. I -22.6 
, 

---------·---- - ----
The values for 1900 are rough predictions. 
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RESULTS FOR GROUP Ill, WESTERN SERIES-Completed. 
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-18.6 -24.2 I -22.2 -22.7 -22. 5 
18. 8 -18.6 24.9 I 23.4 24.5 24.4 

-19.2 -19.0 -25.7 -24.5 -26.2 -26. 16 

-19.6 -19.32 -26.41 -25.54 -27.82 -27. 84 ----
20. I 19. 56 27. 12 26.37 29.25 29. 28 

20.7 19.73 27.76 26.98 30.41 30.44 -26.6 

21. 3 19.82 28.31 27.32 31. 24 31. 22 27.0 
-22.0 -19.75 -28.72 -27.38 -31. 71 -31.58 -26.9 

-22.54 -19.71 -28. 99 -27. 15 -31.78 -31. 50 -26.4 
22.80 19.63 29.06 26.93 31. 66 31. 30 26.0 

I 
26.65 31. 45 30.99 25.6 
26.31 31.14 30.59 25.0 

23.05 19.53 29.09 
23.27 19.41 29.08 

-23.47 -19. 27 -29.02 -25.90 -30.74 -30.09 -24.4 

-;3.63 ·-19.11 -28.92 -25.45 -30.26 -29.49 -23.7 
23.77 18.94 28.79 24.96 29.69 28.8 22.9 
23.88 18.75 28.6 24.4 29.o6 28. I 22. I 

23.95 18.56 28.4 23·9 28.4 27.3 21. 2 
-24.0 -18.4 -28.2 -23.3 -27.6 -26.4 -20.4 

--24.0 --18. 2 -27 9 -22. 7 -26.8 -25. 5 -19.5 
-----------·---

The values for 1900 are rough predictions. 
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31. 3 4.06 

-31.1 -3.39 

-30.5 -2.72 
30. I 2.40 
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29.0 I. 79 
-28.3 - -1. 51 

-27.6 -I. 26 

26.8 I. 03 
26.0 0.84 
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G-R.APHIC.AL ILLUSTRATION OF THE SECULAR VARIATION AND OF THE ANNUAL CHANGE. 

In a preceding part of this paper we have already made use of the graphical method to exhiuit 
to the eye tile motion of the needle as ob8erved at P;uis, and since this kiud of representation has 
the great advantage of readily impressing tile facts on the memory and of affording easy com
parisons _and generalizations, the secular motion ;ts observed at four leading stations is introduced 
on plate No. 22. These 8tations are New York, Baltimore, San Francisco, and Sitka. As an aid 
to mnemonics, the degrees of easterly declination are shown on the diagrams to increase toward 
the right or east, and consequently the degrees of westerly declination increase toward the left 
or west, the ordinates beiug cousidered as directed north and south (true); the time scale increases 
downward where additional observations can be plotted more conveniently than on the top. The 
observed declinations are shown by dots, the computed declinations by a continuous curved line. 
These diagrams show in a couspit.mous manner the great. regularity and persisteney of the secular 
variation, and thus im1lfess the mind with the fact that the explanation of it must ultimately be 
referred to forces of a periodic character having their origin outside the earth and acting simulta
neously over large areas and with great regularity, and probably having their immediate source 
directly or indirectly in the sun, with a probable dependence on planetary configurations. The 
effect of these deflecting forces Oll the magnetic condition at points on the earth's surface is sub
ject t-0 great modifications as manifested in the observed variations in the amplitude and in the 
duration oftbe secular oscillation at places which, geographically, are widely distributed. At the 
present time we are not yet in possession of any theory or even of a plam>ible working hypothesis as 
to the true cause or origin of the secula1· variation, and are consequently constrained to pursue our 
researcheti empirically through the aid of continued observations and new discussions. 

On plate No. 25 we give the annual change of the declination for the epoch 1890, for all places 
discussed and falling within its limits. The numbers are expressed in minutes of arc, and are 
directly taken from the preceding tables. A plus sign indicates increasing west 01· decreasing 
east declination, as the case may be. In order to know where the declination is west and where it 
is east, the agonic line (or line of no deviation connecting the places where the magnetic and geo· 
graphic meridians coincide) for 1890 is introduced; for all places to the right, or to the northward 
and eastward of this liue, the declination is west at that epoch, and for all places to the left, or to 
the son th and west of it, it is ea.st at that time. The 1ilate also showR the positions of this agonic 
line for tile epoch 1797-1800, about which time it had abont reached on this coast its extreme north
eastern position, having come up from the southward; appareutly it rested bere a fow years and 
then commenced to retreat over part of its previous course. At tbat time, in this vicinity, it passed 
between V\7 ashington and Baltimore, and extended out to sea just south of Cape Henry, Va. It 
is not easy, however, to determine the exact time when this stationary condition bappenedi there 
may be an uncertainty of several years in consequence of the ordinary irregularities i11 the direction 
of the needle and the extreme smallness of the secular effect, which is overlaid and hidden by the 
former; besides, the same year will not answer for all parts of the curve. The plate shows also the 
positions of the a.gonic line for the epochs 1850 and 1875, and it is hardly necessary to remark 
that while about 1797 its geographical change was nil, its rate of change southward along our 
Atlantic coast has continually been accelerated, and it will reach a maximum speed at the time 
of the middle of the secular swing. It will be noticed also that for nearly the whole of the 
United States and for 1890 the annual change bas a positive sign; in other words, the north 
end of the needle moves westw~trd, increasing west or cliwinishing east declination, and the same 
is true for Alaska; but there are two regions of exception where the opposite of this motion 
is observed, viz, one in the extreme northeast, outside of our territory, in Newfoundland and 11art 
of Nova Scotia, the other in the extreme west, which is less accurately known than the other 
a.ud comprises a narrow strip along the coast of northern California, Oregon, and Washington. 
Shaded bands on the plate indicate the position of those regions for 1890, where the J?Cedle will have 
apparently cea1:1ed to move, or will have assumed, temporarily, a stationary condition; western 
elongation or maximum west declination having been reache<l at all places within the Nova Scotia. 
belt, and eastern elongation or 'maximum east declination at all places within the Pacific coast 
belt. These IJands, like the agonic line or a.ny other isogonic eurve, continually and gradually 
shift their position, to which circumstance we shall presently recur. The condition of the hori-
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zontal needle wit11iu these llelts may be characterized as being in opposite phases as regards the 
secular \'a.ria.tion. It would not be difficult to construct cu rv~s of equal an1111al change for any gh1en 
epoch, as was tlone lly tile writer for a limited area (Ooa~t. S1uve,Y ltepo1t for 1Su5, plate No. 28), 
in which systt>m the auove l.Jelts would form tile zero lines, hut the subject is sufficieutly plain without 
1mch aid, and the existing scanty material docs not warrant such detailed exposition. The line of 
maximum annual change might iJe expected to lie geographically midway lwtween the two zero 
regions, which we find roughly to be the case. If we follow up the direction of the eastern or Nova 
Scotia band of present "zero" annual change we shall Jiud it to crol'ls the equator and to pass 
toward the southwestern coast of Africa; tlie western or Washington, Oregon, and California band 
of" zero" annual change, when produced southwards, will also cross the equator, and roughly run
ning parallelt with the Atlantic belt will follow the direction of the South American coast towards 
Cape Horn. 

The following table of the annual change of the magnetic declination is derived, simply, from a 
generalization of the precediug results; it answers for the epoch 1890 and refers to tlic ceu tral part 
of each State, Territory, or geographical sub,livision. The change is given in minutes and itl:i sign 
is omitted since we know wei;;t declination to be increasing or east declination decreasing: 

/ 

Alabama. 3.5 Mississippi. 3· 7 
Alaska T.: Missouri. 4- 2 

Dixon Entrance. (?) Montana. 2 (?) 
Sitka Bay. 3 (?) Nebraska: 
Off Mt. St. Elias. 9 (?) \Vestnn part. 3 (?) 

Arizona T. 2 (?) Eastt rn part. 4 (?) 
Arkansas. 3. 3 Kevada. 2 (?) 
C--alifornia: New Hampshire. 3.4 

Northern part. o. SC) New Jersey. 3. 5 
Southern part. o. 7 (?) New Mexico T. 2.7 

Colorado. 2. 9 New York: 
Connecticut. 3·7 Long Island. 3.3 
Delaware. 3.3 Main part. 3·9 
District of Columbia. 3· I North Carolina. 3.3 
Florida: North Dakota. 3 (?) 

Northwestern part. 3.6 Ohio. 3.3 
Peninsula. 3·4 Oregon: 

Georgia. 3· 6 \Vestem part. o.o 
l<laho T. 2 (?) Eastern part. I. 5 (?) 
Illinois. 4.0 Pennsylvania. 3.9 
TrnJiana. 3.8 Rhode Island. 3.4 
In<lian T. 3.0 South Carolina. 3.2 
Iowa. 4.4 South Dakota. 4 (?) 
1'.ansas. 3·3 Tennessee. 3.5 
Kentucky. 3.5 Texas: 
Louisiana. 3.4 Northwest part. 2.8 
Maine: Western part. 2.6 

\V estern part. 2.5 Main part. 3 (?) 
Eastern part. l.O Utah T. 2.5 

Maryland. 3· I Vermont. 4- 3 
Massachusetts: Virginia. 3.2 

\Vestern part, 3.7 Washington: 
Eastern part. 2.2 Western part. o.o 

Michigan: Eastern part. I. 2 

Southern part. 4 (?) West Virginia. 3·3 
Northwestern part. 3 (?) Wisconsin. 3· 5 (?) 

Minnesota. 3. 5 (?) Wyoming T. 3 (?) 

SECULAR VARIATION IN THE POSI1'ION OF THE AGONIC LINE OF 'l'HE NORTH ATLA.NTIO AND 

OF AMERICA BE'l'WEEN THE EPOCHS 1500 AND moo A. D .• 
As an historical fact since the time of Columbus and the Ca.bots, and thus re;iching back to a. 

period prior to the year 1500, there were found in the Atlantic Ocean places where the needle, for 

"This article wa.a published. June 7, 1888, as Bulletin No. 6. 
t A.s on Mercator's projection. 
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the time lieing, pointed due north aud south. By uniting such places as represented on a chart, 
by a curve drawn through them with a free hand, we obtain a so-called agonic line which passes 
over all places of no angular deviation of the needle at that particular epoch, and within the geo
graphical limit of the region under consideration. Such a line is part of a system of isogonic 
curves, ~nd although only an artificial aid, like these curves, it possesses, no\·erthclcss, some special 
interest as a convenient representative for exhibiting the secular movement or systematic changea 
in time of the isogonic system in its vicinity. 

For the two centuries immediately following the re-discovery of America, the magnetic records 
which have come down to us are very few, rough, aud the positions are scattered over large spaces, 
so that the location of the agonic line for A. D. 1500, attempted by me, is little more than a conjecture, 
and depends mainly on the position of two points in the line, the first one found by Columbus, Sep
tember 13, 1492, when he notes the needle to have passed from the east to the west of the true 
meridian. At noon on that day he was, according to my calculation of his track,• in latitude 
2so 21' aml longitude 290 16'. The second point lies further north and is due to Sebastian Calwt ,t 
and dates from 1497 or 1198; he found, when on the meridian 110 miles west of the island of'Flores, 
one of the Azores, and in latitude approximately 460 or 47u, that he was in a position where the 
needle had "no variation." We have further reason to suppose that this agonic line produced 
passed somewhere north of London, and at its other extremity at some distance south of the 
Greater Antilles, a.-. shown on plate No. 20, accompanying. 

The next position given is for A.. D. 1600; it is copied from Hansteen, and as his authorities for 
ithavealready oeen referred to in connection with our iuquiry of the value of the "Arcano del Mare" 
of Robert DmUey,:j: no further comment is needed here. For the position of the agonic line about 
the time 1630 ± 15 years, we simply have to refer to our detailed account when investigating the 
contents of the Arcano, upou the authority of which it wholly rests. Coming now to the ,year 
1700, we possess the admirable isogonic chart of Halley, based upon obseryations made or col
lected oy himself. However well the distribution of the declination al011g- our Atlantic coast may 
be given on this chart, we believe the c:µrves over the Antilles and of the Gulf of l\Iexico and Cen
tral America to be susceptiule of improvement, as already intimated. The data at our command 
for t.his epoch are sufficiently numerous, yet ma11y are deficient in accuracy or unreliable. To test 
the ,-alue of this material and to give greater precision to the 1sogo11ic curves in the vicinity of our 
-------------------------·-

*For particulars see two papers in Coast and Geodetic S11rvey Report for 1880, viz: Appendix No. 18: "An 
attempt to solve tbe problom of thn first landing placo of Colnm lrns in the New \Yorltl," bT Ca[>t. G. V. Fox, As.9istnnt 
Secretary of the Na>y, 1861-'66; and Appendix No. 19: "An inquiry into tlrn variation of the compa8soff the Bahama 
Islands at the time of the laud-foll of Columbus in H92,'' by Charles A. Schott·, Assistant. In connection with this 
subject it may be remarked en passant that., in the writer's opinion, the controversy about the fir~t landing place 
and tho track of Columbus among the \Vest Indi11, Islands subsequent to it, may now be considered as closed (sani 
the identification of the harbor first made in Cuba, which is of less interest) by the reccnf labors of Lieut. J.B. 
Murdock, U. S. N. : "The Cruise of Columbus in the Bahamas, 149-2;" reprinted from No. 30 of thf' Proceedings of 
the U. S. NaYal Institute, Annapolis, Md., April, 1884. The land-fall took place urnloubte(lly at Watling's Island, as 
insisted upon by Captain Becher, in 1856, but iu attempting to trace the Bnbscqiient track he fell into au unfortunate error 
in eonseqnenM of the assumption of an extremf', value of the magnetic declination, supposed \Jy him to have prevaile.d 
at the time of Columbus's approach. The "Bird Rock" is the key to the track among the islands, aml thence tr:tcing 
the given courses and distances backwards, Watling's Islaud is readily and unmistakably reached as tho first land seen. 

t Soon after the discovery by Columbtls of a point of no variation in the Atlantic, Sebastian Cabot discovered 
a second one farther north and evidently belonging to the same agonic curve. Livio Sanuto states, in his (foograph
iea Distiucta (Venice, 1588), that he procured t.he information from Sebastian Cabot and made n8e of his map (prob
ably that composed in 1544), ou which the position of the meridian intersecting the point of no variation was seen 
to be one hundred and ten miles to the wed of the island of Flores, one of the Azores; see "Narrative and Critical 
History ot' Ameriea," by Jllstin Winsor, Vol. III, Boston and New York, 1884, p. 41. This discovery probably was 
made on the second voyage of the Ca.bots, in 1498, although it may have been noted in the first, in 1497, by the !'Ider 
Cabot. The latitude of the point is uncertain, but may be approximat<Hi from the fact that in tho first ~·oyage laud 
was apparently sighted at Cape Breton, a.ud in the second the coast of Newfoundland (Baccalao:;), which is sa.id to 
have been made from the North. 

In tha course of a conversation with Contarini, the Venetian ambassador to Charles V, fo 152'2, Sebastian 
Cabot told the ambassador that he bad a method for ascertaining, by the ne.edlc, the distance between two places from 
tlllol!t to we&t, which had never previously been discoTered by any one. Ibid, p. 50. 

In thill idea, however, he was also anticipated by Colllmbns. 
f Bulletin No. 5, published J nne 7, 1888. 

H.Ex.2'~20 
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eastern coast, as well as to supply, by reliable interpolation, values of tl1e decli11atio11 <tt places where 
direct observations had otherwise to be supported (at least temporarily) iu order to constructformulm 
ex:pre:,;sive of the secular variatiou for such places, I ha,·e made an attempt to express the distribu
tion by the formula: 

D=Do+.r.6 qJ+y.uA. cos ip+z . .u qi2+i· . .u.Vcos2 q;+u'..U cp6Acosip, 

where 6q>=q1-cp0 or the 1litforence of latitude of a magnetic station from the mean or adoptrd 
latitude of all statiout1, ('.\,t=l-lo, the same with reference to lollgitude, Do=D1+c, the deeliua
tion at <po,A1,. where D 1=an assumed value aud cits correction; then D=thedeelinatiou (+when 
west) is sufficiently expressed hy the stweral term,; given above; the G quantities, c, x, y, z, v, w, 
having been determined as usual by application of the method of least squares. The following 17 
values, forming the basis of the calcuhition, were takeu from Appendix No. 12, Uoast and Geodetic 
Survey Heport for 1886, or from the contents of the present paper: 

v I 
~"" I Name of station, 

-~·1-S-.a-in_t_J_o-hn-'-s,-1'-, --e,-d-o-un-dlanJ, 

2 r Halifax .• Nova Scotia, 

3 Ql1euec, Canada. 

4 ! Eastport, Me. 

5 ' lloston and Cambridge, i\Iass, 

I 
6 I rrovinceto\YII, Cape CuU, l\1ass. 

7 i :\antucket, '.\lass. 

8 i :\ew York, X. Y, 

9 ' Philadelphia and Hatboro', Pa. 

IO ; lhltimore, MLL 

11 ! Cape Henlupen, Del. 

12 
1 

\Villian1shurg, Va. 

r 3 : Cape Henry, \·a. 

14 Charlcstcm. S. C. 

1 S New Orleano. La, 

16 Havana, CnlJa, 

Latitude. 

-~--·--

47,6 

44,7 
46, 8 

44,9 

42.4 

42, l 

4L 3 
40,7 

40. l 

39·3 

38.S 

37.3 
36.9 

32.8 

30.0 

23,2 

17.9 

-~------~·-· 

Lon~itude I kclination. (west). 

---------

52 ·7 +•5 
63.6 +12 
71. 2 -j-16. 5 

67.0 +13 

71. I -f IO 

70, 2 + 9. 5 

70, I + 9 

74.0 + S.7 

75, I + 8, I 

76.6 + 5, 4 

75· I + 6 

76, 7 + +9 

+ +6 
- o.6 

- 2, 5:::l::Io 

- 3 ofc 2 
-· 4 :::!::2 

The probable erron; for the values adopted for the last three stations are estimated, and indicate 
the weakest part of the available data. 

Takiug q>0 =3!)0.3 Ao=7:)0.2 and D 1=+70.1 
'l'he normal equations become: 

o = + 8. 1 + 17 a - 21. 3 x + 10. 9 y + 1065 z + 624 t: - 595 w 
0 =-= - 71i8 - + 1005 x - 595 y - 13678 z - 1693 1' + 3897 w 

-------
0 = + 518. 5 + 624 '!! + 3897 z + 1054 '11 - lfi93 w 
O = +7U6 + 295941 z + :J9187 '11 - 92~81 w 
0 = +1341 + 00986 'II - 65181 w 
0 = -2449 + 59351 w 

Solving, we get: c=-0.6912, x=+l.1377, y=+0.0833, 
-''=+0.0284, v=-0.0174, w=-0.0128, and our expression becomes: 

D11oo=+li0 .409+ 1.1386 g,i+0.083.6lcos p+0.0284.6 gr-0.01746;\2 eos2 <p 
-0.0128.6 <D6 ACOS 'P· 
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The given and computed valµes compare as follows: 

----~b_s'd -:-1 ~~= ,:· 1 
given : . P. I 0-C. I 

cn"'d or I 
given ' Comp'<! 0 - C. 

I declinati0n.; declrnat1on. declination.I dechnatton.f 

---------- ----~---1 ·· ----! 
! ---------

0 

I. Saint John's. +15 -L14. 9 

2. Halifax:. +12 --:- 12. 5 

3. Quebec. +16. 5 716.5 

4. Eastport. +13 +13.3 

5. Boston and Camb. +10 -10.1 

6. ProvincetO'\Yn. + 9.5 ! 9.G 

7. Nantucket. + 9 8. 6 

8. New York. + 8.7 ... 8. I 

9. l'hila. and Hatb. + 8. I 7. 4 

IO. Baltimore. + 5.4 _j_ 6. 5 

- - -----~--

+0.1 II. Cape Henlopen. 

-0.5 12. \Yilhamslmrg. 

o.o 13. Cape Henry. 

-0.3 14. Charleston. 

-0. I 15. New Orleans. 

- --0. I 16. Havana. 

+0.4 17. Kingston. 

+o.6 
+0.7 

-I. I 

-- ----------------

+6 
+4-9 

+4.6 

-o.6 

-2. 5 

-3 

-4 

+s.9 +0.1 

+4-4 i +0.5 

+4.0 II +o.6 
+o.6 -I. 2 

-2.5 I o.o 

--3.3 +0 ·3 

-3.9 I -o. l i 

1- +3~1 
Check,~ .

1 
I . -3.4 

Let r=probable error of au observation and representation by above formula, n=the number 
of observations or (indirectly) given declinations, and v =the number of un k nowu quantities deter-

mined or the number of normal equations, then, putting o for 0-C, we have r=0.674Jl 601 
n-r 

=±00.44 or ±26'. The representat.ion is therefore very close; the probable error of obsen·ation 
alone, it may be supposed, would cover about half a degree. 

By means of our formula D1700, the isogo11ic curves for - 30, oo, + 5°, + 100, + llJO, were laid 
down on the accompanying plate No. 23, the computed points of intersection being as follows: 

r26. 1 

• 
0 I 25. 7 

-Ji 
I 25. 5 
l27. 9 

;t i 

75~ 21
1 

79. 2 
I 

83. 2 I 

88. 21 

0 

r 32. 6 
o I 32. o 
oi 

I 32. 2 

L 34. 2 

A I 
o I 

n 2 I 
80. 21 
84.2 

I 
90. 21 

38.3 
0 38.0 

+s 
37.9 

38.6 

69.2 

73. 2 

77. 2 

83.2 

(43· 6 
0 I 42.4 

+wi i 42. 2 

L42. 3 

60.2 

69. 2 

73.2 
78. 2 . 

52.7 
59.2 
66.z 

73. 2 1. 

These curves should not, be extended beyond the limits given them on the plate, but the formula 
is available for all places within the general area covered by the.'>e m1rves; south of the strait of 
Florida the curves change their character in consequence of the near approach but opposite sign 
of the numerical vnlues of the terms in 6 <p and in 6 qr; which sets a southern limit to the use• 
of the expression for D1700• It will he noticed that our cnr¥es and those of Halley agree well for 
west declination, also for east declination. I have already p"ointed out the difficulty of reconciling 
the observations made before 1700 with those after this epoch. 

During the next half century but few additional stations become available, and there is no 
gain in accuracy in the observed values (taken as before from our investigation of the secular vari
ation) for the 19 i;tations submitted to treatment; Charleston had to be omitted since _30.s for 
1750 proved inadmissable; our present tabular value is _30.1, and the value first computed was 

"This limit was farther so11th (-5° was available) in onr first attempt to establi1<h an ex:pression, when I had 
provisionally adopted the following observed or g,i:ven values for New Orleans, Havana, and Kingston( -3°, -5° .5, -6°) 
I'tlllpectively in the place of the values given above. 
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-20.1 St. John's was omitte<l for want of an observation. The treatmeut for the e11och 1750 is 
the same as that given for 1700. "'e haYe the following data and results: 

------- ----------·----- ---

1\<J. Station. 
Ohs'rl Cornp'd I 0-C decl'n. (led'n. I 

-----------

0 0 

Tlalifax, :<. S. +12. 8 +12.0 +o.8 

2 ).!ontreal, Can. IO. 7 10.3 +0.4 

3 Eastport, Me. I I. 2 I I. 4 -o. 2 6. </> - t/>-380.2 

4 l'ortland, l\[ e. 8.8 9.2 -0.4 { l'. A= A--74.6 

5 Boston .a1Hl Cambridge, ~lass. 7.5 7.8 -0.3 

6 Provincetown, Cape Cod. 6. 6 7.7 -I.I 

7 Nantucket. Mass. 6.o 6.9 -0.9 

8 Providence, R. I. 7.8 7 · I +o. 7 
6 JS.21 ::!: 0 

New York, :N. Y. 6.o +o. 5 
r=O. 74 -- = 0 ·54 

9 5.5 19-6 

IO I Bethlehem, l'a. 6. I 5.0 +1. I =::!:32' 

II l'hila. and Hatboro, Pa. 5.0 4.6 +0.4 

12 Chambersburg, Pa. 3.2 3.8 -o.6 

IJ Baltimore, Md. 2.6 3.6 -I. 0 

14 Cape Henlopen, Del. 2.8 3.5 -0. 7 

15 

I 
\Yilliamsburg, Va. 2.7 2.0 +o 7 

16 Cape Henry, Va. +2.6 +1.8 +o. 8 

17 New (lrleans, La.. -~4. 7 -4.6 -0. I 

18 Havana, Cuba. -5.5 -5.5 o.o 

19 
! 

Kingston, Jamaica. -6.7 -6.7 o.o 

----- ------------

Dmo=+3.l00+0.8.'IB 6 q;-0.255 .:'.'.,A cos q; +0.0164 6 <p2-0.0052 Ii ;p COS2 'f> 

-0.0216 D.rp 6;\ cos rp. 

Intersections for constructing the isogonic cnr\es: 

·----·-·----c-----·----,--------c---------, 

<p A. I <p A. 

r 25. 2 7.J..6 r, 72.6 

0 25. 15 78.6 34· I 74.6 

~ 35. l ·-s l 25.9 83.6 I 78.6 
27.0 87. 6 I 36.4 82.6 

28.05 90.0 i 37.2 85.0 
.. ______ , 

(/1 ii. 
? 

f 39· 3 
69.6 

0 40.4 74.6· 
+s 

41. 2 77.6 

l41. 9 So. o j 

I 

(/1 

0 

0 r 43· 0 

+10144.2 
45.4 

o I o 

63. 61 0 {45·5 
6<]. 6 i +15 46. 5 

74.6 I 48.4 

53.o· 

6o.6 

69.0 

----~-----

The curves will be found laid down on the same plate (No. 23) which contains those for 1700; 
the change during half a century is thus directly exhibited. 

For the epoch 1800 our material bas become richer and precludes the need of such auxiliary 
expressions as those established for 1700 and 1750. The agonic line for 1800 depends on a graphical 
'Process after plotting a number of stations on both sides of the line and marking for each the 
>bserved or deduced declination at that epoch. 
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Stations in the vicinity of the agonic line.for 1800, as shown on plate No. 25, with date when 
the extreme value of the declination was reached and its amount: 

I 

Station. Tabular declination Epoch of max. c:i.st ; Am't at epoch. in 1800. 
I 

or n1in. \ltest. 

!----··---·---···-· 
I 

I 

I Cape Henry. +0.24 Min. 1810 +0.2 

Williamsburg. -0. 17 Max. 1811 --0.3 
Washington. -0. I Max. 1798 --0.3 
Baltimore. +0.64 l\Iin. 1802 +o.6 

Chambersburg. -0.30 Max. 1809 ·-0,4 

Huntingdon. l\fax. 1793 -0.2 

Harrisburg. 0.0 Extr. 1790 0.0 

Buffalo. +0.22 Min. 1806 +0.2 

Erie. -0.46 Max. 1808 ---0. 5 
Pittsburgh. -o.6 M:i.x. 18o8 -o.6 

(Sault de Ste. Marie. -0.5 Max. 1828 -!.~] 

From the above table of epochs of extreme values we find, omitting the last station, the average 
iime 1803 or 1804, so that the agonic line for 1800 occupies very nearly the extreme uorthern position 
reached on our Atlantic coast, the small change between the years 1800 and 1803:! being unimpor
tant. The bend near Harrisburg way be local or general. A comprowise poisition of this line is 
indicated on our plate No. 25. 

The agonic line for 1850 has heen taken from Coast Survey Report for 185G, Appendix No. 28, 
plate 61. The agonic hue for 1875 has been taken from Coast Survey Report for 1876, Appendix 
No. 21, plate 24, with correction of the northern part taken from the U. S. Lake Surrny, Pro· 
fessional Papers, Corps of Engineers, No. 24, plate XXX. 

The prospective position for 1900 depends on the isogonic chart for the epoch 1885, brought 
forward by means of the annual change deduced from our investigations.• 

The secular motion may be clearly apprehended from the several positions of the agonic line 
as given on the accompanying plate, No. 20, and as referred to in the preceding pages. We may 
remark that the change between 1600 or 1630 and 1700 should not be conceived as having been 
produced by a great sweep of the northern portion of the agonic curve across Europe and Africa, 
but rather as a gradual breaking through of the narrow neck of east declination in the vicinity of 
Cape Verde Islands, and thus readil.Y uniting with the previously existing southern branch of the 
agonic line, which, in 1600, skirted the southwestern coast of Africa. The isolated patch of east 
declination thus produced apparently drifted off to the eastward and northward.t 

Progreasive cltcr,nge in the secular variation.-The progressive change noticed when examining 
at different times the position of the lines where the needle has arrived at elongation or at extreme 
range in the secular motion bas already been referred to in a general way, and the systematic 
propagation of the phrase of eastern elongation across the United States, from the Atlantic to the 
Pacific, in about the lapse of a century, has been adverted to. Under the present heading it is 
proposed to enter somewhat more minutely into this remarkable phenomenon. 

"Now (Ma.y, 1890) superseded by the iBSne in October, 1889, of a new isogonic cha.rt for the epoch 1890. 
t I find tha.t the ea.me idea wae presented by E. Walker in his Ada.me Prize Essay on ;\fagnetiMw for 186.'l; Cam

bridge, England, 1866. 
The reader's a.ttention may be directed to plate No. 43 of the new edition of Berghaus' Pbysikaliecher Atlas, 

Gotba, 1888; it is a convenient plate of reference to the secular motion of the isogonic curves, though no new featnr61! 
relating to North America are there presented. 
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The following figurf\s are taken directly from our table, column headed "Epoch of nearest east 
elongation," a,nd beginning geographically in the extreme northeast we fiml the years of the last 
occurrence of this stationary phase of extreme elongation or of minimum west or its equivalent 
maximum east declination, as the case may be, at different localities as follows: 

Ilalifax. "'· S. 1714 Marietta anrl Cincinnati, Ohio. 1814 
Eastport, Me. 1753 Florence, Ala. 1821 
Bangor, );le. 1774 St. Loui>, lllo. 1822 
l'ortland, Me. 1779 Nashville, Tenn. 1834 
Boston and Cambriclge, 1\fass. 1780 Chicago, Ill. 1831 
:K cw Haven and Hartford, Conn. 18oo Denver, Colo. 1839 
l\ew \'(Jfk, K. Y. 1784 Salt Lake, l:tal1. 1873 
Jameshurg, N. J. 1802 \,..n.ncoU\'er, \\'ash. T. 1883 
J>hila<lelphia, l'a. 1802 Cape '\lendocino, Cal. 1886 
l'ithburgh, l'a. 1808 San Francisco. Cal. 1893 (Predicted.) 

·I'he opposite phase or that of the maximum west dt'cliuation is now located between Char
lottetown and Ilalifax, and may be expected in its supposed westwarcl course to reach the latter 
place about 1804, Eastport, Me., auont 1897, and Portland, Me., about l!ll 7. 

Tbese places am! corresponding times suffice to bring into strong relief the gradual progress 
within our geographical borders of what may aptly be called the crest (or ho1low, as we may con· 
ceive) of the magnetic secular wave sweeping across tb(l North American continent in about a 
century's time. Since this transfer of the en-stern-elongation phase thus took place from east to 
west across the country, it is probable aud may reasonably be inferred that with the present passing 
out into the Pacific of the eastern-elongation phase and the coming in of the opposite or western
elongation phase in the east, this intrusion of the latter phase, already commenced in northeastern 
Maine, will likewise spread itself in the course of time over and across the continent; in fact our 
formulm do suppose tLis to take place. The question whether the secular motion of the eastern
elongation phase can be traced so far east as to reach Europe can uot he definitely answered. \Ve 

have for St" John's, Newfoundland, the date of 170!, and for Paris tbe year 1581, for the epoch of 
this phase, but unfortunately no intermelliate stations by means of which to follow up the motion 
and assure us of its continuity; observations at the Azores, in southern Greenland, and in Ice
land may possibly come to light to assist in tliis inquiry. 

If we follow up the dates of the ea.stern magnetic elongation going south along our Atlantic 
coast, thence across the Gulf of l\Iexico and north along the Pacific coast, we notice the same law of 
gradual change a8 in our first table. A curve of equal date would fairls mn parallel to our Atlantic 
coast line, and hold even as far south as Ha\·ana and Panama; similarly a curve of equal date ou 
the Pacific coast from lower California up to the Straits of :Fuca would not greatly deviate from it. 

Epoch of ) 
I westerly mini· I I mum o:easterly I 

-----------------·i-max1mu::_ll---------------

Charlottetown, Pr. Ed. Island. 

Eastport, Mc. 

Nantucket, Mass. 

Cape lfonlopen, Del. 

Charleston, S. C., and Savannah, Ga. 

Havana, Cuba. 

Kingston, Jamaica. 

Barbados. 

1734 !i Yera Cruz, Mex. 
1, 

1753 '! Acapulco, Mex. 

1771 ' City of Mexico, Mex. 

1802 i San Blas, Mex. 

18o4 i Cape San Lucas, L. C. 

1797 J San Diego, Cal. 

1778 J Monterey, Cal. 

176o j San Francisco, Cal. 

i Cape :Ylendocino, Cal. 

Cape Disappointment, Wash. 

Nee.ah Bay, 'Vash. 

Nootka: Vancouver I. 

* l'redicted. 

I I Epoch of 

I 
easterly maxi

rnum. 

1828 

1846 

1848 

1856 

1872 

1883 

1899* 

1893* 

1886 

1905* 

1887 

1898* 
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Beyond Vancouver Island and as we enter Alaska the dates again become earlier, as at Sitka, 
1861, and in the whole region to the northward and westward, and including the chain of islands, 
the average date probably varies between 1830 and 1850 or thereabout. Near the easteru coast of 
Asia, west of Kamchatka, we encounter a complex system of isogonic curves, whose secular devel
opment, however, lies outside the limits of our research. 

Looking over the numerical values of a, on which the length of the period depends, we notice 
a relation to geographical position, as also in the case of the epochal quantity c, of our general for. 
mula, the latter relation being less marked. 

For stations on our Atlantic coast the values a are generally included between l.30 and 1.50, 
impl.ving periods of 277 and 240 years respectively, and the same limits will apply to the generality 
of places in the interior. 

!<'or stations south of the United States the value of a is •lecidedly less, as at Kingston, Bar
uados, Panama, Acapulco, City of ,\foxico, for which a varies lJetweeu 1.0 aml 1.1, with correspond
ing periocls of 360 and 327 ;years. Tile value of a for J>acific coast statiom:ii as San Diego, Santa 
Barbara, Monterey, San Francisco, and Ca.pe :\fondocino, remains low, averaging 1.10 (period 327 
years); iu Alaska it rises again to about 1.30 (period 277 years), with but little variation as far as 
it can be ascertained . 

.At first sight this diversity in the length of the pel'iod would seem to 1)rese11t a great obstacle 
in the way of explaining the cause of the secular variation through the action of an external or 
cosmical disturbing force wbicb. wollld be supposed to act alike at all stations. If we suppose the 
changes in the direction of the magnetic needle to be due to changes in the direction of electric 
currents or of electric impulses or waves traversing the earth's crust and permeating the same to 
a considerable depth, and altering by inuuctive action the magnetic condition of the earth itself, 
we may see in the diversity of the length of the period, and of the magnitude of deflection at dif
ferent places, the effect of a systematic swaying and mutual disturbing action in the direction and 
intensity of such electric currents. 

For the further development of the laws of sf>,cular variation in :~forth America it would be of 
great importance to know what has been and is at present going on in the immediate vicinity of the 
magnetic pole (where the dip is 900 and the horizontal force zero) since Ross visited the region now 
more than half a century ago. We have no direct or observational evidence whatever whether the 
pole remains stationary or has shifted its position, and if the latter, how much and in what direction. 

EARLY ATTEMPTS TO LOCATE THE NORTH AMERICAN MAGNETIC POLE. 

On a map in the Mercator-Hondius Atlas, Amsterdam, 1630,• and which is projected with the 
geographical north pole in its center, and is supposed by Dr. Kohl to be due to Gerard us Mercator, 
the magnetic pole js placed in latitude 740 and ou a line from the geographical pole to the Straits 
of Anian. t [Information extracted from" Bibliographical Contributions," No. 19, issued by Justin 
Winsor, Librarian Harvard University, Cambridge, 1886.) 

.A, v. Humboldt points out earlier attempts, which are also referred to by Mr. Winsor, viz: by 
Ruysch (about 1508), by Martin Cortez {about 1545), and by Liveo Sanuto (about 1588). The exact 
idea which was then attached to the term magnetic pole may remain a matter of conjecture, but 
we should remember that this was before the time the dip of the needle bad been discovered,t or 
had become generally known, and long before any real notion of magnetic intensity could be 
formed. 

On the map of the northwest coast, by C. de Judaeis, 1593, (copy No. 282 of the Kohl collec
tion), the polus magnetis, on pinnacle rock, is placed in latitude 700 and in longitude of the myth· 
ical Anian regnum. [J. Winsor's B. C.] Although these early assignments of a definite location 
of the northern magnetic pole (where on the earth's surface tlie direction of the magnetic force and 
tbat of gravity coincide) are nothing more than fanciful conjectures, yet it is remarkable that these 

"Copy No. 116 of the Kohl collection, State Department, Washington, D. C. 
t The fictitious Strait of Anian of the 16th century was snpposed to separate western ~ orth America. from eastern 

Asia, and in particular from the islaucl of Jesso, Japan. 
t By George Hartmann {Dr. R. Wolf's Tasebenbuch, Zurich, 1tl77), in the year 1544, but he could not measure 

the amouut; R. Norman's independent rediscovery of 1576 was more fruitful. 
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guessNl should not have been so very far from the mark. Halley, in 1683, assumed that there were 
two magnetic poles in the northern hemisphere of different intensity and of vertical dip (and simi· 
larly two poles in the opposite hemisphere), an idea, which under a different aspect, wm; further 
elaborated by Hansteen (1819), wtio e\·en assigned long periods of rotation to bis poles. It bad 
then become known how to measure relati1•e intemdty, and a distinction was made between poles 
or foci of maximum total intensity aml poles of vertical dip (or of vanishing horizontal component 
of magnetic force). It is to this last conception that the term pole is now more exclush·ely applied. 
The focal region of greatest total intensity to the southward and westward of Hudson Bay is a very 
extended one, whereas the pole of dip ooo is restricted to quite confined limits, depending on local 
irregularities of distribution. 

Observations made in 1813 on board H. 1\1. B. Brazen place the pole in latitude U9° and in 
longitude 92° west; in J uuc, 18311 Sir James Clark !toss"' reached, iu latitude 70° 05'.3 and in 
longitude 9<P 45'.8 west, a position on Boothia Felix where be observed a dip of 89° 59', aud this 
location, or one not far from it, has ever since been regarded as that of the North American })Ole. 
According to Gauss's general theory of terrestrial magnetism (1838), this pole was about the year 
1830 in latitude 730 35' and iu longitude 950 39' west of Greeuwich. Whether or not the pole has 
shifted its place t can not at present oe definitely decided, since Ross has as yet found no successor, 
though explorers in more recent times have Yisited the region for other purposes. 

In conclusion a few remarks may be made respecting the accuracy of the observations, shown 
by the tabulated probable errors and deri vcd from the differences of observed and computed values. 

The probable errors of observation given in the tables will serrn to convey some idea of the 
relative value of each series of observations. The imperfections in the instrumental meaus and 
methods of the older obser>ations in many cases react unfavorably on the modern observations, 
which are generally made with more precise instruments and using more refined methods. If we 
take, for instance, the observations of Hudson, made in 1609, in the vicinity of New York, we find 
Pach fairly chargeable with a probable error of about ::!:: 3 or 4°. While these observations are very 
imperfect, those of Champlain of about the same period ( 1604 to 1612) are no better. These two 
iiaNigators differ nearly 90 off the mouth of the Penobscot, .Maine, and nearly 12° off Cape Cod. 
The observations made by Vancouver on our western coast, between 1792 and 1794, are each sub
ject to a probable uncertainty of at least ± 1 o, and even in our own days it requires •ery favora
able circumstancL•s to determine the Yariation of the compass at sea with a 11robable Mror of, say, 
half a degree or less. At sea, increased precision was attained with the improvement of the azimuth 
compass aud by allowance for disturbing effect of the ship's iron, and as regards shore stations, 
greater accuracy was obtained by the introduction of the theodolite for determining the astronom
ical meridian. With a portable magnetornettr and a collimator magnet, the instrumental means 
need not, introduce a greater uncertainty than about one minute; but tile actual probable error uf 
auy determination is dependent also on the irregular variations in the direction of the rnaguetic 
force from day to day, thus making it desirable and indispensable for precise work to continue the 
observations for three or more days and to correct the individual results for diurnal variation. The 
amount of the probable error of an observed declination depends also on the intensity of the hori
zontal component of the magnetic force at the place, i. e., in general the smaller t4e horizontal 
force the larger the apparent probable uncertainty. 

•Phil. Tran8. Royal Society, l:O;J:l-':H. 
t Se<', for instance, Grover's magnetic orbit ( inclosing the ge.ographical pole) in Sir W. Snow Harris' a Rudimentary 

Magnetism, London, 1~0-a speculation, however, not sufficiently supported by sound induction. 
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GEOGRAPHICAL POSITIONS OF TRIGONOMETRICAL POINTS IN THE STATE OF CON
NECTICUT, DETERMINED BY THE U. S. COAST AND GEODETIC SURVEY BETWEEN 
THE YEARS 1833 AND 1886. 

INTRODUCTION AND EXPLANATION OP THE TABULAR RESULTS. 

By CHARLES A. SCHOTT', Assistant. 

COMPUTING DIVISION, lllarch 18, 1889. 
The collection of geographical positions and of geodetic data resultiug from the triangulations 

made in the State of Connecticut, herewith presented, is iu continuation of the scheme of pub
lishing tbe results of the Survey in those States where the field-work is substantially completed 
with respect to the immediate objects of the Surrny and where the triangulation could be made to 
rest on the standard geodetic data of the Survey. These data are-
The unit of length.-The metre, and in particular the French <Jommittee metre brought to this 

country in 1803 by F. R. Hassler, afterwards first Superintendent of the Coast 8m,·ey. It is 
the property of the American Philosophical Society, Philadelphia. The length of Ibis stand
ard will be compared with that o_f the new international standard as soon as its representative 
bar is received here. Tue difference in length between these metres is alread.Y known to be 
very small and only needs consideration when high scientific accuracy is inrnlved (see .App. 
7, Rep. for 1867).• 

The geodetic surface of referenee.-The spheroid of rotation, most nearly conforming to the earth's 
figure and size, as deduced in 1866 by Captain A. R. Clarke, R. E., and which supertmded in 
February, 1880, the Besseliau spheroid, wnich had np to that time been used on the Survey. 
Its dimensions are: 

Equatorial semi-diameter 
Polar semi-axiis 
Ratio a: b=294.98 : 293.98 

6 378 206.4m 
(j 356 583.8tn 

The standard latitude.-Is that of the primary triangulation on the Atlantic coast, viz: Principio 
station <p = 39° 35' 36".692 (see A.pp. 8, Rep. for 1879). 

The standard lon9it'Ude.-Is that resulting from the telegraphic longitude system, connecting 
directly with Greenwich as the initial point; we have for Principio station .A = 76° 00' 16".407 
west from Greenwich (see .App. 11, Rep. for 1884). 

~ standard azimutk.-Is that of the primary triangulation, viz : Principio to Turkey statitlll 
a 0 = io 34' 3611.413 (see App. 8, Rep. for 1879). 
The preliminary results published in .Appendix 12, Report for 1851, Appendix 15, Report for 

1864, and .Appendix 13, Report for 1868, are now superseded by reason of change of geodetic and 
astronomica.l data and for want of adjustment. 

" Page 134, for 1802 read 1805. 
313 
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Hespecti11g elevations of stations above the average sea-level, the Survey is not at present in a 
condition to furnish them. 

Descriptions of stations, how marked on surface an<l below ground, can generally be given on 
application to the Office. 

The positions and connecting lines of all adjusted stations are shown on the accompanying map; 
all less important pointH are indicated by tlots. The sea.le of the map 3001<.00 is the same as that 
of the two sketches in Appendix 8, Report for 1885, of the triangulations of)\fassachusettsand Rhode 
IslarHL 

The method of treatment of the rct1uction of the observations is the same a~ that adopted for 
the States just named. The main triaugnhttion, entering Connecticut in the southwest, crosses the 
State, but the snboruinate triangula,tion of Long Island SounJ is tile principal support of the coast 
work. The adjuHtment of the seconuar,r triangulation of Lo11g fol and Souucl is shown in Appendix 
8, Ueport for 1868, aud tlte dista,nces alHl angles there gi \·en are retained mmltcred. 

In a general way and sufficient for illustration we may explain the process of computing and 
of producing 1:iysternatic results as follows: The position of that particular trigonometrical station 
which is connected most strongly with tlJe main triangulation is first fixed uy adjustment, taking 
into conAideration the lines directed to it from primary stat.ions as well as lines di \'erging from it 
and intersecting the latter. Should there be more than one such point, say two or more, ha,ying 
equal strength of connection, they may ue treated together in one least.square atljustmeut. In this 
manner point after point or a Reries of such is adjusted in JlOSition, so that tile sum of the squares 
of the corrections to the obscrYcd horizontal directions s1mll be a minimum; the geometrical 
relations of the preceding points beiug always considered as fixed with respect to the variable 
elements of the new poi;;t or points nuder treatment. The princi[Jal secondary stations luwing thus 
become known in position, the tertiary })Ositions are determined in the same systematic though 
somewhat less elaborate manner than that followed for the secondaries, and generally without leas 
square adjm;tmcnt. 

The final result of this systematic treatment may be summarized by stating that uo discrepancy 
remaius in the results themselves, and that the length and direction of any side of a triangle may 
be computed from any starting side, aud through any series of connecting triangles, and ~·ct the 
same re1mlts will be reached. 

The latitudes and longitudes of the trigonometrical points were computeJ by the usual for
mulm, aided by the tables. ordinarily employed in the Sun'ey, for which see Appendix No. 7, Report 
for 1884. For primary sides, not exceeding in length (s) 100 or 150 kilometres (about 62 or 93 
sfatute miles), the forrnnhP for difference oflatitude (L1 qi), diftereuce oflongitude (.dA), and difference 
of azimuth (L1ll'), are Yery accurate or sufficiently perfect for the purpose; these are:• 

- Ll<p = s. cos a. B + s2 • sin2 a. C + (L1qJ)2 D - A<p, sz. sin2 a. E 
L1A = N. sin a. sec. q/. A.1 

- Lla = L1J. • sin i (<p + q/) sec. z (4rp) + (.d:\)3. F 

hence the results for the new position 

qi = <p + A<p 
ll' = ?L + L11 
a' = a + Llll' + 1800 

For sides not exceeeding 25 or 30 kilometres (about 15 or 19 statute miles) the fourth term in the 
expression for Ll<p may be omitted, alsa the factor sec. i (A<p), as well as tlie second term in the 
expression for Lla. For full explanat10n, forms, examples, and auxiliary tables the reader mas 
consult the appendix cited above. 

There also is sllown the inverse problem, viz, given <p and 1 and <p' and 1' (or <p gl an<l Lil) to 
finJ sand ll' and a'. This process may be used iu cases where the required distance and azimuths 
are not directly containe1l in the table of results. 

*With slightly changed notation c<>nformably to more modern practice. 
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.For the direct solution put: 

wheuce 

~ 
s. cos. a = x = - ~ ( L1 q1 + C . y2 + D . ( L1 tp )2 + E . ( .d <p) y2 + E. C . y•) 

. ,:}),_ cos q/ 
s. sm a= y = -----A.1-- --

tan a = !! and s = x sec. a = y cosec . a 
x 

In secondary and tertiary work the terms in E ma:y be omitted. 
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For convenience of computing secowlar.r and tertiary positions, the logarithms of factors A, 
B, C, D, E, are here reproduced for tlHJ limiting latitudes 40° 55' to 420 55' so as to cover the 
parallels of Connecticut, I~hode Island, and Massachusetts, and two applications are added, one to 
exemplif.y the direct, the other the inverse process. In the first case we start from a known point 
(<p A) and determine the position (cp' il') of a second point, the distance (s) aud direction (a) of 
which from the gh'en point are known from trii1ngulatio11; in the second case we have given the 
position of two point'8 ( <p ;t and rp' '1') and r('qnire the distance (s) between them and tlleir direc
tions (a a'). For further explanation Appendix No. 7, Report for 1884, should be consulted. 

Tal>le of log.factors for the compittation of oeodetic po.~ition.-;, bet1veen latitnde.<( 4110 55' and 4:!0 55'. 

i' I , 
tj I / 1ug-.C i. log. A log. B 

'P II d'ff f, I/ ~I rff f, I/ I diff. for 1", 
Ji 1. or 1 ,-0.01 i tJ . urI ,-0.21 j _

1
_
042 

~ ii-------~- :-- -------~ --- :-~----
a I j ! 

40 55 11 8. 509 0952 
56 I 947 

• 57 i 943 

58 I 939 I 
59 I 934 

41 oo I 3.509 0930 
01 926 
02 

03 
04 

41 05 
06 

071 
08 

09 I 

922 

918 
913 

8.509 0909 
905 

900 

896 
892 

8. 510 

806 

793 
781 

768 

8.510 7755 
742 

73° 
717 

704 
8. 5 IO 7691 

679 
666 

653 
640 

1. 3423 I 

332 i 

1.34358 

1.34484 

510 

535 1· 

56o 
586 

log-. ll log-. E 

2.3SS6 6. 1236 

2.3888 6. 1253 

41 JO 

II 

12 

8.509 0888 
883 

879 

875 
871 

8.510 7628 
615 

002 

1.31611 2.3891 6. 1289 i 

13 
14 

41 15 
16 

:~ I 
19 

I 

8.509 0867 
862 

858 

854 
849 

590 
577 

8.510 7564 

551 

539 
526 

513 

636 
662 i 

687 
712 

1.34738 2.3893 

7631 

7881 814 

839 
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Table of log. factors for the computation of geodetic positions, etc.-continued. 

I I
I I I 

I log. A log. Il log. C I 1 

rp I I rliff for I"• I: log. D ! log. E 
' ii diff. for 111, -0.07 diff. for 1", -0.21 1 +o.42 
)- 11 ! ' __ 

I :I :o 'i 8.509 0845 8.510 7500 II 

II :: :! ::; :~: ! 

I 23 ·1 832 ·~ 462 'I 
I 1 I 

' 24 'I 828 449 I 
I 41 25 i 8.509 0824 8.510 7436 II 

I 26 !I 820 I !1 424 I 

. :~ ii ::; :~ I 
41 30 i\ 8. 509 0803 8. 510 7373 

r, 
31 :I 798 36o 

32 !I 794 . 347 

33 :1\ 79° 334 
34 786 322 

i 
41 .'l5 

36 

37 
38 

39 
41 40 

41 

42 

43 

41 45 

46 

47 

48 Ii 

:1 

4' :: II 
51 

52 

53 

54 

41 55 
56 

57 
58 

59 

42 00 

01 

02 

03 

04 

' 

8.509 0781 i 

777 i 
773 1' 

769 : 
764 i 

076o 

756 • 

752 

747 

743 

8.509 0739 

735 

730 
726 

722 

S.509 0718 

713 
709 

705 

700 

8. 50<) 0('96 

692 

688 

683 

679 
8.509 o675 

671 
666 
662 

658 

8. 5 IO 7309 

296 

283 

270 

258 

8. 510 7245 

232 

219 

207 

194 

8. 510 7181 

168 

155 

143 

130 

8. 510 7117 

104 

091 

07\) I 

066 

8.510 7053 

040 

027 
015 
002 

8.510 6989 

976 

964 

951 

938 

! 

I. 348641 

890 I 
9151 
940 

965 I 
1. 34991 II 

L 35016 I 
041 I 
o66 i 

092 I 
L 35 I I 7 

142 

168 

193 

218 l 
I. 35243 i 

269 : 

294 ! 
319 I 

! 

345 i 
I. 35370 ! 

395 

420 i 

446 

471 

I. 35496 

522 

547 

572 

597 

I. 35623 

648 

673 

698 

723 

r. 35749 

774 

799 

824 

850 

I. 35875 

900 

925 

951 

976 

I 
2. 3898 I 

2. 3900 : 
I 

2.3901 

2.3903 

2. 3904 

2.3907 

6. 1324 

6. 1342 

6.1378 

6.1395 

6.14r3 

6. 1431 

6. 1449 
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Table of log.factors/or tke computation of geodetic positions, etc.-continued. 

11 
log. C I ij log. A log. B <p ,, <Jiff. for I 11 , log. D log. E I: d iff. for 1 ". -0.01 cliff. for l", ·-0.21 i +0-42 ___ \\ 

/' i 
0 , !i I 
42 05 ii 8. 509 0654 8.510 6925 l. 36001 I 2 ·3909 6. 1485 

06 li 649 912 026 I 

o7 If 645 9o:> 052 I 
0811 

I 
641 887 077 I 

636 874 102 ! 09 i 
I 

42 10 I 8. 509 0632 8.510 6861 I. 36127 ! 2, 3910 6. 1503 

11 I 628 848 152 I 

:~ II 
624 836 178 • 

619 823 203 I 
141 

I 

~::I 
810 228 I 

I. 36253 
I 

6. 1521 42 15 : 8.509 8.510 6797 2.3911 
16 ! 6o7 784 278 : 

I I 

17 I 6o2 772 304: 
18 I 598 759 329 i 
19 i 594 74& 354 ! 

42 20 i 8.509 0590 8.510 6733 1. 36379 I 2.3913 6. 1539 
·' 21 i 585 720 404 ! 
I 

22 ; 581 707 430 
23 577 695 455 
24 572 682 48o 

42 25 I 8.509 0568 8.510 6669 I. 36505 2.3914 6. 1557 
26 564 656 530 
27 ' 560 643 556 
28 555 631 581 
29 551 618 606 

42 30 8.509 0547 8.5m 66o5 I. 36631 2·3915 6. 1575 
31 543 592 . 656 

32 538 579 682 

33 534 566 707 

34 53° 554 732 
42 35 8.510 0525 8. 510 6541 I. 36757 2.3916 6. 1593 . 

36 521 528 782 

37 517 515 808 

38 513 502 833 

39 508 490 858 
42 40 8. 509 0504 8.510 6477 I. 36883 2. 3917 6. 1612 

41 500 464 908 
42 496 451 934 
43 491 438 959 

44 487 425 984 
42 45 8.509 0483 8. 510 6413 I. 37009 2, 3918 6. 1630 

46 478 400 034 

47 474 387 059 
48 470 374 085 

49 466 361 IIO 
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Table of log.factors/or tJie computation of geodetic positions, etc.-continued. 
--------- --:--

il log. A log. B log. C 

<p " diff. for l", log. D log. E 
f, diff. for 111 , -0.07 diff. for 1", -0.21 i 

I +0.42 
! 

' 0 I II 
42 so I 8.509 0461 I 8.510 6348 I. 37 135 2.3919 6.. 1648 

51 1
1 457 336 100 

s2 II 453 323 185 

53 11 
448 310 210 

sq 444 297 235 

I 42 55 q 8.509 o440 I 8.510 6284 I. 37261 I 2. 3920 I 6.1666 
I !1 I I 

Position com1mtatiou. Form for direct computation. 

2;J, 00 ~~. 6 

L i Talcott and Box Hill.. - 79 . 58 58. 4 

,: I S<hool-boo;o Hill <o r.t~H. --~15~0~

1
1~~-0-~~--!:_:_:_ 

--·~r_:__J~a~~~~~<;~:l-house m_n_. _______ 3_2_9~_s_1~_1_s_. _8 

a School-house Hill to Box Hill. I 

·-------------------------, 
I I // i II 

39 j JI. 32 I School-house Ilill. A I 72 40 52. 913 

+ 9 I 10. 316 .Metres. L'.A i + 7 04. 273 
_____ 

1

1___ 196o6.04 1-------

<p' \ _ 41 48 --~~3~ --~:~c-ot-t._____ A
1 I 72 47 -~~·-186-

4. 292J,898 82 8.5848 

,,9- 9376742 Sin' a 9.3971 ( L'.<p)' 5.48 

n 8. 5107251 c I. 3536 D 2.39 
II ------ -----

1st term. -550.540 ,,2. 74078g1 9.3355 7.87 

2<l & 3d terms. + o. 224 +o. 217 +0.007 

=--~~--L=-550_ 316 __ _ 

---------

s 4.2923898 
Sin a 9.6985387 

A' 8.5090723 L'.l 2. 62765 

Cos <p1 ar. co. o. 1276447 Sin ,U (qi+'fl') I 9.82327 
------

2.6276455 2.45092 

II " 
6;\ +424.273 -lla +282.4 
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Position computation. Form for inverse solution. 

a: 

L 
a: Stamford Harbor L. 11. to Round Hill 2. 

6a 

0 

132 15 

5 

II 

36.2 

09. 7 

<r' ___ h_'.o_u_m_1 _n_ill_z __ to_s_ta_m_~_or_u_1_1_a_rb_o_r_L_._I-I_._~_3_1_2~--10_ -~I 

Yz ( <p + <p') =4 1 

1st term. 

2d & 3d term;,. 

8 

Sina: 

A' 

Cos i:p' ar. co. 

t;i\. 

} 

II 

03 31 

II 

-324.080 
_J_ 0. 270 

-323.810 

II 

I 8 
Cos a 

B 

Stamford Har. L H. 

Metres. 

Round Hill 2. 

il 

6il 

t 82 

} 8 8 ! } 3· 999 77 , Sin' Cl'. 

8. 5107744 c 

I 
1

1 

:73 ~-1--3:/740 I 

+ 7 ! 51. 490 
----,-----

40 I 26. 230 

-----··-

8.0830 (6 <p)' 5.02 

1.3438 D 2.39 

9.4268 
+0.267 

7.41 

+0.003 

·-----------

---1-
llil 2. 67347 

Sin Yz (ip+ <p') 9.81745 

2.49092 

fl 

- ti.a 

-----~-----~ 

319 
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We ham also the length of the angular measures of one minute in the meridian and in tile par 
allel cp, given by the formulm 

m 
1' of the meridian = 1852m.2015-9m.4342 cos 2 cp + 0.020 cos . 4 <p- . .• 

m 

1' of the parallel = 1856m.9183 cos. <p - 1 m.5757 cos. 3 <p + 0.002 cos 5 <p - • 0 

whence the following tabular values expressed in metres: 

.\re of r' I 
IJatitude. -----·-·T-------

1 
Iu 1ncridian. j In parallel. 1 

: I . - ---- -----~-~------! 

0 f 

40 00 

20 

40 

41 00 

20 

42 00 

20 

4" 
4.) 00 

!Jl fll I 

I S50. 54 1423. 27 I 
0.65 16.33 

0.76 09.34 
o.S7 1402. 29 

0.98 95. 20 

I. 09 88.07 

I. 19 1380.89 

[. 30 73.66 
I. 41 66.38 

1851. 52 1359.05 

The effoct of the earth's curvature may be estimated from the foot that the area of a triangle 
in latitude 40° having one 8econd (l") of spherical excess, is 76.060 square statute miles; in latitade 
41°, 7G.07~ square statute miles, and in latitude 420, 7G.09G square statute miles. The shape of 
the triangle is of 110 consequence. To co1ffert squa,re statute miles into square kilometres we 
have the relations, 1 sq. st. mile = 2.589098 sq. km., and 1 sq. km. = 0.386101 sq. st. miles. 

For convenience of reference the positions ••re arranged in geographical groups after giving 
the primary, the subordinate primary and the secondary stations over the whole State. These · 
subdivisions are as follows: 

Number of 
stations. 

1. Primar,y stations. 15 
'.:. Subordinate primary and secondary stations. 18 
3. l~hocle lslan<l State line to Thames River. 39 
4. Thames River. 70 
5. Thames River to Connecticut River. 27 
6. Connecticut mver. 145 
7. Connecticut Hiver to IIousatonic River. 247 
8. Ilousatonic River to New York State line. 256 

Total number. 817 

Of these 817 points there are 58 outside the boundaries oftbe State, but repeated here for the 
purpose of showing the connection of the triangulation with those of thA adjacent States-Massa· 
chusetts, Rho< le Island, and New York. Necessarily some of these 58 points have already appeared 
in Appendix No. 8, Report for 1885. 
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We have the following statistics respecting observers and years of observation: 

I Name of observer. 

1~----
A. D. Bache. 

R. M. Bache. 

E. Blunt. 

G. Bradford. 

J. G. Bramley, F. C.* 

J.P. Bogart, F. C.* 

H. Caperton, jr. 

G. ·w. Dean. 

F. I-I.Dietz. 

C. M. Eakin. 

W. S. Edwards. 

J. Ferguson. 

H. R. Garland. 

I 
Y ea,-s of u bserva-

tion. 

I 
1861, 1862 

{
: 1873, 1874, [, 

1875. 1876, 1877 Ii 

{ 

1836,1837, ii 
1838, 1840, 1853, ii 
1861, 1863, 1865 \~ 

1881, 1882, 1; 

{ 1883, 1884, 1885 i 

{ 

I_ 

1882 

1882 

1875 

1861;1862, 

1863,1864 

1861, 1862 

1839 

1861, 1862 

1833, 1834 

1881, 1882 

I' a.me of observer. 

F. H. Gerdes. 

E. Goodfellow. 

R. E. Halter. 

F. R Hassler. 

W. C. Hodgkins. 

C. Ilosmer. 

S. C. McCorkle. 

A. T. Mosman. 

H. G. Ogden. 

IJ. C. Sanford, F. C.* 

"'. H. Stearns. 

J. A. Sulfo·au. 

\\'. H. Swift. 

J- B. Tolley. 

C.H. van Orden. 

* In connection with the State Shell-Fishery Commission. 

\'cars of oliserva-
ti on. 

i 1840 
I 

{I 
1871 

1861, 1862, 

1863, 1864, 187 5 

I 1833 
i 1883, 1884, 1886 

1869 

1882, 1883 

1864, 1865 

1874 

1882 

1873 

{ 1863, 1864, 

1865, 188z 

1835 

1886 

1886 

·The whole nnmber of triangles formed and computed was 2251; the number of occupied 
trigonometrical stations within the State is 325. A number of computers was engaged on this 
work, buL the principal share of it fell to Mr. E. H. Courtenay, of the Computing Division, who 
supervised their work. The accuracy of the rl'sults is chiefly due to Mr. Courtenay, who spared 
no labor to render them as perfect as possil>le. These computations were made principally between 
the years 1883 and 1888. 

While the p-rimaries, subordinate primaries, aud principal secondaries possess all desirable 
accuracy, the minor secondaries and principally the earlier tertiaries, now over half a century old, 
are of somewhat inferior accuracy as compared with the same class of work in adjoining States. 
Modern work, however, greatly contributed to confine the eftect of any inferior part to narrow 
limits, and its accuracy may be estimated as twice that of the very oldest. 

Respecting the accuracy of a triangulation, the mean error m of an adjusted or resulting angle 
has been advantageously employed as a quantity of comparison for different triangulations by 
which to judge of their relative value (see e.g., Coast and Geodetic Survey Ueport for 1884, p. 389). 
The value m way be deduced in various more or less accurate ways, according to circumstances; in 
adjusted triangulations it may readily be deduced from 

- m=l.25J- 2-. ~ [c] 
n.s. 

Where :S [ c] is the sum of corrections to observed directions, n the number of conditional equations 
involved, and sthe number of directions in the adjusted figure; or, in unadjmited work, it ma~· be 
found from 

or, without squaring, from 
- [e 

m-l.25t va 
where e=triangle closing error (or difference from w+e), to be taken numerically without regard 
to sign in last formula., and t=number of triangles. We thus find for the adjusted triangulation 

H. Ex. 22-21 
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in the State the average value m=±5".9, likewise for the unadjusted triangulation m=±4''.8; 
tltc deYiutions, howeYer, from this latter Yaluc are ycry great, rising and. falling between, sa;y, 4'' 
aucl 8'', accordiug to circumstances. 1-'he accuracy of the triangulation may otherwise he roughly 
expressecl in terms of the distance, and thus estimated, the average error of secondary "ork may 
he t'.1ken to range between 4 oto-0 aud 20-to-0 of the length, whereas that of tertiary work barely 
comes up to Toho) and in parts may be as low as 50

1
0-6 of the length. 

There remain but a few words to be added explanatory of the table of results. Uolumn 1 
contains the names of the stations, colu.!llu 2 the latitude, column 4 the longitude, columns 3 and 
5 contain the equivalenls in metres of the seconds (in a.re). of latitude and longitude respectively, 
solely for the use of the draughtsman in projections ; column 6 gives the azimuth of the first to 
the second named station, counted from south rou.ud by west from 0° io 360°; it is followed by 
the reversed azimuth iu the next column. The distances are all referrml to the surface of the 
spheroid at tlrn average sea-level. Those who may prefer the English foot as the n11it of length 
can readily make the conversion from one unit into the other by means vf the following ta,bles :* 

·--- ··-~------, 

I m_ = 3. 28083 ft. I ft_= 0. 304801 m. 

2 6_56167 2 0.609602 

3 9· 84250 3 0.914402 

4 13. 12333 4 I.219202 

5 16.40417 5 I. 524003 

6 19.68500 6 I. 828804 

7 22.96583 7 2. 1336o4 

8 26.24667 8 2.438405 

9 29.52j50 9 2.743205 

IO 32.8o833 10 3.048006 

and for the conversion of kilometres iuto statute miles, and vice versa: 

----------

1 km.= o. 621370 st. m. I st. m.= I. 609347 km. 

2 I. 242740 2 3.218694 

3 I. 8641 IO 3 4.828o42 

4 2.48548o 4 6.437388 

5 3· 106850 5 8.046736 

6 3· 72&n9 6 9.656o83 

7 4.349589 7 11.265430 

8 4_970959 8 12.874778 

9 5.592329 9 14.484125 

10 6.213699 IO 16.093472 

--- -------·-·-- --------~--- ---------------

P. S.-Tlw following errata refer to Appendix .No. 8, Report for 1885, containing the geodetic 
positions in Massachusetts an<l Rhode Island: 

Page 288, line 17, for 125 read 1.25. 
l'agc 294, line 13, fur 370 rt:ad 372. 
Page 304, line 13, omit" and latitude." 
Page 308, line 8 from bottom, for 57.oSrcad 57.10,and for 

l76r.3 read 176r.8. 
Page 310, line 5, for 231.8 read 27.5. 
Page 340, line 4, add 1861. 
Page 340, lim: 5, a<ld 1861. 

Page 358, line 9 from bottom, for 833.0 read 883.0. 
l'age 366, line 3 from bottom, for 1243.2 read 1551.7. 
Page 409, line 3 from bottom, after Pawkhungemock ch. 

add (Ct.). 
Page 4 l 5, line 2 from bottom, for Simmons read Simmons 2. 

Page 424, line 15, for qog.5 read 16o9.5. 
Page 425, line 18, for 3404_1 read 3104.1. 
Page 434, line IO, after Pawkhungemock ch. add (Ct.). 

-·-·---··-·--·--·-- ·---- ---·--------
* U. S. Coast and (;eoc1etic Survey. Office of Starnlanl \Veights and Measures. T. C. Mendenhall, Superintendent. Tables 

for converting Customary and Metric Weights and Measures. Washington, D. C., January 18go. 
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Index of stations iJL Connecticut. 

~anH.'.t:. of slati011s. Page. N~unes of stations. !'age. 

--------- ··------ ·-----~~ 

Adams. 39+ Bill Hill. 376 

Alander t-.ft. (Dorden) (Mass). 386 IJlackburn. 398 
Allen. 362 mack Cross. 342 
. A1ncricus. 386 mack cupola, rod . 390 
Apple tree. 378 Black cupola, southwest corner of railing. 390 
.Arnold's Quarry. 352 Black Point. 344 
Atwood's Machine "\Vorks. 336 mack Point 2, I 882. 344 
Avery's bar ... 344 llbck l'uint honse chimney. 346 
A very"s Hill. 338 Black Rock. 392 
Avery's Hill 2. 344 Hlack Rock 2, 1834. 392 
Avery's Point. 334 Black (or Huncher's) Rock Beacon, 1882. 388 

Avery's Point 2, 1882. 338 Black Rock L. H., 1833-'85. 382 

Ayer. 352 Block Island (R. 1.). 33+ 
Ilack River flag. 358 Bluff Point. 338 
Bailey (N. Y.). 386 Bog Hole Hill. 348 
Bailey (Thame> River), 342 J3og Hole Hill 2, I86r. 348 
Baker. 400 Bolles' Hill. 340 
llald IIill (Connecticut River). 348 Book Hill. 346 
Bale! Hill (Fairfield County). 332 Booth. 398 
Bahl Hill (Tolla'!d County). 332 Boulder. 36z 
Ilald Hill z, 1882. 382 J3ox liill. 332 
Hald Peak* (Mass.). 334 Brace Mt. Monument (N. Y.). 39S 
llaldwin. 338 Bradley (Fairfield County). 394 
Baldwin's cupola. 372 Bradley (New Haven County). 378 

Ball Peak (Mount Riga). 400 Brainerd. 35° 
Bancroft (N. Y.). 400 Branford church spire, 1838. 36S 

Barker. 366 Branford Congregational church, 1876. 38o 

Barn cupola (New Haven County). 378 II Branford Reef Beacon, 1833. 36S 1: 
1: 

Barn cupola (New London County). 346 \: Branford Reef Beacon, 1881-'82. 362 

Ilam Hill. 384 1J Brethren. 380 
I' 

Bartlett. 366 Ii Brewster's factory, cupola. 364 ii 
Beach Point. 394 Ii Bridge. 372 
Beacon. 344 

i! 

Bridgeport l'irst Congregational church spire, 1882. 388 

Beacon Hill. 348 Bridgeport First Presbyterian church spire, 1882. 388 

Beacon Hill 2, r86r. 346 
11 

Bridgeport Harbor L. H., 1853. 396 

Beacon Hill 3, 1882. 348 Ii 
Bridgeport Harbor L. H., 1882. 382 

Beckwith. 352 
11 

Bridgeport inner (northeast) Beacon, 1833-'82. 388 

Beckwith's chimney. 344 I Bridgeport middle spire, 1833. 394 
Ileckwith Hill. 352 

Ii 
Bridgeport north spire, 1833. 394 

Bell Island. 386 Bridgeport outer (southwest) Beacon, 1833-'82. 388 

Benedict. 396 

II 

Bridgeport Saint Augustine Catholic church spire, 388 

Benham's house, chimney. 364 
1882. 

Bennet. 382 
Bridgeport Second Congregational church spire, 388 

II 

1882. 
Bethany church spire. 368 Bridgeport south spire, I 833. 394 
Bethany South. 378 Briggs (N. Y.). 4oz 
Bett's Island house, south chimney. 390 

II 

Broadway church. 340 
Bigelow's house, chimney. 372 Brockway. 352 

*Or Mount Washington o• Mou11t Everett w Taughanuc Mount or Dome Peak. 
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Index of stations in Connecticut-continued, 

- - - -------- --------------------------

I'age. I ::Names of stations. 

Brooks. 

Bro\vn. 

Browning. 

Brown's Hill (N. Y.). 

Brushy Ridge. 

Buckingham. 

Bumes's pine. 

:Uurnham·s Lanl, cupola. 

Burns' Point. 

Bussing ( N. Y. ). 

Buttermilk (N. Y.). 

c. 
Calf-pasture Island. 

Calf-pasture Island, dead tree. 

Calf, south gable of Alex. Lutz's house. 

Camp's Hill. 

Canal. 

Canal Dock. 

Captain Knapp's Island watch-house. 

Car shop, chilnney. 

Case. 

Cedar (Connecticut River). 

Cedar (::\ ew Ha\'en County). 

Cedar (Thames River). 

Center Redding. 

Centen·ille church. 

Chamrion I louse flag-staff. 

Champlin (R. 1.). 

i Chapel's Lot (::-;. Y.). 

Chapin. 

Chapin's house. 

Chapman's l Till. 

Charles Iolan<l J•oplar. 

Charleton's cupola. 

Chemical works, Yentilatur. 

Cheshire church spire. 

Chester Landing. 

! Cheskr spire. 

Chestnut. 

Chestnut 1, i875. 

Chestnut 2, 1875. 

Chestnut f Jill. 

Chestnut Tree Hill. 

Chimon's Island. 

Chimon's hlarnl 2, 1882. 

Page. 

350 

394 
338 

36o 

380 

352 

370 

384 

332 

372 

306 

390 

392 

364 
386 

374 

392 

372 

376 

35° 
380 

340 

384 

376 

354 
334 

400 

344 
346 

336 

364 
340 

376 
368 

352 

352 

392 

376 

376 

348 

384 

396 

N a1nes of stations. 
________ ! ____ , 

Clam Island, white house chimney. 370 

Clark, flag in tree. 354 

Clark's monument (N. Y.). 400 

Clark's Point. 370 

Clinton church spire, 1838. 368 

Clinton church spire, 1882. 368 

Close. 396 

Clove. 334 

Couble. 398 

Cockenoe's Island. 

Cockenoe"s Island 2, 1882. 

Cockenoe'.' JslanU: house, southwest chimney. 

Collender's house, cupola. 

Collins. 

Colyer's house, cupola. 

Cone (Connecticut River). 

Cone (New IIaven County.) 

Connecticut. 

Connecticut line (Borden). 

Connecticut monun1ent. 

Connecticut River. 

Connecticut River to Bousatonic River. 

Copp's Island. 

Coram. 

Corner stone (N. Y.). 

Corner stone (Thames River). 

Cornfield Point. 

Cornfield l'oint 2, 1882. 

Cove Mills cupola. 

Cow Hill. 

Cow Point. 

Crane's Bar. 

Cromwell t:ongregational church. 

Crouch. 

Cum po. 

Cumpo 2, 1882. 

Danbury Congregational chnrch, 1864. 

Davenport. 

Dead tree. 

Dead tree hill. 

Deep River spire. 

Dickerman. 

Dickerson (N. Y.). 

Dike. 

J94 

386 

388 

390 

362 

39° 

35° 
378 

400 

402 

402 

346 
360 

380 

402 
402 

342 

346 
346 

390 

366 
340 

374 
358 

400 

38,p 
382 

402 

392 
362 

400 

352 

368 

382 ! Doane. 

334 

374 

35° 
390 I Doolittle. Chimon's Island House, chimney. 

Chocomount ( N'. Y .). 
------'---3-3_4_ l\ Dorlon's Hotel cupola. 

378 

390 
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Index of stations in Connecticut-continued. 

Names of stations. 

Dra;::on brick church spire. 

Drum Hill, flag in tree. 

Duck Tsland. 

I Duck Island 2, 1882. 

Dye \Vorks, southwest chimney. 

East. 

! East Bluff (N. V.). 

! East Bridgeport Catholic church spire, 18:->4. 

' East Haddam Congregational churcli. 

East Haddam Episcopal church. 

East Hartford, square steeple. 

East Haven flag-staff. 

East Haven spire. 

Easton spire, 1839. 

East Rock. 

East Rock 2, 1871. 

Edgecombe House flag-staff. 

Eel's Hill, i835. 

Eel's Hill 2, 1838. 

.Ellsworth. 

Ely. 

Ely 2. 

i Ely 3· 
Ely's wharf. 

Emmons. 

i Essex. 

I Essex 2, 1861. 

) Essex Baptist church. 
J 

Essex Congregational church. 

Essex Episcopal church spire, 1838. 

Essex Episcopal church spire, 1861. 

Fairfield. 

Fairfield Congregational church, 1882. 

Fairfield Episcopal church, 1882. 

Fairfield Presbyterian spire, 1833. 

Fair Haven Second Congregational church. 

Fair Haven spire. 

Falkner's Jsland L. H., 1833-'82. 

Falls Libt:rty Pole. 

Fellows. 

Fenwick Hall flag-staff. 

Ferris, cupola of "Old Greenwich Point House.'' 

i Ferry. 

Ferry :i, 1861. 

j Field Point. 

I 
Fields West (N. Y.). 

Fish-house. 
I 

Page. Names of stations. 

366 Fish Island. 

358 Flag-staff. 

366 , Forbes. 

362 Fort Hale :?, 1874. 

390 F orl Hill. 

374 Fort Hill 2, 1884. 

382 Fort Trumbull flag-staff, 1835. 

388 Fort Trnmbull flag-staff, 1882. 

352 Fort \\"oostcr. 

352 Fort \Yooster 2, 1875. 

358 Fort \Vooster 3, 1882. 

376 Four M:ile River. 

366 Four Mile River 2, 1882. 

400 Fresenius' hrewery,. cupola. 

362 Friar's Head (N. Y.). 

362 Frost. 

344 Frost Point. 

336 Frost Point 2, 1882. 

334 Gelston. 

386 Giant's Head. 

358 Goocl. 

350 Goodridge. 

350 Goodsall. 

352 Goose Island, westernmost of two trees. 

350 Gorham. 

348 Goshen. 

350 Goshen Center Congregational church, 1865. 

352 Gould. 

352 Grant's Hill. 

348 Grassy Hill church. 

352 Gravel Bluff. . 
392 Graves. 

388 Great Captain's Island L. H., 1834. 

388 Great Captain's Island L. H., 1882-'85. 

394 Great Captain's Island, tree. 

374 Great Gull Island (N. Y.). 

364 Great Hill East. 

36o Great Hummock. 

340 Great Rock. 

340 Greenfield. 

358 Greenfield church spire, 1833. 

392 Greenfield church spire, 1882. 

348 Green's Farms spire, 1834. 

346 Green's Ledge spindle. 

3&6 Greenwich Point. 

384 Greenwich Point 2, 1 &82. 

370 Griswold. 

325 

Page. 

396 

342 

372 

374 

334 
336 

342 

34 2 

360 

372 
362 

344 
346 

37 2 

332 

336 

394 

386 

350 

378 

334 
384 

396 

388 

38o 

344 
402 

394 

336 

352 

35° 
366 

396 

382 

392 

344 

384 
364 

366 

38z 

394 

388 

396 

390 

396 
382 

366 
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Index of stations in Connecticut-continued. 

1\ a111es of stations. 

Griswold l'oint flag. 

(~roton Hill. 

Groton Long Point. 

Groton Long Point 2, 1882. 

Groton monument. 

Grove. 

Guard House Point, chimney. 

Gunn. 

Ha.cl.dam Acarlemy. 

Haddam Congregational church. 

Haddam Court-house. 

Haddam N eek. 

Haddam N eek Congregational church 

Haddam Neck flag. 

1-Iarldam Neck Methodist church. 

Hadlyme church cupola. 

Haines (N. Y.). 

Hamburgh Cove. 

Hamden Methodist church. 

Hamlin (N. Y.). 

Hammonasset. 

Hammonasset 2, 1882. 

1-Iammonasset Hotel, chimney. 

Handford. 

Harrison. 

Harrow (N. Y.). 

Hartford, Arsenal flag-staff. 

Hartford, Colt's factory. 

Hartford, Old State House. 

Hartford, South Congregational church. 

Hartford, Windsor Avenue church. 

Hatchett's Point. 

Hatchett's Point 2, 1882. 

Hawley. 

Hayden's Point. 

Hemlock. 

Hemmingway 

i Hen and Chickens Beacon, 1882. 

Hickox. 

Hickox 2, 183~'76. 

Higganum Congregational church. 

Higganum Meth0<list church. 

Higgins' wharf. 

High Hill. 

Highlands. 

High Ridge. 

High Rock. 

Page. 

358 

344 
334 
336 

338 

374 
358 
360 

354 
354 
354 

35 3 

354 
354 
354 

35 2 

386 

354 
372 

398 
36o 

362 

368 

394 
378 
332 
358 

358 
358 
358 
358 

344 

344 
398 

354 
378 

3&6 

370 
36o 

36o 

354 
354 
354 
36o 

362 

384 
376 

Names of stations. 

Hillhouse. 

Hillside. 

Hitchcock. 

Hoadley's Neck. 

Hobby. 

Hogshead PoinL 

Holt. 

Honey Hill. 

Hooper. 

Horse, cupola of house. 

Horseneck First Congregational spire, 1882. 

Horseneck spire, 1833. 

Horsepond. 

Horton's Point (N. Y. ). 

Hospital. 

Hotchkiss. 

Housatonic River to New York State 
Line. 

House chimney. 

Howard 1, 1876. 

Howard 2, I 877. 

Hubbel (Levi). 

Hubbel (Uriah). 

Huddenston. 

Hummock flag in tree. 

Hungry Hill. 

Hunt. 

Indian Neck. 

Ingraham's house, chimney. 

Insane Asylum, northwest chimney. 

Iro?bolt (Mass.). 

I Ironbolt, near 30-mile boundary stone (N. Y. ). 
1 Ives' Cllpoln. 

I Ivy. 

I 
Jackson. 

Jail Hill. 

,\ Jenning's (Andrew) house, cupola. 

// Jeremy Nortli. 

Ii Jeremy South. 
I M. ii Jesse am. 

·I Ii Jewett. 

ll Joe Post's Light, 1861. 

·1· Johnson. 
Jones (Connecticut River). 

l Jones (New Haven County). 
I 
j Jordan church tower. 

j Joshua Rock. 
~~~~~~~~~~~~~~~~~...:._~~~~'c-.~~~~~~~~~~~~~~~~~~~~:__..~~~~· 
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Index of stations i?i Connecticut-c<mtinne•l. 

-----------------·--------------· 
I I 

Names of stations. 

Kelsey Clinton. 

Kelsey Westbrook. 

Kensie's Point. 

Kongscut. 

Lambert. 

Lancraft's cupola. 

Lantern Hill. 

Lay's Hill. 

l'age. II Names of stations. 

368 Mayo's (Captain) hot1'e, cupola. 

I Page. I 
_______ 1 ___ 1 

Lay's Hill 2, 1861. 

Lay's Hill 3, 1882. 

Lebanon. 

Ledge. 

Lewis. 

Lewis Grove. 

Lewisborough Presbyterian church, 1865 (N. Y. ). 

Litchfield Congregational church, 1865. 

Litchfield Episcopal church, 1865. 

Little Captain's Island. 

Little Captain's lslanrl 2, 1882. 

Little Captain's Island 3, 1882. 

Loaf Hill. 

Lockwood. 

Lockwood's (Oliver) house, north chimney. 

Locust. 

Lone chimney. 

Lone house chimney. 

Long Hill (Connecticut River). 

L<>ng Hill (Middlesex County). 

L<>ng Hill (New Haven County). 

Long Neck. 

Long Neck 2, 1882. 

Lord. 

Lord's Island, flag in·tree. 

Lower Pole Hill. 

Lyd. Hitt's Hill. 

Lyme, white Congregational spire, 1835-'83. 

McDonald. 

Madison church spire, 1838. 

Madison Congregational church spire, r882. 

Malicah. 

Manetuck. 

Manetuck 2, 1882. 

Mansfield. 

Manursing Island. 

Mason. 

Mattituck Hills (N. Y.). 

Maynard. 

362 Mead, 1864. 

382 Meacl, 1882. 

348 Menunketesuck. 

400 Merritt. 

372 11.<.:rn·in. 

334 Mi<l<llelown Cath<>lic church. 

348 Middletown Indian Hill Cemetery. 

346 Mid<lletown North Congregational church. 

348 Middletown South Congregational church. 

368 Middletown Wesleyan College. 

340 Miles's Fish Works, chimney., 

344 Milfonl. 

370 Milford Congregational church, 1833-'84. 

402 1. Milford Episcopal church spire. 

402 :\filford, old spire with gilt hall. 

402 Milford Point. 

384 Mill Hill. 

382 Mill Rock. 

386 Millstone Point. 

384 11illstone Point .• single chimney. 

392 Millstone Point house, west chimney. 

386 Mitchell's cupola. 

354 Mohican church spire, 1838. 

388 Mohican church spire, 1874. 

346 Monroe belfry, 1839. 

348 Monroe tall spire, 1839. 

364 Montauk (N. Y.). 

372 Montowese church. 

396 Monument stone (N. Y.). 

382 Moorlus. 

350 Moose Hill (Fairfield County). 

354 Moose Hill (New Haven County). 

340 Moose Hill East. 

378 Morgan's Point. 

354 Morgan's Point (Mystic) L. H., 1835. 

382 Morgan's Point (Mystic) L. H., 1874-'86. 

366 Mound. 

366 Mount Carmel. 

348 Mount Ephraim. 

344 Mount Parnassus. 

344 Mount Prospect. 

376 Mount Prospect (N. Y.). 

386 Mount Prospect 2, 1874 (N. Y.). 

340 Mount Tom. 

36o Mount Tom, astronomical azimuth station, 1862 

338 (Mass.). 

;~~I 1 
370 

378 

332 

336 

334 

332 

I 
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Index of stations in Oonneeticut-continned. 

""--------- --~ --~----~---

- Pag~·1 Names of stations. 

Mulberry l'nint. 

Mur<lock. 

Murdock 2, 1882. 

Nash. 

New Can:irtn painte'l spire, 1834. 

New England Cement \Vorks smoke-stack. 

New Haven, Alms House cupola. 

New Haven Baptist church. 

New Haven City Hall. 

New Haven Custom-House Square, flag-staff 

New Haven First Congregational church. 

New Haven Grace church. 

New Haven L. H., 1833-'82. 

New Haven Long \Vharf L. H., 1873. 

New Haven St. Patrick's church. 

New Hm·cn St. Paul's Episcopal chttrch, south-

west spire. 

New Ha\•en school-house cupola 

Ne,,· l.Yav.en ~Ci-entitle school~ observatory tower. 

New Haven south church. 

New huust chin1ney. 

New London First Congregational church. 

New London L. ll., 1835-'86. 

New Lomlnn Presbyterian church spire, 1835. 

New Lonclun SecunJ Congregational church. 

Newton. 

Niantic spire. 

Ni ch oh. 

Nichols 110use, west chimney. 

Nickerson. 

Noank spire. 

No Name. 

Norfielrl spire, 1834. 

Norman's barn. 

Nornton. 

Noroton Point. 

North. 

North Glastonbury Congregational church .. 

North Guilford church spire. 

North Haven church spire. 

North Hill. 

North Killingwortb Congregational church, 

1836-'82. 

North Milford spire. 

North Pond Rock. 

North Quinnipiac. 

North Sheffielcl College, larger observatory. 

Names of stations. 

·1 ---------------------
! 364 I 

366 

North Sheffield College, sma\1er obsen·atory. 

North Sheffiel<l College, south chimney. 

North Stonington. 

North Watch House. 

Norwalk Islands L. H., 1834. 

Norwalk Islands I,. H., 1882-'85. 

Norwalk north spire, 1834. 

Norwalk River Beacon, 1882. 

Norwalk south spire, 1834. 

Norwicl1 church. 

Noyes. 

Ogden. 

Old factory chimney. 

Old Farms. 

Orange~ 

Osborne (Fairfield County). 

Osborne (N. Y.). 

i Oyster Point. 

Oyster Reef, flag in tree. 

Oyster River Point. 

Paddock. 

Page. 

Palmer (Fairfield County). 

Palmer (New London County). 

Paphro. 

Park church. 

Parker's Point, flag in tree. 

Patrick. 

Pavement. 

Pawkhnngernock church. 

Peak on house near wharf. 

Peck. 

Peck street. 

I'eet Hill. 

Peleg Tiff (R. I.). 

Penfield Hill. 

Penfield Reef L. H., 1882. 

Pettipaug spire. 

Picket's Ridge. 

Pilgrim. 

Pine. 

Pine Creek Point. 

Pine Creek Point 2, 1834. 

Pine Creek Point 3, 1882. 

Pine Hill. 

Pine in valley. 

Pine Island. 

Page. 



 

UNI'l'ED STATES COA8'f AND GEODETlO SUHVEY. 

Index of stations in O<mnectfout-coritinuec1. 

Names of stations. 

Pine Islarni house chimney, 1835. 

Pine street. 

Pine Swiimp Hill. 

Pinnacle. 

Plant's Hill. 

Plymouth (N. Y.). 

Pole. 

Pond Lily Paper Mill, chimney. 

Pond Point. 

Pond Rock. 

Poor-house flag-staff. 

Poplar. 

Poplar 2, 1882. 

Port Chester (N. Y.). 

Portersville spire, 1835. 

Portland Congregational church. 

Portland, Scheider's factory. 

l'ortland, white steeple. 

I'ost. 

Prcntis's house, ·white chin1ney. 

Preston (N. Y.). 

Preston stone church, 1865. 

Preston white spire, r865. 

, Primary Stations. 

Prindle. 

Pritchard's house, /lag-staff. 

Prospect church spire. 

Prospect Hill. 

Purdy (N. Y.). 

Quacatog. 

Quaker. 

Quaker 2, 1869. 

Quaker 3, 1874. 

Quarry (Connecticut RiYer). 

Quarry (New Haven County). 

Quartz Hill. 

Rabbit Rock. 

Ram hland. 

1 Ram Island Hotel, flag-staff. 

Ram Island house, 1835. 

Ram Island Reef spindle, 1835. 

Redding Ridge. 

Redding spire, 1839. 

Red and White. 

Red: barn, cupola. 

Rhode hland State Line to Thames River. 

Ridgefield Angle monument stone (N. Y.). 

Page. 

336 

374 
384 

376 
366 

334 
338 

378 

364 

376 

344 

378 
362 

384 

336 

356 

356 

356 

370 

338 
386 

402 

402 

332 
360 

370 
368 

386 

384 

334 
338 

338 

338 

354 
362 
378 
36o 

396 

338 

336 

336 
400 

400 

374 
340 

334 
402 

Names of stations. 

------------------~-·-

Ridgefield Episcopal church, 1865. 

Ridgefield l'resbyterian church, 1839. 
Riggs. 

Road. 

Road Meeting House. 

Rock (!:'airfield County). 

Rock (Thames l{iverJ. 

Rockhouse Hill. 

Rock Landing. 

Rocky Ledge. 

Rogers, Smith & Co.'s cupola. 

}found Hill. 

Round Hill 2, 1882. 

Rournl Hill House. 

Round Mount (N. Y.). 
Round Mt. monument (N. Y.). 

Ruined church near Bridgeport, 1833. 

Ruland (N. Y.J. 

Ryant Bush (Mass.). 

Sachem's Head. 

Saint Francis Orphan Asylum. 

Saint John. 

Salmon. 

Sandford, 1839. 
Sandford, astronomical azimuth station, 1862. 
Sandford, astronomical latitude stati;n, 1862. 

Sandford (N. Y.). 

Sandy Point. 

Sarah I>ishop (K. Y.). 

Sargent's cupola. 

Saugatuck. 

Saybrook Beacon, 1835. 

Saybrook Beacon, 1882-'83. 

Saybrook Breakwater L. H., 1886. 

: Saybrook Congregational church, 1835. l Saybrook Congregational church, 1861-'83. 

i Saybrook L. H., 1835-'36. 

)j Saybrook L. II., 1861-'86. 

Ii School-house. 

j SchooJ-house Hill. 

I Scofield. 

) Scott's house, southwest chimney. 

/1 Seaside Park, Soldiers' monument. 
,1 i! Selden. 
11 Ii Selden N eek. 

J Selden North. 

' I/ Sctauket. 

329 

336 

392 
342 

398 

354 
346 

372 

332 

382 

380 

386 

402 

402 

332 
400 
360 

370 

394 
352 
368 

332 

332 
386 

374 
400 

372 

394 
356 

358 

348 

356 
358 

356 

346 

342 

348 

396 
388 
388 

350 

354 
350 

366 
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Index of gtationg in Oonneet·ieut-contin11ed. 

Page. Nan1e~ of stations. !'age. 

------- ------ -

I Shaler. 

I Shailerville Baptist church spire. 

I
I Sheffield lsland. 

SheffieM 'Vest. 

I Shell Heap. 

Shelter Island (N. Y.). 

Sherwood. 

Sherwood's (Arthur) hot1,e, chimney. 

Shipman. 

Shippan. 

Shippan Point. 

Shippan Point, old chimney. 

Simpson. 

Skagernt. 

Slate Hill. 

Slaughter-house, east cupola. 

Smith. 

Smith's Lant!ing. 

South gable. 

South l'on<l Rock. 

Southport C'.ongreg:'ltion:iI spire, I 882. 

Southport Episcopal el1urch spire, r8S2. 

Southport inner Hcacon, iSS.::!. 

Southport outer Beacon, 1.SS2. 

Southport un:inishcd steeple, 1S33. 

Southwest Ledge L. I-I., ·18; 5-' iiz. 

South WhitehilL 

South \Vhitehill tree. 

Sp:iul<ling';; house, cupola. 

Spencer'o Comer spire, 1S(i3 ('.\. Y.). 

Sperry. 

Spimllc. 

Spink's Hill. 

Stamford Baptist spire, 1882. 

Stamford Congregational spire, r882. 

Stamford Harbor L H., 1882-'85. 

Stamford northeast spire, 1834. 

Stamford southwest spire, 1834. 

Stanwich. 

Star. 

Steens. 

Stone Hill. 

Stonington Harbor L. JI.. 1835. 

Stonington Harbor L. II., 1873-'86. 

Stonington Meeting House, 1835. 

Stony Creek. 

Stratford Beacon, I 8 3.1· 

342 

398 

376 

392 

366 

390 
390 
382 

400 

400 

392 

402 

356 

348 

336 

336 

336 

366 

392 

Stratfonl Beacon, 1881-'84. 

Stratfonl Congregational spire, l 884. 

f Stratford Episcopal spire, 1884. 

I Stratford Hill. 
! 

Stratford I'oint. 

Stratfonl Point L. II., 1833. 

, Stratford i'oint L. H., 188r-'85. 

Stratford Shoal (.Middle Ground) L. II., 1882-'85 

(N. \".). 

Stratford spire, cock, 1833. 

.'"~tratforc1 spire, hen~ 1833. 

Subordinate Primary and Secondary 

Stations. 
·:~ugarloaf. 

Summer house. 

Summer\'i1le. 

Swan Hill. 

Talcott. 

Tashua. 

Tashucc clmrch, I 839. 

Tashua tree. 

Tavern IslarnL 

Tavern Island flag-staff, 1882. 

Taylor. 

Teft's house. 

Telegraph. 

Telegraph rod. 

Thames River. 

Thames River to Connecticut River. 

Thayer. 

Thompson. 

Thompson's house, south chimney, 1881-'84. 

Thorp. 

Tory. 

Tory, bolt. 

Town Post. 

Townsend's cupola. 

Trumbull. 

Tryon. 

Tulip tree. 

Turner's (J.) house, white chimney. 

Turner's Reef spindle, 1835. 

Tuxis Island. 

Tuxis J;;Jancl 2, 1882. 

Twin house, cupola. 

Two Tree Island. 

Twv Tree Island 2, 1882. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Index of stations in Connecticuf-continu"d. 

Nam es of stations. 

Two Tree Island house. 

Uncas Hill. 

Uncasville church. 

Upper Pole Hill. 

Van, cupola•of Shippan Point house. 

Vinegar Hill. 

Wachusctt, astronomical azimuth station (:\lass.), 

1860. 

\Vadsworth's tO\Yer, 1862-'63. 

\Vadsworth's tower, 1875. 

Wahginnicut. 

Wahginnicut flag-staff, 1861. 

Walden's Island. 

Walkley. 

\Valkley's house. 

Wallack. 

Wallingford church spire. 

·walnut, flag in tree. 

Walnut Hill. 

\Vampaooet. 

\Varren Observatory flag-staff, 1864. 

Watch Hill (R. L). 

Watch House. 

Watch house on rock, west gable. 

\Vater. 

Watermelon (N. Y.). 

Webb. 

Wells. 

West l, 1869. 

West 2, 1869. 

West 3, 1869. 

Westbrook church spire, r836. 

Westbrook Congregational church, 1861-'82. 

Westchester Hill. 

Westfield. 

West Haven Congregational churc11, 1876. 

\Vest Haven Key Works, chimney. 

\Vest Haven spire, 1833. 

\Vest Hills, astronomical azimuth station (N. \'.). 

West Marsh. 

West Rock. 

Page. 

358 

358 

350 

352 

340 

356 

356 

386 

368 

370 

336 

334 
398 

334 
38o 

39° 

372 
386 

392 

392 

342 

340 

342 

370 

36o 

356 

348 
380 

38o 

364 

33 2 

386 

36o 

Names of stations. 

\Vest Rock, 1882. 

\Vest Rock 2, 18j1. 

\Vest Rocks. 

Ii \~est Rock ~orth. 
\\est Rock Korth 2, 1875. 

1

' \Vest Rock Ridge. 

\Vest Side church. 

\Vestville. 

·westville Methodist Episcopal church. 

Wethersfield flag-staff, 1875. 

\Vethersfield white Congregational church. 

Wharf. 

Wheeler. 

White chimney. 

\Vttite cross. 

White flag. 

White hill church, 1839. 

\Vhite house, cupola. 

White house, west chimney. 

\Yiuow Dickerman. 

Wilcox (R. I.). 

\Vilcox's Fish ·works. 

\Villiams. 

\Villiams' Dock. 

\Villow. 

\Vilson"s Pt., depot cupola. 

Wilton monument (:K. Y.). 

Winchester Hill. 

\Ving monument stone (N. Y.). 

\Vire \Vorks. 

\Vooclbridge pointed spire. 

Woodbridge round spire. 

\Voodruff's barn. 

Wooster. 

Yale College, middle spire. 

Yale Lock Works, chimney. 

Yale observatory, center peg:. 

Yale obserYatory, east dome, apex 

Yellow house chimney. 

York Hill. 

331 

Page. 
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PRIMARY STATIONS. 

Station. Latitude. i, Seconds in I L <l ongitu e. I metres. ' 

Seconds in' 
metres. 

_______ 1 -1~-------- ----~1 

\Vachusett, astronomical azimuth station of 1 &Go, Mass. 

i\lount Tom, astronomical azin1uth station of 1862, Mass. 

Balcl Hill (Tolland County). 

Box Hill. 

Sandford, astronomical azimuth station of 1862. 

Sandford, astronomical latitude station of I 862. 

Ivy. 

Wooster. 

\Vest Hills, astronomical azimuth station of 1865, N. Y. 

Tashua. 

Ruland, N. Y. 

Bald Hill (Fairfield County). 

Round Hill. 

IIarrow, N. V. 

Buttermilk, N. Y. 

If 

42 29 20.784 
42 14 30. 798 
41 58 25.890 

41 47 59.794 

41 27 42.801 

41 27 43· l9J 
41 52 18. 5001 

41 21 03.978 I 
40 48 ss. 188 \ 

I 411537.844 
I 

40 50 41.755 I 

" ,, '9· 8571 
41 06 13. 173 

40 47 55. 5061 

41 06 36.437 

I 

I II 

64r. 4 i 71 53 13.984 I 

950.2 I 72 38 55.056 I 

798.9 
I 72 
I 

II 55.027 

I 
1844. 9 i 72 27 21. 404 

1320.4 72 56 59.304 

1332.5 72 56 59. 847 

570- 7 73 13 27.926 

122.7 
J 

73 29 18. 136 

I 1702. 4 i 73 25 32.405 
I 
i 

II67. 41 73 15 or. 332 

58.332 1288. o I 73 DI 

1538. 0 I 73 28 41. 682 
I 

406.4 I 73 40 25.788 

1712. 2 

I 
73.38 22.231 

1124- 0 

I 
73 48 38.898 

SUBORDINATE PRIMARY AND SECONDARY STATIONS. 

Friar's Head, N. Y. 

Sugarloaf. 

, Shelter Jslan<l, N. Y. 

I Williams. 

I Nickerson. 

Montauk, N. Y. 

Mount Prospect, N. Y. 

40 58 15. 895 

41 22 31.857 

41 04 38.995 

41 21 18,946 

41 23 53.849 

41 03 54.392 

41 1521.5o8 

490· 2 72 43 41. 4041 

982.8 12 43 54· 970 I 

1202. 91 72 21 39. 788 
i 

584.5 72 31 09. 574 

1661. 3 12 19 39· 5ss I 
! 

1677.9 71 54 18.426 

663.5 72 00 35.924 

319.4 
1262. 3 
1266. 9 

494· l 

1376.3 

1389.0 

644.0 

42r. 6 

759.5 

3r. 0 

1366.5 

97r. 0 

6oI. 8 

52r. 2 

907. 5 

968.1 

IZ'/7. 3 

928.8 

222. 6 

918.9 

430.2 

836.3 



 

Azimuth. 

o / // 

246 05 57.988 
204 05 or·. 004 

128 48 17.330 

1fo 03 16.319 

227 47 14. 069 

196 00 l J. 934 

227 27 39.231 

333 14 07. 820 I 

276 52 14.769 

254 32 28. 198 
200 44 28.824 

208 56 12.090 

174 57 35.759 
16 39 36.292 

IJ6 51 42.509 

84 27 45.206 

158 27 28. o6o 

354-16 33.290 

254 44 52.060 

233 14 02.530 

326 47 39· 585 
264 06 16.919 

175 07 59. 132 
273 31 26.560 

337 18 IO, 673 

UNITED STATES COAST AND GEODETIC SUlWEY. 333 

PRIMARY STATIONS. 

---.1 
Back azimuth. 

--------~-~----:----·-

Logarithms. To stations. Distance. 

~------ ___________ ,, _____ .. __ --------- ------1 

/ // 

66 36 45. 098 ; '\Vachusett 

24 I 7 34· 496 \\'achusett 

308 30 r 1. 049 · "-lount Tom. 

341 55 31. 984 Mount Tom 

47 57 32. 578 Bald Hill (Tolland County). 

16 12 15. 370 : .!liount Tom 

47 47 20. 35 I Dox Hill. 

153 25 05. 059 \ Sandford 

97 23 00. 053 : Hox Hill. 

74 53 50. 541 i Sandford 

20 54 59· 842 Ivy. 

29 14 59· 131 Sandford 

354 55 07. 417 Wooster. 

196 32 4r. 953 ! West Hills 
I 

296 42 16. 951 i \Vooster. 

264 12 20. 657 \Vest Hills 

338 18 53· 818 Tashua. 

174 18 37. 504 West Hills 

74 53 52.816 ·rashua. 

53 21 45. 936 , Bald Hill (Fairfield County) 

146 57 25. 222 ' West Hills. 

84 14 40. 010 · '\Vest 1-Iills 

355 06 38. 150 ' Ronnd Ifill. 

93 36 50. 763 i Round Hill 

157 24 54· 875 \ Harrow. 
! 

llictres. 

68470.37 
62740.03 

47662.88 

51616.87 

28797.56 
9017r.62 

55707. oz 

50949· 29 : 

64330. 97 : 
46684.33 

61874. 79 I 
82170.51 

59732.68 

51589.49 
22327. 29 

33296. 37 ) 

49641. 82 I 
44476. 98 : 

19794. 32 I 
20475.57 

i 
38232. 6o I 
18138.02 

33983.42 

u528. 45 

37465. 19 

SUBORDINATE PRIMARY AND SECONDARY STATIONS . 

4.8355027 

4. 7975447 
4.6781803 

4.7127917 

4.4593557 
4.9550699 

4. 7459099 

4.7071382 
4.8084201 

4.6691711 

4.7915137 
4.914716o 
4. 7762120 

4. 7125612 

4.3488360 

4.5223969 

4. 6958477 

4.6481353 

4.2965406 

4.3112359 

4.5824338 

4.2585898 
4. 5v267o 

4.o617709 

4.5736279 

--- --------- --- ------i-- -· ----~---. -- .. ---------

126 24 25. 94 3o6 03 49.73 Taslma 54376.49 4· 7 354112 
6128"45.63 241 16 47. 31 Ruland. 29245.95 4.4660658 

73 46 33.99 253 26 or. 75 Ta.shua 45249.26 4. 6556rr 5 

359 35 43.43 179 35 52.36 Friar's Head. 44915.73 4.6523985 

136 54 19.20 316 39 39.26 Sugarloaf 45414. 57 4.6571952 

69 IO 35· 87 248 56 08.39 l'riar's Head. 33061. 14 4.5193178 

97 16 35.42 277 08 09.6o Sugarloaf 17930. 941 4.2530030 

336 39 59.-31 156 46 14. 75 Shelter Island. 33581. 87 4.5261049 

73 28 04.33 253 20 28.22 William" 16731.50, 4.2235348 

4 30 16.58 1!4 28 57. 33 Shelter Island. 35736. 07 I 4.553ro68 

136 23 07. 61 316 06 25.04 Nickerson 51226.721 4.7094965 

92 12 22.36 271 54 23.99 Shelter bland. 38344. 41 I 4.5837020 

120 49 37.76 300 37 02.55 Nickerson 30937. 89 ' 4· 4904907 \ I 

337 24 58.8o I5j 29 07.26 Montauk. 22951. 28 i 
I 

4. 36o8068. 
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SUBORDINATE PRIMARY AND SECONDARY STATIONS-Continued. 

I SecrmJs in 
1

: II Second~ in 
metres. , Longitude. metres. 

_____ ! ______ ! _________ , -----

Station. Latitude. 

0 I II 0 I II 

Lantern Hill. 41 27 37.929 1170. I 71 56 40. 826 947.5 

Block falancl, R. I. 41 IO 32.077 989.5 71 35 30.644 jI4. 3 

Watch f!ill, R. I. 41 18 49.932 1540.4 71 51 17.201 400. l 

Champlin, R. l. 41 29 16.000 493.6 71 46 47. 766 1108. 2 

JI-fount Tom. 41 41 36.426 1123. 7 73 16 25.536 590. 5 

Good. 41 32 55.526 1713.0 73 15 36.757 851.9 

Clove, N. Y. 41 41 i8. 559 572.6 73 41 36.056 833.8 

Osborne, N. Y. 41 35 16. 901 521. 4 73 32 29.317 679.0 

Plymouth, N. Y. 41 46 25.408 783.9 73 37 17.277 399.0 

]Jal ti Peak (or l\1 ount \\' ashinghn or !Jome 
Everett or Taughanuc l\lountain), Mass. 

Peak or Mount i 42 o6 07.301 225.3 73 25 59· 109 1358.2 

Dickerson, N. Y. 41 15 32.132 99r. 3 73 52 02.378 55.4 

RHODE ISLAND STATE LINE TO THAMES RIVER. 

-------·-~~---~--"--- ---------------~-- ---·---~~~---~ 

\\'ilcox, R. I. 41 21 23. 198 715. 5 71 43 59.859 139r. 4 

Peleg Tiff, R. I. 41 23 18.746 578.4 71 48 40. 418 939.0 

Eel's Hill 2. 41 22 49. 868 J 538. 4 71 5J 04.352 IOI. I 
1838. 

Qnacalog. 41 23 15.294 471. 8 71 56 58.572 136o.9 

:Fort Hill. 41. 20 47. 702 147 I. 6 72 00 40.707 946.4 

Chocomount, N. Y. 41 16 48.o64 1482.8 71 57 48.053 1118. 3 

Wanipa~set. 41 19 44.648 1377.4 71 55 16.929 393.6 

Avery's Point. 41 18 57. 590 1776. 7 72 03 52. 5851 r223.o 

Groton Long Point. 18 26.8o4 827.0 72 00 495.2 41 21. 29Q 

Morgan's l'oinl (Mystic) L. II. 
1835. 

41 18 59.410 1832. 8 71 59 23.215 ' 539.9 



 

UNITED STATE:::; COAST AND GEODETIC 8CJHVEY. 335 

SUBORDINATE PRIMARY AND SECONDARY STATIONS-Coatiauo1l. 

Azimuth. 

/ II 

77 56 29. 24 

355 40 13.08 
137 0.) 08.88 

65 06 14.69 

304 46 59. 34 
155 15 02. 20 

77 39 16. (>9 

335 30 49.75 

357 39 55. 72 
25 17 53.27 

358 31 27.66 

41 03 04,58 

335 23 21.45 
268 57 23. 15 

219 49 21.75 

280 26 17. 73 
251 35 32.61 

342 04 35· 06 

343 42 II. 27 

25 16 18. 35 
251 59 49, 34 

278 3!t 48.49 

-:ack ~zimuth~·-i---· ~---·.To olations. 

-·-·--.. ----·-! .. ' .. ___ ,,~~-"'-"' 
257 41 16. 94 

175 41 46.99 

I 
lvlontauk. I

' Nickerson 

316 51 10. 25 ! Lantern Ililt 

244 53 53. 01 I \Iontauk. 

124 57 23.38 

335 II 28.24 

257 32 43.91 
155 38 16.93 

177 40 51. 49 
205 09 21. 10 

178 31 51. 09 

220 54 00.85 

155 31 30.6o 

89 14 07.82 
40 02 01.49 

100 37 29.58 

71 51 25. 74 
162 07 46. 55 
163 48 34.31 
205 05 52.68 
p. 14 49.83 

98 51 II. 78 

Block Isla'"' 

Lantern 11i11. 

Lantern ll ill 

Block Island. 

Taslma 

Wooster. 

Tashua 

\Vooster. 

\Vooster 

Mount Tom. 

Ivy 
Good. 

Ivy 
Osborne. 

Mount Tom 

Clove. 

'Wooster 

Bald Hill (Fairlidd County). 

i I 
!Jistance. 1 Luga1-ilhm!:i. ! 

I I 
-·1-~---1 

fl::~:::: II 

43293.35 
29029.62 

26863.71 

17940.44 
14089.65 
38080.36 

48122.57 

42030.37 

32023.07 

29075. 19 
4II92. 23 

34936. 21 

41100. 75 

23862. 57 

34739.43 
21673. 21 I 

47267. 341 
50756. 55 I 

33347. 171 
33001. 03 

4.5152233 

4,6364212 

4.4628414 

4.2538331 
4. 1489001 

4. 5807010 

4.6823488 

4.6235632 

4.5054630 

4.4635225 

4· 6148153 

4- 5432758 
4.6138498 

4.3777172 

4. 5408227 

4.3359233 
4. 674561 I 

4· 7054921 

4.5230590 

4.5185275 

RHODE ISLAND STATE LINE TO THAMES RIVER. 

~~ ·::~~ .. ~·-1 ~ ~o 06. 2 

165 02 57.7 345 Ol 06.6 

193 20 20. 5 
125 40 31. 8 

138 42 24.9 

2o6 32 46.3 

19 05 53.7 
182 54 36.2 

359 21 58.4 
285 26 40.2 

55 40 07.5 
151 30 12.3 

32 51 04. I 

104 31 OI. 3 

295 II 36.4 
232 42 00.2 

3 24 39.5 
JOO 57 21. 5 

53 20 00.4 

331 20 19.6 

13 21 35· I 

305 35 14· 0 

318 38 42.3 
26 35 36. I 

199 03 30." 

2 54 48. 0 

179 22 OJ. 6 

w5 32 52. 3 
235 38 16.8 

331 28 18.3 

212 49 24.4 

284 27 27.5 

115 15 37. 0 
52 44 06.9 

183 24 29.8 

28o 55 02.0 

233 19 22. I 

151 21 22.4 

Block Island 

Champlin. 

Champlin 

Lantern Hill. 

Lantern Hill 

Champlin. 

:J•J1,1~~ l)r06pcct 

Lantern Hill. 

Mount l'rospecL. __ 

Wotch Hill. 

Mount Prospect_ __ _ 

Fort Hill. 

Chocomount 

Fort Hill. 

Chocomount 

Fort Hill. 

Mount Prospect 

Avery's Point. 

Groton Long Point 

Chocomount. 

23323,0 

15098.2 

11327.4 

13725. I 

I 1833. 3 

13318. 8 

15465.5 
811z. 8 

1oo63. 5 

13598.4 

4732-· 7 
8413. I 

6483.5 

7775. 6 

9375.3 
56o7.9 
5726.4 

5005.9 
1684.2 

4617. 4 

+ 367785 
4. 178925 

4. 054131 

4. 137517 

4. 073108 

4. 124466 

4- 189365 

3. 909172 

4.002749 
4. 133+SS 
3. 675 ro6 

3.924956 
3. 8u8o8 

3.890736 

3.971986 

3· 748798 
3.757879 
3.699478 
3.226406 

3.654396 



 

336 UNITED STATES COAST A~D GEODETIC SURVEY. 

RHODE ISLAND STATE LINE TO TELA.MES RIVER-Continued. 

I 
--------1 ----- --

i Station. Latitude. I Seconds in Longitude. I Seconds in 

I 
metres. metres. 

I - ------------------- ---- j-~----- 1----

// I II 

Stonington Harbor L. l J. 41 19 39.033 i 1204. I 71 54 20.950 487.2 
r835. I 

l'awkhungcrnock Church. 41 30 20. 0581 618.8 71 50 25. 464 590.6 
1838. I 

Mount Prospect 2, N. Y. 41 15 21. 542 664.6 72 00 35.872 835. I 

i874. 

Fort Hill 2. 4r 20 47. Szr 1475.3 72 00 40.650 945· r 
1882. 

Groton Long Point 2. 41 18 25.090 774. 0 72 00 19.932 463.7 
1882. 

Stonington Harbor L. H. 41 19 42. 719 1317. 9 71 54 21. 588 502. I 

1873-'86. 

Frost. 41 20 57· 572 1776. I 71 51 03.250 75.6 

Morgan's Point (Mystic) L. H. 
1874-'86. 

41 18 59.428 1833.3 71 59 i3. 672 550.6 

Hoa1! Meeting-house. 41 22 23. 44 723. I 71 54 51. 18 u89. 4 
1838. 

(;rant's Hill. 41 25 25. 17 776. 5 71 54 o6.05 140. 5 

Jess<= Mai11 4r 26 JI. 63 975.8 71 49 15. 00 348.3 

Chapman's Hill. 41 29 32.2S 995.8 71 51 40.57 941. I 

\\'alnut Hill 41 25 14. So 456.6 71 54 35. 66 828. l 

North Stoning:ton. 41 25 59.53 1836. 5 71 51 20. 72 481. l 

Eel's Hill. 41 22 50. 15 1547· I 71 51 04.98 115. 7 
1835. 

Ram Island Reef Spindle. 41 18 23. 16 714. 5 71 58 29. 42 684.4 
1835. 

Stonington Meeting-house. 41 20 12.24 377.6 71 54 21.08 490• I 

1835. 

Ram Island 11ousc. 41 18 40.43 1247.2 71 58 45· 50 1058. 4 
1835. 

Portersville spire. 41 21 14.80 456.6 71 58 24.87 578. I 

1835. 

Turner's Reef Spindle. 41 19 00. 00 0.0 71 57 20. 19 469.6 
1835. 

1 

Pine Island house chimney. 41 18 47.84 1475.8 72 03 34.84 810.4 
1835. 

i Palmer, New I"ondon County. 41 21 37.29 u50.4 71 55 41.92 974·4 

\ Atwood's Machine Works, cupola. 41 19 49.32 152!. 5 71 54 26.23 610.0 

--~--"----



 

Azimuth. 

II 

289 29 57. I 

47 42 54. 3 

291 21 14. I 

331 34 I I. 2 
243 38 12,2 
284 08 58.8 

285 27 39.3 
359 22 01. 0 

266·28 35. 2 

3 44 58. 4 
290 46 35.3 
47 15 36. 5 

63 25 I I. 4 
4 42 40.8 

271 26 17.9 
14 02 25.9 

322 54 57 
261 II 13 
45 01 12 

318 36 18 

73 09 00 

20 2Z 40 

63 IO 13 

23 54 05 
42 OZ Ol 

312 18 34 
356 16 58 

323 05 37 
74 17 15 

2 II 50 

92 28 43 

145 36 38 
223 04 52 

300 4r 03 
79 19 32 

145 42 07 

27 35 31 
302 27 34 
z;2 04 29 
76 21 01 

70 59 56 
120 52 54 

309 57 52 
77 38 OJ 

46 II 22 

JOI 44 Jl 

UNITED STATES COAST AND GEODETIC SURVEY. 337 

RHODE ISLAND STATE LINE TO THAMES RIVER-Continued. 

Back azimuth. I To stations. Distance. \ 

-~-.-·------!-----~-----------·~!-------•------! 

Logarithms. 

II 

109 31 58. 5 
227 38 46.8 
I 11 23 38. 4 

15 I 38 26. 3 

I Watch Hill I llfdres. 
4534.2 3.656499 

i !\fount l'rospect. 

1

1 

Champlin 

Wilcox. 

63 44 20. 8 i Watch Hill 

104 25 30. 8 ( Block Island. 

105 33 51. 4 \ Watch Hill 

179 22 04. 2 I Mount Pr~spect 2. 

86 34 33. 5 I Watch Hill ----

183 44 47. 9 

1 

Mount Prospect 2. 

Ilo 48 37. o Watch Hill 
227 II 29.5 

243 23 00.4 
184 42 31.6 

91 31 39· I 
194 01 38. 3 

142 57 18 
81 13 43 

224 59 18 
138 38 18 

253 05 47 
200 21 28 

243 06 54 
203 52 29 
221 59 27 

132 20 54 
176 17 09 

143 07 23 
254 IO 55 
182 II •P 

272 27 29 

325 35 II 

43 07 02 
120 43 04 

259 18 29 
325 40 51 
207 34 14 
122 29 38 

92 08 29 

256 19 Ot 

250 57 49 
300 48 17 
r30 oo 47 

257 34 44 
226 07 18 

281 40 24 

'.\fount Prospect 2. 
Stonington L. H., 1873 

I Watch llill. I Watch Ilill ___ _ 

[ 1~ount Pr_ospect 2. 

\\ atch Hill ----
Eel's Hill 2. 
Quacatog 

Eel's Hill 2. 

Grant's Hill 

Eel's Hill 2. 

Lantern Hill 

\ Grant's Hill. 

Qua ca tog 

Eel's Hill 2. 

Eel's Hill 2 

Peleg Tiff. 

Fort Hill 

Watch Hill. 

Groton Long Point 

Fort Hill. 

Eel's Hill 

Watch Hill. 

Groton Long Point 

Fort Hill. 

Groton Long Point 

Wampasset. 

Watch Hill 
Groton Long Point. 

Goshen __ _ 

Manetuck. 

Watch Hill 

Fort Hill 2. 

Mount Prospect 2 

Fort Hill 2. 

11800.0 4.071882 

5422.6 3. 734205 
18827.2 4.274787 

14503.3 4- 161466 
36183.6 4.558512 

13598. l 4· 133477 
10066. I 4.002863 
12648.0 4. 102022 

5674.5 3.753927 
4587.2 3.661549 

11864.3 4.074243 
5157.5 3.712438 
3951.0 3.596705 

11319.0 4.0538og 
6928.4 3.84o636 

8254.3 3.91668 

5333.7 3.72703 
5666.8 3.75334 
6385.0 3.8o516 
7o61.9 3.848g2 

7297.4 3.86317 
7808.7 3.89258 
8337.6 3.92104 

49i>1. 0 3· 69557 
6639.4 3.82213 

5863. 4 3. 76815 
6201. g 3· 79252 

13904.6 4· 14316 
7416.0 3.87017 

26o4. 9 3· 41579 
5404.2 3.73273 
6671.4 3.82422 

4973.5 3· 69666 
2267.8 3.3556o 

4753·4 3.67700 
5847.2 3.7()695 
5179.9 3.71432 
8448.9 3.9268o 

4335.3 3.63702 
475 I. 5 3- 67683 
8891.0 3.94895 
8033.8 3.90492 
7110.2 3.85188 

· n924. 2 4- 07643 

I 88g1. 4 3. 948g7 

L-------'-----'----------·---'--------' 

H.Ex.22-22 



 

338 UNITED STATES COAST AND GEODETIC SURVEY. 

RHODE ISLAND STATE LINE TO THAMES RIVER-Continued. 

Station. I Latitude. Seconds in I Longitude. Seconds in 
metres. metres. 

-- ------

0 I " 0 I " 
Wilcox's Fish Works, brick chimney. 41 19 59.45 1834.0 71 57 13.04 303.2 

Bluff Point. 41 18 53· 97 1664.9 72 02 04.97 I 15. 6 

N oank spire. .. 4r r9 33· 76 w41. 5 71 59 r3. l4 305.6 
1882. 

i 
Prentis's house, white chimney. 41 19 21. 19 653.7 72 01 54.08 1257. s : 

Ram Island Hotel flag-staff. 41 18 40. 34 1244. 41 71 58 46. 45 1080. 4 

Avery's Point 2. 41 18 57.02 1759. 0 72 03 52.68 1225. 3 
1882. 

---

THAMES RIVER. 

Vinegar Hill. 41 25 27.369 844.3 72 OJ 21. 532 500.0 

Tory. 41 31 04.441 137.0 72 04 05.329 123.6 

Pole. 41 27 14.522 448.0 72 07 41. 572 '}65.0 

Quaker. 41 22 46.370 1430.5 72 o6 26. 048 6o5.2 

Browning. 41 25 05.542 171. 0 72 o6 23. 630 548.8 

i New London L. H. 41 18 59.993 1850. 8 72 05 24. 685 574· 2 I 

I 
1835-'86. 

Groton Monument. 41 21 18. 018 555.9 72 04 47. 454 II03. J 

Mohjcan church spire. 41 28 23.88o 736.7 72 05 55.306 1283.3 
1838. 

Quaker 2. 
186<). 

41 22 46.566 1436.6 72 o6 26.028 6o4.8 

. 
Ogden. 41 23 48.290 1489.8 72 05 24.440 567.8 

Quaker 3. 
1874. 

41 22 46.568 1436.6 72 o6 26.050 6o5.3 

Baldwin. 41 24 05.9g6 185.0 72 04 40.250 935.o 

Maynard. -· 26 ro.5o8 72 04 14.490 336.5 41 324' 2 

Uncas Hill. 41 28 14.897 459.6 Po 05 27.624 641.0 

Avery's Hill. 41 28 02.990 92.2 72 02 58. 715 1362.5 



 

UNITED STA.TES COAST AND GEODETIC SURVEY. 339 

RHODE ISLAND STATE LINE TO THAMES RIVER-Coatinned. 

Azimuth. 

I 
llack azimuth. 

-------!'-·-------
/ /I o I /f 

28 50 59 208 48 45 
107 II 41 287 09 24 
270 24 53 go 32 01 
342 26 09 162 27 08 

276 55 07 97 00 21 
13 54 18 193 53 23 

308 18 12 128 19 14 

346 CJ9 53 166 IO 45 
22 33 30 202 32 18 

77 48 35 257 47 33 
232 33 21 52 35 18 
325 25 12 145 27 12 

348 20 37.8 
246 33 03.2 
301 40 08.0 

354 24 51. 3 
215 15 oo. 5 
298 40 47.0 
220 46 31.8 
168 02 IO. 9 

z6o 56 o6.3 

0 44 58. 7 

315 03 40. 5 

173 04 43.9 
139 57 19. 2 
162 20 58.2 

326 44 27.0 
6 o8 08.9 

18o 44 38.6 

320 00 19.4 
36 55 46.0 

15001 35.1 
18o 45 03.6 
216 55 44.0 

45 05 59.4 
127 25 42.1..._ 

8 51 16. 1 

56 15 16.4 

336 07 52.4 
- 12 33 08.2 

26 53 o6.6 

g6 04 55.4 

168 22 27. 2 

66 37 28.3 
12! 45 02.5 

174 25 20. 3 

35 17 23.7 
118 43 38. 8 

40 48 33.8 
348 01 21. I 

So 58 06.8 

180 44 57· 1 

135 o6 51. 0 

353 04 04. 9 
319 56 14. I 

342 19 54· 6 
146 46 o8. 8 

186 07 50.2 
0 44 40. 2 

140 01 24.5 
2i6 55 05.3 
330 00 56.0 

0 45 05.2 

36 56 24.7 
225 04 49.4 

307 24 33. '] 
188 50 59· 1 

236 13 51. 0 

156 o8 40. 8 

192 32 31. 1 
2o6 52 16.4 
276 03 16.8 

To stations. 

Mount Prospect 2 __ 

Fort Hill 2. 

Watch Hill 

Mount Prosp~ct 2. 
Watch Hill 

Mount Prospect 2. 

Groton Long Point 2 

MounL Prospect 2. 

Mount Prospect 2 __ 

Groton Long Point 2. 

Fort Hill 2 

Mount Prospect 2. 

THAMES RIVER. 

i Mount Prospect --· 
I 
f Lantern Hill. 

i Lantern Ilill ·---

1 

Vinegar Hill. 

Tory ____ ----

Vinegar Iii!!. 

Vinegar Hill 

Pole. 

Vinegar Hill 

Quaker. 

Mount Prospect __ _ 

llrownmg. 

Quaker. __ _ 

Browning. 

Vinegar Hill 

Browning. 

Browning ----

Groton Monument. 

Quaker 2 

Browning. 

Browning 

Ogden. 

Quaker 3 

Browning. 

Baldwin 

Browning. 

Maynard 

Browning. 

Maynard 

Uncas Hill. 

Distance. I Logarithms. 

i~=-,------

1 

9786.6 I 3.99o63 
5052.5 3.70351 

____ . 15068. 2 4. 17806 

6873.2 3.83716 
II151.9 4.04735 
8015.3 3.90392 
2790.6 3.44570 
7614. 5 3.88164 
6640.3 3.82219 
2224.7 3.34727 

5623.4 3.75000 
8072.4 3.90700 

19083. 1 

10136. 8 

12120.9 
10448.3 
8687.9 
6882.8 

656o.5 
8456.4 
4282. 0 

4293.8 

9517. 4 
1136o. 0 

3560.9 
7366.2 
651 I. 0 

6154. 0 

4287.8 

3565. 2 

2381. 9 

2751 4 
4287. 7 
2382. I 

3470.7 
3023.2 

3887.5 

36o6. 1 I 
4196. 1 

5984. s 
389o·4 

3474·9 

4.28o649 
4.005902 
4.083537 
4.019047 

3.938914 
3· 837765 
3.816938 
3.927186 
3.631647 
3.632843 
3.978518 

4.055377 
3.551555 
3.867243 
3.813647 
3.789157 
3.632231 
3.552082 

3.376919 
3.439546 
3.632226 

3.376968 
3· 540421 
3.480472 
3.589670 
3. 5571u 
3.622849 

3.777031 

3· 58g992 

3· 540943 



 

340 UNITED STATES COAST AND GEODETIC SURVEY. 

THAMES RIVER-Continued. 

I ~.f~econds in f 

Station. Latitude. Seconds in I Longitude. 
metres. I I metres. 

I 
I 

i , ,, 
I I // l 

\Villow. 41 29 44.080 1359.9 72 04 28.798 667.9 

Mound. 41 30 32.650 1007.3 72 05 13.432 3II. 5 

Mason. 41 30 30. 127 929.4 7Z 04 41. 833 970.2 

Cedar. 41 31 08.328 256.9 72 05 25.874 6oo.o i 

Fellows. 41 31 06.856 2II. 5 72 04 09.498 220.2 

Jail Hill. 41 31 41. 16o 1269.8 72 04 49. 1481 Il39· 4 

1 

Falls Liberty Pole. 41 32 08.889 274.4 72 05 28.418 658.6 

I Upper Pole Hill. 41 27 q.378 443.6 72 07 4r. r28 954.6 

Lower Pole Hill. 41 27 11. 691 350.7 72 07 31. 186 723.8 

Uncasville church. 41 26 17. 857 550.9 72 o6 27. 168 630.8 

Bolles' Hill. 41 27 49.245 1519. 2 72 04 43.038 998.7 

Walden's Island. 41 28 o6. 552 202. I 72 04 08.328 193.3 

Norman's barn. 41 28 33· 168 rn23. 3 72 02 58.286 1352. 4 

Broadway church. 41 31 34.052 1050. 5 72 04 33.646 78o. I 

Charleton's cupola. 41 31 41. 224 127 I. 8 72 04 50.635 I 173. 9 

White chimney. 41 26 28.371 875.3 72 05 45. 462 1055:4 

Cow Point. 41 24 32.326 997.3 7} 05 33.939 788.3 

Mohican church spire. 
1874. 

41 28 23.90 737.3 72 05 55.40 1285. 4 

Ledge. 41 25 07.39 228.0 72 05 17.74 411.9 

Sout11 gable. 41 29 09.63 297. I 72 04 26. 53 615.5 

West 2. 41 24 04.40 135·7 ';2 05 55.66 1293.0 
1869. 

Red ham cupola. 41 25 52.68 1625. 2 72 o6 23.07 53.S· 7 

Yellow house chimney. 41 27 .24.62 759.3 72 04 52.03 1207.6 



 

UNITED STATES COAST AND GEODETIC SURVEY. 341 

THAMES RIVER-Continued. 

: i Azimuth. Back azimuth. To stations. Distance. I Logarithms. 

--- --~- -------·---~-·---

~ /I II 3Ictres. 
326 09 49.8 146 IO 49· 5 Avery's Hill 3754.2 3.574520 

26 23 I 8. 7 :206 22 39.7 Uncas Hill. 3071. 2 3.487312 

325 2I 22. 7 145 21 52. J '\'illow 1821. 2 3.26o366 

4 25 5 I. 5 184 25 42. I Uncas Ilill. 4262.5 3.629662 

347 59 04. I 167 59 12.7 Willow 1454.4 3. 162082 

96 03 57.3 276 03 36. 4 :\found. 736.9 2.867432 

319 05 05.7 139 05 34.9 Mason 1559·5 3. 192974 

345 18 40.6 165 18 48.8 Mound. u37. 9 3.056o<)4 

33 29 49.2 213 29 27.8 Mason r358.8 3. 133141 

54 33 47.0 234 33 04.6 Mound. 1819, 8 3. 26cxn5 

319 00 59.3 139 Ol 25.6 Fellows 1401. 8 3· 146692 

40 03 24. 7 220 03 00.4 Cedar. 1323. 3 3. 121648 

313 12 48.4 133 lJ 14.4 Jail Hill 1249.2 3.096637 

358 I! 30. 8 178 II 32. 5 Cedar. 1869.2 3.271664 

257 05 08.7 77 08 15.7 Avery's Hill 6723.7 3.827605 

324 07 41. 4 144 09 41. I Baldwin. 7170.4 3.85554 1 

255 55 27. 2 75 58 27.6 Avery's Hill 6518. 6 3.814153 

325 16 05.4 145 17 58. 5 Baldwin. 6969.4 3.843193 

328 35 30.9 148 36 41. 6 Raldwin 4765.8 3.678134 

236 o8 41. 8 56 IO 59· 8 Avery's Hill. 5824. 9 3· 765286 

347 43 26.7 167 43 45· 6 Maynard 3117. 3 i 3.493778 

127 24 59.4 307 24 29.9 Uncas Hill. 1302.6 3· I 14815 

2 17 18.2 182 17 14. I Maynard 3582.9 3.554230 

97 58 18. 8 277 S7 26. 3 Uncas Hill. 1858.0 3.269040 

So 46 27.2 260 44 48.3 Uncas Hill 3510. 7 3. 545394 

0 36 '42·5 180 36 42.2 Avery's Hill. 9JI. I 2.968990 

56 46 00. 5 236 45 25.9 Cedar .. __ 1447. s 3· 16o7i5 

326 16 49. 5 146 17 05.5 Fellows. 1008. 6 3.003739 

38 50 22.l 218 49 58.7 Cedar_ ___ 1302.9 3. 114904 

318 01 19. 7 138 0I 47. 0 Fellows. 1426. I 3. 154165 

19 07 52.3 199 07 27.0 Browning 2704.6 3.432099 

284 36 58.2 104 37 58. 4 Maynard. 2182.7 3.338994 

131 36 26.8 311 35 53· 9 IlrO"wning 1543.3 3. 188462 

350 46 24.9 170 46 31. 2 Ogden. 1376.3 3· 138721 

326 43 47 146 45 29 Vinegar Hill 6512. s 3.81377 

6 06 58 186 o6 39 Browning. 6154.7 3.78921 

20 04 15 200 03 30 Quaker 3 4625.3 3.66514 

87 51 52 267 51 o8 Browning. 1531. 3 3· 18505 

177 09 57 357 09 55 Willow 1o64.2 3.02702 -
357 o6 IO 177 o6 18 Maynard. 5532. 9 3.74295 

304 25 36 124 25 57 Ogden 879. I 2.94405 

210 20 52 30 21 o6 Cow Point. 998.3 2.99925 

259 32 42 79 34 07 Maynard 3035.6 3.48224 

324 Ol 39 144 02 47 Baldwin. 4o66.o 3.fio917 

339 08 02 159 o8 27 Maynard 2446.9 3.38861 

26 22 25 2o6 21 24. Browning. 4788.7 3.68o22 

~~-~--~ 



 

342 UNITED STATES 00.A.ST .A.ND GEODETIC SUUVEY. 

THAMES RIVER-Continued. 

Station. Latitude. ! Seconds in Longitude. I Seconds in I 
metres. l I metres. I 

------- - -------- -

0 I // 

1589. 41 
0 I // 

Teft's house. 41 2951.52 72 05 00.37 8.6 
I 

I 
Flag-staff. 41 31 Ol. 07 33.0 I 72 04 53.78 1247. o I 

I 

Tory,bolt. 41 31 04.37 lJ4.8 72 04 05. 54 128.6 I 

\Voodruff's barn, south gable. 41 30 15.80 487.4 72 05 36. 16 838.6 

Spaulding's house, cupola. 41 30 28.99 894.4 72 05 14.01 324.9 

School-house. 41 30 54.32 1675.8 72 04 32.55 754· 7 I 

Twin house cupola. 41 30 44.99 1388.0 72 04 58. 70 1361. 2 

Rock. 41 31 10.98 338.7 72 04 13. 18 305.6 

Norwich church. 41 32 57.64 1778.2 72 05 46.78 1084. 2 

Park church. 41 32 07.87 242.8 72 04 55.05 1276. I 

West Side church. 41 31 19.35 597.0 72 04 58.70 1361. 0 

Wharf. 41 23 38.46 II86. 5 72 05 29.50 685.3 

White flag. 41 24 22.44 692.3 72 05 36. 14 839.5 

Black cross. 41 24 og.68 298. 6 72 05 35.95 835. I 

\ White cross. 41 23 55. 16 1701.7 7Z 05 33.53 778.9 

Corner stone. 41 24 03. 62 III. 7 72 05 27.44 637.4 

West 1. 41 23 28.go 891. 6 72 05 45. 30 1052. 5 
1869. 

West 3. 41 24 26.68 823. I 72 05 54.99 1277-3 
1869. 

I 
Bailey. 41 22 51. 64 1593. l 7Z 04 56. 93 1322.8 

New London Presbyterian church spire. 
1835. 

41 21 18.61 574• I 72 05 50.02 1162. 7 

New London First Congregational church. 41 21 18.23 562.4 72 05 50.38 1171. 0 
1882. 

New London Second Congregational church. 41 ZI 
18:S2. 

26.34 81z.6 7z o6 o6.30 146.4 

Fort Trumbull flag-staff. 
1835. 

41 20 38.28 1r8o.9 72 05 39. 13 909-7 

Fort Trumbull flag-staff. 41 zo 38.28 118o. 9 72 05 39.16 910.4 I 1882. 

-----------



 

Azimuth. 

o I II 

166 34 44 

199 50 46 

343 48 59 

27 2S 18 

129 56 47 

302 03 14 

250 40 01 

322 52 18 

267 17 45 
54 48 28 
16 04 59 

41 .54 29 
319 31 46 
49 45 48 

326 06 47 

351 49 04 
326 34 II 
21 rs 37 

330 42 01 

198 13 12 

288 39 23 
201 II 20 

142 47 42 
39 IO 40 

34.5 32 O<) 

70 26 15 

337 56 41 

179 31 II 
119 01 22 

92 06 43 

351 37 IJ 
219 00 53 
167 36 46 

329 03 53 
250 22 40 
62 36 02 
85 41 16 
88 49 04 

162 48 54 
88 50 52 

163 05 03 
2II 30 09 

278 53 27 
103 38 57 
164 34 45 
103 JO SS 
321 34 47 

UNITED STATES COAST AND GEODETIC SURVEY. 

Back azimuth. 

O I ff 

346 34 35 

19 50 58 
163 49 07 
207 28 05 

309 56 44 

122 03 59 
70 40 37 

142 52 48 
87 18 o6 

234 48 Ol 

196 04 53 
221 54 19 
139 31 57 
229 45 08 
146 06 49 
171 49 18 

146 35 16 
201 15 17 

150 42 31 
18 13 19 

108 39 56 
21 ll 23 

322 47 25 
219 10 27 

165 32 17 
250 26 02 

r57 56 49 
359 31 II 

299 OJ 07 
272 o6 24 

171 37 15 

39 01 07 
347 36 39 
149 04 13 
70 22 54 

242 33 19 
265 40 17 
268 46 56 
342 48 31 
268 48 44 
343 04 39 

31 30 55 
98 57 02 

283 36 42 
344 34 14 
283 28 40 
141 3S 57 

TE.AMES RIVER-Continued. 

Mound 

l\fason. 

Mason 

Mound. 

Fellows 

Willow 

l\fascm. 

Willow 

Mason. 

Mound 

Mason. 

!\found 

M:asrm. 

Mound 

Fellows. 

Cedar_ __ _ 

Fellows. 
Cedar ___ _ 

Fellows. 

Jail Hill 

Fellows. 

Ogden 

West 2. 

West 2 

Ogden. 

West 2 

Ogden. 

Cow Point 

'Vest 2. 

West 2 

Ogden. 

Ogden 

'Vest 2. 

Ogden 
Cow Point. 

Manetuck z 

Quaker 3. 
Manetuck 

Quaker. 

Manetuck z 

Quaker3. 

Bailey 

Fort Hill2. 
Manetuck 

Quaker. 

Manetuck 2 

Avery's Pointz. 

To stations. Distance. 

Metrts. 
1304. 8 
1266.5 

993-9 
988. I 

119. 71 

1843.7 

1335.3 
1737.5 
747- I 

II6o. I 

776.9 
51 I. 5 
6o2.7 

1830.4 
153. 2 

3406.8 

4094.6 
197I.o 

2158. 3 

708.5 
1204.2 

325.2 
1004.8 

717. 7 

1087. 9 

485.9 
71 I. 8 

1146.7 

587.9 
655.9 
478.0 
769.8 

1121. 3 

1380.6 
519. I 

6457.0 
2076.4 
4490.6 

2833.9 
4490. 8 
2848.6 
3086.0 
7663.0 
488o.5 
4099· 2 

{886. 3 
3986. I 

343 

Logarithms. 

3· l 1553 
3- 10261 

2.99733 
2.99478 
2.07813 

3.26568 

3· 12557 
3.23992 
2.87337 
3.06448 

2.89035 
2.70883 

2.7~ 

3.26254 
2. 18524 

3.53235 
3.61221 

3. 29469 
3.33412 
2.85034 
3.0&>70 
2.51215 
3.00208 

2.85594 
3.03659 
2.68651 

2.85238 

3.05945 
2.76928 
2.81682 

2.67944 
2.88638 

3.04971 
3, 14oo6 
2.71524 
3.81003 
3.31732 
3.65230 
3.45238 
3.65232 
3.45463 
3.48939 
3.88440 
3.68846 
3.61270 
3.68898 
3.6oo55 



 

344 UNITED STATES OOAST AND GEODETIO SURVEY. 

TBA.llllES RIVER-Continued. 

----- - --------

Latitude. Seconds in Longitude. 
Seconds in 

Station. metres. metres. 

0 I I/ 0 I /I 

Avery's barn, red topped cupola. 41 20 I I. 60 357. 9 72 04 04. 58 106. s 

I 
663.9 72 04 05.25 122. I Avery's Hill, 2. 41 20 21. 52 

1882. 

Groton Hill. 41 22 38. 27 1180. 6 72 04 54.20 1259. 5 

Beckwith's chimney. 41 20 32. 12 990·9 72 06 37. 12 863.0 

Turner's (J.) house, white chimney. 41 21 23.77 733· 3 72 03 41. 54 965.6 

Poor-house flag-staff. 41 21 08.51 262.5 72 o6 41. So 971. 7 

Beacon. 41 18 48. 03 1481. 7 72 03 58. 98 137 I. 9 

Edgecombe house flag-staff. 41 19 31. 46 970.5 72 04 31. 67 736.5 

~·· 

THAMES RIVER TO CONNECTICUT R.IVllR. 

I I 
Manetuck. 41 21 15. 563 480. I 72 09 03. 161 73·5 

Four Mile River. 41 18 12. 169 375,4 72 16 13.378 31 I. 3 

Black Point. 41 17 09.682 298.7 72 12 19.751 459.6 

llatchett's Point. 41 16 58.808 1814.2 72 15 43. 526 1012.8 

Goshen. 41 1757.650 1778. 5 72 06 47, 936 II 15. 2 

Chapin. 41 18 01.008 31. l 72 o6 45.281 1053.5 

Black Point 2. 
1882. 

41 17 I I. 776 363.3 72 12 17,366 404, I 

Hatchett's Point 2. 
1882. 

41 17 03.526 108.8 72 15 45.752 1o64.7 

Manetuck 2. 41 21 15. 256 470.6 72 09 03. 526 81. 9 
1882. 

Great Gull Island, N. Y. 41 12 o6.+z6 198.2 
I 

72 07 o6. 210 144. 7 

Two Tree Island. 41 17 40. 82 1259.3 72 09 II. 98 278. 8 

Millstone Point. 41 18 18.92 583.7 72 09 54.44 12£6. s 

Lewis. 41 19 14.73 454.4 72 12 03. 15 73.3 



 

UNITED STATES COAST AND GEODETIC SURVEY. 345 

THAMES RIVER-Continued. 

I I 
Azimuth. Dack azimuth. To stations. Distance. 

I 
1 .ogarithms. 

I ------~ I 

-o , II 0 I II Metres. 
I I 

40 09 17 220 08 24 New London L. H. ---- ---- ---~ 2889. 5 3.46083 

145 29 27 325 27 54 Quaker 3. 5802.6 3.76362 

36 18 II 216 17 19 New London L. H. ---- ---- -- -- 3120.7 3.49425 

103 28 14 283 24 57 Manetuck 2. 7130.0 3.85309 

335 56 47 155 59 37 Mount Prospect. ___ ---- ---- ---- 14752.3 4· 16886 

66 IJ 46 
. 

246 II OI Manetuck. 6323.8 3. 80098 

208 24 30 28 25 36 Bailey ---- ---- ---~- ---- 4893.4 3.68961 

266 37 15 86 41 II Fort Hill 2. 8301. 9 3. 919i8 

147 08 00 327 07 IO Bailey ---- ---- ---- ---·- 3227.2 3· 50882 

284 45 05 104 47 04 Fort Hill 2. 4348. l 3.63830 

93 37 38 273 36 04 Manetuck 2 ---- ---- ---- ----- 3301. 2 3.51867 

186 53 54 6 54 04 Quaker 3. 3047. I 3· 48389 

207 51 31 27 51 35 Avery's Point2 ____ ---- ---- ---- 313.7 2.49650 

IOO 29 28 280 28 31 New London L. H. 2027. 2 3.3o690 

319 30 24 139 30 50 Avery's Point 2 ---- ---- . --·· 1 1396.9 3· 14518 

51 48 02 231 47 27 New Lornlon L. H. 1569. 2 I 3· i9567 
! 

I 

TH.A.MES RIVER TO CONNECTICUT RIVER. 
--------- ··---------

225 35 o6.9 45 38 52. 8 Vinegar Hill ------ ---- ---- -- -- 11106. l 4.045560 I 
3r2 44 28.9 r32 50 03. 7 Mount Prospect. 10079. 2 4. 2o6264 I 
240 28 20.3 6o 33 o4,4 Manetuck ---- ---- ---- -- - - 1q93. 6 4.060456 

283 28 51. 4 103 39 09.9 Mount l'rospect. 22443. I 4.351o82 
2[1 03 46.2 3r 05 56.0 Manetuck . - -- ---- ---- --- - 8856.S 3.947277 
281 26 57,4 IOI 34 41. 7 Mount Prospect. i6718.4 4· 223194 

229 34 42.7 49 39 07. 0 Manetuck - - -- --·-·· ---- --- . 12225.0 4.087250 

I 265 56 03.8 85 58 18. 2 Black Point. 4753.9 3.677046 

299 03 19.4 119 07 24. 8 Mount Prospect_ ___ --·-- ---- ---- 9907.6 3·99597° 

79 IO 48. 8. 259 07 09.8 Black Point. 7861. 2 3.895487 
299 44 40.4 II9 48 44· I Mount Prospect 2 ---- ·---- --- - 9905. 2 3.995864 

265 13 37.5 85 17 51. 8 Groton Long Point 2. 8995.5 3.954024 

210 58 I2. I 31 00 20.3 Manetuck - --- ---- ---- ---- 8772. 8 3.943140 

281 42 02.9 IOI 49 45· 6 Mount Prospect 2. 16678.0 4.222144 

266 58 35.3 87 00 52. 8 Black Point 2 ---- ---- -- ...... - ---- 4855.9 3.686270 

278 21 58.9 98 31 59· l Mount Prospect 2. 21410.7 4· 330631 

312 41 25.9 132 47 OJ. 0 Mount Prospect 2 - --- ---- -- 16079.2 4· 2o6264 

30 59 25.2 210 57 17. 2 Black Point 2. 8760.4 3.942522 

236 27 26.4 56 31 43. 6 ~aunt Prospect ---- ---- -- -- 10901. 6 4.037490 

170 52 58. 8 350 51 41. 7 Manetuck. 17157. 7 4. 23446o 

77 37 05 257 35 OI Black Point --- ---- ---- ---- 4473.5 3.65065 

181 46 21 I 46 27 M:rnetuck. 6627. 7 3.82136 

341 09 46 161 II 37 Gull Island ---- ---- ---- ---- 12140. 3 4.o8423 

57 43 45 237 42 09 Black Point. 3999· l 3.6o196 

228 18 18 48 20 17 Manetuck 2 ---- ---- ---- ---- 5591. 8 

I 
3.74755 

4 59-IO 184 59 or Black Point 2. 38o7.4 3. 58o63 

-



 

346 UNITRD STATES COAST AND GEODETIC "SURVEY. 

THAMES RIVER TO CONNECTICUT RIVER-Continued. 

Seconds in . Second> in Station. Latitude. Longitude. n1etres. __ _I met::_ 
------------------~--

Niantic s pi re. 

Barn cup ola (New Lornlon County). 

e Island 2. Two Tre 
1882 

Chapin'> house. 

Jordan ch urch tower. 

Millstone Point house, west chimney. 

Millstone Point, single chimney. 

Two Tre e Island house. 

New hnu se chimney. 

e River 2. Four Mil 
1882 

Rocky L edge. 

White ho use, west chimney. 

Lone hou se chimney. 

Black Po int house chimney. 

lleacon Ifill 2. 
1861. 

Lay's Hill 2. 
1861. 

Cornfield Point. 

Ferry 2. 

1861. 

Saybrook I.. H. 
1861-'86. 

Cornfield Point 2. 
1882. 

Book Hill. 

l ______ 

D , ,, 
41 19 39.00 

41 19 35. 15 

41 17 39. 16 

41 18 09.29 

41 18 31. ()() 

41 18 30.40 

41 18 19.71 

41 17 40.18 

41 17 20. 28 

41 18 12.40 

41 18 30.73 

41 17 22.59 

41 19 41. 83 

41 17 12.58 

CONNECTICUT RIVER. 

41 17 34.630 

41 16 58.200 

41 IS 42. 215 

41 18 57.905 

41 16 17.390 

41 15 42.485 

41 22 o6.526 

0 , 
" 1203. I 72 II 35.04 814. 9 

1084.4 72 IO 08.22 191. 2 

1208. I 72 09 I I. OJ 256.7 

286.6 72 06 49. 87 i 116o. 2 

I 
956.3 I 72 07 42.35 I 985. I 

I 
I 

937.8 72 IO 08.21 191. 0 

608.0 72 09 53.24 1238. 6 

1239.5 72 09 I I. 37 264 6 

625.6 72 15 20.91 486.5 

382.5 72 16 13.48 313.6 

948.0 72 15 01. 16 27.0 

696.9 72 16 21. 92 510.0 

,,~ · 1 :: 0) 

01.78 41.4 

I 
388. I 72 12 17. 6o 409.5 

w68. 31 72 24 08.874 2o6.5 

1795.4 72 18 02. o6o 47.9 

1302.3 72 23 14.28o 332.5 

1786.3 72 21 57.005 1325.9 

536.5 72 20 36.864 857.9 

1310.6 72 23 14.728 342.9 
' 

201. 3 72 24 47.377 1101. 2 

----



 

UNITED STA.TES COAST A.ND GEODETIC SURVEY. 347 -
THAMES RlVER TO CONNECTICUT RIVER-Continncd. 

·----;-------------·-·1------- ---------·- -. - ----·- ·--·--

Back azimuth. ! 
I . I 

Azimuth. To stations. Logarithms. 

I
~-~--~-----~---- 1~~---- ·-------·----·-------- -------- - ------- ----

'° / II l o I // 

I 229 51 36 49 53 16 Manetuck 2 

12 14 05 

34 II 56 

- 76 44 57 

78 59 15 
126 22 57 

76 55 16 

151 33 48 

102 33 45 
159 34 29 

5 I 06 17 

117 06 10 

58 00 43 
119 20 16 

78 34 20 

126 08 33 

273 29 44 

48 12 44 

343 o6 OJ 
59 57 34 

302 34 o6 

21 05 40 

304 56 09 

71 53 34 
135 31 37 

188 17 18 

185 05 39 

2Il 04 09 

208 07 53. 6. 

125 18 34· 6 

1~ 58 59·7 
97 32 02.9 

159 52 50. 6 

252 05 33. 8 

199 16 28.9 

304 01 15.7 

tl5 47 52. 4 
159 22 20.2 

159 59 14. 0 

196 41 25.7 

245 07 54. 5 
315 13 18. 3 

192 13 37 
214 IO 31 

256 43 41 

258 57 12 

3o6 21 03 

256 51 40 

331 32 20 

282 30 53 

339 33 35 
231 04 52 

297 04 54 

237 59 oS 
299 18 50 

258 32 17 

306 06 40 

9J JI 45 
228 12 28 

16J 06 21 

2J9 54 40 

122 JS 54 

201 05 I I 

124 56 33 

251 52 28 

315 30 17 

8 17 42 

5 05 49 
JI 06 17 

28 IO 51. 5 

305 13 56. &. 

349 57 55.3 
277 28 00. 9 

339 S2 r4.8 
72 08 59.9 

19 17 59.7 

124 03 50.8 

295 45 32.4 
339 21 27.2 

339 58 37.7 

16 42 16.4 

65 II 18. 0 

IJS 17 46.0 

Black Point 2. 

Black Point 2 

I 
Lewis. 

Black Point 2 

Lewis. 

Black Point 2 

l\lanetuck 2. 

Lewis ___ _ 

Manetuck 2. 

Black Point 2 

Lewis. 

Black Point 2 

Lewis. 

Black Point 2 

Lewis. 

Black Point z 
IIalchett's Point 2. 

Hatchett's Point 2 

Saybrook L. H., 1861. 

Black Point 2 --· _ 

Hatchett's Point 2. 

Hatchett's Point 2 

Lay's Hill 3. 

Manetuck 2 

Quaker 3. • Lewis ___ _ 

Manetuck 2. 

CONNECTICUT RIVER. 

Nickerson 

Williams. 

Nickerson 

j Deacon Hill 2. 

I Deacon Hill 2 

i Lay's Hill 2. 

Nickerson 

i Lay's Hill 2. 

/ Beacon Hill 2 

Ferry 2. 

Beacon Ilill 2 

Ferry 2. 

Nickerson 

Lay's Hill 2. 

.!/./ctn·,-. 
4607.2 

4646.9 

5346.9 

2746.5 

4416.9 

4973.0 
7823.7 

6525.3 

621+ 4 

5407.5 
3861. 7 

3003.0 

3954.3 

3465.9 

4415.8 

4947·3 

4279. I 

775.3 

2220.6 

7082. l 

4522.7 

2883.2 
1026.7 

2446.5 

4039.7 

5759.3 
3782.4 

8742.8 

13269.0 

u984. o 

13021. 5 

800').3 

3693.4 

7635- 5 
9672.7 
6596.6 

5479.2 
5291. 3 

3681. 9 

6293.9 
7881. 6 

13391. 2 

3. 6(i344 

3.66716 

3. 7::?Sro 

J.43878 
3.64512 

3.69662 

3.89341 
3. 8146o 

3.79340 

3·73JOO 
3.58678 

3. 47756 

3. 59707 
3.53981 
3.64501 

3.69437 

3.63135 

2.88947 

3.34648 
3.85016 

3.6$540 

3.45988 
3. 01143 

3.38854 

3.6o635 

3.76o37 

3.57777 

3.9416~ 

4.122839 

4.0786oo 

4· 11466o 

3.934967 
3.567428 

3.882839 

3.985547 

3. S-r9320 

3.738715 

3. 723566 

3. 566o77 

3.798920 
3.896612 
4. 126820 

'---------'---------·------------------------..l.-------"-----~ 



 

348 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER-Continued. 

I 
I 
I 

Station. Latitude. 
Seconds in Lo .t d I Seconds in 

'~ 
n1etres. ngi u e. metres. 

--------·--- ·------
I 

// /! 

I Malicah. 41 20 35· 166 1084.9 7Z 20 09.230 214.6 

I Bog Hole Hill 2. 
I 1sf)1. 

41 18 49.736 1534·3 72 18 56. 953 1374.8 

! Lay's Hill 3. 41 16 57.926 1786.9 72 18 O!. 838 42.8 
i 

I 1882. 

I Beacon Hill 3. 41 17 34· 378 106o.5 72 24 09.316 216.8 
1882. 

'I S:tybrook Breakwater L. H. 41 15 47. 689 147 I. 2 72 20 35.445 825. I 
I 1ss6. 

/ Mount l'arnassus. 41 28 03.613 111. 5 72 24 40.537 940.7 

I I Thayer. 
I 

41 JI 55· 851 1723.0 72 35 07. 144 165. 6 
I 

I Long Hill. 41 26 45.491 1403.4 72 30 24.968 579.6 

I Chestnut Hill. 41 31 27. 382 844. 7 72 25 53.556 1241. 7 

Pine Hill. 41 36 37.635 1161. I 72 32 r r. 98-0 277.4 

Westfield. 41 33 3r. 168 96r. 6 72 42 34.149 791. 3 

School-house Hill. 41 39 31. 321 966.3 72 40 52.913 1224.2 

Kongscut. 41 41 44.351 1368.3 72 30 10. 150 234.7 

Talcott. 41 48 41. 637 1284.6 72 47 57.186 1320.0 . 
Beacon I Iii!. 41 17 34· 65 1068.9 72 24 oS. 85 205. 9 

'i Lay's Hill. 41 16 58.26 1797.3 72 18 02.04 47.5 

I !Jog Hole Hill. 
" 

41 18 .49· 74 1534· 4 72 18 56.go 1323. s 

Essex. 41 20 33.36 1029.2 72 23 49·09 1141. 3 

Ferry. 41 18 57.92 1786. 8 72 21 56.98 1325.4 

Pettipaug spire. 41 21 05.94 183.2 72 24 53.38 1240.9 

Essex Episcopal church spire. 41 21 
1838. 

u.72 J61.6 72 23 35.95 835.7 

Stone Hill.. 41 19 54· 15 1670.5 72 24 11.31 263.0 

Bald Hill. 41 27 43· IO 1329.6 72 25 o6. 86 159. 2 



 

Azimuth. 

0 ,, 

186 24 58.9 
95 05 18. 6 

72 19 14.0 

173 58 4t. l 

266 sr 55.0 
266 SS 02.7 
295 38 23.3 

339 47 14.6 
250 50 15. 6 

257 20 27.9 
0 49 36.6 

317 4S 59. 8 
296 II 03. 9 

304 33 03. 7 
145 40 01. 4 

289 23 s7.2 

3S SS s1. 5 
93 57 56.9 

.317 28 25.9 
25 02 26. 7 

248 JO 56. 9 

285 48 14.9 

293 54 45.4 
I 55 20.9 
16 36 03. I 

74 37 38.0 
:;i72 28 35.8 

329 57 15.8 
208 07 51 
225 00 08 

97 31 31 

16g 58 46 

72 19 36 
152 39 26 
223 07 58 
269 21 22 

138 29 09 
219 51 42 

234 35 08 
278 09 14 

227 40 30 
283 II 00 

220 28 35 
257 18 28 

312 54 44 

357 30 IO 

UNITED ST.A.TES OOAST AND GEODETIC SURVEY. 349 

CONNECTICUT RIVER-Continued. 

·-------,-·------------------~-- --~--~--~---~- ----·-----

Back azimuth. \ To stations. 

0 / !/ 

6 25 18.5 
274 58 02. 3 
252 15 48. l 

353 58 12.9 
86 53 24.8 
86 58 50.0 

I 15 40 43· 5 
159 47 50.6 
70 53 26. 7 
77 25 56.5 

18o 49 32. I 

137 49 19.0 
116 17 59, I 

124 43 17.9 

325 36 54. 5 
109 31 04. 2 

215 52 51. 7 
273 51 49.9 
137 32 37. 0 

205 00 30.5 

68 17 49·9 
105 53 I I. 4 

l 14 ()() 3 I. 5 

191 54 13. 7 
196 34 42. l 

254 30 30.6 

92 42 19. 6 
150 01 58.2 

28 JO 49 
45 02 46 

277 27 29 

349 57 42 
252 16 10 

332 38 38 

43 IO 43 

8g 23 47 
318 27 SS 

39 52 53 

54 38 35 
98 12 22 

47 42 o6 

103 13 16 

40 31 35 
77 21 o8 

132 58 21 

177 30 23 

- -1-----------------

I 

1 

i 
\ ~ickerson 

/ \Villia1m. 

i Beacon Hill 2 ___ _ 

Nickerson. 

Hatchett's Point 2 

Black Point 2. 
Saybrook L. H., 1861 

Cornfield Point 2. 

Hatchett's Point 2 

Black Point 2. 

Book Hill 

Nickerson. 

Mount Parnassus 

Nickerson. 

Thayer 

Nickerson. 

Long Hill 

Thayer. 

Chestnut Hill 

Thayer. 

Pine Hill 

Thayer. 

Pine Hill 

Westfield. 

Pine Hill 

School-house Hill. 

Box Hill 

School-house Hill. 

Nickerson 

Malicah. 

Beacon Hill 

Nickerson. 

Beacon Hill 

Malicah. 

Nickerson 

Malicah. 

Essex 

Malicah. 

Nickerwu 

Malicah. 

Nickerson 

Malttah. 

Nickerson 

Mali cab. 

Nicker.;on 

Book Hill. 

-- - - ! 

Distance. Logarithms. 

---- ------~--~ 

11fetres. 
6168.0 

15410. 8 

7617.5 

9434.0 
3171. 6 

8027.5 

5484.9 
3678. I 

7136.8 
I 1879. l 

I 1017. 3 

10402.2 
16203. 6 

26162. 6 

r1598.5 

r5895.5 
10736.6 
12864. 4 

r2980.5 

9593·9 
15517. 5 
10769.8 

l3r94.5 

11355.7 

987J. 6 

15423. 6 I 

28556.7 
196o6.o 

13268. 4 

7878.3 
86o9. l 

13020.3 

7618. 3 

3661.5 

8478.5 
5 ll2. 0 

3932.5 
3908.7 
8945.2 
6673.8 

7429.5 
4936.4 

9725. 0 

576g.3 

10381. 4 

10393.2 

3.790146 
4. 187825 
3.881811 

3.9/4694 
3.501276 
3.904580 
3.739170 
3· 565626 

3.853505 
4.074782 
4.042077 
4.017124 

4. 2096!0 
4. 417680 

4.o64401 

4.201273 
4.030868 
4. 109388 

4. !13292 
3.981996 

4. 190822 I 

4.032208 

4. 120394 
4.055214 
3.994476 
4. 188187 

4.455708 
4.292390 

4. 12282 

3.89643 
3.93496 
4. 11462 
3.88186 

3.56366 

3.92832 
3. 70859 
3.59467 
3· 59203 

3.95159 
3· 82437 

3.87096 
3. 6<)341 
3· 98789 
3. 76u2 

4.01626 

4.01675 



 

350 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER-Continued. 

Station. Latitude. i Seconds in I Longitude. I Seconds in 
metres. metres. 

·-----1--· -i 
0 I II 0 I II 

Essex 2. 41 20 33.33 1028.2 72 23 49.09 1141. 3 
1861. 

Honey Hill. 41 23 49.83 1537.2 72 21 34.38 798.7 

Lord. 41 21 30.88 952.6 72 20 47.42 1102. 3 

Doane. 41 22 27. 19 838.8 72 24 47.58 I ro5. 7 

Selden. 41 24 20.24 624.4 72 24 02.76 64.1 

Brooks. 41 25 24.26 748.4 72 25 42.99 998.2 

Cone. 41 24 38. 76 1195. 7 72 26 52.80 1226.4 

W ahginnicut. 41 23 43.60 1345· I 72 25 45.92 1066.8 

Holt. 41 25 41. 32 1274.7 72 27 29.89 694.0 

Cedar. 41 22 41. 98 1295. l 72 23 40.05 930.6 

' (~ehton. 41 26 57. 58 1776. 3 72 26 31.49 730. 9 

Noyes. 41 18 59.61 1838.9 72 20 33. 18 771. 8 

Eni.mons. 41 32 06.35 195. 9 72 32 07.63 176.9 

Paphro. 4r 28 40.41 1246. 6 72 31 30.35 704.2 

Ely 3. 41 21 52. 97 1634. I 72 22 24.74 575· 0 
1861. 

Ely 2. 41 21 51.48 1588. l 72 22 27. 19 631.9 
186r. 

Gravel Bluff. 41 19 20.44 630.6 72 ll 05.84 135. 8 

Jones. 41 27 59.34 1830.6 72 27 32.46 753.3 

Brainerd. 41 29 18.49 570.4 72 31 35.95 834.0 

Smith. 41 30 32.05 988.8 72 30 55. 32 1282. 9 

Mood us. 41 JI IJ. 47 415.6 72 27 32.64 756.8 

Shaler. 41 27 47.93 1478.7 72 29 00.93 21.6 

I 

I Selden North. 41 JO 50. 16 1547. 5 72 31 30.07 697-ll 

I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 351 

CONNECTICUT RIVER-Continued. 

I i I I I 

I 
Back azimuth. I To stations. 

I 

Azimuth. Distance. I Logarithms. 
I 

I 
' 

I 
' -
I 0 I II 0 I /f Jlfetres. 

223 07 38 43 10 23 I Nickerson ---·· ---- ----· ---- 8479.3 3.92836 
269 20 38 89 23 03 Malicah. 5112. I 3.7086o 
341 45 II 161 46 07 l\falicah ---- ---- ---- ---- 6323.0 3.8oog2 

54 37 05 234 34 57 Jiook Hill. 5501. 4 3· 74047 
IOI IO 42 281 08 03 Book Hill ---- -- - - -·--- ---- 5684.6 3.75470 
165 43 20 345 42 49 Honey Hill. 4423.3 3.64575 
240 23 og 60 25 17 Honey Ilill ---- ---- -- -- ---- 5162.4 3.71285 
298 04 49 118 07 53 l\falicah. 7335.2 3.86541 
285 12 45 105 14 23 Honey Hill ---- ---- ---- -- -- 3572.0 3. 55291 

14 o6 43 194 06 14 Book Hill. 4252.8 3.62868 

296 44 51 116 47 35 Honey Hill ---- ---- ---- ---- 6467.4 3.8rn73 

346 44 o6 166 44 43 Doane. 5612.3 3· 74914 
203 22 46 23 23 56 Bald Hill ---- ---- ---- - ·-- 6196. I 3.79212 
278 13 01 98 14 53 Selden. 3990.6 3· 6o104 

137 36 55 317 36 11 Cone ____ ---- ---- ---- -- - ~ 
2304.2 3.36252 

181 15 16 I 15 18 Brooks. 3106. I ·3.49221 

221 27 27 41 29 02 Bald Hill ---- ---- ---- ---- 5013.8 3· 70017 
297 27 27 117 29 44 Selden. 5422.0 3.73416 
234 20 57 54 22 = Honey Hill ---- ---- ---- ---- 3592.6 

' 
3.55541 

308 34 51 128 37 10 l\ialicah. 6270. 2 3.79728 

234 25 59 54 26 55 Bald Hill ---- ---- ---- ---- 2414.6 3.38285 

6 35 34 186 35 20 Cone. 431 I. 0 3.63458 

316 47 55 136 49 35 Lay's Hill 2 ---- ---- ---- ---- 5137.r 3.71072 

62 25 59 242 23 37 Beacon Hill 2. 5661. 5 3.75293 
346 27 46 r66 28 54. Long Hill ---- ---- -- -- ---- 10181. 5 4.00781 

85 34 08 265 32 09 Thayer. 4174. [ 3.62056 

.140 II 44 320 og 20 Thayer ---- ---- ---- ---- 7850.5 3.89490 

172 15 18 352 14 53 Emmons. 641 I. 9 3.8o699 

197 58 49 17 59 22 Honey Hill ---- ---- ---- ---- 3790_4 3· 57868 

I 286 45 25 106 46 29 Lord. 2362.5 3·37337 
352 31 46 172 32 o6 Ferry 2 ---·- ---- ---- ---- 5400.6 3.73244 

38 18 12 218 17 18 Essex 2. 3072.0 3.48742 

! 1:20 39 13 300 37 25 Essex 2 ---- ---- ---- ---- 4412. I 3.64465 

I 
157 54 46 337 53 52 Ely 2. 5028.8 3.70146 

278 25 19 98 26 55 Bald Hill ---- ---- ---- - - - - 3415. 9 3.53351 

323 23 47 143 24 27 Gelston. . 2373. I 3·37532 

134 46 02 314 43 42 Thayer ---- ---- ---- --- - 6896.2 3.83861 

171 55 3S 35r 55 17 Emmons. 5230.5 3. 71854 

lj 16 48 193 16 25 Paphro ---- ---- ---- -- - - 3538.6 3.54883 

113 54 23 293 51 36 Thayer. 6385.6 3.8o520 

74 48 34 
. 

254 46 20 Smith ____ 4870.6 3.68758 ---- ---- ---- - --~ 

97 o6 SS 277 01 54 Thayer. 10618. 2 4.026o5 

r52 20 57 332 19 41 Smith ____ .. --- ---- ---- ---- 5716.4 3.75712 

197 53 31 17 54 29 Moodus. 6663.6 3.82371 

tll 57 07 291 54 43 Thayer ---- ---- ---- ---~ 5425· 8 3.73446 

159 40 19 339 39 54 Emmons. 25o6.4 3. 39905 



 

352 UNITED STATES COAST AND GEODETIC SURVEY. 

Station. 

Swan Hill. 

Arnold's <2uarry. 

Haddam Neck. 

Salmon. 

Ayer. 

Beckwith. 

Beckwith Hill, flag in tree. 

Brockway. 

Buckingham. 

Chester Landing. 

Chester spire. 

Deep River spire. 

East Jla<l<lam Congregational church. 

East Haddam Episcopal church. 

Essex Congregational church. 

Essex Baptist church. 

Essex Episcopal church. 
1861. 

Ely's wharf. 

Grassy Hill church. 

Hadlyme church cupola. 

Joe Post's Light. 
1861. 

Pilgrim. 

Wahginnicut flag-staff. 
1861. 

CONNECTICUT RIVER-Continued. 

------ -- --- - ---

! Seconds-i~ I Latitude. metres. 

II 
r-~--· 

41 30 09.02 I 278.3 

41 28 26.o6 804.0 

41 28 55.33 1706.9 

41 28 19.33 596.3 

41 19 55.92 1725.1 

41 21 12.50 385.6 

41 36 32.94 IOI6.2 

41 23 23.64 729.3 

41 22 56. 35 1738.4 

41 24 50.52 1558.5 

41 24 04.64 143. I 

41 23 12.14 374.5 
., 

41 28 49.29 1520.6 

41 27 37.70 1163. 0 

41 21 09.96 307. 3 

41 21 18.26 563. 3 

41 21 [I. 08 341. 8 

41 21 48. IO 1483.9 

41 23 45.56 1405. 5 

41 25 53.58 1652.9 

41 23 20.35 627.8 

41 19 49.6o 1530. 2 

41 2J 43• OJ 1327. 5 

·-------------[ ~:t'.unds in 
Longitude. n1ctres. 

I ------

·1 

72 33 31. 89 739.6 

72 30 28.54 662.2 

72 29 28. 36 658.0 

72 28 00. 52 12. l 

72 21 38.38 892.5 

72 21 23.04 535.5 

72 38 56. 56 1309.6 

72 23 18.73 435.2 

72 23 47.90 I !I2. 9 

72 25 45.96 1o67. 3 

72 27 15. 16 352.2 

72 26 04.78 III. I 

72 26 48.97 IJ36. I 

72 27 33.73 782.8 

72 23 34.24 795.9 

72 23 33.57 78o.3 

72 23 32.43 753.9 
""' 

72 22 35· 56 826.4 

72 17 16. so 383.3 

72 24 2[. 36 4g6.o 

72 25 05.28 122.7 

72 20 27.46 638.6 

'J2 25 39.17 910,0 



 

UNITED STA'l'ES COAST AND GEODETIC SURVEY. 353 

CONNECTICUT RIVER-Continued. 

Azimuth. Back azimuth. To stations. Distance. Logarithms. 

,, 
" 

1-
A:lttrcs. 

245 47 22 65 48 43 I Selden North 3097.4 3.49100 
300 05 06 IZO o6 23 ) Brainerd. 3108.4 3.49254 
135 04 28 315 DI 23 \ Thayer_ ___ 9145.8 3.96122 
161 19 38 341 IS 32 Emmons. 7174. l J. 85577 
103 35 01 283 33 37 I Brainerd 3045. I 3.4836o 

I 
I II 56 33 291 53 52 i Swan Hill. 6089.5 3.78458 
55 21 21 235 20 41 ] Shaler __ . 1704.0 3.23147 

110 04 40 290 oz 17 : Brainerd. 5320.8 3. 72598 
I 

239 42 29 59 43 28 ! Malicah 2400.7 3.38o33 
13 36 07 193 35 55 Ferry 2. 1841.3 3.26513 
IO 46 00 190 45 38 Ferry 2 4226.7 3.62600 

70 25 07 250 23 31 Essex 2. 36o4.2 i 3.556))1 
269 04 36 89 09 05 Pine Ilill 9369. I 3.97170 

41 58 07 221 55 43 \Vcstfiehl. 7540.5 3.87740 
251 33 22 71 34 31 Honey Hill 2555.4 3.40746 

21 04 29 201 04 15 Cedar. 1377.4 3. 13906 

241 58 58 62 00 26 Honey Hill 3513.6 3.54575 
302 08 20 122 10 19 Lord. 4954.4 3. 69499 
291 17 00 II I 18 08 Selden ___ 2572. 5 3. 4ro36 

76 51 16 256 50 32 Cone. 1594. 2 3.20254 

221 03 53 41 04 54 Brooks. __ 3258.4 3.51300 

273 16 15 93 20 00 Honey Hill. 7929.4 3· 89924 

233 26 38 53 27 59 Selden_ .. 3528.4 3.54758 
259 29" 14 79 32 13 Honey Hill. 6388.8 3.80542 

31o 44 44 130 45 52 f\ald Hill 3r28.o 3.49527 
9 18 18 189 •7 51 Holt. 5876. 2 3.76910 

JIO 04 56 130 08 54 Honey Hill 109w. 4 4.03784 

358 34 36 178 34 39 Holt. 3591. 4 3.55526 

227 08 43 47 II 18 Nickerson 7436. 7 3.87138 

282 40 24 102 42 39 Malicah. 4885.4 3.68890 

228 32 41 48 35 16 Nickerson 7253.5 3.86o55 

285 36 48 IOS 39 03 Malicah. 4932.8 3.69309 

230 34 52 50 35 35 Ely z_ ___ 1962.9 3.29290 

283 J"O 59 103 13 13 Malicah. 4852.6 3.68597 

350 18 22 170 18 47 Ferry 2 5326.5 3.72644 

36 32 38 216 31 49 Essex 2. 2870.8 3.45801 

4 49 I'] 184 48 47 Lay's llill 2 126I1. 3 4. 1oe>76 

57 00 46 236 56 27 Essex 2. 10882. 0 4.03671 

351 28 IO 171 28 22 Selden ___ 2912. I 3.46420 

56 44 04 236 42 24 Cone. 4206.7 3.62394 

127 13 05 307 12 38 Wahginnicut n85. 4 3.07387 

167 05 52 347 05 27 Brooks. 3922. 2 3.59353 

52 33 56 232 3:z 57 Ferry 2 ___ 2623.0 3.4188o 

lo6 04 18 286 02 05 Essex 2. 4878.7 3.68830 

178 22 23 358 22 20 Brooks ___ 3123.9 3.49470 

242 50 38 62 51 42 Selden. 2516.9 3.4oo87 

H.Ex.22-28 



 

354 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER-Continued. 

I 
Station. Latitude. 

1 

Seconds in Longitude. Seconds in 
metres. metres. 

I 

0 / " 0 / // 

Champion House flag-staff. 41 27 42.76 1319.2 72 27 53.32 1237.4 

Joshua Rock. 41 22 51. 84 1599.3 72 22 37.80 878.3 

Locust. 41 25 02.22 68.5 72 27 17.72 4II. 5 

Lyme white Congregational church. 41 18 46.45 1433.0 72 19 56.04 1303.5 
1835-'83. 

I 

Pine Island. 41 20 26. 14 8o6.4 72 20 50.95 1184. 6 

Quarry. 41 24 26.72 824. 3 72 25 17. Il 397.4 

.. 
Selden Neck. 41 23 43.05 1328. I 72 24 54.72 1271. 2 

I 
1 Williams' Dock. 41 21 37. 88 u68. 6 72 23 28.60 664.7 
I 
I 

Lord's Island, flag in tree. 41 26 og.40 290.0 72 27 02.30 53.4 

Hamburgh Cove. 41 22 36.66 IIJO. 9 72 22 2I. 00 488.0 

Hayden's Point. 41 20 37.22 I 148. 2 72 22 38.52 895.5 

i Higgins' wharf. 41 19 31. or 956.6 72 20 33.41 777.0 
. 

Clark, flag in tree. 41 27 12. I2 373.9 72 28 08.44 195.9 

Haddam Academy. 41 28 44- 81 1382.4 72 30 59.76 1386.5 

Haddam Congregational church. 41 28 45.82 1413.5 72 30 56.05 1300.5 

Haddam Court House. 41 28 50. 68 1563. 5 72 31 00.62 14. 4. 

Haddam N eek Congregational church. 41 31 47.50 1465.4 72 32 13. 46 312.0 

Haddam Neck Methodist church. 4r 30 54. 47 168o.4 72 30 53.26 1235. 0 

Haddam N eek flag. 41 29 37.6o 116o. 0 72 30 30. 18 700. I 

Higganum Congregational church. 41 29 51. 13 1577-4 72 33 20.29 470.6 

Higganum Methodist church. 41 29 54.66 1686. 3 72 33 49.49 1147. 9 

Penfield Hill. 41 34 54.05 1667.5 72 34 29. 77 689.6 

Rock Landing, flag in tree. 41 29 48.66 1501. 2 72 31 19.88 461.1 



 

UNITED STATES CO.A.ST AND GEODETIC SURVEY. 355 

CONNECTICUT RIVER-Continued. 
------~--- -~-------

I 
Azimuth. Back azimuth. To stations. I Distance. Logarithms. 

-
--

I 
----~----- --- ----- ----

0 I II 

I 
0 I II ll:fetres. 

95 49 II 275 48 26 Shaler ---- ---- ---- ---- 1577_ 0 3. 19782 
135 26 09 315 25 06 Haddam Neck. 3143.0 3.49734 

78 07 41 258 07 00 Cedar ____ ---- ---- ---- ---- 1478. 0 3. 1~68 
219 28 06 39 28 48 Honey !Jill. 2317. 8 3· 36507 
285 36 47 ws 40 34 Honey Ifill ---- -- -- ---- ---- 8281. 3 3· 91810 
323 53 07 143 54 46 Doane. 5919.7 3. 77230 
321 30 57 141 32 12 Lay's Hil1 ---- ---- ---- -- - - 4263.2 I 3.62974 

69 23 o6 249 20 19 Beacon Hill. 6284.8 3.79829 
29 26 34 209 25 50 Ferry 2 ---- ---- ---- -- - - 3125. 9 3.49497 
93 04 39 273 02 41 Essex 2. 4147.8 3.61782 
99 29 35 279 28 32 Cone ____ ---- ---- ---- -- -- 2253.3 3· 35282 . 

161 17 30 Brooks. • 1873.8 341 17 13 3.27273 
355 56 42 175 56 47 Doane ---- ---- ---- --- - 2346.3 3.37038 
90 49 15 270 48 41 \Vahginnicut. 1I89. 5 3.07537 

213 05 40 33 06 56 Honey Hill ---- .. _, __ ---- - - - - 4859. 5 3.68659 
273 17 09 93 18 56 Lord. 3752.7 3· 57434 
36 28 48 216 28 30 Holt ---- ---- ---- ---- ----- 1077. 7 3· 03248 

137 50 34 317 49 15 Shaler. 4!01. 5 3.61294 
313 00 20 133 or 22 Lord ____ ----,.-.. ----- ---- ---- 2974,5 3.47342 
28 17 39 208 16 41 Essex 2. 4320.6 3.63554 

186 33 09 6 33 16 Ely 2 ____ ---- ----- ---- -- .... 2306.2 3.36290 
271 Ol 55 91 03 34 Malicah. 3471. 7 3· 54°54 
62 17 33 242 16 38 Ferry 2 ---· ---- ---- ---- 2196. I 3.34165 

148 36 34 328 35 19 Ely 2. 5077. 0 3. 70561 
132 12 08 31:;: II 33 Shaler -- - - ---- ----- ---- 1644.4 3.z16o2 

185 03 55 5 04 00 Salmon. 2o8r. 5 3.31837 
141 04 II 321 03 47 Brainerd 

~ --- ---- ---- ---- 1335·7 3· 12572 
261 17 13 81 18 14 Haddam N eek. 2145·3 3.33149 
78 09 21 258 08 58 Paphro ··-- - - - -- ---- ---- 813.2 2.91020 

137 26 12 317 25 46 
I 

Brainerd. 1368.5 3. 13623 
315 34 18 135 34 39 Arnold's Quarry ---- ---- - -- - 1063.8 3.02686 

65 21 38 245 21 18 Paphro. 159.0 2.8&>27 

330 21 58 150 22 27 Selden North --- - ---- 3.30856 
I ---- .., ___ 2035.0 

93 40 39 273 38 44 Thayer. 4034.8 3.6o582 
262 48 03 82 50 16 : Mood us ---- --- - ---- - .., __ 4688.7 3. 67105 

3 57 31 183 57 30 Smith. 693.3 2.84095 
38 21 34 :uS 20 54 Paphro ---- ---- ---- ---- 2249.7 3.35212 

68 53 00 248 52 16 Brainerd. 1635.3 3.2136o 

154 00 00 ' 333 59 52 Swan Hill ---- ---- - -- ·--- 613.8 2.788o1 

234 31 13 54 32 26 Selden North. 3138.8 3.49676 

242 04 52 62 o6 24 Selden North ---- ---- ---- ---- 3658.9 3. 56335 
254 02 SS 74 04 50 Smith. 4200. 9 3.62334 

339 20 23 159 23 05 Long Hill ---- ---- ---- ___ ... 16106. 8 4.20701 

8 57 36 188 57 II Thayer. 5564.8 3.74545 

334 56 26 154 57 00 Aniold's Quarry. --- ---- ---- 2813. I 3.44918 

6 35 16 i86 35 09 Paphro. 2n9. I 3.32615 



 

356 UNITED STATES COAS'r AND GEODETIC SURVEY. 

CONNECTICUT RIVER-Con tinned. 

T 
----~-·~-

: Seconds in I Longitude. 
Seconds in 

Station. I Latitude. ! metres. metres. 
I i 

I 
I ----· -------- ---

0 / I/ 0 , I/ 

Parker's Point, flag in tree. 41 25 43· 74 1349.41 72 26 31. 00 719.8 

Shailerville Baptist church. 41 27 55.4S 1711. 6 72 28 47. 96 1112. 9 

Smit1i'~ Landini;. 41 29 07.76 239.4 72 30 26.30 610. I 

Walkley. 41 29 42.40 1308.1 72 32 02. 09 48.5 

Walkley's house. 41 29 30.20 931. 7 72 31 56.66 1314. 2 

~· estchestcr Hill, flag in tree. 41 31 26.15 806.7 72 25 53.53 1241. I 

• 
Saybrook L. H. 41 16 11.65 544.5 72 20 36.94 859.8 

1835-'36. 

Saybrook Congregational church. 41 17 12.34 380.7 72 22 34.08 793.0 
1835. 

Saybrook Beacon. 41 16 08.66 248.61 72 20 19.30 449·3 
1835. 

i 
Steens. 41 37 19.70 6o7.8 72 40 47.26 1094.-0 

Tryon. 41 32 40. 58 1251. 9 72 37 37.73 874.6 

Shipman. 41 40 w.02 494.2 72 ~8 14.37 332.3 

Simpson. 41 37 58.08 1791. 8 72 36 47. 82 I 1o6. 9 

Taylor. 41 40 19. 05 587.7 72 35 25.38 587. I 

Insane Asylum, northwest chimney. 41 33 08.02 247.4 72 37 50.08 ndo. 6 

Middletown South Congregational church .. 41 33 23. 25 717.3 72 38 51. 74 1199.0 

Middletown Wesleyan College chapel. 41 33 20. 72 639.2 72 39 23.04 533·9 

:Middletown Indian Hill Cemetery, summer-house. 41 33 17.o8 526.9 72 39 48. 19 1116. 8 

Middletown North Congregational church. 41 33 36.59 1128. 8 72 39 05.42 125.6 

Middletown Catholic church. 41 33 59.o8 1822.6 72 39 II, 92 276.2 

\ l'orlland Scheider' s factory smoke-.stack. 41 34 14.78 456.0 72 37 45.68 m58.4 

I'ortland white steeple. 41 34 53.00 1635. r 72 38 03.12 12·3 

Portland Congregational church. 41 35 28.58 881. 7 72 37 29.55 684.4 



 

UNITED STA'rES COAST AND GEODE'rIC SURVEY. 357 

CONNECTICUT RIVER-Continued. 

I 
----

I 
Azimuth. Hack azimuth. To stations. I Distance. Logarithms. 

I I 1-·-o --, . -"--: -------- ·----------1 
I 

0 f " 1Uetres. 
137 45 46 f 317 44 07 Slialer 5175.S 3.71398 
179 42 43 I 359 42 43 <3elston. 2277. 6 3.35748 
153 04 54 ! 333 04 27 lla<luam Neck ---~ 207I. l 3.31620 
236 14 29 56 I 5 00 Salmon. 1324.4 3. 12201 

2 18 12 182 18 II A mold's Quarry 1287. 6 3- 10973 
60 25 54 240 25 12 J'a.phro. 17oS. 8 3.23268 

133 49 52 313 47 49 Tlmyer 5946.9 3- 77429 
178 20 34 358 20 30 Ern1nnns. 4442.8 3.64766 
216 42 20 36 43 01 Smith ____ 2380.2 3.37661 

338 19 33 158 19 50 Paphro. 1652.8 3. 21821 

56 49 38 236 45 55 J>aphro 9336.8 3.97020 
94 08 II 274 02 04 Thayer. 12867. I 4. 10948 

73 23 52 253 22 08 Cornfield Point ____ 3821.3 3· 58221 
115 43 56 295 41 36 Deacon Hill. 5474.2 3.73832 

r8 36 oz 198 35 35 Cornfield Point ____ 2933.2 3.46734 
107 20 05 287 19 02 Be:tcon Hill. 2310. 6 3.36372 

78 56 23 258 54 28 Corniielrl Point ____ 4149.9 3.61804 

I 16 34 59 296 32 28 Beacon II ill. 5972.8 3.77618 

17809 17 358 09 13 ~chool-house Hill 4062. 7 3.60882 
276 09 38 96 15 20 l'ine !Iill. 12000.2 4.07919 

102 49 37 282 46 20 Westfield 7044. 5 3.84785 
153 00 II 332 58 05 Steens. 9665.8 3.98524 

308 44 30 128 48 JI Pine Hill 10758.7 4.03176 
25 44 22 205 41 29 Westfield. 13862.8 4· 14185 
44 16 47 224 12 57 Westfield 11496. l 4.06o55 
77 58 18 257 55 39 Steens. 5666.7 3.75333 
38 18 38 218 13 53 Westfield 16o28.o 4. 20488 

79 02 04 258 58 26 School l1ouse Hill. 7720. I 3.88762 

152 09 04 332 07 07 Steens 8782.3 3.94361 
230 25 18 50 29 02 Pine Hill. 10158.0 4.00681 

159 52 01 339 50 44 Steens ____ 7770.0 3.89042 

237 02 01 57 06 26 Pine Hill. 11032. 4 4.04267 

94 IO 51 274 08 44 Westfield 4440. 2 3.64740 

165 11 15 345 IO 19 Steens. 7626.7 3.88234 
169 38 48 349 38 09 Steens ____ 76o8. 8 3.88132 

239 36 33 59 41 36 Pine Ifill. 12245.9 4.08799 
161 05 32 341 04 24 Steens 7276. l 3.86190 

239 42 32 59 47 o6 Pine Hill. 11086. 4 4.04479 

79 36 23 259 34 09 Westfielcl 4764.3 3.678oo 

100 22 IO 340 21 07 Steens. 6571. 4 3.81766 

78 38 49 258 35 36 'Vesttield 6818.0 3.83366 

143 37 05 323 35 04 Steens. 7o87.6 3.85050 

68 07 20 248 04 20 Westfield 6767.7 3.83044 

139 59 o6 319 57 17 Steens. 5910. 2 3· 7716o 

62 51 23 242 48 OI Westfield 7932.0 3,89938 

147 51 51 327 49 36 Scl1ool-house Hill. 8845.9 3.94674 



 

358 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER-Continued. 

-------·----

Station. 

Cromwell Congrega tional church. 

Drum Hill, flag in t ree. 

North Glastonbury Congregational church. 

Wethersfield flag-sta ff. 
1875. 

\Vethersfiekl white Congregational church. 

Hartford, Colt's fact ory. 

Hartford, old State-House cupola. 

Hartford, Arsenal Ila g-staff. 

\venue church. IIartfmd, Windsor , 

Wadsworth's tower. 
r875. 

\Vadsworth's tower. 
1862-'63. 

East Hartford, squa re steeple, with green blinds. 

Saybrook Congregat 
186r-'83. 

Saybrook beacon. 
1882-'83. 

ional church. 

Hartford South Con gregational church. 

Fenwick Hall flag·s taff. 

Griswold Point flag. 

Hummock, flag in tr ee. 

Oyster Reef, flag in tree. 

Back River flag. 

i lngraham's house, ch imney. 

Guard-House Point, chimney. 

Ely. 

I 

Latitude. I Seconds in 
\ metres. 

0 / v 

i 41 35 48. 75 1504. 0 

41 38 54. 22 l 1672. 7 
I 

4r 42 JI. 86 1 982. 9 I 
I 

I 41 42 45· 9° 1416. I 

I 
41 42 46.70 I 1440. 8 

I 41 45 24. 28 749. I ! 
I 

41 45 58.03 I 1790.3 

41 4651.85 1599.7 

41 46 56.74 1750. 5 
I 

41 49 25.6o 789.8 

41 49 15.81 487.8 
I 
I 

41 46 08.56 264. l 

41 17 12. 20 376.4 

41 16 07. 50 231. 4 

41 45 34- 82 rn74. 2 

41 16 20.43 6_30. 2 

41 16 39. 84 1229.0 

41 17 59. 6o 1838. 6 

41 16 30. 56 942.7 

41 17 17.86 551. 0 

41 17 13.78 425.1 

41 15 51. 14 1577· 6 

41 21 51. 48 1588.2 

Longitude. 

----------

0 / II 

72 38 46 .. 76 

72 38 40.07 

72 36 31.92 

72 39 10.97 

72 39 09.6o 

I 72 39 48.90 

I 
72 40 23. 38 

72 40 34.00 

72 40 33.74 

I 
72 47 56.82 

72 47 55.24 

72 38 41. 38 

72 22 32.29 

72 20 18.70 

72 40 33. 35 

72 21 15.03 

72 19 25. 61 

72 20 20.66 

72 23 12.89 

72 19 24. 67 

72 23 21.66 

72 22 04. 12 

72 22 27. 20 

I Seconds in 
metres. 

·----·-

I 
i 
I 

rn83. o 
I 

927.2 

I 738.0 
I 

253.6 

221. 9 

II 29. 7 

540. I 

785. 2 

779.2 

1311. 2 

1274.8 

955.8 

751. 4 

435·3 

770.4 

I 349.8 

596.0 

48o-7 

300.0 

574.0 

504.0 

95·9 

632. I 



 

Azimuth. 

o I II 

26o 35 4r 
51 09 42 

28 33 4r 
45 16 48 

279 23 29 

47 19 43 
278 35 13 
2I 27 07 

319 38 44 

15 2 7 39 
296 50 27 

7 44 44 
298 51 04 

3 r5 40 

303 I7 23 

I 50 55 
329 49 05 

r 51 23 

299 54 26 

33r 50 46 

r7 34 07 

99 II 57 

304 33 25 
13 56 46 

379 38 42 

ro6 51 49 

79 21 04 

II6 33 23 
296 12 51 

2 18 38 

67 r3 20 
119 22 14 

104 24 29 

140 25 24 

231 31 49 
300 29 IO 

146 37 01 

201 13 13 

94 29 50 
131 03 50 

356 43 14 
120 20 52 

So· 47 12 

249 54 22 
3o6 16 o6 

38 rs 35 
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Back 32imuth. 

O ! II 

So 40 03 

231 07 II 
208 31 06 

225 15 23 

99 27 43 
227 16 49 

98 41 13 

201 25 59 

139 43 22 

195 25 23 

116 56 52 

187 44 01 

118 57 54 
183 16 20 

123 24 18 

181 50 42 

149 52 30 
181 51 IO 

120 o6 16 

151 55 28 

197 28 05 

278 54 54 

12<(. 39 05 
193 55 19 
199 38 14 

286 50 45 

259 19 08 

296 30 51 
116 19 46 
182 18 25 

247 12 01 

299 20 22 

284 21 22 

320 23 44 

51 32 44 
120 30 41 

326 36 24 

21 14 OJ 

274 26 42 

3Il 02 09 

176 43 19 
300 20· 21 

z6o 46 26 

69 57 02 

126 17 37 
218 17 41 

CONNECTICUT RIVER-Continued. 

To stations. 

Pine Hill 

Westfield. 

Westfield 

Steens. 

Ko11gscut ___ _ 

School-house Hill. 

Kongscut 

School-house Hill. 

Pine Hill 

'Westfield. 

Kongscut -- .. -

School-house Hill. 

Ko11gscut 

School-house HilL 
Kongscut ___ _ 

School-house Hill. 

Taylor __ _ 

School-house Hill. 

Kongscut ·---

School-house Hill. 

Sandford 

Ivy. 
Kongscut ____ _ 

School-house Hill. 

Cornfield Point 2. __ 

Beacon Hill 3. 

Cornfield Point 2 __ _ 

Beacon Hill 3. 

Kongscut 

School-house Hill. 
Cornfield Point 2 __ _ 

Bea.con Hill 3. 

Bearon Hill 2 ---

Ferry 2. 

Bog Hole Hill 2 

Lay's Hill 3. 

Bea.con Hill 2 

Ferry 2. 

Beacon Hill 2 

Ferry 2. 

Cornfield Point 2 __ _ 

Bea.con Hill 2. 

Cornfield Point 2 __ _ 

Lay's Hill 3. 

Malicah 

Essex. 

. ----

... 

I Distance. I Logarithms. 

I ---- I 
----I 

I 
-- -- I 

--- I 

~~~~ I 

llfetres. 
9265.5 

6764.9 

11344. 9 

4144.4 

8948.7 
8213.7 

12647.7 

6449.4 

14933.4 

17779.5 

14999.3 
10990. I 

16190. I 

11950. 6 

17259.6 
13597·5 
14191. 9 

13746. 8 

28455.7 
20786.9 

41831. I 

35805.5 
14354.6 

12626.4 

2938.8 

2359_ 2 

4169.5 

5999· 2 

16o63.5 

11224. 4 

3022.3 

4653.4 

68o4.9 

5526.9 
2486.8 

3748.9 
2367.2 

4876.6 

6633.2 

4699.3 
2820.9 

1273. 2 
1665. 2 

6oo3.4 

3978.7 
3071. I 

3. 96687 
3.83026 

+ 05480 
3.61746 

3.95176 

3.91454 
4. 10201 

3.8o952 

4· 17416 

+ 24992 

4. 176o7 
4.04100 

4, 20925 

,.- 4 °7739 

4.23703 

4. 13346 

4, 15204 

4. 13820 

4.45417 
4. 31779 
4.62150 

4.55395 
4. 156g9 
4. 10128 

3.46817 

3.37276 

3.62oo8 

3·778o9 
4.20584 
4.05016 

3.48o33 
3.66777 

3.83282 

3· 74248 
3.39564 

3.57390 

3.37424 
3.68812 

3.82172 

3.67203 

3.45039 
3. 10491 
3.22147 

3.77840 

3· 59974 
3.48730 



 

3HO UNITED STATES COAST AND GEODETIC SUH.VEY. 

CONNECTICUT RIVER 'l'O HOUSA 'l'ONIC RIVER. 

I 
Seconds in I 

Station. Latitude. I Seconds in Longitude. metres. metres. 
I 
I ----i 

I /I' I fl 

I 18o7. 2 30. 778 i 716.2 Sachem's Head. 41 16 58. 5841 72 43 

Hammonasset. 1726.2 72 32 40.428 941. l 41 14 55.958 

Horton's Point, N. Y. 41 04 58.211 1795. 7 i 72 26 53.615 1251. 5 

Mattituck Hills, N. Y. 41 00 08.464 261. I 72 34 29.752 695.3 

Brown's Hill, N. Y. 41 09 I I. 289 348.3 72 17 36.46o 850. 2 

336. 61 Falkner's Island L. H. 4r 12 43. 177 1331. 9 72 39 14.453 
1833-'82. 

Mount Carmel. 41 25 51. 799 1598.0 72 53 25.637 595.3 

Milford. 41 13 26.433 815.4 73 01 15. 5o6 361. 2 

West 1-<ock. 4r 19 56.423 1740.6 72 57 42.615 990.9 

Fort ·wooster. 41 16 55.719 1718.8 72 53 35· 181 818.6 

Prindle. 41 1605.116 157.8 72 59 32.630 759.5 

Jones, New Haven County. 41 15 37. 799 1166. 0 72 58 25.794 6oo.4 

Hickox. 41 23 12.432 383.5 73 00 13.529 314. 4 

New Haven L. H. 41 14 56. 398 1739.9 72 54 15. r32 352. 3 
1833-'82. 

North Killingworth Congregational church. 41 21 47.073 1452.2 72 33 58.071 1349.7 
1836-'82. 

High Hill. 41 20 37.566 1158. 9 72 37. 4r. 954 975.4 

'Yestbrook Congregational church. 41 17 10.644 328.4 72 27 00. 731 17.0 
1861-'82. 

Gunn. 41 13 56.530 1743. 9 73 04 57.965 1349.9 

Milford Congregational church 41 13 36.632 1130.0 73 03 33.027 769.2 
1833-'84. 

West Rock 2. 41 19 56.416 1740.5 72 57 42.004 976.7 
1871. 

Rabbit Rock. 41 20 31.628 975.7 72 51 12. 189 283.4 

Hickox 41 23 12.750 
1839-'76. 

393.3 73 00 13. 748 319. 5 , 

Peck. 41 22 54. lo6 166g.2' 73 03 30.473 'fOS. r 
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CONNECTICUT RIVER TO HOUSATONIC RIVER. 

Azimuth. Back azimuth. To stations. Distance. Logarithms. 

, " 
,, 

llidrcs. 
0 24 39.9 180 24 32. 9 Friar's Head 34634.6 4. 539505 

86 56 00.5 266 35 13.4 Tashua. 44073.6 4.644178 
131 56 oo.6 311 48 35. 3 Sugarloaf 21071.] 4. 323688 
104 0) 23.6 283 58 14. 7 Sachem's Head. 156o3.9 4. 193233 
156 21 20.8 336 17 32.5 Hammonasset ---- 20134.4 4.303939 
194 24 43. 7 14 27 08. I Cornfield Point. 20514. I 4.312053 
158 00 21.2 337 54 25. 2 Sachem's Head ____ 33618.3 4. 526576 
229 57 45.6 50 02 45. I Horton's Point. 13906.5 4. 143219 
II6 52 04. 7 296 42 09. I Hammonasset ---- 23594.2 4.372806 

146 54 05.5 326. 50 22, 6 Cornfield Point. 14400.7 4. 158383 
344 02 54,9 164 06 02, I Mattituck Hills 24210. 9 4. 384011 

13 08 oo. 9 193 05 05.4 Friar's Head. 27470. I 4.43886o 

57 57 32.9 237 43 17.0 Tashua 35583.2 4.551245 
IO 27 22.0 190 21 44.7 Ruland. 66181. 0 4.820733 

205 22 27.5 25 27 37.8 Mount Carmel 25458.5 4.405833 
IOI 58 47,8 281 49 43.4 Tashua. 19652.6 i 4. 293+20 

22 24 08.9 202 2I 48. 4 Milford 1301 I. 2 4. 114.)17 

714942.6 251 38 17. I Tashua. 25449.8 4.405684 
180 46 03.6 0 46 09.9 Mount Cam1el ____ 16539.4 4. 218521 

58 58 35.5 238 53 32.0 Milford. 1251 I. 7 4.097317 
199 43 20.2 19 44 32.8 \Vest Rock 7580.8 3.8797 16 
259 20 22,6 79 24 18.4 Fort Wooster. 8464. 5 3. 927601 

187 IO 21. 7 7 IO 50. 2 \Vest Rock 8041. 4 3. 905;>31 

250 24 34.7 70 27 46.4 Fort \\'ooster. 7178.6 3.856038 

321 24 25.7 141 28 48. 8 For \Voostcr 14861.3 4. 172056 

4 33 56,5 184 33 15.6 Milford. 18135. I 4. 258521 

74 12 38. I 254 08 01. 0 Milford ro175. 4 4.007553 

183 15 I0.6 3 15 4J. 3 Mount Carmel. 2025 I. 6 4.306460 

351 53 15. 2 171 54 06.4 Hammonasset ---- 12810. 6 4. 10757° 
56 18 09.6 236 II 51. 4 Sachem's Head. 10019. l 4.204639 

326 19 13.6 146 22 32.6 Hammonasset -- -- 12660.0 4. 102433 

50 15 05.4 230 II 15. I Sachem's Head. 10558. 0 4.023580 

64 17 13.5 244 09 09· 7 Falkner', Island L. H. 1897 I. 7 4.2i81o6 

131 20 28.4 311 15 52.8 North Killingworth church. 12920.0 4. I 11261 

162 37 33. I 342 36 48. 4 Bennet 5288.0 3.723290 
222 20 28.4 42 25 15. 6 West Rock. 15030. 2 4. r;6964 

147 52 02, I 327 50 21. 4 / Bennet 6685.3 3.825123 

275 35 50.3 95 37 20.9 Milford. 3218. 5 3.507656 

22 27 39. I 202 25 18.2 Milford 13016.4 4. l 14492 

208 29 37.4 28 32 26.9 Mount Carmel. 12477.4 4. 096123 

83 12 o6.7 263 07 49.2 West Rock 2 9128.8 3. 96o415 

162 35 04.6 342 33 36.4 Mount Cam1el. 10352.5 4. 015045 

291 29 56. 8 Ill 35 54- 7 Rabbit Rock 13533· 0 4. 131393 

4 32 49. 7 184 32 o8.9 Milford. 18144. 5 4.258746 

119 31 33. 6 299 28 42.8 Riggs 6893.4 3.838434 

262 48 37. 9 82 50 48.0 Hickox 2. 46o7.o 3.663419 

------~-···--
·---~----------------



 

362 UNITED STATES COAST AND GEODETIC SURVEY. 

C.,)NN:ECTICUT RIVER 'l'O HOUSATONIC RIVER-Continued. 

I Seconds in\ 
I 

Station. I.atitude. Longitude. Seconds in 
i~~tn:s. 

1 

metres. 

"·-·-·--·---o --------------~-- ·-----

0 / /I // I 
Hooper. 41 24 56.462 1741.8 73 00 03. 974 I 92.3 

Collin>. 41 26 20.283 625.8 73 00 44· 902 1042.4 

West Rock Ridge. .41 25 07. 751 239. I 72 57 18. 832 437·3 

East Rock 2. 41 19 42.429 1309.0 72 54 26.321 612. I 

1871. 

West Rock north. 41 22 58.882 18r6.5 72 57 44.840 1041. 9 

Dead tree. 41 21 13.756 424.4 72 58 30.219 702.5 

Yale College middle spire. 41 r8 30. 124 929. 3 72 55 44.456 1034.2 

New Haven, Saint Paul's Episcopal church, southwest spire. 41 18 13.743 424.0 72 55 13.855 322.2 

Southwest Ledge L. H. 41 14 04. 140 127.7 72 54 45· 082 1049.9 
1875-'82. 

Branford Reef Beacon. 41 13 r6. 783 517.8 72 48 20.682 481.9 
1881-'82. I 

I 

Poplar 2. 16 30.470 
I 

72 50 22.648 41 94o.o I 527. I 

1882. 

Quarry, New Haven County. 41 rs 26. 373 813.6 7Z 43 59.374 1382. 2 

Boulder. 41 l4 34.793 1073. 4 72 4:! 2I. 457 499.7 

Tuxis lslancl 2. 41 15 57.089 1761.2 72 36 06.351 147.8 
1882. 

Hammonasset 2. -- 41 14 55.841 1722.7 72 32 40. 588 945· 0 
1882. 

Highlands. 41 15 56. 182 1733.2 72 38 57.528 1339. r 

Murdock 2. 41 17 o6.831 
1882. 

210. 7 p. 28 21. 730 505. 7 

Duck Island 2. 41 15 ~3·912 
1882. 

737.7 72 28 33.262 774.3 

Kelsey Westbrook. 41 r6 27. 005 833. I 72 25 28.458 662.3 

Fort \Vooster 3. 41 16 55.924 
1882. 

1725.3 72 53 35.121 817.3 

Winchester Hill. 41 19 28.038 865.0 72 55 18.957 440.8 

East Rock. 41 19 37. 42 Il54-4 72 54 17.44 405.6 

Allen. 41 17 40. 30 1243. 2 72 58 23.88 555.6 



 

Azimuth. 

, 
" 88 OI 36.1 

4 03 36.0 
352 52 06.4 

31 IO 20.3 

255 53 27,6 

48 53 2J. 3 
95 26 04.9 

187 02 55.5 
322 41 4J. 6 

296 25 34·3 
219 2 9 35.4 
296 23 49.8 
239 21 02.1 

134 14 52.3 

232 5 I 29. 9 

132 36 12.9 

159 16 00. 6 

82 44 44.2 

133 23 32.1 

910057.4 

53 33 57.6 
334 34 05. 3 

56 43 11.3 
102 31 55·4 
308 18 39.5 

73 59 05.8 

36 13 50.4 

'73 49 28. 9 
65 59 31.7 

I II 32 42. 6 

34718.9 
281 56 30.5 

56 IO 32. 8 

137 53 33· 2 

81 28 12.5 

184 49 52. 2 

65 40 20.5 

I06 57 39·3 
134 08 og.o 

166 56 58.1 

104 45 26.4 

250 03 36.2 

348 50 57 
97 01 24 

281 32 39 

27 02 48 
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CONNBC'1'ICUT RIVER TO .HOUSA'1'0NIC RIVER-Continued. 

Back azimuth. To stations. Distance. Logari tlrn1s. 

-------i------

0 // 

267 56 28.7 

184 03 29.5 
172 52 27.0 
211 08 30.8 

75 56 OJ. 9 
228 51 25.6 

275 23 55.7 
7 03 35.6 

142 43 52. 8 

116 29 53.7 

39 32 56,8 
116 26 30.9 

59 24 01. 9 

314 13 34.7 

52 54 09.5 

312 34 35.2 

339 14 03.8 
262 40 26.9 

313 17 21. 9 

2']0 52 26. 8 

2J3 JI 04- 5 

154 35 25.7 
236 40 19.0 

282 27 42,6 

128 20 42.7 

253 55 og.o 
216 11 46. 4 

253 45 21.5 

245 55 12. I 

291 30 26.9 

183 47 07. 7 

102 00 39.0 

236 07 42. J 

317 49 51. I 

261 25 29.4 

4 49 59.8 
245 38 18.6 

286 55 45. 0 

314 05 26.0 

346 56 24.3 

284 43 51. 9 

'JO 04 II. 0 

168 51 25 

276 59 DI) 

IOI 35 49 

207 00 55 

Riggs 

Hickox 2. 

Hickox 2 

Peck. 

Mount Carmel 

Hickox 2. 

\Yest Rock 2 ___ _ 

Mount Carmel. 

East Rock 2 

Rabbit Rock. 

Mount Carmel 

East Rock 2. 

Rabbit Rock 

\Vest Rock 2. 

Rabbit Rock 

West Rock2. 

West Rock z 
Milford. 

West Rock 2 

Milford. 

I 
S. W. Ledge L. H., 1882 ___ _ 

Branford R. Beacon, 1881-'82. 

Branford R. Beacon, 1881-'82. 

Poplar 2. 
Falkner's Island L. H. ___ _ 

Branford R. Beacon, 1881. 

Falkner's Island L. II. 

Boulder. 

Falkner's Island L. H. 

Tuxis Island 2. 

Falkner's Island L. H. 

Hammonasset 2. 

Hammonasset 2 

N. Killingworth church. 

Hammonasset 2 

Murdock 2. 

Duck Island 2 

Murdock 2. 

West Rock 2 

East Rock 2. 

West Rock 2 

East Rock 2. 

Fort Wooster 

West Rock. 

Fort Wooster 

Milford. 

--- . I 

hletrcs. 
108oo.6 

3207.6 

5830. 5 
7432.7 

5582 .9 

5394.0 
4570.9 

1I481. 9 

7617.4 

10194.5 

II 119. 7 

6332. l 

7358.2 
3815.9 
7048.6 

4680.4 
1162r. 2 

9167.2 

17962.7 
18050.2 

7596. 5 

6615. 6 

728o.7 
9138.I 

5552. I 

8705.3 

7414.3 

9094·5 
1004+ 6 

5149.4 

5967.1 
8970.6 

7255.o 
11658. 8 

5823.0 

3186.3 
4721.6 

4215.5 

7999· 2 

5272.9 

3439.8 
1302. I 

5084.3 

4707.3 

6857.3 

8792.0 

4,033448 
3.506178 

3· 765703 
3· 87n45 
3.746860 

3.731912 
3.66ooo3 
4.06oo15 
3.881806 

4.008364 

4.046og2 

3.801548 

3.866773 

3.581595 
3. 848105 

3.670283 
4.065252 

3.962238 

4.254371 
4.256482 

3. 88o6r5 

3.820570 

3.862176 

3.960854 

3.744461 

3.939785 
3.870070 

3.958781 

4.001934 

3.71I756 
3.77576o 
3.952822 

3.860636 

4.066654 

3.765145 
3.503288 

3.674091 

3.624849 

3.903047 
3.722048 

3.536539 
3. 114651 

3.7o623 
3.68190 

3.83615 

3.944o9 



 

Z564 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER TO HOUSATONIC RIVBR-Continnecl. 

Station. Latitude. 
! SecoDllsin 
I metre,. ' 
! 

---- -------!--------

l1onll Point. 

Milford Point. 

Jeremy South. 

Jeremy North. 

Oyster River Point. 

Hillhouse. 

lknham's house chimney. 

Brewster's factory, cupola. 

Milford, old spire with gilt ball. 

North l\Iil fonl spire. 

\\' oodhridge, round spire. 

\Voodhri<lge, pointed spire. 

Charles Island poplar. 

\\'est Haven spire. 
1833. 

Fair Haven spire. 

l hmgry Hill. 

Moose Hill (New Haven County). 

Hogshead Point. 

Mulberry Point. 

Great Hummock. 

Long Hill (Middlesex County). 

l I orsepond. 

Camp's IIill. 

o I I/ 

41 12 41. 24 

41 IO 42. 67 

41 15 39· 47 

41 r6 13. 51 

41 14 02. 20 

41 16 42. 20 

41 21 17.81 

41 21 14. 63 

41 II 28. !6 

41 18 35.20 

41 18 49. 90 

41 18 22. 56 

41 16 10. 6o 

41 15 37.52 

41 15 35. 22 

41 17 26.35 

41 16 30.41 

13r6. 3 

1217. 6 

416.8 

67. 91 

1252. 8 

244.0 

1301. 8 j 

549.41 

451. 3 I 

'11 

868. 7 

545· I 

1539.4 

696.0 

327.0 

1157. 4 

1086.5 

812.9 

l 116. 7 

938.I 

o I // 

73 00 38.20 

73 05 51.92 

72 58 33· II 

72 59 48.57 

72 58 54.40 

72 54 38.72 

73 03 25. 97 

73 01 35. 36 

73.oc 46. 17 

73 03 18.96 

72 53 26.33 

72 41 33. 02 

72 44 34. 18 

72 38 15.26 

72 40 55.47 

72 30 43.34 

72 30 47.08 

72 35 20.92 

12!0.2 

77 I. I 

II29. 6 

1266.6 

823.0 

1073. 3 

I 132. 6 

441. g 

612. 5 

768.0 

795· 2 

355· 2 

1291. 4 

1009.0 

1095.4 

4B6·8 

312. I 



 

UNI'l'ED ST.A.TES COAST AND GEODETIC SURVEY. 365 

CONNECTICUT RIVER TO HOUSATONIC RIVER-Cont.inue<l. 

1---Azinrnth. 

----------,----------------------------- -------- -

I 
Back azimulh. ! To stations. Distance. Logaritl;1n~. 

i 
I 

----~--- --------------

0 I II 0 / II Metr,'s. 
148 03 44 328 OJ 19 l\lilfonl ---- ---- ---- -··-- 1642. 9 3.21562 
209 30 II 29 31 38 Jones. 62.58. 9 3. 79650 

37 IO 39 2I7 09 50 Sti-atfurd Point ____ - - -- - - - - ---- 2862.8 3.45679 
I34 08 42 314 06 31 Str:i.tfor<l Hill. 6455.4 5.80992 
89 08 IO 269 06 36 Jones. ___ ---- -- -- ~ --- ---- 3325. 7 : 3· 52188 

163 42 13 343 41 07 West Rock. 8258.3 3.91689 
71 39 26 25 I 37 52 Jurnes .... ---- ---- ---- ---- 3497.8 3.54380 

r6r 24 54 341 23 48 West Ruck, 7255.5 3.86o67 
49_24 37 229 23 15 Pond Point -- -- ---- ---- ---- 3837.9 3.58409 

73 45 08 253 43 21 Milford. 3939·9 3-59549 
26o 32 08 80 33 31 West Rock ---- ---- ---- ---- I 2969.7 3.47271 
300 19 13 120 23 20 Fort 'Vooster. I I0066. I 4.00286 

75 27 18 255 23 18 Gunn ·--- ---- - - -- ---- ---- 8727.1 3.94187 
I90 37 23 IO 38 IO West Rock. 9055.7 3.95692 
48 30 00 228 27 30 Jones ____ ---- ---- ---- --- - 7057.8 3.84867 

127 40 04 " 307 38 02 West Rock. 5402.1 3.73256 
230 00 13 50 02 47 Prindle ---- - --- ---- ---- 7090.0 3.85065 
276 23 04 96 24 30 Milford. 3057.5 3.48537 
42 43 24 222 41 IO Gunn---- ---- ---- -- -- ---- 6954.7 3.84228 
89 26 18 269 23 20 Bennet. 6294.8 3.79898 

192 06 28 12 06 50 Hickox ---- ---- ---- ---- 3616.3 3.55826 

335 55 38 I55 56 I6 Hillhouse. 3284. I 3.51641 
192 40 5I 12 41 14 Hickox ---- __ .. - ---- ---- 3724.9 3· 57111 

334 15 08 154 15 48 Hillhouse. 3220.0 3.50786 

55 II 22 235 08 53 Stratford Point---- ---- ·--- ---- 6450.4 3.80959 
I58 OI 44 337 59 54 Bennet. 10378.9 4.0I6I5 

57 28 01 237 27 06 Jones . ___ ---- ---- - --- ···-- 2286.8 3.35922 
172 13 19 ! 352 12 53 \Vest Rock. 68II. o 3.83321 

33 55 31 213 53 48 Jeremy South ---- ---- ---- --- - 6532.7 3.8I509 
51 53 07 231 49 50 Jones. 886o.5 3.94746 

238 I5 17 58 17 50 High Hill ---- ---- ---- ---- 63I7.3 3.80053 

300 09 36 120 I 5 27 I l ammonasset. I4342-3 4. 15662 

258 40 10 78 42 IO Hungry Hill ---- ---- ---- ~---
4297.8 3.63325 

330 zo 10 150 20 sz Sachem's Head. 298r. 3 3.47440 

185 22 17 5.22 39 High Hill ---- ---- -- -- ---- 8272. 0 3. 91761 
286 25 3I Io6 29 I2 Hammonasset 8127. 6 3.90996 
205 55 I2 25 57 20 High Hill ---- ---- ---- ........ 10293.2 4.01255 

276 18 05 96 23 32 Hamnionasset. I 1596. 3 4.00432 

133 48 05 3I3 43 28 High Hill ---- ---- ---- --·- - 13484.7 4.12984 

95 57 54 275 52 56 Hogshead Point. 10576.0 4.02432 

29 38 16 209 37 01 Hammonasset ---- ---- ---- ---- 5337.o 3.72730 

175 49 49 355 4-9 34 Williams. 7194.5 3.85700 

272 42 22 92 45 23 Long Hill ---- ---- ---- ---- 6379. I 3.80476 

322 54 26 142 56 12 Hammonasset. 6196. I 3.79212 

147 33 10 327 3-0 52 High Hill ---- ---- -- -- --=-- 9037.3 3.956o4 

289 10 34 109 12 53 Great Hummock. 5177.7 3.71414 



 

366 UNITED STATES COAST AND GEODETIC SURVEY. 

COI~NECTICUT RIVER TO BOUSATONIC RIVER-Continued. 

- -----~-·-----------~------------- -----
' I 

Station. Latitude. i Seconds in I Longitude. 
Seconcls in 

metres. I ----· _______ i__:ietre~ j 

_G ___ ra_v_e_s __ --------------------I -------·!-----

l\Iurclock, 

Mill Rock. 

Setauket. 

Indian Neck. 

!'!ant's Hill. 

Hemmingway. 

Hoadley's Neck. 

Tuxis Island. 

Barker. 

I>age. 

Great Rock. 

Griswold. 

Stony Creek. 

Cow Hill. 

Spink's Hill. 

Morgan's Point. 

Dnck Island. 

Bartlett. 

East Haven spire. 

Madison church spire. 
1838. 

l\fadison Congregational church spire. 
1882. 

Drago!l brick church spire. 

o / II 

I 41 17 10.50 

41 16 48.22 

41 19 36. 49 

41 15 23. 82 

41 16 39· IO 

41 18 58. 19 

41 19 22. 92 

41 20 31. 54 

41 17 30. 24 

41 16 23.30 

41 r6 37.70 

41 14 54. 10 

41 16 41. 82 

41 16 44. 8o 

41 16 47.90 

41 18 35· 18 

o I ii 

1201.7 

323.9 72 28 20.94 

I rn8. 8 

u25. 7 746.8 

734.8 72 49 19. 76 459.9 

12o6.2 72 50 29.84 

1795. I 72 52 12.37 

72 44 10.04 233.7 

72 36 08.32 193.7 

72 48 34.22 

277.2 

973.0 262. 7 

932.9 72 39 36.26 843.7 

718.8 72 45 2[. 29 495.5 

1369.6 689.9 

u63. o 72 50 58. 79 1368.3 

1008.8 72 53 39.53 920. 5 

730. 2 72 28 33.14 

1668.9 1044. 2 

1290. I 459.0 

1382.0 72 36 08.35 

1477. 6 72 36 12.79 

72 53 26.31 6uz.o 

I 
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CONNECTICUT RIVER TO HOUS.A.TONIC RIVER-Continned. 

I 
---~--· 

I 
Azimuth. I Back azimuth. To stations. Distance. Loga rilhrm . 

I I 
' ! 

0 / " I 
0 I ,, Metres. 

ro5 04 33 285 01 27 Hungry Hill ---- -- -- ---- ---- 6778.0 3· 83110 I 167 02 15 

I 
347 01 42 High Hill. 5214.8 3.71724 

55 31 49 235 28 58 Han1n1una~st!t ---- -- -- ---- ---- 7328.6 3.86502 
II6 08 o6 I 296 01 55 High Hill. I 14529. I ·4. 16224 I 
95 17 07 I 275 15 56 Fort \Yooster I 2512.8 3.40016 -- - - - ---- ---- ----

125 08 36 I 305 04 42 \Vest Rock. 10094- 6 4.004o9 
261 15 37 

I 
81 21 27 High Hill ---- ---- - --- ---- 12470.7 4.09589 

319 05 27 139 07 27 Sachem's Head. 6444. I 3.8o916 
230 17 26 i 50 20 34 Moose Ilill -- -- ---- --- - --··- 8635.6 3.93629 
250 10 26 

I 
14 16 70 Sachem's Head. 8633.0 3.93616 

248 52 37 68 56 31 Moose Hill -- -- - - .. - - -- - --- - 8869.9 3.94792 
266 26 05 86 30 41 Sachem's Head. 9771. 5 3.98996 

27 01 37 207 00 42 Fort \Vooster ---- ---- --- - ---- 4240.9 3.62746 
103 II 43 283 08 05 West Rock. 7887.7 3.89695 
ro4 03 28 283 59 17 Plant's Hill ---- -- -- -- -- ---- 9112. I 3.95962 
174 03 55 I 354 03 39 Moose Hill. 5428.8 3.73470 
97 34 og 277 32 45 Hogshead l'oint ___ ---- - - - - ---- 298o.4 3.47428 

165 50 25 345 49 23 High Hill. 8898.6 3.94932 
133 40 24 313 39 08 Plant's Hill ---- ---- ---- ---- 3720.5 3.57060 
245 48 12 65 51 32 Sachem's Head. 7741. 9 3.88885 

304 13 15 124 16 21 Sachem's He:xtl ____ ---- ---- ---- 7912.4 3.89831 
32 25 34 212 24 03 Plant's Hill. 5986.6 3.77718 
26 42 OI .206 40 26 Fort Wooster -·--- ··--- ---- ---- 7452.0 3.87227 
68 55 14 248 53 II East Rock. 4639.0 3.66642 

204 41 40 24 42 55 High Hill ··- ·~ ---- ---- --- . 6361.2 3.8o354 
296 o8 44 

I 
II6 13 18 IIammonasset. 10785.7 4.03285 

196 35 13 16 35 44 Moose Hill ---- ---- ---- ---- 3838.9 3.58421 
247 03 06 67 04 19 Sachem's Head. 2792.7 3.446o3 
328 og 20 148 IO 30 Great Hummock ___ ---- ---- ---- 4690.4 3- 67121 

2 45 55 182 45 48 Hammonasset. 5202.1 3.71618 
98 41 48 278 40 05 Fort Wooster ---- ---- ---- ---- 3681. 6 3.566o4 

266 19 16 86 19 35 Plant's Hill. 674.9 2.82927 ~ 

79 08 40 259 03 39 Milforcl ---- ---- --- ---- 10814.3 4.03400 
181 18 49 I 18 52 Fort \Vooster. 4413. I 3.64474 
81 34 44 261 32 01 Hammonasset ---- ---- --··- ---- 5820.6 3.76497 

161 38 54 341 37 II Williams. 11548.6 4.o6253 
164 26 52 344 26 22 Sachem's Heacl ____ ---- ---- ---- 3986.0 3.6oo54 
26g 42 42 89 49 20 Harnmona:sset. 14073.1 4· 14839 

128 39 44 308 36 Il West Rock -·--- ---- - - -- ---- 9615.7 3.g829S 
153 II 37 333 IO 19 En.st Rock. 6o70.3 3.78321 
70 21 18 250 19 54 Hogshead Point_ __ ---- ---- ---- 3136.6 3.49646 

163 o8 21 343 °7 19 High Hill. 7503.3 3.87525 

304 57 59 125 .00 19 Hammonasset 2 _. _ ---- - -- ---- 6028.9 3.78o24 

29 r6 42 209 14 42 Falkner's Island L. H. 8653.7 3.93720 

.247 34 22 67 35 11 Hemmingway ---- ---- ---- --·- 186o. 4 3.26961 

3 51 00 183 50 s4 Fort Wooster. 3075.4 3.48790 



 

368 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER TO HOUSATONIC RIVER-Continued. 

Station. 

Korth Guilford church spire. 

1Jranford Heef Beacon. 
1833. 

llranford church spire. 
1838. 

Clinton church spire. 
183.S. 

IIudclcnston. 

Sandfur<l. 
1839. 

Mount Ephraim. 

No Name. 

Slate Hill. 

Lebanon. 

Skagerat. 

Newton. 

r Dickerman. 

Mount Prospect. 

Prospect church spire. 

\\' allingford church spire. 

Bethany church spire. 

Cheshire church S}'ire. 

Padd.ock. 

Hammonasset l Io tel chimney. 

Kelsey Clinton. 

Clinton church spire. 
1882. 

Latitude. 

411316.73 

41 16 51. 86 

41 16 42. 68 

41 26 57.06 

41 27 47.45 

41 26 41. 35 

41 22 28.22 

41 26 26.56 

41 24 46. 21 

41 20 32.78 

41 25 51.86 

41 25 o6.94 

41 28 22. 70 

41 30 07.69 

41 27 15.75 

41 25 30.92 

41 29 52. 78 

41 16 25. 92 

41 16 17. 35 

4i 16 39. 89 

~econd; iu I 
metres_ ! 

180. 2 

1599. 8 

1316.6 

176o. 3 

235. 7 

1275.6 

870.6 

1011. 3 

1599. 9 

214. I 

700. 3 

237.2 

953·9 

799.6 

535.3 

754.0 

1230. 6 

Longitude. 

72 43 39.44 

72 31 24.50 

72 57 13.78 

72 57 30.62 

72 58 52. 19 

72 59 38.96 

73 03 08.84 

73 03 28. 56 

73 02 04.58 

72 55 42.34 

72 58 16.34 

72 58 41. 88 

72 49 08. 42 

72 59 47. 33 

72 54 r2. r8 

72 34 13.68 

72 35 IO. 39 

l Seconds in 
I metres. 

I 
916.61 

479·4 

968.7 

570. 2 I 
575.2 

319.8 

1314.4 

710. 8 

[212.9 

904·4 

205. 3 

664.0 

1o6. 4 

379.2 

195.4 

1099.0 

282.5 

241.8 

643.8 

901.6 



 

Azimuth. 

, " 
334 03 24 

IO 28 38 

107 32 29 
132 42 44 

244 03 23 
268 19 44 • 

z8 13 58 

106 43 31 
286 08 20 

335 34 21 
308 20 05 

37 07 22 

329 21 52 
101 05 09 
240 16 38 

285 01 21 

125 56 43 

203 46 22 

306 45 22 

7 41 59 
8 16 08 

89 27 54 

179 25 03 
222 31 15 

43 12 o6 

75 22 55 
192 05 17 

246 25 36 
287 44 46 

4 14 26 

37 18 52 
51 52 07 
66 34 26 

98 07 58 
19 58 38 

138 43 57 
351 43 49 

52 25·40 

322 02 35 

45 34 24 

305 46 45 
40 43 28 

74 o6 00 

222 50 54. 

324 34 57 
24 09 42 

UNITED 8TATES COAST AND GEODETIC SURVEY. 369 

CON~CTICUT RIVER TO BOUSATONIC RIVER-Continued. 

~ -------~-------

Back azimuth. 

o I I/ 

154 04 48 
190 28 02 

287 28 59 
312 39 17 

64 o6 o6 

88 23 09 
208 13 08 

286 40 55 
106 II 38 

155 35 05 
128 22 36 

217 06 35 
149 22 52 
281 03 38 
60 18 20 

105 04 03 

305 55 49 
23 47 24 

126 46 55 
187 41 36 
188 15 54 

269 24 49 

359 25 02 

42 33 24 
223 08 50 

255 19 07 
12 05 47 
66 27 07 

107 45 27 
184 14 20 

217 13 21 

231 46 05 
246 31 36 
278 02 37 

199 58 27 
318 43 19 
171 44 20 

232 23 40 

142 03 36 
225 31 o6 

• 125 48 24 
220 40 47 

254 04 32 
42 52 17 

144 35 44 
204 09 01 

. Hungry IIill 

Moose Hill. 

To stations. 

1\1org:1n's roint_ -- -

Fort \V ooster. 

Moose Hill 

.Sachem's Head. 

Hammonasset ___ _ 

Hor>epond. 

Mount Carmel ___ _ 

West Rock Ridge. 
Mount Carmel ___ _ 

Huddenslon. 

Mount Carmel ---

Sandford. 

1\fount Ephraim 

Mount Carmel. 

Hickox 2 

'Vest Rock Ridge. 

West Rock Ridge 

Hickox 2. 

Peck ___ _ 

Riggs. 
Peck ___ _ 

Hickox 2. 

Great Hill East 

Riggs. 

Mount Ephraim 

Mount Carmel. 

Sandford 

Huddenston. 

Great Hill East 

Riggs. 
Mount Carmel ___ _ 

Sandford. 

Hooper 

Collins. 

Mount Carmel 

Sandford. 

Hammonasset 2 

Falkner's Island L. H. 

Hammonasset 2 

Falkner's Island L. H. 

Hammonasset 2 

Murdock 2. 

Kelsey Clinton ---

Hammonasset 2. 

----1 

Distance. 

11-fetres. 
6721.4 

7004. 5 
7790. 2 

9963.5 
6401. 2 

7237.2 
3736.8 

5743.9 
7230.7 

3703. I 

6753.4 
2730. 7 
4146, 2 

3243.2 

4Il4. 5 
5889. 2 
2 304.7 
5378.2 
4061.6 

6o33.4 
3494.6 
6501. 3 

4359. 8· 

6697.5 
HX>76. J 
826o.6 

5064.3 
3462.8 
1524. I 

2649.5 

l915J. 4 

16146.9 

• 6508. 5 

II377· 3 
u30. 8 

2026.3 

7512. 2 

5317.2 
3524.0 
9811. 6 

4299.2 
8715. I 

3218. I 

43o8. 6 
2855.7 
3518.2 

Logarithms. 

3.82746 

3.84538 
3.89155 
3.99841 
3.8o626 

3· 85~57 
3.57250 
3.75921 
3.85918 
3· 56856 
3.82952 

3.43627 
3· 61765 

• 3. 51097 
3.61432 
3.77006 

3.36935 
3.73o64 
3.6o870 
3.78056 

3.54340 
3.81300 

3.63947 
3.82591 
4.00330 
3.91701 

3.70452 

3.53943 
3. 18300 
3.42316 
4,28220 

4.20809 
3.81348 
4.056o4 

3.05340 
3.30670 

3.87577 
3.72568 

3.54704 
3.99173 
3.63339 
3.94027 

3.5076o 
3.63436 
3.45571 
3.54632 

H.Ex.22-24 



 

370 UNITED STATES COAST AND GEODETIC SUI~VEY. 

CONNECTICUT RIVER TO BOUSATONIC RIVER-Continued. 

Station. Latitmle. I Seconds in / Longitude. 
1 s~,,d·'·I metres. I metres. I 

I ·-----
,, 

I 
tr 

\Vest Rock. 41 15 12. 75 393.4 72 32 or. 71 39.8 
1882. I 

I 
Horse, cupola of house. 41 14 39.86 1229.6 I 72 45 3I. 03 722.6 

I 
I 

Lewis' Grove. 41 16 r6.03 494· 5 / 72 29 08.62 200.6 

I 
Menunketesuck. 41 15 42.73 1318. 2 72 27 48.99 1140. 4 

Fish-house. 41 15 49.62 15.10. 7 

i 
72 27 53.71 1250.3 

Hen and Chickens Beacon. 41 15 12. 16 375. 2 i 72 24 18.33 426. 7 I 

1882. I 

North Sheffield College, south chimney, lightning rod. 41 18 45.96 1417. 8 / 72 55 31. 67 736.7 

Yale observatory center peg. 41 19 28.48 
I 

878. 6 i 72 55 19. 16 445.6 
I 
I 

Yale observatory, east dome, apex. 41 19 28.48 878. 6 I 72 55 18.06 420.0 

" North Sheffield College, plumb line over smaller observatory in 41 18 46.29 
college grounds. 

1428.0 72 55 30.89 718.5 

North Sheffield College, larger observatory in college grounds. 41 18 47.00 1449.9 72 55 30. 89 718.5 

St. Francis' Orphan Asylum cupola. 41 19 43.78 1350.6 72 55 07.62 rn. 2 

W esthrook chureh spire. 
1836. 

41 17 IO. 65 328.6 72 27 00.72 r6. 'l 

Walnut, flag in tree. 41 II 28.40 876. I 73 03 18.94 441. 5 

Bums' Point. 41 12 37.34 rr5r. 9 73 03 OI. 45 -J3.8 

Miles' Fish Works, chimney. 41 12 07. 6o 234·5 73 02 18.20 424.o 

Milford, Episcopal church spire. 41 13 27. 23 840.0 73 03 27.73 645. 9, 

Thompson's house, south chimney. 41 n 39· 32 1213.0 73 00 37. 73 879.0 
r88r-'84. 

Post. 41 13 22.33 688.9 72 59 40.6o 945.7 

Clark's Point. .p 14 00.32 9.9 72 58 43. 15 1005.0 

Pritchard's house flag-staff. 41 II zS.30 873. I 73 03 19.65 457.9 

('lam Island, white house, chimney near south gable. 41 14 49·33 1521.8 72 48 58.44 1300.8 

Town Post. 41 15 27.6o 851.4 72 43 54.11 u59.7 

----------



 

UNITED STATES COAST AND GEODETIC SURVEY. 371 

CONNECTICUT RIVER TO HOUSATONIC RIVER-Continued. 

-

I 

--- ----·---~-------

i 
Azimuth. Back azimuth. To stations. Distance. Logarithms. ! 

- -
0 I " ! 

0 I II Metres. I 
191 14 44 II 14 59 Clinton church spire, 1882 2740. 9 1 

3.43789 -.--- ---· 
i 26o 38 02 So 39 04 Kelsey Clinton. 2219,3 3.34622 

57 02 41 237 ()() 49 Branford R. Beacon, 11)81 ---- ---- 4709.3 
' 

3.67296 

u6 42 44 296 39 32 Poplar 2. 7597.7 ! 3.88o68 

332 53 31 152 53 54 Duck Island 2 ---- 18o6.3 ' 3.25680 ---- ---- ---- ! 
49 08 47 229 07 55 Kelsey Clinton. 2432.2 ' 3· 386oo 

6o 36 33 240 36 04 Duck Island 2 ---- ---- ---- - - -- I 182. 8 
! 

3.07291 

119 ()() 31 298 59 39 Lewis' Grove. 2119. I 3.32615 

332 38 30 152 38 33 Menunketesuck ---- ---- ---- 239. 3 2.37888 

49 15_31 229 15 05 Duck Island 2. 1215. I 3.0846o 

144 44 41 324 43 55 Kelsey Westbrook --- - ----- -- -- 2827.6 3.45142 

237 42 36 57 43 18 Cornfield Point 2. 1751.4 3.24338 

125 39 21 305 37 55 \Vest Rock 2 ---- --- - ---- ---- 3729.8 I 3.57169 

221 05 54 41 06 37 East Rock 2. 2312.0 I 3.36398 I 

250 41 45 70 42 20 East Rock2 1301. 8 i 3. 11454 ---- ---- ---- ----
341 3_8 41 161 38 41 Winchester Hill. 14.5 I. 15994 

56 33 54 236 33 53 Winchester Hill ---- ---- ---- 25.0 l I. 39721 

89 55 20 269 55 19 Yale observatory, center peg. 25.4 I. 40447 

6o 50 16 240 50 15 N. Sheffield College, s. c. 1. r. ---- ---- 20.8 I. 31758 

220 55 24 40 56 07 East Rock 2. 2292. 4 ' 3.36o29 

0 18o Plumb line over smaller obs'y. ---- ---- 22.0 I. 34310 

272 28 54 9z z9 21 I East Rock 2 ··---
___ ... ---- , --- 961. 3 2.98288 

• 28 29 36 i 208 29 29 Winchester Hill. 552.6 2. 74242 

218 19 01 138 25 13 Brown's Hill ---- ---- ---- ---- 19784. 7 4. 29633 

62 18 41 242 14 57 Hammonasset. 8932. 6 3.95098 

IIS 15 15 295 07 32 Tashua ---- ---- ---- ---- 18o79. 2 4.25718 

218 17 29 38 rS 50 Milford. 4639.9 3.66651 

238 27 2Z 58 28 32 Milford ---- ---- -·--- ---- 2895.3 ' 
i 3.46170 

IO 50 54 190 50 42 \Valnut. 2165. 4 3·33553 
IIO 07 08 289 58 44 Tashua ---· ---- ---- ---- 18919.5 4.27691 

2IO 58 54 30 59 35 Milford. 2836.8 3.45283 

270 26 45 go 28 12 Milford -- -- ---- ---- -- -- 3079.6 3.48850 

3,S 18 23 158 18 40 Burns' Point. 1656. 2 3· 21910 

1413 48 2Z 328 47 57 Milford ---- ---- ---- -- -- 16g8.8 3.23014 

244 34 43 64 38 55 New Haven L. H. 9863.2 3.99402 

45 05 40 225 05 02 Thompson's house chimney ----. ---- 1879.4 3.27401 

93 16 •P 273 15 38 Milford. 2214. 3 3.34524 

46 53 55 226 52 40 Thompson's house chimney ---- - - -- 3655.9 3.56299 

73 35 54 253 34 14 Milford. 3699.3 3,56812 

175 Z9 56 355 29 47 Milford, Congregational church spire ---- 3971. I I 3.59891 

218 25 34 38 26 56 Milford. 4652. 5 3· 6676<; 

342 52 40- 162 53 05 Bra.nfordR. Beacon, 1881 ____ -__ ,... ___ .. 2<)87.3 3.47528 

So 14 03 -z6o 10 14 S. W. Ledge L. IL 8191.6 3.91337 

YJ7 03 IO 127 Q4. II Bould~r ---- ___ ... ___ ..., ---- 2703.4 3· 43191 

72 4J %0 252 43 17 I Quarry. 128.2 2.10790 



 

872 UNITED STATES UOAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER TO HOUSATONIC RIVER-Continued. 

Hamden Methodist church. 

c. 

New Haven South church. 

.Forbes. 

Fort Wooster 2. 

1875. 

Oyster Point. 

Baldwin's cupola. 

Fresenius' brewery, cupola. 

Station. 

Long Hill (New Haven County). 

Rogers, Smith & Co.'s cupola (on site of old "Brewster's fac
tory cupola"). 

New Haven, St. Patnck's church. 

New Haven, Grace church. 

I New Haven, First Congregational church. 

I 
New Haven, Baptist church. 

New Haven, school-house cupola. 

' 

[ Lancraft's cupola. 

I 
i Bigelow's house, chimney. 

I Car-shop chimney. 

I 
I New Haven Long Wharf L. H. 
I 1sn 
I Sargent's cupola. 

I 
1 

\Vater. 

! Bridge. 
I 

i I Telegraph. 

-L 

Latitu"de. 

0 ,, 

41 21 l 1. 38 

41 16 14. 33 

41 17 47.40 

41 16 55.68 

41 16 58. 47 

41 17 42.64 

41 17 56.34 

41 24 08.31 

41 18 09. 46 

41 18 30. 72 

41 18 25. 50 

41 18 34- 78 

41 18 33· 50 

41 18 35. 19 

4r 18 05. 15 

41 17 41. 53 

41 17 33· 82 

41 18 03.73 

41 17 20. 00 

41 17 33.28 

41 17 09. 92 

i Seconds in I 
I metres. , , ____ J 

351. l 

442. I 

1315,4 

1738.0 

256.4 

291. 8 

947.7 

786.6 

1072.9 

ro33.4 

1085.6 

1281. I 

1043.3 

II5. I 

ro26.f:t 

3o6.o 

Longitude. i Seconds in I 
I mdres. I ____ , I 

o ' ' ' I 

72 55 53. 14 1235. 3 l 
72 54 21. 20 493.41 

72 55 52.88 1230.3 

12 53 35. 4_2 

72 55 48. 98 1139· 8 I 

72 53 42.07 

84r. 3 

72 53 09.57 222.3 

72 54 38.76 9ox. 8 

72 54 42.41 986.6 

1327.9 

72 53 38. 15 887.6 

'J2 53 23. 82 554· t 

72 53 26. 32 612. 3 

72 53 17. 68 

72 54 04.21 97.9 

72 55 37. 48 872. l 

72 54 56. 49 1314.5 

109+ 4 

72 55 40.34 938.6 

72 55 59· 19 1377.3 

72 55 52.59 



 

l Azimuth. 

o I I/ 

47 35 47 
323 39 01 
356 38 10 
161 36 27 

210 54 59 
146 13 12 

172 55 55 
94 21 37 

119 09 23 

167 02 37 
176 56 18 

237 25 27 
96 16 45 

164 26 26 

222 41 19 

157 32 45 
337 47 20 

71 30 34 
127 45 48 
185 45 28 

328 37 53 

54 59 15 
69 52 32 

164 00 52 
67 53 27 

151 46 34 

70 24 49 
113 05 47 
69 20 19 

112 52 28 

84 19 03 
151 59 40 
78 51 48 

169 49 17 
203 55 23 
265 03 09 
190 01 40 

138 49 30 
188 59 "20. 

130 31 13 
248 38 o6 

16 SI 17 

ISi J4 .IO 

2o8 27 31 

153 39 11 

203 oS JI> 

UNITED STATES COAST AND GEODETIO SURVEY. 373 

CONNECTICUT RIVER TO HOUSATONIC RIVER-Continued. 

nack azimuth. To stations. 

-- ---·- -- ------------
I II 

227 34 35 
143 39 58 
176 38 14 

341 35 52 

30 55 56 
326 12 ()() 

352 55 43 
274 21 27 

299 07 52 
347 02 03 
356 56 15 

57 26 34 
276 15 19 

344 25 57 
42 42 45 

337 32 02 
157 48 38 
251 27 32 

307 43 47 
5 45 36 

148 38 16 

234 58 29 
249 51 16 

344 00 33 
247 51 58 
331 46 02 
250 23 II 

293 02 57 
249 18 42 

292 49 39 
264 17 21 

331 58 55 
258 50 36 

349 49 02 
23 56 IO 

85 04 08 
IO 02 00 

318 47 41 

8 59 34 
310 29 18 

68 39 07 
I~ 51 II 

33133 02 

28 2°8 32 

333 37 59 
23 o6 33 

V>est Rock 2 

East Rock 2. 

New Haven L. II. 

Ne1v Haven St. Paul's Epis. church. 

East Rock 2 

\\Test Rock 2. 

East Rock 2 

New Haven South church. 

New Haven South church 

East Rock 2. 

New Haven South church 

Forbes. 

New Haven South church 

East Rock 2. 
East Rock 2 

West Rock 2. 

Rabbit Rock 

\Vest Rock Nort11. 

\Vest Rock 2 

East Rock 2. 

Forbes 

New Haven South church. 

New Haven South church 

East Rock 2. 

New Haven South church 

East Rock 2. 

New Haven South church 

West Rock 2. 

New Haven South church 

West Rock 2. 

, New Haven South church 

Ea.st Rock 2. 

New Haven South church 

East Rock 2. 

East Rock 2 

Forbes. 

East Rock 2 

West Rock 2. 

East Rock 2 

West Rock 2. 

Forbes 

Oyster Point. 

West Rock 2 

East Rock 2. 

West Rock2 

East Rock 2. 

Distance. ! Logarithms. 
I 

I 
-----1-------:~-------~ 

- ·-· 1 

Metns. 
3428.3 
34o6.4 
2408.4 
38b2 
3918. I 

4563.4 
3575. 9 
2461. 4 
3662.3 
5279.1 
1699.6 
2804.7 
3o61. 8 

3836.0 

4453· 5 
4oo8.5 
7219.7 
6744.2 
5390. I 

2882.7 

1564.9 
2001. 9 

2869.5 
2468.9 
,3383. 5 
2368.8 
3681. 0 

6526.6 

3644.3 
6452.8 
3628.7 

3399· I 

2576.8 
2908.8 
4o8o.6 
2103.5 
4029.4 
5846.0 
3082.8 

5352.3 
2321. 9 

694.0 
5021. 7 

4532.2 

5732.4 
5115.2 

3.53508 
3.53229 
3.38173 
3. 58908 
3.59308 
3.65929 
3.55338 
3.39118 

J.56375 
3· 72256 
3.23034 
3.44789 
3.48598 
3.58388 
3.64870 
3.6o298 
3.85852 
3.82893 
3.7316o 
3.4598o 
3.19449 

3· 30145 
3.4578o 
3.39251 
3.52937 
3.37452 
3.56596 
3.81469 
3.56162 

3-&>975 
3.55975 
3.53137 
3· 41108 
3.46371 
3. 61072 
3.32295 

3.6o524 
3· 76686 

3.48894 
3.72854 
3.36584 
2.84134 

3.7oo85 
3.65631 

3.75834 
3.7o886 



 

374 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER 'l'O HOUSA'l'ONIC RIVER-Continued. 

Stations. Latitude. Seconds in I 
metres. 

Longitude. 
Seconds in 

metres. 

i 

" / u 

II8r. 51 
0 / ,, ' 

Canal Dock. 41 17 38.30 ?2 54 52.73 1226.9 

New Haven Custom House Square, flag-staff. 41 18 02.82 87. o I 72 55 26.63 619.5 

Dike. 41 17 OI. 99 61. 4 72 56 16.54 384.9 

North Watch House. 41 16 44.40 1369.7 ?2 55 09.49 220.S 

Sandy Point. 41 r6 04. 16 128.3 72 55 35· IO 817.0 

:'forth. 41 17 35.88 11o6. 8 72 54 15.85 368.8 

Crane's Bar. 41 17 06. 14 189.4 72 54 13. 95 324.6 

East. 4r r6 58.77 1813.0 72 53 58.50 1361. 4 

Fort Hale z. 41 16 14. 79 456.3 72 54 18. 57 432. 3 
187+ 

I ves's cupola. 41 18 31.69 977.6 72 52 52.00 1209. 7 . 
Grove. 41 19 02.97 91.6 72 52 57.23 1331.2 

Pine street. 41 18 47.78 1474.0 72 53 16.56 385. 2 

Shell II eap. 41 18 43.58 1344.5 72 52 58. 94 1371. 0 

Peck street. 41 19 02.44 75.3 72 53 19.01 ~ 442.2 

North Quinnipiac. 41 19 28.71 885.7 72 53 20. 77 483. I 

Telegraph rod. 41 18 56.81 1752.6 7~53 14. 72 342.4 

Slaughter-house, east cupola. 41 19 17.26 532.5 72 53 33.27 773.8 

Fair Haven, Second Congregational church. 41 18 27.go 86o.7 72 53 o8.8I 205.0 

Wire Works. 41 17 56.08 1730. I 72 53 43· 65 1015.5 

Townsend's cupola. 41 16 34.20 ro55. I 72 53 45. 27 1053.6 

Peak on house near wharf. 41 16 35.91 1107. 8 72 54 14.09 327-.9 

Red and white. 41 17 07. 05 217.5 72 53 49.07 1141.8 

White house, cupola. 41 17 24-46 154-6 72 54 ro.o8 234-5 



 

UNITED STATES COAS'f AND GEODETIU SUHVEY. 375 

CONNECTICUT RIVER TO HOUSATONIC RIVER-Continued. 

Azimuth. Back azimuth. To stations. Distance. Logarithms. 

1--------1--------1--------------------------- ----·--·-
o I II 

189 o6 37 
137 16 27 

204 31 48 

138 04 27 

199 06 40 

279 35 39 

154 39 01 

216 37 IO 

173 00 26 

212 38 35 

33 o6 08 

103 31 51 
122 24· 10 

44 39 20 

122 23 55 
53 IO 00 

144 13 41 

79 34 28 

37 35 54 

95 05 19 

352 49 03 

47 35 01 

310 59 43 

223 48 II 
183 47 32 

107 3r 48 
268 08 20 

321 14 38 

325 24 39 

357 06 OJ 
244 58 o8 
318 01 51 

219 27 II 

297 44 28 

167 26 36 

205 22 38 

163 IO 18 

88 29 02 

70 05 03 

129 29 18 

62 33 13 

136 09 37 

40 40 46 

87 14 II 

38 37 23 
110 31 42 

O I II 

9 06 54 
317 14 35 

24 32 28 

318 02 58 
1 9 o6 55 
99 35 57 

334 38 32 

36 37 51 

353 00 14 

32 39 33 
213 05 16 

283 30 47 

302 23 05 

224 38 27 

302 22 40 

233 08 56 

324 12 39 

259 33 38 

217 35 21 

275 04 48 
172 49 07 

227 34 34 

130 59 59 
43 48 24 

3 47 33 

287 31 36 
88 _o8 34 

141 14 51 

145 24 54 

177 o6 04 
64 58 19 

r38 02 01 

39 27 19 

117 44 52 
347 26 29 

25 22 44 

343 09 50 
268 27 37 

250 03 50 
309 27 54 
242 32 19 

316 08 32 

220 40 40 

267 13 55 

218 36 27 
290 JO 40 

East Rock 2 

West Rock 2. 

East Rock 2 

\\"est Rock 2. 

New Haven, South church 

I Oyster Point. 

I New Haven South, church 

I Forbes. 

j New Haven, South church 

I Forbes_ 

I 
Sandy Point ---- ----
New Haven, South church. 

New Haven, South church 

j Sandy Point. 

I 
New Haven, South church 

, Sandy Point. 

New Haven, South church 

Sandy Point. 

Baldwin's cupola 

New Haven, First Congregational church. 
Ives's cupola ___ _ 

New Haven, First Congregational church. 

Ives's cupola 

Grove. 

Grov«:----
Pine street. 
Grove ___ _ 

Shell Heap. 
Grove ___ _ 

Peck street. 
Grove ___ _ 

Shell Heap. 

North Quinnipiac 

Grove. 

Peck street 

Shell Heap. 

East Rock .J. 

New Haven, South church. 

Sandy Point 

New Haven, South church. 

Samly Point 

New Haven, South church. 

East ----
Crane's Bar. 

Sandy Point 

New Haven, South church. ----1 

ll1etre.r. 
3878.3 

5801. 5 
3378. 2 

47 I I. 3 
1681. 4 

650.5 
2358.2 

2421. 8 

3397.9 

3783.0 

3377- 6 

232i. 9 

2726.3 

2687. 6 

315 I. 7 
28o<).2 

3753.0 

1810. 9 

1909.3 

1077.6 
972.8 

1289. 2 
756.8 

649.4 
599.4 

429.9 

5o6.8 

745·9 
964.6 
811. 6 

448. 9 

549.0 

457.4 
947.2 

1091. 8 

535.7 
3427.8 
3007.9 

2719.3 

3847.2 
2124.7 

3318.3 

337.1 

579.7 

3170.5 

2554. 0 

3.58864 

3.76354 
3.52868 

3.67314 

3.22567 

2.81326 

3.37258 

3.38414 

3.53121 

3.57784 

3.52862 

3.36585 

3.43557 

3.42937 

3.49854 

3.44858 

3.57438 

3.25790 

3.28o87 

3.03247 

2.988o1 

3. 11031 

2.87897 
2.81251 

2.77775 
2.63332 
2. 70485 
2.87269 

2.98435 

2.90934 

2. 65217 

2.73958 

2.66o32 

2. 97643 

3.03814 

2.72889 

3. 53502 
3.47827 

3.43445 

3.58514 
3.32730 

3.52091 

2.52772 

2.76321 

3· 50113 

3.40722 



 

376 UNITED STA.TES COAST A.ND GEODETIC SURVEY. 

CONNECTICUT RIVER TO BOUSA'l'O:NIC RIVER-Continued. 

Station. Latitude. \ Seconds in i Longitude. 
Seconds in I 

metres. \ metres. 
I -- ---1 --- ------------ !-~------1 -·-~---··--- -

I 0 I II 
I 

II I 
Mitchell's cupola, s. w. comer. I 41 16 26.27 810.41 72 53 47.21 1098. 8 

Chemical \Vorks, ventilator. 41 16 07.90 243. 7 ! 72 54 07.34 170. 8 
I 

I 
24.41j 569. I Pond Rock. 41 17 40. 04 1235.2 72 51 

South Pond Rock. 41 17 05.89 181. 7 72 51 49.89 IIOO. 9 

North I'ond Rock. 41 19 00.52 16. 0 72 50 17. 48 406.6 

High Rock. 41 24 18.25 563.0 72 56 07.91 183. 71 . 
Tulip tree. 41 21 47.87 1476.8 72 54 oo.68 15. 8 

\Vidow Dickerman. 41 23 32.76 1010. 6 72 53 0,7. 77 18o. 5 

Centerville church. 41 23 OI. 59 49.0 72 54 JI. 50 267.2 

Chestnut I. 41 21 56.86 1754. 2 72 57 05.62 130.6 
1875. 

Case. 41 22 31.63 975.8 72 53 32.34 751. 5 

Montowese church. 41 20 55.49 1711.9 72 51 45.80 1o6+ 7 

North Hill. 41 22 3{>.82 1135. 9 72 49 18.43 428.3 

Mansfield. 41 21 52.39 1616. 3 72 50 20.97 487.4 

Pinnacle. 41 18 58. 65 18og. 3 72 51 00. 62 14.4 

. 
Thompson. 41 19 42.10 12g8.8 72 49 58. 20 1353,5 

Chestnut 2. 41 23 12.86 396.8 72 55 28. 34 658.5 
1875. 

East Haven flag-staff. 41 16 32.08 989.61 72 52 04. 15 g6.6 
1875. 

North Haven church spire. 41 23 12. 97 400.1 72 51 42.66 991. 2 

Pine. 41 21 59. 66 1840.5 72 58 25.68 596. 8 

I West Rock North 2. 41 23 21. 94 676.9 72 57 34.93 Su. S 
! 1875. 
I I Bill Hill. 41 20 11.29 348,3 72 59 08.35 194- 2 

I Sperry. 41 21 o6.&i 211.0 72 59 l<J. 6o 339.4 

!_ _____ ~ 



 

UNITED STATES COAS'r AND GEODB'J:IC SURVEY. 377 

CONNECTICUr RIVER TO HOUSATONIC RIVER-lJontinu<'d. 

' 
Azimuth. Back azimuth. To stations. . J _ _:is:nce. 

Logarithms. 

-- ---~-----

0 , 
" I ,, 

I 
JJ.fctrcs. 

74 48 45 254 47 34 Sandy Point 2602. I 3.41533 

132 37 37 312 36 14 l'\ew Haven South church. I 3973.7 3.59919 
86 46 42 266 45 44 Samly l'oint 2046.0 3- 31091 

142 59 34 322 58 24 New Haven South church. 4079.5 3· 61061 

93 49 21 273 46 24 i New Haven South church 6259. I 3· 79651 I 

183 05 08 3 05 16 I Rabbit Rock. 5301. 0 3.72436 

104 34 40 284 32 00 I New Haven South church 5841. 6 3.76653 
I 

187 51 47 7 52 12 

I 
Rabbit Rock. 6.~07. 2 3.80667 

75 II 05 255 07 24 New Haven South church 8072.0 3.9o698 

155 38 56 335 38 20 I Rabbit Rock. 3085.4 3.48931 

315 27 50 135 31 05 I Rabbit Rock 9803. z 3.99137 I 
232 32 23 52 34 IO I Mount Carmel. 4746. 7 3.67639 

300 58 02 120 59 53 I Rabbit Rock 4568.6 3.65978 
186 10 13 6 IO 36 I Mount Carmel. 7569.2 3.87905 

334 rs 50 154 20 o6 Ral;bit Rock 6200.0 3.79239 
80 48 13 260 45 [Q "\Vest Rock North. 6521. 7 3.81436 

317 58 12 138 00 IO Rabbit Rock 6226. 6 3.79425 
191 27 43 II 28 13 ]\fount Carmel. 5358.0 3. 72')00 

318 13 14 138 14 59 East Rock 2 5560. I 3.74508 

12 49 42 192 49 18 \Vest Rock 2. 3810. 7 3.58100 

318 38 24 138 39 56 Rabbit Rock 4931.3 3.69296 
181 26 38 I 26 42 !\fount Carmel. 61n. 5 3· 79081 
313 17 18 133 17 40 Rahhit Rock 1073. 5 3.03081 

165 46 15 345 45 09 Mount Carmel. 9430.6 3.97454 

34 24 37 214 23 22 Rabbit Rock 468o.3 3.67028 
t36 21 08 316 18 25 Mount Canne1. 8315.9 3.91991 

25 32 39 205 32 05 Rabbit Rock 2761. 2 3· 44IIO 
IOI 17 17 281 12 23 \Vest Rock North. 10517. 7 4.02192 

-174 38 19 354 38 12 Rabbit Rock 288o.8 3.45956 
266 42 28 86 42 57 North Pond Rock. 1004. 9 3.00219 

47 17 II · 227 16 30 Pinnacle 1975.7 3· %9572' 

131 36 49 311 36 00 "Rahbil Rock. 2301.2 3.36195 

309 51 14 129 54 03 Rabbit Rock 7757.8 3.88974 
82 16 12 262 14 42 West Rock North. 3200. 7 3.50525 

108 55 34 288 54 34 Fort ·wooster 2 2245. 7 3.35135 
189 17 00 9 17 34 Rabbit Rock. 7488.6 3.87440 

351 54 07 171 54 27 Rabbit Rock 5027.4 3.70134 

87 04 37 267 00 37 West Rock North. 8426.6 3.92565 

307 14 29 127 17 07 East Rock 2 6992.0 3.84460 

345 02 40 165 03 09 \Vest Rock 2. 3935.2 3.59497 

327 03 47 147 os 51 East Rock 2 8o67,o 3.<)0671 

I 29 IO 181 29 05 West Rock 2. 6342.2 3.80224 

204 41 49 24 42 14 Dead tree ---- 2121. 4 3.32662 

282 51 35 J02 52 32 West Rock 2. 2059.5 3.31376 

258 I'] 59 78 18 28 Dead tree rn53. 5 3.02263 

355 09 13 • 175 09 17 I Bill Hill. 1719. 8 3.23549 



 

878 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER TO HOUSA"f'ONIC RIVER-Continued. 

I 
S•roo<l• ioi is ! . i 

Station. Latitude. Longitude. 1·ecornsm1 
metres. metres. 

!~-~--~···--·· i 
0 II I II 

Doolittle. 41 22 25. 18 776. 8 72 58 48. 29 1122, 2 

I. Bouse chimney. 41 20 49.21 1518. I 72 58 55. 3r 1285.8 

Hillside. 41 22 52. 58 1622, I 72 57 57.35 1332.6 

Pond Lily Paper Mill, chimney. 41 20 06.59 203.3 72 58 35.00 813.9 

Barn cupola, (New Haven County). 41 20 26.80 826.8 72 58 42. 77 994-4 

Bethany South. 41 23 34. 15 I053. 5 72 58 03. 90 90.6 

Pine in valley. 41 23 31. 27 964.7 72 57 51. 69 1200.9 

New England Cement \Vorks,smoke-stack. 41 22 36.18 I II 6. l 72 58 39.97 928.8 

New Haven City Hall. 41 18 26, 57 819.6 72 55 29. 87 694.9 

lloward 1. 41 24 3r. 72 978.5 72 52 rs. 81 436.9 
1876. 

Giant's Head. 41 25 35- 82 uo5. o 72 53 59.o6 1371. 4 

;\!crritt. 41 24 23.65 729.0 72 56 30.69 712.8 

(~uartz II ill. 41 22 00.41 12. 6 72 59 41. 37 961.5 

Hemlock. 41 22 27.28 8.p.6 72 59 03.64 84.6 

I lot chkiss. 41 23 43.87 1353.4 72 58 53.50 1242.9 
• 

Orange. 41 17 58.04 1790. 5 72 57 54. 16 126o. I 

Cone, (Nt!w ITaven County). 41 17 55.09 1699.5 72 50 58. 03 1350. I 

Ly<l. Hitt's II ill. 41 19 03.61 III. 4 72 49 o8. 89 206. 8 

Poplar. 41 16 30.49 940.6 72 50 22, 65 527.1 

Harrison. 41 18 00.48 14.8 72 49 45. 16 1050.7 

Bradley, (New Haven County). 41 17 f4.20 438. I 72 49 28.04 652.6 

I Applo tr~. · 41 16 33. 22 1024. 8 72 5134.66 8o6.7 

Nichols house, west chimney. 41 17 03.45 Io6.4 72 49 56.03 1303. 9 

r 
----- ---··----- --·-~---- ----------~---~-~----- ------ ~ 



 

UNITED STAT.ES COAST AND GEODETIC SURVEY. 379 

CONNECTICUT RIVER TO :S:OUSA'l'ONIC RIV:ER-Contianeu. 

-, ----·-·-"-

Azimuth. Back azimuth. To stations. Distance. Logarith1ns. 

-----~--

I ,, I " JJ-:fctrn. 
349 12 18 169 I2 30 Dead tree 2243.0 3.35082 

14 II 59 194 II 42 Sperry. 2493.0 3.39672 
217 35 47 37 36 04 Dead tree 956.0 2.98044 

140 29 45 320 29 32 Sperry. 704. 7 2.848o2 
28 50 04 208 49 13 Sperry 3723.3 3. 57093 
54 28 49 234 28 15 Doolittle. 1454. 4 3. 16269 

100 35 30 28o 35 08 Bill Hill 788.8 2.89697 

153 39 17 333 38 SI Sperry. 2074. 1 3.31684 
51 II 25 231 II 08 Bill Hill 763.4 2.88275 

149 04 36 329 04 15 Sperry. 1440. I 3· 15839 
353 13 34 173 13 38 Hillside 1291. 5 J.IIIIO 

9 51 21 189 51 07 Pine. 2958.4 3.47105 
6 17 02 186 16 58 Hillside I2oo.8 3.07948 

107 23 42 287 23 34 Bethany South. 297.3 2.47323 
242 56 01 62 56 29 Hillside II 12, 2 3.04620 

29 40 44 209 40 38 Doolittle. 39L 0 2.59214 
132 03 41 312 02 14 West Rock 2 4138. 5 3.61684 
212 16 10 32 16 52 East Rock 2. 2768.0 3· 44217 
348 II 22 168 12 o6 Rabbit Rock 7566.6 3.87890 
69 18 59 249 15 23 \Vest Rock North. 8097.5 3.90835 

337 32 08 157 33 58 Rabbit Rock 10153.6 4.oo662 

47 18 25 227 15 56 West Rock North. 7137.6 3.85355 
.314 00 47 134 04 18 Rabbit Rock 10296.3 4.01268 

II 22 27 191 21 40 \Vest Ro~k 2. 8409. I 3.92475 
161 22 24 341 22 03 Hickox 2 2355.2 3.37202 
311 Ol 20 131 02 07 Dead tTee. 2192.4 3.34091 
130 44 03 310 43 17 Hickox 2 2149.8 3.33240 
341 05 34 161 05 46 Dead tree. 23q7. 7 3.37979 
62 45 48 242 44 55 Hickox 2 2097. I 3.32161 

5 41 38 185 41 31 Hemlock. 2374.~ 3.37555 
184 25 38 4 25 46 West Rock 2 3663.0 3.56384 
236 18 38 56 20 55 East Rock 2. 5809.0 3· 76410 
63 25 37 243 23 53 Fort Wooster 2 4095· 7 3.61233 

176 05 57 356 05 48 Rabbit l{ock. 4840. 5 3.68489 

50 13 51 230 12 39 Cone 3303.7 3· 51900 
133 27 IO 313 25 49 Ro.bbit Rock. 3949.2 3.59651 

99 50 37 279 48 30 Fort Wooster 2 4553· 3 3.65833 

162 29 54 342 29 31 Cone. 2736.7 3.43722 

17 27 07 197 26 42 Poplar 2910. 2 3.46393 

84 24 01 264 23 13 Cone. 1703.5 3.23134 

43 18 39 223 18 03 Poplar 1853.1 3.26791 

164 24 56 344 24 45 Harrison. 1482.3 3· 17093 

272 52 07 92 52 54 Poplar 1678.0 3.22479 

223 24 58 43 26 ID Harrison. 3706.9 3. 56901 

243 01 23 63 01 41 Bradley 731.0 2.86390 

J88 IO SJ -8 JI 00 Harrison. 1777.4 3.24978 



 

380 UNITED STATES COAST A.ND GEODETIC SURVEY. 

CONNECTICUT RIVER TO HOUSATONIC RIVER-Continne.l. 

Station. Latitude. I Seconds in 
1 

n1elres. 

-----·----- --------------- ... --------- ----1 
/{ 

I Summer house. 41 16 22.66 699.0 
! 

Burnes's pine. 41 18 32.29 I 996. I 

Branford, Congregational church. 41 16 52.22 16 IO. 9 
1876. 

New Haven, Alms House cupola. 41 18 55. 57 1714.3 

Jewett. 41 18 46.91 1447. I 

Cedar, (New Haven County). 41 17 43· 14 1330.8 

Round Hill House. 41 17 41. 00 1264.8 

"\Vestville. 41 19 35.65 1099. 8 

Westville, Methodist Episcopal church. 41 19 42.80 1320.3 

\Yest Haven, Congregational church. 41 16 17. 48 539. 2 
1876. 

\Vest Haven Key Works, chimney. 41 16 46.26 1427. I 

New Haven Scientific School, observatory tower. 41 18 42. 77 1319.4 

Howard 2. 41 24 51. 14 1577. 7 
1877. 

Brethren. 41 24 53.18 1640.6 

York Hill. 41 24 32.o6 989. I 

Road. 41 24 18. 51 571. 0 

Watch House. 41 15 14.99 462.4 

HOUSATONIC RIVER 'l'O NEW YORK STATE LmE. 

Brushy Ridge. 

Cumpo. 
1834. 

Gorham. 

Copp's Island. 
1834-'85. 

41 09 24.294 

41 06 50.041 

41 II 00. 290 

41 03 34.411 

7~9· s 

1543. 8 

8.9· 

1o6i.6 

Longitude. 

0 // 

72 50 35.43 

72 49 40.28 

72 48 40.61 

72 57 08.48 

72 58 22. 14 

72 57 44· 57 

7Z 58 23.73 

72 58 16.80 

72 57 41. 27 

72 57 01. 88 

72 56 25. 12 

72 55 32.63 

72 52 33.05 

72 55 48.69 

72 55 og.79 

72 56 40. 25 

72 40 39.13 

73 29 00.900 

73 21 oo. 521 

73 23 45.68o 

73 23 15.477 

Seconds in I 
metres. I 

I ----, 
824.6 i 

i 

937.0 i 

945.0 

197.2 

515. 0 

1037.0 

552.1 

390· 7 

959.7 

43.8 

584.6 

759.0 

767.5 

1130. 7 

227.4 

934·9 

911.0 

21.0 

12.2 

1o64. 7 

361.4 



 

UNITED STA.TES OOAST A.ND GEODETIC SURVEY. 381 

CONNECTICUT RIVER TO HOUSATONIC RIVER-Continued. 

~---------

Azimuth. Back azimuth. To stations. Distance. Logarithms. 

0 I fl 0 // llletres. 
103 41 00 283 39 Ol Fort Wooster 2 ____ 43 I 1. I 3.63459 
230 56 19 50 56 27 Poplar. 383.3 2.58355 
217 04 52 37 05 13 Lyd. Hitt's Hill ____ 1210.9 3. 08311 

6 36 25 186 36 22 Harrison. 987.8 2.99468 
74 14 47 254 13 40 Poplar 2467.7 3.39229 

121 34 25 301 33 54 Bradley. 1295. 4 3· 11249 
157 26 53 337 26 31 \'Vest Rock 2 2032.7 3. 30808 
249 00 41 69 02 28 East Rock z. 4039.0 3.6o627 
203 31 09 23 31 36 West Rock 2 2338.9 3.36902 
252 38 06 72 40 42 East Rock 2. 5745. 8 3-75935 
180 49 44 0 49 46 \Vest Rock 2 4112.1 3.614o6 

• 231 23 27 51 25 38 East Rock 2. 5899.7 3· 77083 
193 04 27 13 04 55 \Vest Rock 2 4288.4 3.63229 
235 49 36 55 5 2 13 East Rock z. 6673.0 3.82432 
231 37 22 51 37 45 West Rock 2 1032. 4 3· 01386 
350 04 37 170 04 52 Orange. 3056.9 3.48528 

177 39 49 357 39 48 West Rock 2 420. 7 2.62396 
IIJ 28 20 293 27 22 Bill Hill. 2207. 5 3.34391 
209 46 13 29 47 56 East Rock 2 7285.8 3.86245 
172 o8 10 352 07 44 'Nest Rock 2. 6818. 7 3.83370 
206 56 30 26 57 48 J<:O.st Rock 2 6o97. 3 3.78514 
163 03 o6 343 02 15 \Vest Rock 2. 6132.9 3.78766 

219 56 59 39 57 43 East Rook 2 2401. 3 3.38045 
'127 04 II .',07 02 46 \Vest Rock 2. 3770.5 3.57640 

346 47 05 166 47 58 Rabbit Rock 8223.4 3.91505 

78 31 35 258 29 13 High Rock. 5092.6 3.7o694 
321 26 36 141 29 39 Rabbit Rock 10314. 3 4.01344 
270 46 22 90 48 31 Howard 2. 4544.2 3.65746 

323 18 48 143 21 25 Rabbit Rock 9246.6 3.96598 
51 25 18 2 31 23 35 West Rock North. 46o8.3 3.66354 

234 27 00 54 :;q 06 Merritt 272.9 2.436o6 

270 36 40 9<'.> 37 OJ High Rock. 751. 0 2.87563 

I 241 44 45 61 45 52 Highlands 2684.9 3.42893 

337 09 30 157 IO 26 Falkner's Island L. H. 5o8i. 7 3· 7o6o1 I 
I 

! 

HOUSAToNIC RIVER TO BEW YORK STATE LINE . 

59 34 21. 6 
. Tashua ____ 4.356o66 239 25 o8.5 ---- ---- ---· ---- 22702.1 

69 48 20.4 249 40 49.9 Round Hill. 17028.5 4· 231177 

135 57 21.8 315 52 18.3 Bald Hill .(Fairfield County) ---- --- - 15453. I 4.189014 

Tashua. 
.. 18307.9 4· 262639 207 IO 33· 2 27 14 29.7 ... 

768o.9 3.885411 u6 08 04.5 296 04 49·S Bald Hill (Fairfield County) ---- ----
234 .SS n.5 55 00 57.0 Tashua. 14915.9 4- 173650 

156 05 15.7 336 01 41. I Bald Hill (Fairfield County) ---- ---- 18747.8 4.272951 

20'] IS 34. 2 27 20 59· 4 Tashua. 25115.3 4.399938 



 

382 UNITED ST.ATES COAST AND GEODETIC SURVEY. 

HOUSATONIC RIVER TO NEW YORK ST.ATE LINE-Continued. 

----~~----------------------------------------~ 

_s_·ta-t-io_n_. _____________ L_a_t-it_u_cle_. __ [ "_~_:~'.:.in 1 __ L_o_n_g_it_u_d_e. __ 1 _S_~-~-~~-e~_'.'_1 
Illack Rock L. H. 

1833-'85. 

Greenfield. 

l'ine Creek Point 3. 
1882. 

Cumpo 2. 
1882. 

Stratford Point L. If. 
1881-'85. 

Uridgeport Harbor L. H. 
1882. 

Penfield Reef L. H. 
1882. 

Chirnon's Island 2. 
r882. 

Kensie':-; Point. 

McDonald. 

Stratford Beacon. 
I881-'84. 

Stamford IIarhor L. H. 
1882-'85. 

, Long N eek 2. I 1882. . 

Norwalk Islands L. lL 
1882-'85. 

Li ttlc Captain's Island 2. 
I882. 

Greenwich Point 2. 
1882. 

Great Captain's Island L. H. 
1882-'85. 

Round Hill 2. 
!882. 

.Bald Hill 2. 
1882. 

Strn.tfor<l Shoal (Middle Ground} L. II., N. Y. 
1881-'85. 

East Bluff, N. Y. 

llennet. 

Stratford Hill. 

4r o8 3:: 582 I 1005. z I 

4I II J2. 2941 

41 07 07. 3681 
I 

41 06 49. 229 ! 
I 

15I8. 7 

I 
41 09 07. 220 I 222. 7 

41 09 24. 180 \ 

i 
41 01 01. s14 r 

I 
41 04 04. 776 

1025.5 

41 13 08. 444 26o. 5 

410947.114 

41 00 49.212 

41 02 IO. 410 321.2 

4I 02 55.744 

40 59 24.972 770.3 

438.0 

40 58 57. 103 

41 06 13.022 401. 7 

41 12 49.823 1537. ( 

40 56 21. 212 

41 16 40. us ! 1237. 6 
! 

41 13 oS. 365 j 258. 0 

I_ n 

73 !J 04. 093 

73 I7 18.689 

73 20 58. 107 

73 o6 13.475 

73 10 49.380 

73,13 21.008 

73 23 29.374 

73 16 22. 519 

73 06 14.890 

73 32 34.740 

73 28 41. 854 

73 25 IO. 528 

73 36 31. 098 

73 34 26. I33 

73 37 26.399 

73 40 26.230 

73 28 4r. 7u 

73 o6 06. 106 

73 28 18.017 

73 06 05.813 

73 09 10. 790 

95.4 

435· s I 

·=' 9 ! 
1355. 6 i 

Y4 'I 
IISI. 3 !\ 

49<1· I 

685. s I 
I 

525. 3 

262. l 

347· I 

Su. 8 

91'J. 7 

726.9 

610. 7 

612. I 

97r. '1 t 

421.4 

135.3 



 

UNITED STATES COAST AND GEODETIC SURVEY. 383 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Continued. 

r- --------· 

Azimuth. 

I 
Back azimuth. To stations. Distance. Logaritll111.'.). 

···------ -------- - --- ------------- ~---------

// / // ltfctres. 

57 14 44.9 237 08 03. 0 Copp's Island 16975. I 4.229813 

168 14 53· 7 348 13 36.5 Tashua. 13400.3 4. 127113 
202 53 OI. 9 22 54 32.4 Tashua 8222.8 3.915022 

98 36 48.0 278 29 18. I Bald Hill (Fairlield County). 16o92.4 4.206620 

58 09 29.8 238 04 32. 4 Copp'5 Island ---- 12437. 5 4.094734 
234 38 20. l 54 40 04.6 Black Rock L. I I. 4543-9 3. 65:'.J.26 
135 52 16.5 315 47 II. 4 Bald Hill (Fairfield County) 155w. 2 4. 190618 
210 20 46. 7 30 23 I I. I Greenfield. 10120. () 4.005207 

134 27 53·5 314 22 05.8 Tashua 17218.0 4. 235982 
220 56 38.8 40 59 55.0 Milford. 10590.8 4.024927 
274 37 27.6 94 40 29.2 Stratford Point L. H., 1881 6454.5 3.809862 
153 02 12.4 332 59 26.4 Tashua. 12935.6 4. 111787 
248 43 12.3 68 47 53· 5 Stratford Point L. 11., 1881 10698.5 4.029325 
218 46 53· 2 38 48 32. 9 Bridgeport Harbor L. H., 1882. 5644.4 3.751617 

155 49 OI. 8 335 45 36.3 Bald Hill (Fairfield County) 17760. 2 4.249448 
212 01 32. 2 32 05 36.0 Greenfield. 16289.4 4· 2II906 
78 o6 04.4 258 03 p3.2 Cumpo 2 6571. 0 3.817633 
52 38 32.9 232 34 01. 5 Copp's Island. 12131. 3 4.083908 

II9 30 51.4 299 27 oo.6 Tashua 9364.7 3- 971496 
267 05 22.2 87 JO 35· 7 Milford. 11095.6 4. 045150 
131 28 02. I 3II 22 15. 3 Tashua 16354.7 4.213644 

225 51 05. 3 45 54 22.5 Milford. 9718. 4 3.987596 
193 43 23. 2 13 45 56. 4 Bald Hill (Fairfield County) 22886.1 4. 359572 
132 18 00.4 312 12 51. 0 Round Hill. 14861.3 4. 172056 

65 18 04.9 245 15 32.0 Stamford Harbor L. II. 5989.7 3. 777407 
244 IO 09. 5 64 13 34- 7 Chimon's lsland 2. 8105.4 3.908777 

69 25 36.3 249 20 44·7 Stamford Harbor L. H. 11086. 8 4.044807 

74 II 59· 6 254 09 40.8 Long Neck 2. 5130. l 3· 710126 

156 29 55.7 336 27 21.6 Round Hill 13733. 4 4. 137779 

244 47 04. 7 64 49 39.8 Stamford Harbor L. H. 6104.6 3.785657 

142 51 15. 2 322 47 19.0 Round Hill 13898.4 4. 142966 ! 
62 32 26.2 242 31 04. 2 Little Captain's Island 2. 3291. 9 3.517451 

162 42 58.0 342 41 00.2 Round Hill 14089.3 4. 148890 

243 04 24.4 63 07 35.7 Stamford Harbor L. I-I. 7643.8 3.883308 

245 40 65 40 Round Hill l !. 3 I. 053326 

233 14 27.0 53 22 IO. 7 Bald Hill (Fairfield County). 20486.6 4. 311470 

212 46 32 46 Bald Hill (Fairfield County) I. 2 0.094139 

254 44 43· 2 74 53 44.0 Ta.shua. 19795.3 4.296561 

133 13 32.3 313 08 57.5 Black Rock L. H. 13377.9 4. 126389 

200 22 33· 2 20 25 44.4 Milford. 19440.2 4.288701 

177 02 27.6 357 02 12.0 Long Neck 10786.3 4.032874 

144 02 34'. 2 323 59 45.8 Stamford Harbor L. H. 10216.2 4.009290 

Ztµ· 36 00. I 62.41 32.2 West Rock 13179.8 4. 1199QS 

3u 26 59· 4 131 30 I0.8 Milford. 9021.5 3.955276 

tl9 29 40. 4 299 2$ 49.3 Tashua 9375.4 3· 971988 

267 64- 27. s 87 09 40. 7 Milford. llo8{.9 4.044730 



 

384 UNITED STATES COAST AND GEODETIC SURVEY. 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Continued. 

I 
-----·-------

' Lo<it,<le. I Seoood• ;. I 

'-~ 
Station. Longitude. Seconds in I 

I metres. metres. 

---0-,~-~:--1 I 0 II 

i Sherwood. 41 12 09. 0J9 I 278. 81 73 IJ 24.o66 560.7 

I 
I Pavement. 41 II 37· 344 i 1152. o I 73 17 17.348 404.3 
I 

I Palmer (Fairfield County). 41 03 40.869 126o. 7 73 34 06. 194 144.6 
I 

I Pu rt Chester, N. Y. 41 00 09. 156 282.4 73 40 22.767 532.1 

i Stratford Point. 41 09 28. 717 885.9 73 07 06. 122 142. 7 
I 

Bu.ssingl N~ Y. 41 09 36.327 1120. 6 73 40 47.576 u09. 2 

Merwin. 41 14 09.094 28o. 5 73 19 57.6o2 1341. 4 

Pine Creek Point 2. 41 07 13.96o 430.6 73 15 34· 154 796.8 
1834. 

Little Captain's Island. 40 59 24.929 769.0 73 36 31. oo6 724· 7 

High Ridge. 41 16 24. 204 746. 7 73 30 09.064 2rI. 0 

l.o:if Hill. 41 19 34.703 1070.5 73 29 55. 0641 1280.6 

' Center Redding. 19 oo. 618 41 19. I 73 22 57. 912 l 1347.0 

Wheeler. 41 15 13.485 416.0 73 19 41. 398 963.8 

Goodridge. 41 19 41. 892 1Zg2. 3 73 18 49· 191 1143.9 

Moose lli11 (Yairfield County). 41 19 u. 726 361. 7 73 12 oo. 091 r41.7 

Barn Hill. 41 20 40.418 1246.9 73 II o6. 770 157.4 

Riggs. 41 .24 44· 146 1361. 9 73 07 48. 735 1131.9 

Purdy, N. Y. 41 03 IO. 123 312.3 73 41 36.o82 842.6 

Fields West, N. Y. 4I 02 17.376 536.0 73 43 34· 482 8o5.4 

Pine Swamp Hill. 41 21 09.102 28o.8 73 16 29.2o6 678.9 

1 Great Hill East. 41 21 5.1· 662 1655 . .i; 73 07 01. 364 31.7 
I 
\ Chestnut Tree Hill. 41 26 26.530 818.5 73 05 42.479 !)86.2 

Noroton. 41 03 16. 698 515. I 73 30 53.073 1239.4 

_I ~------·--- -- -·~--~---·----> 



 

Azimuth. 

I II 

160 38 01. 2 

252 44 41. 1 

203 o6 35.4 

259 46 53.7 

117 58 09· 7 

213 53 19. 3 
179 38 25.2 

233 22 29,7 

135 50 58.8 

228 03 35.5 

250 29 43·5 
355 21 42, 8 
42 23 42.8 

78 43 28.5 
182 48 50.6 

250 37 II. 6 

J.56 29 34· I 

203 IO 56. 2 

342 53 18.0 

49 49 44.5 
289 16 43.0 

352 12 21.0 

299 22 58. J 

35 00 33· I 

70 39 01. 2 

JI9 29 38. 9 

324 49 34.6 

77 36 32. 7 

31 43 55.2 
95 42 21.3 

30 19 57. s 
8o 30 37.2 

2 84 53 43.0 
JO 52 14. I 

tg6 II 50. 8 

34-J 56 II. 9 
298 13 26.0 

311 25 40. 0 
241 12 17.2 

348 40 47.8 
84 o6 22.6 

16_8 II o6.2 

12 17 14.7 

42 52 40.9 

112·12 30.4 

41 52 o6. 3 

UNITED STA'l'ES COAST A~D GEODETIC SUH.VEY. 385 

JlOUSATONIC RIVER TO NEW YORK STATE LINE-Continued. 

I Back azimuth. 

1-

340 36 57. l 

72 47 28.0 
23 08 05.0 

79 49 27. 4 

297 5-+ 00. 2 

33 56 40.0 

359 38 23.2 
53 26 3b.9 

315 45 45-7 
48 07 26.4 

70 37 4r. 5 
175 21 57._1 
222 21 12. 5 

258 37 43· I 

2 49 12. 2 

70 42 45.S 

336 26 59.9 
23 [2 3r. 3 

162 54 rs. 6 

229 42 43.8 
109 26 32. 8 

172 13 09.4 
119 28 12. 6 
214 56 46.4 

250 33 05. I 

299 22 54.0 

144 52 05.0 

257 33 48. 5 
211 41 59. 6 

275 37 55· I 

210 17 22. 7 
26o 25 3r. 8 

104 58 43, 9 

210 47 28.4 
16 12 37,0 

162 57 00.0 

118 18 03. 9 

131 27 45.8 

61 18 01. 3 

168 41 45.8 

264 00 07.4 

348 IO 34· 9 

192 16 22.5 

222 51 17. 4 

292 o6 14. I 

ZZ'/ 48 24. 5 

Tashua 

Stratforcl llill. 

Tashua 

Sherwood. 

Round Ifill 

Brushy Ridge. 

Round Hill 

l'almer. 

Tashua 

Milford. 

To stations. 

Bald Hill (Fairfield County) 

Round llill. 

Gorham 

Hald llill (Fairfielcl County). 

Tashua 

Stratford Point. 

Round IIill 

Palmer. 

Bald Hill (Fairfield County) 

Bussing. 

Tashua 

Bald Hill (Fairfield Councy). 

Tashua 

Bald llill (Fairfield County). 

Bald Hill (Fairfield County) 

Loaf Hill. 

Tashua 

Center Redding. 

' Tashua 

Goodridge. 

Tashua 

Goodridge. 

Hickox 2 

Tashua. 

Round Hill 

Port Chemr. 

Little Cartain's Island 

Port Chester. 

Riggs 

Tashua. 

I'ine Swamp Hill 

Riggs. 

Great IIill East 

Riggs. 

Round Hill 

Little Captain's Island. 

Distance. Logarithms_ 

----------------~---

Afetrcs. 
6828.2 

6177. 9 

8o67.3 

5523.0 

3.834303 
3.790838 

3· 900727 

3. 74:!.177 
10029.2 4.cxnz66 

12766. 3 4. 1o6o64 

11229.5 4.050359 
10956. I 4. 039()58 
15882.0 4. 200906 

10979.0 4.040561 

17939.8 4. 253816 

6287.6 3.798484 
7884.0 3, 896748 

12449· I 4· 095 139 1 

15563. I 4. 192096 

12556. 5 4. 098~:70 

13rn. s 4. 137844 i 

8589. 5 3.933970 
6918.4 3.840006 

19482.2 4. 289639 

22041.4 4.343238 

126o5. 5 4. 100558 

12732. 3 4. 104907 
13959.0 4. 144855 

13339. 9 4. 125152 

16396. 2 4, 214743 

9208. I 3.964170 

5923.0 3.772543 
7756.4 3.889662 

9420.8 3.974090 
10812.3 4.033919 

10902.9 4.037542 

10938.9 4.038973 
lg626.8 4. 292850 

588o. 4 3. 769403 

5839. 3 3.766362 
11234.4 4.050551 

5975. 7 3.776387 
13793.7 4, 139682 

10421.6 4.017934 

13270. 5 4. r22887 

5373.3 ' 3.730245 
8615. I I 3· 93526o 

4309. 4 I 3· 634418 

::;;; : _)__i:~:: -
'--~-~~-~-'--------...L.-~~~~----~-~~--~--~~~-~-

H. Ex.22-25 



 

386 UNIT.MD STATES OOAST AND GEOUB'flO SURVEY. 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Continued. 

Latitude. --T~econds in I Longitude. I Seconds in : 
I metres. ! metres. 

---------------1-------1 . ______ I 

Station. 

Sandford, N. V. 

Watermelon, N. Y. 

Round Mount., N. Y. 

Bailey, N. Y. 

Haines, N. Y. 

Prospect Hill. 

Preston, N. Y. 

Ellsworth. 

Alander Mountain (Borden), Mass. 

Bell Island. 

West Marsh. 

Cockenoe's Island 2. 

1882.. 

Frost Point 2. 
1882. 

Canal. 

Horseneck, First Congregational church spire. 
1882. 

Americus, tower of club house, now called Indian Harbor hotel. 

Shippan. 

Wallack. 

Little Captain's Island 3. 
1882. 

Field Point. 

Manursing Island summer house, southern of two on north end 
of island, N. V. 

Mead. 
1882. 

Lockwood's (Oliver) house, north chimney. 

41 01 1;14641 415. 31 
41 21 53.814 

41 25 06.366 

41 18 43· 793 I 

41 54 37. 741 

41 58 45· I09 

41 42 ;16.698 

41 03 19.8o 

41 05 OJ. 40 

41 o6 55.46 

41 05 58.33 

41 02 07.19 

41 00 37.27 

41 Ol 32,23 

41 02 I I. 49 

40 59 r9.97 

41 00 o6.50 

40 58 46.95 

40 59 52. 00 

41 01 24· 68 

166o.2 

1351.0 

1391. 8 

1132.1 

239.9 

610.8 

1436.3 

43.2 

1710.8 

1799·3 

221. 8 

1149. 7 

994.2 

354.5 

616.0 

200. 5 

i448. 3 

1fio4.o 

o / II 

73 39 56.961 1330. <) 

73 43 16.367 380.4 

595· 5 

73 33 06.067 141. l 

73 34 08.072 186.0 

73 23 06.278 144. s 

73 JI 04.370 IOl. 0 

73 27 12.469 

73 30 18.725 430.4 

73 26 Ol. 76 41. I 

73 24 36.24 

73 21 21. 08 492.0 

73 18 33.78 788.1 

73 22 26. 19 611. 2 

73 37 24.64 575.6 

73 37 09. 36 218.7 

73 31 10.65 

73 30 22.So 532.6 

73 36 38.95 

73 37 37._92 886.2 

73 39 z5.oz 

73 39 03.:!6 

73 33 31.48 735.5 



 

UNIT.ED STATES OOAS'l' AND GEODE'l'lU SUHVEY. 387 

HOUSA'1'0NIC RIVER TO NEW YORK STATE LINE-Continued. 

---·--------~--

Azimuth. Back azimuth. To sl'1tions. 
1 

Distance. I Logarithms. 

I 

1 
-~~----~· 

0 I ,, I II ftfetres. 
304 48 16.4 124 50 31.5 Litllc Captain's Island 5863.0 3· 768122 

240 56 13.9 61 00 04.2 l)ahnt:r. I 9370. 2 3.971747 

274 26 04.7 94 35 18.6 \Yoostcr I 19544. 9 4. 291033 

46 08 52.2 226 03 04.9 Dickerson. i 16980.9 4.229961 

329 45 21. I 149 47 25. I \Vooster 
I 8654. 3 3.937230 

· 57 II r2.3 236 58 I 5· I Dickerson. 

I 
32594.9 4. 513149 

112 30 06.0 292 23 22.9 Watermelon 15353.6 4. 186209 

184 32 51. 3 4 33 18.0 RounJ Mount. I u839. 6 4.073339 

278 25 49· I 98 39 37.2 Ivy 
I 

28911. I I 4. 46w65 

207 49 42. 6 27 55 09. 8 Bald Peak. 24067.6 4. 381432 

311 46 39. I 131 53 05.5 Ivy 17884. 7 4.252482 

40 46 10. 8 220 36 42.7 Plymouth. 30098 3 4.478541 

8 15 04. 8 188 14 08.3 Osborne 137w.o 4. 137038 

8o 41 1 I. 4 260 34 I I. 2 Clove. 14803.9 4. 170377 

182 53 50.3 2 54 39.3 Bald l'eak 33349· 5 4.523089 

247 47 50.3 67 57 00.3 Ivy. 20537.4 4.312546 

254 51 24.0 74 54 18.0 Bald Peak 618o. 0 3.790991 

320 22 32.7 140 27.22.2 Prospect Hill. 156u. o 4· r93430 

248 40 47 68 42 27 Chimon's Island 2 3819. I 3.58196 

30I 47 42 I21 48 16 Norwalk Islands L. H., 1882. 1407. 7 3· 14851 

309 32 22 129 33 06 Chimon's Island 2 2024. 2 3.30626 

36 43 49 216 42 53 Hell Island. 3339. 3 3.52366 

59 45 41 239 44 r7 Chimon's Island 2 3466.9 3.53994 

84 16 47 264 14 39 I \\'est Marsh. 4578.4 3.66071 

249 08 51 69 IO 17 Kensie's Point ____ • 3276.5 3. 51541 

264 42 sr 84 44 43 Pine Creek Point 3. 4001. 3 3. 60220 

319 07 41 139 o8 24 Cockenoe's Island 2 2322.4 3.36593 

22 50 I9 202 49 37 C1rimon's Island 2. 38oo.6 3.57985 

309 52 12 I29 54 09 Greenwich Point 2 5435.4 3.73523 

0 24 09 18o 24 08 Great Captain's Island L. II., 1882. 5864. r 3.76820 

280 33 12 100 34 59 Greenwich Point 2 - - -- I 3880 . .j. 3· 58888 

338 08 43 158 09 o8 Little Captain's Island 2. 2402.8 3.38071 

251 I6 o6 71 17 44 Long Neck 2 3669.9 3· 56466 

337 IO IO 157 12 03 East Bluff. 104o8. 3 4.01738 

270 48 IO 90 49 16 Long Neck 2 2358. 2 3.37258 

42 42 28 222 41 57 Shippan. I648. I 3.21698 

163 24 28 343 24 o8 Americus 2488.3 3.39590 

241 40 09 6I 41 36 < ;reenwich Point 2. 3526.4 3.54734 

215 o6 29 35 o6 48 Americus. u6o. 5 3.06464 

316 09 20 136 O<) 59 Little Captain's Island3. 1989. 7 3.29878 

222 57 44 42 59 13 Americus 4651. I 3.66756 

' 263 32 37 83 33 55 Great Captain's Island L. H., 1882. 2790.6 3.44570 

242 18 24 62 19 39 Americus ~ 3005.9 3.47797 

3o6 47 03 126 48 07 Great Captain's Ii;land L. H., 1882. 2827.4 3.45139 

309 31 48 129 32 25 Stamford Harbor L. H. r719.o 3.23527 

JO 25 ,58 210 25 ri Greenwich Point 2. 2521. 6 3.40167 



 

388 UNITED STATES COAST A.ND GEODETIC SURVEY. 

HOUSATONlC RIVER TO NEW YORK STATE LINE-Continued. 

i-- ------- ---------- ---- ---- --- --- ---------------

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

---- -----

" II 

Greenfield church spire_ 41 IO 36.82 Ir35.9 73 17 34· I9 797.0 
1882. 

i.t Fairfield, Congregational church spire_ 4I 08 35.56 1097. 0 73 15 02.o6 48.0: 
1882. 

"' Fairfield, Episcopal church spire. 41 o8 32.58 1005.0 73 IS 02.89 67.4 
1882. 

v Black (or Huncher's) Rock Beacon. 4I 07 14- 36 44-3·0 73 13 03.79 88.4 
1882. 

Scott's house, southwest chimney. 41 07 31. 5° 971. 7 73 16 22.22 518.4 

Lone Chimney. 4I 09 18.30 564. 5 73 I3 05. I I I 19. I 

v Bridgeport, St- Augustine Catholic church spire. 4I IO 48. 70 1502.3 73 I I 45.00 Io48.8 
r882. 

V'" Bridgeport, First Presbyterian church spire. 41 IO 29.30 903·9 73 II 42.32 986.5 
1882. 

...... Bridgeport, First Congregational church spire. 41 10 37.6o r159.9 73 II 26.42 615.8 
r88z. 

v' Bridgeport, Second Congregational church spire. 41 IO 32.6o Ioo5. 7 73 II 24.26 565.5 
1882. 

Bridgeport, inner (N. E.) Beacon. 41 09 58.88 1816.4 73 IO 35.00 830.0' 
1833-'82. 

Bridgeport, outer (S. W.) Beacon. 41 09 47.01 r450. 2 73 IO 45.86 ro6g. r 
1833-'82. 

East Bridgeport, Catholic church spire. 41 IO 54·55 1682.8 73 IO 44.72 1042. 3 
1884. 

Seaside I'ark, Soldiers' l\Ionumcnt. 41 09 41. 58 1282. 7 73 II ll.92 277.9 

Southport, Episcopal church spire. 41 o8 00. 25 'l·'l 73 17 ~6.84 392.7 
1882. 

Southport, Congregational church spire. 41 08 o6.28 193.7 73 17 I2.90 300.8 
1882. 

Southport, outer Beacon. 41 07 18.86 581. 8 73 17 15. 72 366.7 
1882. 

Southport, inner Beacon. 41 07 33.45 1031.9 73 17 I5. 45 36o.4 
1882. 

Jennings' (Andrew) ho11se, cupola. 41 07 17.62 543- s 73 18 09.88 230.5 

Sherwood's (Arthur) house, chimney. 41 o6 47. 82 1475. I 73 19 56.75 1324-0 

Burnham's barn, cupola_ 41, o6 51.90 I6oI.o 73 21 .02. g8 6<). f> 

Cockenoe's Island house, southwesl chimney. 41 04 59· 78 1844. I 73 21 29.47 687.9 

Goose Island, westernmost of two trees. 4I 04 I.of.29 440.8 73 22 21.00 490-4 



 

UNITED STATE~ COAST AND GEOD~TIC 8lJRVF.Y. 339 

BOUSATONIC RrvER TO NEW YORK STATE LINE-Contin11ed. 

llack azimuth. I 
----- ~--~-~-------------I 

I L . t 
I ogarithm,. 

1
r 

! ' 

O I fl -~~~=~-- -1--~---1 
ro4 50 32 _ 284 43 12 Tl.ild Hill (Fairfield County) ---- ---- 16o86. 4 I: 4. 2o646 i 
191 55 22 I I 55 32 r :reenfield. I 749. o 3. 242'60 I 

I,, I 271 53 4-0 91 54 58 [Black Rock L. H. ____ ____ ____ 2752. 8 3. 43978 

~ 19 20 22 199 19 55 . Plne Creek Point 3- 2883. 2 I 3. 45988 i 
;?69 59 18 90 oo 36 

1 
Black Rock L. If. ____ ---- ---- 2770.4 3.44255. i 

Azimuth. To stations. Distance. 

o I // 

19 35 26 199 35 oo l'ine Creek l'oint 3. 2790. 2 3. 44563 

97 ro 46 277 08 35 Kensie's Point ---- ---- _ --- 4672. 4 3. 66954 

179 50 03 359 50 03 Black Rock L. H. 2412. 9 3. 38254 

70 05 51 250 04 25 Frost Point2 ____ _____ ____ ____ µ64.4 3.51381 

172 27 05 352 27 05 Kensie's Point. 54- 2 I. 7 3410 

359 02 oo 179 02 or Black Rock L. H. ---- ---- ---- 1410. 4 3. 14934 

54 52 24 234 50 14 Kensie's Point. 5630. 3 3. 75053 

333 33 36 153 34 13 Bridgeport Harbor L. H., 1882 ---- ---- 2912. 3 3.46423 

23 42 53 203 42 01 Black Rock L. II. 4586. o 3. 66143 

27 54 31 207 53 37 Black Rock L. H. ---- ---- _ --- 4074. 2 3. 61004 

154 02 56 334 oo 45 Tashua. 10587. 2 4. 02478 

30 34 16 210 33 u Black Rock L. H. ---- ---- ---- 4478. 4 3. 65112""' 

339 07 15 159 07 39 Bridgeport Harbor L. H., 1882. 2424.0 3.38453 

32 IO 06 212 09 oo Black Rock L. H. __ __ ---- ---- 4373. 5 3. 6.io83 

338 55 41 158 56 04 Bridgeport Harbor L. II., r882. 2261. 7 3. 35443 

16 42 oo 196 41 51 Ilric1geportHarbor L. H., r882 ____ ____ lII7.6 3.04827 

149 23 56 ! 329 21 01 Tashua. 1215I. 8 4. 08464 

6 38 II 186 38 09 Bridgeport Harbor L. H., 1882 ---- ____ 709. o 2. 85065 

54 32 53 234 31 22 Black Rock L. H. 3957. 3 3. 59740 

145 39 12 325 36 23 Tashua ---- ---- ··--- ---- 10587. 7 4.0248o 

250 29 26 70 35 41 Milford. 14o66. o 4. 14817 

315 36 23 [ 135 36 38 Bridgeport Harbor L. H., 1882 ____ ____ 75L 2 2. 87576 

50 52 20 230 5I o6 Black Rock L. H. 3372. 3 3. 52793 

67 01 18 246 58 52 CumPo 2 ---- ---- ---- ---- S607. 4 3. 74876 

303 19 19 123 19 SS Kensie's Point. 1s16. 5 3. 18084 

310 SS 39 130 56 tz Kensie's Point ---- ---- ---- ---- 1555. 7 3. 19193 

40 48 53 220 48 oo Frost Point 2. 2886. 6 3. 46o39 

250 19 12 70 19 47 Kensie's Point ---·- ---- ____ ___ 1317. 9 3. rr988 

279 17 46 99 18 47 Pine Creek Point 3· 2192. o 3· 34085 

270 17 20 , 90 17 .55 Kensie's Point ---- ---- ---- ---- 1234. 8 3· 09160 

50 43 44 230 41 03 Cockenoe's I.land 2. 74o6. 3 3· 8696o 

275 15 21 95 16 58 Pine Creek Point 3 ---- ---- ---- 344r. I 3· 53670 

39 12 45 219 12 29 Frost Point 2. 882. 2 2. 94555 

263 03 14 83 04 og Frost Point 2 --· _ ---· ---- ____ 1950. 1 3· 29005 

30 57 14 210 56 19 Cockenoe's Island 2. 3827. 8 3· 58295 

135 57 39 315 52 37 Bald Hill (Fairfield County) ---- ---- 15372. o 4· 18673 

211 08 17 31 IO 4S Greenfield. 10108. 3 4. 00468 

58 47 22 238 46 03 Chim-0n's Island 2 ---- ---- - ·-- 3273. 1 3· 514g6 

t43 45 Si I 323 45 20 Canal. 2239. 4 3· 35014 I 
107 30 SS 287 29 26 w;;st Marsh ---- ---- ---- ---- 3310. 5 3· 51989 I 

·~~2_2_3~5-3-48~~~.:.......~-4-3_5_4~2-7~~.l.....c_oc~k-e_n_oe_'_s_I_sla~n-d_2_. __ ·_·~~~~~~~---'~~~20~17_._1~~-,--3._3_0_4_7_2~-I 



 

390 UNITED STATES COAST AND GEODETIC SUI~VEY. 

HOUSA'l'ONIC RIVER TO NEW YORK STATE LINE-Continued. 

-----~~-- ----~~··-----

Station. 

Calf-pasture Island. dead tree. 

llett's Island house, south-chimney. 

Dorlon's IIotd cupula. 

I Ch;moo:o Toioo<l >m;w, <>imoey. 

i Norwalk River Beacon. 
' 1882. 

I 
Tavern hlancl flag-staff. 

1882. 

/ Wilson's Point, depot cupola. 

~ 
i Colyer's house cup<>la. 
I 

Van, cupola of Shippan Point House. 

Yale Lock Works. chimney lightning-roil. 

Old factory chimney. 

Stamford, Congregational ehurch spire. 
1882. 

Stamford, Baptist church spire. 
1882. 

\Vatch-house on rock, west gable. 

Collender's house cupola: 

Dye Works, southwest chimney. 

Cove Mills cupola. 

Black cupola, rod. 

mack cupola, southwest comer of railing. 

Stratford, Episcopal cht1rch spire. 
1884. 

Stratford, Congregational church spire. 
1884. 

Hospital. 

41 04 21. 72 

41 02 36. 35 

41 05 13.21 

41 04 23.70 

41 03 39.01 

41 03 12. 8o 

41 02 44. 72 

41 02 22.54 

41 03 08.94 

41 03 18.68 

41 02 29.50 

41 02 52.30 

41 02 56.62 

41 03 14.27 

41 03 14- 22 

41 rr 18. 68 

41 11 33· 20 

41 II 21. 21 

ll 2f. 3 

50.6 

731. I 

1zo3.4 

1439. o I 

394.8 

r26o. 7 

1379.5 

6g5. 3 

275.8 

576.2 

910.0 

1613.3 

440.2 

438.7 

576.3 

10242 

73 23 16.82 

73 25 22. 57 

. 
73 23 29. 28 

73 24 22. IO 

73 25 20.82 

73 25 45.73 

73 27 29.76 

73 31 IO. 84 

73 32 12.76 

73 32 38. 14 

73 32 24.22 

73 32 2r.29 

73 29 21. 98 

73 28 42. 84 

73 30 15.6o 

73 29 58.38 

73 JO 5J• 16 

73 30 53.25 

73 07 50.o6 

73 07 51. 82 

73 10 00.76 

392.7 

179. 7 

683. 7 

1067.7 

253. 3 

497.2 

513.4 

1000. 6 

1243. 6 

u66.14 

1207. 6 

17.f 



 

UNITED STATES COAST AND GEODETIC SURVEY. 391 

HOUSATON'IC RIVER TO NEW YORK STATE LINE-Continued. 

I 
' I 

Azimuth. Back azimuth. To stations. Distance. Logarithms. 
j I ---.. -- - "•· ··-1 ----~--~-~-- """ 

0 I II 
I 

0 , ,, Metres. 
204 32 17 24 32 41 Canal ____ -- -- ---- ---- ---- 2095.3 3.32125 
266 24 19 86 25 26 Cockenoe's Island 2" 2395.2 3.37934 
358 46 12 178 46 13 Copp's Island ---- . - - ---- ---- 1459.8 3· 16428 
112 27 56 292 27 04 West Marsh. 2006. l 3.30235 
145 40 12 325 39 46 Ddl Island ---- ---- ·- -- --- - 1623.0 3.21031 
238 52 45 58 54 08 Copp's Island. 3466.5 3.53989 
338 I I 36 158 12 10 Copp's Island --- - - --- ---- ---- 3282.8 3.51624 
275 20 02 95 21 52 Cockenoe's Island 2. 3go6. r 3.59174 
70 05 22 250 03 42 Bell Island -- - - ---- -- - - ---- 3787.2 3.57832 

131 33 56 311 33 12 West Marsh. 2089.2 3· 31998 
222 48 58 42 50 14 Canal---- ---- -- w- ---- ---- 398o.2 3. 59991 
49 44 09 229 43 04 Dell Island. 3049.9 3.48428 

272 45 54 92 47 16 Copp's Island ---- ---- ---- ---- 2930.2 3.466<p 
58" l I 59 238 II 32 Bell Island. 1124. 8 3. 05I08 

276 07 38 96 09 17 Copp's Island -- -- ---- ---- ---- 3527. I 3.54742 
24 15 10 204 15 00 

1 

Bell I slam l. 908.7 2.95840 
263 59 51 84 00 49 Bell Island ---- ---- ---- ---- 2066.3 3. 31520 

41 II 15 221 IO 28 I Lol}g Neck 2. 2556.8 3.40770 
255 18 46 75 20 24 Long Neck 2 ---- ---- ---- ---- 3597.7 3.556o3 
337 42 15 157 44 09 East Uluff. 10656. I 4.0276o 
282 o6 30 102 08 48 Long Neck 2 ---- --- ---- ---- 5038.6 3.70231 

8 12 05 188 II 51 , Stamford Harbor L. H. 36oo. I 3.55631 
~ 

273 51 34 93 54 og Long Neck 2 ---- ---- ---- ---- 5531.8 3.74287 I 
358 25 17 178 25 19 Stamford Harbor L. H. 288o.3 3.45943 

3 15 54 183 15 47 Stamford Harbor L. H. ··--- ---- . -··- 43r7.4 3.63522 

39 52 48 219 50 06 Little Captain's Island 2. 9000.4 3.95426 

3 54 03 183 53 54 Stamford Harbor L. II. --- - ---- - -- - 4621. 4 3.66477 

72 44 19 252 41 00 Horseneck spire, 1882. 7420. I 3.87041 

293 31 34 113 32 00 Long Neck 2 -- -- ---- ---- ---- 1022. l 3· 00951 
58 OJ 02 237 59 51 Shippan. 2993.2 3.47613 

357 46 15 177 46 16 Long Neck 2 ---- ---- ---- ---- 58g. 5 2.77044 

']6 37 31 256 36 25 Wallack. . 2400. I 3.38o23 

I 300 32 09 120 33 II Long Neck 2 ---- ---- ---- ---- 2542.6 3.40528 

7 36 II 187 36 o6 Wallack. 126g. 9 3· 10377 

3o8 33 49 128 34 39 Long Neck 2 -- -- ---- ---- ---- 2286.3 3.359i4 
22 16 36 202 16 20 Wallack. 1504. 3 3.17734 

302 42 II 122 43 37 Long Neck 2 ---- ---- - - -- ---· 3644. 9 3.56168 

27 56 48 - 207 55 41 Stamford Harbor L. H. 5o65.o 3. 7045i5 

302 39 54 122 41 20 Long Neck 2 -- --
..,. ___ 

---- ---- 3645.9 3.56181 

27 SS 53 207 54 46 Stamford Harbor L. H. 5o62.6 3.70437 

128 33 16 3o8 28 32 Tashua ___ ..., ___ ---- ---- ---- 12838. 7 4. 1o852 

246 45 26 66 49 46 Milford.~ 10001. 8 4.oooo8 

127 04 13 3o6 59 30 Tashua ___ ---· ---- ___ ... ---- 12531.4 4.og8oo 

249 14 29 6g 18 so Milford. 9871. 9 3.99440 

138 32 26 318 29 o8 Tashua ___ ., ___ 
- --- ---- ___ , 10568. 2 4.02400 

252 26 02 72 31 48 Milford. 12832.8 4.ro832 
-



 

392 UNITE!) STATES OOAST AND GEODETIC SURVEY. 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Continued. 

I S<romk i• I 
I 

Station. Latitude. Longitude. 
Seconds in J 

_ I __:1et res. , 
metres. 

~-.--

I 0 I /I 0 I II 

i Calf, south gable of Alexander Lutz's house. 40 59 27. 16 837.8 73 38 30.6o 715.3 

Mayo's (Captain) house, cupola. 41 00 45· 12 1391. 8 73 38 02. 3r 54.0 

Captain Knapp's Island, watch-house. 41 00 39.65 1223. I 73 35 58.62 1369.9 

Rock (Fairfield County). 41 00 06.57 202.7 73 37 4r. 22 963.4 I 

Great Captain's lsland tree. 40 58 55.96 1726.2 73 37 47.42 11o8. 6 I 

Shippan Point, old chimney. 41 01 28.00 863.7 73 31 12.02 280.8 

Ferris, cupola of the" Old Greemvich Point House," 41 01 04.14 127. 71 73 33 49.71 u61.5 

Spindle. 41 00 21. 54 664.5 73 36 44. 77 1046: 2 

\Veils. 41 14 18.20 56r. 4 73 07 03. 23 75.2 

Fairfield. 41 09 23.92 737.9 73 15 33.68 785.3 

Black Rock. 41 08 38.92 1200.6 73 12 57.24 r334.9 
1833. 

Black Rock 2. 41 08 35.04 108o.9 73 12 58. 13 1355·7 
1834. 

Stratford spire, cock. 41 II 19. 44 599.7 73 07 50. 17 1169. I 

1833. 

Stratford spire, hen. 41 II 32. 84 IOIJ. l 73 07 5r. 56 1201. 5 
1833. 

Stratford Point L. H. 41 09 07.24 223.4 73 06 13. 18 307.4 
1833. 

Stratford Beacon. 41 09 47. 05 r45r. 4 73 06 14. 82 345.5 
1833. 

Old Farms. 41 14 53. o6 1636.8 73 09 18. 82 438.2 

Chestnut. 41 14 13.50 416.4 73 r4 14.6r 340.3 

Stanwich. 41 o6 33.32 1027.8 73 36 51.o6 1191. 4 

Lockwood. 41 05 34.61 1007.6 73 29 04.16 97• I 

Davenport. 41 07 34.72 1071. 0 73 31 42. 7J 1)96.8 

Webb. 41 o6 55.01 1696.9 73 34 09.84 229.6 . 

Nash. 41 o6 04· 8o 148. I 73 25 •P· 6o 970. 7 

-------~-·-



 

UNITED STATES COAST AND GEODETIC SURVEY. 393 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Cont1nued. 
-------------~---- -----

Azimuth. Eack azimuth. To stations. Distance. i Logarith~1s. I 
--------1---------1·------------------•-------l------· I 

Jlf~~~~. 9 I 3. 45907 I 
0 / // 

221 16 19 

301 41 58 
281 04 33 

345 51 30 
20 59 08 

87 28 03 
218 IO 48 

314 38 IO 

185 49 33 
265 53 04 

193 52 II 

249 32 09 

213 54 08 
284 43 31 
20 29 15 

130 JO 29 
0 25 58 

54 04 02 
183 44 09 
232 09 24 
167 23 58 
212 23 38 
174 46 08 

258 33 32 
71 47 16 

128 28 50 

69 46 36 

147 55 52 
92 18 24 

134 26 52 

131 28 04 

225 50 22 

342 48 52 
48 29 17 

259 55 33 
342 56 54 
244 16 15 
324 o6 II 

63 34 IO 

l8o 36 53 
315 OI 49 
228 o8 35 

359 II o8 

81 39 54 
142 57 02 
161 26 39 

0 / ,, 

41 17 12 

121 42 40 
IOI 05 08 

165 51 54 
200 58 42 

267 27 17 
38 II 09 

134 38 5l 

5 49 39 
85 53 18 
13 52 12 

69 33 48 
33 54 20 

104 44 20 
200 28 48 

310 10 13 

180 25 56 

234 02 38 

3 44 30 
52 r3 36 

347 22 36 
32 .26 07 

354 45 51 
78 37 24 

251 42 II 

308 24 06 

249 41 32 
327 55 00 

272 12 15 
314 21 04 
311 22 17 

45 53 39 
162 50 19 
228 26 35 

79 58 48 

162 57 27 
64 21 Z4 

144 07 59 
243 30 52 

0 36 55 

135 03 33 
48 [0 21 

179 II 10 

261 35 44 
322 54 51 

341 24 .p 

Americus 

Great Captain's Island L. H., 1882. 
Americus 

Great Captain's Island L. H., 1882. 

Little Captain's Island 3---

Americus. 

Americus 

Little Captain's Island 3. 

Field Point 

Great Captain's Island L. II., 1882. 
Shippan 

Long Neck 2. 

Lockwood's house 

Stamford Harbor L. H. 

Great Captain's Island L II., 1882 ___ _ 

Americus. 

Stratford Point ___ _ 

Stratford Hill. 

Tashua 

Stratford Hill. 

Tashua 

Stratford Hill. 

Sherwood 

Stratford Point. 

Fairfield 

Tashua. 

Fairfield 
Stratford Hill. 

Fairfield. 

Tashua. 

Tashua 

Milford. 

Stratford Point ___ _ 

Sherwood. 

Old Farms 

Sherwood. 

Brushy Ridge 

Palmer. 

Palmer 
Brushy Ridge. 

Lockwood 

Brushy Ridge. 

Palmer 

Round Hill. 

Brushy Ridge 

Bald Hill (Fairfield County). 

1764. l 3. 24653 I 
126o. 8 l 3· 10064 I 

I ii 3436.2 3.53608 . 
2632. 4 I 3· 42036 I 

I ! 
165+· 6 I 3· 21870 i 
120+.9 
2045.7 
2186.9 

492.4 

134.4 
3744.0 
763.4 

1811. 2 

2780.7 
752. I 

8930.4 
3669.8 

11559.5 
II294. 6 

13242. 5 

9846. 0 

6629.2 

8373.8 
11377. I 

12821. 5 

11482.6 

3477. I 

13079.8 
r7221. 9 

16357. 6 
9718.5 

10472 .• 3 
7631.3 

6995.2 

4016.2 

12168.6 

6565.8 

7875.5 
7986. l 

5235.9 
5o66.5 

5g89.5 
8866.3 

7712.4 
13182.6 

3.08094 I 
3. 31085 
3.33982 
2. 6~)240 

2. l 2821 

3.57334 
2. 88277 

3. 25798 

3.44416 
2.87628 

3. 95087 
3. 56464 

4.o629+ 

4.05287 
4.12197 

3.99326 
3.82146 
3.92292 
4.056o3 
4. 10794 
4.o6oo.j. 

3.54122 

4. 11660 

4.236o8 

4.21372 

3.9876o 
4.02004 
3.8826o 

3.84480 
3.6o381 

4.08524 

3.81729 
3.89628 

3.85041 

3.71899 
3· 70471 

3· 77739 
3.94774 
3.88719 
4. 12000 



 

394 UNITED STA'.rES COAST AND GEODETIC SURVEY. 

HOUSATONIC RIVER 'l'O NEW YORK S'l'ATE LINE-Continued. 

- -~·- -----~---- -------- ------------ ------ -----

Sbtion. Latitude. Secon<ls in 
Longituc1c. 

1 Seconds in 
1netrcs. ruetres. 

--~------ ~------ ------
II 0 / // 

St. John. 41 06 58.31 1798.7 73 25 31.86 743.3 

Handford. 41 09 o6. 74 207.9 73 22 27.02 630. I 

Saugatuck. 41 07 28.00 863.7 73 19 23.08 538.4 

Hubbel (Uriah). 41 [O 17. 32 534.3 73 15 37.o7 864. l 

Gould. 41 IO 58. 50 1804. 6 ' 73 16 38.38 894.5 

Pine Creek Point. 41 07 06.34 195. 6 i 73 15 42.24 985.5 
1833. 

Thorp. 41 07 59· Io 1823. I 73 19 09. 00 209.9 

Mill Hill. 41 08 49.37 1523.0 7'3 16 42. 32 986.5 

Adams. 41 09 03.40 104.9 73 19 36.48 850.7 

Hubbel (Levi). 41 08 42. 10 1298.7 73 20 20.36 474.8 

1712. 71 .Frost Point. 41 06 55.52 73 18 34· 71 809.8 

Beach Point. 41 07 41. 46 1279.0 73 14 33.38 545.4 

Bradley (Fairfield County). 41 IO 53.83 166o.6 73 17 30.54 711. s 

Johnson. 41 IO 04.88 150.6 73 IO 04.o8 95· I 

Nichols. 41 08 49· IO 1514. 7 73 08 10.72 250.0 

Brown. 41 IO 01. 82 56.2 73 25 47· 64 IIIO. 6 

Cockenoe's Island. 41 05 01. 42 43.8 73 21 20.76 484. 5 

Greenfield church spire. 41 JO 37. o6 1143. 2 73 17 34.21 797.4 
1833. 

Fairfield Presbyterian church spire. 
1833. 

41 o8 35·99 IIIO. 3 73 15 or. 57 36.6 

Bridgeport north steeple. 41 
1833. 

10 37.64 U6I. I 73 rr z6.53 618.4 

Ifridgepart middle steeple. 41 
1833. 

IO 34.76 1072. 3 73 I-I 24.83 578. g 

llri,lgcport south steeple. 41 10 32. 51 1ooz.9 73 II z3.95 5;8.3 
1833. 

Southpart unfinished steeple. 41 08 07. 14 Z20.Z 73 16 54.70 1275.8 j 
1833. 

-~--- _______ _j ___ ~ _J 
-··-----·----~--- - ----·----~·-- -- ··----.-----



 

UNI'l'ED STATES COAST AND GEODETIC SURVEY. 3U5 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Continued. 

Di,tancc. , 

i 
Logarithms. 

----~Ltr~s.- --- -1------~--A,_-z-im-u-th_. __ ~-B-~-0ck_a_zi_n-1u_t_h. __ 11~------T-o-st_a_ti_on_s_. ______ _ 

o I /f / fl 

132 44 38 312 42 22 'II Brushy Ridge 
198 20 20 18 21 30 (,orham. 

152 22 16 332 21 24 Gorham 

200 27 23 20 29 01 I :Merwin. 

36 59 24 2 I 6 56 51 Copp's Island _ . __ 

127 22 43 307 16 36 Bald Hill (Fairfield County)". 

194 45 49 14 46 42 

221 57 18 41 58 46 

244 18 40 64 20 48 

311 37 32 131 38 12 

169 38 50 349 38 13 

199 01 12 19 02 43 

212 22 59 32 24 38 

288 37 52 Jo8 40 08 

181 19 20 I 19 23 

209 16 2J 29 17 06 

276 04 03 96 05 58 

342 05 27 162 05 45 

237 16 o6 57 16 35 

308 33 05 128 33 52 

157 49 12 337 48 49 
265 14 17 85 16 IO 

55 59 40 235 58 55 
156 01 17 336 00 37· 

263 14 50 83 15 24 

293 03 07 113 04 22 

56 43 15 236 41 21 

129 25 34 309 23 22 

95 58 44 275 53 53 

139 45 30 319 41 30 

237 35 32 57 36 52 
311 26 08 131 29 17 

44 56 50 224 S·S 35 
188 01 12 8 01 25 

248 15 22 68 20 54 

278 07 57 98 14 so 
152 49 58 332 48 54 
268Ii'12 88 12 34 

214 12 34 34 14 04 

289 16 37 109 19 28 

213 22 3r 33 23 59 

288 38 39 108 41 29 

212 49 16 32 50 44 

288 o6 19 108 og 09 

46 36-03 226 31 52 
98 04 01 277 56 03 

Chestnut 

Sherwood. 

Sherwood 

Hubbel (Uriah). 
Gould ___ _ 

Slierwood. 
Gould ___ _ 

l'ine Creek Point. 

Gould ___ _ 

Hubbel (Uriah). 

Mill Hill 

Thorp. 

Adams 

Thorp. 

Thorp 

l'ine Creek Point. 

l'ine Creek Point 

I 
I•'airfiehl. 
Gould ___ _ 

Hubbel (Uria!_0. 

Black Rock 

Sherwood. 

Fairfield 

Chestnut. 

Gorham 

Cum po. 

Copp's Island 

Cumpo. 

Stratford Hill 

Stratfot"d Point. 
Gould ___ _ 

Black Rock. 

Stratford Hill 

Stratford Point. 
Stratford Hill _,. __ 

Stratford Point. 
Stratford Hill ___ _ 

Stratford Point. 

Copp's Island ___ _ 

Brushy Ridge. 

-r--

6637. I I 
7865.0 

3953. 5 I 
9955. 9 ,1 

9019.7 

I~~~~: ~ II 

4635. I 

5023.8 

1911. 9 

728o.6 

9878.5 

6555. I 

5090.3 

3984. 2 

3110. 8 

4083.9 
2085. I 

1216. I 

2128.3 

2117. 9 

4037.5 

1937.5 

346o.5 
1224.6 

2874. 5 
4830.3 

6032.8 

10385. I 

13116. 6 

3366.6 

8935. r 

3791. 8 

3384. 2 

12623.2 

14794.8 

4940.6 

2900.4 

5623.7 

6432.5 

5675. I 

6366.2 

5722.2 

6324.8 

12237 · 1 

17101. 7 

3. 82198 

3.89570 

3.59698 

3.998o8 

3.95519 
4. 21420 

3.87709 
3.666o6 

3- 70103 

3.28146 

3.86217 

3.99469 
3.81658 

3.70674 

3.60034 

3.49287 

3. 61107 

3.31912 

3.08497 

3.32804 

3-3259° 
3.6o611 

3.28724 

3.53914 
3.08799 

3.45856 

3. 6,8397 

3. 78052 

4.01641 

4. 11782 

3. 52719 

3.95110 

3.57885 

3.52 946 

4· IOII7 

4. 17011 

3.69378 

3.46245 

3.75002 

3.8o8J8 

3.75397 
3.80388 

3.75756 
3. Soros 
4.o8768 

4.23304 



 

396 UNITED STATES COAST AND GEODETlC SURVEY. 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Contiuued. 

r 

-----~ -- --1 - ----~~- ·----- ~---~-----

. i . I 
Station. Latitude. /Seconds in Longitude. ~econ<- s in: 

11<dres. I 

1 

metres. I 

I ,, 0 /I 

Scofield. 41 08 20.92 645.4 73 34 52.98 1235.5 

Jackson. 41 15 06. 59 203.3 73 17 00.41 9· 5 

Goodsall. 41 15 58. 50 1804.6 73 24 55.52 1292.5 

Bridgeport lfarbor L. H. 41 09 26. 26 810. I 73 IO 48.40 1128.4 
1853. 

Greenwich Point. 41 00 09.90 305.4 73 34 17.40 4o6.6 

Long Neck. 41 02 II. IO 342.4 73 28 40.88 955.o 

Sheffiel<I Islam!. 41 02 50.20 r548.6 73 25 21. 73 507.5 

Noroton I'ojnt. 41 03 19. 32 596.0 73 26 19.40 453.0 

Fish Island. 41 02 54.35 1676.6 73 27 28.32 661. 4 

I Shipp::m Point. 41 01 12.22 377.0 73 JI 24.38 569.6 
I 

Tavern Island. 41 03 39· 14 1207.4 73 25 20.So 485. 7. 

Great Captain's Island L.H. 40 58 57. IS 1763.9 73 37 26.50 619.4 
1834. 

Calfpasture Island. 41 04 56.36 1738.6 73 23 03.57 83.3 

• 03 32.83 Ram Island. 41 1012. 7 73 24 12.52 292.3 

Chimon's Island. 41 04 03.24 99·9 73 23 29.30 684. I 
1834. 

Close. 41 04 47.84 1475.8 73 38 03.75 87.5 
~ I 

Hobby. 41 03 35.28 1088.4 73 36 59. 41 1387.3 

Norwalk Islands L. ll. 41 02 55.43 1709.9 73 25 l0.52 245.6 
1834. 

~ 

\Vest Rocks. 41 oS o6. 78 209.2 73 24 55.o6 1284. 2 

Norfield spire. 41 I 2 IO. 31 318.0 73 22 40. 51 943·9 
1834. 

New Canaan painted S\'ir.·. 41 oS 54.96 1695.4 73 29 46.02 r073. r 
183+ 

Benedict. 41 04 24·94 769.3 73 z8 23.74 554.2 

Green Farms spire. 41 08 09.62 296.8 73 19 so. 77 u84.2 
183+ 



 

Azimutli. 

I II 

329 09 36 
39 40 II 

3 29 54 
66 44 41 

42 09 51 
133 46 08 
62 23 05 

157 55 29 

142 33 14 
203 20 08 

114 28 12 

175 03 29 

75 28 56 

134 20 42 

303 41 52 

57 31 13 

244 24 48 
272 28 07 

64 35 18 

192 25 41 

189 15 08 

225 5:z 02 
118 20 08 

143 15 00 

137 24 OI 

219 I7 52 
216 21 28 

267 53 38 

213 59 58 
340 02 57 

235 59 43 
290 24 31 

182 01 55 
267 32 46 

,187 31 51 
218 51 22 

196 48 37 

293 22 23 

35 o6 58 
98 17 02 

245 15 03 

312 36 45 

223 43 24 

.2.f6 33 38 

33 32 43 
64 49 56 

UNI.TED STATES COAST AND GEODETIO SURVl<JY. 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Continurnl. 
______________ ! ___________ _ 

Back azimuth. i Tc> stations. 

o I /,' 

149 1:Z 14 

219 38 53 

i83 29 43 

246 4:z 44 
222 07 22 

313 4:z 50 
242 21 36 

337 55 06 
322 27 12 

23 23 36 

294 20 29 

355 03 14 
255 26 45 
314 18 16 

123 42 30 

237 29 40 

64 25 33 

92 29 30 

244 33 24 
12 27 15 

9 16 IO 

45 54 53 
298 18 12 

323 12 16 

317 22 23 

39 19 IJ 

36 23 34 

87 54 15 

34 01 36 
r6o 03 o6 

56 05 40 
110 27 07 

2 02 00 

87 34 40 

7 32 47 

38 54 o6 

16 49 23 

ll3 24 57 

215 o6 15 

278 13 04 

65 19 00 

132 39 26 

43 47 18 

66 38 30 

213 31 57 
244 46 05 

I Korot~n 
1 

Stanw1ch. 

Paven1ent 

Merwin. 

Bald Hill (FairJidd County) 

Loaf Hill. 

Black Rock L. H. 

Bridgeport, south steeple. 

Round Hill 

Brushy Ridge. 

Round Hill 

Lockw<>1xl. 

Long Neck 

Lock\;•ood. 

Sheffield Island 

Long Neck. 

N oroton Point ___ _ 

Sheffield Island. 

Greenwich Point 

Brushy Ridge. 

Gorham 

Cumpo. 

rort Chester 

Purdy. 

St. John 

Cum po. 

Cum po 

Copp's Island. 

Cnmpo 

Copp's Island. 

Brusby Ridge 

Palmer. 

Stanwich 

Palmer. 

Gorham 

Cum po. 

Gorham 

Cum po. 

Gorham 

Bald Hill (Fairfield County). 

Gorham 

Nash. 
~·· 

Handford 

Cu.mpo. 

Cum po 

Nash. 

Di.::;tanc-l..'. 

llietres. 
10925. 5 
4312. 5 
6467.9 

4491. 2 

7848.9 

9646.5 

3571. 5 
2205.2 

14127.7 

18629.9 

18072.6 

6301. 4 

4805.6 

7258.7 
1619. l 

3918.0 

1784. I 

2959.2 

4476.5 

15545. 0 

13788.6 

8461. 0 

4()80.4 

9740.9 

Sll I. 3 

4533.1 
7556. I 

1 332 • 7 
6207.7 

946. I 

15268.3 

5918.3 

5495.4 
4048.3 

15087.6 

9297.4 

559 1 - 8 

596r.4 
2640.2 

8502.6 

9247.8 
7750.0 

12034.8 

11271. 2 

2944.8 

9045.4 

397 

LoJ;aritlrn1s. 

4.03844 

3.63473 
3.81076 

3.65236 

3.89481 

3.98437 

3· 55285 

3-34344 
4. 15007 

4. 27021 

4.25702 

3.79944 
3.68175 
3.86086 

3.20927 

3.59306 

3· 25143 

3· 47II8 
3.65094 

4· 19159 

4- 13952 

3.92742 
3.67028 

3.9886o 

3· 7o85,) 
3.65640 

3.87830 

3· 12474 

3. 79293 
2. 9759:z 

4.18379 
3.77220 

3.74000 

3.6o727 
4. 17862 

3.96836 

3.74755 
3· 77535 
3.42165 

3.92955 
3.966o4 
3.88930 

4.o8044 
4.05197 

3.46906 

3.95643 



 

398 UNl'l'ED STA'l'ES COAS1' AND GEODrnTIC SURVEY. 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Contimred. 

---------·------------

~'"""'; '" ! Station. Latitmk. Longitude. I Seconds in 
metres. n1etres. 

---- -.---------------~----- --------I '·· ----

0 , ,, ,,,) 0 I n 

571. 41 Ilor::;ent:ck :::pirc. 41 02 06.08 73 37 24.46 
1833. 

I 
Moose l lill l~ast. 41 24 05.57 171. 8 73 06 55.36 1286.0 

Blackbum. 41 21 35.34 1090.2 73 I I 43· 14 1002.8 

Whitehill church. 41 20 oz. 80 86.4 73 08 52. 37 1217.8 
1839. 

Rockhouse Hill. 41 23 04.94 152.4 73 08 22. 13 514. 2 

South Whitehill. 41 19 12.91 398.3 73 07 56. 23 1307.9 

South Whitehill, tree. 41 19 14.36 443.0 73 07 53.38 1241. 6 

Hawley. 41 19 17. 46 538.6 73 14 55.50 1290.8 

Trumbull. 41 1:; 46.94 1448.0 73 15 44. 52 1035. 8 

Bootl1. 41 16 42.43 13o8.9 73 II 06.28 146.2 

Taslrna church. 41 17 13.31 4rn. 6 73 15 38.87 904.6 
1839. 

l\lonroc, tall spire. 41 19 58.84 1815.2 . 73 12 26. 90 625.6 
1839. 

Munroe, belfry. 41 r9 55- 38 1708.4 73 12 24·48 569.3 
1839. 

Norwalk, north spire. 41 07 14.62 451. 0 73 24 28.56 666.3 
1834. 

Norwalk, south spire. 
1834. 

41 07 07.66 236.3 73 24 30.78 718. I 

Sheflicld West. 41 02 52.01 1604.4 73 25 27. 59 644.4 

I'ect Hill. 41 40 02; 37 73· I 73 26 08.97 207.5 

Hamlin, N. \'. 41 59 ro. 51 324·3 73 32 48. 90 I 125. 5 

llrnee Mountain monument, N. Y. 42 02 39.91 1231. 4 73 29 34.88 8o2.4 

Spencer's Comer spire, N. Y. 
1863. 

41 57 45.62 1407.6 73 30 o8.69 200.f 

\Ving monument stone, N. V. 41 33 30.38 937.2 73 JI 40.71 943.4 

Warren Observatory, flag-staff. 41 43 37.45 1155. 3 73 21 13. 14 303·7 
1864. 

Cobble. 41 46 37. 15 1146. 2 73 30 04.53 104.6 

I . 



 

UNl'l'.1£D STATES OUAST AND GEODET10 SUH.VEY. 399 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Continued. 

Azimuth. Back azimuth. To stations. . l.o;,;a1nl11110. I 
-~------ -------- --·--------------- ---!l·--1 

o I /I 

256 33 30 
345 53 22 
201 15 30 

294 49 52 
223 OJ 23 
265 02 33 
46 26 12 

100 56 27 

194 13 13 
319 30 26 
56 II 14 

89 39 41 
225 54 28 
235 25 I I 

272 33 26 
I 08 53 

242 44 32 

345 49 51 
70 00 36 

223 35 20 
343 28 16 

56 48 18 

24 03 48 
83 04 51 
24 41 14 
83 31 03 
38 21 18 

71 13 02 
40 26 28 
78 36 02 

106 34 04 
166 13 30 

257 48 36 

311 54 52 
295 18 37 

12 14 04 

308 58 39 
22 56 37 

43 35 43 
125 23 32 
2 34 37 2 9 
272 40 02 

338 30 29 
82 14 45 

87 57 52 
159 16 07 

76 37 47 

165 53 57 
21 16 18 

114 52 07 

43 05 58 

85 °5 39 
226 22 09 

28o 51 25 

14 13 35 
139 31 19 
236 06 34 
269 36 56 

45 59 38 
55 30 14 
92 35 18 

181 08 49 
62 46 56 

165 50 19 
249 58 01 

43 37 25 
163 28 41 

2.)6 45 38 
20+ 02 06 

262 57 54 
204 3? 30 
263 24 04 
218 zo 30 
251 12 20 
220 25 40 

258 35 22 
286 24 14 
346 II 22 

77 55 04 
132 01 52 

ITS 31 33 

192 13 II 
129 02 59 

202 53 35 
223 33 03 
305 21 45 

54 47 37 
92 50 42 

158 34 13 
262 08 II 

z67 53 04 

339 13 24 

Noroton 

Little Cajitain's Islam!. 

Chestnut Tree Hill 

Peck. 
Riggs ___ _ 

Great Hill East. 

Tashua __ _ 

Pine Swamp Ilill. 

Riggs·-··-
Great Hill East. 

Tashua __ _ 

Moose Hill. 

Hooper __ _ 

Hickox 2. 

1\1 oose Hill 

Tashua. 

l\! oose Hill 

Taslma. 

Tashua __ _ 

South Whitehill. 

Tashua. __ 

·wheeler 

Ta,hua __ _ 

Center Redding. 

Ta,-; lnu __ _ 

I
I c_enter Redding. 

!\ash ·--- ___ _ 

1

1 St. John. 

Nash ---~
St. John. 

Rom1d Hill 

Bald Hill (Fo.irlield County). 

Mount Tom 

Good. 

Ivy 

Haines. 

Prospect Hill 

Haines. 
Haines __ _ 

Hamlin. 

Mount Tom 

Good. 

Good---· 

Presto1t. 

Plymouth 

Haines. 

Metres. 
9397.2 I 3.97300 I 
5125.3 II 3·70<J72 I 

4666.5 3.66899 

5246. l 3· 71984 
7974· I 3· 90168 
6573.7 3.81781 

11853.3 4.07384 
10816.3 4.03408 

3157.5 3.49934 
2890. 9 3. 46103 

I19ID. 8 4.07594 
5811. 5 3· 76429 

15178.9 4.18124 
12971.2 4. 11298 

39+4·0 
6776.6 
57q. 9 

4107. 3 

5822.6 
6411, I 

307 I. 8 

6747. 6 
8816.6 

14784.3 
8743.0 

14828.3 

2747.3 
1559.3 
2548.5 
1453.2 

21867.5 
18990.7 
138o3.o 
19690.5 
29616.0 
8611. I 

11508.2 
16151. 5 
8000.9 

4523.9 
25955.1 
22365.6 
21279.6 

13794·7 
IOOOI. 2 

3.59594 
3.83101 

3. 75701 
3.61356 
3.76512 

3.8o693 
3.48740 
3. 82915 

3.94530 
4.16g80 

3.94166 

4· 17109 
3.43890 
3. 19294 
3.4o628 

3· 16234 

+3398o 
4.27854 

4. 13997 
4.29426 

4.47153 
3.935o6 
4.o6101 
4.20821 

3.90314 
3.65551 
4.41422 

4.34958 
4.32796 
4.13971 
4.00005 
4.20021 



 

400 UN1Tl£D S'I'AT.l!JS OOAST AND GEODETlU SURVEY. 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Continued. 

----~-~---

Station. Latitude. I Seconds in . 
1netres. 

--------1 Se:um~: in I 
Longitude. I metres. 1 

------1---l-- ______ I ! 

Sarah Hi:;hop, N. Y. 

Iron bolt, Mass. 

Easton spire. 
1839. 

Dead tree I-I ill. 

Redding Ridge. 

Redding spire. 
1839. 

Ridgefield Presbyterian church. 
1839. 

Crouch. 

Picket's Ridge. 

Baker. 

l'atrick. 

Osborne (Fairfield County). 

Stamford northeast spire. 
1834. 

Stamford southwest spire. 
1834. 

Ryant Bush, Mass. 

Ball Peak (Mount Riga). 

IIi tchcock. 

Lambert. 

Connecticut. 

Chapel's Lot, N. Y. 

Clark's monument, N. Y. 

Iron bolt, near 30-mile bou11dary stone, N. Y. 

Bancroft, N. Y. 

// 

41 18 12. 90 

42 02 58.67 

41 15 OJ. 63 

41 17 13. 17 

41 18 II. IO 

.p 18 49. 68 

41 16 30. 47 

41 17 08. 85 

41 23 37.47 

41 03 12. 78 

42 03 04.05 

42 00 43· 33 

41 48 04.49 

41 48 I0.94 

41 57 28. 35 

41 43 08.30 

• 41 43 08. 36 

•P 33 41. t1 

1 II 

398.0 73 33 16.65 

1810. 2 73 29 42.62 98o. I 

50. 3 73 18 IO. 59 246. 5 

406. 3 73 18 59. 50 1~4. 7 

342. 4 73 21 12. 32 286. 7 

1532. 6 73 21 04. 34 100. 8 

940. 0 73 29 52. 89 I 2JI. 0 

273.0 73 25 56.32 1310. 7 

907 · 3 73 27 l I. 43 265.8 

903· 6 73 31 20. 28 471. 8 

II 18. 0 73 31 18. 62 433·3 

1155. 9 73 12 44. 87 1042.4 

455. 3 73 32 03. 19 74.5 

394· 2 73 32 21. 98 513.3 

125.0 73 28 56.63 1302.3 

1330.8 

138. 5 73 29 42. 13 972.6 

337.5 73 30 13.25 

874.7 73 29 37.59 865.6 

256. I 73 JI 07. 20 

257.9 73 30 51. 65 

1268. 2 73 31 42.69 989.1 



 

Azimuth" 
-

0 I II 

'.t94 28 23 
n6 o6 oo 

310 35 IO 

21 35 58 

74 35 50 
117 15 47 
297 55 30 

14 47 49 
298 40 18 

' 46 35 28 

304 58 53 
43 50 43 

278 04 55 
346 18 08 

76 49 24 

129 04 54 

35 53 43 
92 28 17 

224 28 52 

336 45 05 
2&8 38 51 

337 JI 03 
253 19 20 

291 49 46 
ms 41 27 
132 22 40 

134 35 34 
202 14 44 

314 42 34 
24 41 02 

298 29 53 
37 07 JO 

153 12 12 
268 18 17 

356 01 15 
71 38 42 
49 50 15 

125 36 JO 

356 09 10 

76 57 00 

267 00 43 

233 01 52 
89 43 22 

16 45 oS 
141.53 SS 
IJ9 55 Zl ·• 

UNIT.ED ST.A.TES COAST .A.Nil GEODETIU SURVEY. 

HOUSA'l'ONIC RIVEi': TO NEW YO.RX STATE LINE~Cuntinued. 

Back azimuth. To stations. I Di"~''_ 
0 , ,, life/res. 
14 28 30 Bailey _____ 

-- -- ---- ---- --- - 984.3 
295 59 24 \Vatermclon. 15521.4 

JJO 39 35 Prospect Hill - - -- ---- -- -- ---- 12015.5 
201 33 00 Haines. 16619.8 

254 28 54 Bald Hill (Fairfield County) -- -- - - - - 15249.7 
297 08 02 Loaf Hill. 18430.6 

117 58 07 Tashua --- - ---- ---- ---· 6275. l 

194 47 21 Wheeler 3818.9 
II8 44 22 Tashua ---- --- - ---- --- - 9843.3 
226 30 31 Bald Hill (Fairfield County). 14409.9 
125 02 52 Tashua - -- - - --- ----- ---- 10314. I 

223 45 41 Bald Hill (Fairfield County). 1538o. I 

g8 08 II Goodsall ---- - - -- ---- -- -- 6991.3 
166 18 55 Bald Hill (Fairfield County). 7004. 9 
256 46 38 High Ridge --- - ---- ---- ---- 6o32.3 
309 02 I'] Loaf Hill. i140-4 
215 51 46 Jligh Ridge ---- ---- ---- ---- 7051. 5 
2i2 26 29 Loaf HilL 38o8.9 
44 29 48 Loaf Hill ---- ··--· ---- ---- 2828.7 

156 45 52 High Ridge. 4199.7 
108 43 OJ Goodsall ---- - - -- ,.. ___ -- -- 9412. 0 

157 32 47 Bald Hill (Fairfield County). 9560.0 
73 22 36 Riggs ____ ---- - --- ---- --- - ! 7179.3 

111 53 33 Great Hill East. ! 86oo.8 

285 40 o6 Palmer. -·-- ---- ---- ---- 2984. I 

312 19 31 Stanwich. 9091. 2 

314 32 37 Stanwich --- ... ---- ---- ---- 8816.4 
22 16 56 Brushy Ridge. 12384.0 

134 46 28 Prospect Hill ---- ---- ---- ----- 11349.8 

004 37 34 Haines. 17188.3 
118 33 08 Prospect Hill ---- -- -- ---- ----- 7637.8 
:u7 03 03 Haines. 14139.4 

333 09 15 Haines .,, ___ ---- -- --· ---- 13595.4 
88 19 57 

I 
Ellsworth. 3456.6 

176 01 21 I Cobble ---- ---- 2900.8 ---- ----
251 33 59 Plymouth.• 10318.2 

229 47 14 Haines ---- -- -- ---- ---- 8156.8 

305 34 2:il Hamlin. 5416.3 

176 09 !:ii Preston 
___ .. ---- --- - ---- 977.2 

256 50 O:il Clove. 
~ 

14929.0 
87 01 14 Hitchcock --··'"" ---- --- - ---- 1059.6 

53 o8 02 Lambert. 424.4 

269 43 12 Chapel's Lot ____ -..-· ---- ---- 359-5 
rg6 44 57 -Preston. 1020.0 

321 55 'M Clark·--- ----- ---- --- - 13189.3 

J.39 54 so Osborne. 3146.4 
--··--

401 

-----,-------·~----T 

I Logarithms. I 

--1- ------ ~-- .. 

2. 99314 

4. 1 9093 

4- 07974 
4.22o63 
4. r8326 

4.26554 
3.79762 
3.58194 

3.99314 
4. 15866 

4.01343 
4- 18696 

3.84456 
3.84540 
3.78048 

3.85372 
3.84828 
3.5808o 
3.45158 
3.62322 

3· 97368 
3.98o46 
3.85008 

3.93454 
3.,47481 
3.95862 

3.94529 
4.09286 

4.05499 

4· 2 352 3 
3.88297 

4.15043 

4- 13339 
3.53865 
3.46252 
4.01361 

3- 91152 

3.73370 
2.98998 

4: 17403 
3.02515 
2.62777 

2. 55571 
3.oo861 
4.12022 

3.49781 



 

10:! UNITED STATES COAST AND (H~ODE1'H.J SUI~VEY. 

HOUSATONIC RIVER TO NEW YORK STATE LINE-Contiliued. 

----- ------

1

1 Se:on~s in 

1

1 

·1-·----«--

1

, Seconds in 
Station. 

Brir;gs, N. Y. 

Corner Stone, N. Y. 

Connecticut Linc (Borden). 

:Monument >hmc. N. Y. 

Goshen Ceuter Congregational church. 
1865. 

! J>rcston"' ,white ::.pir·.:. 
1SG5. 

I'rc>ton, stone church. 
1:>65. 

Litcht!eJd, ( 'un1~n:~:ntional church. 
18(i5. 

Litchlidd, Epi:::-c1_1pal cJn:id1. 
1.S65. 

Hunt. 

Mea<l. 
1864. 

f.:idgefield ;\ni;Je lllullUlllCllt ~tulle, l\. \'. 

I.:i1lgcliehl Lpiocop:tl church. 
1865. 

1.ewisli\lfough l'rc>hylcri'm dwrcli, N. Y. 
i865. 

t:~mn-i.l J\Iountain n1onu1nL·11t 9 .!\. Y. 

Danbury Con~:re,;atiuual churcl1. 
1St>.}. 

\\'ihon mrnurnn·nt. N. V. 

Conncctic11t n1onument. 

Coram. 

Star. 

Ruined church spire near Bridgeport. 
1833. 

Tashua tree. 
• 

Latitude. 

" 
41 34 35. 88 

42 02 58.38 

·f2 02 58. 78 

41 34 24.G+ 

4r 49 5+. I I 

41 41 05. ]'$ 

41 4037.16 

41 44 52.26 

41 4-4 46.21 

41 18 24. 28 

41 18 07.34 

41 17 .p.68 

41 16 49. 50 

41 16 24.03 

41 25 Il.91 

41 23 39.87 

41 12 46.07 

41 57 30.00 

41 17 52.72 

41 18 46.66 

4r IO 59.So 

41 15 38.50 

---~----~. 

metres. 
Longitude. .. metres. 

1----, 

I IIo6. 9 
II 

73 31 49· IO n37. 4 

rSor. 2 73 29 15. 96 

r8r3. 6 73 29 42.92 

73 31 35.87 831. I 

1669.5 73 r:; 30, 74 709. 2 

73 18 42.98 994· I 

73 22 22.82 

1612.3 73 II 18.49 

1425. 6 7 3 II 19. 29 445.6 

749.1 73 J2 5+.32 

226.4 73 32 53. 13 

1316. 7 73 33 06. 79 158. 0 

73 2 9 59. 05 1374. I 

741. 4 73 33 17. 57 4o8.9 

73 32 20.53 476.8 

1230.u 73 27 I I. 87 275.8 

1421.3 1313.8 

73 29 37.56 

7J 05 04, II 95.6 

1439 4 73 27 39.18 

''4+ 71 13 , ' ""· "' 

911. 3 

-~·~~--~L-7~5 01.oS 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

HOUSATONIC RIVER TO NEW YORK STATE LIN'E-Continued. 

Azimuth. 

0 , fl 

354 58 41 

143 38 03 

37 22 17 

336 39 53 
168 55 36 
221 28 19 

6 42 35 

138 32 25 
14 45 or 

18o 49 59 
52 06 21 

253 25 32 

78 25 32 

:a57 29 23 
53 28 11 

49 37 21 

53 41 47 

50 26 05 

B:i.ck azimuth. 

O ! II 

174 58 45 

323 37 37 
217 22 04 

156 40 45 
348 55 12 

41 30 49 

186 42 30 

318 32 16 

194 43 05 
0 50 01 

231 57 44 

73 2 7 °3 
258 23 01 

77 33 21 

233 l4 39 
2 2 9 33 57 
233 28 15 

2-JO 22 41 

55 57 53 235 57 38 

155 33 49 335 33 41 
ro7 23· 54 287 23 38 

176 58 37 356 58 36 

166 IO 40 346 10 34 

202 40 II 22 40 20 

119 14 57 299 12 47 

346 17 56 166 18 47 

r8o 21 51 • o 21 52 

Igo o6 58 10 07 14 

34 46 09 214 46 05 

5 03 22 185 02 52 

110 o8 19 2<)0 04 52 

Bancrnft 

Osborne. 

To stations. 

Brace Mountain monument 
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APPENDIX No. 9.-1888. 

TIDAL LEVELS AND FLOW OF CURRENTS IN NEW YORK BAY AND HARBOR. 

Report by HENRY L. MARINDIN, Assistant. 

U. S. COAST AND GEODETIC SURVEY OFFICE, 

Wa.shington, Ma11 15, 1888. 
SIR: In the twelve sketches accompanying this paper, the attempt has been made to demon

strate graphically the movements of the tide in filling and draining tlle tidal reservoirs surrounding 
New York Oity. Thi;; project was rendered practicable by the extensive tide observations made 
in 1886 by the paTty of physical h;ydrogra.phy in my charge, anll by the completion of the lines of 
precise levels joining the tide stations, which were begun in 1886 and finished in 1887 by the parties 
in charge of Assistant J.B. Weir, and Subassistant J. E. McGrath. • 

The sketches (illustrations Nos. 27 to 38 iuclusfre) represent vertical cross-sections of the height 
of the tide above or below the line of mean sea-le'\'"el for each lunar hour after the moon's transit, 
so that each sketch gives the state of the tide at intervals of about 62 minutes of civil time (12 of 
these intervals complete a revolution of the tide). 

The data shown on the sketches were obtained directly from the observations made at the 
tide stations. The reading of mean sea-level at Sandy Hook, which is taken as the datum line, 
was first computed for each tide-staff observed simultaneously, and after grouping the readings 
of the staff for 24 lanar hours, a mean difference in the height of the tide was obtained which elim
inated the diurnal inequality for that day. This mean height, corrected for a mean tide, is the 
qnotation represented in the vertical sections. 

The datum line (mean sea-level) is represented by a, broken line joining t.he })oints where the 
tide-statls were loeated, and the surface of the water either above or below this plane is indicated 
by a full line. The shading of the vertical section is given in full lines (darker tone) above, and 
in broken lines (lighter tone) below mean sea-level, so as to convey to the eye without effort the 
stage of tide at tha.t time. . 

The readiugs of mean sea-level as derived from the tide obscrvatious were compared with 
those obtained from the precise leveliug, and it was gratifying to find such a close agreement as 
not to affect the result already obtained. 

The plus sign indicates above, and the minus sign below, mean sea-level. The quotation of the 
height is expressed in feet and tenths at th<; pln.ces where the tide-staffs were located. 

The general direction of the current is also in<licated by an arrow with the velocity expresse1l 
in feet per seoomL The velocity gh~en is that observed at the place and corrected for a mean tide 
00Tre8ponding to tbat represente<l in the vet>tical sections. 
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406 UNITED STATES OOAST AND GEODETIC SURVEY. 

The following tables contain the final results from which the sketches were made: 

NEW YORK BAY A.ND HARBOR. 

lVater-leiJels above anti below 1nenn sea.-lemil at Sandy Hook. 

\ + inrJ.icates above mean sea-level. - indicates below mean sea-level.j 

Lunar JI ours . 

. . . . ·-·--' l .oca1ity. ·-·-·-·---1 o. I L IL III. !\'. _\.. n. I ~~I~ '?~·l ;;~-L x.-__ XI 

l J-~·ct. E-'i·n'. F'cd. _!'11-,.·t3~ I _1'0i·t.·~·,., .I''cd. Ft•d. I Fat. l Ft'l''I. j Feet. i Ft·d. J.i:·1~t. 
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--to C)2 -+1.83 +z.14. i +.1.821 +1.05 -+0.03 --0.79 

( -r_45 
1 

---1.87 -t.97 -1<;6 
1 

-.0.10 .: +o.r;4 
1 

-\-r.77 I+'.'!.!) i +1.83 +1.or +0.03 [ --0.80 

I
I --1.55 -·-1.98 -2.ofi -i.53 -0.15: +I.11 j +1.7~ ti +z.r9 j --t 1.93

1 

+1.09 +0.02 ! -0.83 

45' ·)6 -2.19 -1.77 '-0.22: +0.95 I +t.jO +2.JO l +z.12 +r.22 '-j-o.r9 )-0.7~ 
l sr. : -99 --2.14 -1.59 -O. JS i +0.95 I +-z.oz +z.38 i +2. T3 \ +•.I_'..; -0.02 i -0.93 

! --1 1•J 1 -r.rp -1.t.:;7 -1.43 -O.lO +0.92: +1.7J: +2.og i -t-1.86 ! +t.10 +0.09; -o.86 

! -l.40: 92 -L9'J - i.47 0.19 t-o.8o J -t l.51 I +r.33 '. +i.861 +1.30 J -f-0.36 i --0.73 

I -c.35: .go -2.07 -1.50 -o.3:l +0.7.s ! +r 50 I +t.86 J +L94 l +1.44 
1 

+0.52 -0.65 
1 
-r.25 -1.So -2.oJ -t.48 i --0.40 +a.Iii J +r.40 / +x 82 j +1.98 I ti.53 1 -f-o 56 -0.53 

-·T 03 ---1 -57 --1 ·'/:! -1.C.1 l -o.6'2 +o . .:,~ ' +1.23 I +1 ·4+ ; +1.67 +I.St +o 8-t -o 24 

--1 17 : -1 .73 -2.05 -1.70 j -0.47 +o.fio -t l.30 +r.70 1 +r 90 +1.57 1 +o.66 1 ~o 47 • 

. -0.74 --1.17 -1.95 :-1.29 --0.50 +0.44) +i oz l +1 4-4 +1.81 I +1 6r +o 5-4 

! o r8 : -o.:-S -·l. I7 -2 ~T I -1.92 - 1 .o8 -a.35 j +o -4-0 +i.n5 / +r 65 +1.64 +o.8B 

1 t<•fio ··-/-ILnD -0.9; -2.20!-2.14
1

-r.68 --r.15!~054 -t-O.IJO t-171 +1.95 +1.14-

East Ri\•er, Ei.t.:.ht\·-fmirth street. : 1.22 ·t o.7u - ''·."l' -2.04 ~ ~2.28 i -2.12, -1.83 \-1.:;w l +0.25 +•.76 +2.31 +1.73 

+~, ss +2. )7 +ri.45 --t.85 I -2.59 1 -2.69' --2.73

1

-:i.34 f-o.62 +1.s8 + ..... 62 +2.82 

-t2,67, +:i.n +0.35 -2.06: -2.92 i -3.12 -3.21, -2.691-0.74 +x.67 +2.70 
1
1 +2.92 

i-3.j(>; 12J·~ +o.CG --i.92 -2.97) -3.27 -3.531' -2.89 -0.90 -t-t.92 +3.15 1 +3·13 

+1.46 +2.Go +0.65 -r.8:; :-3.1_1 I -3.45 -3.55 
1 

-2.61) I -o 50 +2.05 +3.45 ! +3.64 

Pot ('ovc. 
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College Point. 

\\.-

7 illets Point. 
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Tlu: r\ arrows. 

Kill van Kull. 
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0. 
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• Direction mid vewcity of currents . 
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J.:• .f. u. ·) Ft.p.stY. Ft . .f. su. i Fl./" sec. 
1 

F't.p.s.cc. Pt.p. sec,( Ft-.f .. uc. ! I'Y-.jo . .ser-. IFt.ji.scc. Ft.j . .sec. IFt.p.sfc. 

Lunar Hours. 
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'~(" '·~: ::r.~: 11::~,~Jl1N•- N»°,"•'",!~,:;otl!No~ '"''I'"" 
2.00 i E :r.74 ! E. 1 53 \.\-.,.. o.6i W. 1.90 
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1 
S.264 S 1.80 

1
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1
iN.2,99 jN.<.09 S.3.fo S.3.70 

tccnth street. I I ' 
EastRl\·er,Old Fer.I lw r.•.' ff. 

0 
~'- f I .E~'::.1Qs l l .. E I i 1 

p . "'I . _, ·'-?"-'1 · Hot I E. 1.45 : r .... J 75 ( . t.95 E. 2.38 '. E. 2.05 l E. I.JO iw. r.07 ~w. z.90 !\V. 2.nS 

ry ornt -------------l~(_n_'._o_._s_s_J~ ____ i l ___ __, ____ ! ________ 1 __________ J 
l give below a tletailed description of the prominent features of the sketches. 
O lwitr-Moon.'s transit.-Tbis sketch shows an ebb stage throughout the area represented. 

The Lower Bay, the Upper Ela.rbor, the Kills with Newark Bay, and the western end of the Ea.st 
Uinr are below mean sea-level. Only that pa.rt of the East River to the eastward of Fourteenth. 
street, where the node is located, lies above the (latum plane .. 



 

UNITED STATES UOAST .AXD GBODETIC SUHVEY. 407 

In the E.ast River between Ravenswood and Pot Coye, the surface slope is very decided, the 
difference of level being 1.95 feet in that short distance. 

The Hudson with the East Hivcr and Kill van Kull are pouring their waters into the Upper 
Harbor and out over Sandy Hook Bar. 

Pirst Jiour.-At this hour the waters are still ebbing o..-er the entire area. Saurl.v Rook ii'! now 
1.80 feet below the datum plane; Governor's Island 1. 73 feet below the same. The nwaa sea-leYel 
node has move.d it1 the East ltivcr from Fourteenth street to Ha\'enswood, leaving the portiou to 
the eastward of the node still a hove mean sea-level. The slope between l{avenswoo!l and Pot Uove 
is slightly increased. The water-level is falling faxter than pre'dom;ly; at \'\'illets Point the fa! 1 

has been 0.86 foot as against a fall of0.18 foot between the XI and 0 l10urs. Tlrn Hu<lson H.i\·er, 
Kill van Knll, and the East lti\·er are still dischargiug tlteir waters into the Upper Ilaruor a1ul 
through tlte Narrows over Sandy llook Bar, with an increm;ed velocity of current in the llndso11. 

Second hour.--:The surface oftlrn Lower Bay, the Upper Harbor, Kill van Kull, Newitrk Bay, 
and the Hudson with the East Hiver as far ai; Hell Gate, are all below the tlatnm plane; at S:m<l.r 
Hook 1.94 feet below, at Governor's Island 2.05 feet below. Iu the East River the node !ms 
worked slowly to the narrowest part of Hell Gate, all to the tJastward remaining aho,·e the datum 
line, although the water at the entrance into Long Island Sound has heeu falli11g fast., ('qnal to 
1.95 feet since the first hour. A.II the streams are still discl1arging into the Upper llarLor; only 
that part of the East River east of College Point shows tile stream flowing east at tile surface, 
while the subcurrent is yet rn1rni11g towards the Upper Harbor. 

In the Hudson the strength of the current has increased, hut e,·erywherc else the current 
velocity has diminished. 

Third hour.-The entire water area is now found to lie below the datum plane. The title is 
rising in the Lower Bay and Upper Ilarbor while it is falling in N(jwark Bay and the Kills. Tlie 
surface of the East River throughout its length lies very nearly lcYel, with a slight deprexsion 
south of Hell Gate. The currents are now divided; to the westward of the Gate, the current is 
southerly, while to the eastward it is flowing towards the Sound. 

On Sandy Book Bar the current is northward, -very sligllt, and at the Narrows it isi mo,·ing in 
that direction near the bottom, while the surface is running south still. In Kill n,n Knll the cur
rent bas turned toward Newark Bay, but the Hudson and tllat part of. the East Ri\·er west of 
li{lll Gate are yet discharging into the Upper Harbor. 

Fourth lwur.-The ba,ys and streams are yet below the datum plane. At Sandy Hook thl' flood 
stream has filled up the Lower Bay till it is nearly at mean sea· level, beiug only 0.27 foot below 
that plane. The Hudson lies a little lower, while tl:.m Kills, Newark Bay, aull tlrn East Hiver lie 
still lower. 

While the Lower Bay anll Harbor have been filling up with the flood stream from seawnrd, 
the East River, althougll receiving a full tloml volume from tbe Up1>er Harbor, bas continued to 
fall \'er;y fast, so that at Willets Point the surface lies 3.13 feet below the datum plaue. The •mr
rente are more complicated at tliis hour; they are running northward from the sea over the Bar, 
and this direction is maintained as an under-current through the Narrows and up the Hudson, 
while the surface currents at these two places are flowing in the opposite direction. 

Throughout the East River the stream is moving eastwanl towards Long Island Sound. 
Fifth hour.-There is a change in the Lower Bay, the Upper Harbor, and in tbe llu<lson, in 

that they now appear above the datum plane, while half of the Kills, with Newark Bi1y aud twarl~' 
the whole of the East River, are yet below mean sea-level. Sandy llook is O.!J2 foot above datnm 
plane,Governor'tilsland is0.60 foot above; Newark Bay lies on an a\·erage 0.9foot below, aud the 
eastern end of th(l East River at Willets Poiut is 3.45 feet below datum. The currents are flood 
throughout with the exception of the surface stream in the Hudson which is still fl.owing Honth. 
The volume of water passing in at Sandy Hook is filling all the reservoirs and Bowing through the 
ast River into Long lsland S ound, which lies 4.37 n~et below the leYel at Saull.Y Hook. 

Sixth hour.-At, this honr all the reservoirs with the exception of that portion of the East 
River east of Fourteenth street lie above the datum 1ilane. 1 t is the reversed counterpart of tlrn 
conditions as they existed at O hour. In the Ea.st River the node is opposite Fonrteenth st.reet, 
the same point where it was at O hour, 

0

lmt with a nwersed stage on either side of it. 
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Sandy Hook lies 1.83 feet above mean sea-level; Governor's Island 1.30 feet above, while at 
Willets Point the water surface is 3.53 feet below the datum plarn. 

All the currents are the reverse of what they were at 0 hour, and the Hudson is now flood 
from surface to bottom. 

Seventlt ltour.-Tbe reservoirs, with the exception of part of the East Hiver,.lie above mean 
sea.level. Sitndy Hook is 2.14 feet above; Governor's Island 1.70 feet above, and Newark Bay 
averages 1.22 feet above. 

The node in the East River has moved very slowly from off Fourteenth street to the southern 
end of Blackwell's Island; all that part to the eastward lies below the datum plane, and at Willets 
Point the water surface is 2.69 feet below, so that this point is now 4.83 feet below the water-level 
at Sandy Hook. 

The currents are all northward and the western end of the sound is yet receiving a volume of 
water which has passed in at Sandy Hook. . 

Eighth hottr.-Again this is the reversed condition which obtained at the second hour; the 
neutral point is at Hell Gate. Sandy Hook lies 1.82 feet above datum plane; Governor's Island 
1.90 feet above, and the eastern end "Of Long Island Sound is 0.50 toot below mean sea-level. The 
currents also are reversed" after substituting the condition at Kill van Kull for that at Old Ferry Point. 

Nintli Jwur.-Reversed conditions of the third hour. All the basins are above datum plane. 
Sandy Hook is 1.05 feet above, Governor's Island I.57 feet above, and Willets Point 2.05 feet above. 

The current has turned to ebb on Sandy Hook Bar, but the stream in the Narrows is still 
north, with the Lower Hudson a.nu western half of the East River flowing in the same direction. 
Newark Bay is discharging it:J waters into the Upper Harbor through Kill van Kull, and at tbe 
.east end of the Sound the stream is flowing towards Hell Gate where a depression is apparent. 
The water surface is falling rapi<lly in the Upper Harbor and Lower Bay. 

Tenth hour.-Reversed condition of the fourth hour as to height of tide; it is the restoration of 
mean sea-level in the Lower Bay on a falling tide as against the restoration of mean sea-level at the 
fourth hour on a rising tide. Sandy Hook is only 0.03 foot above datum plane, Governor's Island 
0.66 foot above, and Willets Point 3.45 feet above. 

The stream in Kill van Kull and in the East River is flowing towards the Upper Harbor, part 
of which volume passes out through the Narrows, but the Lower Hudson still presents a high 
velocit~' northward although resting at a higher level, and it is evident that much of the water from 
the East River finds its outlet up the Hudson when we consider the high velocity of 3.60 foet per 
second at Nineteenth street, with 1.08 feet in the Hudson and only0.81 foot per second in the Narrows. 

Eleventh hoiir.-This honr precedes the moon's transit or 0 hour. 
The condition which obt.\ins at this time is a complete reversal of that at the fifth hour. The 

J,ower Bay and Upper lfarbor lie below mean sea-level Newark Bay, with adjacent parts of the 
Kills, lie above the datum plane and the East River largely above it. 

The directions of the currents are also reversed and the Hudson exhibits the same feature of 
tbe surface current moving in one direction while the .subcnrrent flows in the opposite direction. 

None of the sketches (drawn as they are to represent the stage of tide at the even hour) fall 
at the time of high or low water, but the stage of tide represented at the second hour is so near to 
the time of low water and that at the seventh hour so nearly the time of higl1 water that they can 
be accepted as representing those phases. 

It is not possible to enumerate the questions which might he advance41 or solved by the study 
of the data contained in these sketches. If they were no more valuable than in aiding the study 
of the qu~stion of the re8pective values of the ba.ys and Ila.ts as tidal reservoirs in maintaining the 
channel ways through S:iudy Hook Bar, they would then have repaid the tinw aud labor spent io 
preparing them. Tbey are offered as a progressive step in the study of the physical condition of 
the movements of the tides aud currents which sarround the principal commercial city of the 
United States. 

Very 1·espectfully, 

To the SUPERINTENDENT 

COAST AND GEODETIC SURVEY. 

HENRY L. M.ARINDIN, 
Asllistant Coast and <Jeoddic &l.rfJtJ'/I. 
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1' l!c plus ·~ U-wte< ab<>V<J and tlu ,,,.,..,,. IH/iu• 
Me"" .Sw L.svel. 

T"lk• 417"0ll'• deJwle ~ dir«tiAm of tM CUT"7'Wt.t 

"'"""' cl>••rt>.W, an<J ,.., atrwrqth i.. 6rpY-.i 

i.1'~ /t.d pdr" a«ilttt:l. 

D 
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.NEW YORK BAY A.NV HARBOR 

Eleva.tion of Water Surf'a.ce ubo11e a,rul below 
.. Mean Sm .Level for ea.ch l1wua· Hour. 

l . A 

Cousr and Oeodt>tJ.°<' Sw·vey ]wpor·l-1888. 

0 

NOTE. 

1'he h£ifjitt of llU! Ti.I.! ah.n·e ur /MhJw :ftmu1 Sru 
Lei•d is gi-t m feet aruLdecimak at IMplaa 
u·ltce w Tw .St«ff1111u loc.u:ed. 

ThR plu.• trigJt·~"I abt:roe an4 • nailivs below 
.Veun 5"'1. L1wd. 

1'/te ;.J.n·vu·~ d-e1wte thR directiqn, ~(the curr,.,rt 
ir.:lrer'r: ob.w.r'l..'f!J. <m.d tM slir·f111.!flh i.3 a.cp~ 
l 1l fed per 8~'-0lul. 

D 
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.NEW YORK BAY AND HARBOR 

Eleuati.ort of Wah1· Sw-face a,boFe and l>elou: 
Mean SM Levd for each L1ww· Hou;r. 

From 0&.rervaJ;ion.1 made m 1886-'87. 

: · I · t .. 

Coast a.ml Geod,etic ._'iw·w:r Report-1888. 

0 

~ 

~ 

0 

v 

\) 

NOTE 

rM /UJU/h: Qf t/u> Tidt' alwve 01· below N"""' Sm 
.Ulvel'u yf;.""'- in,f't't'l ruuldet:im<th~ iM~ 
,.,,,_.,..,the Tidt- Swffwa.• wcaud. 

TllP µW...<r swtt denoms al!rrf' mid th.f' m.in:tu' bdou.· 
Nean se:; Le1-d. 

The arr--ouNt dmtoff' the di~tiurt of the cw~ 
wheiY ohaer-11{~~.a11d ffl,p Sfr.eAt1t'h i1t #'.r.p~ 
inf'~rl: ppr ."rrond • 
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NEW YORK BAY A!{JJ HARBOR 

Elemtfrm of Waler S11.,rfan· above rmAl below 
Mean S1>a Level for each Lunar Hour. 

~'rom OMervation.< mad"' m llifi6-'87_ 

HAUltC-4.L MIL£$ 

l ! i 4 

Coa8f OJtd Geodetic SuMJey Report-1888. 

.VOTA' 

TM lteigh! Qf tJ,,. Title abov,. ,,,_ l>elowJ JlMft. SN
L<'<Jel 18 gi"""- i11c -~ a'l<I d1't:inwJ$ m ei, p/nl.'~ 
ll'hn-t Vre 1'i.le Stoff""" ~-
T~ phu :rign denote, tzho1,..,. fVui. W mi.mill 1*.i>'L' 
Means~ 1.M:<l 

Tile arrows <Wu>u tht! <t>r.cti<>n of tit# ew-l'Mt 
111,..,.,, obur11od._ and W ~tit i.• Aq>r-8 
Ut .f#t f't!'" 3econd 
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I 
! 
I 

NEW YORK BAY ANIJ HARBOR 

Eleva;tion of' Wat.er Surface al;oue and bi?l.01.t.' 
Mean. Sea Leud /ore.a.ch Lunar Hour·. 

From 0/-JsematWns rruui.e in J886-'8'i 

6th Hou1·. 

Coa.st and &eodetic Surv~r Report -1888. 

! 
/ 

' 

,, 

U•th 
~--+1.13 

(\__ / r 0 ti V, ..... _~ 
~ 

... ~,.,,. ...... 
+ t Bl 

l 

NOTE. 

T Ju height. of w Tw abm1~"" b«ow ,11..,,, S""
l.eue/. ~gill..,. in fmtUld.d~ or tke place 
WMN! fM Tw si,,,ff wa; lO<:<lkd.. 

TM pltw &igr< J.mou; dbollt a11J riv ,,,;,-. &.low 
Kean- S-. I,ev<'l. 

Tiu!. fU"T"{)Ui'll derwtf' the J;ir<!'dl..fm o( the c-arrent 
~·hnY obaen;ed.an.d th~ strP"!lfh •·' ezp...-.. ~d. 
m feel per S""'1nd . 
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NEW l"ORK BAY ANIJ HARBOR 

Elevation of Wafer Siirfa.ce ahoue arui beloil' 
Mean Sea Leuel for each Lnnw· Honr. 

Frorn ObsernatWns madr in 1886·'87. 

7th Hour. ... 

Coast and (;eodet,_-c Survey Repm•t "-1888. 

::-.;_ll 
~ GOV oil':!. 

" 
8 f "" 

.:' ~ ~ 

"' i" ' 0 :Bil' R~d~e 

+1.0! 

"" 

' 

~ 

"' 
,, 

. ' 
~I . 

~ 
NOTE. 

The hetQ.~1 o( tli.r Tull- a/HJve or· below Mean SM. 
Lewi .U; qLvrIL in feet!VILi de,;r:nui/, "1 Jlr.e place 

"*",...the Tuu Staff""'"' /.b<;aled 
The pins 3ign dt~rwtes rrboue 1vui tlt~ minu.s fJeU,u..· 
M~<m Se..i Let""1. 

ThR tu-rfllN rlrnntr" th-t.• 1br(' .. :tum a,f tht.~ nzrnnd 

rtJlv1·e ob.'l.rn·~#t. mu/, thr snvngth i.~· expre..'1.'>t'f.l 

infM per SKn11tl 
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! 

]'fErV VORK H.1 r ANJJ HARBOR 

Elevation of Water Su.r/ac.e ohov,• and IJPfou: 
lrfean Sea ],euel for e<v'h J,1u1ar flour. 

From ()1>se1·voiiuris ma.de f.n J{J{j(i-'8 7 . 

lit/: Hrm1· 

Coast and (feudetic Sw·~·ey Reporf-/1/IJO. 

C' 

~ 

~ 

-, 
(' 

"\ 

() 

,\'(!Tf:. 

The hei.9kl <~f' tJu TiJ.R aboi•t!. or f1N.o11 ltlt!rtn Sea 
L.~l!l U. gw~n in _frl!t artd Jrcirnals at the place 
u.·h.erc t}U' Ttdc suyr was (DCated 

'J'i1.t idm; swn ..knote~~ ab(~l't.' ti.r«.l the 11:i.nu-'' bd,aw 

Tiu tV-ro.'.IU'~ dt'n-iJl<' fJu dU'er1ion o,'" thr n~rr"t"fl.f 
wh-t·n~ f1bsen·t!d, a.,iJ. the strm.gth. i,,· erpr(\'~~ed 

hi _:EH'~ JJvr ."Pnmd 



 

NElV YORK luff A~YD liAHBOR 

El1~n!linn of H'ater Surface ohm"' 1.UJJ belmr 
Jfe,ato ·'•ea, L('r'el for aLrh .Lwwr Hour. 

Coast rind ileodPti.c Suney RPporl-1888. 

• 5CCTLH•0 llDtll H>':tll 
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NEW YORK B_4 Y AND HARBOR 

Elevatinn of Wat.er Snrf'ace ab011e arul below 

jifean Sea Lev1•l f'or each Lunar Hour. 

From Observolions made in. 1886-'81. 

JOr.h F/0111· 

Coast und Geodetic Suri·ey Report -1081! . 

\ 
\ 

/ 
; 

i-
~ 

"Bath 
-+0.0~ 

\ \ .,.,..,. .. 
I 

c 

c 

+ 
~ 

" 

l .!: }_l 

NOTF' 

ThR lu!ighJ qf th,.. Tide about• or be!Dw ~we.an Sea 
1.tW•l i.• gwm in. fed ami d.cci.mal.• at the place 
u:her• tire Ti.de SuJff was /ocaud. 

TM -plu ... ~ sign de.1u.>tc.f obovt aJui rlu mi.1tru &#.ow 

McOII- Sea, .L•vet. 
The a,r,..ows denote the directi.nn, of the curre1tl 
-who~ ofturlMd, and the st,..en.¥111 is e,.xprN&ed 

inf«t per :Jeeon..t . 

• s-.OTlll";l .•r,J.f! VfSSl! 
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NEW YORK HAY AND HARBOR 

E7RvalWn, of Water Su,r(ace above and b1"low 
J[ean &a Level for earlt Lr.mar Hour. 

From. ObsenialilJn•· madt' in 1886-·8-:. 

lllh Hour. 

I t t 
NAUllGAL NH.ES 
r I I ', 
I 2 ' 

(, 

t\ 
''\ 
··~\ 
r~, 

Coust and Geodetic Snri·r:y Report -18!18. 

!lath 
-a.er. 

\ s 1> . r 

NOTE 

Tlte Might oj' 111£ 7'Uk al>OIJ6or /Je/Qu· Mean Sea 
Level u giivm. m feet and fkcUnaJ8 at ~ p/a,c• 
!du"' t1te Tuu Staff was locatrNJ.. 

Th£ p/Jl,< •ign tJ,pwUS aboce an,d,thl 1'ti:n.ul below 
,\fea11 Sea Level. 

Thi ar,.ow." d4twU W Jh-e1,."tV.ln of' the cw--rmt 
w/iMV' r>bsrm1od, "'"" th8 strength t,, eJJp1'0J116d 
in-Jl>et per Jteeorul. 



 

APPENDIX No. 10.-1888. 

HEJGiiTS FROM SPIRIT-LEVELING OF PRECISION BETWEEN MOBILE, ALA., 
AND OKOLONA, MISS. 

Observations by J.B. "WEIR, Assistant, and J.E. McGRATH, Suhassistant, in 1884, 1886, 
and 1"<>-l7. l~eport hy CHARLES A. SCHOT'r, .A.ssistant. 

COMPUTING DIVISION, CO.A.ST AND GEODETIC SURVEY OFFICE, 

September 28, 1888. 
DEAR Sm: I herewith respectfully submit a report on the results of spirit-leveling of precis. 

'ion between Mobile, Ala., and Okolona, Miss., 1884-'~6-'8i. 
Rouw line of levels.-The line follows the Mobile and Ohio Railroad throughout., and was •mbdi

vided in four parts, viz: rtfobile to Citronelle, Ala., leYeled in 1884; Citronelle to Quitman, 
Miss., in 1887, Quitman to Meridian, Miss., in 1886, and Meridia11 to Okolona in 1884. The 
respective lengths of the parts are as follows: 53.7, 123.~ 42.6 and 204.2 kilometres or 33.3, 76.4, 

26.5 and 126.9 statute miles; total development, ,i23.5 kilometres, or 263.1 statute miles. 
The bench-mark at Mobile was connnected with the average tidal level of the Gulf of Mexico, at 
Biloxi, Miss., as reported by ine August 4, 1887.• 

Observers and dates of levelings.-The line from Mobile to Citronelle was leveled b~- Assistant J. 
B. Weir between February 18 and March 6, 1884; the part from Citronelle to Quitman was 
leveled by J. B. Weir and Sub-assistant J, E. McGrath between .fanuary 19 and March 2~, 
1887; the part from Quitman to Meridian by J.B. Weir between April 19 and May 12, 1886, 
and the last part, from Meridian to Okolona, by the same observer between March 8 and 
May 5, 1884. 

lnstruments.-Three instruments were employed; for the first and last parts spirit-level No. 1 (de
scribed in Appendix ll, Report for 1880); for the second part spirit-levels Nos. 2 and 3 (des
cribed in Appendix 15, Report for 1879), and for the third part No. 3 alone. 

The inequality of collars was as follows: Object end larger ( +); all observations hy J. B. Weir. 

II I 
Level No. I I From observations of _February 7 and 8, 1884. 

-2. 87 I From observations of May 14 and 15. 1884. 

-I. 12 '1 From observations of January 12, 1887. 

+o. 72 ' From observations of April 1 and z, 1887. 

Level No. 2 

Level No. 3 --0. 78 From observations of May 24, 1886. 

-1. 523 From obserYations of January 3 and 4, 1887. 

-0.026 From ob~erv~tions of March31andApril 1, 1887. 

•See Appendix No. 9, Report for 18K7. 
409 
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Value of one turn of micrmuctcr screw. 

I.eve! No. 1 

Level No. 2 

Le1·el :\'r>. .1 

fl 

443. I August and September, 1887. 

25~.6 : April 8, 1887. 

255. 6 i !\larch 6, 1879. 

257.4 June 16, 1880. 

257. 6 April 8, 1887. 

1 
I II 

t Adopted, 257 .5 

J 

Value of one divi11ion of level. Vaine of anrntlar di.~tance 1?f telemeter threads. 

/I 

No. l 5· 6o 

No. 2 3.o4 

3.37 
No. 3 3.88 

3 37 

3.09 

I 
i July 23, 1883. 
I 
I Janu:iry IO, 1887. 
I 

April 2, 1887. 
I May 24, 1886. I 
I 

January 6, 1887. 

: 
April 2 an<l 4, 1887. 

II 

} 

18 40. 6 

14 ()(), 7 

I October 29, I 88 3. 
I "" · January 19, '·'•'7· 

February 20, 1886. 

January 19; 1887, 

new (li:iphrngrn. 

Rods E an1l F were used throughout; the metric graduation is correct at the temperatures 
620.1 F. (Hio,7 C.) and 660.1 F. (ISO,\) 0.), respectively (I~eport of March 91 1888) ;«< projection 
of rod beyond the zero 11ivision : 

lhtc. i Roil E. Rod!'. I; 
--~------·-- /--····· ---···--·· 

October 30, 188 J 

May 6, 1884. 

February 3, I 8S6. 

April 4, 1887. 

""IE I-'""' 
mm. I mm ' 63. I 6o. 4 
62. 7 6o. I 

Coefficient of expansion of brass, 0.000010 for 10 Falu., or 0.000018 for 10 C. 
Method of observing.-The method pursued in 1884 was that of running two simultaneous and par· 

all.:il lines, as descrihetl iu Appendix 11, Report for 1880; altcruat~ isections of the line were run 
in the sense of forward and hack ward direction; average distance from staff to staff about 225 m.; 
when .setting the telescope for'' horizon" th~ bubble was either made to play in the middle or 
one end of it was set to a fixed graduation line. In 1884, experience .on another line having 
shown the insnfficiency of the method heretofore followed, it was subsequently changed to that 
ofrunniug two independent lines, one forward, the other backward. In 1887, spirit-level No. 2 
was used for the backward line by McGrath, and No. 3 for the forward line by Weir. The dis
tances between the staves in 1886 and in 1887 averaged about 190 m. The instrumental manip· 
ulation was the same as described in the leveling by the same party about New York Bay and 
Harbor in 1887 (Appendix No. 14, Report for 1887). 

Computations a.nd results.-The field computation was furnished by the observer; the second or 
office (and check) computation was made by L. A. Bauer, of the Computing Division, who was 
aided in the 1884 computations by Subassistant C. H. Van Ordeo, then temporarily assigned 
to the Computing Division. These reductions were made in accordance with the printed forms 
prepared for them, and include all needful corrections together with the computation of the 
probable errors of the results. In computing the latter, the probable errors depending on the 
comparison of parallel simultaneous lines were increased by one-fourth of their value in order 
to render them, as near as may be, comparable with the values derived from independent lines. 
The tabulllr form of the results is the same as that adopted for similar work in preceding 
reports; the distances between the bench-marks are given in kilometres, and their heights 
ahove the average Gulf level are stated in metres. The partial and the total accumulated dis· 
crepaucies are given in millimetres. 

• See Appendix No. 14, Report for 1887, p. 276. 
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Results from geodetic spirit-leveling in Alabama and Jlllss·issippi, 1884-'ili, fr01n Mobile, Aln., lo 

Okolona, 1lliss. 

SECT!<>~ I.--FROM MnBILE TO CITRONELLE, ALA, 

{February to March, i:884 ; Assistant J. B. \Veir, observer; instruwent, geodetic micrometer level No. i ; met.hod, two simultaneous parnllel lines 
m one direction.} 

---------r-
Bench-marks. 

Fron1 To 

Feh. A 

21 1\ Astron. station. 

i ] )jfference of height between hench· 
' marks. 

Distance ------
I 
I 

!Partial. 
, Mean, I 1. F I .,_ . 

Hod E. 

1 

Ro,J .F. / 

--------· ------ I 

lf.fdn·s. I AJ:·/rts. Jfdns. I ;lfm, 

succes- from ini-
sive mark.

1

. 

he11ch-
nurks. 

0.000 

Line with 

0.217 

Total 
accuniu

btcd. 

Jf111, 

0.0 

Height of 
1nark aljove 

average 
Cult level 
(al Biloxi, 

Miss). 

i 3· i35 

+ 4, 6563 I 
I ------ I ----

1 o. 9209 1 o. 9214 :+ o. 9212 I -'o. 5 

:__- ~--s~;;;-1 -~-·--)-. s -~~~-··-·--·-·----·---··' ----1---
18 

IQ 

20 

20 

20 

20 

21 

21 

21 

Mar. 

3 

3 

3 

3 

4 

4 

4 

4 

5 

5 
5 an:! 6 

Feb. 

29 

29 

29 

29 
28 

28 

28 

2& 

A[ 

2 3 

3 

4 

5 
6 

7 
8 

29 

30 

31 

32 

33 

34 

35 

36 

37 

22 

21 

20 

4 

5 
6 

8 

I 

31 

32 

33 

34 

35 
3(, 

37 
III?, 

27 
26 

25 

24 

23 
22 

21 

20 

19 

I. 248 

0.426 

1- 152 

0.903 

l. 280 

I. 359 
1. n6 

i. 0<)8 

!. 315 

I 
I 

!. 398 '1 

I. 1<)0 

I, 196 

!, 438 

!, 632 

I.022 

I. 320 

l, 3j6 

!. 556 

I. 024 

I. 447 

!. 385 

I. 36o 

I. 489 

I. 530 
I •. f22 

---f- o. 4 1+ !. 2.;8 

I. 674 
2.82(, 

0. 9829 ) 0, 9820 ' -0, 9824 
+0.4 

-0.9 

·--I. I 

- 0,5 + 
+ o, 1557 I -j 0, 1568 - 1.6 .l-

-1- 0, 9357 -3.0 4, (, I + 0.9327 

+ 5, 2445 ! + 5, 2438 

+o. 1562 

;-o. 9342 

+5· 2442 

+1. 9570 

+1. rn15 I 
+o. 8674' 

+o. 7 

t- [, 4 

--o.8 

3· 9 

- 2. 5 6. 3r,s 
I + L 9577 

7 · 484 ! + !. IOI I 
i• 

8. 582 . + o. 8665 

9· 897 + 0, 4223 

I!. 295 

12.485 

13.681 

15. 119 

16. iSl 

t7, 773 I 

19.264 

20.584 

21. 9(,0 

23.516 

24.540 

25.987 

27. 372 

28.732 

30.221 

31.751 

- 1,6982 

+ I. (>832 

4. 8106 

I. '4361 

+ 0, 5033 

+ 2, 7116 

+ I. 5386 

+ I. 0625 

+ 0, 8965 

f- l. 8262 

+ I. 

+ 
+ 
+ 2.0834 

+ I. 2116 

+ 2. 5078 

+ I, 9563 

+ I. 1019 

+ 0, 8682 

+ 0.4182 +0.4202 
I 

--1. 7 
_;.4, l 

+1.6 
--I.(, 

-1.6 

3.3 

5,0 +11.1812 

- 0, 9 +I I. 6o14 

+ 0,7 

- 0.9 

2.5 

+ 9· 9024 

+II. 5864 

+ 6. 7766 

- I. 6998 - I. 69<)0 

+ I. 6848 \-I. 6840 

4, 8090 -4, 8098 

I. 4376 -I. 4368 

+ o. 5013 +o. 5023 

+I. 5 I. 0 + 5' 3398 

+2. 0 + I. 0 + 5. 8421 

+ 2. 7083 , +z. 7100 

+ 1. 5398 l -l-I. 5392 

+J. 3 -+· 4. 3 + s. 5521 

-1.2 + J. I -~-IO.O<)l,) 
i 

+ 1. 0621 i + 1. 0623, +o. 4 [ 3· 5 i 
t o. s953 i +o. 8959 + 1. 2 I + 4· 1 ! 

+ I. 8279 i j-I. 8270 ~1. 7 II i 3· 0 : 

+ IJ. 1536 

+ I. 2194*1 +I. 2194 0, 0 + 3. 0 

I I 

j 12. 0495 

"13.8765 

+15.0959 

+ 1.0153 i +1.0158 -r1.o i 
+ I. 1286 I +1. 1264 -4. 4 

1 + 2, 0833 i +2. 0834 +o. I 

+ I. 2173 I +1. 2144 --5, 1 / 

+ Z, 5083 +1. 508o -0, s I, 

f 4.0 i +16.1117 

·- 0.4 i +17.2381 

- 0,3 +19.3215 

- 6. 0 ·t 20, 5359 

- 6. 5 +23- 0439 

S.o 

2.2 

j 25. 9037 

+26. go(,5 

+~9- 8329 

+32. 5654 27 
~~:~~ 

1 

! ::E r ::: 1 ~::~ i:: 1

1 

37. 549 + 2. 7314 + 2. 7336 I +2. 7325 --2, 2 I - 4, 4 
'--------'---------'--------'-----..;_ ____ _cl ________ l _____ , ____ _j 

* Wherever the asterisk(*) is appended. the result given is the mean of two determinations. 
t Taken from Table Ill, report of August 4, 1687, on the line from Mobile to Carrollton, 1885-'86, Appendix l\o, 9. Rep< rt for 1887, p. "°" 
i From A 1.1 37 was measured In the forward direction, i. e,,from Mobile; also II to H. 
§ Measure<! forwards and backwards. 
I Frum III to 11 was measured In tile backwar<l direction, i. e., towards Mobile. 
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Resultfl from geodetic 11pirit-lePJeling in Alabama anrl Mississippi, 1884-'87, etc.-Continuecl. 

SECTION I.-FROM Monn.E TO CITRONELLE, ALA.-Continued. 

I 
r . I i Difference of height between bench-

hs- I n1arks. 
tance 1 

I, between 1 l)istance 1---------·-·--------

Hench-marks. Dis~:~~~:c~.-1 Height of I 

mark above; 

. . 1 k .mew1 succes-1 from ini- 1
1 

I . .th I 
, s1ve tm .nar · ·1 I Partial. Total 

Feb. .A'm. A?n. Metres. Metres. .~fetrcs. 1Jfm. Mm. 

average I 
Gulf level 
(at Biloxi, 

Miss.J. 

Metres. 

______ 1

1 

_1_•~1-n--·-r~--I: ;~;,\~ I i--;;od~]--.;-~l~ _:'_a_n. __ F_=·--~~ -a~~::i~ 

27 19 18 I. 694 39· 24J I + 3· 7148 + 3· 7132 + 3. 7140 +r. 6 2. 8 + 36. 2794 

I
I I 8 

1

r

6

7 I. 457 40. 700 I + 2. 0834 + 2. 0794 + 2. 0814 t-4· O t- !. 2 1+ 38. 36o8 

17 I. 350 42. 050 + 3- 3543 + 3. 3552 + 3. 3548 -0. 9 + 0. 3 i+ 41. 7156 

16 15 1.616 43.666 + 8.3932 + 8.38s5 + 8.3908 +4·7 + 5.0
1

+ 50. 1064 

I 
15 • 14 1.296 44.962 + 9.9039 + 9.9011 + 9.9025 +z.8 + 7.8 + 6o.0089 \ 

1,1 

14 13 1.354 46.316 +10.1469 +10.1465 +10.1467 +0.4 + 8.2 + 70.1556 

13 12 I.389 47.705 +ro.4748 +10.4730 +ro.4739 -fr.8 +rn.o + So.6295 

12 II 1.644 49.349 t-12.1491 +12.1517 +12.1504 ·-2.6 + 7.4 + 92.7799 

25 

23 
Feh. 23 and} i 

Mar. 6. II mt I. 410 50.759 + 6.3383* -f- 6. 3357*1+ 6. 3370 +2. 6 +IO. 0 -f- 99· I169 

+ 2. 1615 ,+ 2. 1610 --0. 9 + 9· I +101. 2779 

Feh. 

23 IO 9 I. 410 52. 169 + 2. 1606 

23 9 II I. 407 53.576 3.3083 
Mar. 

6 II Rt 0.089 53.665 + 2. 8522 

I , 
3. 3047 1-- 3. 3o65 

1

, -3. 6 + 5. 5 + 97. 97 14 I 
_________ -+ __ · _2 ___ ' '"' I+ '~''"_. !:~I ! 6' +•~ '"' . 

SiccTJON IL-FROM C1TI«>NEi.LE, ALA., TO QuITMAN, Mrss. 

(Ja.nuary tn March. 1887; J. H. lreir and J. E . .McGra.th, obsenrers; instruments:. geodetic micrometer leveJs Nos. 2 and 3; method, two inde
pendent (forward anrl backward) lines.] 

Date, I S87. 

Jan. 
II) 27 

20 27 
20 20 

26 28 

20 26 

21 26 

21 26 

21 26 

25 

21 25 
22 25 

Bench-marks. I ~~~-- -------1,-~i;e~~::~~ h~~~~~~~~::~ 1~~-c~-i-~~is:r~~noy.---I-~~1~~~~~--1 
: tance n1ark ahove 

----1between Distance - -------·- - - -· - --------
succes- from ini ) . f 1. h:~:~. tial mark.I Direc!Io:_::_ __ 

I 
1 

Mt:an. 

. Forwards. Harkwards. / 

To 
mark~. 

li.m. 1~fdres. llfetres. llfetres. 

Partial. 
F.-B . 

llfm. 

Total 
accumu

lated. 

average 
Gulf level 
(at Riloxi, 

Miss.). 

Metres. 

B 53. 665 --· -+ +roo. 8229 

B o. 412 54. 077 - 4. 8155 - 4. 8164 4. 816o +o. 9 + o. 9 + 96. oo69 

2 O. 822 54. 899 I. 0528 - I. 0520 1'- I. 0524 --0. 8 t- 0. l + 94. 9545 

2 J I. 22J 56. 122 + 0. 8535 + 0. 8585 + 0. 856o -5. 0 - 4• 9 + 95· 8105 

3 4 1. 163 57. 285 7. 0782* -- 7. 0787*1- 7. 0784 +o. 5 - 4. 4 + 88. 7321 

4 5 1.548 58.833 9.0714 - 9.0726 ,- 9.0720 +r.2 -- 3.2 + 79.66or 

5 E I. 182 I 6o. 015 5. 6822 5. 6794 ~ 5. 68o8 • -2. 8 - 6. 0 + 73· 9793 
6 7 I. Iii<} 61. 1841 4. 4oo6 - 4. 3965 !- 4. 39861-4· I --10. I + 69. 58o7 

7 8 I. 166 I 62. 350 _+ o. 5830 f 0. 5823 !+ o. 5826 ·t·O. 7 - 9· 4 + 70. 1633 

--g-- E, __ -1_~·~!~ I-~~~.._~,-~ 1~591-~ -_; __ ~59I~Ji~~~59r6_:_+~-- 8.-~-~-71.~49-
8 9 1··544I63·ll94 i ·- 3.3818 i 3.37781- 3.3798 -4.0 -13.4 +..66.7835 

9 10 I.211 65.1051-7.44391-7.4442!-7.4440 +0.3 -13.1 ~-59.3395 

• Wherever the asterisk: ('1') is appended the result given is the mean of two determinations. 
t Rrea.k in count due to change of method of leveling. 

t Measured for~1i. and back,...ros. 
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Results from grodetia spirU-leveling in Alabama and ;}fississippi, 1884-'87, etc.-Uontiuued. 

SECTION IL-FROM CITRONELLE; ALA., TO QUITMAN, M1ss.-Continued. 

----·- -------~- ------------~--------

Bench-marks. I i i' Difference of height between bench- J ff 

1 

• ·1 IJis- , marks. I iscrepancy. Height of 
1 tance 1 mark above 

Date, 1887. succes-
1 

from ini- I . . . I / average I ---- - '!between Distance 1--- --- ---
1 
-----

f I k I Direction of !me. 1 Gulf level 
s1ve 1 ia mat . I I Partial. Total 1 (at Biloxi, 

I 
marks. \ I 1 .- • J • " 

From To 1 bench- I 1 ··--·--,-----, Mean. F B accumu-1
1 

Mi'•s.). 

i • Forwar<lo. / Backwards. j I ated. I 
Jan. ----------1

1 
Km. ,- - Kn~-1--~etres. I ,lfelres. i -- ftfetres. ·~ Mm. 

1 

-- Mm. 1-M.-tt-r-es-. -!\ 
22 25 10 '' . '· 2 32 I 66. 331 1-- 4. 9992 - 5. 0025 I_ s. ooos 11 +J. 3 , - 9. 81+ 54. 3387 I 
22 24 II 12 / 1. J6o ; 67. 497 : - 5. 6149 - 5· 61631- 5. 6156 +r. 4 - 8. 4 + 48. ?231 ' 

;:n. F:~. 12 13 I '- 230 i 68. 7271- 2. 5240 - 2. 5191 1- 2. 5216 ! -~· 9 -13. 3 f+ 46.' 20151 

29 3 13 14 ( 1. o64 I 69. 791 I - o. 5995 - o. 5966*!- o. 598o 1-2. 9 -16. 2 I+ 45- 6o35 : 

29 3 14 15 11. 162 I 70 9531- 0 9768 I - 0. 9764 I- o. 9766 I -0. 4 -16. 61+ 44. 62~ i 

29 3 i--i_s 16_r_()·~s6 / _71 ~Cl9_ 1 _+ ~s2s6 /_+ 1.5323 ;~.-5304 !~-J 7-:--=~~i+ 46.1573_ 

I JM~•b ',,, : ·~---F_,_ 1 o.o661~ I;+ o 7811 \ + ~·~-1-1+ ~1811 

1

1 o.o -20.3 _

1

\+ 46,93841 

I 29 21 r6 I 7 r !. 136 I 72. 645 [ - I. 4480 -- !. 4470 1- I. 4475 - I. 0 -21. 3 +44- 7098 ! 
i 29 2 17 18 i r. 212 73. 857 1 + r. 6818 + r. 68z7 1+ r. 6822 I -o. 9 -22. 2 i +46. 3920 1' 

29 2 18 19 ii O. 792 74. 649 - O. 5309 - 0. 52891-- 0. 5299 -2. 0 -24. 21 +45· 8621 I, 

31 2 19 20 
1

1.020 75.669 +r.2917 +r.2911+1.2914 +o.6 -23.6 +17.1535! 

31 2 20 21 o. 688 76. 357 - o. 4278 - o. 4248 1- 0. 4263 -3. 0 -26. 6 I +46. 7272 I 
I 31 2 21 22 o. 872 77. 229 + o. 6845 + o. 6865 I+ 0. 6855 I -2. 0 -28. 6 I +47- 4127 I 
I, 31 22 23 r.128 78.357 + o.6o37 + o.6o29 )+ o.6o33 I +o.8' -27.8 '[ +48.016o \ 

131 i 86 + + + 8 23 24 ,1 o. 7 79. 143 o. 4205 o. 4219 + o. 4212 -1. 4 -29. 21 4 . 4372 
Feb. 

4 9 24 25 [ 1.205 So.348 + 1.8291 + 1.8J-06 + 1.8298 -1.5 --30.7

1 

+so.2670 

9 25 26 I 1. 132 81. 48o - o. 3722 - o. 3728 - o. 3725 +o. 6 --30. 1 +49· 8945 i 
4 9 26 27 I 1. 0<)6 82. 576 + O. 9159 ! + 0. 9179 + o. 9169 ! -2. 0 -J2. I + 50. 8114 l 

,_4 __ 1_0 __ 9 ----=-:~ -,1:;.:~1 r:1:: ~:::;11·: :::: i1'I ::::\ +:~i ='-:: :1·~::·.:;::: 
4 

4 9 28 29 I. 036 84. 756 + 0. 5452

1 

+ O. 5455 + O. 5454 ! --0. 3 -29. I + 52. 2216 

5 9 29 30 I 1.046 S5.8o2 - 0.2190 -·- 0.2211 - 0.2200 I +z.1 -27.0 I -t-52.0016 

5 9 30 31 

1

1.116 86.918 +o.7393!+0.73811+0.7~87\+1.2 -25.8 1 +52.7403 

5 s 31 32 0.970 s7.s88 + 3.0215 ! + 3.0189 + 3.0202 I +2.6 -23.2 j +s5.76o5 

5 8 32 33 i o. 994 88. 882 - I. 45651- I. 45421- I. 4554 ) - 2. 3 --zs. 5 -f-54. 3051 

1 s J3 34 I r. 167 90· 049 + o. 6966 + o. 69s8 + o. 69n -2. 2 -21. 1 I +55· 002s 
1 s 34 35 I 1.1441 91. 193 + 1.6486 + 1.6470 I+ 1.6478 +1.6 -26.1 +s6.6so6 

1 s 35 36 1 1. 090 92. 283 + o. 8140 + o. So8s + o. 8114 +5· 2 --20. 9 +s1. 4620 
\ \ I I 7 s 36 ,37 i 0.990 93.273 + 1.25o6 + 1.z496 I+ 1.2501 +1.0 -•9·9 l +s8.7121 

1~ ___ 

15 

151 37 38 _ \_1_._23_6 __ 94_·_509_ + 2,7057 I+ 2.7040)+_2_.1~4_8 -t I.7 -18.2 :, +61.4169 i 

II 

II 

ll 

I 38 H, )0.132 94.641 +4.2486,+4.2496[+4.2491 -1.0 -19.2i_+_6_5_._666o_ 

~~650- -+-1.-54_2_8·1_+_1_. 5-3~3-1+-1-. 5_4_!0_ + 3-. -5 =-~~:-;-[ +62. 957; ! 
I 

rs)' 38 

151 
39 

1!) •40 

39 
40 

41 

--
I. 141 

1.0941 
1. 123 I 

96. 744 + I. 5942 I T !. 5949 i+ I. 5946 -0, 7 -l5· 4 i +64. 5525 ; 

97.867 + 1.84471+i.84511+ 1.84491-0.4 -15.8 i +66.3~~1 
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Results fru11t geoiletic 8pirit-lcveling iii Alabama and Jfississippi, 1884-'87, etc.-Oontinue.d. 

11 

II 

12 

12 

12 

12 

12 

12 

12 

17 

17 

17 

17 

17 

18 

IS 

25 

Fcl:J. 

16 

23 

' 26 
Mar. 3 

i 

Feb. 

26 

I 26 

i 2~ 
I ~far. 3-

15 

15 

14 

14 

14 

14 

14 

14 

14 

22 

22 

21 

21 

2 

' ·-

i 

2 i 

------

S!CCTioN Il.-FRoM CrnrnNELLE, ALA., TO Ql:ITMAN, M1ss.-Continued . 

Bench·rnarks. 

From 

41 

42 

43 

44 

45 

45 

46 

47 
48 

49 

50 

51 
52 

53 

5-1 

55 

55 

5' 
57 

58 

59 
6o 

66 

To 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

.L 

56 

57 

58 

59 
60 

61 

62 

66 

68 

I lis-

.... ----l··----~--------·-1-----1·----. .. 
Difference of heil'ht between uench- I 

1 

tance 
-- between 

I succes-

· k I Discrepancy. 
; mar s. , · Height of 

mark above Distance , -·------------! ______ , ________ _ 
from ini- , Direction of line. [ 

average 
Gulf level 
(at Biloxi, 

Miss.). 

j sive 
' bench
J rnarks. 

rial mark. 1 I Partial. Total 

1 
~--~---~- 1----~--· - 11ean. F -B accumu- i 

' Forwards. I Backwards. . . lated. i 
I I 

)lfdrt.L --~~tree _A_f,_et-r-es-.- ,Vnz. Afm.-1 Metres. 

I. 186 99.053 
r 

i I. 250 : JOO. 303 

+ 3· OJ IO + 3· 0094 +3. 0102 +I. 6 -14. 2 I +69. 4076 

+ 4. 4467 I -r 4. 4+88 +4- 4478 -2, I -16. 31' +73- 8554 

+3.27401+3.2766·+3.2753 --2.6 -iS.9 +71.1307 

+ 1. 4492 I + 1. 4478 \. +1. 4485 +1. 4 -17. 5 . +18. 5792 

I I. 237 IOI. 540 

0. 004 I J02, J.f4 
I • ·------------------ __ .. ___ 1 ' 

o. 172 102. 316 i + 2. 1820 ~-.:~~~!.:.r-.:i~~~~ _--o. 5 --18~_I_ +So. 76~~1 
I. 268 I03. 412 i - 7· 2246 -· 7• 2250 1 -7, 2248 +o. 4 -17. I +7I. 3544 

I. 261 I04. 673 f - 6. 7489 - 6. 7519 -6. 7504 +J. 0 -14. I +64. 6o40 

!. 260 • 105. 933 , - 7. 6697 - 7· 6731 -7. 6714 +3· 4 -IO. 7 +56. 9326 
I 

1.235 

I. 257 

IO/. 168 - 3· 8713 - 3· 8752 -3. 8732 -1-3· 9 - 6. 8 +53· 0594 

I. 268 

I08. 425 I - 5. 6990 - 5. 7030 -5. 7010 +4· o - 2. 8 j -t-47· 3584 

IOC). 693 - 4· 1655 -- 4- 1659 -4, 1657 +o. 4 - 2. 4. i +4J· 1927 

1.218 Jl0.911 --- 2.721() - 2.7182 -2.7199 -3.4 - 5.8' +40.4728 

1. 176 u2. 087 - 1. 6746 - 1. 6728 -1. 6737 -1. 8 --· 7. 6 +JS. 7991 

I. 200 I IJ. 287 

I .fi4 9 I 1I4. 936 

+ I. 8816 1. 882.i I +1. 8820 -o. s - 8. 4 +40. 68u 

+ 3. 7077 -h 3. 705 I I -J-3. 7o64 +z. 6 - 5. 8 +44· 3875 

o. 178 : 115. 114 ~~-~-~-7~5 I _:+~-;~!~~J·+; 754~- ~ ~-~- =-s.-8 !2~6. 1420 

I. 228 r I 16. 164 

I. 228 117. 392 

I. 230 

I. 154 

I. 140 

I. 195 

I. 224 

I. 274 

o. o(,9 

n8. 622 

119. 776 
120.916 

122. III 

123.335 

124. 5i:h 

125.855 

125. 924 I 

- o. o658 - o. 0658 -o. o65S o. o -- 5. 8 +44· 3217 

+ I. 4393 

+ o. 5740 

+ 0. 3765 

+ I. 2222 

·i- o. 7326 

-- 2. 9125 

+ I. 4429 

+ 0.5731 

+ 0. 3767 

-t- I. 22.j.6 

+ o. 7359 

-- 2.9!04 

+x.4411 

+o. 5736 

+o. 3766 

+1. n34 

+o. 7342 

-2.91I4 

-- 5. 7047* + 5. 7019* +5· 7033 

-- I, 6232 - 1.6209 -I. 6220 
-----~·----- -·-·----1------··---~---

-3.6 

+99 
--0. 2 

-2.4 

-3. 3 

-2. I 

+z .. 8 

·-2, 3 

--0.4 

- 9.4 

- 8. 5 

- 8.7 

-ll, I 

-14.4 

-16. 5 

--13. 7 

-16.0 

-16.4 

+45-7628 

+46.3364 

+46. 7130 

+47· 9364 
+48. 6706 

+45· 7592 

+sr. 4625 

~49· 8405 

+s1. 2462 
------- -----1 

' 0. 839 

1- --- -- - -------....... ' -- ... 
I 26. 694 - 3· 4054 - 3· 4082 -J. 4o68 +z. 8 --13. z 

' I. 185 127. 879 -- 2. 0457 -· z. 0471 

I o. 8oo I 28. 679 ~ 0. 5328 + 0. 5333 

-2.0464 

+0.5330 

I I 1. 253 129. 93z + 6. 2356* -t- 6. 2390* -t-6. 2373 

i 
-3.4 

-II. 8 

-12.3 

-15.7 

+44· 3873 

+44· 9203 

+51· 1576 

68 69 11. 203 131. 135 + o. 8183 + o. 8202 +o. 8192 -1. 9 -17. 6 +s1. 9768 

69 70 I. 208 132. 343 + I. 7455 + I. 7489 +1. 7472 -3. 4 .,-21. 0 +53· 7240 

70 71 11. 672 134, 015 I :'. 4· 0734 + 4.0718 +4- 0726 +1. 6 -19. 4 +57· 7966 

~--_1~---1 o._<'6:!_1!~_ol>!~~!. _+_•_._0_21 __ 9_.'.,._+_'_·_o_z1_9_.'.,.' _-1_·'_·_0_27_9--'---<>--_o-'-'--~_1_9_. 4__:.j_+_ss_._82_45_, 
• Wherever the asterisk(') is appended, the result given is the mean of two determination&. 



 

UNITED STATES UOAS'r AND GEODETIU SUIWEY. 415 

Re.~ults froin geodetic .Ypirit-leveling in A.la.bama and 1lfississippi, 1884-'87, etc.-Continued. 

SECTJON IL-FROM CITRONELLE, ALA., TO Qurn!AN, Mtss.--Continucd . 

. -------------~-~-- -·--·-------- ------~----------------~~-
\ 

Date, 1887. 

.. ------

Feb. 28/ Mar. 
Mar. 3\ 1& 3 

l•'cb. 

28 

28 

28 

Mar. 

4 II 

4 II 

4 II 

q 1+ 

4 II 

4 IO 

·-

I 10 

5 IO 

5 10 

I 5 10 

5 IO 
1() 16 

5 9 

7 9 

7 9 

7 9 

7 9 
8 9 

8 9 

II 

·12 15 

12 15 
IZ 15 
12 15 
12 15 
12 15 
22 22 

17 2! 

17 21 

17 21 
22 22 

I

I Difference of height between Lcnch-
marks. I Bench-marks. I Dis- I 

I I 
I 

tance 
])iscrernmcy. 

1-- --- - -1l«w~" succcs-
Sl'\'C 

I 
Distance 1 ~-------

from inki- J Direction of line. 
tnar ·I 

---------------~-----~--- :Mean. Partial. 
F.-B. 

Total 
accumu" 

lated. 

II eight of 
mark ahove 

average 
Liulf level 
(at Biloxi, 

Miss.). From To 

---- ---- -·-

} 71 72 

72 73 

73 74 

74 75 

75 76 

76 77 

} 77 78 

78 79 
79 So 

So i\!, 

8o 81 

81 82 

82 83 
) 

8' 84 t J 

84 85 

85 86 

86 87 

87 SS 
SS 89 

89 go 

90 91 
---- ~----- ------ -

91 N, 

91 92 

92 93 

93 94 

94 95 

95 96 

} 96 97 

97 98 

98 99 

} 99 100 

bench-
; l 

Forw:mb. i Backwards. ; 
I marks. 

! 
! 
I 

I 
I 
I 

i 

I 

I 
I 

I 

I 
I 

I 

I 
I 

Km. 

I. 214 

I. 179 

I. 180 

I. 2JO 

I. 228 

I. !26 

!. 090 

r. oS6 

I. ] 2J 

Km. 

135.229 

136.408 

137.588 

138.818 

140.046 

141. 172 

142. z6z 

143.348 

144. 469 

A1drcs. 

- 2.9344 

+ 0. 9°55 

·- 5. 2334 

+ I. 9919 

+ 0. 7223 

+ I. 6953 

I. 8516* 

.1!ctres. Jl/ctrt.'s. 

- 2. 9378 i -2. 9361 

I 
! o. 9063 i I o. 9059 

- 5. 23481-5· 2341 

+ I. 9934 +I. 9926 

I 
+ o. 1113 I +a. 7198 

+ I. 6916 ! +1. 6934 

- 1.8478*[-1.8497 
i 

-- 0. 5293 i -· 0. 5290 : -0. 5292 

-j- o. 5715*i -f-- o. 574G*: -f-o. 5730 

-~--~-

1)[111. 

I 
"!Im 1~Ictres. 

+3·4 -16.0 -l-54- 86o5 

-o.8 -16.8 +55· 7664 

+1.4 -15.4 -;-50. 5323 

-1. 5 i -16.9 +52.5249 

+s.o -11.9 +53· 2447 

-t-3.7 - 8.2 +54.9381 
I 

-3.8 --IZ.O +53.0884 I 

0.3 --12. 3 -1 52 · 5592 
i 
I 

--3. I 15.+ -+-53· 1322 I 
·---

o. 128 144. s91 I + 1.0267 , + 1. 021+ , +1. m10 16. I 1 s4. 1592 I 
+~3.;;8~1 
-f-53. 9741 ! 

1.116 145.585 I'+ 0.6159 i -i-- o.61C17 1 -f-0.6163 -o.8 -16.2 

l. 107 146. 692 + o. 22691 + o. 2243 [ +o. 2256 +2. 6 I -13. 6 

1.082 147.774
1
1+0.4211 ! + 0.41991 +0.4205 +1.21-12.4 \54.3946 

1.092 148.866 + 0.2096*! + o.2r34*I +0.2115 -3.81-16.2 -+-54.fo61 

I. 206 150. 072 -!- J. II68 j -t- 3· 1153 tJ· IIOO -i- I.$ i -14. 7 +57· 7221 

!. 173 151. 245 - 2.0617 ! - 2.o6441-2.0630 +2. 7 i -12.0 +55.6591 
' ! 

i.162 152.407 +z.0910!+2.0887 +z.0S9S +2.3i-9.7 +57.748•1 

r.196 l53.6o3 + 0.9474 / + 0.9505 +0.9490 -3.1 1-12.S +sS.6<J79 

<>.394 153.997 - 1.2345 - 1.2359 --1.2352 +1.4 -II.41 +57.46;q 

1.270 155.267 -o.6oG5 -o.6o40 -0.6052 -2.5!-13.9\-t-56.8575 

1-225 156.492 + 3.2s1s + 3.2807 \-1 3.2s13 11.1 'r_12.8 l~t6o.1~ss_ 

0. 135 156. 627 -~-~- 1912. !_.'.:. 1914 I +1. 1913 / ---0. 2 : --13. 0 I -t-61. 3301 

.1. 152 157. 644 -- 2. 1247 -- 2. 1274 : -2. 126o I +z. 7 --10. 1 +58. 0128 

1. 118 158. 762 + o. 5979 + o. 5988 +o. 5984

1

-0. 9 -11. o +58. 6u2 

1. 100 159. 862 ! + 2. 2641 + 2. 2634 +2. 2638 -t-o. 7 -10. 3 +6o. 8750 

l. 102 160. 964 --- I. 6225 - I. 6221 --!. 6223 : -0. 4 -IO. 7 -\-59· 2527 

I. 154 162. us + 2. 4674 1 1 2. 4672 --1-2. 4673 I 1 o. 2 -IO. 5 +6x. 7200 
1 I l ] 

1. 599 163. 111 - 1. 4620*! - 1. 4652*\ -1. 4636 i +3· 2 - 1. 3 I +6o. 2564 

1. 138 , 164. 855 ! + o. 7759 + o. 7714 ! +o. 7736 I ·f-4. 5 - 2. 81' -t-61. o300 I 
I. o66 165. 921 I + 2. 5397 + 2. 5373 I -f-2. 5385 I -t-2. 4 - o. 4 +63. 5685 I 
I o"8 166 959 i + o 4904* + o. 4896*J +o. 4900 i +o. 8 + o. 41 +G4. 0585 ,

1

. "' I . l . I I · 
-~-~--~~-

•Wherever the asterisk (*) is appended, the resu_lt given is the mean of two determinations. 
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Results from geodetic spirit-leveling in Alabama and 1'11iss·issippi, 1884.:-'87, etc.-Continued. 

Date, 1887. 

Mar. 

17 21 

17 21 

19 

17 19 

18 19 

18 HJ 

18} 
23 19 
18 I<) } 23 23 

I 18 l<). 

21 

S}:CTIO"i JI.---FKOM CnRu:'iELLE, .-\L\., To (,lnTMAN, M1ss.-Gontinned. 

Hcnc!1-mark::;. Dis- · 
tauce [ 

--------------------,betweeni Distance 

-])~~~:nc:-~~~=-g~t~tween be~-:~1--------
marks. I Discrepancy. i Height of 

From 

100 

IOI 

IOZ 

!02 

103 

104 

105 

106 

I '. mark above 
------1 average 

I Gulf level 
I succc::;- i from ini- · 

l>irectiun uf line. 
/ si vc. / tjal n1J rk. 

To : bench-: 
' mark~. ! 

I' t- I Total ' (at Biloxi, 
Mean_ nr la - c : 

F -B : a cumu-1 Miss.). 
Furwanb. Backwards. · · ~ lated. , 

IOI 

102 

() 

103 

104 

105 

106 

c, 

il."111. 

I. I 22 

I. 174 

I 
I 

11.·111. 

168.081 

Metres. ---~letres. 1lfm_ 1lfm_ \

1

. Al'rtres. --1 
- I. 4137 -1. 4140 -0. 5 : - 0. l , +62. 6445 

' I + o. 8978 +o. 8996 +3· 6 i + 3· 5 [ +63. 5441 

! ,1fet1-es. 
I 

i - 1.4142 

! + 0.9014 

I 0.217 169.472 -~~~~~- - 0.1439 ! -0.1441 \ -0.41~1~~-
1--- ---------

' 1. 176 170. 431 + 2. 2285 + 2. 2257 +2. 2271 \ +2. 8 \ + 6. 3 +65. 7712 

1.114 171.545 + 1.4249 + 1.4221 j +1.42351+2.8j+9.1 +67.1947 

.. 073 172. 618 + 3· 1245 + 3- 126o I +3· 1252 i -1. 5 + 7. 6 +10. 3199 

I. 372 173. 990 ; - 5-_5542*~ - 5· 5520*
1 
-5. 5531 I -2. 2 + 5. 4 +64. 7668 

I. 197 I 175. 187 . + I. 7553*1 ---;-- I. 76o8*J +1. 758o I -5. 5 -- o. I +66. 5248 

1.447 ! 176.6~=-l___:_!_·~~~J + 3.566~1~3~~6~ -2.S -- 2.9 -~70.~~ 
(See Section III.) I 

--------- -~-----1___ ------- ----------------
S1:cTWN HI.-FRo.u QFITMAN ru MERIIJIAN, Miss. 

[April to May, 1B86; J. H. \\'eir, obsenrcr; instrument, geodetic micrometer level No. 3; method 1 two independent (forward and backward) lines]. 

l\Iay I 1, 1S8b I_ 
Mar. 24, 1887 J 
Mar. 21, 1887 

1886. 

M"Y· 
12 I I 

10 I I 

12 II 

5 II 

5 II 

5 
6 

6 

6 

8 
12 

4 

4 

4 

IO 

10: 

IO : 

8 
gl 

I~ } 

239 

D, 

239 

238 

237 
229 

230 

231 

232 
2 33 
234 

::35 

c 
' 

c. 
c. 

238 

237 
229 

230 

231 

232 

233 

234 
235 
236 

227 

226 

225 

' o. 322 

i 
i : 0. 731 
i I. 0<)0 

I. 078 

! o. 729 

I. 070 

I. 066 

I. 435 

I. 070 

1.100 

I. 108 

1.o68 

o. <)OJ 

I. 182 

. I '-,-~--I 

-------- i -------- j ------
1 

---- ! - 2.91
1 

+10.o896 I 

_ o. o8oo*j _-=_o: 0806*1 --0. ~6-1--o. o I -=_2_-_9_ j +.10. :'.'. / 

I-+ 0.8802* + 0.8792*\ +0.8797 i +1.0 i ----- ! +10.8887 I 
176. 910 I __;__ o. 7991 -t- o. 7998 +o. 7994 Ii -0. 7 i - 3- 6 :! +70. 8890 ] 

I -------- J ------- ---- I Mean. , +10. 8888 , 

--------1 1--1 j-_I 

j I I I 
177. 565 I - o. 7116 - o. 7119 -o. 7u8 i +o. 3 I - 2. 6 I +69' 2972 

178. 6551- 0. 4198 - o. 4244 -0. 4221 i +4- 61 + 2. 0 +68. 8751 
111J- 733 -- o. 1756 - o. 1790 --0. 1773 I +3· 4 + 5. 4 +68. 6978 

18o. 462 1 + o. 288o + o. 2867 +o. 2874 I +1. 3 + 6. 7 -t-68. 9852 
I 

181. 532 I - 0. 6281 - O. 6276 - O. 6278 -o. 5 + 6. 2 -t68. 3574 

182. 5981' -+ o. 7461 +o. 7449 I +o. 7455 +1. z + 7- 4 +69· ro29 . I 
184. 033 - o. 0766 I -o. 0772 .

1 

-o. 0769 . +o. 6 . + 8. o +69· oz6o 

185. 103 
1

1 + o. 4232 I to. 4269 i +o. 4250 I -3. 7 ! + 4· 3 +6g. 451o 

186.203. + 0.4183 +o .. p77 I +o.418o 1 +o.6 j + 4.9 +69-869<> 

187. 3ll + I. 0971 +1. 0966 I +1. 0968 I +0 .. 51 + 5. 4 +10. 9658 

188.271 ! - 0.0090* -0.0140*1
1 

-0.0115 J +s.o I +10.4 +10.9543 

1B9.339 
1

1 + o.36g8 +0.36/9 +0.3688 -\/ +1.9 +1_2.3 +11.3231 

190:242 i + I.!)875 +1.~551 +1.9865 +z.o I +14.3 +73.3096 
191. 424 i + o. 1622 +o. 1625 1 +o. 16'14 j --o, 3 +14. o +7J· 4120 

i I I 

• Wn~rever the asterisk (*) is appended, tile result given is tho moan of l'll'O determina.tlollS. 
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UNITED STATES COAST AND GEODETIC SURVEY. 417 

Results from geodetic kpirit-leveling in Alabama and Mississippi, 1884--'87, etc.-Oontinned. 

Date, 1886. 

May. 

3 

3 

3 

SECTION UL-FRO~! Qu!TMA)I TO MERIDIAN, M1ss.-Continued. 

·------------------------~ 

Bench· marks. 
I I I Difference uf height between bench- I n· 

Dis- , ' marks. iscrepancy. Height of 
I i I I I I 

1 lance i . I mark above 
----it~~~~~~~ Pr~;~i:~~ -- --~-- --- --Tl - --- . ---------1 Gauvlefraglev:l 

sivc tial mark. Directiuu of lme. T •·I 
, 1 Partial. o... I (at Biloxi, I From To 

225 

224 

223 

224 

223 

222 

bench- -' ean. I accumu- M' ) 
marks. ·1 F.-B. lated. '1, lSS •• 

! Ji.ill. I 

I 
0. 895 : 

0. 722 i 
! I. 120 

I ----· . 

Forwards. Backwards. ; 

---,~-·-~--- -~------- ---~ :- --- -----------1 

I 
I i 

Ii.Ill. Metres. .111'etres. Jr1'elrcs. I "IIm. .i~Inz. I 
192· 319 - 0. 0842 --0, 0821 -0. 0832 i -2. I ..LI I. 9 I -'-73· 3888 

193· 041 + 2. 7734 +2. 7724 -,-2. 77291 +1. 0 -;-12. 91 ,76. 1617 

194- 161 ~-3._0_21!__, __ - __ 3 __ · _0 __ 2s __ s_ - 3. 0280 i + r.s + 14. 4 : __ +_7 __ 3 __ · '-~-

.Aietres. 

I u. 084 , 194. 245 +1. 6551 + 1. 65s1 +1. 655.1 : --o. 6 
---- ------ ------ ' -- ------i----- ---- ______ I 

~13.81174-]891 

Apr. 

29 

24 

24 

24 

23 

23 

23 

22 

21 

21 

21 

20 

20 

20 

19 

19 

19 

19 

222 

28 221 

28 220 

28 219 

28 218 

28 } 
30 217 

26 216 

215 

214 

213 

212 

211 

210 

2og 

208 

205 

2o6 

207 

204 

203 
202 

201 

200 

199 

198 

221 

220 

219 

218 

21i 

216 

215 

214 

213 

212 

211 

2IO 

209 

208 

205 

2o6 

207 

204 

203 

202 

201 

200 

199 

1g8 

c 

i I ! I 
0. 754 I lg4· 915 I + I. 1393 +1. 1372 ! -t· l. J 382 I -j-2. I 

: 1.1561196.071 I+ 2.4096 -'-2.4080 I! -:-2.40881 +1.6 

I l 
-j-16. 5 i +74- 2il9 ! 
+ 18. I I +76. 68o7 I 
+ 18. 6 :+ 75. 9341 II 

-,.-18. 0 !+ 77. C)649 

+16. s I, 78. 76671 

1. 124 I 197· 195 -o. 7463 -o. 7468 -o. 7466 I +o. 5 
I I 

1. 106 198. 301 I +2. 0305 +2. 0311 i +2. 0308 I -o. 6 

1.222 199.5231 fo.8012 +0.8024 ! +0.8018 \-1.2 

1. 204 
1 

200. 7271 +2. 5735* +z. 5764•·1 - 2. 5750 I --2. 9 

1. 244 I 201. 971 +o. 3036 -;-o. 3040 ' +o. 3038 -- o. 4 

-;-1 3. 9 + s1. 3+17 I 
+ 13. 5 I,- 81. 6455 I 
,12. o !1--j- 80. 9545 I 
+12. 3 + So. poi \ 
+10. o t- So. 8147 I 

+11. 2 + 81. 1903 I 
+ 7. 8 + Si. 592z 

+11. 2 + 82. 5190 

+12. 7 + 84. 3550 

+ 7· I !+ 85. 0803 

I 0.719 i 202.690 I --0.6918 -0.6903 -0.6910 -I.5 
i I, 104 , 203. 794 

I 1. 172 i 204. 966 

I o. 690 : 205. 656 
, I 

I. 066 ' 206. 722 

1.164 207.886 

I. Oi9 208. 965 

I. 218 i 210. 183 . 

I. 231 211. 414 

I. 138 i 212. 552 
0. 679 213. 231 

0.701 213.932 

1.090 215.022 

I. 167 216. 189 

o. 715 i 216. 904 

I. 051 1217. 955 
I o. 758 , 218. 713 

-0.2343 

+o.og34 

+o. 3762 

-1·0. 4002 

+o. 9285 

+r. 8368 

+o. 7225 
+o. 7088 

+1.3908 

+r.266r 

+o. 8273 

+2. 7737 

+1. 20II 

+o. 5418 

++0720 

+4· 1427 

+2.9007 

-0. 2346 

+o. 0957 

-f'O. 3750 

+0.4036 
-fo. 925 I 

+1.8353 
+0.7281 

+o. 7102 

+1. 39 15 
+1. 2630 

+o. 8248 

+z.7701 

+1. 1988 

+0.5412 

+4.0720 

+4· 14o8 

+2· 9005 

-0. 2344 

+o. 0946 

70. 3756 

+o. 4019 

+o. 9268 

+1. 836o 

+o.7253 

+0 · 7095 
+1. 3912 

+1. 2646 

+o. 826o 

..;...z. 7719 

,1. 2000 

+o. 5415 

+4.0720 

+4· 1418 

-'-2. goo6 

+0.3 

--2.3 

+1. 2 

--3.4 

+3·4 

+1. 5 
- 5- 6 
-I. 4 i + 5· 7 i ! 85. 7898 

--0.7I+5.0
1
7 87.1810 

+3- I + 8. I 1+ 88. 4456 

+z. 51-10. 61+ 89. 2716 

+3· 6 +14. 2 ! + 92. 0435 

+2. 31-- 16. 5 J~- 93. 2435 

+o. 6 +17. I \--:- 93· 7850 

0. 0 1 +17. I j-f- 97· 8570 

+1.9 +19.01
1

+101.9988 
I , 

I o. 540 
1 

2r9. 253 I 
------'----------'---'----Cl ________ c•--·-··- --.--'""'""""' 

+o. 2 I +19. 2 .t-104. s994 
I I 

•Wherever the a.•terisk I°) is appended, the result given is the mean of two determi0&tions, 

H.Ex.22-27 



 

418 UNITED STATES COAST AXD GEODETIC SURVEY. 

Resulti; from geodetic i;pirit-leveling iii .Alabama cind Missi11sippi~ 18:$1-'87, etc. -Continued. 

SECTION IV. - FRUM MERIDIAN TO OKOLONA, Miss. 

[March to :'viay, tSSi i J. U. \\~cir, observer; instrument, geodetic micrometer level :No. l i method, two simultaneous parallel liues in 0nc 
direction.] 

-----------T~-1. ---
uench-marks. I, Dis· I Difference of height between bench-

marks. 
) tance 1 

1
------ --1between' Distance 

1) oo I I ' f - I ate, 1004. succes- , rom 1m- I 
s1ve 1t1al mark. 

From To bench- ' 

Line with 

:\lean. 

---- --- _________ __!marks.\___ RodE. 
Rod F. 

i • I I i Am. I A'm. I Ji.£dres. .~:fetres. ,Jfdrt.'S. 

Mar. ct 
1 

__ -:.:.::_::___i 219-253_/__=_-:_:_ __ -- --- - -- --
____ s _______ c_. _____ n __ ! o. 058 _2_'9· 311 _I +o. 2857 I +o. 2850 , +o. 2854 

8 

8 

8 

10 

10 

IO 

JO 

II 

II 

II 

II 

II 

12 

12 

12 

12 

zo 

20} 
24 

20} 
24 

20 

Zl 

c 
38 

39 
40 

41 

f2 

43 

44 

45 
46 

47 

48 

49 

50 

51 

52 
53 
54-

55 
56 

57 
58 

59 
6o 

61 

62 

63 

64 

66 

38 

39 

40 

.p 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 
52 

53 

54 

55 
56 

57 

58 

59 
6o 

61 

62 

63 
64 

65 

66 

I 
o. 926 220. 179 - 5. 2533 i - 5. 2534 '- 5. 2534 

I. 482 2ZJ. 661 + 4· 19861 + 4· 1972 !+ 4· 1979 

I. 746 223. 407 - I. 2734 - I. 2732 I- I. 2733 

I. 820 225. 227 + I. 25651 + I. 2619 i+ I. 2592 

I. 770 226. 997 + 6. 1911 I + 6. 1935 + 6. 1923 
I I : 

1. 462 228. 459 I - o. 1464 i - o. 1464 j- o. 1464 

I. 570 230. 029 + 3. 7429 : + 3· 7466 i+ 3. 7448 

1. 49s 231. 521 + 2. 3681 ! + 2. 3656 I+ "· 3668 

1.490 233.011 + 4.6216 I+ 4.6221 I+ 4.6222 
I ' 

I. 520 234. 537 + 7. 3092 I + 7. 3089 i+ 7. 3090 

1. 428 235. 965 - 6. 3940 I - 6. 3963 1- 6. 3952 

I. 240 237. 205 - 6. 1839 II _ 6. 1819 i- 6. 1829 

l. 530 238. 735 - 8. 6226 - 8. 6273 1- 8. 6250 

1.486 240.221 1-- 8.9344 " -- 8.9336 1- 8.9340 
' ' 

1.479 I 241.700 - 7.6758 \ - 7.6779 i __ 7.6768 

1. 538 I 243. 238 - s. 9639 i - 5. 9651 s. 9645 

I. 655 244. 893 - 9· 0512 - 9. 0494 9· 0503 

I.682 246.575 -7.0997 -7.1024 -7.1010 

I. 386 247. 961 

1.410 249.371 

1.712 251.083 

I. 666 252. 749 

1.981 254.730 

2. 010 256. 740 

1.412 258.152 

I. 478 259. 630 

I. 496 261. 126 

I. 484 262. 610 

I 1. 912 264. s22 

I i I. 586 266. 108 

I. 682 267. 790 

1.722 269.512 

- 2. 9748 - 2. 9712 - 2. 9730 

-- I. 6991 - I. 6965 - 1. 6978 
i + 3· 6o35 + 3· 6o14 + 3· 6o24 

- 4· 1345 - 4. 1350 1-- 4. 1348 
I 

-- 0. 5o6o -- o. 5052 1- o. 5056 

+ 1. 9945 + 1. 9911 I+ 1- 9928 

+IO. 5942 +10. 5925 (+ 10. 5934 

+ 1.0122 + 1.00971+ 1.0110 
- 8. 4256 - 8. 4265 - 8. 426o 

- 8. 8894 - 8. 88981' - 8. 8896 

-IO. 7770* -10. 7792* -10. 7781 

+ o. 7777*' + o. 77561+ o. 7766 

+ 2. 2363 + 2. 24141+ 2. 2388 

+ 3· 4375 + 3. 4377 . + 3- 4376 
I 

Discrepancy. 
Height of 

_____ mark above 
average 

l'artial i Total 
Gulf level 
(at Biloxi, 

Miss.). i_.~ _ v accumu- 1 

r" . .r. lated. \ 

.Um. 

' 
11.fm. I ,J.fetres. 

----t '-t-104.8994 

+o. I + O. I :+ 99· 646o 

+1.4 + 1.5 /+w3.8439 
-o. 2 + I. 3 i+ I02. 5706 

-5. 4 -- 4· I l+IOJ. 8298 
I 

-2.4 - 6.5 "+110.0221 

o.o - 6.51+109.l:ij57 

-J. 7 -I~. 2 
1

+II:J. 6205 

+z.5 -- ,.7

1

+115.9873 

-1. 1 -- 8. 8 +120. 6095 

+0.3 -8.5,+127.9185 

+z. 3 - 6. 2 I f-121. 5233 I 
I 

-2. 0 - 8. 2 i+ I15. 3404 

+4·7 -J·S[+1o6.7154 

-o.8 --- 4.3 
1

+ 97.7814 

+z. I - 2. 2 I+ go. 1046 
I +1.2 - 1.0 + 84.1401 

--1.s ·- 2.s f+ 75.0898 

+z. 7 - O. I 1

1

+ 67. 9888 

-3.6 -- 3.7 + 65.0158 

-2. 6 -- 6. 31'+ 63. 318o 

+z. I -- 4· 2 + 66. 9204 

+o. 5 - 3. 7 

1

+ 62. 7856 

--0. 8 - 4· 5 + 62. 28oo 

+3·4 I - I. I I+ 70.2728 

+I. 7 I + o. 6 + So. 8662 

+z.5 l + 3.1 + 81.8772 

+0.9 + 4.0 + 73.4512 

+0.4 + 4.4 + 64.5616 

+::z.2 

+2.1 

--5. I 

-0.2 I 

+ 6.6 1+ 53· 7835 

+ 8. i I+ 54· 56o1 

+ 3.6 + 56.7~ 
+ 3· 41+ 6o. 2365 

* \Vherever the asterisk (*) is appended) the result given is the mean of two determinations. 
t Frum ll. M. G. to H. M. IV wa• run in lne forward direction. 
i Break ill count due to change of method of levelmg. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 419 

Results from geodetfo spirit-leveling in Alabanta and .lfississippi, 1884-'87, etc.-Continued. 

J -

Date, 1884. 

May 

21 

21 

21 

22 

22 

25} 
31 

25 

25 

25 

31 

Apr. I 

Mar. 

31 

29 

29 

29 

29 

28 
28 
28 
28 

27 

27 

27 

27 
26 

26 

Apr. 
262} 

Mar. 26 

Apr. 

2 

2 

14 

SECTION IV.-FROM MERIDIAN 'IO OKOLONA, :'.>11ss.-Continued_ 

Bench-marks. 

From To 

69 70 

70 71 

71 72 

72 73 

73 74 

74 75 

75 76 

76 77 

77 IV 

IVt 94 

. I · j Difference of height between Len::-1

1

·· Discrepancy. I ·1 
Dis- I marks. I Height of , 
tance I . i mark abuvc \ 

;between[ Dista?c_e I -1 I average I I su~ces· ~rom mi- Linc with 1 Gulf level 1 

I s1ve. j l<al mark. I , P . 1 1_ Total ( t B'l · j 
1 bench- --- __ I Mean. ~rt!~ ·I accumu- :, a 1 oxi, j 
i marks. _ E.-F · ' lated. I :Miss.). 

1 
, Rod E. ' Rod F. I i 

l-~'m_--1-- Km. -llfdres. \ --;~~:-::.-· Netres. - Jfnz. i llfm. i lllctres. I 
I. 939 I 271. 451 + 6. 7424 + 6. 7436 '+ 6. 7430 -l. 2 I + 2. 2 66. 9795 j 
1.355: 272.8o6 I+ 5.9727 + 5.9689 + 5.9708 j +3-8' -i- 6.o 72.95031 

1.652] 274.458 j - 8. 2357. -- 8. 2411 :- 8. 2384 I +5·4; -i-II.4 64. 7119 
I I 

1.957 i 276.415 :-10.2949: -10.2943 
1

-10.2946 [ o.6 +10.8 54.4173 II 

1.3081277.723 i + 0.0981 + 0.1005 :+ 0.0993 ,-2.4 + 8.4 54.5166 

1.528 I 279.251, + 2.2128* + 2.2094*:+ 2.2111 /-+3-4 +u.8 56.7277 I 
I I ' I ' i 

I. 752 • 281. 003 ' + 3· 3990 + 3· 4027 I+ 3. 4008 i -3. 7 : + 8. I 00. 1285 • 

1.486 I 282.4891- 5.9959 - 6.0013 I- 5.99861 +S-4 :, --t-13.5 54.1299. 

I. 931 ! 284. 420 + 2. 0532 + 2. 0514 i+ 2. 0523 ' +I. 8 +15. 3 56. 1822 
i I - I 

1. 174 - 285. 594 + o. 8050 + o. 8o6o i-+ o. 8055 [ -1. o + 14. 3 : .. 56. 98n 

94 E 0.228: 285.822 + 1.9504 :--:-- 1.9506 + 1.95051-0.2 \ +14.1 

-~4---9~- 1.4461-287.040: + 1.8524 : 1.8516 ;+~:-~~:1 +o~; +15.1 +sS.8397 

88 8 f-- . I+ I + +6 sc 93 92 I.44J!2 ·43.- 7.0229 -t-7-0259[ 7.0244i-3.o J2.I 5.v41 

9:.: 91 I. 413 I 289. 896 ! + I. 6697 -: I. 6754 i-+ I. 6:26 ll ~5- 7 + 6. 4 +67. 5367 I 

91 90 , 1. 404 i 29L 300 ! -- 8. 0581 8. o6oo 
1

- 8. O)<)O r I. 9 + 8. 3 +59· 4777 

90 89 1.403 1292.703 - 6.4806 - 6.4822
1
- 6. 4814 \ +1.6 + 9. 9 +sz. 9963 

89 88 I. 991 ! 294. 694 + 0. 3910 + 0. 3938 ;+ 0. 3924 -2. 8 + 7. I ·t-53· 3887 

88 87 ! 1. 457 I 296. 151 + 3. 2541 + 3. 2509 :+ 3. 2525 +3- 2 +xo. 3 : +s6. 6412 : 

87 86 I 1. 3761297. 527 + 4. 1484 -r- 4. 1472 /+ 4. 1478 +1. 2 +u. s i +oo. 7890 

86 85 1 1. 395 298. 922 + 4. 7849 --:- 4· 7825 + 4. 7837 +z.-+ I + 13. 9 ' --r-65. 5121 

85 84 1.697 300.619 +5.o8o4 --:--5.083oi+s.o817 -2.6!+11.3(+70.6544
1 

84 83 I. 367 301. 986 - 2. 2125 - 2. 2117 1-- 2. 2121 -o. 8 : +10. 5 ! +68. 4423 

83 82 ! I. 667 303. 653 - 7. 8233 ! - 7. 82281- 7. 8230 -o. 5 +10. 0 +6o. 6193 . 

82 81 ! I. 456 305. 109 + 4. 40()() II + 4- 4018 + 4. 4014 -o. 9 : + 9· I I +65. 0207 

81 8o I. 952 307. 061 -- 2. 6194 - 2. 62io I 2. 6202 +1. 6 ' 1 IO. 7 i +62. 4005 

So 79 1. 367 308. 428 + 5- 36og l + 5· 35K1-1+ 5. 3596 +2. 5 I +13. 2 +67. 7001 

19 18 1. 379 309· 807 - 1. s129*i - 1. 8149*·- 1. s139 +z. o I +15. 2 +65. 9462 

Vt 
95 

Vlf 

v 

95 
VI 

122 

1.457 

I. 666 

I
I r. 11s 

1.788 

3 I I. 264 - 9· 2438 l - 9· 2429 - 9· 2434 

312. 930 _ 4. 2534 I _ 4. 2530 __ 4 .. 2532 

314. 645 + 2. o622 i + 2. o664 1+ 2. o643 

Jl6.4331- f.72121- I.:~~J~-1.7205 

--o. 4 +13. 9 I +52. 4496 

--4. 2 + 9- 1 I +s4- 5139 

-1. 4 I + s. 3 I + s2. 7934 
I , 

• Where\~er the asterisk. (•) is appended, the result given is the 1nean of two deLcrmiuations. 
t B. M.'s IV to V were run in the ba.ckward directi<>n. 
; B. M.'s V to VI and if> were run in the forward direction. 
I B. M.'s VI to rJ5 were run iD the backward direction. 



 

420 UNITED STATES COAST AND GEODETIO SURVEY. 

Results from, goodetic spirit-leveling in Alabama and Jllississippi, 1884-'87, etc.-Continued. 

Date, 1884. 

Apr. 

14 

3 

3 

SECflON IV.-FRm1 MERIDIAN TU OKOLONA, M1ss.-Continued. 

B h k i I ! Difference of heig]1t between bench- i 
enc -mar ·s. Dis- I marks. I. Discrepancy. 

tance 1 Height of 

I · mark above ------- between Distance !·---·------ · ~, ----
f · I I I average 

succes- / ! 0

1
m 111k1- Line with 1 , Gulf level 

sI vc 
1 
ua mar . I 1 , . I Total ( B 

bench- I Mean. 1 1 arll.'.'I , accumu- at iloxi, 
l rn<J.rks. \ ; E-F. ! lated. Miss.). 
I Rod E. Rod F. 1 I 
I I . I 

.. -------- ·1 Aln. !- A1:~1--1~ldn:s.- 1-~1:~:::-1 Netm. I N111. 1--Nm~----~~:~:.-
122 98 i 1.169 I 317.002

1

+0.0526, + 0.0499 '+0.0512 I +2.7 · +1i.o / +52.446 

98 97 ·
1
'. r.368. 318.970 1 + 0.8512: + 0.8547: +0.8530 \ -3·5 I+ 1.5 +s3.6976 

I ! : ' I 
,---1~~---·1 i i----: :--_, ___ i ____ , 

}. i O.IJJ f 319.IOJ I - 0.1731 i - 0.1740 I -0.1736 / +0.9 / + 8.41 -;-53.5240 I 

From To 

97 
·------·----------·--.. ·----,---- I -- · 1---1---, .. - ....... 

I. 577 Ii 320. 547 + I. 1888 : t- I. 1890 i +1. 1889 I -0. 2 I + 7. 3 I t54· 8865 97 96 3 

7 

u 
7 
z 
2 

2 

I 

0 

0 

0 

9 

9 

9 

9 
8 

8 

8 

5 
5 

5 

5 
4 

4 

5 
-··~·-· ·--···1 

~} 
5 

5 
5 
6 

i 

i 
I 
I 

I 
' I 
I 
I 
I 

96 t 106 

106 107 

107 108 

108t 121 

121 120 

120 119 

119 IJ8 

118 ll7 
117 IJ6 

116 IIS 

115 114 

114 IIJ 

113 112 

I 12 III 

II I llO 

llO 109 

109 105 

105 104 

i ' I I 
r. 56o i 322. 107 - o. 3132 1 - o. 3152 : --o. 3142 I +z.o 1 + 9. 3 1 +54· 5723 

I. 300 'I 323. 407 : I I I I + 1.0567~ 1 + 1.0583~[ +1.0575 -1.61+7.7 i +ss.6293 

I. 9771325. 384 + 6. 0501 : + 6. 0478 I +6. 0490 I +:z. 3 ' +10. o I +61. 6788 

1.444 j 326.828 + 8.1088 ! + 8.w74 
1 

+s.w81 /1 +1.4 .i +11.41 +69.7869 
r. 226 i 328. 054 + 3. 8214 1 + 3. 8240 I +J. 8227 -2. 6 / + 8. 8 +n fu96 

1. 724 ! 329. 778 + 5. 2630 + 5. 2638 i +s. 2634 I -o. 8 l + 8.o +18. 8730 

2. 378 ) 332. 156 - o. 1415 -- o. 1392 I -0. 1404 I -2. 3 '1 + 5. 7 .+78. 7326 

I. 732 333· 888 + 3· 9135 . + 3· 9115 i -f 3· 9125 I + 2· o , + 7 · 7 ·f-82. 6451 

1.029 334-917 - 5.3238: -5.32141-5.32::?ti -2.4 'I+ 5.31 +11.3225 

I. 581 336. 498 + 6. 1875 ! + 6. i879 / +6. i877 -0. 4 ; + 4. 9 I +Si 5102 
' , I 

1.465 337. 963 + 9. 8981 + 9. 8940 i +9· 8960 +4· I + 9.0 I +93· 4002 

o. 975 338. 938 + o. 6973 + o. 6934 i +o. 6954 +3· 9 +12. 9 I +94· 1016 

I. 027 339. 965 - 0.1322 - 0. 72921-0. 7307 -3. 0 + 9. 91 +93· 3709 

1.564 341.529) - 1.9966 
1 

- 2.0000 I -1.9983 +3·4 +13.3 i +91.3726 

I.318 342.847 - 0.3828* - 0.3842*1
1 

-0.3835 +1.4 +14.71· +90.9891 

o. 892 343. 739 -- 5. 2232 , - 5. 2268 -5. 2250 +3· 6 +18. 3 +85. 764-1 

I. 400 345· 139 + 4· 3418 \ + 4· 3394 I +4· 3406 +z. 4 +zo. 7 I +90· 1047 

2. 243 347. 382 + 2. 4673 • + 2. 4683 +2. 4678 -1. o +19. 71 +92. 5725 
ro4 ro3 1.467 348.849 - 7.9403' - 7.9414 -7.94o8 +1. 1 +20.8 +84.6317 

IOJ 102 I. 504 350. 353 - 3· 1250 - 3. 1295 -3. 1272 I +4· 5 +z5. 3 +81. 5045 

102 IOI 1.473 351.826 I+ 1.3148 + 1.3182 +1.3165 -3.4 +z1.9 II +82.8210 

:: I: I :: :: ~~!: ~~: 1 = ~: ::~ ' - :: ::~: =:: ::~ ~!: ~ !:~: ! !~~: ~!: 
·-~-.,,_....,... ___ , ___ , ____ i_~·~----·--1 -- ~-~~- ------- ----1 

99 G j 0.359_

1

, 355.1981+1.25~!-i + 1.2552 j +1.2550; --0.5 +z1.9 ! +11.3049 

99 VII 1. 623 I 356. 462 I - 3· 3948*i - 3· 3990" -3. 3969 +4· 2 +26. 6 +66. 653o 
; I 

VIII) 123 1. 012 357· 534 I - 3· 619s 1 - 3· 6190 -3. 6192 -o. s 
I. 150 358. 6841- I. 3250 \ - I. 3284 -·I. 3z67 +3· 4 

I. 211 359· $95 . - I. 4CJ64 I' - I 4054 -1. 4059 -I. 0 
1.574 361.4691- I.0210 - 1.0197 -1.0204 -1.3 

123 124 

124 

• Wherever the asterisk (') is appended, the result given is the mean of two determinations. 
t B. M.'s g6 to 1o8 were run in tb.e forward direction. 
t n. M.'s rna to Vil were run in tb.e backward direction. 
i The mean of three det<ormlnations, two forward and one backward. 
I B. M.'s VII to i33 were nm in the fonvard direction. 

+26. I +63.0338 

+29·5 +61.7071 

+zB.5 +6o.30U 

+21.:z +s9.2So8 
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Results from geodeti:J spirit-leveling in Alabamn and Jiississippi, 1884-'87, etc.-Continued. 

SECTJON IV.-·FROM MERIDIAN TO OKOLONA, Mrss.-Continued. 

1

1

. [ Bench-marks. ii Dis- (

1 

\ Differen~~:-l~~;it~~~t~,·eeii-~~;~~i--Discrc::c~~ -:~~~~o;-
1 I tance , 'I _

1
____ _ __ .. mark above 

I 

'i·-----------jbetween\ fDista~~e 1- - -
Date, 1884. 'succes-, rom im- 1 1 I i average ' 

I

' I, si ,.c. ; tial mark. ,
1 

Line with. ! T 1 ! Gulf level 
· I 'Partial. i ota ' (at Biloxi, 

From To ! bench- I ----------- Mean. , E.-F. ·. accumu-, Miss.). 
! marks. 1 I I lated. 

[ 1 I Rod E. I\od F. 

1--~~1------·-. 

I
I 16 ' IZ6 

16 127 

I 
I 

16 

17 

17 

17 

17 
22 

22 

21 

21 

21 

23 

128 

129 

130 

131 

lJ2 

IJJf 

137 

136 

135 

134 

·n 

12i 

129 

130 

lJl 

132 

133 
137 
136 

135 

134 
H 

, I , 
h'm. : R'm. I .llfetres. ./ifetres. ,tfdres. 1 Mm. '1 ]'rim. i 3/etres. 

1.090 I J62.568 I+ 1.6935 I+ 1.6913 +1.6924: +2.2 +z9.4 · +6o.9732 

1.14~ 
1 

363.7131- 2.0471 1- 2.0499 i -2.0485 ! +z.8 +J2.2 +sS.9247 

1.4311365.144 +5.1469 +s.1454
1

+5.1462 +1.5 +33·7 +64.0709 

r. 122 366. 2661 + 4. 9rn ! + 4. 9084 +4· 9098 +z. 7 + 36. 4 +68. 9807 

367.2941 - 5.4483 I - 5.4484 -5.4484 +o. I +J6.5 +63.5323 
368.392 -3.13221--3.1310 -3.1316 -1.2 +35·3 +6o.4007 

369_ 532 I - 4. 2155 ! - 4. 2140 -4. 2148 -I. 5 +33- 8 +56. 1859 

370. 680 i - o. 2 598 - o. 2597 -o. 2598 -o. 1 +33. 7 +ss. 9261 

37r. 940 I + o. ]576 + o. 7565 , +o. 7570 +1. 1 +34· 8 +s6. 6831 

374.166!+7.1851 +1.1827\+7.1839 +2.4 +37.2 +63.8670 

375.401 I + I. 5114 I + I. 5075 : +1. 5094 +3· 9 +41. I +65. 3764 

1.178 ~~6~~~~1 + 7.0185_/~2·0201 l_:+-_!:_~~/--=-1.6 +J9.5 ~12.3957 ! 
I I I : i I i ! 

o. 310 ; 376. 889 \ + I, 5450 ! + I. 5459 : +1. 5454 ! -o. 9 ; +JS. 6 l +73. 9+11 1 

---------·' c----- i~--- --~--- -----:-~--1 

I. 644 378. 223 - 2. 9693 I - 2. 966o -2. 9676 i -3. 3 I + 36. 21 +69. 4281 22 Ht 
26 138 

26 150 

26 151 

25 149t 

25 148 

25 147 

25 146 

24 145 

24 144 

24 143 
24 142 

23 141 

23 140 

23 139 
26 VIII~ 

28 152 

28 153 
28 154 

29 155 

29 156 

29 157 

138 

150 

151 
149 
148 

147 

146 

145 

144 

143 
142 

141 

140 

139 
VIII 

152 

153 
154 

155 

156 

157 
158 

I. 174 379. 397 + 6. 8230 I + 6. 8232 +6. 8231 i -o. 2 I +J6. 0 I +16. 2512 

1.079 380.476 + 2,5461 / + 2.5457, +z.5459 I +0.4 +36·4 I +18.7971 
1. 046 381. 522 + 2. 2300 i + 2. 2271 , +z. 2286 ' +2. 9 +39· 3 ! +81. 0257 

1.112 382.634 + 1.05751+1.0581 +x.0578 I ---0.6 +38.71 j-82.o835 

l. 044 383. 678 - o. 3913 1 - o. 3909 --o. 3911 -o. 4 +JS. 3 I +s1. 6924 1 

l. 022 384. 700 + 4. 6209 I + 4. 6173 +4· 6191 +3· 6 +41. 9 I +86. 3115 I 
1. 108 385. 808 + 2. 3341 I + 2. 3314 +1. 3328 +2. 7 +44· 61 +88. 6443 ; 

I. 722 387. 530 - 4· 9469 - 4. 9448 : -4. 9458 -2. I +42. 5 i +83. 6985 I 
i I I 

I. 152 388. 682 + 2. 4862 + 2. 4885 i +z.4874 -2. 3 +40. 21 +86. 1859 1, 

1.6!0 3go.292 + +0929 + 4.og68 / +i.0948 -3.9 +36.31 +90.2807 i 

I. 670 391. 962 - o. 7818 / - o. 7810 I --<>. 7814 -o. 8 +35· 5 ! +89. 4993 I 

2.782 394-744 j + 3.3202_1+3.31721 +J.3187 +J.O +38.5) +92.818o 

1. 7So 396. 5241 + o. 3279 j + o. 3276 'I +o. 3278 +o. 3 +JS. 8 j +93· 1458 
I. 250 397. 774 - o. 198o I - o: 1972 -o. 1976 --0, 8 +JS. 0 I +92. 9482 

l. 632 399. 406 + 0. 4720 I + o. 4719 r +o. 4720 +o. I +38. I I +93· 4202 

r. 638 401. 044 j - 5. 0073 , - 5. orn31-S- 0088 + 3. o +41. 1 I +88. 4114 

l. 442 402. 4861- 2. 1757 I - 2. 1732 -2. 1744 -2. 5 +38. 6 II +86. 2370 ! 

1
1.203 403.689 - 3.4916 I' - 3.4862 1-3.4889 -5.4 +JJ.2 +s2.14s1 I 
1. 6o2 405. 291 [ - o. 6o79 - o. 6o61 I --o. 6o70 -1. 8 +31. 4 I +82. 1411 

I I. 594 4o6. sss j + 7, 8438 + 7. 8412 I +7. 84z5 ! +z. 6 +34. 0 +89. 9836 

1. 884 [ 4oS. 769 j + o. 2922 , + o. 29471 +o. 29341 -2. 5 +31. 5 j +90. 2770 
c.....~~~~....:..~~~~~---'-~~-~~~-

t B. M.'s 133 to H a11d 149 to VIII were run in the backward dirwtion. 

+ R. M.'s H to 149 were run in the forward direction. 

S B. M.'s VI!l to K run ln the forward dit<:Ction. 
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Results from geodetic spirft-let•eli11g in JJfissi.~.q~ppi and Louisiana-Continnoo. 

SF.CTION IV.--FROM MERIDIAN TO OKOLONA, M1ss.-Conlinue<l. 

----------- _____ _J__ 

I 

Date, 1884. 

Apr. 

30 

'0 _, 

;\lay. 

2 

2 

3 

3 

3 

5 

5 

5 

]' 1 k. I . 1
1

1 

I Difference of height hetween hench- I D'screpancy 1
1 

I 
>enc 1-mar 5

· Dis- marks. I 1 
' • Height of 

lance I . 1 mark above --- -- . -~-11:~~~:~~·1 ~r~~'\~~~ :--- ~:~ with--·-·1··-------1--- ---1 (~~~r~:V:1 
s1ve t1al mark I Partial Total (at Biloxi, 

From To bench - .

1 

Mean. E.-F. accumu-, Miss.). 
marks ! Rod E. Rod F. lated. I 

____ _1 -------- I - --

159 
160 

16o 161 

161 162 

162 163 

163 164 

164 165 

165 166 

l(>fi 167 

167 168 

16S L 

K 

1lfdns. .11/dre.r. I 11/drcs. /lfm. .~Im. Jlfe/l't'L 

1 I 
1.117 I 109.ss6 + 3-''743' + 3.67461 +J.<>744 -0.3 t31.2 f-93.9514 

! 
1.334 I 411.220 - 4.2102 ·-· 4.2147 --4.2124 +4.5 +35·7 i 89.7390 

r.334 II 412.564 + 4.3439 + 4,3457 ! +4-3448 -1.8 +33-9 +94.0838 

I 
l.7441414.308•+1.7190 +1.7167 +1.7178 +2.J +J6.2 +95.8016 

I. 714 416. 022 i - 6. 2254 6. 2250 I --6. 2252 -o. 4 + 35. s +s9. 5764 

2,011I418.033 i - 3.9555 l- 3.95241--3.9540 -3.1 +32 ·7 +ss.6224 

1.190 419.223 i - 1.945s I - 1.94301--1.9444 -2.8 +z9.9 +s3.67So 

1.648 420.871 I+ 4.0250 ! + 4.0260 I +4.0255 -1.0 +z8.9 +87.7035 

l.389 422.26o I+ 4.3745 i + 4,3726

1 

+4-3736 +1.9 +Jo.8 +92.0771 

1 
o. 984 , 423. 244 1 + o. 7090 I + o. 7 w7 +o. 7098 - 1. 7 +z9. I +92. 7869 

: ·-- - - _____ :.__ 1 ________ -----~-· -

i 0.230 423.474 ! + 0.2802 i + 0.2789 \ +0.2796 +1.3 +Jo.4 I -t:-93~0(,(;_5_j 
----------~1----·· -·-·----- ----

423.496 + 1.827(,*1+1.826o*1 +1.S2f•S f1.6 +Jo.7fi -j-94.6137 i 
-----------

* \\'"herc\•er the asterisk(*) is appende(l, the result given is the mean of two determinations. 
t This is only the total accumulated discrepancy from B. M. C. at Meridian, >iiss. 

Accuracy of tlte preceding res1tlts for heights. 

Tbe observed differences of heights resnlting from th11 forward and backward independent 
measures of a number of bench-marks in the line of levels, are made the basis, as usual, for the 
determination of the probable errors of the assigned heights of these marki;;, and they serve also for 
a general measure of the accuracy of the whole operation. In the latter case, the average probable 
error in tlie resulting difference of heigl1ts is referred to the kilometre as the unit of length, and, in 
accordance with the method of least squares, the probaule error of leveling is taken to be propor
tional to the square root of the length of line, or otherwise expressed, the weight w of a result is 
inversely proportional to the distance s. Let d = dift'e.rence in the results from two independent 
measures, one forward, the other backward, in direction, for any mark at the distance s. It is 
customary to express din millimetres ands in kilometres. n = the number of such differences or 
the number of separate lines making up the whole distance. m, and _m

11 
= the mea.n square error of 

a single leveling and of a double leveling, respecfrrely, in one kilometre, or for a unit of length; then 

m, = Ff._[_ad] 
-V2n s 

aml m _.'!!!.L 
II - V2 

Putting r 11 and r respectively for the probable errors of do1'ble leveling for a line of nnit length 
(1 kilometre) and of a line of length S, then 

r,, = 0.675 m11 and r = 0.675 'TA 11 VB or r,,v8 

In case the successive marks are distributed over the line with tolerable regularity at distances 
of one kilometre, and the several parts of the line a.re about equally a.dapt.ed to the operation, the. 



 

UNITED STATES COAST AND Gl<JODETIC SUltVEY. 423 

abo\'e formulro may be made to take a llimpler form, since w = 1 nearly, hence, the probable error 
of a r•~sulting <lifference of height from a double m!c'asure of a length of one kilometre becomes 

0.675 J~~J and, consequently, the probable error for a terminal point at the distance 8 = fsl will 

he r=0.675 Jf?;:J. In the table below, the results were deduced from the more simple formula. 

Starting point. 

P,iloxi, Miss., tidal station. 

1:1ohile. • 

Citronelle. 

Quitman. 

Meridian. 

I 
']'cnuinal point. I 

I 

' ------1 

1V1obi1c, Ab., Custom-I-Tom:.f'.* 

Citronelle, Ala. t 

A·m. 
94.3o 

53. 6(1 

St."'· I 
58.6 

33.3 
I 

Quitman, Miss. I r 22. 97 76. 4 
Meridian, Miss. I 42. 62 26. 5 

Okuluna, Miss.t 12042~~ 

Total from tide-water gauge. i 517.79 i 321. 7 
! ' 

[dJ] " 

454 

1'11 
,, 

Alm. I ,l/m. , 
9+ ±o. 7+ 1 ± , . 2 

225 .p J,o. S(1 ( .L (1. 3 

668 10S :to. 79 [ ± ~. ; 
JOI 2<) ±071 ! ± 4.7 

875 138 . ±o. S7 \ :tI2. S 

Average i :±o.--;,-;-1--
*From report on results ofspirit-levelini:: between Mobile aml New Orleans; Appenrhx 9, Report for 1SSj. 
t The mean ancl probahle errors were increased by their fourth part. 

For comparison with other lines of levels, we have m, the mean error of a single leveliug of one 

. -JFldl 1 I k1lometre,orm,- !:f[sf when tie simplifie< formula is used: 

Mm. 
Biloxi "to Mobile. ±1. 55 1 
Mobile to CitronelJe.* :±:1.81 I 
Citronelle to Qnitman. ±1. 65 ~ :±1.69t 
Quitman to Meridian. ::1::1.50 I 
Mericlian to Okolona.* :l-1.83 J 

*The mean and probable errors were increased by their fonrth part. 
t Average value (with consideration of distance). 

For comparison, we had for the line Mobile, Ala., to New Orleans, La., 1885-'86, m,=.:l: l.4omm, 
and for the line, Sandy Hook, N. J., to Dobbs' Ferry, N. Y., 1886-'87, m,=::l:2.33mm. 

The total resulting probable error of leveling between Biloxi and Okolona is equal to 

V (7.::l)2+(ti.J)2+ (8.7J:i+(4.7J2+(1i.5)2 = ± ts,5mm, 

This probable error is less than that adopted for the average tidal leV'el of the Gulf water, 
which was .:!:25.omm; the probable error of the resulting absolute height of Okolona is therefore 
v(1S.5)i+(:t5.U)2=:l::31.1mm. 

The acc111nulated discrepancies, either between the results by two staYes or between the forward 
and backward measures, remain reasonably small, the maximum amount in each of the four sections 
being +10.0, -32.5, +22.1 and +u.Gmm. In the last ease, the gap between the E and F lines of 
levels just reaches lJt inches, which is the maximum departure in the whole line. 

A description of the principal bench-marks is herewith appended. 
Yours, respectfully, 

Mr. B. A. COLONNA, 
Ani8tant in charge Office and Topography. 

CHAS. A.. SCHOTT, 
Assistant in cliarge Oomputing .Division. 
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SECTION !.-Location and description of permanent beneh-marks between Mobile and Citronelle, Ala. 

A.-On custom-house at Mobile, Ala. The bottom of a square cavity cut in the window-sill 
on the southeast corner of the building; the window fronts on St. Francis street, and is the first 
one north of Royal street. 

Astronomical Station.-At Mobile, Ala. Olcl hyr1r ographic bench-mark at old astronomical 
station in Bienville Park. 

B.-At Citronelle, Ala. The center of cross on hciid of copper bolt leaded horizontally in the' 
south chimney of tlte cottage belonging to the Mobile and Ohio Railroad. The bolt is in the middle 
of the brick in the fourth layer from the ground, three bricks from east edge of chimney an<l three 
from the west edge. 

SECTION II.-Loeation and description of permanent bench.marks fmm Citronelle, Ala., to Quit
man, 1lliss. 

B.-Described in Section I. 
E 2.-At mile-post 38 of the Mobile and Ohio Railroad, in Washington County, Ala. The bottom 

of square cavity cut iu top of marking stone set in the ground -011 the east side of the track, 7.78 
metres from the center of track: and 0.81 metre from the wire fence. The stone is of white marbJe, 
6 by 6 inches ou top, and projects about 5 inches above the ground; the cavity is 1by1 inch square 

and oue lmlf·inch deep; the bench is marked thus: u. o s. 
B. M. 

F2.-At Deer Park, Washington County, Ala. The bottom of a cavity, 1 inch square and one. 
half inch deep, in a white marble block set in the front yard of Mr. James 13. Rawls' residence. 
This marble block is between the school-house and well, about 6 inches square, and projecting 1 

inch above the ground. The bench is marked thus: u. o s. 
n. :M. 

G2.-At Escatawpa, Washington County, A.la. The center of horizontal cut on copper .bolt 
leaded horizontally into the south chimney of Dr. W. H. Boykin's house, on Main street. 'l'his 
bolt is in the center of the middle brick, iu the eleventh layer above the water-table cuurse. 

H2.-At mile-post 58 of the Mobile and Ohio Railroad in Alabama. The bottom of cavity, 1 
inch square aud oue.half inch deep, cut iu a white marble block set on the top of a small hill on 
the east side of track. Distance of stone from center of track, at right angles, is 30.9 metres and 
27.5 metres from the mile.post; it is 6 inches square, projecting about an inch above the ground, 

. u. s. 
a.nd is marked thus: o 

B. M. 

I2.-At State Line, Wayne County, Miss. Center of cross on head of copper bolt leaded hori· 
zoutally into west side of the south chimney of Mr. E. A. Lister's house. This house is on the east 
side of the Mobile and Ohio Railroad, just opposite the water tank, and is the next one north of 
Mr. B. A. Cragin's house; the bolt is in the center of the middle brick, in the tenth course above 
the ground. 

J2.-.At Buckatunna, Wayne County, Miss. Center of cross ou head of copper bolt leaded 
horizontally in south chimney of house belonging to Mr. F. H. Hooge. This house is on the west 
side of the Mobile 11.nd Ohio Railroad, about fifty metres S. of railroad station; the bolt is in the 
center of the middle brick, in the thirteenth course abo~e the water-table course. 

K~.-At Winchester, Wayne County, Miss. Bottom of cavity 1 inch square and one-half inch 
deep, cut in white marble block set in the front yard near the gate of Mr. A. J. Henderick's house. 
This marble block is 6 inches square, projects about 4 inches above the ground, and is marked thus: 
u. s. 

D 
B. I\{. 

L,.-At Waynesboro, Wayne Oounty, Miss. Center of cross on head of copper bolt leaded 
horizontally into a brick, on the front side of Mr. J.P. Turner's store on the northeast corner ot 
Car and Station streets. The bolt is in the center of the fifth brick from the south wall, and in 
the twelfth course above the foundation. 
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M2.-At mile-post 89 of the Mobile and Ohio Railroad in Mississippi. Bottom of cavity 1 inch 
square and one-half inch deep, cnt in white marble block set on east side of track. This stone is 
11.1 metres, at right angles, from the center of track; is 6 inches square on top, projects about 3 
. . ~ & 
mches above the ground, and is marked thus: o 

B. M. 

Ni.-At Shub11ta, Clarke Oounty, Miss. Center of cross on bead of copper bolt leaded hori
zontally into the front wall of Mr. M. Greeuhood's store, a one-story brick building on the north 
side of Oecutta street, west of the Mobile and Uhio l{ailroad. The bolt is in tlie center of a brick, 
2~ bricks east of store door and 2~ west of west side of window, in the fourteenth course above the 
foundation and two courses above lower sill of window. 

02.-Near railroad station of the Mobile and Ohio Railroad at De Soto, Clarke County, Miss. 
Bottom of cavity 1 inch square and one-half inch deep, cut in marking stone set in the ground 
0.38 metre N. of north wall of station and 1.45 metres ,V. of the east wall. This stone is a wliite 
marble block, ahont 6 inches square, projecting ahont 3 inches ahove the gronnd. and marked thus: 

·u. s. 
0 

B. M. 

D2.-Near Mobile and Ohio Railroad station at Quitman, Clarke County, Miss. Bottom of 
square cavity cut in the top of marking stone set in the front yard, on the left side ot' the gate (as 
you go in) of Dr. Jere. Sander's hotel. 'fhe stone is about 6 inches square and marked thus: 
u. s. 

0 
B. M. 

Established in ]\fay, 1886. 
Cz.-On court-house at Quitman, Miss. Described in Section III. 

SEOTION III.-Loeation and d.eseription of permanent bench-marks from Quitman to 11/eridian, JJ!iss. 

D2.-Described in Section II. 
C2.-0n court-house at Quitman, Clarke County, l\Iiss. Center of cross cut on head of copper 

bolt leaded horizontally in the middle of a brick, on the west face and near the nortliwcst corner 
of the court-house. The brick is in the fourth layer above the water-table, and second one from 
north end of pillar at corner of building. 

B2.-A.t Enterprise, Clarke County, Miss. Center of head of copper bolt, 0.0646 metre in 
length and 0.0132 metre in diameter, lealletl horizontally in the middle of a brick in the uorth 
face of Cbickasawbay Mills. The brick is in the tenth course above the ground, about half-way 
between the two main doors of brick structurEI. 

0.-0n court-house at Meridian, Lauderdale County, Miss. A cross cut on the iron door-sill 
at the north entrance. Is near the east edge of the sill and measures, from its center to the extreme 
N. edge of sill, 0.32 metr-e and 0.0!45 metre from the E. door-jamb. Established March, 18841 and 
marked thus: X. 

SECTION IV.-Location a11d description of permanent bench-marks from Mm·idian to Okol-ona, Miss. 

0.-0n court-house at· Meridian, Miss. Described in Section III. 
D.-At Meridian, Lauderdale County, Miss. Is the upper part of the last stroke in the last 

"N" iu the name of John Stinson inscribed on the granite block placed iu the northeaRt corner of 
the court-house. This block bears the names of the board of supervisors . 

.E.-At Scooba, Kemper County, Miss. Center of copper bolt leaded horizontally in the soufo. 
side of the chimney at the west end of J. H. Duke's store. The bolt is almost in the center of the 
brick in the eighteenth course from the ground all(l one brick from the west end of chimney. 

F.-Near Ma.con, Noxubee County, Miss., on the Mobile and Ohio Railroad. A cross cut on the 
southeast corner of the coping on the south abutment of bridge over Noxubee RiYer. Center of 
cross measures 0.250 metre from extreme S. edge of stone and 0.220 metre from iron wall· plate 
resting ou stone. 
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96.-Near Mobile and Ohio Railroad station at Macon, Noxubee County, Miss. A cross on the 
end of a brick in the south pier of the water tank. Center of cross is 0.0-035 metre from extreme 
S. end of pier and 0.0435 metre from extreme E. end. 

G.-At Artesia, Lowndes County, Miss. Center of cross on copper bolt leaded horizontall,v 
int,o a brick in the southwest pier of the hotel at Artesia. . The brick is in the third cmmm from the 
top and one brick from the north end of pier. 

H.-At West Point, Clay County, MisR. Bottom of Rqnare ca"ity cut in brick in the top of 
offset on the east front of the Jackson House. Center of bench to extreme E. edge of brick, meas
ures 0.012 metre. 

I.-On court-house at West Point, Clay County, Miss. A point on the granite block or tablet 
bearing the inscri1>tion of Cannon Lodge No. 159, situated in the northeast corner of the court 
house. There is a horizontal line near the middle of this tablet and the bench is the point directly 
below the letter" A." 

L.-At Mobile and Ohio Railroad station at Okolona, Chickasaw County, MiRs. Center of 
copper bolt leaded horizontally into a brick in the southwest pier of the station. The hrick i11 the 
middle one on the west side of the pier, and in the seventh layer from the ground. 

K.-On cotton warehouse at Okolona, MiRs. Center of bolt leaded horizontally in a brick on 
the east front and near the south end of the warehouse occupied by 0. I{. Smith. The brick is the 
thirteenth one sooth of door and in the twenty-second course from the ground. 



 

App END Ix No. 1 1 .-1 8 8 8. 

HEIGHTS FROM SPIRIT-LEVELING OF PRECISION BETWEEN NEW ORLEANS, LA., AND 
WILKERSON'S LANDING, MISS., OPPOSI'rn AltKANSAS CITY, ARK. 

Levelings between Carrollton (New Orleans), La., aml Greenville, MiAA., executed by 0. H. TITTMANN and 
ANDREW BRAID, ABsistant8, and J. B. WEIR, Subassistant, 1879-1881. LevelingH between Gri'envill<1 and 
Wilkerson's Lauding, Miss., opposite ArkanRaR City, Ark., executed under direction of the M1ss1ssIPPI RIYER 

COMMisSIOX by J.B. JOHNSON, ASlliRtant Engineer, 1880-'81. 

Report on reduction of' observations and re•mlts by CHARLES A. SCHOTT, Assistant. 

COMPUTING DIVISION, COAST AND GEODETIC SURVEY OFFICE~ 

December 29, 1888. 

The results of spirit-leveling of precision from New Orleans (or Carrollton) up tbe Mississippi 
River to Wilkerson's Landiug,Miss., are here presented in fi"Vesections for convenience of reference. 

Respecting descriptiou of instruments, their adjustment, and tlrn method of using them, it suf
fices to refer to Appendices N o.15, Report for 1879, by Assistant Tittmann, and to N o.11, Report for 
1880, by Assistant Braid. The field computation waR made by the observers, and the office compu
tation by Mr. A. S. Christie and Mr. H. Farquhar; the compilation and reduction to sea-level is due 
to Mr. L. A. Bauer. Other particulars are given at the head of each section, but for the discussion 
of the probable errors of the resulting heigh ts for each part and for the whole line from Biloxi, Miss., 
to Little Rock, Ark., the reader is referred to the next following Appendix No. 12, in which the 
levels are continued to Little Rock. The route of levels follows the levees of the river and is sub· 
divided as follows: 

1. From Carrollton, to Red River Landing, La. The line of levels starts from the bench
mark at Carrollton, which is connected by levels with Biloxi, Miss. and where the average leYel 
of the Gulf of Mexico is ta.ken up, foUows tlie eastern bank of the river up to near Raton Rouge, 
near which place it crosses the Missii-sippi and continues thence on its western side to Red River 
Landing. The elevation above the average sea or Gulf level of the Carrollton bench-marks will be 
found in Appendix No. 91 Report for 1887. 

2. From Red River Landing to Biela's Landing, La., opposite Rodney, Miss. The route is along 
the western side of the river, with a branch line across the river to connect with Fort Adams, Miss. 

3. From Biela's Landing to Milliken's Bend, La., above Vicksburg. The line continues on the 
western side of the river. 

4. From Milliken's Bend to Greenville, Miss. The line crosses to the east side at Tennessee 
Landing below Providence, La., and continues on that side to Greenville. 

5. From Greenvi1le to Wilkerson's Landing, Miss., opposite Arkansas City. The route from 
Greenville lies on the eastern bank and again crosses the river near Arkansas City whence it fol· 
lows the railroad toward Little Rock, as stated in detail in the next appendix. 
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SEC'l'ION I.-From Carrollton to Re<l River Landing, La. 

(Observer, A. Braid; instruments. geodetic micrometer level No. I. rods A & B; method of observing, two simultaneous lines run in the same 
direction (alternate udicms run in opposite directions,)] 

Date, 
1879-'So. 

1879. 

Dec. 

31 

31 

31 

31 

31 

18So. 

Jan. 

2 

2 

2 

2 

2 

2 

2 

6 

6 

6 

7 

8 

7 

7 

5 
5 

5 
9 

__________ i ________ ·1 _______ ! ___________ ------------~-------- --~-- -
Bench-marks. I ' Difference of height between bench- U Dis- marks. 1screpancy. , Height of 

_______ ih;~,~~~~n Distance; --------------~-- _______ ' hc~~~~~~ark 

From To 

succc;:o.- : from l 
sive initial ! Line with ~:l~r~~:l 

bench- mark. Mean. Partial Total. (at Biloxi, 
•mark:->. 

0.000 

j '"A,,-"B. l\.fiss.). 
I Rod A. Hod B. 
I 
1---

i1/drts. lllctres. Llldres. JI.Tm. Mm. 11-!dres. 

I { Hampsnnt } 
(\Villiams ). 0. 116 -o. 2056 -0. 2048 -0. 2052 - o. 8 

o. 0 +2. 6659* 

+2.46o7 

E.B. I 

E. B. 2 

E. B. 3 

2d B. 

E. 13 

E.9 
E.8 

E. 7 

E.6 

E.5 
E.4 

E. 3 

E. 2 

E.1 

E.o 

II 

4 

6 

8 

8 

7 
3 
2 

IV 

E. B. I 

E. B. 2 

E. B. 3 

2d B. 

E. 13 

E.9 
E.8 

E. 7 

E.6 

0.070 

0. 122 

0. 122 

I. 724 

2.323 
0.305 

0.306 

0.304 

0.309 

E. 5 o. 306 

E.4 o. 312 

E.3 0.312 

E. 2 0. 304 i 

E. I o. 306 ; 

E.o o. 305 

II 2. 076 

4 I. 626 

5 2. 250 

6 2. 148 

8 0.498 i 

III 0. II5 I 
- ! 

0.070 

0. 192 

o. 314 

2.038 

4.361 

4.666 

4.972 

5.276 

5.585 

5.891 

6.203 

6.515 

6. 819 i 

7. 125 ! 
I 

7.430 i 

9· 506 i 
II. IJ2 I 
13. 382 I 

I 
i5. 530 I 
16.028 f 

+z. II92 

+o. 3710 

--0. 4939 

--!-O. I 554 

-t-o. I 105 

+0.0189 

--0.3115 

-0.1003 

-0. 1760 

-0.4849 I 

+o. 6614 ' 

-0.0305 

+o. 1948 

-0. 1428 

-t-o. 6235 

-1. 2421 

+0 · 6975 

+o. 9515 

-0.6693 

16. 143 i -2. 0041 

: : .. ~:~ \ :~ .. !!~ i ~: .. :~ 

+2. 1203 

I o. 3733 

-0.4943 

+o. 4010 

+o. 1571 

t 2. 1198 

+0.3721 

-0. 4941 

+o. 4012 

+o. 1563 

+o. 1138 ' +o. 1122 

+0.0179 +0.0184 

-0. 311 I -0. JllJ 

-o. 0997 - o. 1000 ' 

-- J. l - I. I 

-- 2. 3 - 3.4 

+ 0.4' - 3.0 

+ 0. 3 - 2. 7 

- I. 7 - 4.4 

- 3.3 - 7. 7 

+ I. 0 -- 6. 7 

-- 0, 4 - 7· I 

- o. 6 - 7· 7 

-l-4· 7857 

+5· 1578 : 

-t-4.6637 

+5· 0649 

+s.2212 

+s. 3334 

+s. 3518 

+5.0405 

-H.9405 

-0. 1784 -0. 1772 + 2. 4 - 5. 3 +4· 7633 
-0. 4817 -0. 4833 - 3. 2 - 8. 5 +4· 2800 

+o. 6604 +o. 66o9 + 1. o - 7. 5 -l-4· 9409 

-0. 0302 -0. 0304 - o. 3 - 7. 8 

+o. 1954 +o. 1951 -- o. 6 - 8 4 

-o. 1426 I -o. 1427 - o. 2 , - 8. 6 

+o. 6258 +0.6247 - 2. 3 -10. 9 

-1.2320 1.2370 

I o. 6999 ' +o. 6987 

+o. 9513 1 +o. 9514 

-0. 6662 --0. 6677 

-o. 0978 -0. 0966 ! 

+o. 2278 +o. 2239 
1 

-10, I -21.0 

- 2.4 -23.4 

+ o. 2 -23. 2 

- 3· I 

+o. 0307 +o. 0279 - 5. 6 

-l-4· 9105 

+s. w56 

+4.9629 

+5.5876 

+4. 35o6 

-t-5· 0493 

+6. OCXJ7 

+5.3330 

2 3.067 I zt. 215 j +0.0251 

2. 047 I 23. 262 I -0. 0264 -0. 0216 -0. 0240 -- 4. 8 -42. I 

IV o. 274 I 23. 536 i -0. 1299 -0. 1296 -0. 1298 - 0. 3 -42. 4 
I ' IO I. 634 ! 25. 170 I --0. ogo6 -0. o8791-0· 0892 - 2. 7 -45. I 

9 10 9 2. 252 I 27. 422 I +o. 1992 +o. 1967 +o. 1980 + 2. 5 -42. 6 

- .:_J __ ~ - I: ::~~!I;~:!!; i ~:: ~~_:_1 _~_:_:_:~_5_:_1 _~_:_:_:24_78_~_:.__~ __ !_::--'-_=_:_:_:_;_ 

+3.3286 

+5.2364 

+5.46o3 

+s. 4882 

+5.4642 

+5·3344 

+s.2452 

+s. 4432 

++ 7645 

+5· 3894 

•For the source of this value, see Appendix 9, C. S. Report for t887. 
t See description of bench-marks. 

Mark on door-sill of Bahcocli: Engine House, Carrollton. 
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UNITED STATES COAST AND GEODETIC SURVEY. 

SECTION I.-From Carrollton to Red River Landing, La.-Continued. 

I
! 1

1

• Difference nf height between bench- ' 
Bench-marks. ·' Dis- I k 

I mar "S:.. 

\ ·. tance · Distance 

Discrepancy. 

429 

Height of , 
bench-mark' 

T .in~ with 

-----~----~_J)ctweenj 
• 88 : from Date, I o. 

1 

succe>· · . · · 
1 

'1 • above ' 
! average 

Jan. 

JO 

JO 

13 

14 

14 

l4 
15 

15 

15 

15 

17 and 19 

17 

17 

17 

22 

22 

22 

22 

21 

20 

20 

27 
27 
27 
27 
28 
28 

• 1 nutia 

Rod B. Rod :\. 

From To b:~,~~- mark. 
j marks. 

lllean. 
: Partial 
;"A''-'•H.'' Tutal. 

' ( ;uJf]evel 
(at Biloxi, 

:\liss.). 

I 
--------1--

JI 

12 

13 

13 

14 

15 

16 

VII 

17 
18 

19 

23 
22 

21 

20 

VIII 
27 

IX 
26 

25 
24 

x 
28 
29 

30 

31 

32 

12 ! 2~:~-7 
I 3 l I. 877 

VI 

14 

15 2. 669 

16 3· 041 

VII o. 320 

17 I. 493 

18 2. 137 

19 0. 554 1 

23 o. 328 

22 2. 92:! 

21 2. 623 

20 2. 251 

VIII o. 165 

27 2. 270 

IX 2. 631 

26 o. 871 

25 3· 462 
2 4 3· 245 
x I. 576 

28 o. 261 

29 2, 293 

30 2. 837 

31 2. 564 

32 I. 485 

33 2. 587 

-----1 

Km. • 1/dres. llletres. 

33· 864 +o. 33 I 5 ' -~o. 3345 +o. 3330 

35. 741 -I. osos I -1. 0458 -1. 0482 
I I ' --. --· i--··---·--r--- ···-

35. 880 --0.4857 I -0.4846 -0.4851 

31. 67s I +1. 34;6 j -ti~~~:;· +1. 3488 

40. 3471 +o. 0307 / +o. 0269 -f o. 0288 

43· 388 j -o. 2743 I -o. 2728 -o. 2736 

43. 10s I -o. 949s j -o. 9490 -o. 9494 

45.201 

1

, +1.8751 +1.8790 +1.8771 

47. 338 -o. 5082 -0. 5057 ' -0. 5069 

47. 892 ! -0. 9940 I -0. 9970 : -0. 9955 

48. 220 ! +o. 8871*) +o. 8847*' +o. 8859 

51. 142 ) +o. 5264 +o. 5220 +o. 5242 

SJ· 765 i -0. 3759 -o. 3699 -o. 3729 

56. 016 ! +o. 0427 +o. 0498 +o. 0462 
f 

56. 181 i -I. 3904 -I. 3920 -1. 3912 

58. 451 ! +1. 5161 +r. 5203 +r. 5182 
I 

61. 082 / +o. 2469 +o. 2462 +o. 2466 

61. 953 • -0. 3541 --0. 3528 I -0. 3534 

65. 415 I +o. 1775 +o. 1846 1 +o. 1810 

68. 660 I +o. 4266 +o. 4250 +o. 4258 

70.236 ', -1.4179 -1.4231 -1.4205 

70. 497 i +I. 6656 +I. 6641 I +I. 6649 

72. 190 I -0. 2779 -0. 2740 --o. 276o 

75· 627 \ +o. 3792 +o- 3814 +o. 3803 

78. 191 i +o. 2442 
I 

79. 676 I -o. 5582 

82. 263 ! +o. 2435 

+0.2406 

-0.5666 

+0.2360 

+o. 2424 

-o. s624 I 
+o. 2398 i 

Jim. 

- 3.0 

-· 4.7 

- I. I 

lllm. 

49· 5 I 
! 

-54. 2 j 

-55. J 

-·· 2. 4 I -56. 6 

+ 3· 8 -52. s 
- 1.5 -54.3 

- o.8 

- 3.9 

- 2.5 
+ 3.0 

+ ~-4 
+ 4.4 

-55. I I 
! 

-59 0: 

-61:51 
I 

-58. 5 

-56.1 

- 6.o -57. i 
- 7. I -64, 8 

+ I. 6 . --63. 2 

- 4.2. -67.4. 
I I + 0. 7 I -66. 7 

-- 1. 3 -68.o 

- 7. I -75. I 

+ I. 6 i -7J, 5 

+ 5.2 i -68.3 

+ I. 5 -66. 8 

- 3. 9 I ---70. 7 I 
I ' 

- 2. 2 ' -72. 9 I 

+ 3.6 

+ 8.4 

+ 7.5 

33 XI I 0. 246 82. 5091 -0. 1704 -0. 1689 -o. 1696 - I. 5 

__ 3_3 ____ 3_51-~~7 83. os~-,-+;;:-~63- +o. 256o + 0.3 --53. I 

35 36 o. 728 83. 7i8 : +o. 0815 +o. o816 -53.2 

36 xnl 0.304 -8~.-~8-~T=-;·~8~~-I -1.6849 

--~-6----!4-7 :: ::: :;:;~ I ~::::;-: I ~: :~~: ~: :::: ~ ~: ; =::: ; 
37 38 I o. 859 86. 648 +o. oo8o l +o. 0144 +o. or 12 6. 4 -56. 1 

Jlctns . 

j 5· 7224 

+4· 6742 . 

-t-6. 0230 

+6.0518' 

+5· 7782 : 

+4.8288 i 
+6.7059 

+6. 1990 i 

+s- 2035 

+6. 0894 

+6. 6136 

+6. 2407 

+6. 2869 

+4. 8957 

+6.4139 

+6. 6605 

+6. 3071 

+6. 4881 

+6. 9139 

+5·4934 

+7· 1583 

+6. 8823 ! 
+7· 2f>26 

+7.5050' 

-'-6. 9426 ' 

+7· 1824 ! 

+;.0128 ! 

+7· 4385 

+7- 5201 

+1. 6oo2 

+7· 436o 

t 7.4472 

3s 391 1. 104 87. 1s2 -a. 6329 I -a. 6284 --o. 6301 - 4. s -6o. 6 

/--~3--·l---39 ___ X_II_I I 0.657 88.~ +~;95 \--+1:~S10 I +-1.08~;-,-_::: I.5 ·-62. r 

•Mean of two determinations. 
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I Date, 1880. 

hL. 

3 

3 

4 

UNITED STATES COAST AND GEODETIC SUI~VEY. 

SECTION I.-From Carrollton io Red River La,nding, La.-Oontinued. 

Bench -n1arkti. 

Frum Tv 

Db-
1 tanct.: 
.between 
I succc:s-
1 sive 
! Lench
i marks. 

I 
1---~----

39 

40 

41 

I 
40' I 
41 

42 

llifTwmce of height between bench 
; marks. 

Discrepancy. IIeight of ! 
bench-mark ' 

above 
average 

Di!:itancc : 
from I 
initial ! Line with 
n1ark. 

- ·---- ~1can. 
Partial 

~'A- B." i 
I 

Total. 
, Gulf level 

(at Biloxi, 
Miss.). 

K11l. .illdrcs, 

88. 968 +o. 0658 

90. 166 

91. 406 ! +o. 0881 

llftkcs. 

+0.0635 

--0.0913 

+0.0840 

' ' 
- :---~---I ___ _ 

,If cf res. 111111. fl.Im. 

+o. 0646 ' + 2. 3 -58. 3 1 6. 88u 

-o. o8<J8 ' + 2. 9 -55. 4 I +6. 7913 

+o. o86o -l- 4. 1 -51. 3 i +6. 8773 

______ 4 ________ 4 __ z ___ x_I_\ __ • o. 199 91. 605 +o. 4317 I _'!o. 4311 '_ +o. 4314 ___ +_o._~ _-50. 7 j +7· 3087 

- o. 7 -52.0 I 4 

4 
6 

6 

6 

7 
7 

7 

7 
IC 

IC 

II 

II 

12 

12 

13 

13 

IJ 

19 

19 

24 

24 

2J 
23 

23 
18 

18 

17 

17 

14 

25 
25 

27 
27 

28 

28 

42 

43 

44 

45 
xv 

46 

47 

48 

49 
50 

XVI 

51 

52 
53 
54 

55 
56 

57 

58 

XVJJ 

63 

67 

66 

XV!ll 

65 

62 
XIX 

61 

6o 

59 
xx 

69 

70 

71 

72 
XXI 

43 ' 1. 978 93· 384 +o. 716o 
I 

44 , 1. 073 1 94· 457 +o. 0953 

45 I. 796 ' 96. 253 . o. 0185 

XV I I. 700 97 · 953 --<>0. 56o4 

46 I I. 282 99· 235 +o. 5429 

47 I. 206 100. 441 -0. 1558 

48 I.285 IOI.726 -1.0820 

49 2. 4o8 I04. 134 +1. 0597 

50 o. 866 105. ooo +o. 4144 

XVI I. 276 106. 276 -o. 3525 

51 o. 451 106. 727 +o. 5226 

52 1.811 108.538 -0.1214 

53 1.448 109.986 --0.8o63 

54 2. 187 112.173 -0.4540 

55 2. 131 114. 304 +o. 91\84 

56 1. 769 • 116, 073 +o. 7699 

57 1.591 1I7.664 -0.3512 

58 I. 502 I 19. 166 

).'.VII o. 181 119. 347 

63 I. 809 121. 156 

67 1.296 122.452 

+o. 1771 

-1.7117 

+o. 6828 j 

+o. 785~ I 

66 2.079 124. 531 +0.0484 

XVIII o. 364 124. 895 --2. 0266 

65 I. 799 

62 I. 797 

XIX o.96o 

61 I. 321 

126.694 

128.491 

129.451 

130. 772 

6o 2.296 133.068 

59 2. 198 135. 266 

xx I. 280 136. 546 

69 I. 2741 137. 820 
70 3· 226 141. 046 

71 i 2. 151 I 143. 197 
72 ! I. 501 144. 6<)8 

XX! \ o. 291 144. 989 

13 I 2. 181 j 147. 170 

+2. 2722 

-0. 9542 

-j-2. 0744 l 
I 

-2. 3341 

·l-1. 7971 

--0. ooS7 

--1. 7370 

--0.1154 

+1. 7586 ' 
I 

---0. 9227 l 
+o. 9435 [ 

--0. 7492 i 

-1. 4581 I 

+o. 7167 -jo. 7163 

+o. 0976 ' +o. 0964 

----0. 0202 ·1-0. 0194 

--0.5592 -0.5598 

+o. 546o +o. 5445 
-o. 16o6 --0. 1582 

-1. 0827 -I. 0824 

+1. 0599 +1. 0598 

+o. 4168 +o. 4156 

-0.3532 -0.3529 

+o. 5209 +o. 5217 

··-0. 1265 -o. 1244 

-0.8097 -o.8o8o 

-0.4599 -0.4569 

+o. 9910 +o. 9897 

+o. 7662 +o. 7680 

--0.3477 -0.3494 

+o. 1721 +o. 1746 

-I. 7131 -1. 7124 

+ 0. 686o ' -t 0. 6844 

+o. 7923 I +o. 7890 

-j-o. 0526 -j-o. 0505 

-2. 0241 -2. 0254 

+2. 276o +z. 2741 

--0. 9509 -0. 9525 

+2. 0754 +z. 0749 

-2.3370 --2.3356 

+1. 7957 +1. 7964 

-0. 0133 -0. 01 IO 

-1. 7388 -I, 7379 I 
--0. u48 

+1. 7588 

--0. 9198 

+o. 9412 

-0.7470 

-1.4631 

---o. 1151 I 
+1. 7587 

-0.9213 

+0.9423 

-0.7481 

·-1. 46o6 

- 2. 3 -54. 3 

+ I. 7 - 52. 6 

- I. 2 -53. 8 

- 3· I -56.9 

-j- 4· 8 -52. I 

+ 0. 7 -51. 4 

- 0.2 

- 2,4 

+ 0.7 

+ I. 7 

+ 4.1 

+ 3.4 

+ 5.9 
- 2.6 

+ 3.7 

-51. 6 

-54.0 

-53.3 

-51. 6 

-47.5 
-44.1 

·-38. 2 

-40.8 

-37.1 

- 3. 5 -40. 6 

+ 5.0 -35.6 

+ 1.4 -34.2 

- 3· 2 -37.4 

- 6. 5 -4j. 9 

- 4· 2 ---48. l 

- 2. 5 -50. 6 

- 3.8 -5+4 

- 3.3 -57.7 

- 1.0 --58. 7 

+ 2.9 -55. 8 

+ I. 4 -54.4 

+ 4.6 -49.8 

+ I. 8 -48.0 
- o.6 -48.6 

- 0.2 -48.8 

- 2.9 -51.7 

+ 2.3 --49.4 

- 2.2 -51.6 

+ 5.0 -46.6 

+7· 5936 

77. 6900 
+7· 6706 

+7· 1108 

+7· 6553 

77.4971 

+6.4147 

+7·4745 

+1. 8901 

+1.5372 

+8.0589 

+7·9345 

+7· 1265 
-j6.6696 

+7· 6593 

+8.4273 

+8.0779 

+8. 2525 

+6. 5401 

+1.2245 

+8. 0135 

-j-8.o640 

+6.0386 

+8. 3127 

+1. 36o2 

-j-9. 4351 

+7·0995 

+8. 8959 

+s. 8849 
+1· 1470 
+1.0319 

+s. 7')06 

+7· 8693 
+s. 8116 

+8.o635- l 
+6.6o29 
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2 

2 

2 

2 

2 

6 

6 

6 and 5 

9 and 5 

9 and S 

17 

II 

II 

II 

II 

16 

16 

16 

13 

13 

12 

19 

19, 22, 24 

19 

19 

20 

18 
18 

23 
23 
25 
25 
26 
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SECTION I.-Frum Carrollton to Red Ri11er L1tnding, La.-Goutiuuecl. 

Bench-marks. Dis-
Difference of height between lJench· ,-~----r--·--: 

marb. ! iscrepancy. I Height of 

From 

73 
XXII 

74 

So 

79 
XXIII 

78 

77 

76 

75 
XXIY* 

83 

xxv 
82 

81 

XXVI 

XX VII 

86 

85 
S+ 

XXVlll 

91 

XXIX 

90 

xxx 

87 
94 

95 
XXXII 

97 

I 93 
I 92 

i XXXIII 

98 

99 
XX XIV 

100 

tauce 
·---between 

succes- I 
sivc t 

bench· · 
marks. i 

To 

XXII 

74 

Km. 

I. 335 

I. 5 I 2 

80 12. +47 
79 I. 629 

XXIII 0.087 

78 0. 665 

77 
76 

75 
XXI\' 

0.956 

l. 694 

l. 569 

I. 841 

Distance 
from 

initial 
mark. 

I bench-mark -------- ·----·· I above 

Rod B. 

Linc with . --,

1

1- Mean. Al',~rtia11I ,, Total. I ~i;I:~~~:l, : 
Rod A. 

1. "' -" · : 

1

1 Miss.). II 

------- -------------~----I----------~-, - --~--i ·; 
!lfetres. f 1lletres. i ftf111. 11/111. I Aft/res. I Km. 11fdrcs. 

148.505 +1.3159 +1.3w3 +1.3131 + 5.6 ·-41.0 i + 7.916o ! 

150. 017 +I. 4183 +I. 4183 . +1. 4183 i 0. 0 -·41. 0 I + 9· 3343 I 

i I i ! I 
152. 464 · +o. 0159 +o. 01I9 i +o. 0139 i +. 4. o , -37. o j -'- 9. 3+821 

I 54· 093 -I. 3054 -1. 3032 I -1. 3043 - 2. 2 -39. 2 ! -'- 8. 0439 

154. 180 -I. 0665 -1. 0661 

154. 845 ! +2- 7394 i +2. 7375 

-I. 0663 

+2. 7385 
I --0. 0085 

- o. 4 · -39. 6 + 6. 9776 I 
+ I. 9 -37. 7 + 9· 7161 I 
- 2. 4 -40. I + 9 70761 155.801 

157.495 

160.905 

-0. 0097 ! 

+0.0300 I 
-0.0708 I 

i 
-I. 7829 ~ 

-0. 0073 

-c-o. 0296 +o. 0298 + o. 4 -39. 1 + 9. 1374 I 

-I. 7840 -1. 7835 + I. I -43. 8 + 7. 8857 

i 161. 032 

164. 117 

165.589 

168_347 

83 0. 127 

xxv i 3.085 

s2 t I. 472 

81 2. 758 

XXVI*/ 3. 138 • 

XXVlI ~ 5. 636 
1 

+0.4557 

+o.ogoz 
+0.8763 

+o. 2107 

-o. o656 -0. 0682 5. 2 -44. 9 + 9. 669~ !' 

-;-o. 4545 -ro. 455 I + 1. 2 --42, 6 + S. 3408 

+o. 090+ 

-j-0. 8678 

+o. 2135 

--0.5294 

+o. 3370 

+i.3331 

-0. 1242 

+o. 0903 

+o. 2121 

- 0. 2 

+ 8. 5 
2.8 

-34. 3 
-37.1 

-+ S. 4311 

-t- 9· 3°32 

+ 9. 5153 

+ 8. 9897 

+ 9. 3298 

+10.6611 86 0. 551 

85 I. 575 

~4 

XX VIII 

91 

XXTX 

90 
xxx 

87 

I. 732 

2.011 

I. 113 

0. 566 

I. 192 

I· 76<) 

171.485 -0.5218 

177. 121 +o. 3433 
177. 672 ' +1. 3295 

179.247 -0.1273 

180. 713 ! +o. 5489 

182.4+5 -1.9141 

18.i. 456 ; +I. 5305 

185. 569 ! -2. 3162 

186. 135 ! +3· 1064 

187. 327 i -2. 9488 

189.ogb' +1.8755 

+o. 55°5 
- I. 9161 

+1. 5273 

-2. 3131 

+3· 1043 

-2.9498 

+1. 8792 

-0.5256 

+o. 3401 

+i. 3313 

-0. 1257 

+o.5497 
--1. 9151 

1 I. 5289 

-2.3147 

-j-3. 1054 

-2.9493 

+1. 8773 

+ 7.6 

+ 6.3 

- 3.6 

- 3· I 

- I. 6 

+ 2.0 

+ 3.2 

- 3.1 

+ 2. I 

+ I. 0 

·- 3. 7 

- 29.5 

-26.8 

-29.9 

-31. 5 
- 2 9.5 
--26.3 

-29.4 

- 2 7. 3 
-26.3 

-30.0 

+10. 5354 

+11.0851 

-t 9· 1700 

+10. 69S9 

+ 8. 3S4z 

·f-1 I. 4896 

+ 8. 5403 

+10. 4176 

+ o. 7 --29. 3 +18. 8307 
-----· -----\ -·--·-·-··-- - -

94 0.074 

95t o. 890 

XXXII 0.436 

97 2. 96o 

93 3. 500 

92 I. 762 

XXXIII 

98 
2.991 

2.975 

99 4-073 
XXXIV 1. 214 

100 2. 528 

IOI 3· 053 

189. 170 -~0.2754 

190.o6o -1_3683 

lgo.496 -0.8405 

193. 456 +2. 3935 

196.956 -1.2018 

198. 718 +1. 5666 

201. 7og I -2. 0752 

204. 684 +z. 3575 

20s. 151 +o. 2526 I 
209· 97 I -2. 3599 I 
212. 499 +2. 5559 I 
215. 552 +o. 5272 i 

--------~--· 

-j-o. 2749 +o. 2751 + o. 5 --29. 5 i +10. 6927 
I 

-1. 3683 -1. 3683 o. o -~9. 5 I + 9. 3244 

-0. 8400 --0. 8403 - 0. 5 -30. 0 ! + 8. 4841 

+2. 3965 +2. 3950 3. 0 -33. 0 i +10. 8791 
I 

-L 2085 -·!. 2v52 + 6. 7 -z6. J ! + 9· 6739 
i 

+1.5677 +1.507t --I.I --27.+1+11.2410 

-2. 0650 -z. 0701 -10. z -37. 6 1 + 9· 170<) 

+2. 3572 +2. 3574 + o .. '> · 37. 3 'j + 11 · 5203 

-jo.2562 i-0.254+ - 3.6 -40.9, +11.7827 I 
-2. 356o --2. 3579 - 3· 9 -44. s I + 9. 4z48 I 
-j-2.2459 +2.2509 +10.u --34.8 +11.6757 

+o. 5267 +o. 526<) j __ ~_:~-~- -=-~~l~12. zoz6 \ 

• B. M.'s XXIV to XXVI were leveled in both directions, the first column containing the forward (i.e., in the direction from Carrollton) 
111-res, the sewnd the bal;kward. 

1 CJOllll!ag of I.Ile Ml8sisalppl River at Baton Rouge by spirit-level and water-level. 



 

432 

]late, I 8So. 

l\Iar. 

26 

30 

31 

31 

31 
31 

Apr. 

3 

3 

9 

9 
10 

12 

14 

q 

14 
16 

16 

16 

17 

17 

24 

27 
26 

26 

21 

23 
23 

UNITED STATES COAST AND GEUDETIO SURVEY. 

SECTION I.-Frmn Carrollton to Red Rit·er Landing, La.-Continned. 

Hench.marks. Dis
tanct: 

Difference of height between bench-
' m~rks. Discrepancy. I Height of 

bench-mark 
above 

average 
Gulf level 
(at Biloxi, 

Miss.). 

---~-----~--~·-- -- bet\veen 
i su~ces-' 
'. Sl\·e 

Distance 
from 

initial 
mark. 

Linc with 

' bench-
! m:uks. i 

From To 

Rod.\.. 

I }.'m. .A'm. .ilidres. 

IOI 102 3.480: 219.032 -to.0802 

' 102 XXXV ' I. 97S I 221. 010 -I. 9581 

xxxv 109' 0.205 +1.4444 

wS 2.189 223.404 +0.5952 

108 107 2. 243 

107 

106 

105 

XXXVJ 

106 : I. 703 

105 2. I59 

xxxn' 0.959 

104 3. 037 

I 04 103 I. 998 

103 XXXVII o. 087 

·XXX\'11 III 1.42I 

I lI l JO ; 2. JOD i 

1 JO XXX\'TII 2. 755 

:xxxvm xxx1x 1. 539 

i XXX!X 

H2 

XL 

113 

XLl 

II4 

n6 

XU! 

118 

117 

XL III 

I20 

121 

122 

123 

124 

XLIV 

129 

130 

XLV 

125 

126 

127 

I !2 3· 930 

XL r 3· 693 

I 13 

XLI 

114 

116 

XLII 

118 

II7 

XLIII 

120 

121 

122 

123 

12.f 

XLIV 

129 

130 

XLV 

lZ5 

126 

2.215 

3· 799 
4· 862 

I. 058 

I. 437 

I. 681 

2.218 

2. 774 

2. 156 

3· 163 

3.717 

2.378 
2.818 

0.829 

2. 727 

2.796 

2.936 

o. 237 

2.663 

1.980 

2.440 

225. 647 ·-0. 3415 

227. 350 -0. 0301 

229. 509 +o. 1026 

230. 468 -0. 8126 

233.505 -~I. 1652 
z35. 503 - o. 6o32 

235.590. +1.6730 

237.011 -0.6925 

239. 317 I -0. 33J2 I 
I i 

242. 072 --0. 6910 ' 

! ! 

243. 6n 

247. 541 

251. 234 

253.449 

257. 248 

262. 110 

263. 168 

26.j.. 6o3 

266.286 

268.504 

271. 278 

273.434 

276.597 
280.314 

282.692 

285.510 
286.339 

289.o66 

291. 862 

294.798 

295.035 
297.698 

299.678 

302. ll8 

-o. 1325 

+r.466o ! 
-I. 9873 I 
+1. 9249 I 
-I. 0006 \ 

+I. 55981 
+a. 2493 I 

+o. 2363 I 
-0, 12241 

+o. 5882

1 

-2. 9592 

+z. 6281 I 
+o. 6157 ! 
-0. I682 I 

i +o. 4391 I 
+o. 0162

1 

--1. 5951 

+ J. 5556 

-o. 52831 
+0.0470 I 

+o. 66851 

-- 0. 1035 I 
+o. 5310 . 

+0.0502 ! 
I 

Rod B. 

])J'dres. 

+0.0741 

-1.952I 

+1. 44+8 

+o. 5938 

Mean. 

,Vet res . 

+0.0771 

-l. 9551 

+1. 4446 

+0.5945 

Partial 
"A"-•'ll." 

llfm . 

Total. 

llfm. llfetres. 

+ 6. I -28. 2 + 12. 2797 

- 6. 0 -34. 2 +10. 3246 

- 0. 4 -34. 6 +11. 7692 

+ I. 4 -33. 2 +12. 3637 

-o. 34ll -0. 3413 - 0. 4 -33. 6 +12. 0224 

-0.0341 -0.0321 + 4.0 -29.6 +n.9903 

+o. 0987 +o. I006 + 3. 9 -25. 7 +12. 0909 

-o. 8092 -o. 8109 - 3. 4 -29. l +II. 2800 

~I. I697 ·I I. 1674 i - 4· 5 ! -33. 6 · +12. 4474 

--o. 6o48 i -o. 6o40 : + 1. 6 ' -32. o +u. 8434 

+1.6726'+1.6728 ,-0.4 -31.6 +13.5162 

-0. 6970 i -0. 6948 i + 4. 5 -27. l + I2. 8214 

-0. 3310 ~. 3321 - 2. 2 --29. 3 + 12. 4893 

-0.6913 -o.69u + 0.3 -29.0 +u.7982 

-o. 1339 

+r. 4677 

-a. 1332 

+l. 4669 

-1. 9847 -1. 9860 

+1.9257 +1.9253 
-I. 0028 --1. 0017 

+1. 5630 +I. 5614 

+a. 2493 +a. 2493 

+a. 2366 

-o. I206 

+o. 5854 

-2.9676 

+z. 6197 

+0.6154 

-0. 1664 

+0.4401 

+0.0168 

-1.5991 

+1. 5561 

-0.5305 

+0.0444 

+0.6675 
--0. 1022 

+o. 2365 

-0, 1215 

+o. 5868 

-z.9634 I 
+z. 62391 
+o. 6155 

·-0. 1673 

+0.4396 

+0.0165 

-1. 5971 

+1.55591 

·-0. 5294 \ 

+0.0457 
+o.668o 

--0. 1028 

+0.5300 

+0.0509 

+ I. 4 -27. 6 +11. 6650 ' 

- I. 7 -29. 3 +13. 1319 I 
- 2. 6 -31. 9 

- o. 8 -32. 7 

+ 2. 2 -30. 5 
- 3. 2 -33. 7 

o.o -33. 7 

- 0.3 

- 1.8 

+ 2.8 

+ 8.4 

+ 8.4 

+ 0.3 

- I.8 

- 1.0 

- o.6 

+ 4.0 
- 0.5 

+ 2.2 

+ 2.6 

+ 1.0 

- 1.3 

-34.0 

-35.8 
-33.0 

-::4.6 

-16.2 

-r5.9 
-17.7 

--18. 7 

-r9.3 
-15.3 

-15.8 

-13.6 

-11.0 

-10.0 

--n.3 

+ 2.0 - 9·3 
- 1.4 -lo.7 

+11. 1459 

l._13. 0712 

+12. o695 

+I3.63og 

+13. 8802 

+14.1167 

+13. 9952 

+14. 5820 
+u. 6186 

+14. 2425 

+14.8580 

+14. 6<Jo7 
+15.1303 

+15. 1468 

+13. 5497 

+15. 1056 

+14. 5762 

+14.6219 

+15. 2899 

+ 15. 1871 

+15.7171 

+15. 768o 



 

UNI'rlm STATES COAST AND ogonETIC SUHVEY. 4J3 

SEdTION !.-Location and description of permanent bench-mark.~· between Carrollton and Red Rii•er 
Landing, La. 

I.-At Oarrolltou, Jeflenmu Parish, La. The center of a cross on tlie iron sill of the walled.up 
·door near the northwest corner of tlie Seventh District Babcock Engiue Ilom;e adjoiniug tlie New 
Orleans and Carrolltou railroad depot on St. Oliarles avenue, near Madison street; establislied by 
.Assistant C.H. Boyd in 1875, aud marked tbus:t 

u. s. c.s. 
ll. x M. 

1875. 

Hampson ( lViUiams).-.A spike driven in wall of blackRmith shop of above-mentioned depot; 
the shop is on Madison street, a111l the spike 6 inches below surface of ground and loose (1880). t 

IL-At Twelve Mile Point, 5 miles above Carrollton. A cement post (formed by boring a hole 
in the ground and filling with cement) in front of Mr. Soniat's house on Carrollton road about 25 
paces south of the gate-way. 

The bench ii:1 the bottom of a slight depression in the surface of the cement and is marked thus: 

U.S. 
ll. o M. 

1880. 

III.-At Kenuen·ille, Jcfforson Parish, La. Tlie bottom of a square depression in the top of a 
granite block buried in the yard of Dr. Gustine about 26 metres south of the house, near a date
palm tree. It is marked U. S. B. M. 

IV.-Ou Longne's Plantation, St. Charles Parish, about 4 miles above Kennen·ille. The heiHl 
of an iron bolt (about 4 incl1es loug) imbedded in a cement post sunk in tl1e Ien•e, nearly iu front 
of Noibert Longue's house. The post is placed between two large oaks, the second and third from 
the roau on the eastern side of the :wenne leading to the river. 

V.-On Destrehan Plantation, St. Charles Parish, La. The stone sill of tbe footway on tbe 
western side of the main entrance, the particular spot being indicated by a groove and the letters 
U.S. B. M. The plantation belongs to Judge Post. 

VI.-On Prospect Plantation, St. Charles Parish, La. The upper surface of the square 
pedestal of tho pillar on the east.cm side of the front steps of Mr. Sarpy's house. The pedestal is 
of brick, covered with bard stucco. The bench is the square spot surrounded by a groom and 
marked U.S. B. M., 1880. The plantation is owned by Leon Sarpy,and is nearly opposite Hahm'ille. 

VII.-Ou the estate of Mr. Ambruster, St. Charles Parish, La. The bead of au iron bolt in 
a cement post at the foot of a large pecan tree in front of the house. The bole above the bench 
was filled with fragments of brick and covered with earth. The place is about a half mile below 
the" Gypsy Plantation," owned by Mr. Labranche, which is at the bend of the river below Bonnet 
Carre Crevasse. 

VIII.-Near Bonnet Carre P. 0., St. John Baptist Parish, La. Tlle head of a loug iron bolt 
imbedded in a cement post in the yard of Mr. Adam Lasseigne, just above the post-office. 

IX.-On Terre Haute Plantation, St. John Baptist Parish, La. The upper (horizontal) edge 
of a triangular groove cut in the brick wall of the plantation store, on the west side and at th1~ 
southwest corner. It is marked U. S. B. M., 1880, No. IX. The plantation is just above the set· 
tlement at Bonnet Carre and belongs to Mr. James W. Godberry. 

X.-On Mount Airy Plantation, St. John Baptist Parish, La. The upper surface of the granite 
sill at the foot of the iron stairway in front of the house. The particular spot is surrounded by a 
groove and marked U.S. B. M., 1880. Plantation extends·to the boundary of St. James Parish and 
belongs to Mr. Joseph Lebourgeois. 

XL-On Belle Alliance Plantation, St. James Parish, La. The upper edge of the groove or 

•Where the" bench" is stone post with a square cavity in the top, t.he botlo11i of the cavity is the point to be 
taken. 

tThere is another mark on the Bill designated the U. 8. E. mark, which is not the one described above. 
t This is the old Hampson bench; the one re-establfohed by Major Powell of tho MiasiBBippi River Commission is 

about 7 inches above thia one. See tbe Commi!lllion's report of 188:l, page 129. 
H.Ex.22-28 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

triangle cut in the west side of a small brick pier supporting the southwest corner of a wooden 
warehouse, which stands upon the levee nearly in front of the house. It is designated U.S. B. M., 
1880-XI. Plantation belongs to Mr. Wallis. 

XII.-On Belmont Plantation, St. James Parisb, La. The bottom of a square cavity cut in 
the corner of the cement pedestal of the column at the southwest corner of the house, and desig· 
nated U. S. B. M. House and plantation belong to Mr. Louis Lebourgeois.· 

XIIl.-At College Point, just below St. Michaeltown, St. James Paris!J, La. A horizontal 
line cut in the iron post on the south side of the Jefferson College front gate-way. Designated 
:XIII-U. S. B. M., 1880, the bench being the line just above the letters B. M. 

XIV.-At the "Convent of the Sacred Heart," St. James Parish, La. The bottom of a 
shallow, square cavity cut in the granite step of the most southern door on the west side of the 
convent, marked U. S. B. l\f. 

X V.-Ou Mr. Colom b's house, St .• James Parish, La. The upper surface of the stone pedestal 
of the first pillar on the right· hand side as you ascend the steps to the piazza. The particular spot 
'8 surrounded by a groove aml designated U. S. B. 1\1.-X V. 

Xl'I.-On ..\irs. Ilagan's house, 6 miles below Donaldsonville, St. James Parish, La. The sur
face of a limestone slab on the left-hand side as you ascend the piazza steps. Particular spot 
marked by a groove and tht• letters IJ. S. B. M. 

XTII.-Near Mr. Heath's house, about a mile above Donaldsonville, Ascension Parish, La. 
A granite post lmried iu the yard, near large pecan tree. 

XVIII.-At .:\Ir. V. P. l\Iirre's house, Ascension Parish, La. A granite post with cement around 
it buried in the front yard. Place is about 4 miles above Donaldsonville and formerly belonged 
to 1'fr. E. Dicharry. 

XIX.-On A1-1hlancl Plantation, Ascension Parish, La. A cross cut on the uead of an iron 
bolt in the north end of the brick warehouse at A8hlan<l Lauding. The bolt is carried entirely 
through the wall, has a nut screwed on the inner end, is 4.8 feet above the ground, nnd in the 
middle of the wall. Designated U.S. B. M., 1880-XIX. 

XX.-Ou Southwood Plantation (formerly called "Hard Times"), situated at the extreme 
npper end of Ascension Parish, J,a,, A point on the upper surface of the projecting brick foundation 
rnuning around the house. A square opening was cut through the stucco covering, and the bench 
is the surface of the brick. Marked U. S. B. M.-1880. 

XXI.-On Indian Camp Plantation, Iberville Parish, La. A granite post placed near the 
house iu tlrn angle formed by the central portion of the house and a wing. Plantation belongs to 
l\Irs. Buddington. 

XXIl.-On Leach, Seaward & Thompson Plantation, about a mile above Bayon Gonla, Iber· 
\'ille Parish, La. A granite post sunk in the ground near the oak tree hy the bousc, which is a 
low, frame building. 

XXIII.-J...t St. Gal.iriel, Iberville Parish, La. A granite post in the front yart.1 of Julian 
Grassin, next to St. Gabriel's Church. Plantation formerly belonged to Dr. Pritchard, aml is 4 or 5 
miles aborn Ba)·ou Goula. 

XXIV.-On Auger's Plantation, Iberville Parish, La. A granite post near the corner of the 
yard of Mr. Daigre, the overseer. His house is the second one below the "Forlorn Bope" P. O., 
aml just above the bend in the road. 

XXl':-On Anger's Plantation, 5 mi1es above Plaquemine, Iberville Parish1 La. A gmnite 
post in the northeast corner of the yard of Mr. Walter Humble, on the plantation. The house is 
a short distance wost of the road which runs a.cross the point to ''Forlorn II ope" P. 0. 

XXVI.-On IIollswood Plantation, East Baton Rouge Parish, La. A granite post, 8 metres 
from the fence at the side of the road and on the line of a row of old fig trees, 23 metres east of 
the house. Plantation belongs to Mr. B. Vonpuhl, is 12 miles below Baton Houge, and a half 
mile above Manehac P. 0. 

XX l'II.-Ou Uottage Plantation, East Baton Rouge Parish, La. A granite post buried -Olose 
to the frout gate of the inner yard of Mr. Conrad's bonse. Plantation is on the point 8 miles below 
Baton Rouge and belongs to Mr. Conrad. 
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XXVIII.-On Arlington Plantation, East Baton Rouge Parish, La. A granite post plact>d 
in the front yard, close to an old brick pier or lwrse-block near the house. Plantation belongs to 
Mr. Shannon, and is 4 miles below Baton Rouge. 

XXIX.-At South Base, East Baton Rouge Parish, La. A point surrounde<l by a shallow 
·groon', upon the top of the limestone monument at the soutll end of the Coast. Survey base-lint', 
just below Baton Rouge. 

XXX.-At North Base, East Baton Rouge Parish, La. The surface of the limestone monu
ment at the north end of the Baton Rouge Base. 

XXXI.-Ou State House, Baton Rouge, La. A bench-mark of the United States Engineers. 
The edge of one of the foundation courses of the tower on the north side of the western eutrttnce 
to the building. It is marked U. S. E. 

XXXIJ.-Ou Mr. J. H. Gay's plantation, West Baton Rouge Parish, La. A granite post 
buried in the flower garden in front of the house. Pla.ntation is directly opposite the city of Baton 
Rouge and just below the ferry landing. 

XXXllI.-On Belmont Plantation, West Baton Rouge Parish, La. A granite post buried in 
front of the pillar at the northwest corner of the honse. Plantation belongs to Mr. A. Gnesnard. 

XXXTV-Nm1r Grossman's Landing, West Baton Rougt> Parish, I1a. A granite post in front 
of house of Mr. 'II,'. B. Chamberlain, jr. Ilouse is located about a half mile above Lobdell's store, 
at Grossman's Lauding. 

XXXV.-At the "Kelson Store," opposite the upper part of Profit Island, vVest Baton l{.ouge 
Parh;h, La. A granite post placed in the back corner of the inclosure around the store. Store 
belongs to Capt. J. J. Brown and land (with exception of store lot.) to S. Stirling, of West Feliciana 
Parish. 

XXXVI.-On Sans Souci Plantation, nrnr Hermitage Landing, 'Vest Baton Rouge Parish, 
La. A granite post placed in front of the lwmie of Mr. <J. Devall. - House fronts on a basou, the 
remaius of the old river channel, and is on the roacl leading directly bt\ck from the landing. 

XXXVll.-At Waterloo, Pointe Coup1~e Parish, La. The upper edge of a mark cut on the 
front of the" St. Claude" store, and marked U.S. B. M., 1880. Store ii,i of brick and belongs to a 
Mr. Robin. 

XXXVIII.-At South Base, Pointe Coupee Parish, La. The top of the copper bolt in the 
limestone monument at the south or lower end of the Coast Survey base-line, which is nearly 
opposite Bayou Sara Base. 

XXXIX.-At North Base, Pointe Coupee Parish, La. The top of copper bolt in limestone 
monument at north or upper end of above base. 

XL.-On Poydras Plantation, Pointe Coupee Parish, La. A granite post placed on the left
hand side as you ascend the front steps of the house. Place belongs to Colonel Ulaiborne, and is 
about a half mile aboYe the" new road" leading to the court-house at False River. This part of 
the parish is known as" Pointe Coupee Settlement." 

XLI.-On Morrison Plantation, Pointe Coupee Parish, La. A granite post placed heside the 
front steps (on the left hand as you ascend) of the house. Plantation belongs to Mr. Morrison's 
heirs, and is just below the McRae place. 

XLII.-A t Morganzia, Pointe Coupee Parish, La. A granite post, 3 incheR below the surface 
at the junction of tlrn Grand Levee and a diagonal branch levee running towards the GoYernment 
light at Morgauzia Landing. The spot is about half a mile below the hamlet callml Morganzia.. 

J!LIII.-At Raccourci Landing, Pointe Coupee Parish, La. A granite post in front of the 
house on Mr. Edw:ml Lacour's premises. 

XLIV.-On Bella Vista Plantation on Old River, Pointe Coup~e Parish, La. A granite post 
on the left hand as you ascend tho front steps of the house. Plantation belongs to Dr. A. A. 
Batchelor. 

XL V.-Near Smithland P. O. at Hog Point Landing, Pointe Ooupi,-e Parish, La. A granite 
post placed in Mr. Archie Smith's yard near the landing. 
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t:lli:<JTION II.-Fruin Red River Landing to Biela's Landing, La., opposite Rodney. Miss. 

!Obsen•er, A. Hra1d : instrument, geodetic micrometer level Xo. 1. rods A and n: method of observing, two simultancuuslines run in the same 
direction laltcrnate sections run in opposite directions)]. 

Date, 
1SS0-'81. 

1880. 

Nov. 

IO 

IO 

IO 

IO 

II 

II 

12 

12 

15 

15 
15 

15 
16 

19 
22 

22 

23 

23 
29 

l>ec. 

6 

G 

7 

7 

7 
8 

8 

8 

8 

IO 

10 

9 

9 

9 

9 
II 

II 

Ilench-m:trks. Dis-
Difference of height between bench

mo.rks. 
I 
l Height of 

Discrepancy. 
tance 

-------ibetween: Distance ;----------,----- -------,bench-mark 
\ above \ succes- from ini

j sire tio.l mark. 
Line with 

i bench- ,---------- Mean. 
; marks. 

From To 
f Partial 
i"A"-"B." 

Total. I 
average 

Gulf level. 

I 

153 
LI 

154 

155 

159 
16o 

161 

LII 

162 

Lill 

163 

164 

165 

166 

167 
168 

LIV 

! 

. Km. 

127 

148 I. 067 

147 0. 123 

146* ' o. 454 

153 
LI 

154 

155 

159 
16o 

161 

LII 

LIII 

: 0. 046 

2. us 
2, Ill 

1 
I. 289 

I 3. 01s 

i 2. 074 
! o. 670 
I 
i I. 424 

• o. 735 I 
I. 590 ' 

'1.2041 

2. 663 i 
2

· 5931 
3. 173 

i 
5. 4941 
0.141 

I 
5. 591 ; 

1. 6o7 I 
I 

2. 231 I 
o. 7461 

3. 341 I 
2. 912 i 

I 
I. Olj i 

'. Rod A. Roel B. ! : 
---- ------- ----- _____ , --- ----,----

llfctn-s. llfetrcs . 

o.ooo 

I. 067 - 4· 1267 --- 4· 1230 -4. 1249 ' 

I. 190 : !. 5951 , 1, 5954 I --1. 5952 / 
I. 644 : - I. 0326t - !. 0323t, -1. 0325 

I. 690 -I- I. 249 5 l + I 2489 

3. 808 • --r- 3. 4282 + 3 4268 
: I 

5. 919 ' - o. 0498 : - 0. 0555 
: : 

7. 208 + 0, 5487 + 0. 5491 

I0.283 

12. 357 

13.027 

+ I. 2946 ; + I. 2974 

+ o, 5559 . + o. 5584 
- 0. 3120 ' ··- 0. 3122 

14, 451 ' + o. 3510 + 0. 3546 

15.186' + 1.0167 '+ 1.0202 

16. 776 ' - 0. 8591 - 0. 86ol 

17.980 

20.643 

23.236 

26.409 

31. 903 

32.044 

- 2. 0810 

+ 1.1104 

- 0.4596 

+ 2. 2646 

I. 8420 

+ o. 5754 

- 2.0741 

+ !. I 115 

-- 0.4610 

+ 2. 2669 

- I. 8337 

+ o. 5762 

+r. 2492 

+3· 4275 
-0.0526 

+o. 5489 

+1. 296o 

+o, 5571 
-0.3121 

+o. 3528 

+1. 0184 

-0.8596 

-2.0775 

+i. l I09 

-0. 4603 

+z. 2658 

-1.8379 

+o. 5758 

1llm. 1lfm. I lWetrcs. 

______ I +rs. 7171 

-3. 7 - 3· 7 ; +u. 5922 

+o. 3 - 3· 4 I + 9· 9970 

-0. 3 - 3· 7 ! + 8. 9645 

+o. 6 3· I ! +IO. 2137 

+r. 4 ; - I. 2 : -/-13. ~4!2 
+s. 1 · + 4.0: +13. 5886 

-0.4 + 3.61 +14· 1375 

-2. s + o. 8 I +15. 4335 
I 

-2.5 - 1.7 +15.9906 

+0.2 

-3.6 

-35 
+1. 0 

-6.9 

--1. I 

+1.4 
-2.3 

-8.3 

-0.8 

-4.3 
--o.8 

- 1.5 

- 5.1 

- 8.6 

- 7.6 

-14.5 

-15.6 

-14.2 

-16.5 

-2+8 

-25.6 

- 29·9 
-30.7 

+15. 6785 

+16.0313 

+17.0497 

+16. 1901 

+14. 1126 

+15. 2235 

+14.7632 

+17. 0290 

+15.1911 

+15.7669 

37.635 

39.242 

41. 47 3 

42.219 

45.566 

48.478 

49.495 

+1.4 

- 0. 7939 - 0. 7930 -0. 7935 -o. 9 

+ o. 3598 + o. 36o5 +o. 36o2 -o. 7 

+ I. 6533 + I. 6546 +I. 6539 -1. 3 

+ 0. 3489 + O. 3448 +o. 3469 +4· I 

_:_ 5. 2615 - 5. 2572 

+ I. 7396 i + l. 7404 

+ 3· 3865 + 3· 3851 

-5- 2 593 
+1. 7400 

+J.3858 -29.3 

-30.2 

-30.9 

-32.2 

-28. I 

ljO 

3.436 i 
3. 796 i 

I 

52. 931 - 0. 8703 - 0. 8714 --0. 8704 +t. I 

56. 727 + o. 5809 + o. 5737 +o. 5773 +1. 2 

171 1.200 1 57.927 -0.2152 -0.2202 -0.2177 +s.o 

-27.0 

-19.8 

-14.8 
I i 17 I LV I 3. 030 1 6o. 957 + o. 2669 + o. 2666 +o. 2668 +o. 3 -14.5 

+10. 5076 

+12. 2476 

+15.6334 

+14. 8399 

+15. 2001 i 
+16. 8540 

+17.2009 

+16. 3300 

+16.9073 

+16.68g6 

+16.9564 

LV 176 io.1721 61.129 +0.2788 +0.2777 +0.2783 +1.1 -13.4 +17.2347 

116 11s / z. 469 i 6J. 598 - I. 1421 - 1. 14s1 -1. 1439 +J. 6 - 9. s +16. ogo8 

175 174 \ 1.581 i 65.179 - 0.6945 - o.6<)o2 --o.6g24 -4.3 -14.1 +15.3<}84 

174 173 J o. 8921 66. 071 + o. 3257 + o. 3254 +o. 3256 +o. 3 -13. 8 +15. 7240 

173 172 I t.450 67.521 + 0.4113 + 0.4133 +0.4123 -2.0 -15.8 +16.1363 

172 LVI 1.3861 68.907 +2.5721!+2.5725 +2.57231 ---0.4 -16.2,+18.7086 

I.VI 178,\f/ 0.833) 69.740 - 0.1423 /- 0.1452
1

---0.1438 +::i.9 -13.3 +18.5648 
__________________ : ____ I ____ -'-----'-------'-----'-----~--------· 

• Crossing of the Red River. t Mean of two detennin&tionll. 
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SECTION II.-From Red Ril'er L11ndin_q to Biela'«1 Landing, La., etc.-Contiuued. 

Bench-marks. I Ilis- J 
1 I Jitference of height between bench-

tarice i 
! n1arks. 

Date, 
1880--'81. 

----~~--·-· - -- ~---between 
j su~ces-

From To 
! SlVe 

! bencli-
1 marks. 
I 

1~-----1 _____ _ 
I 1880. · 

I Dec. i .f.j11 _ 

II 

II 

14 

14 

14 
16 

16 

l78Y, 

178 

177 

LVII 

179 
180 

LVIIJ 

178 

177 
LVII 

179 

18o 

L\'lll 

18< 

I. 181 

i 3. 220 : 

! o. 157 'r 

' I 
: 3· 163 i 
i 2. 4II 

. 0.844 

I 4· 0 49 

Distance 
from ini-' 
tial mark., 

A Jn. 

70.921 

74. 141 

74.298 

77.461 

79.872 

80.716 

84.765 

16 181 LIX . 1. 294 86. 059 

17 LIX LX i o. 772 I 86. 831 

17 LX 182 I 3. 386 : 90. 217 

17 182 183 3· 436 93. 653 

17 183 184 i I. 541 95. 194 

18 184 185 I 2. 276 I 97. 470 
18 185 LXI [ 2.641, 100.111 

18 LXI 186 I I. 980 102. 091 

27 186 LXlI I o. ogo 102. 181 

103. 126 

104. 562 

27 LXII LXIII I 0. 945 : 

27 LXIII 189 I I. 436 

24 189 LXIV 
1

1.331 105.893 

24 LXIV 188 I J. 342 107. 235 

24 188 187 ! 2. 392 109. 627 

31 187 LXV Io. 221 i 109.848 

31 LXV 190 I 2. 400 1 112. 248 

31 190 189~1 l. 710 ! I 13. 958 

Line.with 

:>iean. 

Rod A. H.od H. 

}f{drts. 

-0. 8995 i -o. 9020 : --0. 9007 

+o. 2248 ! +o. 2290 +o. 2269 ' 

-0. 0178 i -0. 0169 i -o. 0174 

---0. 8579 i --0. 8573 . -o. 8576 

+z. 0096 -2. 0108 ' -+ 2. 0102 

-2. 6945 -2. 6952 -2. 6948 . 

+z. 9917 

-0. 2398 I 

+o. 3137 i 

-0.2443 -0.2420 

+o. 3154 ! +o. 3145 
I 

-0. 5413 -0. 5431 ! -0. 5.PZ 

+o. 6310 I +o. 62q9 . -;-a. 6305 

o. 8057 : -o. 8077 : --o. SoG7 
i 

---0. 2043 ! -o. 2001 : -0. 2022 

+o. 1106 i 

+o. 6o67 . 

--0.0548 i 

--0. 6513 I 

+r. 7351 

-0. 6526 j 

+o. 6462 i 
! 

-1. 2347 i 
, 6 I ,1. 753 : 

-0.2823 

+o. 2032 

+o. II24 ; +o. 1115 
I 

+o. 6050 i -,--o. 6o5S : 

-o. 0543 : -0. 0545 i 
-o. 6473 ! --o. 6493 \ 

I +1. 7348 : -+-!. 7349 : 
--(). 6452 : -o. 6489 i 

+o. 6443 ! +o. 6453 i i . 
-1. 2438 . -I. 2393 

+1.6754: +1.6754 

--0. 2831 ! -0. 2827 

+0.2035 +0.2034 

1881 I i 

Ja~. :~]4 ::: I :::: I ::: :: ::7 ::: ::'; ;::: ::'; ~: 
, 7 19z 193 1.025 / uS.715 +0.0795 1 +0.0841 +0.0818 

I s 193 1911 I. 81s , 120. s93 +2. 6os6 1 +2. 6002 I +2. 6o29 

\ 8 j---196--L-X_'_V_I_l_o_.-1-19-1120. 712. ~--1.-8-2-87- -=-_-1.-8-2-95- ---1-. 8_2_9_1 

1--· --. --
1 8 II 196 195 I 1. o6g I 121. 662 i -o. 4446 i 

8 I 195 194 I I. 592 i 123. 2541 -J. 7330 

II I 194 197 I. 8591125. I13 ·1 +1. 9746 

11 197 tg8 2. 200 I 127. 313 , +o. 4517 , 

11 198 199 2. 864 130. 177 -1. 3309 i 

199 212 o. 7831 130. 96o ---0. o666 . 

-o. 4426 . --0. 4436 
I 

~1.7322 ~1.7326 

+1. 9761 +i. 9754 

+o. 4445 .-;..o. 4481 

-1. 336o -r. 3335 
--o.o647 --0.o656 

212 LXVII o. 224 131. 184 ' -o. r941 I -o. 1913 -o. 1927 

I liscrepancy. 

Partial 
"l\ "-''13. •) 

1JJ111. 

Total. 

Height of 
hen ch-mark 

above 
average 

Gull level. 

J1fetrc.r. 

+z. 5 : -IO. 8 +17. 6641 

-4.2. -15.0' +17.89!0 

-o. 9 -15. 9 ! -j--17. 8736 

-o.6 -16. 5 +17.016o 

-I.2 -17.7 +19.0262 

+o.7'-17.0 +16.3314 

+5· I : -11. 9 -t-19. 3205 

+4· 5 ! - 7. 4 
-!. 7 : - 9. I 

-j--1. 8 - 7. 3 

..l..1, I - 6. 2 

+z.o: - 4.2 

-4. 2 \ ·- 8. 4 

-1.8 I -10.2 

+I.7 I - 8. s 

+19.0785 

+19. 3930 

+18. 8508 

+19. 4813 

+18. 6746 

,18.4724 

+18. 5839 

-19. lS97 : 

-o. 5 - 9. 0 +19. 1352 ! 
-4. 0 -13. 0 +18. 4859 : 

i 
+o. 3 -12. 7 +zo. 2:08 l 
-7. 4 -20. I +19. 5il9 ; 

+1. 9 -18. 2 +20. 2172 i 
+9· I ~ - 9· I , +18. 9779 ] 

-0. l I - 9· 2 : + 20. 6533 I 

+o. 8 : - 8. 4 ! -t-20. 3706 I 

---o. 3 i - 8. 7 • +zo. 5740 . 

' 
-6.2 -14. 9 ! +20. 2364 

-f-3.8 

-4.6 

+5·4 

-2.01-12.3 

--0. 81 -13. l 

-I. 5 i -·-14. 6 

-+ 7. 2 . - 7· 4 

+18. 6160 

...L18.li97S 

+21. 3007 

+19.4716 

+20. 8571 

+19. 1245 

+21. 0999 

+21. 548o 
+20. 2145 

+20. 1489 
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SECTION II.-Prom Red River Landing to Biela's Landing, La., etc.-Continued. 

Date, 
1880-'81. 

1881. 

Jan. 

19 

19 

14 

14 

14 

13 

13 

13 

13 

13 

Il h k I J Difference of height between bcnch- Discrepancy. enc .mnr ·s. Dis I murks. 
tance 

--··· -----between Distance --- -------
Height of 

bench-mark 

From To 

212 211 

211 205 

205 204 

204 LXVIII 

LXVIII 203 

203 LXIX 

LXIX LXX 

LXX 202 

202 201 

201 200 

succes- from im- Line with 
sive tial mark. 

bench-
marks. 

.A'"m. 

2. 120 

I. 847 

2. 183 

2.6o8 

I. 580 

0.437 

I. 910 

I. 261 

2. 566 

I. 793 

Km. 

133.080 

134.927 

137. IIO 

139.718 

141. 298 

141. 735 

143.645 

144. 906 

147.472 

149.265 

Mean. 

Rod A. Rod B. 

Metres. ,Veti-es. lffetres. 

+ I. 3775 + I, 3792 + I. 3783 

- 0.4470 - 0.4438 I- 0.4454 

+ o. 7174 + 0. 7240 + o. 7207 

- o. 8383 - o. 8333 - o. 8358 

+ 0. 6387 + 0. 6417 + 0. 6402 

+ 0. 0726 I + 0. 0703 -l._ 0. 0715 

- . ·1. 1630 - I. 1615 - I. 1623 

+ I. 6267 + I. 6279 + I. 6273 

T 0. 321 I + O. 3166 f 0, 3189 

- 0. 7175 -- 0, 7171 - 0. 7173 

200 LXXI o. 070 149. 335 -- 1. 4117 1.4I16 - 1.4117 
_____ ,1 _____ _ 

200 207 

207 206 

2o6 LXXII 

LXXII 210 

210 209 

209 208 

208 LXXIII 

I. 661 

2.273 

I. 850 

2.486 

I 
I. 515 

I. 778 

j I. 959 

150.926 

153· 199 

155- 049 
157-535 

159· 050 

16o. 828 

162.787 

+ I. 2320 

-- 0. 2691 

- o. 7618 

+ I. 4228 

+ o. 0345 

+ I. 2213 + I. 2266 

- o. 2719 - o. 2705 

- 0. 7615 - o. 7617 

+ I. 4326 + I. 4277 
+ 0.0278 

-· - 0. 0397 - o. 048o 

+ 0.0311 

- 0.0438 

- I. 8720 - I. 8716 - 1.8718 

Partial 

Mm. 

- I. 7 

- 3.2 

- 6.6 

- 5.0 

Total. 

Mm. 

above 
average 

Gulf level. 

Metres. 

-· 5. 9 + 21. 5272 

- 9· I 1f 21. 0818 

-15. 7 + 21. 8025 

-20. 7 + 20. 9667 

3· 0 -23. 7 + 21. 6o69 

+ 2. 3 -21. 4 + 21. 6784 

- I. s -22. 9 -+- 20. 5161 

- I. 2 -24. l + 22. 1434 

+ 4· 5 -19. 6 + 22. 4623 

- 0. 4 -20. 0 + 21. 7450 

0. I -20. I + 20.3333 

+10.7 

+ 2.8 

- 0.3 
- 9.8 

+ 6.7 

+ 8.3 

- 0.4 

- 9.3 + 22.97161 

- 6. 5 + 22. 7011 ! 
- 6. 8 + 21. 9394 

-16. 6 + 23. 3671 

- 9· 9 + 23. 3982 

- I. 6 + 23. 3544 

- 2.0 + 21.48;:6 
I 

[Branch line to bench-marks between Fort Adams, Miss., and Red River Landing, L'l.] 
---,---------~-------------------------~----·-----------

1880 

Nov~ 

16 

19 

19 

17 
May. 

22 

18 

20 

20 

21 

21 

22 

22 

19 

155 

155 156 o. 203 

156 157 o. 079 

157 158t 0. 790 

158 XLIX 1. 616 

XLIX 137 0.077 

137 138 o. 888 

138 141 o. 972 

141 142 o. 288 

142 143 0. 748 

143 144 I. 252 

144 XL VIII o. 238 

XL\'III 140 1. 116 

o.ooo 

0. 203 

0.282 

I. 072 

-- 3. 9108 - 3. 9095 - 3· 9102 

- 4.6423* --------- - 4.6423 

+ o.026o 

+13.0020 2.6881 
2. 765 - I. 8367 

3· 653 +20. 796o 

4.625 -t53.2348 

4.913 + 7.9494 

5. 661 -30. 6333 

6. 913 -39. 2139 

+ o. 026o + o. 026o 

+13.0024 +13.0022 

- I. 8381 - I. 8374 

+20. 7937 +zo. 7949 

+53· 2426 -i-53· 2387 
+ 7. 9488 + 7· 9491 

-30. 6343 -30. 6338 

--39. 2175 -39. 2157 

- I. 3 

o.o 

- 0.4 

+ 1.4 

+ 2.3 

- 7.8 

+ o.6 

+ I.0 

+ 3.6 

+ 16. 1901 

-- f. 3 + 12. 2799 

- I. 3 + 7. 6376 

1.3 + 7.6636 

- I. 7 + 20.6658 

-- o. 3 + 18. 8284 

+ 2.0 + 39· 6233 

- 5.8 + 92.8620 

- 5· 2 +JOO. 8JII 

- 4. 2 + 70. 1773 

- o.6 + 30.9616 

7. 151 - 7. 1305 - 7.1304 - 7· 1305 - O. I - O. 7 + 23. 8311 

8. 267 - 4· 6387 - 4• 6398 - 4· 6393 + I. I + 0. 4 \+ 19. 1918 

139 I o._6-33-~--8._900 __ , ___ -_z._&i_14_ - 2.8404 -~2-.8-4-~.L=-_1·-~--=-o_._6 __ +_16_._35_°:__ 

*Mean of two detenninations. 
tCrossmg of the Misa.issippi River near Fort Adams, Miss. i for description, sec C. S. ];leport, i88o,Appendlx n. 



 

Date, 
1880. 

May. 

19 

17 
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SECTION Il.-From Red River Landing to Bicla's Landing, La., ctc.-Ooutinued. 
----------·--~----- ---- ------------~----

Bench-marks, /' Dis- Difference of heigl~t between bench-I Discrepancy. 
lance mar». I 

Line with 
-- ------- -----·-1b'~;~~~n };~~~a:~~e I-·--------------- _II II 1· 

sivc tial mark. I I 
1 

F'rom Tei bench- ,_____ Mear1 I l'artial T<ital 

I marks. i Hod A. I Rod IL . ;l:"A"-"B.''1 . 

139 

136 

136 

135 

i I 

Km. f(rn. 

I. 402 10.302 

[. 481 I I. 783 

-------

life/res. 

-0.6834 

+o. 1458 

----1 
llfetres. Jlfctrt'S. llfm. 

I 
Mm. I I 

-0.6845 -o. 6839 +1. l I + 0.5 

+0.1476 +0.1467 

Height of 
bench-mark 

ahovt: 
aycrage 

Gulf level. 

11/etn•s. 

+15. 6G70 

+15.8137 
17 135 134 I. 7i4 13'. 557 0.4660 0.4692 -0.4676 

--1. 81 
-t--3· 2 

- I. 3 I 
t I. 9 ! 15. 3-1(1 

19 134 XLVII 0. 196 

19 

Apr. 

30 

134 

133 

1 33 2.568 

30 132 XLVI o. 142 

30 132 131 · 1 ~.~77 
! 

- 0.4008 +a.; I 
I -+ 14. 'Jfr) 13.753 -0.4004 -o. 4011 + 2~61 -- ----

I 
16. 125 +o. 5uo +a. 5044 +o. son -J-6. 6 I + 8.5 ! +15.853S 

! I 

-o.215s -0.2132 +s.1 I +13.6 i +15.6406 
I ' ---- ------ -- ----- ---- ----1----·--~-j-----------1--- -- --i 

20. 327 I +o. 5644 +o. 5649 +o. 5647 -o. 5 I j 13. 1 I -I 16. w53 i 

22. s62 I -o. 3667 
I ·--------------'------ -0~~~-~0- ~~~1--+~_2 ! ~;~~~l+ l~~:~:~_i 

SECTION II.-LocaUan and de.~criptfon of permanent bench-marks• bet1ocen Red River Landing arid 
Biela'IJ Landing, La., opposite Rodney, Miss. 

XL VI.-On Angola Plantation, West Feliciana Parish, La. 011 the top of the circnlar wall 
forming the mouth of a cistern, just back of the house. The heuch is tbe upper sul'focc of the 
llrick exposed by cutting a square apel'tnre through the cement. Marked U. S. B. M. Plantation 
is uearly opposite the mouth of Red River. 

XL VII.-On Tarbert Plantation, Wilkinson C()unty, Miss. A granite post placed close to t11e 
back fence of the yiwd and by a smaH building. Plantation is owned by :M.r. Jenkins, of Natchez, 
Miss., and lies between Angola and Langside Plantations, extending beyond the State line. 

XLVIII.-At Clarksville Lauding, Wi1kiw~ou County, Miss. A granite post burie1l at the 
southeast corner of Lehman & Lauenburgh's st.ore, back of an old cotton-gin, a short distance 
above the landiug. 

XLIX.-At Fort Adams, Wilkinson County, Mi1:1s. A granite post buried at the southwcst 
corner of M.r. J. R. Mathew's house. The house is just above the" corners" at the upper end of the 
village. 

L.-At Southwest Base, Lum's Point, Concordia Parish, La. The top of the copper bolt in the 
11tone post (IO"x 10" on top), marking the southwest end of Lum's Point Coast Survey base· line. 
Situated on the place owned by Mr. Lum, of Vicksburg and nearly opposite Fort Adams, Miss. 

LI.-At Northeast Base, Lum's Point, Corcordia Parish, La. The top of a copper bolt in 
tl1e stone post marking the northeast end of above base. Situated on the Point Breeze Plantation, 
owned by Mr. Trager. 

Lil.-On Ballamagan Plantation, Concordia Parish, La. A cut in the brick top of the cistern, 
near the engine-house and about 500 metres south of Mr. E. Pullen's (the lessee) son's residence. 
This cistern is on the right of the road leading from Poiut Breeze to Black Hawk, about 3 miles 
from the latter place. The B. M. is marked U. S. B. ~I. o Lll. 

LIII.-At Black Hawk P. 0., La.. A granite post on the right of the steps leading to the 
entrance on the east front of Mr. Ed. Pu lien's residence. The to11 is dressed and lettered U. S. 
B.M.-1880. 

• Where the bench is a stone post with a square cavity cut in the top, the bottom of the cavity is the point to he 
taken. · 
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LIV.-On Ashland Plantation, near Bougere P. 0., La. A granite post on the left of the 
steps leading to the front entrance of Mr. W. G. Walton's residence. Marked TJ. S. B. 1\1.-1880. 

L V.-On Brabston Plantation, near Fairview P. O., La. A white marble post on t.lie right 
of the steps leading to the front entrance of the residence owned by Mr. W. G. Walton. Marked 
U. 8. H. 1\1.-1880. 

L VI.-About 3~ miles below B. M. L VTI. The center of the top of a 6 by 6 inch marble block 
(a triangulation stone), marked on side facing river U. S. 0. & G-. 8. 

LVII.-On Deer Park Plantation, Ooncordia Parish, La., about 24 miles (by river) below 
Vidalia. A marble post on the right of the steps leading to the front entrance of the agent's (Mr. 
James Pipes in 1880) house. This house is about one-fourth mile !Jack from the ri,·er bank and just 
to the southward of the main road leading to Vidalia. The bench is marked U.S. B. 1\1.-1880. 

L VJII.-On Ashley Plantation, Concordia Parish, La., about 2 miles below Morville Landing 
A l?ranite post marking the station ''Ashley" in .Assistant Boyd's triangulation 1879-'SO. It is 
.,;itnated near the river bank close to an old cistern, and is marked U. S. 0. & G. S. The center 
Df the top of the post is the bench." 

LIX.-On Moro Plantation, Concordia Parish, La. Center of top of granite post marking 
the station "Moro" in Assistant Boyd's triangulation. It is situated about a mile aboYc MorYille 
Landing and about half a mile below Mr. A. Crotber's (owner of plantation) resiclence. Marked 
U. S. C. & G. S. 

LX.-On Moro Plantation, Concordia Parish, La. .A. marble post on the right of the steps 
leading to the front entrance of Mr. A. Crother's house. Marked U. S. B. M.-1880. 

LXI.-.About a mile below Vidalia, Concordia Parish, La. The intersection of the cross 
lines on the top of an iron screw pile used as a triangulation station. It is situated in an open 
field near the road to Vidalia, on the right· hand side, and marked U. S. C. S. G. P.-1875.t 

LXII.-At Yidalia. A marble post on the right of the steps leading to the front entrance of 
Judge W. H. Hough'll residence. Marked U.S. B. M.-1880. 

LXIII.-At East Base, near Vidalia Court.Rouse. The center of cross on bolt in granite 
monument, 14 by 14 inches on top, projecting about 14 inches above the ground, situated in the Jot 
immediately back of the court-house and jail and marking the east end of. the Vidalia Base. Lot 
is owned by Mr. J. Conti, of Natchez, Miss., and stone is marked U.S. 0. S.-1878. 

LXIV.-At Palo Alto, Concordia Parish, La., about a mile north of Vidalia. The center of 
cross 011 top of iron screw pile markrng Boyd's triangulation station, Palo Alto. On the property 
of Mrs. Kate Minor, of Natchez, on the left of the road from Vidalia about 250 metres. Marked 
U. S. C. S. G. P.-1875.t 

L.YY.-ln levee, about 4~ miles above Vidalia. The bottom of square cavity cut in 5 by 5 inch 
marble post set in levee near old brick wall. Marked U. S. B. M.-1881. 

LXT'T.-On Bullits Bayou Plantation, Concordia Parish, La. The bottom of square cavity 
cnt in top of marble post set on right of steps Jeatling to the front entrance of M.r. E. ·w. Wall's 
residence at Bullits Bayou Landing, next tu the plantation store. Marked U.S. R. M.-1881. 

LXVII.-At Gibson's Landing, Concordia Parish, La. The bottom of square cavity cut in 
marble post set at the nortlieast corner of Stanton & Brandon's store. Marked 0, S. B. l\L-ll'\81. 

LXYIII.-Un Agnasco (Morland estate) Plantation, about half a mile below L' Argent Land· 
iug. A cross eut on top of cistern about 51 metres southwest of Mrs. Morland's house. Ma1·ke<l 
U.S. B. M. 

LXIX.-At Duncan, a triangulation point about ualf a mile above L'Argent, Tensas Parish, 
La. The head of copper tack in 4 by 4 inch post marking the above triangulation point. Is 011 

S. B. Dnncan's plan tat.ion, near the end of old levee and about 300 metres from the junction of the 
old and new levees. 

•Assistant Iloyd in describing this station stateR tl1at water w:i.R fonnd 3 feet m1dersnrface and the po•t was •np
portL><l by chips. bricks, etc. 

tThiH is probably the date when the ca.atings were made at1 they were set in 1H79. G. P. stands for Geodetic Point. 



 

UNITED STA.TES COAST A.ND GEODETIC SURVEY. 441 

LXX.-About 3 miles below Waterproof, Tensas Parish, La. A cross on top of cistern about 
50 metres from the main levee between L'A.rgent and Waterproofaud 190 metres fromjm1ctio11 of 
old and new levees. Marked U.S. B. M.-1881. 

LXXI.-At Waterproof. The bot.tom of square cavity in marble post on the left of steps 
leading to the front entrance of Mr. A. P. Martin's residence. Marked U.S. B. M.-1881. 

LXXIJ.-A.t Kemp's Landing, Tensas Parish, La. The bottom of square cavity in marble post 
on the right of steps leading to the front entrance of Mr. W. H. Goldman's residence. Marked U. 
S. B. M.-1881. 

LXXIII or 297.-0n Villa Clara Plantation, Tensas Parish, La., opposite Rodney, Miss. Tbe 
bottom of square cavity in marble post on the left of steps leading to the front entrance of Capt. 
E. L. Whitney's residence. Marked U.S. B. M.-1881. Biela'i; Landing is ou Villa Clara Planta
tion, and Captain Whitney's residence is about one-half mile distant from it and about 6 miles 
below St. Joseph. 

SECTION III.-From Bfola's Landing, La., oppo.,ite Rodney, ilfiss., to Milliken's Bend, La. 

[Obsen'"et, J, B. Weil:; instrument, geodetic micrometer level No. 3, rods E. and F; method of observing, two independent lines run in oppo
site directions.] 

--- - - --- r . ~ --~- ---l····-·-1 -----~ffer:~c~~~he~:-between ben::i---l-)~--------\i ______ I 
)enc -mar ·s. : )is~ marks. iscrepancy. 

i lance I Height of 1. 
Date, ---·------ -----,hdw~en Distanc_e ----- ---------

1 
bench-mark· 

1SSo-'81. i sus~~~s- [ti~'{~~~~~. Direction of measure. I a~-~~~~e ' 
From To : bench- ! -----' Mean. l'artial Total. ; Gulf Ind. · 

i k , I "F"-"11.'. 1· 

, mar s. ! Forward.* Backward.t 
i -------··------

1881. 

20 

18 

18 

17 
17 

17 

17 

15 

15 
14 

14 

14 

13 
13 

12 

12 

II 

II 

8 

8 

7 

7 

Jan. 

20 

17 

·:; ., 
14 

14 

14 

13 

13 

12 
12 

II 

II 

8 

8 

7 

7 

290 

;,.-,,,_ 

LXX!fI( 
or 297\ 

296 I. 324 

295 o. 480 

294 I. 396 

293 o. 952 
292 I. 649 

290 I. 456 

o. 142 

I. 373 

I. 056 

0.675 

I. 358 

0.978 

I. 270 

I. 293 

0.418 

I. 333 

0.807 

1.564 

I. 210 

I. 2 34 

2.015 

I. 547 

.AJJJ. 

0.000 

I. J24 

I. 804 

3. 200 

4. 152 

5.801 

7. 257 

7.399 

8.630 

9.686 

IO. 361 

II. 719 

12.697 

lJ.967 

15. 26o 

15.678 
17. Oil 

17.818 

19. 382 I 

20. 592 i 
2l. 826 

23.841 

25.388 

• F""m Carrollton, La. 

.Mdres. .J.Utirc;_ ,lfetres . 

+o. 5864 +o. 5815 +o. 5840 

+1. 1639 : +r. 1656 i +1. 1647 

·--0. 5990 -0. 5995 --0. 5992 

t I. S2 23 ·l-1. $2 24 . -t I. 5223 
--o. 7247 -o. 72ro --0. 7~29 

·-2. 2554 -2. 2552 -2. 2553 

+2. 0842 

+0.9825 
--0. 4627 ! 
+o. 9746 

+z. 0798 +z. 0820 

+o. 9803 +o. 9814 
--0. 4641 -0, 4634 

+o. 9734 -j-o. 9740 

-2. 1004 -2. 1001 -2. 1002 

+r. 6405 +r. 6430 -j-I. 64171 

+o. 118o -j-o. 1165 -j-o. 1172 

-·-0. 756o -o. 7571 --0, 75661 

-0. 0409 ·-0. 0383 -o. 07961 
+o. 0781 +o. 0805 -ro. 0793 

-o. 3sos -o. 35z3 -o. 35•4 I 
-j-0.4690 +0.4740 +0.4715 i 

+o. 0309 +o. 0297 +o. 0303 j 
+o. 8973 +o. 9027 +o. 9000 i 
·--0. 8379 --0. 8400 ' --0. 8389 i 
-··------·- ___________ _j . I 

11/m. 

-I. 7 

+0.5 
-0.1 

-3.7 
--0. 2 

.Aldrrs. 

+ 21. 4826 

+4· 9 +22. 0666 

+3.2 +23.2313 

-f-3. 7 : +22. 6321 

+ 3· 6 -t 24. 1544 

-·O, I +23. 4315 

-0. 3 j-21. 1762 

I o. 3 ! o. o i I 23. 026o 
' _________ \_ ---·----

-t4- 411 
+4· I I +23. 2582 

+ 2. z -j-6. 3 i +2..i. 2396 
! 

~1.41 -+7·71 -j-23.7762 

-11. 2 I ·i 8. 9 i +24. 7502 

o • i +B 6 i +22. 6500 

~+-- 21•. ~s 1' +6. I I +24 2917 

+7 6 II +24. 408.) 
i +1. 1 
1 

+8. 1 
1 

f 2 3. 6523 

-2. 6 i -j-6. l I +2.1. 6127 

- 2. 4 I +3· 1 +z3. 6<)20 

I 1. 8 ! -t 5. 5 ;-23. 3400 

- 5 o Ii +o. 5 I +23. 8121 

+1:2 +1.1 i -j-23.8424 

-s. 4 l --3. 1 I -tz4. 7424 

·-+-~ ~-L -[. 61~23. 9035 

f Tp•ward.~ Carrollton, La. 
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SEC'l'ION UI.-From Biela?s Landing, La., opposite Rodney, .ilfiss., fo Jfilliken's Bend, La.-Cont'd. 

Bench-mark,,. 
·1 

Dis- I 
tance I 

I 

Difference of height between bench- I 
nmrks. ! Di,,crepancy. i _ 

Date, 
1880-'81. 

---------------,between l)istance -------· --------------------~-------------- ----
1 

Height of 
--· -~- bench~m::irk 

I above 

1881. 

Jan. 

6 6 

From To 

Direction of measure. 

Forw:inl. Hackwanl. 

succes" from ini- 1 

sive Ilia! mark. 
bench-

1 
-·------ ------------- Mean. 

marks. 1 ' 

I 

Km. i Km. jlfdrts. ll!drrs. 1l!drrs. 

275 274 2. 121 ' 27. 509 -0. I 16S -0. I 193 -o. 1180 

4 

4 

4 

41 
274 273 

273 271 

I. 482 28. 991 --0. 1102 

I. 360 i 30. 351 ' -I. .3155 

-o. 1117 

-I. 3156 

-0. 11!0 i 
-1. 31sr, I 

4 4 271 
----- ------ ---------

3 

1880. 

lice. 

30 

31 

31 

30 

31 

270 : I. 012 j 31. 363 
' 269 ! 0. 664 32. 027 

268 1.402 33.429 

I. 916 
i 

266 ! 0. 768 

I 0. 490 

265 264 : 0. 901 

35·34? 

36. 113 

36.603 

37. 5°4 
38.490 

39.542 

27 I 264 263 ! o. 986 

21 I 263 261 i 1. 0 52 27 
27---;;--1-2_6_1 ____ 2_6_2_ 

------------------1-- ... -------~---

24 24 I 261 26o 

23 23 i 260 

23 23 I 259 

259 

257 
• ·---- -- ---------1 --- -------------

I. 166 : 42. 254 

I. 348 . 43. 6o2 

1-~2 __ 23_,_257 258 i 0, 098 I 43• 700 

. 22 22 I 257 256 I I. 156 I 44. 758 
Nov. 

22 22 I 256 255 i o. 528 45. 286 

22 22 25s 254 I 1. 121 46. 407 

23 22 

23 { 
23 
25 253 

20 20 

250 

253 

252 

i o. 884 47. 291 
! 
i 0. 699 
! 

47.990 

251 i 0.622 48.612 
I 

250 I 0.862 I 49.474 

249 i o. 934 i 50. 408 

--I. 6oo2 

__;__2, 0543 

+1. 4192 

-1. 5297 

+0.3845 

-I. 0413 

-I. 1495 

+o. 3129 

+o. 7299 

+I. 3204 

to. 6323 

--0.0898 

--0. 7510 

+ 1. 5996 I + 1. 5999 -------1 -· ..... 
+z. 0588 +z. 0566

1

[ 

+1.4158 i +14175. 
I I 

-1. 5259 -l. 5278 . 

+0.3894 
-l.0-l06 

-I. 1491 

+o. 3140 

+o. 7313 

+1. 3214 

·-! 0. 6374 

--o.o868 

-0.7491 

+o. 3870 

-1. 0410 

-1. 1493 

+o. 3134 

+o. 7306 

+1. 3209 

1o.6348 

-0. 0883 

-0. 7501 

+1. 9432 

-0. 0288 i -o. 0298 -0.0293 

--3. 6638 i . 3· 6646 -3. 6642 

+z. 1501 I +z. 1507 + 2. 1504 

-I. 2133 I -1. 2163 --1. 2148 

-3. 54971 -3. 56oo* -3 .. 5549 
I 

+z. 5440ti 2. 5425t 

+J. 2802 I +3· 2798 

+1.4518 +1.4518 

+z. 5432 

+3· 28oo 

+1.4518 

23 

25 

25 
: I 

249 248 ! o. 420 I 50. 828 +o. 05 I 5 +o. 0533 

248 247 I o. 183 I 51. 011 +o. 7058 +o. 7058 
Dec. 

21 21 247 245 1.028152.039 +1.2483_ +1.2494 

-1. 66u 

Partial ' av crage I 
"-"IL Total. ; Gulf kvel. 

Jim. 

-+ 2. 5 

+ I. 5 
-j- O. I 

+ o.6 

- 4 5 

+ 3.4 

-- 3. 8 

- 4.9 

-- 0. 7 

-- 0.4 

I. I 

I. 4 

I. 0 

- 0.4 

;Jim. ,1fetres. 

+ 0. 9 +23. 7855 

2, 4 +23. 6745 

+ 2. 5 +22. 3589 

+ 3· I +z3. 9588 

2. o . +z4. 4155 
I 

1.4 +z5.8330 

2. 4 +24. 3052 

- 7.3 

8. 0 

- 8.4 

- 95 
- ro.9 

--11. 9 

-12.J 

+24. 6922 

+23. 6512 

+z2. 5019 

+22. 8153 

+z3. 5459 ' 

+z4. 8668 ' 

-- 5· I --17. O +25. 5016 

- J.O --20.0, +25.4133 

1. 9 1 -21. 9 +14. 66.F 

-23. 6 -j-26. 6o64 

+ 1.0 -20.9 

+ o.8 -20.1 

- o.6 -20. 7 

+ 3.0 -17. 7 

+20.9697 

+z3. 1201 

+21. 9053 

+10.3 

+ I. 5 

+ 0.4 
0.0 

- 7.4 

- 5.9 

- 5.5 

·- 5.5 
- 1.8 - 7.3 

o.o - 7. 3 

- I. I - 8.4 

+ o.8 - 7.6 

+18.3504 

+20. 89361 
+:z4. 1736 

+zs. 6254 

+25.6778 

-j-26. 3836 

+11. 6325 

+25. 9713 -_2 _1_-_-_-2-,_-_
1 
~-5-.--- 24~_ 1·o.21S·:-;~.-2571 .. -=- 1.66o8- __ -1.6616 

20 20 245 244 10.912152.9511· -1.6412 -1.6403 

20 zo 244 243 11. 164 / 54. 115 +o. 7627 +o. 7644 

-I. 6407 - o. 9 

+o. 7636 I - I. 7 

- 9.3 

-IJ.0 

• Mean of three determma.bons. t Mean of two determinations. 
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SEC1'ION Ifl.-Froni Biela's Lanrling, La., opposite Rodney, Jfis.v., to 1lfillikeit'!i Bentl, La.-Cont'd. 

--- ·-·-·-)

11

-· Bench-marks. ! Difference uf hei;:ht between bench-

t~~:~~ i marks. 

Date, .1.--------:between ·,Distance 

i880-'81. I • !Jircction of measure. . sive ltial mark.~ 

1

1 succcs- I from ini-

i From To / :~~~:: ) -~-o-n-va-rll~-j ~l:~kwar~. l\Iean. 

--!-~-:-:.-· - 1-~1~ I-~=- -- Netrt'~- ilMrrs. 

20 20 

17 I7 

17 17 

18 

18 

16 

I6 

15 

15 

14 

14 

18 

I6 

16 

15 

15 

14 

14 

243 242 
I ; 86 
: O. 214 I 54, 329 -!. 77 

242 241 I 0, 698 ! 55, 027 +o. 9920 I 

-!. 8673 

+o. 9894 

-1.8675 

24I 240 I. 062 56. 089 -1. 7897 i - I. 7863 -I. 7880 

240 

239 
238 

237 
236 

235 

234 
233 

239 : o. 658 

238 ' 2. 058 

237 i 0. 762 

236 1.114 

235 I. 047 

234 I. 074 

233 ' o. 476 

231 I. 394 

56.747 

58.805 

59. 567 

60.681 

61. 728 

62.802 

63.278 

64. 672 

\ 2. 2103 i 
-+ o. 8401 ' 

-·I.8260 I 
-0.4330 

-·O. 2961 
i 

-0.1371 I 

+1. 6325 I 
+2.00931 

·l·2. 2112 

-t 0. 8379 

--!. 8253 

-0.4363 

--0. 2965 

-0, 1363 

+1. 6318 

+2.0127 

+2. 2108 

+o. 8390 

-1. 8256 

-0. 4346 

·-0. 2963 

-0. 1367 

+1. 6322 

+2.0110 
------ -~ - - --------·- --·--- ----~---- ----- --·-

] 0. 333 i 65. 005 i - I. 5330 • 13 13 

13} q. 
14. 

II II 

II II 

IO IO 

IO IO 

9 IO 

9 10 

9 
8 

8 

7 
7 

6 

6 

4 

4 
6 

4 

4 
2 

Nov. 

9 
8 

8 

7 
7 
6 

6 

•.f 

n 
4 

4 

2 

Dec. 

231 

231 

230 

229 

228 

227 

226 

225 

224 

223 

222 

221 

220 

219 

ZI8 

217 

216 

214 

213 

232 

230 

229 

228 

227 

226 

225 

224 

223 

222 

221 

220 

219 

218 

217 

216 

214 

-1. 5314 ·--I. 5322 i 

•·---1--- 1---·-·,----
0. 906 I 65. 5781 -0. J706*i -0. 3736 -0, 3721 

I. 300 166. 8781 +o. 0587 I +o. 0578 +o. 0582 i 

+0.9918 +0.9910 

l 
-o. 6514 ·--0. 6509 

· I. 356 I' 68. 234 +o. 9914 : 

'· 235 69. 469 -0, 65 II 

I. 324 / 10. 793 

o.454) 71.247 
I 

0.874 i 72.121 

0. 729 ! 72. 850 

0. 798 i 73. 648 

1. 184 I 74. s32 

i I. 014 i 75. 846 

I f. 134176, 980 

I 0.818 77.798 
I , 
I I. 258 I 79. 056 
I ' 
1 o. 794 I 19. 850 
I . 

I 
! 
! 
i 
I 
i 

I 
I I o. 792 1 80. 642 

i~-l--

- I. 0498 

+o. 4943 

-1. 6238 

+o. 6296 

-0. 5973 

+o. 7779 

-o. 5246 

+o. 1576 

-0.4896 

fo. 2669 

--0.0977 

+o. 0472* 

-1. 0545 

+0.4943 

-I. 6273 

+0.6297 

-0. 597° 

+o. 776o 

--o. 5209 

+o. 1597 

-0.4846 

+0.2688 

-0.0985 

+0.0516*1 
I 

-I. 0522 

+0.4943 

-I. 6255 

+o. 6296 

-0. 5972 

+o. 7770 

-o. 5228 

+o. 1586 

-0.4871 

+o. 2678 

-0.0981 

+0.0494 

I ---1 

I +1.6120 +1.6us i +1.6117 ~' 215 i 0. 102 I 80, 744 
·---- ! 

--0.7089 --0. 7102 i 
+:z. 6102 +:z.61051 

+o. 3773 +o. 3788 I 

----' 
-o. 7095 II 

+2.6104 

I 
+o. 3781 ! 210 

1-----
213 ! o. 762 81. 404 

212 I o. 746 s2. 1so 

i I. 944 84. 094 

Dec. 

I 
I II~;'-_Z_l_0 ___ 21_1_! :.09-.-3 84. 187 

--- j ____ _ 

210 209 I I. 047 85. 141 I 

-o. 7811 

--0.5331 

I 

-o.78u I I 

--0. 5340 I -o. 533 
I 

"' Mean of two determinations. 

I liscrepancy. 

Parlial 
!"F"-"H. 

llfm. 

Total. 

1Vm. 

·-0. 4 j -·I I. 4 

+2.6 8.8 

--3.4 12.2 

-·0.9 -- .. 13. l 

j-2. 2 IO. <l 

---0. j --1 I.(> 

+3·3 - S.3 

+0.4 7 9 
-o. 8 ' -- 8. 7 

+o. 7 1 
--- S.o 

-3.4 --11.4 

+J.O 

+0.9 

+o.S: 

-0.5 

+4· 7 
o.o 

+J.S 
-0. I 

--0. 3 

+r. 9 

-3.7 

-2. I 

-5.0 

-1.9 

+o.S 

-4.4 

-'-- lJ. 0 ; 

7.2 
2.5 

2. 5 

+ I. 0 

+ 0.9 

+ o.6 

+ 2. 5 
- I. 2 

- 3.3 

- 8.3 

-IO. 2 

- 9.4 

-13. 8 

Height of 
bench-mark 

a hove 
aver::we 

liulf Je~d. 

llfetres. 

+24. 8879 

-i 25. 8786 

·l 24. 09o6 

·-:-· 2( •. 3014 

! 2i. 1404 

'25.3148 

t 24. SS02 

+ 21. 5839 

+24.4472 

~ 26. 0794 

+18.0904 

-f-27. 7183 

+27. 7765 

+18. 7679 

+28. u68 
+17. 0646 

+17.55S9 

+z5. 9334 

-+ 26. 5630 

+15.9658 

+26. 7428 

+z6. 2200 

+26. 3786 

+zs. 8915 

+26. 1593 

+26.0612 

+1. j 

-0.3 

-12. 5 j + 25. 401 I 
i 

-12. 8 +28. 0115 

I 
-1. 5 -14. 3 I +28. 3896 

_,, .. -.. ·!--.. ·-· -

o. 0 ' -14_3 j +27. 6o85 
. - ---1-----

+o. 9 -13. 4 / +27. 8561 
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SECTION III.-Frorn Biela's Landing, La., opposite Rorlney, Miss., ete.-Cu11tiuucc.1. 

Date, 
1880-'81. 

. I i 
I 1' Difference of hei1!ht between bench-

llcnch-marks. I Jlis- i I m.;.'rks. 
1 tance ' I 
ibctween 1 I>1stance --- -------~------ ~~-------

1 succes I fron1 mi- I . I I 
I . It I k 1 I >irectwn of measure. 
h~~vc~1 ! ia mar·.;_ -- Partial 

Jliscrepancy. 

From To 

I 
marks. i I ' 

-

I I , I , Mean. "F"-"B "I Total. 

I f Forward. I Backward. 1 
-----.---------1-----, ____ I_, _______ ----- ---1 -----1---

1 I I 
1880. I I I I I I 
Nov. 1

1 

I A"m. Km. I 1)fdres I Aldus. I ,lft!res. I J/111. ilfm. 

16 16 1 209 208 1 338 86 529 j -o 7317 I -o.7325 f --0.7321 I +o.8 -12.6 

16 16 ! 208 206 ; 0 790187. 319 i i I. 15381 +r. 1521 I +1. 1529 I • +1. 7 -IO. 9 

15---~~-I ~~------~;;-i-~-~~~- s7.-57; 1·+~.-;4~3 i+r~;; +1.3431 I +2.J - 8.6 

:: :: ::--: ::-:::- :: ::: i ~:::I ~: :::: ~:::::I ~:: :: : ; 
13 13 204 203 I I. 682 90. 554 I +I. 1933 I +I. 1916 I' +I. 1925 +I. 7 -- 5. 6 

203 202 jo.767 91.321 -0.07061 -0.0725 -0.0716 +1.9 -3.7 

202 201 ! o. 837 92. l 58 f o. 7oo6 I +o. 6993

1 

+o. 7000 + l. 3 - 2. 4 

201 200 j o. 387 92. 545 +o. 0353 i +o. 0346 +o. 0350 +o. 7 1. 7 
200 199 l 0. 768 93· 313 -0. 7739 I -0. 7732 I -0. 7735 -0. 7 -- 2. 4 

199 198 : 0.837 94.150 +0.2672*
1 

+o.26ti9*l1. +0.2671 I +0.3 _ 2.1 

198 196 i 0.958195. I08 --0.4112 / -0.4123. -0.4117 +1.1 - 1.0 
------------ _'" ___ ,--: ____ . ~--------- i ---------~ -·- --~------ - j -·-·----] 

196 197 ! o. 107 195 215 
1 

+o 3158 J +o. 315!1 I +o. 3158 
------------ . ··----1---,-------! - I·--------·- ---····-----

196 195 I. Oli i 96. 125 I -0. 3609 I o. 3577 o. 3593 --3. 2 4· 2 

I 
I 

12 12 

12 12 

II II 

II II 

IO 

:~}I 12 

IO IO 

IO IO 

9 9 

o.o I. 0 

195 194 0. 9fio 197· 085 i -0. 5168 -0. 5II9 -0. 5144 -4- 9 - 9· I 

194 193 0.817197.9021 +1.1295 +1.1232 +1.1263 +6.3 --2.8 

193 192 o. 410 98. 312 +o. 6117 +o. 6095 +o. 6106 +z. 2 - o. 6 

192 191 0.809 99.121 I -0.0876 -o.0_858 --0.0867 -1.8 - 2.4 

191 190 o. 632199. 753 I +0.0850 I +0.0817 +0.0834 +3·3 + 0.9 

190 189 I. 002 100. 7551 -0. 1942 -0. I()OO -0. !921 ·-4. 2 - 3· J 

189 ----l~~----0. 756 r:~·~_'_'._1 __ ~~_:_°~3:1~~:-~~ +~0834 ~~~ 2. 2 

9 9 

9 9 
6 

6 6 

6 6 

R s 
8 s 

*Mean of two determinations. 

Height of 
bench-mark 

a hove 
average 

Gulf level. 

lifclres. 

+27. 1240 

+28. 2769 

+29. 6200 

+28. 2005 

+zs. 2216 

+z9. 4141 

+z9. 3425 

+JO. 0425 

+.JO. 0775 

+19. 3040 

+ 2 9· 5711 

t-29.1594 
-

+29.4752 
----
+28. 8001 

+28. 2857 

+19.4120 

+30.0226 

+z9. 9359 

+Jo.0193 

+z9. 8272 

+z9.9rn6 

SECTION III.-Location and description of permanent liench·marks betU'een Biela's Landing, La., 
opposite Rorlney, Miss., and Jfilliken's Bend, La. 

LXXIII 01· 297.-Describe<l in Section II. 
2!H.-On Duck Pmul Plantation, Teus;as Parish, La. The center of head of copper holt leaded 

l1orizo11tally in north face of hrick chimney of gin.house. Is in the seventh course below the pro
jecting courl'IC ancl fifth brick from nort.lrnast edge of chimney. 

28fi.-On Panola Plantation, Tensas Parish, La. The center of head of copper bolt in brick 
chimney of gin-house. ls in the twenty.third course from ground and fourth brick from northeast 
corner. 

280.-0n Wawla111l Plantation, Tensas Parish, La. The center of head of copper bolt in 
sontheast face of brick chimney of gin-house. Is in the middle brick of tenth course from foundation. 

2i2.-0n Hard Times Plantation, Temms Parish, r~a. The top of copper bolt imbedded verti
call~· in a block of eement 8 inches in diameter, set about 00 metres south of the bank of Lake 
St. Joseph, near a cabin. 
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262.-0n U,iverside rlantation, '£eusas Parish, Lit. 'fhe center of head of copper bolt in 
middle brick of twelfth course from foundation, in south face of east chimney of dwelling ou plan. 
tation. 
_ 258.-0n Point Pleasant. Plantation, Tensas Pari8h, La. The center of head of copper bolt 
in brick 4 feet from the ground aud in mi1ltl!e of north face of north chimney of dwelling. 

24u.-Ou Sargeut's Point Plautation, ~fadisou Parish, La. The to11 of copper l>olt irubedded 
in a block of cement 8 inches in diameter, set near cabins surrounded IJy water oaks and pecans! 
about 600 metres from channel of river. 

243.-At Kellogg's Landing, Matlison Parish, La. The center of head of copper bolt iu urick 
15 inches from ground aml in middle of south face of southeast chimney of Kellogg';; post.office 
building. 

232.-0n Crystal Springs Plantation, Madison Parish, La. The center of bead of copper 
bolt in brick of twelfth course from ground and second one from southeast edge of east chimney 
of dwelling. 

225.-0n Point Place Plantation, Madison Parish, La. The center of head of copper bolt in 
middle brick of tenth course from the ground of second pillar from southeast corner of !lwelling
house. Plantation is opposite Warrenton, Miss. 

215.-In Delta, Madison Parish, La., opposite Vicksburg, Miss. The eml of Yertical ra.r of 
five-rayed cast-iron star, used as a tie-plate, in south end of parish clerk's office uear court-house. 
Is about 4 feet from ground and 3 from southeast corner of building. 

211.-0n Willow Glenn Plantation, Madison Parish, La. The center of hmtd of copper bolt 
in middle brick of eighth course from ground of secoml pillar from southeast corner of <lwelling
bouse porch. 

207.-0n Elcho Plantation, Madison Parish, La. 
in twenty-first course from ground, aml third one 
dwelling-house. 

The center of head of copper bolt in brick 
from southeast edge of south chimney of 

197.-0n Duck Port Plantation, Madison Parish, La. The center of head of copper bolt in 
middle brick of third course from top of thi.nl pillar from northeast corner of dwelling.Iwmm porch. 

188.-0n Cabin '.I'eele Plantation, Madison Parisli, La. The ceuter of head of copper bolt in 
brick in east face of brick pillar supporting the nortueast corner of dwelling-house. 

SECTION IV.-From llfiUiken's Bend, La., to Greenville, .Miss. 

(Obsen:ers, 0. H. Tittman and j. H. Weir; instruments, geodetic micrometer levels 3 antl 36 1 rods C, D 1 E, and F; method of observing. 
two independent lines run in 'JJJf)osite directions as far as B. l\1. 25, from whence to close of line, two simulta.neous lines s.upplementell liy u. 
single line in the opposite direction.] 

----------··----- ·1----·--·-·--·· .. 

Bench-marks. 

Date, 188o. 

From To 

May. 
188 

17 17 188 187 

17 17 187 186 

17 17 186 185 

17 17 185 183 
--·~--~-~-

18 18 183 184 

I Dis 
JJilfercnce of height between llench

marks. 
I lance Distance, 
lhetwe,en

1 
from ,---

1 su~ccs- i initial 'I IJirectiou of n1easure. 
, s1ve 1 mark. 
I bench- (

1 

I marks. 

I I 
J(m. 

0.473 

0. 78o 

I. 073 

0.854 

Km. 

o.ooo 

o.473 

I. 253 
2.326 

3· 18o 
--·-·--

~~.982 J o.8oz 

.Forward. 

Metres. 

-0.0895 

+o. ,.,. I 
+o. 7637 

-I. 1012 

-I. fl&] I 

Mean. 

Backward. 

JJl.:treJ. 

I ------~ 

--o.o88o -o.o888 

+o. 2466 +o. 2.468 

+o. 7621 +o. 7629 , 

-I.0981 -1.0997. 

I 
-I. ll7J i -1. 1170 

Discrepancy. 

Partial 
"F"-"B.nj 

I 
I 

I Height of 
.... __ i hench-m:lrk 

i above 
: average 

Total. ' Gulf level. 

Jfm. Jfetru. 

0.0 ,1 +29. 91o6 

-1. 5 ; - 1.5 
i +29. 8218 

+0.5 -- I. 0 +Jo. 0686 

+1. 6 i + o.6 +Jo. 8315 

-3.1 - 2.5 +z9. 7318 
---~----·- -· -- -~-----~--

+o.6. - 1. 9 +28.6148 

------- .... 
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llate, 1880. 

II 

II 

12 

II 

II 

Io 

IO 

7 
s 

5 

3 

3 

3 

'O ·' 

May. 

Apr. 

14 

q 

q 

I I\ 
15 J 

IJ 

IJ 

IJ 

12 l 
I 5 I 
I2}. 
IS . 
12 ! 

II 1 

II\ 
I2 I 

II 

IO 

IO 

IO 

JO 

8 

8 

8 

7 

7 

7 1 
8 J 
5 
5 

UNITED STATES COAST A~D GEODETIC SURVEY. 

SECTION IV.-From Jlfilliken's Bend, La., to Greenville, ilfiss.-Uontinued. 

From To 

183 

182 

181 

180 

175 

174 

17.l 

172 

161 

1(1() 

1 79 

175 

174 

173 

172 

1()0 

1 >irection of measure. 

I o. S4G + 026 

o. 806 : + 832 

• 0. 796 5. 628 

i I. 003 6. 631 

i o. 686 . 

1 Forward. 

.J.1fdrc.s. 

-0. 2817 

+o. 3829 i 
-0. 6497 

Back\vanl. : 

,lfctrcs. j 

-0. 2809 i 
+o. 38I8 I 
-o. 6477 I 

I 

Mean. 

. ilft:tres. 

o.28I3 

+o. 3823 

-0. 6487 

-0. 0295•
1 

--·O, 0273 

·----
0.562 

0.928 

o.8o4 8. <)25 

9. 715 

+o. 324I 1 

-I. 0307 I 
I 

+o. 5615*1 

+o. 3066* 

+0.4509 I 

0.790 

0.769 

i I. 470 
I 

II. 954 . -0. I659 

. o. 905 12. 859 -0. 33IJ* 

o. 204 13. 063 

0. <>59 ! 13. 722 

1.340: 15.062 

I. 260 16. 322 

0. 732 . 17. 054 i 

0. 810 : 17. 864 I 

I. 329 . lg. I93 

o.8I4 

I. 057 

20. 0'.)7 

21. o64 

o. 924 . 21. 988 

o. 666 i 22. 654 

0. 414 . 23. 068 

0. 782 

o. 868 I 

0.384 

23.850 

24. 718 

25. I02 

+o. 3051 j 

+0.4239 i 

-o. 2454 ! 
+0.5204 

0.4850 

+o. 1755 J 

-+ 0. 4352 

---0. l 792 

+o. 6519 

--0. 8o85 

-0.0561 

--0.0282 

+o. 1888 

-0. IDI5 

+o. 3240 j o. 3240 

-I. 0359 -1, 0333 

+o. 3072*. +o. 3069 

+o. 4459 j +o. 4484 

-0. 1636 : -0. 1648 

- -0. 3325*
1 
-0. 33I9 

I 

--l-o. 3036 · I o. 3043 

+o. 4230 +o. 4234 

--·O. 2451 

+o. 5158 

--0.4830 

+o. 1765 

+0.4375 

-0. 2452 

+o. 5181 

·-·0. 4840 

+o. l76o 

+0.4364 

--0. I 764 i --o. 1778 

+0.6502 i +0.6511 

--0. 8080 . o. 8083 

--0. 2937" -0. 2921 

·--0. 03I2 

+o. 1857 

···O. JOll 

-·O. 0297 
+o. 1872 

... o. 1013 

Discrepancy. I Height of I 
-------~------'bench-mark J 

Partial 
F"-"B. 

iJfm . 

-o.8 

+1. I 

-2.0 

++3 

-I.O 

Total. 

1lfm . 

3·3 
- 2.2 

- 4.2 

+ 0.1 

above j 
aver::ige I 

Gulf level. I 

Afetrcs. 

+29. 45°5 

-+ 29. 8328 

+z9. 1841 

+29. 1568 I 

I 

- o. 9 ·+;;s6~~-! 
-------- ------ ~--·---' 

I 0. I 

+5.2 

-o.6 

+s.o 

-2.3 

+1. 5 
+0.9 

-0. 3 

+4.6 

-2.0 

-1.0 

-2.3 

-2.8 

+1. 7 
-0.5 

3.2 

+0.2 

+3.0 

+3.I 

--0.4 

-t o. 2 

-I- 5. 4 

6.6 

+ 6.o 

+11.0 

+ 8. 7 

+ 9.9 

+z9.4808 

+28.4475 

+29. 3153 

+29. 7637 

+29.5989 

+29.2670 

+1 I. 4 -t-29. 57I3 

+12. 3 +29. 9947 

+12. 0 -1-29· 7495 

+16. 6 +30. 2676 

+14. 6 -t-29. 7836 

+13. 6 +29. 9596 

+11.31 +30.3960 
+ 8. 5 f30. 2182 

+10. 2 +30. 8693 

-f- 9. 7 + 30. 0610 

+12. 9 ' +29. 7689 

+13. I -t29. 7127 

+z9.6830 

+29. 8702 

+29.7689 

1sst 2. 311 27.41_, fo. 3819 +o. 3819 

+ !. 0820 

-o.679I 

+30. 1508 

o. 6 - o. 6t +31. 2328 

-2. 2 - 2. s +30. 5537 

155 

154 

<>. 958 

0.355 

28.371 f1.0817 

28. 726 : --0. 68o2 

i 

__ .!~~-1-~~5_ __ ·_-~J_,~ ___ 1._1_·~--~--~--.. ·. +I. 1037 '-==~~~1-=--;.-~--1=+=~3-1~._6-_5~~ 
30.178 i --o.o66o 1· -0.0709 --o.o6841

1 

-t4.9 + 2. r I +30.4853 

30.691 I +1.5o61 +1.so53 +1.sos1 +o.s + 2.9 +31.9910 

,. M can of two determinations. t Mississippi River Crossing: mean of 21 determinations. 
; A fresh start made with B. M. 155, adopting o.o for it. 
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SEC'l'ION IV.-Frotn Jiilliken's Bend, La., to Greenville, 1lfis.1".-Continuctl. 

J late, I 880. 

28 

28 

27 
27 

27 
27 
20 

26 

26 
26 
22 

22 

22 

22 

21 

21 

21 

20 

20 

20 

H) 

Apr. 

22 

22 

22 

22 

21 

21 

21 

20 

20 

20 i 
19 I 
19 I 

19 -1 
-----·;---

16 16 

16 16 

17 17 

17 

17 

17 

15 

15 
15 

I f4 
15 
LJ. 

lJ 

13 

13 

I 13 

12 

17· 

17 

15 

15 

15 

14} 
15 

14 

13 

13 

13 

13 

12 

Bench-marks. 

From To 

150 

149 
148 

147 
146 

145 

144 

143 
142 

141 

140 

139 
138 

137 

136 

135 

134 

133 

132 

131 

130 

129 

127 
126 

125 

123 

122 

121 

120 

119 

118 

117 

116 

II5 
114 

113 

Ill 

149 
148 

147 
146 

145 

144 

143 

142 

141 

140 

139 

138 

137 

136 

135 

134 
133' 

132 

131 

130 

122 

121 

120 

119 

118 

116 

115 

114 

113 

111 

llZ 

1i.·m. 

I. 190 

I. 042 

0.819 

o. 776 

o. 778 

0.824 

0.947 

0.908 

0.843 

0.943 
0.967 

o.886 

0.603 

0. 785 

I. 178 

o. 852 

I, 239 

I. 3°9 

0.936 

o.8oS 

0.618 

o. 866 

I. ;?05 

0.924 

0.699 

0, 8i>7 

I. 282 

i . . 1 l 

I 
D1fforcnce of height between Jene 1-

1narks. 
Distance frun1 .. ~~--~---- - ------------~-- - ----- --

initial l>irection of measure. 

A'm. 

31. 881 

32.923 

33.742 

34.518 

35.z96 
36. 120 

37.067 

37.975 

38.818 

39, 761 

40. 728 

41. 614 

42.217 

43.002 

44. 180 

45.032 

46. 271 

47.580 

48.516 

49.324 

54.464 

55.669 

56.593 
57.292 

58. 159 

59.441 

Forward. Backward. 

.3Ietres. 

-0.8995 

+o. 6149 

~o. 6734 

+o. 2316 

-0. 1023 

--0. I 104 

+o. 2046 

+o. 1069 

+o. 6802 

+1 • 5959 
-1. 9408 

+o. 8oS9 

-O.D43 

-0.8798 

+1.5768 

--0. 4521 

--0. 4911 

+0.0378 
+o. 7816 

-0.0868 

-0.0992 

-0.4037 

+o. 1262 

.J.lietrcs. 
I 

-0. 8987 ! -o. 8991 

+o. 6145 
1 

+o. 6147 

-0.6750 --0.6742 

+o. 2317 -Lo. 2316 

-0. 1004 --0. !014 

-0.1102 i -0.IIOJ 

-"-o. 2014 

J..o. 1097 

+o. 6805 

+1. 5984 

-1. 9356 

+o. So68 

--0. 3952 

-0.8812 

+1. 5749 
-0. 4522 

-0.4888 

-j-0. 0417 

+o. 7803 

-0. 0862 

--0. 0988 

-0.4003 

+o. 1245 

+o. 2030 

+o. 1083 

+0.6803 

+r. 5971 

- I. 9382 

+o. 8079 

-0.3948 

-0.8805 

+1. 5758 

-0.4521 

-0.4899 

+0.0398 

+0.7809 

-0.0865 

-0.0990 

-0.4020 

+o. 1254 
··~~--·-----

j-o. 2656 f 

_-o. 1470 i 
+1.4741 : 

+o. 2669 

-0. 1469 

+r.4719 

-+ o,. 2662 

-0. 1470 

+1.4730 
i----··--- ,---

-2. 0626 I - 2. 0628 !' -i. 0621 
----·~~- l-~----1---~----

··--0. 21s9 -o. 2161 I -o. 211s I 
-0. 3431 --0. 3416 i -o. 3424 

-0. 2541 ---0. 2528 I -0_ 2535 

+o. JOl9 +o. 3010 +o. 3015 

-0. J846 -0. 381 I j -0. 3829 
I 

+o. 5321* +o. 5375*! +o. SJ.tS 
I 

0. 975 60. 416 -1. 2284 -1. 2290 : -1. 2287 

0, 716 61. 132 -0. 2637 --0, 2667 -o. 2652 

o. 738 61. 870 +I. 10831 +I. 1087 +I. 1085 

o. 854 62. 724 -o. 6533 -0. 6558 -o. 6546 

o. 838 63. 562 +o. 2165 +o. 2205 +o. 2185 

o. 6~-1 ~;-r+~~~;-0-i--+~~8~ +o. 5764 

'----------'--------'---
• Mean of two determia&tions. 

Discrepancy. 

l'arliol ! 
F"-•· B."i Total. 

liclght of 
bcnch-ma1k 

above 
a\•eragc 

Culf level. 

.3Im. ,l/111 . .ilfetres . 

-o. 8 2. I +.)I. 0919 

+0.4 + 2.5 +Jr.7066 

-f-I.tJ -j- 4. I! +JI.OJ24 
-0. I + 4. 0 ! -l-31. 2640 

--!. 9 

.:...o. 2 

+J.2 
-z.8 

-0. 3 

-2.5 

- 5. 2 

+z.1 

+0.9 

+1. 4 

+1.9 

-j-0.1 

-2.3 

-3.9 

+1. 3 

·-0.6 

--0.4 

-3.4 

i +1.1 I 

+ 1.9 

+ 5. I 

+ 2, 3 

-1- 2.0 

- o. 5 
- 5. 7 

- 3.6 

- 2. 7 

- !. 3 

+ o.6 

+ 0.7 

- r.6 

- 5. 5 
- 4· 2 

~ 4.8 

- 5.2 
8.6 

6.9 

! + .)1. 1626 

-t-3r.0523: 
! 

-'.-31. 2553 

+31.3636 

+32.0439 

+33· 6410 
-1 31. 702S 

+J2.5107 

+31.2351 

+32, 8112 

+Jz.3591 
+31.8692 

+JI. 9o9() . 

+32. 6899 : 

-32.6o34 

+J2. 50+1 i 

+32. 102-1 

!·--·---· 
-1. 3 - 9, 9 i- 32. 36S6 I 

-0.1 ~ro.o -+-32.2216: 

-j-2. 2 -- 7. g ; ~ 33. 694(• 

+0.2 

---2. s 
-1.5 

1.3 

+0.9 

-3.5 

-5·4 

+o.6 

+J.O 

---0.4 

p.5 
-4.0 

-4.9 

--- 7. 6 i ',II. 631<) 

-ro.6 +33.4771 

-12.1 -j33.1347 

~13.4 -1-32.8812 

--12. 5 ·1 33. 1827 

-- 16. 0 i 32. 7998 

--21. 4 -iJJ.3346 

-20. 8 

--lj,8 

--18. 2 

- •5. 7 
.19. 7 

+J2. 1059 

+Jz.9492 

+32. 2946 

i 32. 5131 
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I>atc, 1S8u. 

12 

12 

12 
14 

8 

3 

9 

10 

9 
JO 

9 

9 
6 

6 

6 

5 
6 

3 

5 
2 

3 

30 

JO 
31 

30 
31 

29 

! 29 

19 

27 
27 
27 

26 

26 

25 
25 

Apr. 

Mar. 

12 

IZ 

12} 
'4 

8 

8 

JO 

JO 

9} 
IO 

9 

9 
6 

6 

5 

fl 
3 

3 

~} 

30 

30} 
31 

30} 
31 

29 

29 

29 

27 
27 

27 
26 
26 

25 
25 

24 24 
! _________ _ 

UNLTBD STATES COAST AND GEODETIC SUlWEY. 

SEC'l'ION IV .-From 11Iilliken':,; Bend, La .. , to Greenville, Jllins.-Uontinued. 

He11ch-1na1h:-:.. J );,. '1 

tallce ! IJistanct 
l~t:twctn] from 

!Jiflert11ce uf height hdwecn bench· I 
marks. ' 

J li>.crepancy. ~I~ght<~ 
1 )ircctiu11 of measure. 

From To 

su~ces· I initial 

b~~c~- rn.11k. 

ina.rks. I 
ForwaHI. [ Backward. 

! 

::\lenll. 
I Partial 
"Y"-"Il. 

Total. 

bench-mark 
above 

average 
Gulf level. 

II I I IO 

I IO J09 

I09 ro8 

108 J07 

!07 106 

106 104 

! 
.Ain. Alu. 

0. 808 64. 370 

o. 99r · 65. 361 

0. 790 66. 15 I 

0.948 '67.099 

I. 036 68. 135 

' 0. 997 69. 132 

.1/rtrrs. !
1 

-0. ~664 i 
+o. 8776 i 

i 
-0. 4189*: 

II 

+1.1676 ! 

-o. 522s I 
I 

+0.4725 ) 

I 

,1/ctrcs. Jfetrcs. 

-o. 5661 I -o. 5662 i 
+o. 8796 i -fo. 8786 

1 

I 
-0. 4156*: --0. 4172 

+r. 16g4 i +r. 1685 
I 

-o. 5212 I -o. 5220 

I o. 4683 I +o. 4704 

104 105 0.592 69. 124 -o. 646o I -o. 6483 1 -o. 6472 
---- ------· _____ ! _____ --

104 103 I o. 979 70. 111 

103 

102 

JOI 

JOO 

99 

98 

97 

96 

95 

94 

93 

92 

91 

89 

8)-l 

87 

86 

82 

81 

So 

102 

IOI 

IOO 

99 

98 

97 

96 

95 

94 

93 

92 

91 

o. 982 7 I. 093 

I. 274 72. 367 

o. 382 72. 749 

0.673 

I. 456 

0.949 

I. 182 

0.830 

o. 507 

I. 114 

0. 799 

0. 894 

77-009 

77.839 

78. 346 

79.46o 

So. 259 

81. 153 

0. 982 i 82. 135 

I. 322 

I. 201 

r.304 

0.745 

0.983 

0.336 

0.932 

83.457 

84.658 

85.962 

86.707 

87.690 
88.026 

88.958 

o. 381 89. 339 

81 I. 080 90. 419 

79 1. oo6 92. 055 
So ) 0. 630 91. 049 

79 78 o. 871 92. 926 

78 77 I o. s21 93. 747 
·····- ____ J __ L_.--· 

-o. 2317* -o. 2z6o* -o. 2289 ! 

-t-0.4489 

+0 • 3o84 

0.0438 

--0. 0217 i 

-I. 6328 

+0.2846 I 
-0.3502 i 

I 
-o. 4368*1 

-0. 7670 : 
I 

-0. 55991 

+1. 5873*: 

i 
-0. !0461 

+o. 3232*\ 

-0. 5523*) 

+o. 8853 I 

+o. 15091 
·-2. 3696 

+ 2, 1175 
+o. 0986 

-o. 56u 

-1.oo65 

+o. 5576 

+o. 2415 

+0.0525 

+0.4932 

+o. 4539 ' +o. 4514 

+o. 3042 ' +o. 3063 

··-·O. 0385 --0. 0412 

-o. 0215 i -0. 0216 

-1. 6354 : -I. 6341 

. .,.. I. 6491) ..).. I. 647 5 

+o. 28591 +o. 2852 

-0. 3511 I -o. 3506 

-0. 4412*. -0. 4390 

--0.7691 -0. 7681 

-0.5579 -0.5589 

-0. !034 -0. !040 

+o. 3304* +o. 3268 

-0. 5487* -0. 5505 

+o. 8888 

+o. 1489 

-2.3733 

+z.1184 
+o. 1032 

-0.5612 

+o. 8871 

+o. 1499 

-2. 3715 I 

-1.0047 

+o. 56o1 

+o. 2450 

+0.0574 

+0.4925 

I 

+z.1179 I 
+o. 1009 

---0. 5611 

-1.0056 

+o. 5589 
+o. 2433 

+0.0549 
+0.4929 

I 

-·-----------------' 
• Mean of two detc:rmiruUioll1l. 

JJ/111 . 

--0.3 

-2.0 

-5.7 

film. llfdreJ. 

-·-20.0 l +Ji.9469 

I +32. 8255 

=:5

2

:3° I I +32.4083 

-27. I I +33· 5768 

-28. 71! +33· 0548 
-2+ 5 +33· 5252 

-:::.22. 2 I +32. 8780 
.I 

-30. 2 I +3J· 2963 

-5. 0 ·-35. z +33· 7477 

+34· 0540 
-I 3+ 0128 

·i-33· 9912 

+32· 357 1 

-5.3 '-36.3 
-o. 2 i -36. 5 
+z. 6 ! -33. 9 

I 
--3. I j -37. 0 +34.0046 

+34.2898 

+33·9392 

-1.3 I -38.3 

+o.9 l-37.4 

+4· 4 -33. o +n 5002 

+z. I -30. 9 I +~2. 7321 

-32. 9 +J2. 1732 -2.0 

-I. 2 -30. 2 +33· 6546 

-7. 2 --37. 4 +33· 9814 

-3.6 

-3.5 

+z.o 
+3·7 

-0.9 
--4.6 

+a.I 
-t.8 

-2.5 
-3.5 

-4.9 

+0.7 

-41.0 +33·4309 

-44. s I +34· 318o 

-42. 5 + 34. 4679 

-38. 8 +Jz. og64 

·-39.7 

-44.3 
-44.2 

-46.0 

-48.5 
-52.0 

-56.9 
-56,2 

+34· 2143 

+34· 3152 

+33 7541 

+J2. 7485 

+33· 3074 

+33· 55°7 
+33.6o56 

+34·098S 
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SEC'.l'ION IV .-1'~ront J!Ulikcn's Be1id, La., to Greenville, Jlix.~.-Oontiuue<l. 

Date, 1880. 

24 

24 

24 

23 

23 

22 

22 

20 

20 

19 

I 19 
. 20 

22 

18 

18 

17 
17 

16 

16 

16 

13 

13 

13 

13 

12 

II 

11 

IO 

IO 

II 

9 

9 

C.!ar. 

23 

22 

22 

20 

20 

19 

19} 
20 
22 

19 

18 

17 

17 

16 

16 

16 

13 

13 

12 

12 

12 

II 

II 

IO 

IO 

IO 

9 

9 

--~------.-··-. 

I 

Bench-marks. f l>is-
i tanct , 

----·-·- ·----·---between 

From 

77 

76 

75 

74 

73 

72 

71 

70 

69 

68 

66 

65 

64 

63 

62 

61 
6o 

59 

58 

57 
56 

55 
54 

53 

52 

51 

50 
49 

48 

47 

To 

i ::iucce!:i
l slve 
! bench
: marks. 

11·111. 

76 0. 904 

75 o. 479 

74 [. 022 

73 0. 777 
72 r. oo+ 
71 0. 976 

70 : 0. 59 f 
69 I 0.838 

68 : o. 588 

67 : [. 280 

66 o. 562 

65 I. 080 

64 1.317 

63 L 099 

62 0. 804 

61 o. 348 

60 I. 042 

59 I. 046 

58 I. 294 

57 I. 189 

56 I. 096 

55 0. 422 

5+ I. 406 

53 0. 988 

52 o. 776 

51 0. 721 

50 I. 100 

49 I. 061 

48 0. 856 

47 o. 932 

46 I. 116 
Feb. 26 Feb. 26( 
Mar. 6 Mar. 6\ 

Feb. 26 Feb.26}1 
46 

Mar.+, 7 Mar. 41• 
Feb. 

44 I. 606 

25 24 

23 
21 

21 

21 

21 

21 

21 

20 

44 

43 
42 

41 

40 

43 1. o6o 

42 I, 052 

41 0. 569 

40 I. 294 

39 I. 049 

tMean of three determinations. 

B.Ex.22-29 

Distance 
frmn 
initial 
mark. 

94.651 

95. 130 

96. 152 

96.929 

97.933 
98.909 

99·5°3 
IOO. 341 

IOO. 929 

102.209 

!02. 771 

103.851 

105. 168 

!06. 267 

IO]. 071 

rn7.419 

108.461 

rn9. 507 
110. 801 

111.990 

u3. oS6 

I 13- 508 

I 14· 914 

I !5. 902 

116. 678 

117. 39'1 

118. 499 

ll9. 56o 
1zo.416 

121. 348 

122. 464 

124.070 

125. 130 

126. 182 

126.751 

128.045 

r29.094 

I liffcrence of height between bencl1-
marks. 

' I 
! 1 Jirectiuu of measure. I 
, I 

:lfean. 

ForwarJ, : lh1ckwaH:. 

llfetrd. J!drl'.\ Jfdrt'.1 

+0.0801 +0.0815 +0.0808 

-o. 1270 --9. 1305 -o. 12S8 

+1.3657 +1.3G.i7 +r.3647 I 

+o. 9785 +o. 9793 +o. 9789 

--0. 9064 

-0.4548 

-0. 46q 

-0.4645 

+o. 1203 

+o. 0254 

+o.470S 

-0.9205 

+o.m67 

+o. 744'.l 

-0.0419 

-0.5844 

+o. 216" 

-jo. 315 I 

+o. 3033 

--0.8647 

0. 9068 --0. 9066 

-0. 4572 ! -0. 4560 

-0. 4620 I -0. 4617 

-o. 4679 I -o. 4662 

-r-o. 1217 \ -+-o. 1210 

+o. 0289 I +o. 0272 

I 
+I. 8308ti +I. 8270 

I 
j o. 4705 I -j o. 4706 

! 
-0. 9195 i -0.9200 

+o. 0!991 ~ o. 0IS3 

+o. 7454 I -:-o. 1-151 
--0. 04:25 i -0. 0422 

-o. 5880 -o. 5862 

-+-o. 2159 +o. 216o 

+o. 3146 +o. 3148 

+o. 3049 I I o. 3o.p 

-o. 8622 I -o. 863s 

+1.6913 -j-1.6916 +1.6914 

+o. 8649 +o. 866o +o. 8655 

-0. 5541 -0. 5544 -0. 5542 

-0. 3832 --0. 3821 ---0. 3827 

-o. 2991 --o. 303S --o. 3014 

-2. 3733 -2. 3696 --2. 3714 

--0. 1292 i -o. 1259 l -o. 1276 

+o. 7283 ! -f-o. 7284 I +o. 7284 

+1.4301 I +1.4301 11.4301 

0 3753* -0. 3747*: -0. 3750 - . I I 
+o. 474oti +o. 4693t 1 +o. 471ti 

I I 
-o. 6059 / -u. 6100 / --0. 6079 

+o. 23891 +o. 2382 \ +o. 2385 

-r.4572 -1.4573 i --1.4572 

+o. 00581
11 

+o. 0016 I +o. 0037 

+o. 9739 +o. 9707 i +o. 9723 
I i 

I )i::icrepaucy. 

Partial , Tola] 
"F'"-" IL" 1 

~lfm. Jim. 

-1.4 ! 57.6 
I 

+3· 5 
+2.0 

--0. s 
-to. 4 • 

--· 54· I 

--52. I 

-52.9 

-52.5 

,2. 4 i 50. I 

-,-o. 6 I -49. 5 

+3· 4 
1 

--46. I 

JI ei~~lit <if 

lk·nch- mark 
abuve 

a\·erage 
(iulf lcrd. 

Jfe/tfJ. 

+34· 1793 

-1-34.0505 

+35· 4152 

+36. 3941 

+ 35. 4875 

: 35· 0315 

"7 34· 5698 

+3+ 1036 

--1. 4 -47. 5 _, 3+· 224() 

-3.5 -51.u ·i-34.2518 

-7. 6 i -58. 6 --36. 07SS 

'-"· 3 . -58. 3 ' i·J6. 5494 

I. 0 --5'.I· 3 

' " --- .)• - ---(12. 5 

-0.5 -(•3.0 

-j-o.6 -62.4 

-:- 3· (, -58.S 

-+ 0. 3 i -58. 5 

-i 0. 5 -58.0 

- I. 6 -- 59· 6 

-2. 5 --62. I 

---7--35. 6294 

+J5.6477 

-i--J6. 3•)28 

-t-36. 3506 

i-35.7644 

+ 35. 9804 

+ 36. 2952 

-+ 36. 5993 

-i-35· 7358 
I 

--0.3 I -62.4 +J7.4272 

--1. 1 [ 63.5 -t-38.2927 

+0.3 i ---63.2 -J37.73S5 

--I.I 1-64.3 -j37.3558 

-14-7!-59·6 -t-37.0544 

-3. 7 i -63. 3 + 34. 6~30 
--3. 3 I -66. 6 -f 34· 5554 

--0. I I --66. 7 -j-35. 2838 

o. o I -66. 7 +J6. 7139 

-o. 6 I --67. 3 + 36. 3389 I 

+<- 71 ~<"· 6 I J6 8•051 

-t·4· I II s ' 6 I . -· 5 . 5 + 3, •. 202, I 
-fo.7 l -57.8 -t-36.4411 

f-o. I i 57· 7 +34· 9839 i 
I 4. 2 I -53. 5 +34· 98761 

+3·~-'-~5~~JJ_~35!:~~_/ 
* )lean of two determinations. 



 

450 U~ITED STA'rES COAST .A.ND GEODETIU SUI~VEY. 

SEC'l'ION IV.-From Jlilliken's Bend, La., to Greenville, .'Jlis.1'.-Contiuuetl. 

1:c11ch-rn:irk<... 

Date, 1SS0. 

1''rum To 

Feb. 

20 

20 

17 

16 

ltl 

14 

14 

q 

II 

I I 

'),II,J 2 

'\far, 5 

7, 9 
\lar. 5 

\!:tr. 

Fcli. 

28 

20 

20 

I<) 

19 

19 

17 

17 

17 

1G 
16 

14 

13 

II 

II 

39 
J8 

37 

3tJ 

35 

34 

33 

31 

30 
29 

28 

27 

26 

5, 6, 10( 25 
Mar. 55 ' 
5,6,10(' 24 
Mar. 51, 

Feb. 

23 

22 

4 21 

4 

3 

3 

3 

Jan. 

20 

3i 

36 

35 

.H 

33 

32 

3' 

27 

24 

23 

t22 
21 

20 

17 

15 

14 

13 

I ... . I i l J1ftert'nce uf height between Lene l· 
I llis 
I 

! m~rk~. 
i uincc ; 
ll)etween~ 

I, su~cess1 ve 
I hench-
1 marks, 

Dislctnce 
rroni 

initial 
mark. 

Am. 

l hn:ction uf 111e:tsnre. 

)i.1ean. 

Forward. ',Backward. 

JJdrc'S. 

I. 440 

I. 139 i 

I. 294- i 
I. 223 

!. 128 

130. 534 I -f 1. 37°9 

JJ<tn•. 

-+1. 3656 

.lldr,·,;. 

-i- I. 36S3 

'31. 073 i 

qi. 967 ! 
134. 190 I 
135, 318 

+1. 193(, 

o.9SSS 

+o. 0365 

I. 03.;6 

1-·I. 1905 

-0. 9821 

i 0. 0829 

-j-1. 1930 

--0, 9855 

+-o. 08.;7 

1. 410 136. 728 +o. 2.p6 +o. 2324 -i-o. 2370 

1,410 138.138 +1.0112 +1.0087 +1.0099 

I. 020 

I. o+8 

I. IJO 

I. 574 

I. !44 

0.980 

I. Ij2. 

139. 158 

140.206 

141. 330 ! 

142. 910 

144.054 

145.03~ 

146.206 

I· 591 147 • 797 

J. 028 148. 825 

J. 290 ; 150. II5 

I.OJG 151.151 

0.59.; 151.745 

r. 352 

I. 416 154. 513 

o. S&> , 155. 393 

0.388 155.781 

+o. 6593 

+o. 1194 
I i ,-o. 3034 i 

-2. 1168 i 
+1. 3150 I 
+o. 1433 l 
+o. 8659 I 

+o. 6559 -i o. 6576 

+o. I 142 -t-o. I I68 

+o. 2982 -t·O. 3008 

-2. 1272 --2. 1220 

+I. 3110 +I. JlJO 

+o. 1412 ' +o. 1423 

t-o. 8 588 +o. 8624 
i I 

--1. 1565*; -1. 1672*i ·--1. 1618 

: I 
-0. 4342*1 -0. 4398tl ---0. 437° 

+-1.88II I +1.8823 I +1.8818 

--1. 2537 - ·I. 2G26 ... 1. 2590 

-4 0. 5689 ·j_O. 5679 +o. 5683 

-i-0. 1642 

+0.6223 

+o. 6775 

-t-o. 163X 

-1-0.6188 

+o. 6793 

-0.2657 

+1.2123 

30 12 I o. 617 156. 398 -0. 3386 ' --0. 3442 

30 

2 

2 2j 

3 
Mar. 

12 

s 
7 

5 

II 

i 

5 

3 

2.3u8 

0.447 

I 
160. 180 -:·o. 1086 I -f-0. 1128 

162.488 

rfio. (J27 

163. 479 

166. 044 

-0. 4654 : -o. 4530 

-;-o. 5344 +o. 5335 
-I. 2466 -·-T. 2506 

-I. 2186 ·-1. 22ll 

+0 · 5339 
-1. 24<)0 

-1. 2201 

l )iscrepancy. 

Partial 
•~F"- 0 B. 

Jim. 

+ 5. 3 

f- 5. l 
-- 6. 7 

-i 3· 6 

Total. 

Jim. 

45.0 

· --1-1· 2 

-- 3~). l 

- 45. 8 

-+2.2 

Height of 
hench-m:i.rk 1 

above i 

G~1~~;~~~1. 

Jfdres. 

-t·37· 32S2 i 

+ 36. 2940 

-f-37· 4870 
-i-36. 5015 

!-36. 5862 

+ 9. 2 - 33. 0 + 36. 8232 

+ 2. 5 -30. 5 ; 37. 8331 

3.4 

··- 5. 2 

+ 5. 2 

-f-IO. 4 

+ 4.0 

-+ 2. I 

+ 7• I 

t 5· 6 

I. 2 

+ I. 0 

-27. I 

-t 30. 9 

-i-31. 9 

! 38. 4907 

.;- 38. 607 5 
-i 38. 9083 

T 3(J. 7863 

·f 38. 0993 

..:.38. 2416 

+39· 1040 

-t-37. 9422 

f· 39· 3870 

-f-38. 1280 

+38.6963 

-j 0. I • 32. O +38. 4306 

+ 0.4 

+ 3. 5 

I. 8 

+ 32. 4 

-f-35.9 

+34- I 

+ 5.6 -t-39.7 

- 4. 2 -t-35·5 

-12.4 

+ 0.9 

+ 4.0 

+ 2.5 

-t-23. I 

+36.4 

+40.4 

+42.9 

I 

·+ 38. 5946 i 
-t-39· 2148 

-t-39· 8934 

-t-39. 55141 

-t-39.6625 I 
- ---------, 

+ 39· 2045 i 
- ----------"-•-1 
+40. 1964 I 
+38.9474 

+37.7273 

3 2 o. 735 166. 779 +2. 4941 +z. 4964 +2. 4950 - 2. 3 -t-40. 6 +40. 2223 

I Jan. 

2f> 1. 302 168. oSt -o. 4<J<'l2 :, -o. 4889 -o. 4945 

"'The mean of fi\'e determinations. t The mean of six. determinations. 
! From B. M.'s 22 to 3, the brickw.ud measures a.re the men.us of two simultaneous lines; likewise, the forward JD.ea&ures frODl B. M.'s3 

to 1: to lhesc quantities a weight of 1~ was gh·cn. 
~This ls the tot:tl di~c1cpa1H y from B. ~L 155. 
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SECTION IV.-Locatimi and description of per1nanent bench-marks fro11i ,llillike1i's Bend, La., to 
Greenville, Jliss. 

188.-Described in Section II. 
. lM.--On Hiver View Plantation, l\ladison Parish, La. 'Ihe center of head of copper bolt in 

brick pillar supporting nortlrnast corner of porch of dwe1\ing-house belonging to Oitizeus' Bauk of 
Louisiana. Situated about 1! miles below l\lilliken's Bend. 

179.-0n Euglisli Pieltl Plantation, three-fourths mile abonci l\'lilliken's Bend, La. The center 
of copper bolt in sixth brick from top of foundation, an<l third one from north west corner of Mr. 
H. P. Morancy's dwelling-house. 

171.-0n Ditchley Plantation, one-fourth mile above Omega post-office, l\fatlisou Parish, La.. 
The center of head of copper bolt in brick chimney on north face and near northeast edge of 
Mrs. Sarah A. Nutt's dwelling-house. 

162.-0n Ifondersou Plantation, one-eighth mi le a hove Henderson Lauding-, in East Carroll 
Parish, La. The center of head of copper bolt in west face of pillar of dwelling-house owned by 
1\Irs. Emma E. Peck. 

161.-0n Henderson Plantation, three-fourtbs mile al.Jove IIenderson Lauding. The center of 
head of copper bolt in east face of chimney of cahin opposite old giu-house. Marked U. 8. B. l\L 

153.-0u Teuuessee Plantation, 3~ miles aborn Iugomar post-ollice, Issaquena Oonnty, :Miss. 
The center of head of copper bolt iu brick chimney of cotton-gin. l\farkecl U. S. B. :M. 

150.-0u Forest Home Pla11tatio11, ahout 4 miles ahon~ Ingomar post-office. 'l'he center or 
head of copper bolt in southwest face of chimney of dwelling-house. · 

140.-0n Shiloh Plantation, near I.anding, Issaquena County, l\fiss. The center of head of 
copper bolt in north face of brick chimney of cot.ton-gin. Marked U. S. B. l\I. 

137.-0u Elliston Plantation, 11ear Hay's post-office, Issaquena Company, Miss. Tim center of 
head of copper bolt in brick pillar (secontl one from south west corner) supporting dwelling-house 
porch. 

128.-0n Lockwood Plantation, one-third mile above Tallulah Landing, IssaquenaCounty, l\liss. 
The center of head of copper bolt near southeast corner of brick fouudation of dwelling-house. 

1!!4.-Two wiles abo,·e ·r~illulah Landiug, Issaqu<•ua County, l\1iss. The center of head of copper 
bolt in brick foundation of Tallulah P. 0., or oetter known as "Old Tallulah Oonrt-Honse." 

113.-0n Ben L<imond Plantatiou, Issaqueua County, Miss. Tlte ceutcr of heatl of copper 
bolt in west faec of chimney of gin-house just back of Ben Lomond post-office. 

1011.-0n Reserve Plantation, Issaquena County, Miss. The center of head of copper bolt in 
west face of brick chimney of giu-house, about one-fourth mile from le,-ee and 3~ above llen 
Lomond post-office. 

95.-0n 'vVade Lawn Plantation, one-fourth mile below .Mayersville, Issaquena County, Miss. 
The center of head of copper bolt in west face of brick chimney at north end of dwelling-house. 

90.-0n Glen Annie Plantatiou, auont 2 miles al.Jorn l\IayersYille, Issaquena County, l\liss. 
The cent-Or of head of copper bolt in front face of brick pillar supporting the southwest corner of 
portico of Col. H. R Keep's house. 

8~.-0n Uiver Dale Plantation, opposite Arkansas line, Issaquena Oouut.r: Miss. The ecuter 
of head of copper bolt iu second brick pillar south from north corner of dwelling-house. 

70.-0n Palmetto Plantation, Washington County, .Miss. The center of Lead of eo11pcr bolt 
in briok pillar at northwe..st corner of dwelling-house. 

65.-0n Albemarle Plantation, about a mile below Leota, ·wasbiugtou Dou11t;1-·, Miss. The 
center of bead of copper bolt iu front face of dwelling-house, ill second brick heluw water sill and 
itbout the midtlle of large brick eolumn ou left-hand side of entrance to lwuse. 

62.-0n Maryla11d Plantation, back of' J.ieota, Washington County, Miss. The center of head 
of copper bolt in second brick below wood sill, about the middle of north face of dwelling-house. 

56.-0n D . .M. Hill's plantation, near Lake Washington Li1n<li11g, Washington County, l\1i88. 
The top of copper bolt in a block of cement set in the ground about 53 foet hack of the levee and 
100 feet north of road from Landing to Lake Washingtou. 

46.-0n Longwood Plantation, Washington County, l\fiss. Tlie center of head of copper bolt 
in west faoo of gin-house chimney. Marked U. S. B. M. 
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42.-0n Glenora Plantation, Washington County, Miss. The center of head of copper bolt in 
west face of gin-house chimney. 

39.-0n Auburn Plantation, Washington County, Miss. The center of head of copper bolt in 
north face of gin-house brick chimney on Buckner:s estate. Marked IT. S. B. ~I. 

+3.-0n Wayside Plantation, near the banks of Lake See, Washington County, Miss. The 
center of head of copper bolt in brick foundation on right of porch in front side of dwelling-house-

22.-At Refuge, Wasbiugtou County, Miss. The center of bead of copper bolt in second pier 
on northwest side of Mr. Richardson's store. 

19.-0n Refuge P~tation, Washington County, Miss. The center of head of copper bolt in 
gin-house chimney, aboilt 3 feet above ground. 

11.-0n Highland Plantation, Warfield Point, Washington County, Miss., about 6 miles below 
Greenville. The top of copper bolt in block of cement placed about 70 feet north of Mr. Warfield's 
house, near large cotton-wood tree. 

8.-A temporary bench on Richardson's plantation, about 2 miles above Warfield Point. 
The top of an iron spike on a stump 8 feet in diameter and 8 feet high in a cypress swamp. 

5.-A temporary bench about 2! miles below Greenville and abreast of La Grange landing. 
The top of an iron spike driven vertically into large cotton-wood tree near foot of eastern slope of 
levee. 

2.-Near Greenville, Miss. The center of head of copper bolt in fourteenth course above 
water sill of C. P. Iluutington's gin-house chimney. Marked U.S. B . .M. 

1.-At Greenville, Miss. On corrugated iron door-sill on north side, near northwest corner of 
lmilding known as the "Bank Building." The precise point is not marked, but can be defined as 
the point near the back side and west end of sill, 32.0 centimetres from front face, 5.5 centimetres 
lrom door-strip, and 9.0 centimetres from west door-jamb. 

SECTION V.-From Greenville, Miss., to Engineer's bench-mark 84, near Wilkerson's Landi·ng, Miss., 
opposite Arr.ansas City, Ark.• 

[ Excculed under tb.e Mississippi River Coruwissiun, by J, B. J obusou, Assisi.ant Engineer, in 188o-'81.) 

lknch-marks. 

From To 

(;.rccn } 
vilk 

No. L 

537} 
53S 
SS 

536 

535 

534 

533 

532~ 

531} 
532 

c;r. een-} 
ville 

Nn.I, 

{ 537} 
538 

SS 

533 

' • 5327 

{ 531} 
532 

530 

Distance be-
tween 

successive 
bench-marks. 

------- ·- ---·----

.h."m. 

0.00 

I. 92 

! 3. 45 

I l. l3 
I. 98 

I. 47 

I. 75 

I. 64 

0.79 

4.08 

··--- -------· 
I Difference of height between Total height 

Total \listance bench-marks. above 

from Mean average level 

Greenville of measures. 
of Gulf of 

Mexico hen.ch-mark. Line in North Line in South (at Biloxi, direction. direction. Miss.). 
- ---------

./{m. Jl,fdrcs. Jl,fetres. Jl,fctres . .Metres . 

0.()0 ,,, _____ -- -- ----· -- -------- 39.7278 

I. 92 -0. 5693 -{0.5625} 
o.566o -0.5659 

5.37 -{I. 2982} 
I. 2926 -!. 2836 -1. 2915 37.8704 

6.50 -0. 6679 -0. 6675 -0. 6677 

8.48 +z. 9027 +2. <)002 +2. 9i'14 

9.95 +0.9485 +o. 9495 +0.9490 I 
11. 68 -{ 2. 3132 

• 2. 3121 
-{2.3185} 

2.3101 -2.3135 

13· 34 +0.9798 -to. 9842 +0.9820 

14, 13 -0.6841 -0.6839 -0.6840 

18.21 +0.5949 +o. 5915 +0.5932 
----~---· - - -

•This table has been prepared from the o.nnual report of the Conimission for I88o, pages 73
1 

74. 
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SECTION V.-From Greenville, .Mi.~s., to Engineer's bench-mark 8!, etc.-Continued. 

-- ~----~-------- --~--------·-------·---- ------ ---

i Difference of height hetwcen I Total height 
Dench-marks. above llistance be. T01al d1st:mcci hcnch-marks. I 

averag"e level 
-------------- _.,. tween from ' I Mean uf Culf uf 

~ucces~i''l' Crecnvillc i I of measure;.;. 1h:xic() 
From To I bench-m~lrh.'-> hc11ch-m;:irk. I Linc in Nortl1 Linc: in South\ (at Biloxi, direction. (lircctinn. 

I ! 
\lios.) 

--- --------·~ -----~--

A'm. A-111. ,1.lktn·.r. J1ft:lr1·s. ,:1/t'(rcs. J!drtJ. 

530 { 529} 
528 3·54 zr. 75 -j 0. 8029 -to. 8079 +o. So54 

529} 
528 

86 2.73 24.48 ~-0. 4903 -1-o. 4896 +o. 4900 40.9262 

86 { 521)} 0.26 i 24.74 + r. 7190 -t-1. 7206 + 1. 72or 
527 

526} 
527 

85 I. 83 26.57 { I. 2392 
- I. 2418 

-~ {I. 
l. 

2473} 
z,n6 ---1. 2430 41. 4033 

85 { 523} 
524 

I. 54 28. II -o. 9870 -0.9840 -0. 9855 

523} 
524 

84 4· II 32. 22 -j-1. 6246 +1. 6184 +1. 6215 42.o393 

--------- ·---~----------~-·-~----- - ---· 

SECTION V.-Location and description of pcrrnanent bench-marks frnrn Greenville, to Wilker8on's 
Landing, 11liss., opposite Arkansas City, Ark." 

Greenville No. !.-Described in Section IV. 
B. .lff. 88.-Is top ofbrnss bolt in top of stone post, set in south west corner of field on lands of 

James Rogers (colored) about 1 mile north of Argyle, Washington County, Miss. .Sterne is in 
fence at crossing of new levee and Arkansas City road. The Memphis and Greenville telegraph 
line here leaves the levee and follows the Arkansas City road. Top of bolt is 3 millimetres above 
top of stone. 

B. M. 86.-Is top of brass bolt in top of stone post, planted on lands of Thomas S. Kennedy 
(- - - Martin, lessee) 300 metres above Offot's Landing, Washington County, Miss. The stone 
is in southwest corner of field, 1 metre back of old levee, 25 metres north of new levee, which marks 
the boundary between Bolivar and Washington Uounties, and is therefore in Bolivar County, Miss. 
Top of bolt is 4 millimetres above top of stone. 

B. M. 85.-Is top of brass bolt in top of stone post, set in southeast corner of yard on Thomas 
S. Kennedy's plantation (John Graves, lessee) at Port Andersou, Bolivar County, Miss. Stone is 
25 metres east of a brick cistern at southeast corner of house, and 40 metres southeast of a brick 
cistern at northeast corner of house. It is 55 metres back from levee, and about 160 metres above 
rin abrupt turn in levee. Top of bolt is 5 millimetres above top of stone. 

B. M. 84.-U. 8. Engineer's description, 1880-'81.-Is top of brass bolt in stone post, set on Lewis 
Clark's plantation, 1,tOO metres below Wilkerson's Landing, Bolivar County, Miss. Stone is just 
inside of fence, 15 metres back of levee, 10 metres northwest of hom1e of Daniel Braxton (colored), 
20metres north of woods which extend to Port Anderson, some3 miles below. Top of bolt is 5milli
metres above top of stone. 

U. s. O. <t G. 8. ~aription, 1887.-Is the top of brass bolt in stone post on Mr. Rigley's 
plantation, which had changed ownership since the above description. The stone was found to 
be outside of fence, 15 metres back of levee and 10 metres northwest of house, occupied now by 
Benjamin <Jole. It is about 6 inches square, projecting 6 inches above the surface of the ground, 
and has the letters U.S. carved in its upper surface. Top of bolt was found to he ouly 2 milli
metres above top of stone with no indication that it had been broken off or tampered with. 

N. B. The data for judging of the accuracy of the levels and the probable errors of the result
ing heights will be found in the next appendix, No. 127 l{eport for 1888, where the line is carried as 
far as Little Rook, Ark. 

• Theee deaorlptione are taken from tho Mississippi Rivor Commission report for l~R'l, pages 7ti aud 77. 
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HEIGHTS FROM SPIRJT-LEVEIJJNG m, PRECISION BETWEEN ARKANSAS CITY <ON THB 
i\'llSSISSlPPI RIVERl AND LITTLE ROCK, ARK. 

Observation!': hy .J. :B:. Mc-GI~ATH, 8ubassistant, in lH87-'BB_ 

Heport by CIIAHLICS A. SCHOTT, Assistant. 

CmfPUTING DrnsroN, CO.A.ST AND GEODETIC SURVEY, 

,fuly SO, 1888. 

DEAR Sm: I here\"\'ith respectfully submit a report on the results of the spirit-leveling of 
preci,;ion between Arkamms City (on the Mississippi Ri>er) and Little Rock, Ark., 1887-'88. 

Route of levels.-Tl..te line starts from a hench-mark of tlie Mississippi River Commission oppo
site Arkansas City, Ark., which is about 18 statute miles above Greenville, Mi:ss., and follows the 
Little Rock, Mississippi Ri•er and Texas Railroad to Little Rock. The total development of 
the leveling is 184t kilometres or I H~ statute miles. 

Observer and date of leveling.-The liue from opposite Arkansas City to Little Rock was leveled 
by J.E. McGrath, .Snbassistant, aided by .J. Nelson, Aid, between October 24, 1887 antl Febru
ary 22, 1888. 

Instrmnen,ts.-Geodetic spirit-level No. 2 was used for the whole line, also for the crossing of the 
Arkansas River at Little Rock, but the crossing of the Mississippi River was effeeteAl by means of 
levels Nos. 2 and 3, used simultaneously. These instruments are described in Appendix No.15, Coast 
and Geodetic Survey Report for 1879, and figured on plate :So. 52. Rods A1 aud B were used; 
their constru('.tion is shown in the same Report, ph1te No. 53. The instrumental constants are 
essentially the same as given in full in my re1lort on the leveling about New York Bay and Har
bor (Appendix No. 14; Report for 1887) except that a new eye-piece of lower power (:!4) was fitted 
to instrnment No. 2, September, 1887, likewise one to No. 3 on the same date, power 25, and a ne\I' 
striding level was placed with No. 3, scale value 3" ,9 (October 1887). For instrument No. 2 we have, 
accordingly: Value of 1 div. striding level, 3".37; value of 1 turn of micrometer screw, 257".5; 
angular value of telemeter threads, 161 3911.3; collar inequality as determined by J.E. McGrath at 
the Coast and Geodetic Survey Office September 19, 1887; object end collar larger 1".490, and after 
the leveling in Arkansas by the same observer, at St. l,ouis, Mo., February 22 and March 26, 1888, 
object end collar larger l1'.H6 and 0".900; mean=l" .023, the difference being due to wear during 
the field operation. The metric rods A1 and B are of standard length at rn:i.4 C. (07°.o Falir.) 
and 220.1 C. (710.7 Fabr.) respectively. Index correction of rod A1 as found at Little Rock before 
the field-work commeuced, 79mm,3, and after its completion 73mm.2, and for rod B was found sim
ilarly 79.3 and 7gmm.2, the rods being of equal length and wearing alike. 

Meth-0d Qf observing.-The whole line was independently leveled in a forward direction by one 
of the observers anti in a backward direction by tl.ie second observer. As usual with our instru-
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ments of precision, the difference of height between the staff readings depends on the micrometer 
screw, the "horizon n reading being taken with the bubble of the ether level in the middle of the 
tube; collimation of line of sight and optical axis is secured at each station bJ- observing with 
telescope direct and inverted (turned 1800 about a horizontal axis); the average distance between 
the staves was ahont 210 metres, the instrument beiug mounted midway bet'l"l"een. The general 
manipulation at each station of tlie instrument is drscrihed in Appendix No. 11, Hcport for 1880, 
with the exception of the modification of but one line being run at the time, iustead of two simul
taneous parallel lines. In crossing the Mississippi River, 23 measures of the difference in height 
of the marks on each bank were taken simultaneously by two instrmnents, on two days, and at 
various hours. The distance across the river was 1129 metres. 

Computations.-The field computation was made by the observer, the office computation by F. 
M. Little, and the reduction-tables and revision by L.A. Hauer. These reductions were made on 
the printed forms provided for levels of precision and include the computation of the probable 
errors of the results. 

Resulting elmiations.-They are here given in the usual form; the initial plane of reference is 
, the average level of the Gulf of Mexico as observed at Biloxi, Miss. (for particulars see my re])Ort 

of .August 4, 1887,* on reimlts of leveling between Mobile, Ala. and New Orleans, La., 1885-'86). 
Jn order to get the height of the starting mark, the result of the spirit-levels between Greenville, 
Miss., and bench-mark No. 84, as determined bJ the :Mississippi River Commission in 1880-'81, had 
to he added to the height of the Greemille mark, at the Bank Building, this being the terminal 
}l()int on the river of the Coast and Geodetic Survey levels. We ham the following data: 

Average level of the Gulf of Mexico at Biloxi, Miss 
B. M. I at Carrollton, La, ahove average (;uJf Je,·el 

n. M. I at Greenville, Miss., above Carrollton B. M. 
II. M. 84, Mississippi River Commission, near 'Vilkerson's Landing, Mios., above Greenville B. M. 

Elevation of B. M. No. 84 below Wilkeroon's Landing, Miss., above the Gulf_ __ _ 

Equal to 137.926 feet. 

Metres. 

---- o. 0000 

·--- 2. 6659 
---- 37.0619 
---- 2. 3115 

---·· 42.0393 

The precise levels between Biloxi and bench-mark No. 84, opposite Arkansas City, were exe
cuted by the Uoast and Geodetic Survey, with tile exception of the short distance hetween Green
ville, Miss. and bench-mark No. 84 below Wilkerson's Landing, Miss., which was done under the 
direction of the :Mississippi Hiver Commission. Further 'particulars respecting the character of 
these operations will be found further on in connection with the discussion of the probable error of 
the result. 

For table of results of levels between New Orleans, La., and bench-mark No. 84 near Wilker
son's Landing, Miss., and for results of precise levels under the :Mississippi River Commission 
during the years 1880-'81 by J.B. Johnson, .Assistant Engineer, extending from Coast and Geodetic 
Survey bench-mark No. 1 at Bank Building at Green•ille, Miss., to bench-mark No. 84, (about 1! 
kilometres IJelow Wilkerson's Landing, Miss.,) see preceding .Appendix No.11, Coast and Geo· 
detic Survey Report for 1888. 

•Appendix No. 9, Report for 1887. 
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Results of spirit-leveling between mark near Wilkerson's Landing, JHs.~., opposite Arkansas CU]/, and 
Little Rock, Ark., 1887-'88. 

Date, 1887-'88. 

Nov. 29 
Dec. I and 2 

18 

18 

rS 

18 

18 

18 

18 

18 

21 

21 

Nm. 25 

NoY. 

3' 

17 
17 

17 

19 

19 

19 

19 

19 

19 

30 

30 

28 I 

2s I 
I 

Bench·marks. 

From To 

84 
82 81 

81 53 

53 F 

53 54 

54 55 

55 56 

56 57 

57 5S 
58 59 

59 6o 

60 61 

61 62 

6z 63 

63 64 

64 65 

65 67 

I 
I IJis. 
'1 tance 
between j)j;tancc 

I 
~u~ces- ~rom ini 

>,Jve t1ol mark. 
: bench-
\ mad:;::;, 

Ii ~Ill. 

o. 49,1 

I. 189 
o. 1?10 

0.226 

0.940 
I. 042 

I. 089 
0.882 

l. 068 

0.850 

0.838 

0.628 

I. 004 

I. 522 

1.235 

0.784 

I. 744 

o.ooo 

o. 49'-' 

I. 679 

I. 859 

2.085 

2.799 
3.841 

4.930 
5.812 
6.880 

7.730 
8.568 

9. 196 
IO. 200 

21 26 I 67 68 I 000 

21 26 68 69 0.890 17.3 
21 26 • 69 70 1.063 18.4 

21 26 70 71 I. 062 19.5 

21 26 71 72 0.956 10.4 

22 23 72 73 I. 142 21. 5 
. --~- - -- ---

26 73 G 0.076 21. 6 
----·-·· ---··· 

22 23 73 74 
I 

I. 128 22.7 

22 23 74 75 
I 

I. 134 23.8 

22 26 75 76 I. 375 25.2 

22 23 76 77 I. 138 j 26.3 
22 23 77 78 "~I 27.5 

22 23 78 79 I. 218 28. 

2.2 23 79 8o I. 496 30.2 
I 

Dec. 

So 83 o. 7541 31. 6 14 
6 14 83 '4 I 0.,., I J• 

·- - --~~-! ---- ~-

6 84 H o. 072 3r. 
·- 1·--·-

6 14 84 85 0. 8161 32. 5 

6 14 85 86 I. 015 33· 

• The mean of two determinations. 

Difference uf height between 
hench·mnrks 

:\1c3snn: J\1ea~ure 
forwJ.nl. ii;'lc\;:,,·anl. : 

+0.0262 

-0.2486 

+o. 0229 +o. 0246 
I 

-o. 2514 ' -o. 2500 

+1. 9527 +1. 9524 +1. 952(> 

=-1.78~~ 1~ L;S56 r:--~~S5r,_ 
----0. 2921 i -0. 2889 -0. 2905 
---o. 2382 I -o. 2392 ---o. 2387 

I 
-0.0037 I ~0.0067 -0.0052 

---0. 0295 -0.0275 --o. 0285 

-+ o. 1613 +o. 1597 +o. 16o5 
-0.0185 -·O. 0203 -0.0194 

-0. 3078 --0. 3029 -0.3054 
+o. 2182 +0.2173 +0.2178 

+o. 3972 +o. 3975 +0.3974 
-o. 1402 -0.1435 -0.1418 

+0.0118 +0.0135 +0.0126 

-0.4152 ----0. 4166 -0.4159 

I hscrep:mcy. 

Tut al 
l'JrliaL accumu 

latt'rl . 

• 

Height of 
l 1ench 1nark 

ahOYC 
aver3gc 

(;nH levt'l 
(at Biloxi). 

Jfm. ! Jim. i .L1fdru. 

0.0 + 42.0393 

·+ 3. 3 

-+-0.3 

+- 3. 3 

--;-- 6. I 

-1- 6. 4 

+ 42. 0639 

I + 41. 8139 

+ 43. 7665 

0.0 --r (i. 4 

-3.2 ! -i 
--'-1.0 . .J._ 4.2 

-t-3. 0 + 7.2 : 

-2.0 + 5.2 

-\-1. 6 I --j 6. 8 I 
+1.sl+s.6 

i ! 

-4.9' + 3· 7 I 

+ 43.4760 

+ 43. 2373 
+ 43.2321 

+ 43. 2036 

+ 43· 3641 

+ 43· 344i 

--+- 43· 0393 ! 
1 f 

~o. 9 + 4. 6 + 43. 2571 

-o. 3 + 4. 3 + 43. 6545 

+ 44.0<)to 

+ 45.4000 

+ 45.4708 

t Crossing the Missis5ippi Rfrcr; results given are th.e means of twelve detcnninalions. 
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Results of spirit-leveling bet1ceen mark near Wilkerson's Landing, Miss., etc.-Oontinued. 

1

------i-- -~:~~~~~~~~~-~~~~--!------ Di~ere-~~~;:h~:~t~~c~~::~~- Discrepancy. Heig_h_t_o_f -: 

1 
'hetweeni, Distance ben~l~~~eark 

Date, 1887-'88. !------------\ succes- from ini· ·-------i 
1
1 

I sive ti:il mark. Measure Measure Total 

1 
From To t li~nch- forwar<l. backward. Mean. Partial. accumu-

: i marks. lakd. 
_______ ,__________ 1-- --- --------

1 • Ill.' f(m. 

6 

IO 

JO 

IO 

IO 

IO 

12 

12 

12 

12 

Dec. A'm. llfdr«s. 

14 t 86 ss 2. 481 36. 07s +o- 0426 

14 88 89 1.150 37.228 -+-0.6665 

14 1. 362 38. 59° +o- 3o35 

11!etres. lJictres. 

+o. 0439 +o. 0432 

+o. 6696 I +o. 668o 

+o. 3046 I +o. 3040 

1V111. 

-1.3 

-3. I 

-I. I 

13 II I. 369 I 39· 959 -0.3120 -0. 3104 --0. 3112 i -1. 6 

IJ 
13 

q 

13 

I I. 086 41- 045 

I 1. 424 42. 469 

I o_ 838 43. 307 

I 0. 7J2 44. 039 

I 
o. 493 I 44. 532 

0.654 

--0. 5046 

+1. 1398 

··-0- OII2 

--o.5034 

+-2. 1392 

-0.0II9 

+0.8128. +0.8138 

+o. 5488 +o. 5476 

-1. 1512 I --1. 1539 

-0.5040 

+2. 1395 
-o. oIJ6 

+0.8133 

+o. 5482 

--I. 7526 

--1. 2 

+o.6 

...J.-0.7 

-LO 

~-1. 2 

+2. 7 

.Jfm. 

-21-4 

-24. 5 

-25.6 

-27.2 

-28.4 

-27.8 

-27. I 

-28. j 

--26. 9 

-24 2 

ayerage 
Gulf level 
(at Biloxi). 

A!etre.>. 

+ 45.9637 

+ 46.63r7 

+ 46. 9357 

+ 46. 6245 

+ 46. 1205 

+ 48. 2600 

+ 48. 2484 

+ 49- 0617 

+ 49.6099 

+ 47.8573 

12 13 

12 13 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

Io. 743 
I. 258 

+o. 3721 I +o. 3700 +o. 3710 ,.2. r 

! o. ~-92_ 1_1_0.1439 +0.1416 -4. 7 

-22. l + 48,2283 

26. 8 . + 48. 3699 

!------
! 15 

15 

15 
15 

15 

15 

15 

16 

16 

16 

II} 
21 

22 

zz 
22 

22 

22 

21 

21 

21 

Jan. 3 

Dec. 

16 

16 

17 

17 

17 

17 

17 

17 

21 

21 

21 

21 

21 

21 

21 

21 

9') 

99 
lOO 

101 

102 

IOJ 

104 

105 
106 

107 

108 

III 

112 

I I' _, 

I LI 

115 

116 

100 

IOI 

102 

103 

104 

105 

rn6 

10; 

ro8 

110 

Ill 

112 

113 

117 

118 

o. 077 

0.92() 

0. 8o4 

0. 780 

a. 8w 

1.004 
I. 862 

I.202 

[. 195 
I. l 26 

1. 102 

r. 224 

L 305 

0.950 

0.913 

0.918 

0.982 

I. 087 

I. 216 .. _ 

I. 532 

48. II.) 

48.917 

49.697 

50. 507 

j!.$II 

53· 373 

5+575 
55. 77° 
56.896 

58.058 

59.282 

6o.587 
61.537 

62.450 

63.368 

64.350 

65. 437 

66.653 

68. 185 

+r. 2031 ' +1. 2038 +r. 2034 

- lJ. 2-119*1--=-~- 213;,1-~l~. ~;2-9 
+o. 7621*1 +o. 7608*) +o. 7614 

+o. 3766 , -+-o. 3769 I +o. 3768 -o. 3 

+o. 5731 \ +o. 5685 ! +a. 5708 +4· 6 
' I 

o. 3915 I --o. 39so -o. 3932 +3· s 

-o. 3630•1-0. 3625* -0. 3628 -0. 5 
--0. 6529 --0. 6510 --0. 6520 -I. 9 

-o. 21 59* -o. 2216•\ -o. 2188 + 5. 1 

+o. 4410 / +o. 4425 I +o. 4418 -I. 5 

to. ;=1'11"· 3•63'[ +o. J•'4 +4. • 

-o. 83361-0. 8313 I -o. 8324 --2. 3 

f o. 4083 I -jo. 40F7 / fo. 4085 I --o. 4 

--o.0511 I ·-0,0522 )-o.o516 I -j-LI 

+o. 4215 ! +o. 4179 i +o. 4197 . +>· 6 I I : • 

+o. 2862 l +o. 2872 i +o. 2867 -1. o 

-f-o. 8434 / +o. 84341' +o. 8434 o. o 
--o. 00641

1 -o. 0048 - o. 0056 -J. 6 

+o. 3007*\ +o. 2953*1 +o. 2980 + 5. 4 

+ 1. 0729 I +I, 0689 +1. 0709 +4· o Jan. 2 19 i 117 

.~. ~-· : 

--23. 5 
-23. 8 

-19.2 

-15.7 
-r6.2 

---18. I 
--12. 4 

--13. 9 

--- 9· 8 

--12.1 

-12. 5 

-11.4 

- 7.8 
-- 8. 8 

- 8.8 

-10.4 

5.0 

- J.O 

+ 49. 2952 : 

+ 49. 8660 

+ 49. 4728 ' 
j- 49. 1100 

+ 48.4580. 

+ 48. 2392 

+ +8. 68!0 

+ 48.9994 

+ 48. 1670 

+ 48. 5755 
+ 48. 5239 

+ 48.9436 

+ 49- 2303 

+ 50.0737 

+ 50.0681 

+ 50.3661 

+ 51. 4370 

I ! 

1

23 2 118 II9 1. 095 69. 280 +o. 9698 +o. 9663 +o. 9680 +3- 5 + 2. 5 + 52. 4050 

23 2 H9 120 o. 922 70. 202 \ +o. 38o7 +o. 3809 +o. 38o8 -o. 2 + 2. 3 + 52. 7858 

1

23 2 120 121 1.113 71.315!-0.5191 -0.5192 -0.5192 +0.1 +z.4 +s2.2666 

j23 2 121 IH 1.204 72.519i+1.6128 +1.6129 +r.6128 -0.1 +z.3 +53.8794 

\ ___ 3_1 ____ .. _ 12 .. ~---- __________ .1 ______ 0 __ · 0_7_4 ____ 1 __ 2_. __ 5_9_3 ____ -+_-0 __ ·_4_2_5_o __ L _+ __ o __ · __ _[_+_--o_-._---4_2-=s_2-_ _,_-----0-~. 4- ~-+_1_._ 9~+ __ · _s4_·_304 ___ 6_, 

*The mean of two determinations. 



 

UNITED STATES COAST A5D G EODETIO SL'ltVEY. 459 

Results of spirit-le11eling betu:een mark ncnr Wilkerson's Landing, Jl!iss., etc.-Continued. 
-- -~ ----- ------- ------------

Bench-marks. 
Diffcrenet of height lictwccn I 

rn,_ I 
tancc 1 

1

, · ;liet·'i\Ten! 1)\stmice 
Dale, 1887-'88 .•.• 

1

• --1 succc,. from iui-
sivc tia.1 mark, 

! From To I bench- I 

' bench- murks, 
Di;;crepa:icy. 

--------- ·--------- ---· 

~Jeasure ::\Icasurc 
forwarrl. . backward. 

2\!can. 
\ Total 

Partial. 1 accumu
lated. 

Height of 
knch-mark 

alJUYC 

averag;e 
Culf level 
("t liiloxi). ' ) I marks.' 

------1------·------i 
Vee. Jan. ' h.!!l. .Vet res. Jfdrrs. 1lfdn:s. 

23 

23 

5 

s 
5 

5 

5 
! 5 

6 

6 

6 

13 

13 

13 

13 

14 

30 

30 

30 

30 

31 

Jan. 

30 

30 

28 

2S 

II 

7 

7 
28 

14. 

14 

Feb. 

7 
7 

7 

7 
7 
6 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

151 

154 

155 

157 

123 

124 

125 

126 

12j 

132 

I" Jj 

134 
135 

143 

146 

14S 

149 

153 

154 

155 

157 

159 

I. 292 

I. 440 

I. 402 

I. 19fi 

I. 164 

J.4-H 

I. 36+ 

I. 381 

I. 373 

I. 318 

1. 24S 

I. 331 

I. 333 

I. 318 

I. 312 

I. 577 

o. 830 

7J. 695 

74.859 

76. 151 

+o. 3158 -j-o. 3160 ' -j-o. 3159 . ---o. 2 2. 1 

- -·O. 2061 I - o. 2094 -0. 2078 i ' "' -, _i I -j- _)· ~) ! 5 4 

+o. 4583 • -+o. 4576 +o. 4580 ' -1-o. 7 T 6. r 

77. 591 -o. 0353 -o. o.po '. --o. 0386 +f•. 7 -+ 12. S 

78. 993 +o. 6908 +o. 6928 +o. 691S --·2 o -i- 10. 8 

So. 189 

Sr. 353 

82. 797 
84. 161 

85.542 

86_915 

88.233 

89.481 

cp. 779 

92.416 

93. 747 

95.080 

96.398 

97- 710 

99. 287 
100. I 17 

-i-I. ZI43 II +i. 21)0 

+o. 2510 J -j-o. 2+66 

-0. 48!0 : -o. 4778 

-1-I. ZJ4.() 

+o. 2+88 

: -0. 479+ 

' , -
~-+I 

0. 7 

-'-+· 4 

-- 3· 2 

+15. 

L 14, 8 

_L 19. 

16.0 

-0. 0395 ' - o. 0372 ---0. 0384 -2. 3 +13. 7 

~-o. 8993 '; --'--o. 9022 +o. 9008 -2. 9 -l-10. 8 

4-o. 6507 +o. 6502 +o. 6504 , +o. 5 --'-I I. 3 • 

--1. 3-159 -1. 3501 

+o. 17q --o. 16S2 

+I. 6410 -LI. 6+14 

-t I. 5505 +I. 5540 
-to. 0919 -+ o. 0S95 

-j-O. 7445 -;-o. 7397 

-t-o. 1338 : +o. 1319 

+o. 9622 [ -j-o. 9571 

-0. 5 2.g i --o. 5 28 I 

-1. 3480 : -i-4· 2 i -i 15. 

! . 
-t-o. 169S 

1 
-l-3· z -/ 1S. 7 

--1 I, 6.pz i ·- 0. 4 

-i 1.5522; -3.5 

-1 rs .. 1 

+14.S 

--! 0. 0907 : +2 ... -t-17. 2 

-l-o. 7421 . -t-4 8 
i 

+o 1328 i +1. 9 

+12. 0 

+o. 9596 . +5· I -+-29. 0 

-0. 5262 +3· 

J 54. 1953 

·"-- 53. 9875 

-+- 5+ +455 
54.4069 

-i 55· 09S7 

s+.6705 

l- 558851 

56. 1 339 i 

55. ~>545 
-, 55. 6161 

-+ 56 5169 

' 57. 1673 
·! 55. 8193 

-i 55. 9891 

+ 57 6303 

+ 59. 1825 

+ 59. 2732 

+ 60. 0153 

+ 60. 1481 

-t- 61. w77 

+ 6o. 5815 

0. 348 , JOO. 465 +o. 8307 -j-o. X.J'.•.i J +o. 8306 +o. 3 I +33· 0 i + 6I. 4121 \ 

3· 133 

I. 085 

t.364 

0.994 

---------
--!. z;.n · -1. 2702 :. ~i. 2748 I +2. 9 i +35· 6 \' + 59. 3067 : 

IO.j.. 335 +r. 11)99 ! +1. 1fi65 , -tI. 1682 ' +3· 4 i +39· 0 -1- Oo. 4749 

w5. 699 --r-o. 7+03 i +o. 7416 ' +o. 74rn f -1. 3 ! + 37. 7 ! + 6r. 2159 

106. 693 +o. 5308 : -j-o. 5321 -f-o. 531-1- .; -r. 31· -t3(J.4 I + 61. 7473 

0. 704 107. 397 -0. 4353 i --0. 4319 -0. 4336 i ·--3. 4 +J3. 0 ! -l fll. 3137 i 
, I ! 

o. 887 rn8. 284 +i. 1820 :. -~-r. 184-_, +I. 1836 --1. 4 I +31. (, ! · 62. +qn · 
' ' • I . ! . I 

I. 222 ID9. 506 -0. 2273 ' --o. 22-tl -0. 2257 --3. 2 i 728. 4 l h2. 2716 ! 

I I I 
o.9ui110.417 -0.0995[ -0.0998 -0.0996 +o.3l+2s.7[_; 62.1720 

0.989: 111.406 -0.1249 !. --0.1250 -0.1250 +0.1 \ +z8.8 I+ 62.0470 i 
0 766i112,172 +1.0677 i +1.0659 +1.0668 +1.8 [ +30.61• + 63.1138 ! 

1. 2081 113. 380 +o. 5o60 J +o. 5109 +o. 5084 -4. 9 / +25. 7 + 63. 62221 

1: 010 I 14. 390 -j-o. 6073 +o. Go96 +o. 6o84 --2. 3 ) +23. 4 ! + 64. 23o6 

I. 194 
1 

n5. 584 -1. 4038 --1. 4046 --I. 4042 +o. 8 \ +z4. z I + 62. 8264 

o. 896 J
1 

u6. 480 +4· 9760 " +4· 9734 +4· 9747 +z. 6 [ +26. 8 + 67. Soll I --------. ----- i ---- - ------- --- ---.. _---,----- I 

__:;~-- -~~-~_! o. 10<"J__1 1_1~·_580 _+_~ 2648 +o. 2647 _-+_o.~~~8 +o. 1 i +z6. 91 + ~~6~~.-1 
._!_1 _ 6' 159 -'~- 1:~:.2J _:~~:_l~r~!-~_i_~~--4445 L~·444-~. =-~:_1 I ~~~-i_l ~-~9· 2451 _I 



 

460 UNITED STATES COAST AND GEODETIC SURVEY. 

Results of spirit-leveling between mai·k near Wilkerson's Landing, ~[iss., etc.-Continned. 

Dis- I I>ilterencc of height between : I f I Discrc1,anc)"· ', I eight 0 
tance 1 bench-marks. l1cnch-nmrk 

between; Distance , 
Bench-marks. 

Date, 1887-'S.'> 

! From 
! 

succes- i fromini- ------,~- ---· --
1 

aho\'e i 

sin: I foil mark. Measure I Measure I I . I Total. I 0::tfff,~e1 ; 

31 

31 

31 

31 

31 

IO 

IO 

10 

IO 

IO 

IO 

10 

IO 

IO 

II 

II 

II 

i 16 

Feb. 

6 

Feb. 

2 

2 

2 

Nov. 

l 5 

15 

15 

15 

J.encli- r I b k I Mean. ·.Partial. accumn·' ( 1,.1 ') 
k 1urwan. ac ·war< . . 1 1 1 I at Jl ox1 . mar ·s. 1

1 

ate(. 

A111.T ~!:.- 1l~~r:.-1-~1~~:~~~ 1--~~~m.- i Mm. ~I Aldrc;. , 

160 

To 

6 

6 

o.OC)9 i 117.581 +r.8451 I +1.8451 I +r.8451 I o.o +zs.11+71.0902
1

· 

--;;;-0 _____ 1_6_1 -i o. 890 I II8. 372 _::_o ·5~-9~ 11 ·.:;~-56~7 ---0 5674 1-=~-4-1 ·+2;-;-1 + 68~677- 7 ' 

161 162 I o, 838 II9. zrn -+ 1. 5718 +1. 5722 +1. 5720 I --o. 4 +21. 91 + 70. 2497 

162 163 o. 9rn 120. 120 -1. 7814 I -I. 7798 -1. 78061- 1. 6 +zo. 3 + 68. 4691 

163 164 0. 964 12!. 084 +I. 0515 •. +I. 0508 j-I. 0512 +o. 7 + 21. 0 I + 69. 5203 

164 165 o. 973 122. 057 - o. 5581 1--0. 5608 i -o. 5594 1 
j 2. 7 +z3. 7 

1 

+ 68. 9609 

6 

6 

6 

4 165 t66 

4 1(>6 Hi7 

4 167 1(,8 

4 168 169 

4 169 170 

4 170 171 

4 171 172 

4 172 173 

4 173 

174 

175 

174 

175 

176 

176 177 

9 

8 

8 

177 

52 

E 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

41 

40 

39 

52 

I> 

1. 372 123. 429 -j-o. 1943 I +o. 19371 +o. 1940 -t-o. 6 -t-24. 31 -+- 69. 1549 

1. 354 124. 783 -2. 60731-2- 6128 I -2. 6100 -j-5. 5 -t-29. 8 i + 66. 5449 

1.320 126.!03 +6.0755 +6.07071+6.0731 +4.8 -j-34.6!-t-72.618o 

1.412 127.515 -0.81861-0.82171-0.8202 -j-3.1 -j-37.7'-t-71.7978 

I. 288 123. 803 -t-4. 1707 -j-4. 16831 -t-4. 1695 -j-2. 4 -t-40, I : -t- 75· 9673 

1.184 129.987 +1.2282". -j-1.2222*· +1.2252 -j-6.o -j-46.1 _I+ n.1925 J 

o. 968 130. 955 -j-4. 4073 I +4· 4070 I +4· 4072 +o. 3 -!46. 4 I I 81 · 5997 

I. 187 132. 142 f o. 7103 I +o. 70731 -j-o. 7088 +3· o -f--49· 4 - + 82. 3085 · 

1.345 133.487 -j-9.4482 ! -t-9.4455 -j-9.4468 +z.7 -t-52. I -j- 91.7553 

1. 438 134. 925 +6. 6664 ! +6. 6642 I -t-6. 6653 +2. 2 + 54. 3 + 9s. 4206 

1.466 136.391 -j-2.85751 +z.8534 -j-2.8554 -t-4.1 -t-58.4 -j-IOI.2760 

1. 394 137. 1s5 -t-4. 3836 I +4.J191 +4· 3814 +4· s +62. 9 -t-105. 6574 

0.898 138.683 -1.69291-1.69201-1.6924 -·0.9 :J--62.0 -t-103.9650 

0, 124 138. 807 -0. 6017*1 -0. 6018*' -0. 6018 -t-o. I -t-62. l +103. 3632 

0.144 138.951 -fo.46851 +0.4687 -j-0.4686 -0.2 +6i.9 +103.8318 

0. 858 139. 8o9 -o. 7141 ' o. 7141 --0. 7141 o. 0 -f-61. 9 -i 103. Il77 

o. 907 140. 716 +1. 5235 \ -j-2. 5236 -j-2. 5236 
1 

-o. 1 -j-61. 8 1 -t-105. 6413 

o. 846 14I. 562 -1. 5761 I -1. 5755 --1. 575s , -0. 6 +61. z ! +104. 0655 

1.020 142.5s2 --2.8944 -2.8957 -2.8950 +1.3 +62.s / +101.1705 

0.986 143.568 +5.4300 +5·4337 +s.4318 -3.7 +ss.s1+w6.6o23 

o. 833 144. 401 -I. 6218 -I. 6243 -1. 6230 +2. s +61. 3 I + 104. 9793 

0. 994 145. 395 -5. 3583 -5. 361 I -5. 3597 -t-2. 8 +64. l I +- '99· 61 

I. 230 146. 625 -7. 5001 -7. 5033 -7. 5m7 -f-3. z -f-67. 31 + 92. 1179 

o. 644 147. 269 -I. 4633 -1. 4630 -I. 4632 -o. 3 -t-67. 0 + go. 6547 

o. 356 147. 625 +o. 7199 +o. 7176 -t-o. 7188 +z. 3 +69. 3 -+- 91. 3735 

0.183 ;~·7:808 ·: ~~~oi!~ i=~~~;~~1-~~.073~- -+o.~ --t-69~~1+93.44691 
0. 972 148. 597 i --6. 2259 -6. 2240 -6. 2250 -I. 9 -j-67. 4 -+- 85. 14851 

I. !09 149. 706 I -6. 6861 -6. 6\)08 -6. 6884 +4· 7 +12. I -+- 78. 46o1 

I. o66 150. 112 I --s. 1058 -5. 7o62 -5. 1o6o +o. 4 +12. s + 12. 7541 
I 

:~ } 38 r. n8 151. 890 i -2. 246o* -2. 2512• -2. 2486 +s. 2 +77· 1 + 70. 5055 

i___ 11 37 36 0, 498 152. 388 i -t-2. 7988 +2. 7975 +2. 7982 -j-1. 3 +79· 0 l + 73• 3037 
--~--~--~-~~~--~~---~~-~-~~~~~~~~"--~~-'--~~-~' 

*The mean of two determinations. 
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UNITED Sl'ATES COAST AND GEODETIC SUIWEY. 461 

Results of spirit-leveling between mark n.ear Wilkerson's Landing, .Miss., etc.-Oontinuell. 

1 

Date, 1887-'88.
1

-

II 

IZ 

II 

IZ 

12 

12 

12 

14 

14 

14 

14 

3 

3 

I 
Nov. 

3 
-;-----2-1 

3 2 

3 2 

Oct. 

JI 
31 

Bench-marks. 

:From 

36 

35 

34 

33 
32 

31 .. 

30 

29 
28 

27 
26 

25 
24 

To 

35 

34 

33 

32 

31 

30 

29 
28 

27 

26 

I Dis- I i 
lance I 1 

!between' Distance · 
' '-'llCCCS- ; from ini-
1 sivc. : tial mark.: 
: bench· I j 

marks.. ! 

Height of difference between 
bench-marks. 

:i.leasurc 
forward. 

Measure 
backward :\lean. 

i 

---------- ·---·-- I 

Discrep:rncy. Height of 
bench-mark 

above 
average 

Gulf level 
(at Biloxi). 

i-~i-·-- -1 
]{m. Km. 1lfetres. llfetres. I 1l!etres. llfm. 3/m. 1 Jl!etres. 1 

1.030 153.418 +1.8646 +1.86321 +1.8639 +1.4 +80.4' + 75.1676 

I. 050 154· 468 +I. 3722 +I. 3689 +I. 3706 + 3. 3 +~3· 7 i + 76. 5382 

I. 041 155· 515 -s. 7445 -s. 7454 I -5. 1450 +o. 9 +s4. 6 , + 10. 1932 

o. 986 156. 501 +1. 9021 +1. 9013 i +1. 9017 +o. 8 +85. 4 + 72. 6949 

J. 292 157. 793 j-o. 9799 +o. 9761 I +o. 9780 -\-3. 8 t-89. 2 + 73· 6729 
I. OI4 158. 807 -1. I8II -1. 1847 -1. 1829 +3· 6 +92. 8 + 72. 4<)00 

1.014 159.821 -1.4007 -1.40251-1.4046 -4.2 +ss.6, + !J1.0854 

0.1192 160. 113 +4· 1625 + 4. 1632 i ++ l62s --0. 7 +81. 9 i + 15. 2482 

o. 904 161. 617 -o. 58821-0. 5875 i -o. 5878 -o. 7 +87. 2 I + 74. 6604 

o. 890 162. 507 + 1. 4498 + 1. 4523 'I + 1. 4510 ·1-2. s +s4. 1 i + 76. 1114 
25 1.036. 163.543 \ -z5896 -0.5886 -0.5891 -r.o +83.7 I+ 75.5223 

24 I o. 6o3 I 16+ 146 I -o. 56321--0. 5650 ! --o. 5641 +1. s +s5. 5 
1 

+ 7+ 95s2 

23 ' I. 067 I 165. 213 I +2. 7032 +2. 70351 -f-2. 7034 j -o. 3 +85. 2 -+ 77- 6616 

·-23----·c i 0~2·;;·r~65.333 I +o.fu';-f +0.6263 I +0.6263 1~+ 85.2. + 78.2879 

I o.62s j~~8~ -2.595; -2.5~;1- I -2.5;6~ +1.2 +86.4 + 15.0651 23 
22 

21 

20 

22 

21 

20 

19 
18 

1

0.966 166.8o7 +1.1936 +1.19481+1.1942 -1.2 +ss.2 +16.2593 

1.056 167.863 +0.9986 +o.9978·+0.9982 +o.8 -f-86.o -f-77,2575 

I 
I. 170 169. 033 

I. 192 170. 225 

-I. 21I4 -1. 2143 -1. 2128 + 2. 9 + 88. 9 + 76. 0447 

+1.5133 +1.5119 +1.5126 +1.4 +90-3 + 77-5573 

I I 31 18 17 0. 982 i 171. 207 +1. 1377 +1. 1407 +1. 1392 -3. 0 -f-87. 3 + 78. 6965 

I 31 11 t6 o.8go I 172.091 +0.4621 +0.4646 +0.4634 -2.s +s4.8 + 19.1599 

1 1 31 16 15 
1

1.062[173.159 +1.0429 +1.045si+1.0442 -2.6 +s2.2 +80.2041 

1--1":· " II I o. ,., 1.~,:,.~ I +• 6365 I +< 6370 I 4-0 6368 ! -0 5 ' +'• 7 i + "' """ 
!--~~------------! I i1 _____ 1 ___ --

1 

\ __ i ___ \-- --- -
1 28 27 15 14 o. 025 1 173. 784 +1. 1656 +1. 1655 +1. 1656 : +o. 1 1 +s2. 3 I + 81. 3697 
I I I I I I I 

28 27 14 13 I 1. 092 j! 174. 876 1 -5. 4861 I -5. 4883 
1 

-5. 4872 .

1 

+2. 2 / +s4. s i + 75. 8825 

28 27 13 12 I 0. 866 175. 742 -0. 6991 : -o. 6l)&':i ! -0. 6990 -0. 3 I +84. 2 I + 75. 1835 

28 27 12 11 I 1.o62 f 176.804 +6.3525 \ +6.3487 1 +6.35u6 I +3·81+88.oI+81.5341 

28 27 II 10 . 1 1. 1891177. 993 +1. 9791*\ +1. 975o"i +1. 9770 +4· r +g2. 1 I + 83. 5111 I 
28 261 IO 9 I o. 9921 178. g85 -6. 1163 -6. 1142 I -6. 1152 , -2. I I +go. 0 + 77. 3959 I 
2s 26 9 s I o. 907 179. 952 -o. 1650 I -o. 7664 / ---0. 1651 +1. 41 +91. 4 I + 16. 6302 • 

29 8 7 I o. 796 
1
1 180. 748 +o. 4730 I +o. 4743 ) +o. 4736 I -1. 3 -j90. r I + 77. 1038 

1 

29 7 6 I o. 6o3 181. 351 +o. 5315 I +o. 5345 I +o. 5330 I -3. o I +s7. l I + 77. 6368 

Oct.2~ I I I I Nov. 45 26 6 I I. 004 182. 355 +4- 0266•: +4· 0274*
1 

+4· 0270 ' -a. 8 
1 

+86. 3 + 81. 6638 

I "' No• " s ~ ~ "'° I ••J~~s :::':_"'" : :::• ." •o I --.• '"6 l -• 31 +ss. o I + '°· °'" 
*The mean of two determinations. 
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Result.~ of s11irit-lei1eling between mark nenr Wilkerson's Landing, Jfiss., ete.-Oontinued. 

~~~e I-_----- - ~>1~e-r~\~;,;~L~\~:;i~etween - j IJis~~e~~~cy. 
1

1 b~~~~~~~~~ I 
I i:t\veen• D1stanct: , 

lknch-marks. 

Date, 18S7--1 8X succ::e~-1 from 1111 ~-~----------~- \ ahove 
sive tial 1mrk ,

1 
,
1 1 

II Total I average 

<>ct. 

25 
25 

Oct. 

25 
24 

21 

25 
Feb. 

II 

hench [' caomle 
1 
·' ~~sur~ !llean Partial. accumu- 1 Gulflevel 

marks orn·an . >,1c "ai I lated. i (al Biloxi). 
\ ) I 

Frnm To 

fi..-m. i ;:,,,-Ill. . -i Jlfr,lrt'S. .Jletrts. i Jl1t:tres. .Jim. - J/~:.--;·- 1lfetrcs. ---

3 or I 4 o. 2841 
A u.So3 

1 

+~-7759 
1 

+z.7753 i -+2.7756 +o.6 +s5.6 + 82.82(>8 

+7· 9586*1 f 7. 9566*! +7. 9576 +2. 0 -)87. 6 f· 90. 7844 4 
! 

S1;!'!'1.I-.~!ENTAK y L1:-;r.o. 
----------------

( 
3 or I 2 o. 1S6 183.581 -3.7889 --3.7882 --3. 78S6 

2 It o.549 184. 130 ! +0.0753 +o. 0814 +o. 0784 

\\"est H:ise 0.36~ 184.492 i +r. 4oq +r. 4018 +r. 4016 

--- o. 7 : +s4. 3 + 76. 2626 ; 

-6. I j +78, 2 + 76. 3410 . 

-0. 4 +77, 8 I -\ 77. 7426 ! 

·-----·'·· 
,\ H o. orJS 184.585 ! --0.4037 -0. 4032 -0.4034 

j 
! 

I 
\ l 

[; () o. 176 
j 

184.761 -2. 8831 -2.8835 -2.8833 

-0. 5 +87. I I + 90. 3810 . 

-l-0. 4 +s7. s 
1

1l ! • + 87.4977 ! 
I 

* Tl1c mean of t\VO Uctermlnations. 
t ( 'rossing the Arkansas River; rcimlt~ given are lht: means of three determinations. 

>.". B. --To C1J11vert metre~ intu feet use the relation I metrt: -= 3.2808333 feet. 

Location anrl 1lescription of bench-marks between mark opposite Arkan.~as C-ity on the .Mississippi River 
and Little Rock, Ark. 

Bench-mark No. 84."-United States permanent bench-mark of the l\Iississippi Hiver Commis· 
sion (see their l{eport of 188:!, 1mge 7<l). It is the top of brass bolt in stone post on Mr. Higby's 
ph\11ta.tion, 1,400 metres below Wilkerson's Lauding, Bolivar County, .Miss. Stone is just out
sitle of fence, 15 metres back of levee a.nd 10 metres north west of house occupied by Benjamin Cole. 
It is about 6 inchm~ squar(1, projecting 6 inches above the grouud, and has the letters U. S. carved 
011 its upper surface. 

E'.-At Arkausas City, Desha County, Ark. The bottom of a square cavity cut iu the 
top of an 8 by 8 inch granite post set in the ground about 2 metres south of west corner of small 
house, which is occupied by tue engineers of tue Little Rock, Mississippi River and Texas Railroad; 
tllis house is tile first one southwest of the railroad station. The letters U. S. B. l\f. are cut on tl.te 
top of the stone. 

G.-At McGehee Station, Desha County, Ark. The center of cross cut in the head of 
copper bolt, which is leaded, borizontailly, into a brick of the chimney on the north side of a small 
white-washed house west of the line of the Little Rock, Mississippi Ri,·er and Texas Railroad. 
'fhe brick is in the ninth course from tile ground; the house may also be described as the first one 
son th of the road crossing, !clouth of trestle No. 575, and the seventh oue north of A. McGel.iee's sti ,re, 
used as the station aucl post-office. 

H.-At Tillar, Drew Counts, Ark. The center of cross cut on head of copper bolt 
leaded, horizontally, into a brick of the chimney at the back of H. L. Henry & Bro.'s store. The 
brick is the eleventh oue f'roru the ground and thir!l one east of side of house. 

I.-At \Valnut Lake, Desha County, Ark. The center of cross cut on a 24-·inch copper 
bolt ll!a<led, horizontally, into a brick on the west side of the chimney on the north end of Mr. R. 
A. Piclrn11's dwelling-house. The brick is iu the eighteenth course from tbe ground . 

• J.-At Varner, Lincoln County, Ark. The bottom of a square cavity cut in top of 

•Described also in prect1ding appendix, No. 11, Report for 1888. 
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granite post set about 3 feet west of the extreme e:otst corner of the frout ;yartl of Mr. R. R. Rice's 
residence. The house is a large white frame structure, about :WO yards southeast of Varuer 

u. s. 
station. The bench is marked thus: 1J 

B. 1!. 

K.-At Noblt~ Lake, Jefferson County, Ark. Is the bottom of a ,;quaro ca\'ity cut in top of a 
u by u inch granite post set at the southeast corner of the north extension of the platform of the 

Little l~ock, Mississippi l{i \·er and Texas Uailroad station. .Marked thus : tr. o s. 
R. M. 

N.--.At Pine Bluff~ Jefforson County, Ark. Is the bottom of a square cayity cut iu top of a 
6 by 6 inch granite post, which is set in the front yiird, at the southeast corner, of a house belong
ing to Mr. John Bell, this house being atthe intersection of Oak street and West Fourth avenue, and 

U. S. 
is ~o. 803 on West Fourtll avenue. The top of the post is marked thus: l 1 

B. Y. 

L.-At Pine Bluff. Jefferson County, Ark. Center of cross cut on htad of copper bolt leaded, 
liorizontally, int,o a hrick ou the south side of the State Brauch Normal School. The brick is in the 
fourth course below the sill of the first window east of the piazza. The school is situated just west 
of the city limits. 

E.-Near mile-post 85 of the Little Rock, Mississippi Hiver and Texas Railroad. Is the l)Ot
tom of a square cavity cut in the top of a granite post set about 6 metres west of the track of the 
IJittle Rock, :Mississippi l~iver awl Texas Railroad, and about 23 metres south of the second tele
graph pole on the west side of the track south of the mile-post 85. The post is dressed down t,o 

U. S. 
6 by 6 inches and its top marked thus: o 

B. l!. 

D.-At l{edfield, Jefferson County, Ark. ls the bottom of a square cavity cut in the top of a 
6 by 6 inch granite post set in the uort!Jeast comer of a small frout _yard between J. Co1n-erse's 
blacksmith shop and store. The post projects about 4 inches above the ground and its top it> 

u. s. 
marked thus: o 

ll. ll.. 

0.-At Wrightsville, Pulaski County, Ark. Tile bottom of a square cavity cut in limestone 
block which is set in the grouu<l near the southeast end of the platform at tlrn-Little Rock, l\1i;;
sissippi Hiver and Texas Railroad station. The stone is just west of the :flight of stairs leading up 
to the phttform from the south; the t-Op is beveled aml has the letters U.S. B . .M. cut in the sides. 

II.-A. secondary bench-mark between Sweet Home and Wrightsville, Pulaski Uounty, Ark. 
ls the top of a brass nail almost in the center of au equilateral triangle formed by three copper 
nails in the top of the southwest block which supports the platform immediately in front of sectiou
house No. 2 of the I,ittle Rock, Mississippi River and Texas Railroad. This section-house is 
tween mile-posts 106 and 107 and is the one occupied by the section foreman. 

1or3.-A secondary bench-mark at Little Rock, Pulaski County, Ark. Is the l1ottom of a 
square cavity cut in the stone door-sill of the middle door, at the west end of it, of the brick build 
ing occupied by Whittemore & Gordon, pork brokers, at the foot of Commerce street on the bank 
of the Arkansas River . 

.A.-At Little Rock, Pulaski County, Ark. The center of cross cut in the granite substructure 
of the east face of the United States custom-house and post-office. It is beneath the water-table 
course of masonry and its center is about 13~ inches north and about 51 inches above the upper 
corner of the north line of the basement window nearest to Second street. 

B.-Same place as .A. A. rectangular cavity cut on the north side of the granite coping of 
wall inclosing the small sunken area. immmliately in front of the basement window referred to 
above. The bench is designated by the letters U. S. B. M. 

0.-At Little Hock, Pulaski County, Ark. Bottom of a square cavity cut in the top of a 6 by 6 
inch granite post set near the main e11t.rance of the Stiite Capitol. This post is about 299 inches 
south and about 33~ inches west of the southwest corner of the stone porch. 

West Biue.-On the north bank of the Arkansas River, uear the east end of Argenta, Pulaski 
County, Ark. A square cut on the extreme south end of the west monument of the United States 
Engineer's base-line, and is marked U. S. B. M. 
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Accuracy of the preceding results for heights. 

The accuracy of a measure being inversely proportional to its mean or to its probable error, 
we shall consider the latter for each of the separate lines connecting the Gulf level with the height 
of Little Rock, Ark. The probable error of leveling is based upon the discrepancy between the 
results of the forward an1l of the backward operations for the various bench-marks in the line, and 
although not representing the whole probable error in consequence of the presence of unknown 
constant errors which come out only at check crossings of independent lines of levels, we have at 
present no other means of a more rigid determination. 

Let r, and r11 equal the average probable error of a single and of a double leveling (forward 
and backward independently), respectively, for unit of length or for one kilometre. Hence 

r = 9.675 rr·c·-d d]-
1 v2n s 

and 

Also, let r equal the pro liable error from double leveling of a line of length l, between initial and 
terminal marks expresseu in kilometres. Then 

r = r11 ../"[ 

The table helow gives these quantities for each of the seven lines composing the whole dis
tance and the fatal probable error of the mark at Little Hock above the average Gulf level by their 
combi11ation, allowing :± !_!5mm for the probable error in the adopted level of the Gulf at Biloxi, Miss.: 

Line of levels. 

Ililuxi, Miss., to New Orleans (Carrollton). Observer,}. B. Weir, 1885-'86. 

Report of August 4, 1887. [.\pp. 9. Ecport for 1887.) 
2 New ( lrlcans (Carrollton) to Red River I.anding,* La. Ol>sen·er, A. lfraiu, 

1879-'80. MS report of July 18, 1881.t 
3 Re<l River Landing to opposite IZo<lney,:\: Miss. Observer, A. llrai<l. Report 

as al.Jovc.t 

4 Opposite :Rodney to l\lilliken's Bend,~ La. 01.Jserver, 1' ll. Weir, 1880-'81. 
Report as ahon:. 

.\lilliken's Berni to Grcenville,li Miss. Observers, 0. IL Tittmmm and J. 
B. \\'l'ir, 1880. Report as ahove. 

6 Crccnville to "Pi""itc Arka11sas City,'.\ Ark. Obocrvcr, J.B. Juhnson, Assist
ant Engineer, 1\Iis.sis.sippi Hiver Commission, 1S80-'81. 

7 Opposik Arkansas City to Little Rock,** Ark. Ol>>crver, J. E. McGrath, 
1887-'88. 

*Temporary bench-mark No. 127. 

r, r11 

---·--

flfm. Mm. 
:±o.88 :±o.62 

I. 65 I. 17 

I. 67 I. 18 

I. 59 I. 12 

2.02 I. 43 

I. 03 0. 73 

I. 21 o.86 

-------- -

l r 

~-------

Km. fl:fm. 
139 :!: 7.3 

299 20.I 

163 15. I 

103 II. 4 

167 18.5 

32 4.2 

185 II. 6 

·--- --·--------------·-

tThc values for r, and r,, as originally given in my report of 1881 are now increased by their fourth part to allow approxi
matdy for want ol independence in results fmm two parallel and sif!udtan<Vzts Jines. 

t llcnch-mark LXXIll. II Hench-mark No. 1. ** Bench·mark A. 
~ Bench mark No. 188. , llench-mark No. 84. 

Hence probable error of resulting height of bench-mark A a.t Custom-Honse and Post-Office 
at Little Rock= v'[ (25.0)2 + (7.3)2 + (20.1)2 + (15.1)2 + (11.4)2 + (18.5)~ + (4.2)2 + (11.6)'] = 
:± 44mm.o or :± 1.73 inches. 

We have the probable error of height assigned to bench-mark No. 84 on the east bank of the 
Mississippi, about I~ kilometres below Wilkerson's Landing, equal to ±42'"m.4; also mean error per 
kilometre for a siugle measure of our line between mark opposite Arkansas City and Little Rock, 
m1 = ±1.S4mm, which quantity 1mean error per km.) is advantageously used for comparative state
ments of the uncertainty of lines of levels. 

Yours, respectfuily, 

Mr. B. A. COLONNA, 

Assistant in charge Office and Topography. 

On.AS. A. ScIJoTT, 
.Assistant in cliarge Comp.ting Division. 



 

APPENDIX No. 13.-1888. 

DIFFERENTIAL METHOD OF COMPUTING THE APPARENT PLACES OF STARS FOR 
DETERMINATIONS OF LATITUDE. 

By E. D. PRES'l'ON, ARsistant. 

PREFATORY NOTE. 

COAST AND GEODETIC SURVEY 0F.FlCE, 

Washington, December 17, 1888. 
In the computation of the latitudes of fourteen stations occupieu during the year 1887, Mr. 

E. D. Preston, Subassistant, found it desirable to shorten the labor of computing the apparent 
declinations of the stars observed, and for this purpose made a.n investigation looking to the intro
duction of a. differential method. 

This method, upon application, he found superior to the logarithmic one, saving both time 
and labor in computation. It has boon deemed well, therefore, to present an account of it in this 
appendix. 

DIFFERENTIAL METHOD OF COMPUTING THE APP4RENT PLA.CES OP STARS FOR LATITUDE WORK. 

When a number of stations have been occupied during a season for the determination of lati
tude, the necessary reduction of the stars from mean to apparent positions requires considemblc 
time. With the view of accomplishing the task sooner as well as making the work much lei,;li 
laborious, and at the same time having an accuracy fully equal to the requirements of the case, 
the following investigation was made. Although the superiority of this method is most marked 
when the observations extend over only three or four days, and when several stations with long 
star lists are to be reduced at one time, yet in any case it is considerably shorter than the usual 
logarithmic method. Little is gained by observing a star more than three times; and with the 
improved mean star places now available and allowing a probable error of observation of 0" .50 
for an experienced observer, three evenings' work will reduce the uncertainty of the latitude to 
a.bout 10 feet. So that this method may be employed nearly always with great advantage. 

The computation of the ap1la.rent places of stars for the dates of observation may be abridged 
in two ways; first, in using Orelle's tables instead of ma.king the usual four-plaee logarithmic com
putation, and, second, after having one date getting a neighboring date by the application of dif. 
ferential quantities derived from the usual formulre. 

465 
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If we consider the tabular differences of the quantities that vary with the date as the differ
ential co-efficients of the quantities with respect to the time at the date already computed, we have 
the following formulw as representing the change in declination between the two dates : 

-gdG sin (G+a)+dg cos (G+a) 
[-kdll sin (Il+a)+dh cos (Il+a) J sin o 

di cos 0 

The following relations exist between the independent star numbers: 

B 
g=s1n G 

0 h=-sin H 

Where the letters have the signification given in the American Ephemeris, K is the precession 
CODAtant 2011 .0533. 

The greatest departure from a uniform change for a 5-day period in B and .A. is due to 
terms depending on the moon's longitude. The terms depending on the longitude of the sun, of 
the moon's ascemling uode, aud on the longitude of the sun's and moon's perigees, being either 
quite regular for a 5-day period or else being extremely small. In 1887 G does not change as 
much as 30; g changes less than 0" .5. 

The tan of H varies inversely as the tangent of the sun's mea.n longitude. Hence H varies 
nearly uuiformly throughout the year, changing a.bout 10 daily. h depends on the same quantity 
and has its maximum values at the solstices and its minimum oues at the equinoxes. For a 5. 
day period it departs little from a uniform change. i varies also with the sun's longitude and has 
its maximum with the minimum h and vice versa. The greatest daily change in i is not much 
more than 0'1.10, while that of h is very much less. 

The value of'G is in general principally affected by changes in terms depending on the sun's 
aml moon's longitude and on the longituue of the moon's ascending node. The latter has a daily 
motion of 3'. The first two have a daily motion of about 1° and 13°, respectively. Tan G varies 
uirectly as Band inversely as .A., and since the former depends on the cosines and the latter on the 
sines of the above functions, they do not both change rapidly at the same time. At 900 oos b.l 
cbanges .005 in five days and the charige in cos 2.Q may be neglected. When 0 =450 cos 20 has 
a change of .087. For an equal period and position cos 2 ([changes about 1 unit. The terms in 
which these quantities enter will therefore vary by 0".05, 0".05, and 011.09 respectively. Hence 
the greatest change in B comes from the change in the moon's longitude. In case of all these 
changes having their maximum at the same time, and tending in the same direction, the value of B 

would only be changed by about one-fiftieth part of itself, and since a tan-1 Y=i; y
2 

the change 

in G dependent on B will not be more than about 10. 
'1.'he longitude of the moon's ascending node does not pass through 900 until 1890, but itB 

ehauge is slow com pared with that of the others, and in its relation to B, we need not for the present 
consider its effect on G. 

The above quantities enter A as a sine function with co-efficients about one-twentieth of those 
for B, but the precession factor appearing in the denominator of tan G, makes the changes in 
numerator and denominator about equal for maximum values of the fnuction. But G being deter· 
mined by its btugeut the magnitude of its changes depends also on the absolute values ofB and A, 
for when ll is small a given change in A has very much more influence on the angle. In general 
we may expect changes in G of less than a degree }>er day. 

When we liave very small values for B, as in 1890, and also very small values for .A., as in May, 
a combination of these may give changes in G for five days, amounting to300 or more; but, as will 
be shown later, this does not render the method inapplicable. When B has its largest value, G 
does not change more than, say, 5°, which reduces the product of dg by dG to a quantity less than 
0".10, and when dG is very Iargfl dg is small enough to reduce the product oonsidcrably under 
011.IO, so that in general we may estimate the neglected term to be less than 0''.10. The product 
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of any two of these differences that actually occur together is usually only a few hundredths of a 
second, so that the method will 8atisfy all the re11uirements of the latitude work. 

These considerations show that the star's position may be derived with all necessary accuracy 
by tho application of differential quantities, when the difference between the two dares is not 
more than five days. The following two forms show the reduction by both methods. It will be 
noticed that the method by difforences involves only about half the number of figures used in the 
logarithmic method, besides requiring very little mental laLor: 

ST.AR 289.-Method by logarithms. ) ___ f ______ --:-- --~----s~n ~--- Ms 

1!1 O I 1

11 

,---------

' a''= 1: ~;· ;;- :~ 47 55 ! 9. 7453 i 9. 9196 . 

~so= -Ii 33 481-----;-- ------- i 
1 ! ' i co~. 6 

1

_. __ 1 ___ :~~.~-~:: __ (~=~i ;, cos (lI+a) j __ ~~'-- __ / 

. Jan, 20. 151° 51 I 19° 91 [ o. 5408 

9.9422 9.9753 ----3.47 

0.8751 1.oz19 

--<(1 .45 -7. 50 --j---IO. 52 

148° 59' 14° 15' I 
1 

Jan 25. 
I 9· 9330 i 9· 98641 

0 8499 I l.OJOI 

: --ot' -3+ --7.08) +10.72 

\: ~-c 1-,.":~T~:;,5 i 
G --r--ro;~~-c~-• --1~~:---;,-1 
If ' 331° 14' 326° 20' ! 

log K [

1 

o. 9329 o. 9169 f 

log Ji I. JOI _j I. 298<1 I 

log i i o. 6212n o. 6j<J9" I 
I 

0.5995 

----3. 98 : 

-~-----------------
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G 

ll 

h 

STAR 289.-Method by differences. 

I! 
11 
11 _______ _ ~---1--· I _____ _ 
I 

! a"= i 
h. ?ll. S. I 

3 II 40 

O I l 
47 55 i 

33 48 I 

-------------~--

Jan, 20, 

103° I of 

331° 14' I 
+ 8. 57 
+20. 01 

- 4. 18 

' ' 
< ------------·- 1--~----I----

Jan. 20. 

Sin (G+<t) 

Cos (G+a) 1 

Sin (H+a) 

I 

(G+a) ! (II + a) 

151° 51 l 19° 91 
i! Jan. 25. 

+.483 I : +. 15 
-.8751 -7.50! +.27 

+. 328 I I +. 56 

Cos (II-t-a) 1 +. 945 I +10. 51 i -. 12 

1

1_!:::!_,.,: •. ~·~ Sino 

Co5 o 

I - 0.46 I +. 15 ' 
I ~ I I 

---:::-..==.:..:...~------=---==== : -----=~=-=:___-__::::--=----::.=..:::_-; 

I J 5 I '!,·.' 1· ; an. 2 . I 
'i---------'-~-----1 '1 ___ 1 

dG--- - .03671 I 
I ·;;: ::: ~,, I i 1 

dh= i -· . 13 

di= 

---gdG= 

-hdII= 

i- .61 

I+ .314 

i +J.71 
I 

Explanation of computation. 

In both methods the quantities below the double lines are the same for all stars, varying only 
with the date, and are therefore written but once. The first computation is the usual logarithmic 
one and needs no explanation. The second is by Orelle's tables and differences. In the first 
column are the natural trigonometric functions. In the second are the quantities g cos (G + a), 
lt cos (H +a) sin o, and i cos o, the sum of whichisthereduction toapparentplaceforJanuary20. 
The third column contains the products of the constant multipliers by the corresponding sines aml 
cosines to obtain the following quantities of the differential equations: 

- gdG sin (G +a') +dg cos (G+a) 
I- lulII sin {Il+a) +dh cos (IT+a)] sin o 

di cos 0 

It should be stated that, dG and dH are first reduced to linear quantities. 
The sum of this last column, omitting the two middle Yalues, gives the quantity to be applied 

to the reduction for J~muary 20 to obtain that for January 25, and will in most cases be found to be 
correct within one or two hundreths of a second. 

The method of differences is considered to be a saving of about one-half the usual time, 
besides being very much easier; as many as 30 pairs being computed for two dates in about seven 
hours by a person familiar with the method. After the com1mta.tion of the first date the oorrec-
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tions to be applied to these to get thmm for the second date were found in two hours. But in onler to 
work advantageously, each step is taken up systematically and carried through the eutire number 
of pairs; arnl often two steps may be carried on simultaneously where the multipliers arc simplo 
or the tables kept open two places at once. Care should b(l taken to avoid using more places than 
·are necessary. For example, in the direct computation for the first date, three figures are sufficient 
except where h enters. It is not considcrf'd essential to secure exactly the fourth place bcrc, but 
it may be done with Crelle's tables mentally and with very little labor by taking the ncar<'st unit 
in the thinl place aml 1tpplj'ing to the prOLluct the :ilgebraic sum of the units place by the thou
sandths-one, or two places at most, l>eing considered. 

In forming the products for the differences two places only 1ieed generally he retained. 
The difference of 0".03 between that calculated rigorously for January 2;; and that derived by 

the forrnulm is due to the fact that the diffcrenceR have been treated as differentials and not as 
finite differences. The neglected product dh, dU, sin (II + £1') does not amount to more than 
0.003, and need not be regarded even when sin o is as much as 0.90, for, as a, rule, stars are not 
observed above G50 declination. 

If we hail treated the difference in the cosine of (TI+ a) as a finite difference, using the formula 
- 2 sin (X + i.JX) sin ~.JX instead of - sin XdX, the agreement would of course ha\·e beeu 
perfect; the essential points in the metb01l being that the differences are considered as differen
tials and the term inYolving the product of the differences is ueglected. 

It might be snpposeil that if we have a difference of 0".03 in the position of a star for a dif
ference in H of, say, 5° that this (liscrepancy wotlld amount to a quantity entirely inadmissible in 
the case ofG in May, 1890, where the difference is upwards of 30°; but since the tan of G varies 
directly as ll, and since when these excessi\'e changes in G oecnr, B is necessarily quite small 
because the longitude of the moon's ascending node is near 90°, the discrepancy between the values 
of g cos (G + a) calculated by the differential formulm and those by actual multiplication does 
not much exceed that in the present case, in fact, they only differ by 0".05. Indeed, the large dis
crepancy in the present case is due to the fact that the error committed in neglecting the formula 
for fil!_ite differences must be multiplied by h, which increases it twenty fold; g in the extreme case 
of 1890 is 0.8, hence only one twenty.fifth of Ti for this case. But the tliscrepaney for the valumi of 
May, 1890 comes from another source, viz, from the product of the two differentials dg and dG and 
even then will only occur for a few pairs where (G + a) is near 900, and hence the sine is large. It 
will be noticed that assuming a value for (G + a) which gives the most rapid change in the cosine 
also gives a large value for the sine and hence increases the value of the term dg sin (G+a) dG; 
and that there is a combination of circumstances tending to increase our discrepancy to 0" .08. 

This may readily be neglected when we consider that the probable errors of the declinations of 
the individual stars are several times as large. 

ln general the errors introduced by this method are quite insignificant, even admitting tlle 
declinations to be absolutely true. Besides, for the extreme case of 1890 we have assumed a value 
for (G+a) which would give the greatest possible change in the cosine for the change in Gunder 
consideration, viz, a value extending from about 85° to 105°. Moreover, since this term depeuds on 
the star's right ascension, for any station this extreme cast: would only apply to a few pairs which 
involved values of (G+a) passing through the points 90° or 270°, no night's work ever lasting 
long enough t.o pass through or even near them both. 

When the observations do not extend beyond five days the last date is derived from the first 
by differences. For work extending over a period of from five to fifteen days, the middle date is 
actually computed and the first and last computed by differences. Where on a-0count of bad 
weather, observations are very much scattered, it is better to make separate computations for each 
date. Under ordinary circumstances, three successive nights are all that are required, which 
involve differences in the star numbers for only two days; in this case the result by differences will 
be found to be identical with those of a rigorous calculation. For where dG ancl dH are about 2° 
and dg and dk one or two tenths, their product does not affect the hundredths place, and the change 
in the cosine of au arc, whether computed as a differential or a finite difference, is practically the 
same for dilferences of arc of 20, the discrepancy never amounting to a unit in the hundredth place. 
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Assuming the probable error of observation to be 0".50, which is about the usual experience, 
and the probable error of one declination to be Q!'.30, we find tlie followiug relation between the 
number of nights, number of pairs, and tlrn probable error of tl1e mean result: 
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A~AMOEHA.OLE. 
~ ;?, 300 feet.) 

PAKAOAO. 
(10,000 feet.l 

CRATER OF HALEAKALA--LOOKING TOWARDS KAUPO GAP FROM VICINITY OF PAKAOAO. 

APPE'•Dl.X 14, COAST M•D GEODE.TIC SURVEl REPORT, 1888. 



 

APPENDIX No. 14.-1888. 

DETERMINATIONS OF LATITUDE AND GRAVITY FOR THE HAWAIIAN GOVER~MENT. 

Ily E. D. PRESTON, ARsistant. 

U. S. CO.A.ST AND GEODETIC SURVEY OFFICE, 

~Washin9ton, July 8, 1889. 

DEAR Sm: I have the honor to transmit you to-day my report on the observations and 
computations made for the Hawaiian Government. 

This report is somewhat fuller in illustration aml in detail than would have ueen necessary, 
had it been made on work done in this country and written only to appear in the annual Coast 
and Geodetic Survey Report, several sketches and one or two forms of computation being intro· 
dnced which have already appeared in our Reports, but which it was thongllt best to give, inas
much as many persons who will read tlie report have not access to the Coast Surn.>y publications. 

In a letter recently received from Surveyor-General Alexander, he says the;r look with great 
interest for the appearance of the report. 

The results are, moreover, of general scientific intl'\rest. Professor Dana says (American 
Journal of Science, February, 1889, page 87): "They afford unexpected evidence on these doubtful 
points" (density of volcanic mountains). 

The addition of relative forces of gravity at eight new stations to foe data alread.r existing 
furnishes considerable matter bearing on the determination of the earth's figure, especially as 
these stations have a range of about 50 degrees in latitude and 10,000 feet in elevation. 

The lengths of the Peirce pendulums are published here for the first time. 
In view of the above statements I beg leave to ask you whether this report could not be 

made special and published immediately. The Hawaiian Survey could then have their copies 
without delay. 

I remain, very respectfully, your obedient servant, 

To the SUPERINTENDENT OF THE 

COAST AND GEODETIC SURVEY, 
Washington, D. 0. 

NOTE ON HAWAIIAN PRONUNCIATION. 

E. D. PRESTON, 

Assistant. 

As some native words necessarily appear in this report, in order to aill tliose readers who 
may not be familiar with the Polynesian languages the following remarks are made: Two iuva. 
riable rules lie at the foundation of Hawaiian pronunciation; every word must end with a vowel 
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and no two consonants arc pronounced without an intervening vowel. When the missionaries 
retluced the lauguage to writing, about 1820, they adopted the Latin pronunciation. Each character 
represeuts hut one sound, so that the language is entirely phonographic. The vowels are then to 
ham the sounds gfren them in the Romance languages (except u, which bas the sound given it in 
Spanish and Italian, and not that of the Frcncli), and the consonants are in general close approxi
mations to the corresponding ones in those languages. A. few exceptions exist, arising from the 
inability of the early Hawaiians to distinguish between t and k and l and r. The word for star is 
pronounced indifferently "hoku" or "hotu," and tlle French travelers, in 1819, wrote Onorourou 
for llouoluln. As the missionaries found only two words in the language ha,·ing the sound of d, 
viz, "hido" and "lido,'' this sound in t.hose words is replaeed by th(l sound of l in the Hawaiian of 
to-day. Although two consonants may not appear together, any number of vowels are allowable, 
:rn, for example, in the words Pakaoao and IIooiaioia, nud in the sentence "E a{l au ia oe." The 
accent is generally on the pcnult, as in Honolulu, Kohala, Kahnku, etc. 

REPORT. 

The latitude and gravity observations made for the Ilawaiian Go.,ermnent during the year 
1887, may be said to have had their origin in the determination of a latitude ou the island of Maui 
in 1883. Two members of the United States Solar Eclipse Expedition stopping here on t11eir way 
lwme, in order to determine the force of gravity at De Freycinet's station of 1819, furnished the 
Government Survey with a value of the latitude of Lahaina which differed 1511 from that derived 
from Honolulu, anu based on the English observations of 1874. In order to test the astronomical 
observations at the two extremities of the triangulation, Prof. W. D. Alexander, the :Sur\""eyor
General of the islands, at once conceived the project of having a number of latitudes of precision 
determined, which should not only inclncle Maui, but all the larger islancls. Owing, however, to 
lack of appropriations, this plan could not be immediately realized, and it was not until 1886 that a 
formal request was made by the Hawaiian Government for the loan of the necessary instruments, 
and tlie detail of an observer to execute the work. 

The following letter states the conditions under which the work was undertaken: 

U. 8. COAST AND GEODETIC St:RVEY OFFICE, 

Washington, D. C., Decembur IO, 1886. 
Rm: In pnrsnaucc of the reqnest of the Hawaiian Government, commnnicate!l through the Hon. H. A. P. Carter, 

Hawaiian niiniRt1,r, a1Hl of yonr own letter of tl1is 1lat1,, and nuder u.nthority of the Treasmy Department contained 
in letter of Deeemher !J, you are hereby granted a leave of absence, without pay, from December 15, 1886, for six 
monthH or sncb portion thereof as may be necessary, for the purpose of making certain astronomical and geodetic 
ollservations, and proht1hly some gravity experiments at the expense and under the direction of the Hawaiia.u Gov· 
ermmmt. 

The necessary instruments and accessories for this work will he euppliod by the Coast and GeodetiC>" Survey and 
will be held at the rh1k of the Hawaiian Government. It is understood that copillB of all the obsorvations made will 
he furnished for the use of this office. 

Yours, respectfttlly, 

.E. D. Plll!STON,. 

Suba8iriBta11t Coallt and Geodetic Survey, Wa~hingto-n, D. O. 

F. M. THORN, 
Superintendent • 

The sc11eme proposed by :ProfesEmr Alexander contemplated the occupation of fourteen lati· 
tude stations, of which three were on Kauai, three on Oahu, four on Maui, and four on Hawaii. 
llut as the object of the observations was the determination of the deflections of the plumb-line, 
and as this depends on the density of the mountains, it was thought advisable to supplement 
the latitude work by some measurements of the force of gravity. Therefore the original plan was 
extended 80 as to include pendulllm observations on the summit of Haleakala, Maui, at a station 
near the sea-level of the same island and at Honolulu. This last station was also occupied in 1883, 
which gives a connection between De Freycinet's station and all the stations of 1887. 
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In dew of the general scientific interest in the question of plmnh-line deflections, tlte Ha
waiian Government waR led to ask, through the Honorable II. A. P. Carter, Envoy Extraordinary 
and Minister Plenipotentiary at Washington, that the obserrntions might be r(lduced aml discussed 
according to modern methods by the <Joast and Geodetic Survey. The matter was taken up 
ip1mediately, and the computations begun on January I, 1888. In addition to these rednctiom, 
the length and position of the center of mass for each pendulum 11as been determined, a hulletiH* 
l1as been published giving some preliminary results of the work, and some original inYestig<itions 
made for the sake of shortening the m<>tholls of reduction. 

'fo this report are also appended the results of pendulum obsen·ations at three continental 
stations occupied in 1887, and three island stations occupied in 1883. The former heiug all in tlle 
same journey, and the latter beiug occ11pied b,y one of the same ohservers and using the same 
instrument, and tlie two journeys having two stations in common, they naturally fall in the same 
series and should appear together. 

Professor .Alexander was present at Puuloa and on the summit of Haleakala. Messrs. F. S. 
Dodge and W . .A. Wall, of the Government Surve,y, took part in the pendulum obser>atious at tbl' 
three island stations, and Mr. Wall was with the party during the entire season and recorded tl1P 

latitudes. Mr. Dodge recorded part of the obRen·ations at Kahuku, aml .Mr .• T. S. Emerson part 
of those at Ka Lae. .All the time and latitude, and one-half the pendulum ohscryations, were made 
by myself. .At San Francisco l was assisted b.r Mr. 0. Il. Hill; at the Lick Observator.r hy Mr. J. 
E. Keeler, and at Washington by Mr. J. B. Baylor. l\ly thanks are due to all these gentlemen, as 
well as to Professor Da>idson, Prof. E. S. Bolden, and to the trustees of the fack Obsen·atory 
for interest in the work and for facilities given for its succ<'ssful execution. 

In the work of 1883 Prof. S. J. Brown, U.S. Navy, one of the members of the eclipse e:xpe<1i· 
tfon, assisted in the observations at Caroline Island, at Lahaina, and at llonolulu. M:r. C. B. llill 
took Professor Brown's place at San Francisoo. 

INSTRUME~TS. 

The following was the instrumental outfit: 
Davidson meridian telescope: Coast and Geodetic Snrvey N o.1; sidereal bn.iak-circuit clironome

ter, Frod. 3479 ; sidernal break circuit chronometer, Hutton 221, yard pendulum, Peirce No. 3; metre 
pendulum, Peirce No. 4; pendulum head, Peirce No. O; sidereal chronometer watch, Jurgensen 7932; 
mercurial barometer, Green 2016; amplitude scale; aneroid barometer (Pitkin); chronograph, 
Fauth No. 5; reading telescope; condensing lens (5-iuch diameter); Bandin thermometers, 9242, 
9243, 9248, 9252; switch board; brass temperature tube; gravity battery (3 cells); extra leYels (2); 
electrical connections, insulated wire, observing key, lamps, mirrors, and other necessary accessories. 

Most of this list was supplied by the San Francisco sub-office. The pendulums, thermometers, 
and watch were fnrnisbed from Washington. 

The meridian telescope bas an aperture of 2~ inches; focal length, 31~ inches; magnifying 
power 60 was used ; one revolution of eye-piece micrometer=64" .35; one division of latitude level= 
0" .92 ; one division of striding level=l" .05, and one division of azimuth micrometer= 1 ".66. 

The yard and metre pendulums are both of the invariable reversible type; the distances of the 
center of mass from the two knives are as three to one. The times of oscillation in the two posi
tions differ by 0•.00003 for pendulum No. 4, and by 0''.0002 for pendulum No. 3. 

The Frodsham chronometer breaks the circuit at the first second and at every even one. Hutton 
breaks the first second, every even one, and tbe half second immediately preceding the even one. 

One division of the amplitude scale is equal to 0.050 inch. The distances from the point of 
support to the end of the pendulums are, for pendulum No. 3, 46.44 inches; pendulum No. 4, 1.291 
metres. Hence in the former case one division is equal to .00108 R, and in the latter to .00098 R. 

On Deoomber 15, 1886, a leave of absence without pay for six montlis was granted me. Leav. 
ing W a.sbington on this date I arrived in Ilonofolu on the 12th of Januar,Y, !Javing stopped in San 
Francisco long enough to test and pack the instruments. Nine days later the ftrst obsenatious 
were made at Puuloa. The Government placed at our disposition the steam-tug Pel6, which trans· 
ported the party and instruments to Pearl Harbor. Arriving at 4.30 p. m., January 21, observa.-

• No. 11. 
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tions were made for time and micrometer value thr same cvP11ing, and for latitude on January 24, 
2.5, and 26. The last night's work was done with tlifficnlty on account of smoke and dust from 
Manna. Loa, which was in eruption fLt the time. The second station was at Kahuku, at the extreme 
northern point of Oahu. The im1trnments were shippe<l hy i;;chooner from Honolulu on February 1, 
the party leaviug the following day on liorscbaek and goiug by the way of w· aialua. Observations 
were completed here on Fehrnary 12. Cire11msta11ces were unfavorable at tllis station. Ulomls aml 
rain prolonged vcr~- much the time of ohscn·ing. On February 9, work laRterl from 6.30 p. m. to 4-
a. rn., with only thirty-three pairs ohservcd. On the lltli, three hours ohsrrvations gave no more 
than two pairs. The o!Jserving station was situated a mile from our lodging place. .At midnight of 
tlte 12th, the requisite number of nrnasures being made, the instruments were dismounted and 
J>acked, and on Sunday, the 13th, the party rode to Ilonolulu, a distance of 44 miles, climbing tl1e 
l'ali, a mountain pass 1,200 feet high. 

Between February 13 and 22 the time wns spent in Honolulu dnp1ieating records, making 
compatations, and preparing tlrn station for gra\"ity measurements. Taking the steamer 111ika.Jia/a, 
on the e\-ening of the 22d, we arriYed at '\Vaimea, on the island of Kauai, at noon of tlie 24th. The 
pier was constructell in the afternoon (tlianks to the energy of Mr. L. ll. Stoltz) and obserrntions 
for time and azimuth were made in the evening. The Jatiturle and micrometer deterrninations were 
concluded on March 4, and on the 5th the party and instruments were transferred to Koloa. The 
transportation of the instruments was a matter of ditliculty. An ox-cart of the most primitive 
kiml was the only vehicle available, and the road was in a very bad, not to say dangerous, condition 
for the transportation of instruments of precision. To guard against possible accident the oliject 
glass of the telescope, tho eye-piece micrometer, and the levels were removed and packed in a sep
arate box surrounded by cotton. Arriving at Koloa at noon, the instruments were put together, 
adjusted, aml mounted before sundown, and obsen·ations were made in the evening. The work 
was finished on March rn, and on tho following day everything was shipped to Hanalei by way of 
Honolulu. On the 19th the party rode to Kapaa, passing the falls of Waieleele, the road leading 
through valleys whose sides were covererl with guava, cocoa-nut, bread-fruit, fig, and mango trees. 
The recent rains had swollen the mountain streams and the horses were once obliged to swim, 
which resnlt~d in a c-0mplete wetting of saddle-bags, clothing. and records. From Kapaa to IIanalei 
consumed the greater part of a day, and we arrived on the evening of March 20, after six hours' 
travel through a pouring rain. Observations ended on the 31st, and Honolulu was reached on the 
morning of April 3. This place was occupied for latitude before April 12, besides making dupli
cates of records and some minor computations. 

It was now seen that the six months originally allotted to the work would not suffice. I tl1ere
fore, at the request of tho Surreyor-Geneml, asked for an extension of furlough for three months, 
to enable us to complete the whole programme. This was granted in a letter from Washington 
dated Aprtl 27, and ftxed the time of my return not later than September 15. 

On April 12 we took the steamer Kinau for Mahnkona, Hawaii, arriving on the 13th. Kobala 
was reached at noon. The pier was constructed on the 15th. In the evening the instrument was 
put in position, the chronometer correction determined, and thirty-three pairs obtained before mid
night. The last observations were ma.de on the 17th and the instruments repacked the following 
day. On account of the violent wind nearly always prevailing at this point, it was found imp-0sii.ible 
to pitch a tent for shelter; refuge was taken in an old building formerly used for storing sugar. 
Lea.Ying Koba.la at daybreak of the 19th the harbor of Hilo was reached at midnight. 

The rain-fall here is exceptionally large, even for the tropics, as much as 20 feet having been 
measured in one year. The instruments were mounted on the summit of Halai, and were in posi· 
tion by tbe evening of the 21st. But only one clear night was experienced during our three weeks' 
stay. Some one of the party was always standing watch throughout the entire night, so that any 
partial break in the clouds might be utilized. Thus availing ourselves of every possible occasion, 
by May 14 about forty pairs had been observed, gh·ing between sixty and seventy independent 
measures. More observations were desired, but it was not considered advisable t-0 prolong the 
occupation until the return trip of the s~amer. The station was abandoned, therefore, on Satnr
da~·, May 14, and on the 15th horses were engaged and the party left for Ka La.e, a. distance of 
about 85 miles. The crater of Kilauea was visit.eel on the 17th and found t-0 be in eruption at two 



 

< 
0 
u 
~ 

~ 

0 
w 
d 
0 
w 



 

lJNITJ<JU S'f.ATgs COASl' AND GEODETIC SUH\'Iff. 475 

points, although the old lake of 1883 ha•l entirely subsided and disappeared. Passing by J>nnaluu, 
\Vaiohinu, and Kaalnalu, Ka Lae was reached at noon of the 21st. 

The nearest water suply was eight miles distant. It was hronght on mule hack; part of thc> 
road leading over an "aa'' lava flow. The animals could onlv be Rent to drink rwrv two daYs. 
The last observations were made on the morning of the 28th, ~rnl we were again in llo11olulu at -l 
p. rn. of the 31st. This station was now occupied for gravity, pellllnlnms Nos.. 3 and 1 bring swimg 
on three days and nights each. 

On .Tune 14, the party left for Kailua, Hawaii. This station was ftniRl1ed 011 the rnt11, arnl 
on the following day we started for Haiku, >ia Maa]aea Bay, arri\'ing on the 21st. Haiku lies at 
the base of Ifaleakala and was occupied for latitude and grnvity. The pendulum wa8 started on 
June 23, and tlie last star obser>ations were made at 10 p. m. of Jnue W. At 11 a. m. of the 
30th, the ascent of the mountain was bcgnn. The party now consisted of eighteen 1wrs011s and 
twenty.five animals besides a cart drawn by twelve oxen. At 5 o'clock Olinda waR reached. Thi" 
lies near the lower limit of the cloud region (4,043 feet) and we encountered hea>y fog and rain. 
A stop was made for the night. 

On the morning of .T uly 11 the journey was resumed. After three hours' .tra>cl a point W"as 
reached beyond which it was impossible to take the cart. The instruments, tents, and proYisions 
were now packed on mules to be carried to the summit, the chronometers, barometers, and ther
mometers being taken in the hand. Pas8ing through the cloud belt at an ele,ation of 8,000 
feet we met clear weather again and arrived at Ana moe haole, the northwest edge of tho crater 
at 3 p. m. The elevation at this point is considerably over 9,000 feet, and the auimals were 
sufiering from the rarity of the atmosphere and from travel l»er tho lava, A rest "·as taken for 
an hour (see illustration No. '11), then the route was continnell along the edge ot tlrn crater, a lfo.1tance 
of 3 miles, to Pakaoao, at an eleYation of 9,870 feet, the I)Qint chosen for the observations. 

Before making the ascent it was thought feasible either t-0 make a cavity in the ground in 
which to swing the pendulum, or to build a small stone house, using the somewhat regular blocks 
of lava which were said to be in abundance on the summit. Both these Jlrojects were soon seen 
to be impracticable. Fortunately a crevice about 3i feet wide and 9 feet high was found between 
two large rocks that possessed the requisite stability and ga>e promise of quite uniform tempera
ture. This crevice was closed behind by masonry laid in cement, and in front partly by 
blankets and tarpaulins and partly by masonry (see illustration No. 42), thus permitting ingress and 
egress in order to start the pendulum and turn it when necessary. Above, dry masonry covered 
with blankets and a layer of sand was used. The daily range of temperature outside the house 
and in observing tent was about so:i Fahr. Inside the pendulum house it was 11° centigrade. 
Although in the tropics and in midsummer, ice was formed nearly every night, the greatest 
thickness being about one-fourth of an inch. The atmosphere was exceptionally clear-many 
stars were observed before sundown with a telescope of 2i-inch aperture and magnifying power 
of sixty. All lava found on one of the peaks is highly magnetic, and differences of seYeral 
degrees in the declination of the needle within a distance of 2 miles have been noticed on the 
floor of the crater. 

As no provender or water aro to be found on the summit, all the animals and all men not nec
sary were sent down the slope on July 2 to a point where these were to be had. 

The first observations were made on July <t; the last on the 12th. The weather was good on 
the summit, the storms generally occurring several thouRand feet below. 

Leaving Pakaoao at Sa. m. of the 13th the party divided, the greater number returning by 
the way of Olinda and Makawao, and taking the instr11ments. l\Ir. Wall and myself with a guide 
passed down into the crater (see illustrations No. 39 and 43) 2,600 feet below, autl out the Kanpo 
Gap, reaching Kipahulu at 7 p. m. We arrived at Hana on the 15th a.nd closed the work there on 
the 26th. The weather was very unfavorable. Hana in this respect is a worth~- rirnl of Hilo, and 
although the rain-fall is much less, the nights are generally cloudy. The difficulty ia securing pairs 
of stars may be judged from the fact that one night's work of eleven hours only gave as many 
pairs. Arriving a.t Ka Lae o Ka Ilio on the 28th, the last observations were made on August 1. 
Seventy-five pairs were observed at this station in seven consecutive hours. 
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The night';; list eontained more than onf\ hunrlred pairs. Generally, it may he saill of all the 
stations tlmt lists covering from eight to ten hours' right ascension, and having about one hundred 
pairs, were selected in order to be ready for clear weather at any part oftlie night. 'l'hese extended 
lists, however, were only utilized at a few of the wind ward stations. The work at Kaupo closed the 
observations for the season, and we took the steamer for Ilonolulu, arriving there on the 6th. 
During the remainder of August we were l:'ngagetl in the Go\'ernment Office making duplicates, 
re:uling clironographic sheets, and making preliminary computations. A transit inst,rmnent 
helonging to the (}overnment Snrrny was alsoailjusted and mounted in the new obserYatory. On 
the 30th at noon, my connection with the lfawaiian GoYerment ceased aml I sailed fur Sau Fmu
ciimo, arriving at 2 p. m. of September G. 'fhc following day, work was resumed on the Co:ist 
and Geodetic Survey, preparations being made for the determination of gra\·ity at Lafayette Piwk 
Astronomical Station. Obsef\·ations were begun on September 12 and finished on the 22d. Lick 
Oh8ervatory was the next 8tation to be occupied. On account of the preparations then being m~ttle 
for the formal transfer of the observatory from the Lick tn1stees to the State, it was impracticable 
to make the pendulum observations immefiiately; anrl it was not until Sunday, October 9, that I 
left for Mount Ilarnilton. The intervening time was devoted to reading the chronograph sheets 
for San Francisco, and doing miscellaneous office work. The operations atl\fount Hamilton lasted 
from October 13 to 26. On the 30t.h (Sumby) I arrive1l in Sau Francisco. That part of the instru. 
mental outfit which was obtained here ten months preYionsly was returned to the Suboffice, and 
on No1ember ~3 I left for Washington, arriYing on the evening of the 0th. The instrumeuts 
sliipped by freight from San Francisco on Nornmber 1 arrived in Wasbington on December 7. 
The Smithsonian Institution (our base station) was occupied between December 8 and December 
18. Duplicating records, reading chronograph sheets, mul compntatirrns consnm11d th1~ time until 
.Januar;r 1, 1888, when the reduction of the whole work, fourteen latitude and six gra1ity stations, 
was begun. 

TRIANGULATION. 

The trigonometrical connections were executed by the GoYernment SurYey, and the geodetic 
latitudes, computations relating thereto, and the sketches of the triangulation were furuii;hed by 
Professor Alexander. The following extract from the Hawaiian Survey report for 1872 refers to the 
base mea,surement on l\faui and the angle measurements for the primary triangles connecting the 
islands: 

• • • At the same time they (the U. S. Coast Snrvey) sent us a complete set of apparatus used in measuring 
MnhRirliary lmse-lineR. • • • A ha.Re-line was chosen 4+ miles in lenbrth, crossiug tlrn istlrnms of Maui nearly at 
a right an~le, th" northern end being 7 feet and the southern 164 feet above mean tide. At't-Or gr.::ding and clearing 
Uw lint', and making a preliminary measurement with a long wire, the final moa3uroment with the rods was com
menced August ll'l, 1871 and finished Reptember 8. The mean tempera.ture of tlrn bars during the wholu measurement 
was 94° }'ahr. The final corrected length of the line is 6,667. 79 metres and the probable error of the measurement 
is believed not to exceed au inch. • • • The true bearing of the line was determined by a long series of obser
vations at the South Base on tho Pole star and a lantern set on the North Base, the oxact time being noted by a chro· 
nometer. • • • Tho angles of the primary triangles were measured with a transit theodolite ma.de by Troughton 
& Simms of London, with a horizontal 12-inch circle reading to one second by two micrometer microscopes, and a 
v»rtical 12-inch circle reading to five seconds by two vernie,rs. It is completely fitted for night observations on 
Atar8. The telescopo·lrns gener:>lly been used with a magnifying power of 36, and is remarkably clear. The closing 
error of the first quadrilateral was one second. 

fJONliECTIONS BETWEEN TIIE TRIGONO)IETRICAL AND ASTRONOMICAL 15TATIONS, AND GEODETIC 

LATITUDES OF TilE LATTER 

Kauai. 

Of this island only a preliminary triangulation exists. ft was made with a small instrument 
and the Jatitrnles 011 which it was bmied am only approximatiYe. The geodetic latitudes are 
deri\'etl from Lieutenant Welling's laiitucle of the Waimea transit of Venus station, given as 
210 57' 12". 

Waimea: 
<p = 21° 57' 12". .Astronomical station is 11.8 feet due east of transit of Venus pier. 
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UNITED STATES COAST AND GEODETIC SUHVEI. 477 

Kol,oo: 
<p = 21° 52' 40". .Astronomical and trigonometrical stations identical. 

Hanalei: 
<p = 220 12' 10". Astronomical and trigonometrical stations identical. 

Oahu. 

The Oahu latitudes arc based on Major Tupman's determination of the latitude of the Transit 
of Venus station in 1874, which is given as 21° 17' 57".00. 

Puuloa: 

Kahuku: 

muth 20 0'. 

HoMlulu : 

rp = 21° 19' U.l".22. From trigonometrical to astronomical station is 47.2 foet; azi
muth is 175° l', counting from south around by west. 

rp = 210 42' 16".08. From trigonometrical ro astronomical station is 333.6 feet; azi-

rp = 21° 18' 2".32. Astronomical station 537 .O feet north and 310.4 east of Transit of 
Venus pier. 

}l:fau·i. 

The Maui latitudes are based on observations made at North Base by W. D. Alexander in 1872, 
the latitude adopted for north base being 200 54' 20". 

Haiku: 
<p = 200 56' 3" .98. Trigonometrical to astrouomical station = 2,185.4 feet; azimuth 

is moo 4'. 

Pakaoao (Halea.kala): 
<p = 200 43' 21".73. Trigonometrical to astrouomical station, 71.8 feet; azimuth, 1450 

12'. 
Kaupo (Ka Lae o ka llio): 

rp = !!00 37' 41".02. Trigonometrical to astrouomical station, 384.8 feet; azimuth, 
uoo 40'. 

Hana (Kauiki): 
<p = 200 45' 47".47. Trigonometrical au<l astronomical station identical. 

Laltaina (1883): 
<p = 200 52' 53".19. Trigonometrical 'court-house) to astronomical station, 41~.4 feet; 

azimuth, 1400 18'. 
<p = 200 52' 7".47 (carried frum Ilonolulu). 

Hawaii. 

The latitudes on this island are provisional, beiug based ou tlill latitude of l'uuloa (Kobala) 
station, which was carried from Maui by tho triangle, Ilalcakala-Kahoohme-Puuloa; of which 
only the angle at IIaleakala has yet been accurately measured with thll 12 inc!J transit. 

Koliala (Kaukola Pt.): 
<p = 200 15' 17", 71. 'l'rigonometrical to astronomical station, H.3 foet; azimuth, 2660 

51'. 
Hil-0 (Halai ): 

Ka Lae: 

Kailua: 

'P = mo 43' 30".36. Trigonometrical to astrnnomical station, 10.0 feet; azimuth, 51° 
37'. 

(Not yet oonnected.) 

<p = 190391 3".78. North meridian mark of Transit of Venus station of 1874. 



 

478 UNITED STATES COAST AND GEODETIO SURVEY. 

Geodef'ic connection between Honolulu and Kahuku. 

FIRST SERIES OF TR!ANGl.ES. 

Station. A ] I: Di.stance In To--

l---· 
______ -~~-~~-,~~~es; !~gs. 

I 

I . 

East Base,* 

West Base. 

Puu Ohia. 

West Dase. 

Puu Ohia. 

Salt Lake. 

3 i Puu Ohia. 
I i SaltLake. 

Puowaina. 

4 Salt Lake. 

6 

1 Puowaiua. 

Puuloa. 

Salt Lah. 

Puuloa. 

Ewa church. 

PunloJ.. 

l Iunouliull. 

gwa church. 

613 Salt Lake. 

7 

Puulua. 

llonouliuli. 

Ewa church. 

llunuuliuli. 

. Mauua.una. 

8 ! !Jonuuliuli. 

9 

IO 

! ~L1un.J.m1a. 

\\'aipio J\lauka. 

Ewa church. 

M:rnnauna. 

\Vaipio Mauka. 

Ewa church. 

Ilonuuliuli. 

Waipio Mauka. 

I II 

74 22 18 

68 58 53 
36 38 49 

85 22 15 

66 49 35 
27 48 IO 

3.4734891 

3.6812399 

3.6676978 

3.6812399 

4· 0110349 

3· 9759190 

\Vest Base. 

l'uu Ohia. 

East Base. 

Puu Ohia. 

Salt Lake. 

West Base. 

51 47 35 4. 0110349 Salt Lake. 

23 25 55 3. 9209397 Puowaina. 

104 46 30 3. 6251491 Puu Ohia. 

!OJ 29 47 

36 53 39 

39 36 34 

3· 9209397 Puowaina. 

4. 1042629 Puuloa. 

3. 8948212 Salt Lake. 

56 43 oo 3. 1$948212 Puuloa. 

63 28 05 3. 8802911 Ewa church. 

59 48 55 3. 9097723 Salt Lake. 

39 07 '4 3. 88o2911 Ewa church. 

73 25 12 . 3. 8642221 l'uuloa. 

67 27 34 i 3. 69873z1 Honouliuli. 

37 05 24 

102 35 16 

40 19 20 

68 47 33 

3. 8948212 Puuloa. 

3. 864226 i Honouliuli. 

4. 07 3292 Salt Lake. 

3. 6987321 Honouliuli. 

88 38 04 4. o84rn27 Maunauna. 

22 34 23 4. l 144346 Ewa church . 

36 57 46 4. 0841027 Maunauna. 

45 58 52 3. 86(14928 Waipio Mauka. 

97 03 22 3. 9442002 Honouliuli. 

24 59 35 i 4· 1144346 

23 24 30 3· 8664763 

131 35 55 3.8397391 

Maunauna. 

Waipio Mauka. 

Ewa church. 

93 47 07 

51 40 20 

34 32 33 

3. 6987321 Honou!iuli. 

3· 9441872 

3.8397153 

I Waipio Malika. 

i Ewa church. 

*Azimuth from \\"est Base to Ea.st Ba.se 29i:9 2.i:/ 3s". 



 

UNITED STATES COAST AND GEODETIO SURVEY. 

Geodetic connection between Honolulu aiid Kahuku-Ooutinueu. 

II 

12 I 

13 

14 

15 

16 

17 

18 

19 

20 

21 

FIRST SERIES OF TRIA:-!GLES-Continued. 

Station, 

~launauna. 

\Vaipio Mauka 

:lfaili. 

\Vaipiu Mauka. 

Maili. 

Pcahinaia. 

l\faunauna. 

Maili. 

Peahinaia. 

Waipio M:i.uka. 

~launauna. 

reahinaia. 

Maili. 

l)eahinaia. 

Mokukia. 

Mai Ii. 

Mukulcia. 

Puaena. 

Maili. 

Mokuleia. 

Kawcla. 

Maili. 

Mokuleia. 

Pupukta. 

Maili. 

l'uaena. 

Pupukea. 

Maili. 

Pupukea. 

Kawela. 

Pupukea. 

Kawela. 

Waialce. 

Angle. 

fl 

120 05 51 

27 37 30 

32 16 39 

55 57 38 l 
62 19 44 
61 42 38 

56 53 54 
94 36 22 

28 29 44 

83 35 08 I 

63 Il 55 I 

33 12 Si 

121 40 12 

27 20 o6 

30 59 .p 

42 20 12 

61 CXJ 48 

76 30 00 

81 44 IO 

67 55 -+5 
30 zo 05 

69 UI 27 

73 33 53 

37 24 40 

26 41 15 
125 .p 35 

27 36 Io 

12 42 43 

I 17 36 12 

49 41 05 I 
l 

Vistance in : 
metre~ ; logs. ; 

3.8664846 

4.0760298 

3.8o51476 

4.076o298 

4.0496410 

4.0785199 

3· 8o51476 '. 
4.0496368 
4. 1251419 

3. 86648.i6 

4. 0785u7 

4. 1251397 

4.0496365 
4. 2678341 

3.9998552 

,;. 9998552 
3.8403522 

3.9545269 

3.9998552 
+ 2219872 

4.2634687 

3.9998552 
4. 1:l650<J8 I 

4• 1981698 I 

I 

3:9545269 ! 

3.9409944 
4· 19S1757 

4. 1981757 

3.6584588 

4.2634586 

3s 36 19 I 3.65ll458S 

56 01 51 1 · 
I 

3· 4550330 i 
85 21 50 3· 5786138 i 

Tu-

\Yaipio Mauk.a (Av.). 

'\laili. 

'\launauna. 

Maili. 

Pcahinaia. 

Waipio Maub. 

'\faiJL 

Peahinain. 

:'>launauua. 

M~unauua. 
Pcahinaia. 

Waipiu '\fauka. 

Peahinaia. 

l\Iokuleia. 

Mai!i. 

Mokuleia. 

l\1ac:nn.. 

Maili. 

'\Iukuleia. 

Kawela. 

Maili. 

Moknleia. 

l'upukca. 

!lfaili. 

Puacn:t. 

l'upukca. 

~bili. 

I'upukca. 

Kawcla. 

Maili. 

Kaw~ht. 

W:iialce. 

Pupukea. 

_, ________ ....!.....-------·------ -
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480 UNITED STATES COAST AND GEODETIC SURVEY. 

Geodetic connection between Honolulu and Kak·uku-Continued. 

FIRST SERIES OF TRIA:-rnu~s-Continued. 

22 

23 

2 

Station. 

Kawela. 

\Vaialec. 

Kahuku. 

Kawela. 

Kahuku. 

Puu Ki. 

Kahuku. 

Puu Ki. 

Laie. 

East ]lase. 

·west Base. 

Puu Ohia. 

\Vest Base. 

l'nu Ohia. 

Leahi. 

3 \Y (;St Base. 

Leahi. 

Konahuanui. 

4 West Base. 

l'uu ( lhia. 

Kaimuki. 

5 'Vest Base. 

6 

7 

8 

Kaimuki. 

Konaln13.nui. 

ho11alm:i.nui. 

J\lakajlllll. 

Kona.huanui. 

l\lakapuu. 

Mokapu. 

Makapuu. 

Mokapu. 

Kailua. 

I An"le I Distance in I To--
I " · I metres ; logs. I 

:--:~-~1----- I 
! 67 25 30 i 3. 4550330 . Waialee_ 

46 00 00 

23 56 44 
IIO 03 16 

43 49 56 

II I o,:; 40 

25 06 24 

3· 7115656 Kahuku. 

3· 7417353 Kawela. 

3· 7417353 Kahuku. 

3. 6258340 . Pun Ki. 

3· 3772851 I Kawela. 

1· 6258340 Puu Ki. 

3. 8386o65 Laie. 

3. 9681296 Kahuku. 

---------·-----'------

Sm:orm SERIES oF TRIANGLES. 

74 22 18 

68 58 53 

36 38 49 

99 20 37 

44 46 54 

35 52 29 

96 15 41 

51 05 05 

32 38 14 

74 54 29 

57 20 13 

47 45 18 

71 50 33 

70 05 28 

38 03 59 

5S 55 33 

83 JZ JO 
3i 31 57 

81 36 56 

43 38 52 

54 44 12 

29 37 22 

56 44 38 

93 38 00 

3. 4734891 West Base. 

3. 6812399 l'uu Ohia. 

3· 6676978 East Base. 

3. 6812399 Puu Ohia. 

3. 907 5307 Leahi. 

3. 7611551 West Base. 

3. 7611551 Leahi. 

4. 0266979 Konahuanui. 

3. 9203320 West Base. 

3. 6812399 l'uu Ohia. 

3. 7966o22 Kaimuki. 

3· 7370851 Weol Base. 

3· 7370851 Kaimuh 

3. 9249164 Konalrna11ui. 

3· 9203364 West Base_ 

4. 0266979 Konahuanui. 

4· 1746572 Makapuu. 

4. 2391650 Lcalii. 

4. 1746572 

4.2580303 

4. 1016866 

4.258o303 

3.9528837 

4· 1812287 

Makapuu. 

l\lokapu. 

Konahuanui. 

Kailua. 

Coolidge's Station. 

Mokapu. 
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UNITED STATES OOAST A:ND GEODE'rlC SURVEY. 

Oeodetfo connections bet1oeen Honolulu and Kahuku-Coutiuued. 

SECO~D SERIES OF TRIA):GLES-Continued. 

I 

I ' \ 1 : Distance in 

---1 
Station. ' ng e. I metres; logs. To-

. i /_: ----- ------1------

I , Mokapu. 

Kailua. 

Coolidge's Station. 

10 1\fokapu. 

Coolidge\; Station. 

Puu Ohuldmle. 

II Mokapu. 

I 
Puu Ohulchule. 

Laie. 
.! 

26 II 27 3.9528837 Kailua. 

85 49 18 3.6305515 Coolidge's Station. 

67 59 15 3.9846004 :'-fokapu. 

57 3.9846004 C(Jolirlge's Statioll. 

86 06 14- 4. 136_)347 l'uu ( Jhulehule. 

36 27 38 4.2096I2z Mokapu. 

24 38 oz 4.2006122 Puu Ohuldrn!". 

129 54 49 4. 1963_,05 ! Laie. 

25 27 09 4- 4611861 Mokapu. 

---·~--------

I 

The Peaks of Konahuanui and l'uu Olmlehule were not occupied with instrumellts. 
Latitude of Laie, first series, 21° 38' 40".65; second series, !H0 38' 40".53. 
Azimuth from Laie to l\Iokapa, first series, 318° 1' :n11.G; second series, 318-'.. l' 24".1. 

H.Ex.22-31 

Su11n11ary. 

Station. 

I !onolulu Observatory 

Kahuku, trigonvrnetric. 

Kahuku ()\J~ervalory. 

Difference. 

Deflection of plumb-line. 

( :endetic. .\stronornic. 

'I If 

2 I IS 2. 3 21 18 2. 5 

214z19.21 

21 42 16. I i 
02413.8) 

! 
---- ------ ! 

I 

21 4J 6. I 

0 25 3. () 

0 0 24. !) 
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482 UNITED STATES OOAST AND GEODETIO·SURV.EY. 

Geographical positions. 

OAHU. 

I-· __ :'~""" . _ .••••• ! .... g,,,=----i--· Second series. ---1 
I 

<p I .:t ' 
Station. 

,'\. 

I 

. I i 
I 0 If I ~- " i 

'P 

II 

\Vest Base. 21 17 48. 16 157 50 55.79 \Vest Base. 

I Puu Uhia. 21 19 43.20 49 03. 22 Puu Ohia. 

I Salt Lake. 21 21 33.62 54 39. 17 East Base. 21 17 12, 70 I PuW=. 
21 1911.76 58 25.64 Konahuauui. 

Honouliuli. 21 21 55. 87 158 01 29,45 Leahi. 

Ewa church. 21 23 16.62 157 58 58. 89 Makapuu. 

21 20 57.58 
21 15 20. 59 
21 18 15. 75 

Waipio Mauka. 21 26 38. 671 158 00 44. 18 Mokapu. 

Maunauna. 21 27 42. 86 04 50. 23 Coolidge. 

Peahinaia. 21 33 03.30 157 59 37. 83 Puu Ohulehule. 

21 27 01.07 
21 24 05.61 
21 30 30. 59 

l\laili. 21 3f 03. 81 158 05 45. 93 Laie. 21 38 40.53 
Mokuleia. 21 34 29.10 IO 15.33 
Puaena. 21 35 53.45 o6 32. 14 
Pupukea. 21 39 I!. 30 02 54,46 
Kawela. 21 39 35. 44 00 18. 14 
\Vaialee. 21 40 42. 861 01 26. 22 
Kahuku. 21 42 19. 21 I 157 58 59.79 
Puuki. 

1. 

21 40 or. 821 59 00. 17 
Laie. 21 38 40,65 55 16. 57 

I 

Geodetic connection between Haiku and Kaupo. 

Station. 

-- - -------------/-

2 

3 

North Base.* 

South Base. 

Piiholo. 

North Ba:;e. 

Piiholo. 

Haiku. 

South B'-">e. 

Piiholo. 

\\'hite Hill. 

4 Piiholo. 

White Hill. 

Hanakauhi. 

FIRST SERIES OF TRIANGLES. 

' 
Angle. I Distance in To--metres; logs. 

... 

13. 8239822 • 
0 , II 

100 25 07.5 South Base.* 

59 25 23 4.2794300 Piiholo. 

20 og 29. 5 4.2216265 North Base. 

29 17 39 4.2216265 Piiholo. 

45 II 15 3.9273226 Haiku. 

105 31 o6 4.0886547 North Base. 

34 16 21 4.2794294 Piiholo. 

103 41 15 4. 20.p8g2 White Hill. 

42 02 24 4.441o687 South Base. 

25 55 32 4.2041892 White Hill. 

SS 49 20 3.886j102 llanakauhi. 

65 15 08 4.2459353 Piiholo. 

*Azimuth North Base to South Base 27° 35' 25" .o. 

0 II 
I 

157 49 l~.75 

157 47 29.44 
157 48 52. 17 
157 39 20. 16 
157 44 04.68 
157 48 42.59 

157 52 41. 19 
157 55 16. 51 

_I 

Latitudes for 
Col. I. 

0 , I/ 

20 54 20. 0 
20 51 7.8 

20 51 39.8 

20 55 43· '6 

20 43 21. 15 I 

20 44 37. 6 



 

5 

(> 

7 

2 

3 

4 

5 

6 

7 

8 

U}lITHD STATES 00.AS'r .AND GEODBTlO SUll.VEY. 

Geodetic connection between Haiku mid K<titpo-Continued 

FIRST SERfES OR TR !A'\fGLE<;-Continued. 
--·--~-·- -----

Station. Angle. Distance in I 
To- Latitudes for 

metres; logs. l Col. I. 
! 

-----~-----·---
-.------~-------- ·--

White Hill. 

Hanekauhi. 

Haleakala 2. 

White Hill 2. 

Haleakala 2. 

Palaha. 

Haleakala 2. 

Palaha. 

Ka Lae o Ka Ilio (Kaupo). ; 

North Base. 

South Base. 

Puu Pane. 

North Base. 

Puu Pane. 

Piiholo. 

North Base. 

Piiholo. 

Haiku. 

South Base. 

Puu Pane. 

Puu-o-Kali. 

South Base. 

Puu Paue. 

Puu Io. 

Puu Pane. 

Puu Io. 

l'uu-o-Kali. 

Puu-o-J>:ali. 

Puu Io. 

Polipoli. 

South Base. 

Puu Io. 

PuuOla.i. 

·-----
I 
I 

II 

27 22 45 3. 8867102 Hanakauhi. 

1'2 02 20 3.574786 l!aleakala 2. 

70 34 55 3.907938 \\Thite 11 ill. 

18 58 00 3.907938 Haleakal:i 2. 

126 00 45 3. 661028 Pala ha. 

35 Ol 15 4~057010 White Hill. 

Il3 40 00 3.661028 Pal aha. 

46 33 30 4.093537 Ka Lae o Ka Ilio. 

19 46 30 3.992672 Haleakala 2. 

SEcom> SERIES OF TRIA:-rau:s. 

So 37 23.5 3.8239821 

76 55 06.5 4.236o637 
22 27 30 4. 2304866 

19 47 43. 5 4· 2304866 

76 45 24 3. 7630998 
83 26 52. 5 4. 2216265 

29 17 39 4.2216265 

45 II 15 3.9273226 

105 31 06 4.0886547 

38 36 50 4.2360637 

62 39 17 4.0397505 

78 43 53 4. 1930553 

+S 18 22 4.236o637 

79 °5 02 4.2091099 

52 36 36 4.3280282 

r6 25 45 4.2ogr099 

28 38 58 3· 8105550 

134 55 17 4.0397726 

36 Io 
.) 16 3.8105550 

94 35 50 3.7030981 

49 10 54 3· 9301788 

20 01 07 4.3280282 

93 02 20 3.8986264 

66 56 33 4. 3635763 

------~----

South llase. 

Puu Pane. 

North Base. 

Puu Pane. 

Piiholo. 

North Base. 

Piiholn. 

Haiku. 

North Base. 

Puu Pane. 

Puu-o-Kali. 

South Base. 

Puu Pane. 

Puu Io. 

South Base. 

Puu Io. 

P1lU-u-Kali. 

l'uu l'ane. 

J>uu Io. 

Polipoli. 

Puu-o-Kali. 

ruu lu. 

Puu Olai. 

·--------;-

South Rase. 

---------· 

0 I " 

20 +2 37.2 

20 44 21. 4 

20 37 38. I 

20 54 20.0 

20 51 7.8 
20 48 47. 3 

20 5r 39.8 

zo 55 43.6 

20 44 22. I 

20 40 $2. l 

20 40 48. I 
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484 UNITED STATES COAST AND GEODETIC SURVEY. 

Ge<>deNc connection between Haiku and Kaupo-Continued. 

Station. 

9 Puu Io. 

Puu Olai. 

l'olipoli. 

rn i Puu Olai. 

p,,Jipoli. 

Puu \1ahoe. 

II Polipoli. 

: Puu Maha<>. 

' Pimoe. l 

12 I'ulipoli. 

l'imoe. 

Luabilua. 

' Piinoc. 13 
i 

i L11a.lailua. 
1 Shore D. 

q L11ahilua. 

Sht>re 1 >. 
l'uu Pant: z. 

Shore D. 

J'nu I'<me 2. 

Ka Lae-o-ka Ilio (Kaupo). 

SECOND SERIES OF TRIANGLES-Continued. 

, I 
Angle. To-- Latitudes for 

Col. I. 
I Distance in i 
I metres; logs. I 

------!! ______ ' -----------------
0 / /~ j o I ff 

148 24 I 2 I 3· 8986264 Puu Olai. 

12 12 51 4. 0969330 l'olipoli. 

19 22 57 3. 7031012 l'uu Io. 

22 12 IO 4. 0969330 ' l'oli1x>1i. 

21 58 00 3· 8311961 ]'uu Mahoe. 

135 49 50 3.8267852 Puu Olai. 20 38 26.6: 
I 

20 34 09 3. 8311961 Puu :-.lahoe. 
l 

99 32 42 
: 3.439891:? Pi1noe. 
' 59 53 09 i 3· 8881117 Polipoli. 20 37 9·3 

53 °7 5° 3· 8881117 Pimoe~ 

57 58 50 i 3. 8213768 i Lualailua. 

68 53 20 ' 3. 8466126 ' Polipoli. 20 37 18.8 
I 

24 04 45 ! 3· 8213768 .Lualailua. 

IOJ 30 00 i J· 5JZ'.iJ7 Shore D. 

52 25 15 
i 
I 3 9101 IO i 1'iinoc. ::!O 35 J2. 2 

112 30 00 ' 3· 532937 Shere I>. 

48 12 20 ,i 3·'Ji9482 Pim }Jane 2. 
i 

I') 17 40 3 . 886.u::> Lualailua. 20 .:i'I 54·7 

, l'uu l 'ane 2. 

! Ka Lae-o-ka l!io. 

44 36 35 

102 05 00 

33 18 25 

3.979482 

4.086318 

4. 230081. 
... s_·1-1o_r_e __ D_.______________ --zo-37 3_8. 1 j 

In the first series, the stations were occupied with the 12-inch transit reading to single sec
onds, except Ilauakauhi, Haleakala. 2, and Pala.ha, which were occupied with 5-iuch transits. 
\Yhite Hill is also called Pakaoao, and Palaha is the" Pohaku·oki-aina," i.e., the rock where the 
boundaries of eight districts meet. 

In the second ~eries, the angles of the first ten triangles were measured with the 12-inch 
transit, except those at Polipoli. The remaining angles of the series were me.a.sured with smaJI 
instruments. 

Geodetic latitude of Ktt Lae-o ka Ilio, 1st series, 200 371 3811.06; 2d series, 3811 .07. 
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St1tion. 

' llaiku: 

Trigornlm<.:tric. 

Oli;;ervatory. 

1 
Kaupo: 

Trigtmometric. 

Ohsen ,1 ti iry. 

l Jiffcrencc. 

Summary. 

----:- -. ------1 
Latitu.<les. ___ ! 

( ~codetic. .\stron01nic. i 

I 
0 / 

:eo 55 43· 6 
i 20 56 4. o 20 56 2. (, : 

:~() 37 .;S. I 

~ _"lo 37 .p. •> , 2n 3t) 40. ~. 

19 2 I. 8 

l )eflcction of plumb-line· 

l)akaon.o: 

Trigonometric. 

( H)scn·at<iP:. 

20 43 ZL 2 

2U 4J ,,1.(1: 2T 42 51.n 

Lil.TlTUDE. 

485 

The method employed was that described in the U. S. Coast and Geotietic Snr\'ey Report for 
1880, Appendix No. 14. Pairs of stars were chosen whose zenith distances ranged from oo to GOO 
and whose differences of zenith distancetl were not greater than 4'1 minutes. A.n examination of 
eleven stations where stars were observed up to these limits shows that the results from such stars 
are generally as satisfactory as those from normal pairs. The mean difference between tbe results 
for low stars and normal ones is not greater than the probalile error of observation. Ninety sec
onds between pairs, and 3-0 seconds between stars of the same pair, was the shorteRt time allowed. 
The stars were chosen from Appendix No. 7, Report for 1876, and from the catalogue of l~,4!1 
stars observed at the Cape of Good Hope by Stone. These two lists will furnish pairs at the rate 
of eight or ten per hour for latitudes near 20°. The instrument used was meridian telescope No. 
1 (illustration No. 47). 

The reductions of the stars in declination from the mean place at 1887.0 to the apparent place 
at the time of observation were effected by the use of the following formulru: 

-gdG sin (G+a)+dg cos (G+a) 
[-hdH sin(H+a)+dk cos (H+a)] sin o 

di cos 0 

Where the letters have the same signification as in the American Ephemeris. By this method the 
computations were considerably abridged with no sacrifice of essential accuracy. The apparent 
places for thirty pairs on two dates can thus be derived in seven hours. 

The above formulru are derived from the ordinary reduction formula by dUforentiation, consid· 
ering the tabular differences of the quantities that vary with the date as the differential co-effi
cients of the quantities with respect to the time at the date already computed. The method is 
explained in detail in the Journal of the Franklin Institute, .April, 1889, and also in .Appendix No. 
13 to this volame. 

The mean declinations of the stars for the epoch 1887 .0 were furnished by the Coast and 
Geodetic Survey Office. The treatment of the subject is set forth by Mr. C. A. Schott in the fol
lowing extract from a. communication to the Assistant in ch a.rge of the Office : 
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"The method of rerluction and combination for obtaining mean places of stars (in declination) 
followed in the Computing Di,'ision of the Coast and Geodetic Survey, depends mainly on the 
investigation made by Lewis Boss in connection with the U. S. Northern Boundary Survey and as 
presented in bis report of February, 187i, ou the declination of fixed stars. 

"The places obtained bs the individual catalogues are weighted on a scale nearly identical 
with that used hy Boss (pp. H>O, 161 of his report) or by Anwers iu his fundamental catalogue. 
For catalogues later tlian 1835 these weights vary between 0.5 and 6. 

"\Vi th respect to the number of observations, n, the relative weights are put proportional to 

(1 + ~ )-
1 

so that for instance l, 6, and 60 observations would receive th<l relative weights O. l, 

0.5, and 0.9 nearly. 
"The probable error of the unit of weight is taken equal to ±0."37, a Yalue intermediate 

between those of Boss and Auwers; that of the declination at the mean epoch is ± 0.3 7 times the 
(sum)-" of the weights; that of the proper motion is derived from the weigh tis as explained below, 
and the tabular probable error is obtaiued by combining the last two. 

"The systematic corrections to the declinations are taken from the report of Boss, page 175 
et seq., with some additioual columns for special catalogues; these corrections depend on the 
declination argument alone, those depending on right ascensions being not considered. 

"Unless the proper motion of a star (in declination) is given in Auwer's catalogues, it is spe
cially made out from discussion of the individual values for the declination by each catalogue with 
application of the method of least squares and the use of weights, which latter depend on the 
square of the pifference of time elapsed between some adopted average epoch (say 1855) and the 
epoch of the particular catalogue. 

"'Vhen, however, tliere are no later observations than are used in the Northern Boundary 
Survey Catalogue of Boss, N ewcomb's Zodiacal Stars, or Safford's declinations, or where later obser. 
vations correspond pretty closely with those authorities, no such special calculation was believed 
necessary. 

"In accordance with the above principles, the mean places of stars required by the Coast and 
Geodetic Survey are now made out and presented in tabular form by Mr. IT. Farquhar, of the Ocm· 
puting Division, who has special charge of this class of computations.'' 

Inclination of micrometer tkread. 

At Puuloa, Kahuku, and Waimea, the micrometer thread was not coincident with the tangent 
to the star's path when crossing the meridian. As this defect could not be remedied immediately, 
it became necessar.r to determine its inclination in order to correct the micrometer readings for 
those stars that were not observed at culmination. This was done by bisecting a number of stars 
at each station either before or after culmin!J,tion, and noting the time and readings of the microm· 
eter, aud comparing these with the regular meridian observation. For north stars the extra 
bisections were made after culmination and for south stars before it; the position of the rack for 
counting the micrometer turns, which encroached considerably on the east side of the field, made 
this course necessary. 

The reading of the micrometer was .first corrected for the change in altitude of the star 
between the point of observation and the meridia.n. The difforence between this corrected reading 
and the reading at culmination gave the error due to the inclination of the micrometer for tbis 
particular distance from the meridian and for a star of this declination. Dividing by the time in 
seconds and multiplying by the secant of the declination, we have the error in reading when an 
equatorial star is bisected one second from the meridian. This was done for a number of stars 
and the mean correction found to be 0.062 divisions. 

The correction to be applied to any particular star would therefore be Qd.Q62 t cos 8 and the 
correction to the latitude in seconds of arc 0" .02 t cos o; t being the distance from culmine.tion 
expressed in seconds of time. For stars bisected before tho meridian the oorrection is negative, 
while for those after the meridian it is positive. 
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jJficrometcr. 

The value of one revolution of the micrometer screw was determine.d eleven times during tho 
course of the work. Five times, Polaris was used near west elongation, and the times were noted 
by the eye.and-ear method to the nearest second of time. The chronograph was used six times, 
somewhat faster moving stars being i;hosen, and the recorded times were read off to the nearest 
tenth of a second. The following table gives the stations, method, time, and results of the sepa
rate determinations: 

Stallon. 

\Vaimca. 

Do. 

Jianalei. 

Do. 

Do. 

Honolulu. 

Do. 

Do. 

Pakaoao. 

:\lethocl. 

Eye and car 

]lo. 

l Jo. 

Do. 

Do. 

Chronograph. 

Do. 

I>o. 

Do. 

Do. 

:\lonth. l nchYi<lua1 Yalues fur 
Yalues. .station. 

II II 

6+ 3S } 
', 

0

64.36 
. 34 I 

Fet1n1a1y. 

I Ju. 

. 30 i 1 

. 3ri i ( . 31 

. 32 J 

:\larch. 

llo. 

Do. 

. 36 ;I·,} . 37 . 36 

. 35 

June. 

Do. 

Do. 

July. 

Vo. 

/ __ ~~::: ___ _ Do. 
:: I} .37 

Do. . 40 I 
------~-'·----------

Mean adopted value= 64".350 ::!:: 011.0l. 

The value of one division of the level was determined at Hilo by means of the eye-Jlieee 
micrometer. 

Four determinations were made on different parts of the screw with the following results: 

Rev. Rev. 

From 0 turns to 10 turns 1 division = .01423 ± .00009 
From 10 turns to 20 turns = 46 ::!:: 10 
From 20 turns to 30 turns 25 ± 13 
From 30 turns to 40 turns 31 ± 07 
Adopted value 1 division= .01429 ::!:: .00005 

A previous determination at Kahuku Oahu gave 0.01428 revolutions, so the Hilo \"alne is 
accepted, and we have finally 1 division of level, 0".920. 

lJiscussion nf the results. 

Assuming that the probable error of observation is the same for each pair of stars, its mean 
value from all the pairs is given by the formula: 

eo = J <i:45_5 ~.J_: 
n-m 

Where ~.dz= sum of all the resid.ials obtained by comparing each mean result with the individual 
values for that pair; m = the number of pairs having at least two observations, and n = the total 
number of observations on the m pairs. 
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Admitting that co represents the best attainable value for the probable urror of observation 
of any pair, the probable error of any mean result from a pair will be 

£ = /([45lf~L]z ___ e_!I_ 
' Yn,rn..::_mr-vn, 

vnwrp n, j;; the number of observations on tl1at particuJar·pair. 
If p =the total nllmber of pairs•obi:<erved at a station, a wean value of £ will be given by the 

formula 

[!] being the sum of the reciprocals of the separate values of n. 

'.l'he probalJle error of the latitude ( <p)from any indivi<lnal pair being givcu by 

the probable error o.f the mean of two declination<> results from too formula 

e5_ V e2:._~i-
- </> 

The declinations of each of the stars of a pair are regarded as affected with the same probable 
error. The weight (ir) assigned to each value of cp depcrnls on the accuracy of the star's places 
and the number of times the pair was observed. 

Ilence the scale for weights is determined by 

·where a star onters into combination with several othern, these weights are modified by mul-
') 

tiplying by -~1 whem c is tbe number of pairs in tbe entire combination. c+ 
The finally adopted latitude is 

with a probable error of 

e</> = JQt:~ 1~4:f 
Assuming that the probable error of observation (e0) is equal to 0".50 and the probable error 

of a single declination 0'' .30, the following tabl~ has been calculated showing the relations between 
the number of pairs, the number of nights, and the probable error of the mean resulting latitude : 

Number of 
. ni(;hts . 
' of observations. · 
! 
I 
I 
i !---·-----

3 

5 
1 

Number of pairs observed. 

5 30 

Resulting probable error of mean result. 

" 
0, 17 

. 15 

.13 

" I n I " " " I 
0.12 i 0.09 i o.o8 0.07 0.07 \ 

.Io i .08: .07 .o6 .o6 

·09 / ,07 ! .06 .06 .05 / 

·-----------'I 
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The following tables give the summary of results for all the stations and the separate values 
for each one of them : 

Station. 

Puuloa. 

Kahuku. 

\\'aimea. 

Koloa. 

IIanalei. 

ll<mululu. 

Kohala. 

Hilo. 

Summary of results. 

Latitude. 
l'Kumherofl , I i 
. l t . I N um her of' Number of I .' e ;"'.. pairs. I ni~hts. I mma 10ns. I · 

21 19 1;:611 
21 43 06. I I 
215700.S 

21 52 13. 2 ,I 

22 12 56.5 

21 Is 02. s I 
20 15 29. 31 
19 43 II.2 I 

18 53 51.7 I 
I 

74 
88 

120 

97 
II6 

82 

31 

33 

33 

33 

41 

37 

3 

4 

7 
6 

4 

3 

. 45 

. 43 

.46 

. 43 

. 53 

. 51 

193820.91 43 35 4 .51 

"o ~,1 

II II 

±o. 37 ±0.30 2.50 

. 3~' . 48 I 2.27 
I 

3.80 . 24 . 25 I 

. ~q . .50 2. 2(1 
I 

. 2.S . J::! 3· 2 4 

. 2~l . 41> 2. )2 : 

. zS .5q I. 93 

. 48 . 49 I. 93 

. 36 .56 I. 71 

.4S . 67 I. 41 

20 56 02.6 i 75 38 5 .53 

20 42 51.0 I 62 21 s .41 .3s .so 2.11 I 
. 37 ·49 I. 95 

t-'r:) 

It 

±0.09 

.10 

.06 

• IO 

.07 

"''9 
. II 

• IO 

.11 

. 14 

• I 2 

.11 

Ka Lae. 

Kailua. 

Haiku. 

Pak1rnao. 

Hana. 

Kaupo. 

I I 
' 20 45 38. 9 ! 68 . 47 I 5 • 53 . 48 . 571 l. 63 I . 11 

i 20 36 40. 8 i 90 i 35 I 6 . 68 . 46 . 49 1. 42 ! • 1 2 

:~==1---~;----;-1---5-' ~~,--o. 36 --o. 48 ll--2~li-;:;:-;;,-l\lcans. 
! I j : 

r0 --= probable error of sini!;le individual result for <p from one pair of ~tan;. 
< .·= probable error of <p from observations on one pair. 

el -~ probable error of mean of two declinations. 
w = weight of <p from one observation. 
'• ·=probable error of resulting latitude from all observation:;. 

·~---------------
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Summary of results-Continued. 

PUULOA. <p=2lo 19'.3. 

Star numbers. Values from single observations. i :t-.·leans. 

-~----

11 rt " rl 

255 264 15. IO 14.95 14.85 14.97 

264 277 14. 82 14.46 15. JI 14.86 

289 303 17. 33 16.54 14.76 16. 21 

348 354 16. 21 17.15 15.86 16.41 

382 386 15. 31 16·08 15.76 15. 72 

397 418 14.02 14.02 

471 478 14. 57 14. 58 15.20 14.78 

484 496 15.96 14.86 13.74 14.85 

504 5o6 14. 47 17. 37 16.68 16. 17 

551 557 16. 14 16. 14 

567 573 15.50 15.40 12.93 14.61 

2640 6oo 16.oo 15- 17 17. 81 16.33 

615 620 14. 72 15.84 15. 78 15.45 

630 637 15. 98 15.83 15.go 

652 654 15.49 15.06 14.24 14.93 

662 672 15.08 14.73 15.99 15.27 

686 689 15.02 15. 75 15.38 

7o6 715 16. 84 15. 81 16. 32 

729 3745 15. 29 17. 40 16. 35 

747 756 16.22 15. 74 16.79 16.25 

772 779 16. 17 16,95 15. 19 16.10 

785 4342 15.89 14.48 14. 16 14.84 

804 8o9 15. 18 15. 44 15.07 15. 23 

4621 . 814 15.07 15.82 15.35 15. 41 

829 840 16. 34 16.18 16.26 

871 887 14. 77 14. 17 14.47 

901 905 16.52 15.70 16. I I 

933 937 16.51 15.95 16.23 

946 949 15.37 16. 19 15.78 

Mean. *15. 58 

·--------------
• Weighted mean depending on the probable errors of observation and declination. 
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Summary of results-Continued. 

KAHUKU. rp=21° 4j' .I. 

Star numbers. I Values from single observations. 
i 

Means. I 
-~---------· · 1- ----~~-----

I 
_____ , ____ ~--

i I ,, fl ,, f/ f/ ,, I 
348 35° ! , ,. I 

4.62 I 5. 12 4.9s I 
354 365 5.62 5. 51 5.56 
382 386 ; 4.12 7.23 5.85 5.73 

I 

s.8o I 397 407 ! 5.84 5. 17 6.05 6.65 5.90 

429 444 i 7. II I 7. 49 6.71 7. IO 

451 462 5.02 I 3. 55 I 4.28 
I 

474 477 7. 89 ! 5.97 6. 16 6.67 

484 496 7. 63 : 6.94 6.90 7- 16 
501 509 5. 50 I 

I 
7.27 7. 56 . 7.61 6.99 

515 519 6. 12 i 6.67 6.29 6.63 6.43 

524 
5341 

6. 53 I 6. 13 6. 13 6.26 

541 558 4-35 3.77 5. 17 4.43 

541 561 5. 33 6. 28 5- 87 5.83 

567 573 +45 6.39 5. 62 5.49 
6o2 6o4 6.12 7.22 6.67 

616 621 5. 18 5. 51 5.56 5.42 

634 647 6.81 6.82 7. 50 7.04 

652 6541 6.07 7.37 6.72 

677 689 6.82 7. 17 7.00 

699 3531 7·31 6.66 -- - -- - 6.99 

707 725 6.36 6.29 6.32 

742 745 5.67 6.63 6. 15 

752 755 8.48 7. 18 7.83 

765 773 5·42 6. 16 5. 79 
8o8 815 7.19 6.36 6.62 6.72 

866 873 5· 14 5.o8 I 5. II 

5225 884 5.39 5·39 

901 905 7.35 7.70 7.52 

912 917 5.34 6.33 5.83 

921 924 5.65 5·51 5. 58 

945 947 5.95 5.95 

961 965 6.87 6. 16 6.52 

973 985 3.35 5.68 4.52 
1022 1023 I 4.97 4.41 4.69 
1045 1055 I 6.49 4.45 5.47 
1o65 

10721 
6. 17 6. 17 

-----
Mean. 6.07 
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Summary of results-Continued. 

WAIMEA. cp=21o 57'.o 

---------~----

Star numbers. Values from single observations. Means. 

--------~---·-

II I/ ,, I/ II " II 

471 474 0.61 I. 26 0.93 

496 516 0.57 I. 58 0.70 o.97 I. 35 0.93 I. 01 

502 516 0.48 I. 43 0.07 o.45 I. 56 0.27 0.71 

524 534 0.41 I. 81 3.01 I. 23 I. 88 J. 79 I. 6g 

541 558 0. 80 1. 08 I. 43 1.38 0.24 0.67 0.93 

541 561 0.75 I. 28 I. 45 0.50 r. 00 

575 578 r. 15 r. 07 2. 11 I. 73 o. 55 r. 32 

591 6o2 I. 44 o.45 0. 7(, o.88 

609 621 I. 74 0.41 0.05 0.60 o. 70 

6o6 621 0.02 2. JO I. 70 I. 86 I. 42 

639 640 o. 12 o.33 59·91 0. 12 

689 696 I. 96 [. 08 2.03 0.97 I. 38 I. 48 

705 719 0.96 0.83 r. 00 0.93 

726 730 59.61 1.01 o. 94 I 0.52 

733 737 59.55 I. 54 59· 68 I. 39 59· 671 0.36 

742 745 0.64 2. 15 0.28 1.02 

764 ' 0.98 t. r6 755 o. 11 I r. 95 0.95 

4100 769 I. 17 i o.33 0.28 58.96 0. 19 

795 797 I. 18 0.61 I. 88 o.79 I. II 

808 815 2. 14 I. 12 I. 63 
i 

59.85 0.33 i 819 825 0.25 ; 0.75 0.47 
I 

4786 835 0.02 i r.04 0.00 2.32 0.85 

854 86o I. 01 i 0.45 0.96 I. 33 0.94 

866 873 59· 861 59.38 o. 151 0.05 59.86 

5225 884 0.46 I. 56 0.09 2.25 1.09 

887 896 0.50' 0.08 

5;:: I 
59.22 59.95 

900 903 0.05 i 59.98 59. 65 

906 9!1 0.481 I. 57 59· 95 I I. 79 0.95 

921 924 I. 38 I 0.92 0.92 1.07 

3131 659 

__ :~:~ I 
0.49' o. 75 I 59-93 0.57 

I ------1 
-----

Mean. 0.81 
I 



 

UNITED STATES COAST AND GEODETlO SURVEY. 

S1mimary of results-Continued. 

Ko1.0A. 

Star numbers~r- --- .. ~::s-fro~:ingle·::~~ation~ -
I 

575 ~:r· -~;~2-,-1! 1:.171 

591 602 I 13. s1 13. 33 

6o9 621 1

1 13. 54 I 
I 

616 621 : 14. 79 I 
628 2893 

639 640 

3131 659 

689 696 : 

705 
726 

733 
742 

755 

719 ; 

730 i 
737 I 
745 I 
764 

4100 769 

4143 774 
783 4335 

*286o 

795 
8o8 

819 

4786 

797 • 

7971 
815 

825 

835 

839 4913 

839 4920 
854 860 

866 873 

5225 884 

887 896 

900 903 
gOO 91 I 

921 924 

927 5827 

Mean. 

12. 581 
13.35 
12.61 

15.36 

13. 58 

II. 64 

12.21 

14.94 
12.79 
14.18 

12.89 

12.65 
12.81 

13.54 

13.74 
12. 25 

12.51 

13.95 
13.43 
14. 17 

15.18 

12.95 
12.67 
11.86 

12. 27 

13.03 

12.07 

12. 17 

15.36 

14. 61 

13.27 
12.73 

14-44 

12. 83" 

14.08 

I I. 34 

14.20 
12.03 

14.6o 

I I. 65 

12.14 
12. 61 

12. 71 

13.84 

II. 78 

12. 59 
12. 85 

12.99 

12. 66 i 
I 

14.29 

12. 77 
12. 15 

12. 20 

13. 13 

12.93 

13. 15 

12. 56 
12. 61 

12.55 

15. 13 

I I. 87 I 
13. IO i 
12.32 

13.52 
11. 61 

12.95 

II. 94 
12. 8o 

12.90 
13. g(i 

12.02 

12.93 

13.23 
14. 16 

14.23 

13. 91 

12. 36 

12. 35 
12.88 

15. 71 

13. 14 

*B. A. C. 

12. 65 

13. 53 
15. 10 

12.75 

16. 16 

13.80 

12. 32 

12. 28 

13. 12 

13.06 

Means. 

I/ 

12.72 

I 

I 
I 

13. 56 ! 

13. IO 

13.45 
12.93 

14.99 
13.25 
12.92 

12. 86 \ 
14.98 

12.76 

13.03 

II. 95 
14. 71 
12. 56 
14· 39 • 

12. 461 
12. 25 

12.84 

IJ. 05 

13.85 
II. 92 

12.68 

13.40 
13.22 

13.57 
14.50 

13.21 

12.39 
12. 14 

12, 76 

13.89 

• 12.79 

\~~ 
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494 IT.SITED STATES COAST AND GEODETIC SURVEY. 

Summary of results-Continued. 

HANA LEI. <p=22° r2f.9 

------ ---------·· --- --- --·-- ·- - - - ------ ·-----
I 

Star numbers. l Values from single observations. I Means. 

i i 
--------~ ---- -------------- -- -----1------

/f 
I/ I fl // I/ If 

673 3294 56. II 56. 86 I 56. 20 56.39 

704 3653 56.98 57. 08 57.03 

726 743 56.93 55.92 56.86 56.57 

751 4018 56. 24 56.33 54.85 55.81 
766 768 55.38 55.82 56.40 55.87 
770 4159 55.44 57.95 57· 13 56. 84 

774 4240 57.92 56.90 56.03 56.95 
Sor 820 57.61 56.65 57.13 

8o5 820 57.80 5593 56.35 56.69 
828 4786 57.27 57.03 57.15 
836 837 i 57.31 55.86 56.05 56.41 

5°55 864: 57.24 57.68 55.79 56. 61 56.83 

894 896 I 57.27 56.66 56.96 

901 907 56.14 55.38 54. ro 55.21 

910 913 55.81 56.26 55. 73 57· 14 56. 24 

921 924 56.72 56. 15 56.43 

927 5827 57.o6 57.05 57.00 57.04 

947 958 56.28 54· 75 56. 12 54.So 55.49 

963 964 55.64 53.27 56.40 55.34 56.08 55.35 

970 973 55.89 55.39 55.36 54.47 55.17 55· 26 

976 978 56.91 56. 14 56.43 56.21 56.42 

g83 988 56. 14 55.82 56.53 56.64 56.15 56.26 

994 6415 56. 74 55.71 56.22 

6415 998 56.59 57·33 56. 35 56.76 
rooo 1002 56.35 56.07 56.21 

1004 1017 56.64 58. 17 57. 96 57.59 
1004 IOU 56.93 56.62 56.78 

1004 1007 56.97 56.82 56.90 
1022 1023 56.68 57.16 57.62 56.22 56.92 

1030 1032 56.25 57. 75 57.00 

1158 1159 56. 71 57.00 56.85 

u65 II76 57.84 57. 78 57. Sr 

7B91 1203 57.43 56.73 57.oS 

Mean. 56. sr 



 

UNITED STATES OOAST AND GEODETIC SURVEY. 

735 742 
747 756 
772 779 
790 793 
792 793 
795 800 

804 809 
Su 814 
818 822 

829 840 
851 855 
867 873 
88o 887 

5336 895 
901 905 
919 929 
933 937 
946 949 
955 956 
963 97f 

984 991 

997 6487 
1004 1008 

1017 1020 

1032 1037 
1048 1050 
1o61 1072 

1o65 1072 
1082 1086 

1096 1097 
1100 1104 

1112 112[ 

1116 II2I 

Mean. 

Sum1nary of results-Continued. 

HONOLULU. 

II i II II // 

2.581 3. 65 2.16 2·39 

3. 53 I 2.22 2.28 ------
3. 50 I 3.07 ------ ------
2.09 I 2.43 0.72 I. 87 
2. 12 I J. 19 0.55 -- ----
3. 57 I 3· 13 2.20 2.84 

2. 351 2.54 2.95 2.87 
1. 18 I 2.93 2.23 3.53 
2. 66 ! I. 20 0.87 0. II 

3. 65 I I. 66 J. 95 2.84 
! 

3· 41 i 3. 53 ------ -- --- -
2.00 I 1. 79 1.67 -- -- - -
2.06 2.08 I. 21 I. 61 
2.45 I. 36 2. 16 2. 12 
2. 12 2.40 I. 75 I. 88 

3. 17 2. 64 1.78 3.21 

3· 74 3.o8 3. 58 I 3.17 
3.04 3·52 ------1 -- -·---
2.54 2. 18 2.95 ------
2.88 2.20 ------ ---·---
0. 78 2.29 2. 19 3. 15 

3·94 3.07 3.63 4· 13 
2.84 3· 15 2.84 3· 16 

o. 73 I. 89 J. 74 I I. 31 
2. 78 4. 35(?) 3.77 ------
[. 54 0.42 o.8o I. 17 

2.43 2. 73 3.61 ------
2.09 I. 94 I. 8o ------
I. 96 3. or 3.36 2. 77 
2.13 2.80 4.52 ------
I. 53 I. 30 J. 71 1.25 

2. 77 3. 61 3. 14 3. 25 
2.65 2.67 I. 70 I. 99 

------ ------ ------ -------

i 
I 

Means. 

II 

2.70 
2.68 

3.28 
I. 78 
I. 29 
2.93 
2.68 

2. 47 
I. 21 

2.52 

3.47 
I. 82 

I. 74 
2.02 

2.04 

2.70 

3.39 
3.28 

2.55 
2.54 
2. IO 

3.69 
3.00 
1.41 

3.63 
0.98 

2. 92 

I. 94 
2.78 

3· 15 
I. 45 
3. 19 
2.25 
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496 UNITED STATES COAST AND GEODETIO SURVEY. 

Summary of results-Continued. 

KOHALA. <p-=20° 151.5 

I Star numbers. I 
--------~-- -

r~eans. -Values from single observations. 

I 

I II ,, I !/ I /I 

781 28.40 
! 28.52 4159 28. 64 I 

\ 

781 4298 29.30 29. 18 I 29. 54 

793 803 29.86 29.991 29. 92 

I 8o3 8o6 29.99 30.So 30.40 
816 822 27.74 28. 331 27.46 27.84 

I 
3000 822 27.57 28.78 27.21 27.85 

857 5059 28. 72 29.04 28.40 28. 72 

868 875 31. 37 29.84 30.33 30. 51 I 
881 882 29. 54 28.6o 27.71 28. 62 i 
899 905 28.49 27.73 28.71 28.31 

917 918 28.84 30.22 29.53 

5697 927 29.67 29.28 30. 79 29. 91 

929 932 28.63 31. 05 29.84 

58o6 940 30.48 30.41 30. 28 30.39 

950 0021 30.02 3o. 02 I 
957 965 28. 52 27.94 27.94 28. 13 

983 985 29.33 29.83 30.23 29.80 
I 

1014 1021 ! 29.45 30.91 31. 15 30.50 

1029 6756 29.61 30.21 29.91 

6885 1054 30. JO 30.23 29.26 29.86 

1059 6943 28.73 27.75 29. 16 28.55 

w69 1072 28.21 28.33 29.02 28.52 

rn85 1086 30.58 28.76 29. 55 29.63 

!091 1099 30. 70 30.32 31. 69 30.90 
1116 l II7 28. 57 27.69 28. 13 

lll2 ] 117 28. 10 27.87 27.99 

u27 II28 29.58 31.o7 30.32 

1138 1144 28. 17 28.96 28.56 

1159 1165 29.54 30.98 30.26 

1170 7669 27.64 28.47 28.63 28.25 

1170 7678 27.54 28.74 29.23 28.50 

880 5293 30.96 3o.33 30.65 

5345 895 28.42 27.24 27.83 
---

Mean. _______ l 29·33 
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Summary of results-Continued. 

HILO. <p=I90 43'.2 

I 
~-------- ---------~--~--------- -------n--- -----

I Star numbers. 
Ii Values from i 

I 
Values from sin~le ob•crvations. Mt:ans. II Star numbers. single I 

I! 

observations. ' 
------ i 

4969 \ 

II II II It II II 
I 

849 IO. 45 I2.62 II. 53 [' I073 1076 I2.08 

868 IO. 34 IO. 19 'i I082 rogr IO. 33 875 I IO. 26 fi 

879 880 I I I. 34 10.02 IO. 68 I I0<)9 II09 12. 97 

883 885 I I I. 08 I I. 93 II. 50 1109 III5 II. JO 

893 898 I II. 23 I I. 5 2 I I. 59 II. 45 6o19 960 I I. 93 

899 900 I 12. 88 IO. ,;2 II. 19 II.49 982 985 12.30 

910 
I 12. JI I I. I'.) I1.75 992 12. 85 924 I IOOO 

928 93 2 ! IO. 95 12.04 12.39 12.27 I I. 9I II30 1133 13. 54 

5825 940 I II. 54 II. 34 II .. H i 7436 1147 12. 26 

947 947 : I I. 25 11. 25 1147 7536 J'.l.10 

6o72 9661 JI. 42 11. 75 II. 58 1159 1163 10.83 

97I 973 I, I I. JI 8.49 9.90 II70 77I8 IO. 52 

977 978 I IO. 68 I0.07 10.38 1186 1194 IO. 99 

IOOS 10081 12. 54 I I. I3 Il. 84 I199 I204 I2.\)0 

IOI4 102I I 10.30 9.48 9.89 I209" 1217 l IO. 64 ! 

1014 4039 i 12.43 10.92 II. 68 1342 1346 9·47 

1025 JOJO I IO. 78 I I. 49 II. 14 1682 1697 9.62 

1033 Io48 I II. 44 10.96 II. 00 I I. I3 I724 1725 IO. 67 

ro62 1072 I l. 17 I 1. 59 1r.38 I744 1750 I 9· 07 
I761 1796 12. 31 
I796 1798 9.33 
1825 1829 11. 67 

----
.Mean. I I. 24-

B.Ex. 22-32 



 

498 UNITED STA.TES COAST AND GEODETIC SURVEY. 

Summary of results-Continued. 

I s 1 ! i , tar nmn )ers. ', 
! : 

I---~-----------

6388 995 

999 1007 
1014 1015 
IOI8 1025 

1077 1089 
1027 1031 

6903 1054 
1110 Il21 

ll28 1139 
1146 1158 
II64 I165 

II75 1177 

7791 1190 
Il90 7803 

ll95 1198 
1198 1202 

1214 1226 

1231 1235 
I j9 4 2' 12 2 

1262 8367 

I 1317 1322 

I 1345 1345 
1355 1358 
t430 1432 

1435 1450 

1507 1513 
1522 1525 

1549 1555 
1602 1621 

1630 1633 
1638 1643 

1654 1665 

1712 1725 l 
1765 1778 
1784 17951 
1815 1820 I 
1900 112761 

Mean. 

' 

KA LAE. 

Values from single observations. 

II 

50.46 

50. 45 
50.64 
50.87 

51. 53 
51. 02 
52. 70 

53.40 

52- 97 
52.92 

5 [. 2 5 

52- 36 
52.66 

52.27 

50. 37 
52.04 

52- 24 : 

51. 96 I 
50 63 

I 
52. 50 I 

I 52. 82 I 
I 

49.94 
52. 65 

! 

51. 32 

53.51 
54.23 
52.03 

52 ·74 
49.41 
50.90 

50. 55 

52·34 
50.36 

51·49 
49.99 
51. 53 
52. 76 

---·-. -

II 

50.68 

51. 00 

52. 13 

50. 85 i 
51. 99 
53· Oz i 

53. 18 

51. 54 
50.46 

53· II 
51. 62 

52. 35 
50.04 
51. 61 
52.07 

5r. 73 
50.4 5 
51. 44 
52.98 

--- - --
5 [. 17 

49·09 
53.75 
52.63 

5 I. 15 
52.80 

51. 33 
51. 58 

49.48 
5r. 85 

53.40 
52.04 

49.9r 

51· 53 
52.70 

------

II 

52.30 
5r. 07 
52.01 

53· 77 
53.89 

49·93 

49.24 
52.30 
51. 25 

5 61 o. 

------
------
... ~-- --
---- --
------
-- -- - -

------
52.63 
52.46 

- --- - -
52. 19 

--- -- -

------
·--- --
------
------.. _____ 

------
------

Mea11s. 

II 

51. 15 
50.84 

51. 59 
50.87 

SL 53 
50.93 
52.35 
53.6o 

53.35 
52.23 

50.55 
52. 73 
52. 14 
52.31 
49.88 

SL 98 
5L 85 
51. 85 

5 56 o. 

51. 97 
52.go 

49·94 
51. 91 

50.20 

53.63 

53.43 
51. 94 
52. 67 

50.37 
5r.56 
50.02 
52. IO 

51. 88 

51. 76 

49·95 
51.53 
52. 73 

51. 72 

'; 



 

UNITED STATES COAST AND GEODETIC SURVEY. 499 

Summary of regults-Uontinued. 

KAILL"A. q>=l9° 38'.3 

I I 

St b ! Values from single ob· : Means. ~ ar num ers. servations. j 

-----·----

1091 I " /f /I 

lo82 22. 71 22. 71 

1099 1109 I 21. I I 21. II 

1109 1115 I 19. 34 19. 34 
1130 1133 I 23. 05 I 23.05 

7436 1147 I 22. 80 I 22.80 

1147 7536 l 18. 94 18.94 
11 59 1165 I 19. 30 I 19.30 

7718 
I 

1170 20. 10 I 20.70 
II86 1194 2I. 42 21.42 

1199 1204 20.54 20.54 
1209 1217 21. 68 21. 68 
1322 1333 22.00 22. 00 

1342 1346 r8.49 rs. 49 
1428 l•j.29 20. 19 20. 19 

1471 1474 20. rs 20. 18 

1588 1598 21. 74 23.41 22.58 

6456 1611 20. 54 20.69 20.62 
16o8 16II 20.69 21.01 20.85 
166o 168o 18.65 18.65 
1682 1697 20. 13 20. 13 

1724 1725 21.84 21. 84 

1744 1750 22. 91 22. 91 

1796 1798 19. 35 19.35 
1815 1822 20.34 20.34 
1825 1829 22.00 22.00 

7351 1901 20.49 20.49 

1&,8 1901 20.26 w.26 

1902 1901 20.99 20.99 

1904 1907 21.o6 21. 31 21. 18 

1928 1936 22.49 21. II 21. 8o 

2017 2018 19. 79 20.70 20.25 

2022 2043 18. 45 19.58 19. 02 

2054 2057 18. 52 19.28 18. 90 

2077 2089 19.53 19.53 

2091 2095 22.03 22.03 
----

Mean. 20.86 



 

500 UNITED STATES COA~T AND GEODETIC SURVEY. 

Sv:mmary of res1dts-Continued. 

HA1Kl'. rp=20° 561.1 

r-------- - --·-------------------~---- -------

I Star numb•rs. Values from single observations. Means. 
I I 

I 
---~-~----

I i 
/I /I II II II I /I 

11)'5 1140 2. 91 ! 
I 

2.91 
I 

1140 1143 3. 38 i I 3.38 

1180 7771 3· 19 ! I 3. 19 
I 

I 1194 1200 I J. 59 : I. 59 
1218 I I 

J. 78 i 1209 J. 26 I 3.05 ------1 2.03 

1223 1228 o. 39 I 4. 55 i 2. 78 ------ 2.55 

8I15 1234 2. 181 2.47 2. 32 ' 

8q5 1234 I. 67 ' 2. 24 ' ---- --I I. g6 

1237 1239 J. 78 2.35 2. 28 ' :z.42 ------ 2.21 

8261 
I 

1244 3.92 4· 20 3.55 4. 30 I 3.99 

1269 1275 3.34 4.92 I 4· 38 

8467 1301 3. 419 2. 12 2.46 2.66 

8484 1301 3. 19 2.37 2.61 2.72 

S.t<>7 1301 I. 37 2.67 3.13 2. 39 

1307 1312 2.64 I. 65 J. 88 I I. 93 2.02 

1325 1°26 .> 2.32 0.48 J. 20 1 I. 69 I. 42 

1330 1333 J. 44 3.08 2.26 

1338 1342 I. 88 4.01 2.34 2.36 2.65 

1350 1352 2.26 3.28 3.49 ' 2.90 2.98 

1356 i35S 4.14 i 4. 14 
! 

1363 8999 3.66 2.24 I 2·95 

1390 1398 3.86 4-7+ 4. 15 3· 59 3. 57 I 3.98 

1417 1419 0. 21 0.56 2.46 2. 46 : I. 62 l 1. 46 

1408 2.84 
I 

I 1402 I. 51 2.51 ------ 2.29 

1424 1430 2· 75 2. 17 1. So 
I 

------ I 2.24 

1434 1442 2.23 0.59 I ------ I J. 41 

1449 1450 3· 07 3.73 i ____ ... -
I 3.40 

1452 1464 I. 22 I I J. 14 I -- ----
Mean. _____________ j ________ I 2. 57 

I 
---~·------. 



 

UNlTED STATES COAST .AND GEODETIO SUUVEY. 501 

Summary of results-Continued. 

PAKAOAO. <p=20° 42 1.8 

------------ ---·. - -----~~: 

\' alues from single r,bserrntions. Means. 

---------

,, ,, /I II I/ 

1216 1219 52.68 52. 6S 

1223 1228 49.42 49.·F 
8141 1238 50.57 50.57 

1238 8192 52.30 52.30 

1269 1275 50.00 51. 6o 50.80 

1314 1318 50. 63 50. 63 

1325 1326 49. 91 49.81 49. S6 

1330 I"~ .J~).) 5r. 98 5r. 00 52. 57 s r. 85 

1339 8838 )0. 57 50.93 51.50 50.62 50. 90 ' 

1350 1352 51. 42 ! 51. 42 

1356 1358 51. 44 5 I. 44 

1357 1358 51. 64 51. 64 

1363 8999 5 r. 06 5 I. 16 50.36 51. 08 50.91 

1378 1387 51. 79 ~·55 5 r. 53 5 r. 68 50.87 51. 48 

13"" 1398 ' 50.02 49.37 50. :P 50.6(, I 50.09 

1402 1408 50.44 50.75 49.97 5 r. 31 so.62 

1417 1419 49. 14 5o. 39 50.64 50.05 

1430 1445 52. 1S 51. 92 52·34 51. 38 52.00 

1449 145° 49.09 51. 88 52. 13 i SI. O.l 

1464 50.64 
i 50. 18 1452 49· 90 I 51. 15 5o.47 

1474 1492 5::. 9° 50.55 51. ]2 

1496 1498 i 5 r. 47 i 51. 47 

1503 1507 5r.74 I 52.08 51. 91 

1p3 1522 5 I. 29 ' 53. 13 52.21 

1527 1527 49. 15 49· 15 

1549 155 l 49.20 49.llO 

1562 IOI07 50.82 51. 04 50.93 

Mean. 50.99 



 

502 UNITED STATES COAST AND GEODETIC SURVEY. 

HANA. <p=20° 45'·7 

! I I Values from 
Star numbers. I Values from single observations. I Star numbers. I single ! 

observations. 
' 

I I I 

I I I II /I " I 
/I I/ I/ 

58 67 I 39.81 ------ ------ ------ 39. 81 j 1235 1241 39.97 
1252 1257 39.85 ------- ------ I ------ 39. 85 I 1325 1326 38. 50 
126g 1275 40.03 38.54 40.02 ! 38.23 39. 21 I 1346 1358 39.45 

8+45 1283 39.84 ------ ------ I ------ 39.84 I 1356 1358 40. 78 
1283 8516 38.66 39. 84 39.62 I 

I 
1358 _____ ., 

39. 37 : 1357 41. 43 
1308 1312 38.81 38. 18 ------ ------ 38. 50 I 1369 1369 40.67 
1330 1333 42.09 40.45 41. 38 ---- -- 41.31 1378 1387 40. 18 
1402 1408 39.45 39. 37 ·- ---- - .. -- . 39. 41 I 1390 1398 37.65 
1417 1419 37.96 37.64 -- _ ... __ ------ 37.80 1471 1486 37.83 
1434 144z 37-5 1 39.40 ------ -·---- - 38. 451 1496 1498 39.61 

1449 1450 39· 13 39.00 ----- -- - 39.06 1503 1507 39. 16 
1452 1464 35.91 37.85 ------ ------ 36.88 1513 1522 38.91 
1643 1646 39.71 39.73 ------ ------ 39. 72 / 1531 1537 37.71 
1650 1654 36.72 37.98 ------ ------ 37. 35 I 1562 10107 36.89 

I 

1660 1669 38.74 37.42 ------ .............. 38.08 I 10174 1575 38.04 
1668 166g 38. 75 ------ .... ---- ·----- 38. 75 i 1578 1581 39• II 
1682 1684 39.84 39.oS I 1578 1582 39.50 ------ 39.47 i 40.59 
2095 2104 38.81 ------ ------ ---- -- 38. 81 I 1603 1615 38.96 
1692 1697 39. 14 38.32 38. 74 --- - -~ 38. 73 I 1638 1639 37.58 
1699 1705 39· 72 i 38.o6 _.,. ____ ------ 38.89 1677 168o 39.5o 

I 1715 1720 39.29 
1851 186o 38,63 

I 
I 11238 1900 37.36 

1907 1912 38.27 
1944 1947 37.87 
2082 2087 39· 15 
2179 2 40.43 

------
Mean. 38.93 

-·-----~--
_._ ____ ···---··· 



 

UNITED STATES COAST AND GEODETIC SURVEY. 503 

Summary of results-Continued. 

KAUPO. cp=20° 361 .7 
-----

Star numbers. Value:; fruro single observations. ~leans. 

II ,, I II II I/ 

12(;19 1275 40. II I 41. 08 41. 14 : 40.77 
1283 8516 39· 6o I 40. 36 I 40. 18' 40.05 
l3o8 1312 43. 20 l 41. I I I 40.58 39.02 40.98 
1325 1326 38.46 : 39· 77 ------ ) 39. 11 

I { 40. 6o i 42. 57 '} 1330 IJ'5 39. 151 

::: :: I 40.54 i 40. <>1 ' 40. 85 

1337 1341 42.02 41.93 ! 42 .71.! 42. 24 
1346 1358 39· 47 l 39. 10 ' 39.28 
1356 1358 40. 71 I 39· 31 I 40.01 
1 357 1358 39· 50 i 39· 0 3 I 39.26 
1378 1387 40. 641 39· 08 : 39· 62 i 39.78 
1390 1398 41. 321 41. 52 40. 26 : 40.00 40. 77 
1402 1408 42. 36 42. 36 
1410 

:~~I 41. 47 I 41. 50 39.37 40.78 
1427 40. 85 ' 42. 34 41.6o I 

1427 9452 41. 871 4r. 39 41. 63 I 
1427 9463 42. 15 I 42. 15 
1449 1450 41. 89 i 40.86 40.38' 41.04 
1452 1464 3· I 38. 16 39.51 40. o I 
1474 1492 40.31 I 42. 16 43.6~ i 41. 51 41. 92 
1496 1498 39. 87 i 40.04 39.95 
1498 1499 40. n I 39.97 39.68 40. 14 
1503 1507 41. Ol I 40.97 39· 29 41.74 '· 40.75 
1517 1517 42. 52 I 41. 41 40.22 41. 38 
1527 1527 38. 54 ' 40.43 39.58 39.75 39.58 
1578 1581 3s. 6o I 39.90 39.25 
1578 1582 39· 59 i 39· 59 
1643 1646 41. 24 I 42. 86 42.05 
r668 1669 4.;.40 41. 67 43.03 
1692 1697 40. 14 43. 28 41. 70 
1699 1705 40.03 40. 21 40. 12 
1711 1715 43.06 40. 23 

4r. 651 
1758 1771 41. 45 4r. 44 41. 44 
1775 1778 40.69 39. 22 39. 95 
1783 1798 40.46 38.66 ------

I 
39. 56 I 

!825 1837 39.83 39.43 39.63 1 _____ 

I 

llfean. I 40.75 ------ I 



 

504 UNITI<m STATRS COA.ST AND GEODBTIC SCJRVEY. 

Observatilnis and ret!uctions for Hatiolulu. 

Ob&erviitions were made on four nights, using thirty-three pairs of stars and giving one hun
dred and sixteen determinations. The latitude of the British transit of Venus pier, as deduced by 
Captain 'l'upman, is the result of observations on thirty-five nights with two hundred and twenty· 
four determinations. The methods employed were, however, essentially different. The English 
measured the co-latitude directly, using an alt-azimuth instrument. Captain Tupman's latitude 
reduced to the Government observatory gives 210 18' 2''.32, so that the discrepancy between the 
two determinations is 0".16. The distance between the two stations is about 620 feet. In order to 
compare the methods, in point of view of facility of computation, economy of time in observation, or 
accuracy of the final result, the observations and rednctions are given in full. 

I 
I I I : I Date., 

1--- . 
I April' 

5 

6 

7 

8 

6 

7 

s 

6 

7 

5 

6 

7 

5 

6 

7 

Level. 
Star N. or Revolutions 
No. S. micrometer. 

_ ... _ : Apparent 

I 
! declination. 

Corrections. I I 
' - - <p=21° 18' 

. I i Ref. l 

735 I S. 

742 N. 

74'7 , N. 

756 S. 

I 
772 

7i9 

790 

793 

792 

793 

S. 

N. 

:w. 
s. 

N. 
s. 

'N. s. I 
---- -----··· -~--~-------

l\I1crometer. __ Le, el. I (Mer.~ i I 

t. 
20.415 

20.030 

19.435 

19. IIO 

20. 220 

19. 900 

r9. 610 

19.220 

22.265 

w.675 
20.885 

d. d. I 
35.0 40.01 
38. s 37. o 

1

, 

44. 5 3S. 5 
I 

43· 5 40. 0 

40.0 49. 0 

48. 0 38. 5 

41. 0 I 48. 51 
46. 0 44.0 

42.0 41.5' 

40.0 44· 5 
50. 0 36. 5 

19.210 38.0 49.5 

20. 515 54. 0 36. 5 

18. 930 31. 5 59. 5 

24. 890 41. 0 44. 0 

II. 475 47· 5 37· 5 

26. 690 29. 5 58. 5 
13. 240 58. 5 29. 5 

29. 125 37. 0 39· 0 

7.340 39.0 37.5 

30. 105 54. 5 JI. 0 

8. 350 29. 0 56. 0 

30. 780 51. 0 37· 5 
8. 970 35. s 52. 5 

31.420 50.5 42.0 

9· 6go 37. 0 55. 5 

25. goo 37· 5 39· 0 

7.340 39.0 37.5 
26.915 54.5 3r.o 

8. 350 29. 0 56. 0 

26.550 50.5 38.0 

II I /! 

17 55 43.05 

24 39 58.93 

43.08 

58.97 

43· II 

I II I fl I // I /I I 

+ o 12.39 l-o.So ! o.oo I 2.58 
1 

10.451 +2.18; o.oo 3.65 

59.01 

43· rs 
59.o6 

33 41 28.82 

s 56 22.44 

28. 87 

10.30 +o.io 

12.55 -l. 26 

- 0 51. 16 -0. 92 

o.oo 
I 
I 

0.00 I 

-0.02 

22.47 
! 

--,-<>. 02 i 

28.92 

22.51 

17 59 8.35 

24 22 31. 93 

8.40 

34.00 

24 31 2.41 

51. 00 ' -2. 41 1-0. 02 

+ 7 11.63 +1.61 +0.12 

12. 75 o. oo +o. 12 

18 28 24. 24 --II 40. 93 I -o. II -·O. 19 

2.48 J 

24.30 

2.55 

39. 97 -o. Bo -o. 19 

24.36 
2.62 

41. 74 -0. Bo -0. 19 

24.42 39. 16 

24 27 34.57 

18 28 24. 24 - 9 57. 17 

34.64 

24- JO 57. JJ 

34. 71 

24.36 57.Sr 

-2.30 -o. 19 

o.oo -o. 17 
'.+o.o6) 

-o.8o -0. 17 
(+0.02) 

-r.03 -o. 17 
(+0.03) 

2. 16 

2.39 

3.53 

2.22 

2.28 

3· 5° 

3.07 

2.og 

2.43 

I. 87 

2.12 

I. 19 

o.55 1. 970 I 35. 5 52. s 
~-------~-~ -·--'-------'-------------'~---· 



 

UNITED STATES COAST AND GEODETIC SURVEY. 505 

Obsen;ations and reductions for Honolulu-Continued. 

I Star 
Date.: No. 

I I 
I I Level. 

, N. or ! Revolutions '----
Correctio11s. 

T--------
[ S. : micrometer. 
I I 

Apparent 
declination. 

I I 

--i---i--
April ! 

795 N. 
5 800 s. 

6 

7 

8 

804 s. 

t. d. d. I 

29. 050 I 44. o 32. o : 

12. J20 37· 0 39· 0 I 

28. 830 ; 48. 0 37. 5 
I : 

12. 170 : 

26. 56o 

9.905 
28. 180 

36. 5 : 49· 0 : 

sr.o 1 38.0 I 
34. 5 54, 5 ; 
485i44.o 

I 

II. 550 40. O 52. 5 

o I II' 

36 48 21. 37 

6 5 38.07 

21. 46 

38. I I 

21. 55 
38. 14 

21, 64 

38. r8 

29.620 37.0 39.0 13 4 57.82 

1 : 
----------- ------------:rp=21° 18'1 

:\licrometer. I I J{ef, , , 
eye . plcr. ). : 

fl rr f/ 

8 58.29 +z. 30 -0. 16 3· 57 

56.03 --0. 16 3. 13 

--0. 16 2. 20 

·--0. 16 : 2.84 

8mf i N. ID,310 46.5 i 29.5, 29 IO 17.02 +10 21.JO +3·45 +o. 18 2.35 

6 

7 

8 

5 

6 

7 

8 

5 

6 

7 

8 

5 

6 

7 

8 

5 

6 

8!1 s. 
8141 N. 

818 N. 

822 I S. 

s. 
N. 

s. 
N. 

29. 425 36. s 49. 5 I 57. 87 

10.025 

28.405 

8.970 

29. 04.0 

9.520 

17.830 

21. l l 5 

19.330 

22.495 

18. 015 

21. 150 

16.965 

20. 130 

5r.o; 35.0 

40. 5 ' 48. 0 

48.0 .p.o 

37.5 55.0 

48. 5 44.0 

29.0 47.0 

49. 0 27. 0 

34· 0 52. 0 

49· 5 37· 0 

32.0 57.0 

50. 5 38. 5 

39. 0 54. 0 

47.0 45.5 

33· 490 34. 0 32. 0 

7· 780 37· 0 29. 5 

32. 930 44. 0 42. 5 
7.290 39.0 47.5 

33.400 51.0 38.0 

7.740 35.0 54.0 

32. 750 59· 0 

7. 150 25. 0 

25. 540 34. 0 

14. 125 40. 0 

25. 250 39· 5 

13. 935 47· 5 

24. 035 28. 0 

12. 66o 57. 5 

22. 570 40. 0 

II. 120 46. 0 

35· 285 38. s 
S· 795 41 · 0 

33· 575 43· 0 

4. 020 42. 5 

34.0 

68.o 

42. 0 i 
37. 0 

47.o 
40.0 

61. 0 

32.0 

53.0 

47.5 
38. 5 
37.o 

44.5 
45.5 

17. JO 

57.92 

17. 19 

57.98 

17. 27 
I 29 15. 50 

44 8 47.49 

15.48 

47.61 

15.47 

47.73 

15. 45 

47.85 

31 00 20. IO 

12 3 15.79 

20. 19 

15.85 
20.28 

15.91 

20.38 

15. 961 

IZ 17 JO. 59 i 
30 6 24. 26 I 

I 
30.64 

24.37 

30.69 

24.48 

30.76 

24. 58 

15 24 26.39 

26 40 o. 25 

26.50 

o. 36 

25. 32 , -0, 11 : +o. 18 

28.06 -2. 99 +o. 18 

- I 45. 70 +o. 92 -o. 04 

41. 83 ' -I. 26 -0, 04 

40. 87 -2. 99 -o. 04 

41. 83 i -o. So --o. 04 

! 

--13 47. 22 +z. 18 I --o. 24 

! 

44. 97 . --1. 61 --0. 24 

45. 61 -1. 38 -0. 24 

43· 68 -4. 14 

+ 6 7. 28 I -I. 15 

I 
4.06 i 0.00 

! 

5. 99 -1. 72 

8.40 --3. 33 

j 

50. 93 ! ·-1. 03 
I 

- o. 24 

+o. IO 

+o. IO 

+0.10 

+0.10 

+0. 23 

+0.23 I 

2.95 

I. J8 

I. 20 

0. II 

3.65 

I. 66 

2.84 



 

506 UNITED STATES COAST AND GEODETIC SURVEY. 

D t 
I Star ! N. or 

a e. I No. I S. 
' I I I . ! 

1--~' --- ---!-

April 

5 

7 

8 

5 

6 

7 

8 

5 

6 

7 

8 

5 

6 

7 

8 

5 

6 

7 

8 

5 

6 

7 

S67 S. 

873 N. 

8So N. 

887 s. 

5336 s. 
895 N. 

5336 : s. 
895 : N. 
901 N. 

905 s. 

919 N. 

929 s. 

933 i s. 
9371 N. 

Observations and reduotians for Honolulu-Continued. 

Level. 
Revolutions 
micrometer. 

Corrections. I 
Apparent 8 

declination. , '1" i I I I Ref. :<p·=2ro I ' 

1 
· er .. 

t. 
43.810 

I 
n 1crometer. 1 ,eve . (M ) 1 

-d~il--;~1--0-,--//-1---,--//-11 __ !/_( __ l/_.:---,-,-I 

43. 0 35· () I IO 12 39· OI I 
39. 5 : 38. 5 ' 31 39 58. 44 +zr 40. 83 I +z. 07 +o. 38 2.00 3. 38o 

42.535 

2.070 
42.500 

34· 0 55. 5 39· 13 I I 
57. o I 33· o 58. 641' 41. 96 1 +o. 57 +o. 38 

46.0 • 49.0 39· 19. I 
2.020 

18.920 

20.325 
20.o&o 
21. 540 

48. 5 46. 0 58. 73 42. 44 i -0. l I +o. 38 

:~: ~ !~: ~ I 4
: :: ::: ;: I + 0 45· 2011 o. 00 -o. OI 

42. 5 46. 0 19. 17 

42. O 46. 5 14· 75 46. 97 -1. 84 -0. 01 

I 18. 070 47. 0 43. 0 

19. 450 42. 5 47. 5 
18. 100 53.0 41.5 

14.82 

7 34 38.64 

44. 40 1-0· 23 -0. OI 
1 

47. 46 ! -2. 99 -0. 01 

I 
19. 575 35· 0 59. 5 
15. 320 35. 0 44. 0 

25.06o 42.5_ 35.5 

15. 16o 39. 0 49. 5 

24. 865 43· 5 : 45. 0 

14. 5IO I 42. 5 I 47. 5 
24. 200 42. 0 48. 0 

15. 535 42. 0 52. 5 

25.115 I 39.Q 55,5 
3z. 100 I 50. 0 29. 0 

50 21 u.44 1 - 5 13. 38 1 --0.46 -o. 11 

8.38o 28.5 50.0 

32. "35 5r. 0 37. 5 
8. 475 36. 0 52. 5 

31. 060 54. 0 36. 5 
7. 405 26. 0 64. 5 

38.65 

II. 63 

38.66 

II. 82 

7 34 38.66 
50 21 12. or 

32 28 40.43 

10 32 54· 95 

40.57 
55.02 
40.71 

55.o9 
30.225 56.0 39.0 40.86 

12. 26 -2. 76 -o. JI 

II. 78 -2. 53 -0. II 

- 5 8. 24 - 6. 21 -0. II 

-12 45· 12 -o. 231-0. 22 

44. 48 -0. 69 -o. * 
41. IO -4· 83 -0. 22 

6. 595 26. 5 68. 0 55· 17 40. 27 -5. 64 -o. 22 

2. 535 35· 0 43. 5 42 4 I. 74 

35. 915 39. o 40. 5 - o 3 39. 49 : +11 54· oo -2. 30 +o. 35 

2. 620 55. 0 34. 0 I. 93 

36.030 25.5 63.5 39.47 54.97 -3.91 +o.35 

2. 550 46. 0 45. 5 Z.12 

35. 730 51. 0 40. 5 39· 45 47· 57 +2. 53 • +o. 35 

3. 820 48. 5 46. 5 2. 31 

37. 005 54. 5 40. 5 39· 41 47. 73 1 +3· 68 +o. 35 

20. 635 31. 0 48. 5 9 53 6. 91> 
II. 990 49· 5 29. 5 32 33 42. 92 + 4 JS. 15 +0· 571 +0• o8 

. 21.390 34.0 55.0 7.03 

I. 79 

2.o6 

2.08 

I. 21 

1.61 

2. 16 

2.12 

2. 12 

I. 88 

3.21 

3.74 

3.o8 12. 730 , 53. 5 · 35. 5 43· to 38. 63 -o. 691· +o. o8 

19.170 f 35. 5 I 56.0 7. rn 

10. 4~5.154._s_jL.,3_1_. _s ____ 4_3._2_1 ___ 39_._1_2 ..L---o_._8o_i _+_o_._o8 ___ 3._ss_. 



 

UNITED STATES CO.A.SI' AND GEODETIC SURVEY. 

Observations and reductions for Honolulu-Continued. 

\ Date. I Star ~ .. or I R~volutions I 
' No. S. I micrometer. 

I 
Level. I 

I 
Apparent 

declination. 

Corrections. I ,. 
/<P=2I 0 18' 

Micrometer. · I e el : Kef. I N. I s. I 

Ap
8
ri!-----.1 t. 

19.o65 

10.385 

! --i--
d. ~ d. 

.p. 0 : 53·5 

50. 5 44· 5 

6 

s 

946 I N. 
949; s. 

14. 740 45. 0 44· 5 

25.1I5 42.5 47.0 

12.145 54.0 41.0 

22.570 36.0 59.0 

\----
" v · ("Yler.). ' 

/ ,, I 
32 33 7.17 

II ,, 

43· 44 ! + 4 39. 28 -1.49 

31 16 34· 32 

II 8 25.78 -j-- 5 33.81 -0.92 

34.66 

25.95 35· 42 -2. 30 

II 

+0.08 

5 
955 N. 14. 360 46. 0 33· 5 43 47 27. 34 

6 

7 

6 

7 

5 

6 

7 

8 

5 

6 

7 

8 

s 
6 

7 

8 

s 
6 

956 S. 

1004 
1oo8 

1017 

1020 

N. 
s. 

N. 
s. 

N. 
s. 

N. 

s. 

s. 
N. 

33.500 34·5 45.0 I 31 55.29 +10 15.83 +0.46 20 

13. 500 50. 5 39· 0 
32. 655 38. 0 51. 5 
12. 475 60. 0 31. 5 
31. 665 29. 5 62. 0 

15.335 50.5 38.5 

27. 540 34- 5 54· 5 
15.390 58.0 34.5 

27. 620 26. 5 65. 0 

IO. 875 38. 0 42. 5 

28. 86o 41. 0 39· 0 

9.560 53.0 36.5 

27. 565 32. 5 57· 0 

9. o6o 49. s 43. o I 
27. 090 37. 0 56. 0 ' 

9.380 56.0 40.0 

27.450 32.5 63.0 

26. 505 47. 0 33· 5 

13.850 37.0 43·5 

26.015 49.0 40.5 

13. 370 41. 0 48. 5 

24. 320 55. 0 38. 0 

I I. 765 33. o 6o. 0 

25.520 52.0 43.5 

12.975 38.5 57.0 

4. 6oo 48. 5 JI. 5 
38. 340 28. 5 51. 5 
3. 855 57, 5 32. 0 

37.625 27.0 62.0 

4. 130 52.0 41.0 

37. 965 31.0 62. 5 
3. 170 66. 0 29. 5 

37.035 17.5 78.0 

I I. 785 37• 5 42. 0 

26. 590 43· 0 36. s 
13.710 42.0 47.0 I 
28. 405 42. 5 46. 5 

27.56 

55.3o 
27. 78 

55. 31 

03) 

16. 31 -o. 46 +o. 20 

39 49 5.88 

2 33 57.93 

6.09 

57.97 

38 48 15.72 

3 28 33.29 

15.94 

33.34 
16.16 

33.39 
16. 37 

33.44 

55 24 34.65 

·12 34 55. 33 

34.93 

55.23 
35.21 

17. 44 -0. 92 

33.50 -3.45 

39.31 -1.84 

40.II -2.87 

- 6 47· 11 I +1.61 

i 
46. 85 : +o. 23 

I 
55.13 43.95: -2.30 

35.48 I 
55· 03 43· 63 . -2. 30 

34 50 19.73 \' 
7 9 36. 92 +18 5. 58 -I. 38 

19.94 

36.99 

20.15 

37.o6 
20.36 

37. 14 

6.55 l-2.18 

8.64 I -4.72 

9.61 I -5.52 

+0.20 

+o. 12 

+c.12 

+0.18 

+o. 18 

+o. IS 

+0.18 

-o. 16 

--.16 

·-0. 16 

-0.16 

+0.32 

+0.32 

+0.32 

+0.32 

9 4 u.23 1· 

33 47 42. 30 - 7 56. 35 +o. 46 

ll. 31 

42.51 ''· ,, I -·· 0) 

-o. 141 
-0. 14 

I 

// 

3.04. 

2. 54 

I 
2. 18 i 

2. SS · 

2.10 

2. 19 

3· 15 

3.94 

4· IJ 

3· 15 

3. 16 

I. 89° 

507 



 

508 UNITED STATES COAST AND GEODETIC SURVEY. 

Observations and reductions for Honolulu-Continued. 

Corrections. 

Date. 
Star 
No. 

N. or' Revolutions ~~~1 Apparent 
! declination. 

I 
·---·i.'7'=21° 18' 

1 I Ref. 1 

S. I S. micrmneter. 
N. 

--1-
II 

Micrometer. 1 Level. i (Mer.). _____ ', 

/I II 

'· d. d. i 
13. 150 j 45· 5 4S. 0 i 33 47 II. 39 

27. 840 \ 42. 5 51 
1
1 

April 

8 

5 

6 

7 

5 

6 

7 

8 

6 

7 

6 

7 

8 

IOJ2 

1037 

1048 

1053 

1061 

1065 

1072 

N. 

s. 

s. 
N. 

N. 

s. 

N. 

s. 

1082 s. 
5 

i 1086 i N. 

6 

7 

8 

I 1096 
5 

1097 

6 

I 7 

· 1 i 

s. 
N 

:: :: :: : :: : I 
2. 790 46. 5 33· 5 

35· !IO 

3.020 

35.320 

r. 230 

33.775 
II. 195 

JI. 635 

8.230 

28.730 

8.26o 

28.0 

52.0 

36.0 

51. 5 
22.0 

19.0 

59. 0 

38.0 

49.0 

33.0 

p.o 

37.0 

53.0 
42. 0 

71. 0 

6o.o 

20. 5 I 

51. 0 

40.0 

59.0 
28.710 54.0 38.0 

10.410 48. 5 47. 5 
30. 825 40. 5 55. 5 

6. 250 47. 0 42. 0 

15.135 41.5 47.0 

5· 470 51. 0 41. 0 

14. 410 

4· 740 

13.785 

31. 835 

37, 0 54. 5 

49. 5 46. 5 

37.0 59.0 

44- 0 44. 5 

15. 135 41. 5 47. 0 

JI. 080 49. 0 43. 0 

14.410 37.0 54.5 

30. 425 i 50. 5 

13. 785 I 37. o 

19.475 35.5 
22.320 46.0 

17.850 40.0 

45.5 

59.0 

44.5 
34.5 

49.0 

20.550 42.0· 47.0 
16. 490 44. 0 47. 0 

19. 240 43· 5 47. 5 
18. 485 44. 5 51. 5 
2!. 195 44. 0 52. 0 

II. 565 42. 5 38. 0 

30. 38o 39. 0 41. 5 
12. 500 41. 5 47. 5 

JI. 220 

IO. 550 

29. 150 
! __ , ___ _;· ____ _ 

43.0 46. 0 

35.5 55.0 

40. 5 I so. o 

42. 93 ' 
26 29 56.751 

- 7 52.65 

55.06 

-2. 53 ', -0. 14 

-0. 69 I -o. 14 
! 

15 31 33.48 i +17 

56.93 

-2. 53 I +o. s• 
I 

-0. 46 I +o. 30 
! 

33.6o 

57· II ! 
33· 721 . 27. 14 

18 24 55.35 

24 33 6. 56 I -IO 58. 66 

55. 49 

-9. 08 ; fo. 30 

I 
-o. 57 I -o. 18 

6.73 

55.63 

59.59 -0,92 -0. 18 

6.90 57.98 -2.30 -o. 18 

55.77 
7- 08 56. 85 -3. 22 -0. 18 

24 43 55.98 
17 42 37· 16 + 4 45· 89 --0. II +o. 08 

56. 15 
37. 30 47. 65 -1. 72 +o. oS 

56. 32 
37. 44 51. 02 -4. 37 +o. 08 

25 JI 24. 71 

17 42 37· 16 - 8 57· 32 -I. 38 -o. 15 

24.89 

37.30 

25. o6 

37.44 

17 II 34· 62 

25 27 31. 29 

34.76 

31.47 

34·9<' 
31.65 

35.03 

31.83 

4 0 35.21 

38 55 39. 25 

35.27 

39.49 

35.33 

39.73 I 

56. 36 -2. 64 -o. 15 

55. 39 i -3. 91 -0.15 

- I 31. 54 +o. 57 -0.02 

26.87 -3.22 -0.02 

-10 5. 37 +o. 46 

2.32 -2.07 

9 58. 45 -4. 37 

-0.02 

(+o. 20) 

-0.02 I 
--0. 19. 

-0.19 

--0.19 

/I 

I. 74 

I. 31 . 

4.35 

3· 77 

I. 54 

o. So 

I. 17 

2.73 

3· 61 

2.09 

I. 8o 

3.01 

2. 13 

2.8o 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Observations and re~uctions for Honolulu-Continued. 

i i 
I s 'N R 1 . I Date. . ~ar i .. or: evo utlons ______ , 
, No. i S. I m1cromete1. 

_____ T____ ------- ; ·- -----1 
I Corrections. I _ I 

Apparent ---------!qi=zro 18,! 
declination. i ! Ref 1 : 

Level. 

'S. l ____ J_ __ J ______ _ 
I i 

April I 
1100 , N. 

t. 
28.035 

Micrometer. Level. I (\! ·) : ' 

,_40-~--.o·--l--3-:-2~-3-;-.13_9_,_·-------,,----- -~~-1-~~:-~_I 
11 

5 
1 !04 s. 

6 

7 

8 

5 

6 

7 

8 

1112 N. 

1116 i N. 

1121 s. 

29.26o 

9· 335 

38. 5 I 

38.5 

34· 0 54· 5 

30.960 43.5 47.0 

I I. 07 5 40. 5 50. O 

29. 205 51. 0 45. 0 

9· 365 ' J4. 0 62.0 

!2.0JS I 47.5 
I 

24. 325 47· 0 

17.775 34.0 

12.405 54.0 

24. 730 54. 5 

18. 240 30. 0 

!2. 330 48. D 

24- 690 50. 0 

33.o 

34.0 

46.5 

34. 5 

34. 5 
58. 0 

42.0 

41. 0 

18. 175 36. 0 5+ 5 

!2. 750 I 44. 5 SI. 5 
25. 090 i 45. 0 51. 0 

18. 640 ' 42. 0 54. 0 1· 

___ ! __ 

II 33 53· 35 

35.60 

53.46 

35. 81 

53.57 

36.03 

53.67 

-IO 43.34 --0. 19 

39. 80 --2. 99 --0. 19 

38. 35 -5. 06 ! -0. 19 

28 13 47. 38 ' + 3 4. 68 +o. 46 j +o. 05 
28 26 58.67 - 3 30.73 +o. If j --0.051 
14 16 7.78 

;~: ~~ + 2~: ~: =:: :~ ~:: :~ I 
( j 0. OJ) i 

+ i 
8.06 -2.87 1 +0.05 i 

I I 

29. 62 -2. 18 I -o. 05 I 
1 (-Lo. or) I 
I I 

9· 51 I -4. 37 +o. os j 
27. 53 1-4. 14 -0. 05 

I I 

59.07 
8.02 

+ 47.97 

59.27 

8. 15 

I. 53 

I. 30 

I. 71 

I. 25 

2. 77 
2 ·55 

3.61 

2.67 

3. 14 

I. 70 

3.25 

I. 99 

509 

The care taken in the preparation of the mean declinations of the stars observed seemed to 
warrant their publica.tion; and, in order that they might be a vailal.Jle for future latt tnde observa
tions in the islands, their right ascensious for 1887, auuual variatious, precessions, etc., have been 
calculated and are given in the following pages. 

The work was done in the Oomputiug Division by Mr. Henry Farquhar, to whose excellent 
judgment in questions relating to star places the value of the list is due. 

The first column gives the star number as found in the Coast and Geodetic Survey Report for 
1876~ Appendix No. 7. When the star does not appear in this list the number given is taken from 
Stone's Catalogue of 12,441 stars observed at the Cape of Good Hope. Numbers above 2179 refer 
to the latter list. 

The catalogues consulted are indicated as follows : 

I i 

Conductor of I 

Designation. Observatory. I Epoch. I Editor or source. 
_:bserva~~ns. I I ------ -· --

' 
a. Edinburgh. Henderson. 1834-'44 ! Smyth. 

b Do. Smyth. 54-'69 

c Armagh. Robinson. 28-'54 
d. Do. Do. 59-'82 Dreyer. 

e Radcliffe. Johnson. 40-'54 Main. 

f Do. Do. 54-'61 Do. 

g Do. J\iain. 62+ 
' -
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-·------- - -

IJcsignation. : \ lbscr\'atory. i 
Conductor of Epoch. Editor or source. observations. 

- -----------

h l'.la<lms. i Jacob. 1850:1 Smyth. 

Greenwich. 
I 

Airy. 36-'47 

j Do. 

I 
Do. 48-'53 

k Do. llo. 54-'6o 

I Do. llo. 61-'67 

Ill Do. Do. 68--'76 

n (;Ja,gow. (;rant. 6o-'S1 

() r Bonn. Argelander. 45-'67 

p i \Vashingtnn. _,, ________ 45-'77 \' arnall. 

'I J Iarvanl. Rogers. ;o--'79 
Capitoline, Rmnt.:. Respighi. 75-'77 
Leitlen. Kaiser. 64-'70 

Pulkowa. Strnve. 45± 
\l Do. Do. 65± Auwers [A.G. fund. Cat.]. 

\' Cape. ?.laclear. 34-'40 Stone. 

w Do. Do. 49-'52 Gill. 

x Do. Stouc. 71-'79 

y ).lelbourne. Ellery. 63-'70 

Cordoua. (;ould. 72-'83 

Hruoscfs, etc. Quetelct, etc. SH Safford. 
: J.eipzig. Engelmann. 67± Auwers, Safford. 

t-
I larvarcl. Rogers. 83-'85 

Ann Arbor. Schcehcrle. 79± M.S. 

--- -----·--

The rnagnitmles are from Pickering's Photometry (Harvard Observatory Annals, vol. 14). 
In cases of yariable stars a magnitude about the brightest attained is set down, followed by the 
:;;ign +. Southern stars not in the Harvard Photometry have magnitudes ta.ken from Gouhl (Z). 
These are of two classes, those in the "Uranometria Argentina" to tenths (here corrected by -0.2 
as in Pickering), and others to quarters of a magnitude (here unaltered). Double stars not noted 
separately by Pickering ham the d(fference taken for some other authority designated by the 
appropriate letter, the magnitude of the aggregate, or of the principal star, depending on Picker
ing, as in the other cases. 

The declinations are on a system in which the> proper motions of .Auwers, derived from Brad
ley, are used, and the 11laces of his fundamental catalogue corrected by the difference between it 
and that of Boss (Northern Boundary Survey Report) for 1875. · 

l'robable errors are estimated from the number and weight of authorities m1ed and from the 
time between their average epoch and 1887. 

The change in one hundred years of the annual precession in declination is taken from 
c~ttalogues of epoch from 1861 to 1880. It may in many cases be wrong by one to three units in 
the last place for 1887 • 

.A hspheu between two letters in the list of authorities for declination denotes the use of aJl 
interYeniug letters. 
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j 
INo.C.S. 
\(Stone). 

i R' I 1ght 
Mag. I a>cension, I 1887. 

2.~-,-~~~. 35J 
i----

2 

67 

5.7 I 4038 

{ 
6.4 43 49 

6.3 43 49 

5.8 

73 5.4 

2 51 32 
2 56 22 

4. 7 3 4 0 

4· 8 II' 40 

3.8 1844 

5. I 

~:: j 

42 5 

42 24 

47 2 

3 54 25 3.6+1· 
5. 7 4 I 5 

5 19 

7 48 

5. 7 I 
5.0 

407 5· I 

418 5.6 

429 4.9 

444 5. 6 

4'. 5. 4 

462 5.3 

471 5.2 
474 3. 3 

477 5. 0 

478 4. 0 

484 3.9 

496 4.0 

501 4· 7 

502 3·3 
504 5· l 

506 5.5 

509 6. 0 

515 4·9 
516 4. 5 

519 5. 9 

524 5. 0 

534 5. 0 

541 5.3 

551 4.6 

557 5·4 
558 4.4 

561 4-4 

567 +s 

13 4 

17 9 
20 13 

27 34 

31 24 

34 53 
42 18 

43 42 

45 4 

45 II 

48 22 

54 35 

58 7 

4 58 35 

5 0 46 

I 13 

2 39 

5 42 

7 2 3 
8 44 

II 12 

16 54 

20 9 

25 35 

28 33 

28 37 

30 42 

5 33 13 

Ann. 
var. 

3· l 

3· 2 

3· 2 

3. 2 

3. 2 

3. 8 

3· I 

3· 9 
3· 7 
3.2 

3.3 

3- 8 

3.8 

3· 3 

4.0 

Jlean places of liawaiian latitude stars. 

Annual 
Declination, \Pr. error) Proper 

1887.0. 1887. · motion. 
1 

, Change, 
p~~~~s- 100 y. 

Authorities. 

----- 1----
0 I /I I //' 

27 59· 57 I ±o. I 

14 51 32.04 

27 5 42. 54 

27 5 40. 13 

18 34 31. 27 

23 0 57. ~5 

39 12 35.07 

0.25 

0.3 

0.2 

0.25 

0.2 

0.3 

o. l 

II fl 

-o. 156 +zo. 052 

-0. 055 

-0.01 i 

-0.01 

19.739 

19. 688 

19. 688 

-o. 015 19. 6o4 

-0. 045 : 19. 599 

-0.045 

--0.73 3 38 42. 50 

39 IO 53.76 

33 48 30.88 

o. 25 ' +0.02 

0.3 -0.02 

14.695 

14.402 

13.931 

13.440 

12.974 

I I. 353 

I!. 330 

8 37 49.98 '1 

I 
IO 47 4I. 51 

0. I 

0.2 

·-0. o68 

---0. 025 

0.00 

rt 

-0. 012 ; a, b, e, f, i-n, p-v, x, y, + 
I 

o. o8i 1 a, c, d, g, l, n, + 
0.095 

0.095 

0. 104 

o. 105 

0. 384 ' 

o. 323 I 
0. 408 

o. 408 I 
0. 3631 
o. 398 I 
o. 458 I 

a, c, f, g, 1, 11, p. 

c, f, 1, nt p, r. 

a, c, g, 1-n, + 
c, f, g, I, m, r. 

a, c, e, i, r. : 

a,b,e,f,i-n,p,q,s-v,x,y,+ ! 

a, c, e, I, rn, r. 

a, c, I-n, r. 

a, c, e, f, i-n, p, q, t, u, x,+ 

a, c, i-n, p, v. 

a, c, 1, i, r. 32 44 38.85 

31 32 49.95 

12 IO 12.93 

37 44 35· II 

0.25 

0. 15 -o. 002 10. 992 o. 462 a, d, i, j, I, m, p-r, t, u, + 
o. 15 -0. 009 

0.2 -o. 19 

o. 417 I a, c, e, f, i-m, p, q, t, u. 

o. 506 · a, c, f, l, rn, p, r. 

3. 2 5 13 41. 65 o. 3 +o. 01 9. 622 , o. 410 ) a, c, f, 1, n. 

3. 3 8 58 34. 55 o. 3 --o. 04 9. 430 o. 422 I a, c, l, n. 

3. 9 34 17 34. 38 o. 2 +o. 001 9. 020 o. 509 I a, c, l, m, r, u. 

3· 9 33 52 4. 93 o. 25 -o. 04 8. 700 I o. 512 I a, c, l, m, p, r. 

3. 4 14 27 27. o6 o. 35 ---o. 03 S. 458 j o. 450 I a, c, l. 

3. 8 28 43 25. 18 o. 35 -o. 04 7. 870 ', o. 505 I a, e, f,j, m, n, p. 

3. I o 46 6. IO o. 3 -o. 025 7. 56o o. 420 I a, c, d, I, m. 

4. 2 43 S 54. 82 o. 3 -o. 065 7. 278 , o. 5771 a, c, e, I, n, r. 

4. o 37 17 15. 87 o. 25 _J_o. 045 6. 669 : o. 5561 a, c, l, m, p, r. 

3. 3 6 45 47. 65 o. 25 i +o. 02 6. 554 
1 

o. 447 

1 

a, c, f,j, p, q, t, x. 
i 

4. o 36 30 39. 87 o. 2 I --o. 015 6. 441 o. 555 I a, c, ~·I, m, p. r, s. 

3. 2 5 24 39. 79 o. IS \ +o. 002 6. 431 o. 443 ; a, C,J, q, u, x. 

3. 1 2 15 17. 26 o. 15 i -o. 007 6. 167 o. 435 J a, c, k, t, u, x. 

4.2 40 54 35.70 0.15 / -0.006 5.646 0.587
1 

a,c,e,i,j,rn,q,r,t,u. 

3.4 15 14 44.93 0.251 -0.04 5.350 0.4841 a,c,e,f,i,j,l,m,p. 

+ 2 41 4 50. 12 o. I I -o. 061 5. 309 o. 592 
1 

a, c, e, i, k-m, q-u, + 
3. S r8 29 3z. 73 o. 2 [ +o. 02 5. 126 o. 496 I a, c, f,j-n, p. v. 

I 
3. 7 24 6 53. 23 o. 35 i -o. 02 5. 087 o. 517 : a, c, i-m, p, r. 

3· 8 27 53 IO. 38 0. 45 J ---- 4· 965 0. 532 If rJ, <J-
4· I 38 20 58. 23 o. I 5 I -o. 071 + 707 o. 583 a, c, e, l, m, p-s, u, + 
3· I 2 43 33· 22 O. 35 i -0. OI 4· 564 ! O. 447 I a, I, X. 

3.2 5 I 27. 19 0.5 I 4.448' 0.455 I q. 
i I 4. 2 39 59 51. 15 o. 2 -o. 65 4. 239 ' o. 595 a, c, e, f, i, k-m, r. 

3.2 3 26 5.45 0.2 o.oo 3.749 0.4531 a,i-1,n,p,q,x. 

4. o 34 22 42. 33 o. 25 --o. 045 3. 468 o. 572 I a, k, m, q. 

3. 5 . 18 30 33. 30 o. 2 -o. 005 2. 999 o. 5081 a, c, i, k-m, p. 

3.7 i 23 57 48.02 0.251--0.025 2.7431 0.530 a,k,m,p,r. 

3. 3 I 9 24 43. 66 o. z --o. 002 I 2. 737 o. 4771 a, c, k,.q, u, x. 

3. 3 / 9 13 42. 36 o. 251 -o. 305 i 2. 557 o. 477

1 

a-c, f, 1, k, x. 

+3· 2 j+ 4 3 23. 72-'-±_o._4_5_,l_+_o_. 0_2___,/_+_2._3_3_8_._--0 __ · 4_6o__:__a_._i· ________ _ 
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Mean places of Hawaiian latitude stars-Uontinuell. 

,--- T~-T . - -- - ------,---,---·-r--·-------·--··---------1 
!'No. C. s-.1 I Ri_gh. t I Ann. D 1· . p I p : Annual : Cl ec inatton, r. error, 

1 
roper i , iange, 

'(St ) :\lag. ascenswn, 1 88 1887_ ! motion. preces- i 100 y. Authorities. 
( one-; j 1887 _ ; var. 1 7.0. , swn. , 

I

I 573. :
1 ~;;;··Ii+~' :+,;~',,:zl ±~-:! __;'o~ . +,'.'.: ~:~, o,•,l,m,o. I 

I 
575 5· 3 41 56

1 

3· 2 : 6 24 48. 78 f o. 3 [ -o. 01 I. 579 o. 469 a, c, 1, n. 

578 5.2 4320 4.1:+371618.55 0.21-0.04 1.457 0.595 a,c,l,m,p,r. 

II (2640) 5- 3 45 55

1 

2. 9 I- 7 32 57. 75 o. 25 i -o. 01 I. 232 o. 422 a, I, w, x, z. 
\ 591 6. 0 50 I 3· 7 1+24 13 54. 53 I. 3 1 ---- O. 874 0. 536 i. 

I 
6oo 6. o 54 2 1 4. 7 ! 49 54 9. 11 o. 4 ! -o. 06 o. 523 o. 680 a, c, e, r. 

6o2 5.r 56 46 ! 3.6 1 19 41 29.30 0.25 j--0.02 0.282 0.518 a,c,f,k-m,p. 

! 6o4 4.3 5 57 15 
1 

3.6' 23 16 6.25 0.15!--·O.105 +0.241 I 0.532 a,f,i-n,p,r,v. 

ji

1 

509 4.4 6 I 7 3.4 14 46 51.97 0.15 -0.013, -0.098 j 0.500 a,c,f,i,k-n,p,q,u,x,+ 

615 5.6 5 20 3.6 19 48 52.56 0.3 -0.015. 0.467 0.519 a,i,fh,n. 

616 4.2 5 31 3.4 J 14 14 0.43 0.3 -0.025 0.482 0.497 a,c,1,m. 

620 3. 8 3 3. 6 i 22 32 19. II o. 1 --o 003 o. 704 o. 528 a, c, e, f, i-n, p-r, t, u, x, + 
621 +5 8 11 3.8 :+29 32 18.94 0.25 -0.265 0.715 0.558 a,c,e,f,i-m,p,r. 

: (2893) 

628 

639 

640 

647 

(3131) 

652 

654 

6.9z 

5.9 

3.2 

5.2 

4.0 

6.o 

4.9 

5. 2 

5 8 
5.0 

3.2 

12 43 

15 21 

16 7 
21 26 

22 15 

25 5 
25 30 

31 16 

34 54 

35 5° 
36 59 

I 
2. 4 :-26 53 33. 18 

6. 9 :+70 35 41. 20 

3. 6 I 22 34 14.42 

3' I I 0 21 58. 83 

3· 6 • 20 16 57. 97 

3· 9 ' 32 32 3. 01 

3· 3 II 37 18. 72 

4· 3 +42 35 13. 24 

2. 5 '-23 35 37.43 

3· 5 +17 45 18.02 

3·7 

659 4·9 3910 6.3 674141.99 

662 5.6 40 23 3.3 8 42 22.24 

672 3. 7 45 20 4.0 34 5 47.43 

673 4. s 47 29 5. 2 ,+s8 34 10. 26 

(3294) 5· 2 50 56 2. 7 -13 53 52. 72 

677 5.9 6 53 46 I 3.5 ;+16 14 3.76 

686 I 5. 6 7 I 53 I 3· 4 I I 6 6 37. 29 

689 : 5. 5 I 4 23 i 3· 7 I 27 2 28. 70 

696 : 5· 4 I 6 53 \ 3· 4 I 16 20 59. 55 

699 i 4· 8 I 9 571
1 

4. 6 1+49 39 53. 50 
(3531) 6.6zi 12 I 2.91-62843.21 

;{6.4el 1331, 4.9/+552944.86 
704 i 5.6el 13391 4.91552935.12 

105 ! s. 3 \ 14 30 I 4 o , 36 s8 19. 41 

0.35 

I. 2 

0. I 

0.3 

o. 15 

0.35 

0.35 

0.25 

0.35 

0.3 

o. 15 

0.25 

0.3 

o. 15 
0. I 

0.2 

0.25 

0.25 

0.3 

-0. IOI 

0.00 

--0.0l 

--0. 03 

-o.o65 

-0.085 

-0.005 

+0.02 

+0.01 

-0.032 

-0. 123 

f-o. 005 

+o.OI 

-0. IO 

-0.04 

-o.o35 

0.45 I -0.04 

o. 15 -0.028 

0.02 -0.02 

I. II3 

I. 342 

I. 944 

2. 190 

2.227 

2.727 

3.042 

3· 122 

3.221 

3.411 

3.515 

3.942 

4. 126 

4.420 

4.662 

5.348 

5.56o 

6.025 

6. 199 

6.332 

6.333 

I. 00 

0.527 

0.517 

0.568 

0.484 

0.619 

0.358 

0.503 

0.531 

0.743 

0.521 

0.479 

0.403 

0.679 

0.679 

0.555 
, 15 17 i1 3·· 6 I 106 : 5. o 1 20 39 21. 89 o. 2s -o. ors 6. 470 o. 488 

707 i 5. 3 i 16 19 l 4· 2 I 40 53 20. 36 o. 25 -o. 005 6. 555 o. 572 
11s I 6.3 21 2 1 3.6, 21 40 32.03 0.2 - o.1os 6.943 0.486 

719 I 5.3 21 57
1 

I 3.21+ 7 IO 17.50 I 0.3 -0.03 'J.020 0.439 
(3653): 5· 8 22 33 2. 8 -I I 19 42. 10 0. 35 O. 00 7. o68 O. 382 

725 5. 1 i 26 14 i 3. 1 

1

+ 2 9 11. 68 ) o. 3 +o. 01 7. 368 o. 421 

72_61__~.:__L~~7-:1~~~-+16 4 7.70 I ±0.251-0.0151 -7.444 l+o.462 

u, p, x, z. 

c. 

a, c, e, f~ i-n, p-r, t, u, x, y,, + 
a, c, I, ri. 

a, c~ f, i-m, p, q, x. 

a, c, i, 1-n, p. 

d, n,q. 

a, c-e, l, m, r. 

p, x, z. 

a, c, i,l-n. 

a, c, e, f, i-m, p-r, ti u, + 
a, c, e, i,j, m, p. 

a, c, I, n. 

a, c, i,j, m, p-u, + 
a, c, e, f, i, I, m, q-s, u, + 
a, j-m, "v, x, z. 

a, c. l, n. 

a,c.k,m. 

a, c, i, 1-n, r. 

a, c, e, f, i-n, p, x. 

b-e,h. 

x, %. 

c,e,l,m. 

c,e,1,m, q. r, u, + 
a, c, e, 1, m, p, r, s. 

a, c, 1-n, r. 

a, c, e, m. q, r. 

a, c, i, k-n, p, r. 

a,g,1,n. 

f, p, w,x, z. 

a, c, g,l,n. 

a, ct e, i-nt p. 
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Mean places of Hawaiian latitude sta~·s-Contiuued. 

Pr. error, No.C. s.1 'I I Right 
1

1 Ann 
) I iv ag. ! ascension, · 

I (Stone _.
1 

___ [_ :8_87. I ~a_:_ 
Declination, 

1887.0. i r8S7. 
Proper 
motion. 

II i h. fll. S. , S. ! 0 I II 

729 ! 5· 8 7 28 20 . +4· 4 :+46 25 41. 89 

730 i 4. 2 28 58 ' 3· 7 +27 8 45· 52 

(3745) I 5. I 31 40 

7.l3 ,
1

' 6.o 32 38 1 

! 
735 I 5. 2 32 57 I 

7 37 i 0. 5 33 23 

742 ! 3. 6 37 38 

745 i 5· I 39 35 ! 
747 I 5.4 40 13 

751 I s. s 46 29 · 

752 i 4. 9 46 35 

155 I 5 9 so 3s 
756 I 6. 2 5 I 8 

(4018) 5· l 54 5 
764 5. 0 56 35 

765 5. I. 58 47 

766 6. 2 59 37 

' (4100) 7 y, z 7 59 48 

768 5· 2 8 I 7 

769 5·5 I 34 

770 5.9 4 50 

772 ( 5. I 

l6. 0 

5 44 

5.44 

5 58 
6 9 
8 27 

(4159) 

773 
774 

(4240) 

779 
781 

(4298) 

783 . 

785 I 
(4335) ! 
(4342) 

790 
792 

793 

4.6 

5.6 

5.4 
6. 6z 

5.7 
5.8 
6. 5z 

5,8 

6.2 

5.5 
6. oz 

12 12 

r3 49 

15 I 5 
17 28 

19 6 

19 43 
20 II 

20 49 

5. 9 21 55 
5. 8 24 50 

5. 8 25 9 

3.0 ·- 3 51 33.67 

4. 1 +38 36 7. 61 

3.5 17555I.63 

3- 1 

3.6 

3.5 

3. 9 

4.4 

3.7 

3. 4 

3.3 

5 30 50. 14*: 

24 40 4. 98 : 

18 47 6, 20 j 

33 41 31.77 I 

47 51 23. 06 . 

27 3 26, 74 

16 5 29. IO . 

+ 8 56 34. 02 

3· O -- 3 22 I 9. 87 

3· 7 +28 6 37. 26 

3.4 13 26 21.49 

3. 6 +z2 57 26. 50 
2. 5 1-25 22 46. 23 

3· 5 ,!+21 54 32. 62 

6. I ! 68 48 19. 25 

4,8' 56 47 23. 17 

3· 4 . I 7 59 16. 69 

3.4 .+17 59 12.07 
2.8 -12 35 32.52 

3. 7 +z9 59 39· 85 

5. 0 +59 54 58. 45 

2.8 ;-15 56 8.37 

3. 6 .+24 22 37. 99 

4.6 +s3 34 57.95 
2:s ;-12 41 31. 17 

5• 8 I -j67 40 4. 18 

4. 2 i+46 I 58. 36 

2. 6 i --23 40 49. J8 
i 

3.0 1- 3 36 59.47 

3.61+24 31 8.47 

3.6 I 24 27 40. 63 

3. 4 18 28 32. 33 

o. 2 

0. I 

o. 15 
o. 25 

0, 2 

o. 2 

0, 2 

0. 25 
o. 5 
o. 2 

o. 15 
0.25 

o. 2 

0.35 
0. 2 

o. 3 

o. 4 

0.2 

0. 25 
0. 3 

·-0. 105 

+0.031 

~0.01 

-I. 027* 

·-0. 055 

0.04 

--0. 006 

-0. 020 

' -0.025 
-0. 035 

-0.0I 

+0.01 

-0.039 

-0.07 

-0.01 

-0. 065 

+0.005 
-·-0, 035 

-o. 105 
-0, IDS 

+o. 015 

0. 25 . --0. 01 

o. 2 

o. 25 

o. 25 

0.35 
o. 25 

0. 3 

0. 5 

0.35 

o. 2 

0. 3 

0.00 

+0.01 

-0.04 

-0.095 
-0. 025 

-0.005 

--0. 38 

0.00 
-0.05 

-0.065 

0. 2 -0. 065 

0. 25 ! -0.06 

3.9 3649 7.73 6. 1 26 7 o. 25 +o. 005 

795 5.7 2728 3.9 364823.26 0.3 -0.03 

{ 
6. Ip 29 51 3· 2 7 0 49· 09 0. 35 -0. 14 

i 1 __ ~_:_i_P_1 _8 _~_~_j_i __ )(_+_:_l_~-~t~ ±_~_;:_: 1~~ 

Annual 
preces

sion. 

Change, 
100 y. 

Authorities. 

If I // 

- 7·539 --0.591 h,c,e,h,r. 

7· 590 o. 498 : a, c, e, f, i, k-m, p, r. 

7.809 · 0.399 c}l,n,w,x,z. 

7· 887 : o. 545 e, \.'· 

7. 913 

7. 948 
8. 286 

S.443 

8.492 

8. 985 

8.993 

9.305 

9· 348 

9.575 
9,766 

9.935 

9.997 
JO. OII 

IO. I II 

IO, 145 

10.390 

I0.458 

0. 463 

0.424 

o.48o 

0.459 

o. 510 

0.570 

0.477 

0.438 

0.418 

0. 381 

a, c, i, 1, rn, p. 

1

1 

a-c, e, f, i-n, p, q, s-w, x,y,+ , 

a, c, e, f, i-m, p, r, t, u, + 
.a, c, e, i, k-m, p. 

a, c. l, m, p-r, u, + 
c, e, i,j. q, r, u. 

a, c, e, f, i-kJ m, p-r, v. 

a, c, i. k-m, p. 

c,g,n. 

C, }, Il, '\'-Z. 

o. 468 i a, c, f,. i-n, q, r, u, v, x, y, + 
0.421 a, c, i,j, 1, n, p. 

o. 448 , a, c, i, 1-n, p, r. 

0.315 p, x. z. 

o. 442 · a, c, k-n, p, r. 

o. 761 .a, c, e, i, 1.:-rn, p, q. 

o. 600 :
1 

a, c, e, i, p, r. 

IO. 458 : 0. 425 

IO. 475 i O. 346 

IO. 489 0. 461 

a, c, e, f, i-n, p, q. 
a, c, c, f, i-m, p. 

a, c,g, l, w, x. 

a, c, i, nl, r, v. 

I0.659 

10.937 

I I. 0.)5 

II. 16o 

II. 320 i 

II. 438 : 

I I. 482 I 
I I. 515 ' 

II. 560 \ 

11.6391 
Il.845. 

II. 869 : 

11. 937 

0.620 

0.332 

0.432 

0.554 

0.335 

0.689 

0.500 

0.305 

0.353 
0.420 

0.416 

0.400 

0.451 

0.449 

0. 367 

a, c, e, i, m, n, r. 

a,c,l,w,x,z. 

a, c, i-n, p, ..,. . 

a,c,e,i,k,r. 

a. c, 1, w, x, z. 

c,e,k,m. 

e, f, o. 

p, v-x. z. 

a, c, g, l, n, w, x, z. 

a,c,j,m. 

a, c, f, j-n, p, r, x. 

a, c, c, i-n, p, v. 

c, i, m, r. 

c,i,m. 

a., c,n, p. 

9· 367 I n, p. 

0.362 j a,c,i,j,p,q,x. 

12.031 

12. 197 ' 

12. 198 I 
12. 3241 
12. 405 o. 355 . a, c, k, n, x. 

12. 671 ! 9. 390 a, c, f, i-n, p-r, v, x. 
I 

686 !-o. 370 • a, c, k-n. 

•Proper motion variable; a.pplyspeciAI correction given in" Jallrbucb" or" Ephemeris." 

H.Ex.22-33 
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Afean places of Hawaiian latitude stars-Continued. 
----------·---· .. ---------·-·--1 ------ ---T 

I I Annual 
preces

sion. 

805 
So6 

808 

809 

811 

814 

815 

816 

818 

819 

820 

822 

825 

829 

828 

(4786) 

835 

836 

837 

839 

840 

(4888) 

848 

849 

851 

(4913) 

(4920) 

854 
I (4969) · 
I 855 : I 
I 857 ! 
: (5055) I 
: (5059) i 
! 86o r 

864: 

8661 

8671 

::: 1 

I ::: I 
879 

1:5~~\ 

I Right 
:Mag. ascension Ann. 

var. 
Declination, 

1887.0. 

4. 2 

4-3 

5.5 

4.2 

5· I 

5.2 

5, 7 
6. 4 f 

6.2 

5.5 
5. ~ 

5.8 

5.7 
5.2 

4·3 
5.0 

6. 8z 

5.3 

4. 7 

5.6 

4.4 

5. 4 
6. I 

5. 6 

4.9 

5. 6 

8z 

8 z 

3.4 

5.9 

4.6 

5. 6 

I 1887. 

1---
i 

h. m. s. 
8 37 19 

38 16 

38 37 

39 52 

41 31 

44 22 

45 36 

45 41 

45 53 

47 21 

48 54 
49 II 

49 45 

50 57 
52 r8 

52 21 

55 54 
58 28 

8 59 21 

9 0 I 

0 54 

I 13 

6 51 

7 27 

s 3 

9 0 

9 21 

I 

s. 
+3. I 

3. 4 

3.3 

0 ' 
II 

+ 3 48 13.34 

18 34 s. 62 

IO 29 25. 18 

3· 6 -t-29 IO 21. 32 

3.0 - I 29 1.13 

4· I +44 8 47.06 

3· 7 32 53 48. 71 

3. 6 I 

3. 6 I 

3.6 

3.9 

, , I 
3· 3 I 

I 

28 40 57. 70 

28 45 42.o6 

31 0 23.92 

28 21 28.61 

40 38 I, 31 

12 3 25.81 

15 45 19.77 3. 41 
3·3, 121740.51 

5. 5 l-t-68 4 8. 35 
I 

2. 6 j-23 42 43. 85 

5. 4 !+67 19 32. 98 

3.8 38 54 12. I2 

3.2 5 32 35. 36 

4· J I 52 3 35.93 

3· 6 :+30 6 28. 37 

3.01- 6 38 48.63 

4. 5 1+57 12 32. 61 

4. 4 I 54 29 16.28 

3· 3 1+15 24 .35· 14 
2. 9 - 8 17 23. 65 

2.9 J- 8 16 2+26 

3. 7 
1
+34 5Z II. 13 

2. 8 1-15 21 23. 16 

3- 5 [+26 40 5.47 

4.0 !+46 5 44.95 

1 Pr. error ;
1 

1887. 
Prnper 
motion. 

Change, 
100 y. 

Authorities. 

II 

±o. 35 
0. 15 

0. 3 

o. 15 

0.4 
0. 2 

o. 25 
0. 25 
0.2 

0. 15 

0.25 

0.4 
0.2 

o. 5 

0. 15 

o. 15 

0. 35 

0. 25 

o. 3 

0. 3 

o. 25 

0. 2 

0.25 

0. 25 

0. 25 

0. 25 

0. 35 

0.35 
0, I 

o. 35 
0. 2 

o. 25 

I 
11\ 11111 

+o. 005 1-12. 709 1-o. 349 

-o. 226 I 12. 114 I o. 38o 
I ' 

--0. OJ I 12. 797 I 0. 36z 
I ' -0. 033 I 12. 880 I o. 403 

o. 00 I 12. 992 [ o. 333 
+o. 04 I 13· 180 o. 441 

• I 6 I -t-0. 02 i 13. 2 2 i o. 403 

+o. 01 I 13. 267

1 

o. 392 

-o. 245 I 13- 272 o. 392 

-0. 021 I 13. 375 o. 394 
I 

I -0.045 
" 

13.476 0.386 

I -0.035 13.495 0.419 

-0. 015 13.532 o. 349 

I +0.02 13. 610 0.355 

'-0.022 13.696 0.345 

! +0.016 13.699 0.584 

-- -- 13.924 0.273 

a, c, k, x. 

a, c, e, f, i-m, p, q, t-v, + 
a., c, l, n. 

a, c, k-m, r, t, u, + 
a, c, g, w, x, z. 

a, c, e, i, k, l, p-r. 

a., c, 1-n, r. 

a, c, f, 1-n. 

a, c, f, k, n, r. 

a, c, g-, 1, m, q, r, u. 

a, c, i-1, n, p, r. 

e, r. 

a, c, f, i, k-n, p. 

a, c, i. 

a, c, e, f, i-n, p, q, t, u, + 
a, c, e, l, m, p, u. 

p, x, z. 

-0.5 14.084 o. 550 I a, c, e, i-k, tn, q. 

o. 3931 a, c, e, i, k, m, r. -0.005 14. 139 
i 0.00 14. 182 o. 322 a, c, g, n. 

-0.035 14. 235 0.438 a,c,e, f, k,r. 

+0.005 14. 255 0.367 c, 1-n, p. r .. 

+0.045 14. 5g8 0.291 a, c, l, 11, w, x,z. 

-0.035 14.634 0.448 a, c, e, i,j, r. 

+0.07 14.670 0.432 a,c, e, i, k,p, r. 

0.00 14. 726 0.324 a. c, f. k-m, p. 

·--- 14. 747 o. 285 x,z. 

-- -- 14.786 0.284 w,x,z. 

+o. 027 15.029 0.352 a, c, f, 1, m, p-u, + 

-0.07 I 15.031 0.267 o, x., z. 

--0.035 15. 253 0.328 a, c, i, k, m, r. 

-o. 145 15.432 o. 367 c, e, f, i, p, r. 

2.0 

5.3 

IO I 

14 JO 

14 IJ 
18 4 

21 15 

22 2 

22 II 

22 28 

25 18 

25 51 

25 54 

26 13 

28 I 

30 I 

31 18 

34 5 
34 53 

2.9 1- 8 10 8.98 0. I 

3. o 
1
- 5 34 41. 27 I 0. 25 

+o. 052 15.475 0.268 a, b, e,f, i-n, p,q,s--v, l(-z,+ 

-0.075 15.484 0.271 e, k, o, x, z. 

a, f, l,n. 6.o 3. 2 i-t- 8 40 5i. 14 0.3 -0.02 15· 500 o. 292 

3.2 

5. 2 

I 
52 II 29. 83 -0.564 15.657 a-<:, c, f, i-n, p-u, + 4.0: 0. I 0.374 

3. 2 \ II 47 59.13 o. 2 -0.08 15.686 0. 289 a, c, e, i-n, p, x. 

5.4 

4.6 

5.0 

5. 7 

3· 2 1+10 12 49· 17 0.25 o.oo 15.688 0.287 a, c, £, i, k, l, n, p. 

3. I \- 0 41 12.97 0.25 --0. 015 15.706 o. 272 a, c, g, I, w, x, z. 

3. 8 -t-40 7 20. 85 0.4 o.oo 15. 8o5 0.334 a,c,e, r. 

3· 6 3 I 40 2. I 3 0.35 -0.075 15.910 0.313 c, g, 1,n. 

5. 3 3.8 +40 44 47. 66 0.25 +0.005 15.979 0.327 a,c,e,k,1,q,r, 

4.2 

4.9 I 
3. r - 0 37 49. 26 0.2 -o.o65 16. 124 0.26o a, d, f, k, n, w, x,~ 

z.9 -13 49 II. 29 o.z5 +0.01 16. 166 0.242 a, c. k, w, x, z. 

5.5 9 35 ° I +3·7 -t-40 16 20.19 ±:0.3 -o.o6 -16. 172 -0.319 a, c, e, l,n. 
I 

-



 

881 

882 

883 

884 

885 

887 I 

ss8 I 
(5293)/ 

893 I 
8941 

(s336JI 
(5345)/ 

895 

896 

898 

899 

3.S 
5.9 
5.7 
5.6 

3. I 

5. 7 
5.3 
6. 6 z 

4.1 

6.o 

5.3 
7. 2 

5.3 

5.2 
5.3 

5.9 
900 5.0 

got 6.o 

903 

905 

906 

907 
910 

911 

912 

4.6 

4.6 

4. 5 
J. 4 

5.4 

3.6 

\5·8 
13.8 

913 5. 9 

917 5. 0 

918 2. 5 
919 3· I 

921 5.9 

924 ! 6. 2 

(5697) 4· I 

927 4.9 

928 5.2 

929 4. 9 

932 5· I 

933 4. 0 

I (58o6) 6. I 

I (5825) 5. 2 

(5827) 5. 4 

937 4.8 

940 5.0 

945 5. l 

946 5.4 

947 I 5.1 
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• Jlfean placeR of Hawaiian latit1,de stars-Continued. 

h. m. s. 

9 35 7 

36 56 

37 35 
38 31 

39 26_ 

40 34 

41 18 

42 36 

46 20 

46 23 

46 55 

47 48 

48 20 

50 46 

52 9 

53 6 

54 1 5 
9 54 30 

IO 0 46 

I 54 

2 9 
2 21 

9 49 
IO 17 

10 17 
IO 24 

IO 37 
1 3 35 
13 44 

15 36 

16 36 

19 18 

20 38 

23 23 

23 44 

24 31 

26 38 

26 52 
30 45 
31 56 

31 58 

32 22 

34 14 

37 16 

39 35 
IO 40 19 

lJeclination, 
1887.0. 

: Pr. error. I 
1887. ' 

Proper Annual 
1notion. 1 preces

sion. 

Change,, 
IOOy. 

Authorities. 

S. I II 

+3· 2 1+IO 24 21. 50 

3. 5 i 30 29 36. 00 

3. 3 ! 14 32 17. 51 

4-3 I 57 38 46.91 

3. 4 24 17 38. 76 

3· I 2 18 2G. 88 

3. 9 +46 32 49· 30 

3.0 :-- 6 43 17.00 

3. 4 +26 32 19. 34 

3. l ,+ 2 58 51. J() 

3· 0 ' - 7 34 24. 16 

3.0 :- 9 22 19.55 

3· 9 + 50 21 9. 94 

3.7 41 35 35.96 

J. 2 12 59 0. 3 I ; 

J. 5 JO I I 9· 46 

3. 2 8 35 9· 75 
3. 5 32 28 44. 08 

3.6 

3.2 
J. l 

3.2 

3.4 
3.6 

3.3 
3.3 

3· 2 ' 

3· 3 I 
3-3 i 
3. 6 ! 

35 47 42.25 

IO 33 4-55 

oro49.80 

12 31 9. 15 

29 52 22.66 

43 28 41. 29 

24 3 51.34 

23 58 48.68 

14 17 29.03 

20 2 38.57 

20 24 46.07 

42 4 2. 85 

3· 5 : 34 28 41. 72 

3. 2 I+ 9 zr 31. go 

2. 9 l-16 15 34· 83 

II II 

::t:o. 15 · -o. 018 

0. 3 -0. IO 

o. 2 o.oo 

o. 2 +o. 035 

O. l --0.008 

0. 5 --0.04 

0. 25 --0.09 

0. 2 -0.005 

0. 15 -0. 045 

0.3 +o. II 

0. 25 -0. 03 

0. 35 --0. 04 

0. 25 +0.015 

o. 15 ' --o. oo6 

0. 25 -0.02 I 

o. 35 --0. 065 

0. 15 --0. 011 

o. 2 ---0. 44 

0.2 

0.25 

0.2 

0. I 

0.25 

o. 15 
0.25 

0.15 

0. 25 

0.25 

0.15 

o. 15 

+0.01 

·-0.04 

+0.005 
+o.or8 

--0.03 

-0. 058 : 

+o. 025 ' 

+o.or7 

-0.025 

-0.215 

-0.14 

+0.034 

0.35 -0.01 

0. 35 -0. 04 

o. 2 ---o. o6r 

3. 9 i+56 33 34. 75 o. rs -o. 032 
I 

3· l 1-- 2 9 39· 2.) o. 25 -0. 005 

3.1\-0 3 27.80 0.25 --0.015 

3. 5 [+41 0 23. 65 0. 35 -0. ~15 
3· 2 i+ 9 53 16. 35 o. r5 +o. oII 

2. 8 1-26 5 17. 16 o. 35 

2. s I 26 49 39· 02 o. 4 o. oo 

3'; 0 -12 47 49· 42 o. 5 o. 00 

3. 4 +32 33 46. 70 o. 25 +o. 015 

4. 2 66 18 28. 83 o. 2 ·-0. 075 

3. 3 I 23 46 46. 96 o. 15 +o. 026 

3.4 I 31 163s.19 o.1s I --0.011. 

+3· 2 \+19 29 13. 42 \ ::1:0. 35 \ -o. 035 I 

II I II 

-16.178 1-0.271 

16. 2j21
1 

o. 296 
16. 305 0. 273 

16.'353 0. 359 

16. 399 o. 281 

16. 455 o. 253 

a, c, e, f, i-n. p, q. t-Y, x. 

c, f. l, m. 

a, c, f, i. i, k, m, n. p, 'I• v. 

a, c, e. 1, n1, r. 

a-c. e, f, i-n, p-v, x, y, T 

c,g, n, p. 

16. 492 o. 318 a, c, e, f, i. 1, p, r. 

16. 556 o. 239 c, !, n, "'· x, z. 

16.738 0.271; a.c,e,f,i-n,p-r,t,u.x. 

16. 741 o. 244 
1 

n, c, f, k, n. 

16. 766 o. 23r a, c, g, }, n, w, x, 2. 

I 6. 809 0. 228 x, z. 

16. 835 o. 310 a, c, e, l, r. 

16. 948 o. 283 a, c, e, i, k, rn, p-r, u. 

17. 013 o. 244 a, c, f, i-n, p, ,._ 

17. 056 o. 262 a, c. g, 1, m, p. r. 

17. 109 o. 23() : a, c, e, fi 1-n, p. q. u, v, x, + 
17.211 0.262' a,c.f.k-m,r. 

17. 400 

17.450 

17.46o 

17.469 

17. 781 

17.799 

17.Sw 

17.804 

17.812 

17.930 
17·937 
18.008 

o. 252 a, c. f, i-m. p. r. 

0. 224 .a, C, g, i, k-111, p. 

o. 21.i :!\, c, k, m. s. x. 

o. 224 a, e-g, i-n, p-v. x, y, + 
o. 226 a, c, f, l, n, p. r. 

o. 240 a, c, e, i, j, 1, m~ p-u, -+
o. 218 a. c,f, 1, ll. r. 

o. 218 a, c. k, m, n, r, t, u. 

0. 210 

o. 209 

0.208 

o. 225 

a, c, e, f, j. k, m, n. 

a, c, f, i, n, r. 

a, c, e, f, i-n, p-r, t, v, x, y. 

a, c, e, f, i-1n, q-u, + 
18. 047 0. 216 

18. 149 I o. 191 

18. 198 I o. Ijl 

18. 298 o. 227 

a, c, d, g, l. 

a, c, d, g, i, k, I. n, p. 

a, c, e, f, i, k, ni, p-s, u, 1-
18. 310 o. 174 a, c, i, n, w, ::i., z. 

18. 338 0. I 74 a, c, k, I, n. p, x. 

18. 411 o. r93 

i 

1 
a,c,e,h,k,n,p,r. \ 

a, c, c, f, i-n, p, q, t-v, x;y,+ I 
p. x, z. I 

18. 420 0. 196 

18. 552 / 0. 149 

18. 590 i o. 147 

18.59:;i l 0.154 

18. 605 l 0. 178 

18. 6651 0. 219 

18. 7151 I o. r62 

18. 831 o. 161 

18. 8541-0. 154 

d, Pi v-x, z. 

a, d,g, h,p, w, x. 

a, c, k, m, p, r. 

a, c, e, f, i, k-n1, p. 

a, ct 1, m, p-r, u. 

a,c,k-m,p-r,u,-j-

a, c,f, i, q. 

I 

I 



 

5.W UNITBU STA'rE:::3 COAST· AND GFODETW SUlt \'EL 

.,l[ean places of Rawaiiari la#tude star.s-Oontinued. 

1----

1 

Rigl1t I 
:No.CS. \I 
·(Stone). · ag. 
I 

, ascensiun, 
Ann. 
var. 

Declination, 
1887.0. 

Pr. error,: Proper 
1887. ! mouon. 

Annual i Cl i 
preces- i iange, : 
'ion. i 

100 y. 
1
i 

Authorities. 

949 5· 3 

950 5. 7 

955 4. 9 

(6o21) 

956 

957 
958 
961 

(0072) 

963 

964 

965 
966 

970 

971 

973 

976 

977 
978 

983 

984 

985 

988 

991 
(63SS) 

99i 

995 

(6.p5) 

997 

998 

,999 
1000 

1002 

( 6487) 

1004 

1005 

10:;7 

rooS 

!Oil 

roq 

1015 

1017 

1018 

1020 

5. 2 

5. 9 ; 

5. 2 

+J 
6. 3 

4. I 

5. 4 
5.0 

5· I 

2. 6 

4. 7 

5. 7 
6. I 

2. 8 

3.5 

4.9 

3.8 

4.8 

4· I 

4.0 

5. I 

5.7 
4· l 

5.6 

6.6 

5.8 

5.5 
5. 8 

4.5 

5.5 

5. 6 

5. 8 

5.7 

4.9 

4. 2 

5.2 

5.6 

3.7 
5.6 

5.4 

7: 
6.o 

1887. 
I I 

---~---·-- --- --·· ----- --------- ---·------ --~-------·- 1·------
11 fl I // '1 II I h_ Ill. S. 

IO 43 19 

44 17 

47 28 

47 58 • 

47 59 

49 2'1 

53 q 

54 It) 

5·1 JD 

54 43 

54 53 

55 
IO 59 I I 

lI 8 

3 6 

8 6 

9 19 

9 12 

12 23 

12 58 1 

15 19 
18 2 

22 8 

24 2 

24 41 

25 56 
26 47 

?.8 51 

29 25 

30 21 

31 IO 

32 19 

32 56 

35 6 ~ 
35 42 

39 28 

40 3 

42 7 

43 49 

44 49 

49 15 : 

49 52 

52 26 

II 53 29 

5. O I If 

+3· 2 +11 8 34· 53 

3· 8 59 55 l I. 41 

3. 5 +43 47 28. 58 

2.9 

3· I 

3·3 

3-3 

3.4 

2.9 

3. 4 

3· I 

3· I 

3.7 

3· I 

3. l 

3.3 

19 3i 49- 30 ' 

- I 31 43· 89 

. t .H 6 35· 12 

25 2 I 8. I 7 

' 36 41 59· 00 

· 17 41 49. 07 

+39 49 7. 95 

4 13 26.47 

6 42 30.04 

5(, 59 16. 54 

7 56 48.59 

2 34 8.09 

36 55 17.60 

3· 2 21 8 33· 95 

3· 2 16 2 49· 85 

3· 2 23 42 40. 57 

3.3 33 42 38. 88 

3.3 38 48 18. 53 

J• I 6 38 54- 65 

3· I II 9 5· 94 

3· I + 3 28 42. 80 

3· 0 -23 50 JI. 5 I 

3· 6 +69 57 16. 58 

3· 4 +61 42 28. 99 

3· 0 -26 7 26. 21 

3.3 +55 24 3+43 

3.6 69 57 5.60 

3. 2 +28 24 20. 16 

J. I - 0 I I 59. 63 

3. 2 +44 15 5. 97 

3.0 --12 34 47.48 

3· 2 +34 50 23. 70 

3. I 32 22 17.84 

3· I 8 53 IO. 28 

3· I 7 9 45· 76 

3.1 8 52 24.13 

3· I 35 33 33· 87 

3· I 2 24 5· 34 

3· I 9 4 19.34 
3· I 16 16 32.28 

3· I 4 6 40. 78 

+J• I t33 47 46. 61 

:±0.15 --0.020 --18.941 :-0.144 a,c,f,g,i-n,p,q,u,v,x,y,+ 

S 6 
. . I 

0.2 ~0.05 1~99 0.175 a,c,e,1,j,IIl,p,r. 

0.2 -0.03 19.058 0.151 a,c,e,i,k-n,q,r. 

0.25 

0.35 

0.25 

0. 2 

o.45 

0.25 

0.25 

0.25 

0.3 

O. I 

o. 15 

o. 2 

0.35 

o. I 

o. 15 

o. 25 

o. 15 

0.3 
o. 15 

o. 15 

o. 2 

0.35 

o. 15 

0. 3 

o. 35 
0.4 

0.2 

o. 25 
0. I 

0.3 

0. 25 

0. 2 

o. 3 

o. 25 

0.2 

o. 3 

o. 3 

0. I 

o. 3 
0. 25 

o. 35 
±0.45 

-0.025 

+0.02 

-0.05 

-0.005 

-- o. 065 

+0.15 
-0.02 

-0.01 

--0.03 

+0.041 

---0. 022 

-0.07 

-0.065 

---0. 115 

-0.063 

-0.005 

+0.052 

-0.08 

0.00 

19.071 

19. 071 

19. 112 

19. I 12 

19. 208 

!<). 235 

19.241 

19.245 

19.249 

19. 250 

19. JS I 

19. 396 

19. 438 

0. 124 

0. 131 

o. 142 

o. 138 

o. 1J4 

0. 114 

o. 134 

0.119 

o. 120 

0. 112 

o. 107 

0. 112 

"· C, f, I, o, p, v-x, z, + 
a: d, h, n, p, w, x, z. 

a, c, f, k, 1, n, p, r. 

a., c, k, ln, n, p-r. 

a,c,p,q. 

a, c, f,j, o, q, t, v-x. 

a, c, e, l, r. 

a, c, e, f, i-n, p, x. 

a. c, f, -i, k~n,. p, v. 

a, c, e, f, i,j, m, p-u, + 
a. c, e, f, i-u, p, q, u, v, x, y, + 
a, c, f, g, i,k, 1, n,p, q. 

a, c, g, l, m, p, r. 

19. 541 o. 097 a-c, e, f, i-n, p-u, x, y, + 
19. 545 o. 096 a, c, f,j, k, m, t, u. 

19. 564 o. 096 a, c, k, p, r. 

19. 621 o. 091 a, c, j, m, q, r, t, u, + 
19. 632 o. 1)90 ' a, c, e, i, k, n, r, x. 

19. 674 ! o. o8ci a, c, e, f, i-n, p, q. t-v, x, + 
-0.063 19. 718 0.075 a, c, e, f, i-h, k, m, n, p, q, t-v., 

--0.0l 

--0.027 

-0.09 

o.oo 

-0.125 

-0.02 

+0.047 

-0.065 

+o. 125 

-·0. 38 

+0.02 

--0.02 

-0. 17 

o.oo 

19. 780 o. 066 

19. 807 0. 060 

19. 816 o. 075 

19. 832 o. 058 

19. 843 0. 055 

. 19. 869 o. o'.!' 

19. 876 O. O'.iJ 

19. 886 0. 05; 

a, c, e, f, i-n, p, q, v, x. 

o, x, z. 

a, c, e, i-n1, p, q, t, u, + 
a,e, h, m, r. 

x:, z . 

a, c, e, h, r. 

a, c, c, f, k-m, p •. 

a, c, k, m, p, r. 

19. 895 ! o. 049 a, c, e, f, i-n, p, q, u, v, x-z, + 
19.908 

19.913 

19. 935 
19.941 

19.973 

19.977 

19.992 

o. 050 a, c, e, f, i, n, p, r. 

o. 044 a., c,f, I, p, w, x, z. 

o. 043 a, c, f, k-m, p, r. 

o. 042 a, c, f, 1, n. 

o. 033 a, c, f,j-n. v. 

o. 032 a, c, e1 f, i-n, p7 v. 

o. 028 a, c, j, k, m, n, p. 

--0, 02 ! 20. 003 I 0. 026 a, c,.l, n, r. 

--o. 262 ! 20. 010 o. Q22 
I 

o.oo I 20.031 0.014 

+o. 01 i .20. 034 o. 013 

o. 00 II .20. 042 0. 008 

i-.20. 045 .- o. 005 

a, c, e, f, i-n, p, q, s-v, x, + 
a,c,g:,l,n. 

a,l,m .. 

a, c, 1-n. 

p,q. 

I 

I 
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Mea.n places of Hau:aiian latitude stars-Continued. 

-----.. -----------··------- --.. - --- -- .... --- ----- ------ --------------------- ------
t I 

No.C.S. M 
(Stone). ag. 

Right Ann. 
ascension, : 

1887. ' \·ar. 

Declination, 
1887.0. 

: Pr. error, Proper 
· 1887. motion. 

Annual . Change,· 
preces- 100 y·. AuthDrilie>. 

1021 

1022 

5.2 
4.4 

rn23 • S· 7 
1025 i 5. 7 

IOZJ 4· 3 
1029 G. z 

IOJO 

IOJI 

1032 5. 9 

1033 5.6 

1037 5· l 

1045 5. 2 

ro4S 4.q 

(6885) 5. 9 

(6903) 6. 5 

1053 6. 2 

ro54 ' 6. 3 

1055 5. 3 

ro59 5. 9 

1061 5. 5 
(6943): 

1062 

1065 

ro69 

1072 

1073 :, 
ro76 I 

3. I 

5.7 

5.5 
4.9 

5.6 
6. I 

6.3 

1077 
1082 

rnS5 

1086 

1089 

1091 

1096 

2. 8 

5.3 
5.7 

6.4 : 
5. 9 i /. 

1097 

1099 

IIOO 

uo4 

IIIJ9 

If IO 

llJZ 

n15 
ur6 

5· I 

3.7 

SS· 7 
lJ. l 

5.0 

h. m. s. 
II 54 IO 

55 5 
55 53 

58 29 

59 27 

II 59 57 
12 l 14 

4 46: 

5 2 

s. 0 / /I 

+3.1 .+ 417 4.63' 

3· I 7 14 39· 88 

3. l 

3· I 

36 +o 24.85 

22 5 IS. II 

3. I 9 21 38.36 

3· l ]+63 33 52. 20 

J. l '-23 8 17. D9 

3. 1 f+r7 26 r7. 36 

3- I 27 54 37 · 1.J-

6 7 3. I 26 29 59.31 

21 JO 16. 72 6 34 : 3· I 

IO IV 
i 

14 37 ! 
15 0 

17 28 

19 23 

19 34 
19 50 
20 17 

23 12 

23 48 

24 1 

24 3 

25 22 

29 13 

31 18 

32 37 

33 47 

35 56 

41 0 

43 r4 
43 ,, 

44 49 

47 44 

49 55 

50 43 

50 44 

53 20 

54 52 
12 56 33 

13 0 51 

0 53 

l 45 
4 29 

13 6 36 

3.1 153141.51 

3. 1 3 56 31. 52 : 
' \ 

3.0 :+rs 25 1. 93 

3· I l-24 12 48. 18 
i 

3. l :- 27 7 21. 92 
I 

3.0 --j-24 33 12.43 

2. 8 • 64 25 43· 13 

3.0 39 38 44· 09 
2. 9 : 56 20 18. 38 

3. 0 '--1--24 44 I. 67 

J. I :_ l 5 53 IO. 74 
I 

3. 0 ;+21 31 19. 26 

3· 0 2 5 II 30. 32 

3. 0 . 23 rs 6. 09 

3.0 i 17 42 43. 70 

J. I !, 2 28 36. 58 

2. 9 i-!--36 34 24. 06 

3.0 !- 0 49 46. 41 
I 

3. 0 :+17 II 42. 17 

3. o I 
3.0 i 
2.9 i 

I 
3.0: 

3.0 \ 

2. s l 
2.8 ! 
3. 0 

2.9 

3.0 

2.9 

2.9 

2.9 

2.9 

+2.8 

14 44 22.Sj 

25 27 37. 12 

38 7 54· 07 

21 5r 33.90 
4 0 42.42 

38 55 3D. 41 

38 55 43.81 
18 I 8. IJ 

31 23 40.76 

[! 34 D. 09 

21 45 35· 24 

23 13 22. 16 

28 13 52.61 

18 7 38.40 

+zs 27 4. 16 

---0.0I 

--0.03 

-0.09 

0.005 

sion. 

II 

047 

20.049 

004 

0. 00~ 

a, c, e, f, i-n, p, q, v, x. 

a, c. e, f, i-n, p, x. 

20. 050 !--0. 001 d, p. 

20. 053 .+o. 003 a, c, l, p. r. 

o. 15 -!--D. 049 20. 053 o. ooC. a, c, e, f, i-n, p, q, t--v, x, + 
0.35 

1 
--0.075 20.053 o.0D7 a,d,e,h,i,k-m. 

0. 35 ~ 0. ID 

0. 25 I 0. 005 

o. 35 --o. o+ 

0.25 ---0.03 

o. 2 5 ----0. 02 

0.25 

0.25 

0.25 

o. 2 

0.35 

o. 25 

o. 3 

o.z 
0.15 

0. 3 

-0.02 

--0.06 

-+o. o75 

-0.02 

-0. 005 

-0.0I I 

--0. 026 ! 

-o.oz 

0.00 

20.053 

20.049 

20.048 

0. 010 p, x. z. 

o. 01(, c, g-, I, m, + 
o. 017 g. 1--n, p. 

20.04G o. 019 a, c,g,j, k,n1,r. 

20. D45 o. 019 a, c, g. 1, n, r. 

20.033 

20.013 

20. Oil 

19·995 
r9.982 

19.980 

19.979 

19.974 

19.951 

19.946 

o. O':!../ a, c, k. m, n, -t-
o. 036 a. C1 e, f, i-k1 m, p, v. 

o. 036 a, c, k. m, + 
0. 0-i-3 g~ 1, o, p, w, x, z. 

0. 0{6 p, x, z. 

o. 045 c, [, 1--n, p, r, T 
o. 0+3 c. c, rn, p. 

o. 046 a, c, e, i,j, n, q, r, u. 

0.048 a,c,e,i,p,r,-

o. 052 a, c, i, r, -t-

o. 15 -I. 146 : 19. 943 o. 055 n, c, e, f. j-m, p, qj u, ,., x, z. 

o. 15 -0. 017 19.942 0.054 

o. 2 ~0.02 19. 931 o. 056 

0.25 ! +0.01 

o. 25 -0. 035 

0.35 -0.015 

o.8 

i 19. 890 0. 063 

a, c, f, 1, n, p-r. u, + 
a, c, d, g, 1-n, rt+ 

a, c, f, k-n, r, + 

0.1 

o. 5 

o. 25 

0.45 

0.4 

o. 25 

o. 15 

o. 25 

0.1 

o. 25 
o. 2 

o. 15 

o. 25 

o. 25 

o. 25 
o. 2 

+o. 015 

--j-o. ooo 

---0.025 

0.00 

-0.03 

-o. 047 \ 
+0.066 

+o.o66 

+o.05 
--0. DI 

-f-o. 029 

-0.055 

---0.03 

-0.09 

19. 867 ' 0. 067 

19. 850 i 0. 070 

19. 836 o. 07a 

19.807 

19.734 

19.697 

19.696 

19.671 

10.620 

o.on 

0.085 

0.089 
0.088 

0.089 

0.096 

o. 104 

0.098 

0.098 

0. 107 

a, c, g. l-n. 

:i, c. n1, n 1 p. 

n, d,p, ; 

a, c, c, f, i-n, p. q, s-v, x-z, + 1 

I 

~, c, k. 

a, c, g, k, l, n, p., v, + 
d,q. 

a, c,e,_ h, i, m, p, r,_ + 
n, c, i-k, in, r. 

, a, c, e-g, i-~n, p, C-\-, x. 

e, f, h-m,p. 

a, c, e-g, i-n, p-u, x, y, + 
a, c, k, m, q. 

19.579 

19.564 

19.564 

19.513 

19.482 

19.446 

19.35D 

19.350 

19.329 

19.264 

o. 107 · a, c, k-n, p, r, + 
o. 1!4 a, c, f, g,j-n, p, q, t, u, x, + 
o. 119 a, c, k, n1, r, + 
0. II9 

0. 119 

a, c,g, 1, n,r, + 
a, c, i,j, l, m,p, r, + 
a, c, f, i, k-n, + +o. 14 

-+ o. 897 '-19. 212 

o. 127 

128 a-<:, f, i-k, m, p-r, t, u, + 
I 

---'-----'--------------------·--------~-----------·--
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I . 
!No.c.s.1 M 
i (Stone).i ag. 

i 
! 

III7 5.7 

I 121 5. 6 

I I 27 5· 8 

1128 6. 4 

II30 5. 9 

II33 5· 2 

(7436). 6. 6 z 

1138 4. 9 

1139 : 3. 5 
1140 5. 0 

1144 5. 0 

1146 5.6 

1147 5. 6 

1153 i 5. 7 
(7536)' + 4 z 

1158: 5.8 

Il59 4. s 
IIe.t 4, I 

1165 5. 0 

1170 4. 7 

1172 2. 9 

rr75 5· I 

(7669) 5. I 

II76 5. 3 

(7678) 5. 9 ! 

1177 5. 9 

i JISo 6. 2 

(7718) 3.5 
II86 5.0 

: (7771) 4. 3 

(7791)' 6.5z 

u90 5. 3 
. (7803)' 6. 5 z 

1194 4. 8 

; 1195 5.2 

119S 5.9 

1200 5.0 
1202 

1203 

1204 

1209 

4·9 

5.9 

5.6 

3.6 

4.5 

UNITED STATES COAST AND GEODETlC SURVEY. 

lJfean places of Hawaiian latitude stars-Oontinued. 

Right . 
ascension, ' 

1887. 

i ----------/--/ 
Ann I Declination, i Pr. error,' Proper 
var.· 1887.0. i 1887. ; motion. 

Annual . Change, 
preces- 1 

sion. 100 Y· 
Authorities. 

I I 
~----,,----!i----~---1--·--i----

h. Ill. 5. ! s, I 0 I II l // I /I 
// II 

13 6 55 '+3.o +12 9 24.92 ::1:::0.4 I -0.075 

II 40 3.0 I. 14 16 14. 14 0. 3 l-f-0. 02 

-19.206 :+0.132 a,c,g,k,n,p. 

15 57 J· I 2 40 53· 07 0. 45 -0. 04 

18 46 2. 7 37 37 26. 75 o. 3 l -0. 01 

19.081 

18.962 

18.881 

18.853 

18.755 

18.583 

18. 581 

18. 562 

18.535 

1943 2.9 242637.65 0.7 !. 0.00 
; 

22 54 2. 9 14 22 56. 80 

3. 4 i-32 43 50. 95 

3· 0 4 14 23. 4i 

3· I 0 I 4· 04 

0. 2 i -0.57 

0. 35 : -----
0.45 

o. 15 

0.2 

-D.OI 

o. 25 0.00 18.444 

0.45 18.390 

0.2 +0.011 18.373 

0. 25 --0.06 18. 271 

0. 3 --0. 15 18. 201 

0. 25 , -o. 07 18. I 19 

o. 15 +o. 040 18. 103 

o. 3 +0.045 18.022 

o. r40 a, c, g, 1-n, q, + 
o. 152 a, b, h, n, q. 

o. 141 c, e, h, m, p, r. 

0·148 a,c,+ 

o. 159 a, c, f, k-n, q, + 
0. 193 x. z. 

o. 172 a,c,i. 

o. 176 a, c, e, f, i-n, p, q, t-v, x., y, 

o. 156 a, c, e, i, k, in, p-r, u, + 
0.160 a,b,h,i,j,m,p-r,+ 

0. 179 a, b, d, g, h, J..:, II. 

0.092 \ a,e,m,q,u. 

o. 189 a, c, f, i, k, p. 

i, k-m, p, Y-Z. 

a,c, i, n1, p, r, + 
a, c, fr-g, i-111, p, u, x, + 
a,c,j,m,p. 

29 45 

32 27 

34 0 

34 28 

37 2 3 

39 16 

41 28 

41 54 
44 2 

44 22 I 

48 8 

49 18 

51 25 
52 II i 
53 21 

2. 7 1+37 45 41. 57 

2.7 365211.17 

3.0 ! II 19 14. 26 

I . 4 : 7 l 49 2. 72 

3.0 4 6 37.04 

3·4 :-32 28 19.08 

z.8 ~-26 16 9.58 

:z.9 18 I 13. 14 

2.9. 16 21 31.74 

2. 8 l 2 l 49 3 L 32 

I. 8 • 65 16 53. 71 

2.9 i 18 57 52. 54 

2. 7 ,+28 2 47.33 

3· 4 !-24 25 12. ~ 

2. 8 h-22 14 52. 34 

3· 4 i-24 27 30. 32 

3· 0 :_ 9· 26 30. 24 

o. 25 +o. 02 18. 009 

0. 15 -o. 014 17. 862 

0. 216 

o. 181 

o. 188 

0. 192 

0. 189 

0. 123 

o. 198 

o. 193 

9.237 
o. 201 

0. 240 

0. 216 

I a, c, f, I, n, p, r, + 
1
. 

'k 

53 41 

55 45 

58 48 

13 59 56 
14 6 33 

6 52 

9 37 

9 58 
II 43 

13 13 

13 43 

15 9 

17 49 

18 34 

22 23 

22 33 

2:2 44 

24 42 

26 58 

O. I ---0. 344 17. 815 i 
0. 2 --o. 055 17. 730 i 

o. 25 i -o. 045 17. 699 

o. 2 -o. 05 17. 650 

o. 25 -o. 105 17. 637 

0.4 17.549 , 
2.2i+5130Ji6.u o.6 o.oo 17.419 

3. 4 /--26 8 15. or o. 25 -o. 14 17 370 

3.0 I+ 2 56 29.45 0.4 -0.055 17.074 
I 

3. 2 !- 9 44 50. 12 o. 15 +o. 141 17.059 

3· 5 !-32 42 54. 63 0. 35 16. 931 

I. I 
1+69 57 46. 45 O. 3 --0. 07 16. 914 

3· 5 [--32 41 46. 40 o. 35 16. 832 

2. 5 i+ 36 I 52. 15 D. 3 O. 00 16. 76o 

3· I :-- I 44 33· 42 O. 25 -0. 07 16. 736 

!!. 5 :+ 39 18 49. 44 o. 35 -0. 005 16. 667 

a, c, e, i, ~-m, p, q, u. j 

a, c, e-g, i-n, p, q, s-u, :x, y,+ 
a, c, k-11 1 q, r, + 
g, l, p, w' x, z. 

a, c, g, 1-n, r, + 
f~ 1, o, p, w, x, z. 

a,d, 11, q. 

o. 169 c, e, i. 

o. 255 d-f, j, k, p, v-x, z. 

o. 238 a, c, g, k, I, n. 

o. 251 i a, c, e-g, i-m, p, q, u-x, z. 

0. 283 . p, v, x, z. 

o. 093 • a, e, f, h, i, k-m. 

o. 287 p, v, x, z. 

o. 210 J a, c, g, I, m, p, r. 
0.254 · a,c.g,l,11,v,w,z. 

o. 207 • a, d, e, h, I, r. 

o. 249 , a, c, g, n. 3.0. 8 57 41.22 0.35 -0.005 16.536 
3. o 1+ 6 19 58. 08 o. 45 -o. 03 16. 498 o. 254 

1 

a, c, n, p. 
3.1!-14315.57 0.15 -o.ooz 16.305 o.269la,c,k,n,u,w,z. 

3· 5 l-28 36 28. 18 o. 35 16. 299 o. 3031 o, p, x, z. 

3. 2 !_ 6 23 33. 76 o. 2 -o. o6 16. 289 o. 275 a, c,d,g, 1,m, p, w, x, z. 
i 

2. 1 · + 50 21 2. 85 o. 25 --o. 055 16. 188 o. 183 i a, c, e, f, k, r, + 
2. 6 i 30 52 4. 19 o. 15 '! +o. 125 16. 070 o. 233 I a, c, f, g, i-r, t, u, x, + 

I . 2. 61 30 14 10. 64 o. 25

1

1 +o. 12 15. 923 o. 236 I a, c, f, k, p, r, + 
_1_2_'4 ___ 6_. _2 __ .r_4_3_s_1_4_+_2_. 7~l'_2_2_2_1 __ 3_6_._s_2--'---::l:::·-o-·_4_5....:...._-_-_-_·--.:...-_1_s._6_2_1--'--+-o_._2_5_s.:...\_d_,_q_. _____ _ 

* Northern star. 



 

iNo.C.S. M 
i(Stonc). ' ag. 

1216 

1217 

1218 

1219 

1223 

1226 

1228 

1231 

(Sr 15) 

(8135) 

(8r41) 

1234 

1235 

1237 

1238 

1239 

' (8192) 

1241 

1242 

1244 

(8261) 

1252 

1257 
(8367) 

1262 

1269 

1275 

(8445) 

(8467) 
1283 

1282* 

1284 

(8484) 

(8497) 

(8516) 

1301 

1307 

1308 

1312 

1314 

1317 

1318 

1322 

1325 
1326 

3· 8 
5. 0 

5.6 

4.9 

4. 8 

6. 2 

5.8 

5· 5 
6\{ I. i 

2. l 

5.6 

5.4 

4.8 

4.6 

3.2 

3· 6 

5.6 

5.8 

4.9 

6.4 

5. l 

6. 8z 

5.6 

.'>· 5 
6.3 

7Y. z 

5.3 
5.9 

4.4 

2.4 

3· 9 I 
6. 3 z 

5. 2 

6.o 

3.8 

5.7 
4.6 

3.7 
4.8 

4.7 

4.0 

5.4 
4. 1 
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Right 
ascens10n, 

1887. 

h. m. s. 
14 35 45 

36 6 

36 18 

38 27 

39 58 

40 47 
45 13 
4(:i 2 

47 44 
50 26 

50 55 
51 3 

51 46 

55 17 

55 47 
57 II 

57 27 

57 41 

58 36 

14 58 48 

15 5 47 
9 17 

13 32 

16 44 

16 46 

20 33 

22 47 

2 5 35 

27 46 

29 21 

29 24 

29 54 

30 IO 

JI 24 

33 36 

37 21 

40 58 

42 2 

44 51 

45 II 

46 18 

46 58 

51 14 

52 2 

is 52 55 

Mea1i places of Hawai-ian latitude stars-Continued. 

Ann. 
var. 

Declination, 
1887.0. 

!Pr. error,' Proper i 1887. motion. 

Annual 
preces

sion. 

Change, 
100 y. 

Authorities. 

------ ~ --------

s. I 0 I II 

+2. 9 i+14 12 48. So 
I 

2. 9 I s 38 43· 90 

2. 9 : I 2 8 5 I. 99 

2. 6 27 0 3 I. 33 

2.8 17 26 35.57 

2.8 15 36 26.87 

2. 7 24 22 43· 46 

2.4 +37 44 9.45 

3· 6 -32 50 19. 5 I 

3. 6 32 22 34. 59 

+J. 5 -24 59 9. 85 

-0. 2 1+74 37 I. 99 

+3· I 0 17 18. 77 

2. 3 39 42 49· 39 
o. 9 66 22 58. 26 

3. 0 1+ 2 32 8. 24 

3· 5 j-24 5o I 3· 53 

2. 3 1+40 50 12. 00 

2. 41 35 38 55. 10 

r. 4 1+6o 38 55. 15 

3. 4 1-19 21 48. 19 

2. 3 i+38 41 17. 70 

3. I 
1+ 2 II 35· JO : 

3. 3 I ~ 14 43 48. 70 I 

r. 8 l+sz 21 56.34 i I , 
2.8 ! 15 49 34.01 i 

2. 6 \+25 29 43. 52 ' 
I 

3· 5 -23 29 41. 36 : 

3· 6 -27 39 56. 53 

O. 8 64 35 I 9· 90 

2. 9 +IO 55 2. 24 

2. 5 +z7 · 5 43. 68 

3. 6 -27 45 36. 61 

3· 6 / 21 50 I. 74 

3· 5 :-23 27 0. 44 
0, l \+69 38 53· 25 

2.811 
154633.91 

2. 8 14 27 49. 67 

2. 5 26 24 52. 78 

3· 0 4 49 6. 30 

2. 6 21 19 5. 43 

2. 3 36 0 29.48 

2. 81 16 l 51. 62 

2. 8 I 14 44 is. s3 

+z. 5 
1
+27 12 20. o6 

I! 

::J-o. 15 

o. 45 

0.4 

0.25 

0.3 
0.7 

o.45 

0.35 

0.35 

0.4 

o. 35 

II 

-0.010 

-0.02 

--0. 12 

-0.01 

-0.06 

+0.03 

0.00 

+0.07 

0.00 

--0. 04 

O. I -0.005 

0. 45 -0.0I 

o. 25 +o. 03 

o. 2 +0.059 
0. 35 +0.01 

0.25 --0.033 

o. l -0.036 

o. 8 

0. 3 +0.02 

o. 15 -0. 042 

0. 35 -0.04 

0. 3 -0. 54 

o. 2 -o. 015 

o. 45 -0. 01 

o. 2 +o. 005 

o. 4 --0. 02 

0.4 

o. 35 
0.3 

o.35 
O. I 

o.35 

-0.05 
+o.oS 

+0.02 

-o.og4 

-0. ors 

II 

-15. 597 

15. 580 : 

15.568 

15.448 

15.364 

r5. 318 

15,065 

15. 017 

14. 919 

14. 759 

14· 7 J l 

/I 

268 a, c, g, i-k, m, p, q, t, u, + 
0. 276 I a, C, k. 

o.2j1 
1 

a.,c,i,n .. + 
o. 252 ! a., k, m, p, r, + 
o. 268 l a, c, k-m, p, + 
o. 272 I a,c, + 

I 

o. 2Ci3 : a, dt (I· 

o. 237 a, e~ h, 1, m, o, p. 

o. 361 : p, w, x, z. 

o. 366 a, p, x, z. 

+o. 351 
1 

d, o, p, w, x, z, 

14. 723 -o. 017 ,i a, c, c, f, i-m, p, q, s-u, -t-
14· 681 +o. 310 ' a, i. 

14· 469 o. 238 ' a, c, e, k, rn, r, + 
14· 438 o. 102 i a, e, k, m, q, u. 

14.353 0.314 a,c.k,n,o,v. 

14. 336 o. 362 , c, e, f, i, k, I, p, w, x, z, + 
14. 321 o. 237 , a, c, e, f, i-m, p-u, + 
14· 267 o. 251 a, c, i. 

14· 253 

13.818 

13.594 

lJ. 318 

13. 108 

13. !06 

12. 853 

12. 703 

12.36:! 

12. 252 

12.250 

12.214 

12. r97 

o. 149 a, e, h, o, q, r, + 
o. 365 a, c,e,f, i,k-m, p, q,v-x, z,.j

o. 250 e, h, 1, p, r. 

o. 335 a, c, f, i, o, p. 

0.373 a,c,f,g,j,k,rn,p,v-x,z. 

o. 200 a, b. e, 11, r. 

o. 319 a, c, 1, n. p, u. 

0. 296 d, g, q, + 

o. 421 d, i, j, p, v-x, z. 

o. 102 a, c, e, f, n1, q, + 
o. 335 a, c, f, g, j, t, + 
o. 297 a, e-g, i-n, p-v, x, y, + 
0. 425 i-1, p, v-x, z. 

0, 35 -o. 03 ' 12. Ill o. 427 

:: :s ~~~~-4- \ ::: ~!: :: ::~ 
p, 'lt, x, z. 

0. I 5 -0. 041 ,. I I. 432 0. 335 

o. 45 -o. or II. 356 o. 339 
o. 2 --o. 08 j 11. 151 o. 3rn 

o. 15 +o. 0591 11. 128 o. 366 

O. 25 -j-o. 015 II. 058 O. 259 

O. 2 -0. 37 .,I JO. 9g6 0. 28o 

0. 15 -J. 286 i JO. 684 0. 343 

o. 45 j -j-o. 06 j 10. 624 o. 347 

±o. 15 I -o.o621--10. 558 j+o. 313 

d, f, i, k, n1 1 p, v--x, z. 

q, i-
a, c, g,j, 1, nl, p,q, t, u, + 
a, c, g, 11, p, + 
a, c, k-m, p, r, + 
a, c, f, j-n, p, q, t, u, x. 

a, c, k, n, p, r, -+ 
a, c, f,k, m, p, r, + 
a-c, f, g,j-n, p, (J• t, u, x, + 
a,g,n,p,+ 

a, i-n, p-r, t, u, + 
·~~~~~~~~~~~~~~~~~~~~ 

• Northern star. 
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1lfean places of Hawaiian latitude stars-Continued. 

--------------- ··---

No.C. S. 
1,(Stone). 

Rig-ht 
1\-Iag. i ascenswn, 

' 1887. 

.-'um. 
var. 

Declination, 
1887.0. 

'Pr. error,' Proper Annual 
preces

sion. 

Change,: 
ioo y. 

Authorities. 

1330 

1333 

1337 

I 338 ~ 

1 339 i 

1341 

1342 

(8838) 

1345 

1350 

1352 ' 

1355 

1356 

5.3 
5.0 
5. I 

6. 3 

5.2 
4. 2 

6. I 

5. 7 
2.8 

56.36 
15.86 

5· 9 
5.5 

4.8 

4. 5 
5. I 

i 1357 5.0 

i358 5. 7 
1363 5. 4 
1369 4. 7 

(8999) 2.9 

1378 6. I 

1387 5. 8 

1390 5. 8 

1398 I 5·4 

1402 4. 4 

1408 4. 0 

1410 : 6. 2 

1417 6 0 

1419 ' 5. 8 
' (ri344) i 2. 6 

1424 , 5. I 

1427 3· 3 

i, 1428 i 3· 
I 

1429 : 

1430 ' 
i 

1432 ! 

1434 

1435 

f (9{45) 

·, (9452) 

: (9463) 
(1442) 

1449 

5. 9 
4.9 

6. 6z 

3.4 
6.87. 

5. 3 
55. 3 
~4-5 
4.4 

i 

h. Ill. S. ! .s. O I I/ 

15 )6 IO : +z. 7 :+18 7 52. 2I 

155726! 2.6 23 7 7.07 

16 2 58 : 
I 

2 59 : 
4 50 I 
5 12 ' 

6 49 

7 40 ' 

2. 7 , I 7 20 54· 95 

2.7 172125.48 

2. 2 ' 36 46 42. 49 

I. 9 45 13 53· 54 i 

2. 6 : 23 47 14. 51 

3.0 5 18 38. 18 

8 25 ' 3· I · -- 3 24 9· 50 

IO 27 2.2 34 8 42.89 
10 27 

10 28 

2.2 

16 J 2. I 

16 21 3.0 I 17 42.40 

17 42 i 2. 3 3 [ 9 16. 55 

18 6 2.3 34 3 55.54 

18 14 

18 40 

22 4 

25 39 

28 51 

32 36 

37 2 
' 

39 42 

44 50 I 

48 40 i 

55 58 

2. 3 I 33 58 o. 05 

·+ 2. 9 I 7 l 2 36. 68 

-0. 2 j 69 22 14. 35 

+2. 6 i+20 43 38. 40 

3· 7 l-27 58 50. 50 

2. 8 j+13 54 59· 75 
2. 4 I 27 s 6. 63 

2. 2 I 34 14 51. 14 
2 9 I 7 26 36. 78 

2:81 IO 21 7.39 

2. 3 31 5 35. 93 

57 18 : I. I 

16 59 46 ' 
I] I 31 

3 54 

5 54: 
8 2S : 

I 

9 30 ' 

IO 23 

ro 48 . 

II 7 I 
j 

13 4! 

13 9 i 
'4 46' 

15 4 
16 13 
16 15 
19 47 

2.6 19 45 21.26 

2. 5 
1
+22 r4 15. r6 

3. 4 !-15 35 2. 45 

I. 9 i+40 55 8. 14 

0. 2 ! 65 $1 I 3· 89 

2.7
1 I 14 31 II.OJ 

2. 5 24 58 2Z. 87 

3.0 ! I 20 14.23 

2.1 1· 36 56 12.75 
2.7 17 26 21.68 

2.2 ,+33 13 20.00 

3· 7 -24 47 27. Of) 
I 

3· 7 ! 24 53 8. 89 

3.7 1-~4 59 15.63 
2. 5 1+24 36 45, 13 
2. I I 37 15 4· 20 

1947 2.1 3715 0.84 

17 20 541 +3·0 + 4 14 2!.61 

1887. motion. 

II // " 
:1::0. 25 

0.25 

o. 2 

+o. 145 -IO. 316 :+o. 341 a, c, f, 1-n, p, + 
+0.03 

--0.01 

ro. 221 o. 328 a, k, m, + 
9. 800 o. 348 a, c, f, g, 1-n, p, q, + 

0.3 -0. 01 9. 800 0. 348 ' c, f, I, m, p. + 
0. 2 +o. 33 i 9. 658 · o. 285 a, c, f, k-m, p, r, + 
o. 2 

o.35 

0.3 

0. I 

0. 25 

o. 35 
0.3 

o. 35 

o. 35 
o. 2 

0.35 

+0.043 

-0.02 

-0,005 

-0. 137 

--0.08 

--0.08 

--0. 09 

--0,025 

+0.035 

+o. IO 

-0.055 

0.35 +0.04 

o. 3 +o. 02 

0, 5 -0.01 

9. 629 ~ o. 246 a, c, e-g, k, l, 'l· r, t, u. 
: 

9. 505 11 o. 331 a, c~ i, r, "I 

9· 440 , o. 385 a, n, P· 
9. 382 , o. 408 : a, c, e, f, i-n, p, q, s-u, x-z, + 
9. 225 

1 
o. 297 i a, c, f, g, i, m, p, r, + 

I • 
,9· 225 O. 297 l f, I, m, p, + 
9. 223 : o. 347 : a, g, 1, n, p, -7-
8. 787 o. 274 a, e, h, n, p. r. 

8. 764 ; o. 403 
I 

8. 656 i o. 312 

8.625 0.301 

a, c,k. 

a, c, k-n, p. r, + 
a,i,k~p,r,+ 

8.615 0.301 a,c,d,i,k,p,r. 

8. 580 +o. 388 a., g, 1, n. 
8. 310 -o. 019 a, e, h, m, + 

o. 5 8. 024 +o. 351 a, b, e, f, n-p, + 
! o. 25 -o. 04 7. 767 o. 504 c, e, f, i-m, p, q, v-z. 

0 . 45 -o. 055 I 7.464 o. 377 c, g, n. + 
0.4 -0.051 7.102 0.334 c,g,k,p,+ 

o. 35 +o. o65 6. 884 ' o. 306 a, g, p-r, + 
O, 3 +o. 005 f 6. 459 o. 405 a, c, k, n. 

0.3 --0.04 I 6.142 0.396 
1 

a,c,i,j,p,q,+ 

o. 15 +o. 032 5. 530 o. 324 a, c, e-g, i-n, p-r, t, u, + 
0.3 +0.02 [ 5.418 0.157 e,f,i,r,+ 

0.4 o.oo I 5.210 o.369'a,q,+ 
o. 4 ' -o. 065 5. o62 o. 361 a, d, g, q, + 
o. 15 +o. 097 : 4. 86o o. 488 a, c, e, i, i-m, p, q, t-x, z, + 
0.4 , +0.01 I +691 0.278 a,d,q,+ 

o. I 5 ' +a. 022 i 4. 472 o. 025 a, e-g, i-rn, q, t, u, + 
o. I +o. 030 I 4. 383c l o. 391 a, b, e-g, i-n, p, 'I• s-v,x,y,+ 

::;s ~~~~31 ::!;~I :::;: ::::~~,g~,m,p,r,u,v,+ 
o. I +o. 005 . 4. 245 o. 300 a, c, j, m, n, p-u, + 

0. 4 I 4.078 I o. 382 d, q, + 
o. 25 ! -o. or . 4.070 I o. 318 j a,j, m, p, r, + 
o. 3 ! --o. 04 / 3· 933 j o. 527 I f, k-m, p. w-i. 

o. 15 :. -0.035

1 

3.9051
1 

0.528 i e,f,i-n,p,q,v-z,+ 

0.35 o.oo 3:So8 I 0.529 i f,p,~,x,z. 
o. 25 o.oo i 3.Sos I o. 355 I a, c, 1, l-n, p, r, + 
0.3 o.oo l 3.501 i 0.298 I f,j,m,p. 
0.2 o.cx:> \ 3.501 \ o.2g8 \ a,f,g,j,m;p,r-t,+ 

~::: ___ ~~01 l-~_J+o·~9 l a,c,g,i-n,p,x. __ _ 



 

I I 
No.CS.I M 
i(St ) ' ag. 
1 .. one ·I 

i--1--
1 I 

I 

1452 i 
1464 I 
1465 ! 

1471 I 
1474 i 
1486 i 
1492 I 
1496 ! 
1498 : 

1499 

1503 ! 

1507 I 
1513 I 

1s11 I 
1522 I 
1525 . 

1527 

1531 

1537 I 

1543 ! 
1549 ! 
1551 II 

1552 

1555 I 
1562 I 

I 
(IOI07} 

1 51 1 I 
1573 1 

(10174)
1 

5. 2 

5.9 

2. 2 

5.8 
6.3 

5· 7 
5. 4 

6.2 

5.3 
5.8 
4.0 

4.8 
6. I 

5· I 

4.8 

4.0 

4. 5 
5. 7 
5.9 

5.5 

5.6 

5.9 

5.5 
5.8 
5. 0 

5.9 

5.8 

0.2 

6.2 

1575 ' 5. 8 
i 

1578 I 5· I 

1581*!
1 

{ 

5
· 

0 

6.o 

1582* { 5. 3 
5.5 

1588 4, 5 

1589 5.7 
5.3 

i6o2 5. 7 
16o3 4.6 

16o8 4.5 
1611 5. 7 
1615 6. 2 

1621 5· I 
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Right 
ascension, 

1887. 

h. 1Jl· s. 
17 23 4 

29 32 

29 41 

32 52 

36 5 
42 9 

44 14 

46 52 

49 37 

50 33 
52 23 

54 40 

56 28 

17 57 33 
18 I 54 

3 8 

3 55 
5 I 

9 19 

14 32 

16 36 

17 20 

17 49 
20 13 

25 39 

26 59 
31 48 

33 7 
34 58 

35 52 
39 8 

40 36 

40 36 

40 38 

40 38 

42 2 

42 36 

49 47 

49 57 

49 59 

50 33 

51 35 

53 50 

18 55 45 

Mean places of Hawaiian 1,atitude stars-Continued. 

Ann. · Declination, iPr. error,i 
var. 

1

1 1887.0. i 1887. 
Proper 

motion. 

I 
-1 -1 

s. I 0 , ,, i ,, 
+3.1 !+ 0 25 21.00 f ±0.45 

I. 9 i 41 19 25. 34 ·1'. 0. 25 

2. 8 ! 12 38 34• 86 
1 

0, I 

24 22 40. 19 ! 

" 

15 14 13. 31 I 
0.3 

o.6 

-0.03 

-0.08 

-0. 217 

+0.01 

-0.06 

2. 6 17 44 21. 00 ! o. 5 -0. 045 
I 

2. 4 25 39 39· 47 I o. 2 -o. 05 

3.0 

2.0 

3.1 

2. I 

3.0 
2. 2 

2.6 

l 20 O. 15 '. 

40 l 46. 54 : 

0 41 16.39 I 

37 15 57. 45 

4 22 35.06' 

33 13 4. 88 I 

20 50 2. 56 I 
2.9 8 43 12.11 

2. 3 28 44 50. 77 

2. 6 20 47 49. 64 

3.0 3 18 IO. 16 

2. 0 38 44 32. 34 

2. 5 24 23 58. 82 

2. 3 i9 48 19. 93 

2.8 II 58 28.03 

2. 6 17 46 12. 76 

2. 9 7 58 9· 73 

0. 2 29 36. 28 

3· 7 _24 6 55. 75 

3· I !_ 0 24 14.43 

2. 0 [+38 40 44. 30 
3· 7 _23 56 15. 61 

o. 2 l+6s 23 14. 20 

3. 0 I I 56 44. 54 
2. 0 39 33 8. 45 

I 

2. 0 I' 39 33 I I. 54 
2. 0 39 29 42. 81 

2. 0 39 29 40. 54 

2. 6 18 3 23. 00 

1.9 41 19 15.77 

2. I 36 49 51. IO 

2.9 Ii 6 28 28. 94 

2, 5 22 30 8. 91 
I 

2.I 36 45 19,97 

3.0 2 23 15.58 

2. 6 I9 38 28. 40 

+:z. 3 +31 59 16. J2 
I 

0.35 

0. 25 +0.055 

0. 6 ! --0. 03 

o. 15 ' +o. 019 

o. 45 +0.01 

0.4 -0.06 

o. 2 +0.01 

0. 3 +0.02 

0. 15 -0,01 

0.3 
0.4 

o.35 

0.25 

o. 25 

0.4 

o.45 
0.4 

0.3 

0.25 

0.3 

0. I 

o.35 
0.2 

0.3 
0. 15 

o. 15 

0.15 

0.15 

0.25 

0.4 

0.25 

o. 25 
0.2 

0.3 

0.3 

0.4 

±0.25 

0.03 

0.00 

0.00 

+0.04 

0.00 

--0.04 

-0.01 

--0.05 

+o. 295 

--0.03 

I 

+0.027 

-0.03 

_;_o, 080 

+0.080 

+0.074 

+0.074 

+0.11 

+0.02 

-·--0.0I 

-o.og 
o.oo 

+0.01 

-0.01 

0.00 

Annual 
preces .. 

s1on. 
Authorities. 

II II 

' -3. 218 +o. 442 '. a, cl, i, n, + 
2. 657 o. 277 a, e, h, k-n, r, + 
2. 644 o. 402 a, e-g, i-n, p, q, s-v, x, y, + 
2. 369 o. 359 a, c, i, n, p, + 
2.ogo 

I. 561 

I. 378 

I. 159 

0.907 

0.826 

o. 394 

0.385 

d,p. 

"·'l·+ 
o. 354 ; a, c, f, k, m, p, r, + 
o. 443 n,q, + 
o. 2S5 a, c, e, I, p, r, + 
0.446 I g,J), 

o. 677 o. 300 ' a, c, d, g, i,j. p-r, t, u. 

o. 466 : o. 434 a, j, k. 

o. 309 o. 320 a, q, -j 

-o. 214 : o. 374 a, c, g, k-n, r, + 
1 +o. 166 o. 418 : a, c, g, I, n. 

o. 274 o. 341 . a, c, g. i, m, p-r, t, u, + 
o. 344 o. 374: a.,c, g,l,r, + 
o.439 

0. 815 

I. 2j I 

I. 452 ' 

I. 5 I 5 
I. 558 

I. 766 

2.240 

2. 356 ' 

2. 773 
2. 886 i 
3.050 I 
3. 125 

3.407 

3. 532 i 
I 

3- 533 I 
3• 537 I 

3.537 

3.657 

0.437 

0.291 

0.359 

0.335 

0.405 

0.384 

0.419 

0.022 

0.530 

0.444 

0.289 

o. 526 

0.026 

d,q.+ 
d, e, h, rn, p, r, + 
a, c, i-I, r, + 
a, c, f, l, n, r, + 
q.+ 

b, c~ e, f, h, mt+ 

a,d,q, + 
a, c, e, f, i, rn, + 
g. k, 1, p, "·· x, z. 

a,d, q, z, + 
a, c~ e, f, i-n. p--u, x, y, + 
c, i, p, v-x, z. 

a,e, q, u. 

a,c, g, n, p. 

o. 283 I a, c, e, f, i, k, m, p-u, + 
o. 283 I r, i, k, + 
o. 28i ! a, e, f, i, k. p, r, u. 

I • 

o. 284 I a, 1, k, p, r, u. 

o. 379 I a, c, k-n, + 
o. 274 : a, d, e, h, r. 

o. 296 I a, c, g, k, 1, q, r. 

0.415 I a,c,g.1,n,p. 

3.707 

4. 3221 

4.3361 
4· 339 

1 
o. 359 a, c, i, k-n, o, r, + 

4. 387 I o. 297 a, c, g, k, p, r. 

4. 476 \ o. 428 a, c, i, n. . 

4. 667 I o. 368 d, q, + 
+4.831 '.+0.318 I a,c,g,l,n,p,r, + 

-------· 
• Southern star of pair i581 and mean of pair i582 usually observed. 
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Mean places of Hawaiian latitude stars-Continued. 

1 
Annual . Cha~g:i--- Autl1orities. I 

100 y. I 

_I _________________ ) ______ ! ____________________ ----

"No C S Right Ann. Declination, Pr. error,i1 Pro,,er 

I 
· ···· · Ma ascension, . r (Stone). ' g. 

1887
_ var. 1887.0. 1887. ; motion. 

i 
1------ ------------· ----- -----\--·-

1630 

1633 

1638 

1639 

1643 

1646 

3· l 

5.6 

5.2 

5.3 
5· 2 

4. 5 
1650 6. 2 

1654 S· I 

166o 5.4 

1665 5. 0 

1668 5.3 

1669 !. 4· 9 

1677 i 6. 2 

1680' 3.0 

1682 4. 8 

1684 i 4. 7 
1692 ! 6. 0 

16g7 ! 5· 0 

1699 4·9 

1705 i 5· 4 
1711 5. 8 
1712 5. 0 

1715 I 5.0 

1720 . 

1724 

1725 

1737 
1742 

I. 0 . 

5. s I 
3·9+: 

5.7 
4. 7 

1744 : 5. 3 

1750 5.7 

1758 . 5. 6 

5.4 

5.3 
1771 i 6. 2 

1775 ! 5· 5 
1778 5· I 

1783 

1784 

1795 

1796 ! 
1798 : 

1815 I 
I 

1820 i 
1822 ! 
18251 

5.0 

4.8 

6.5 

5.2 

5.4 

6.3 
5.2 

4.7 
5.6 

h. 111. s. 
19 0 13 

I 56 

3 16 

3 28 

8 l 

9 55 
II I 

r2 3r 

14 23 

18 13 

19 35 

19 40 

22 22 

26 IO 

27 34 

28 34 

JI 45 

33 37 
34 55 

37 15 
40 10 

40 12 

42 8 

45 r6 

46 34 
46 43 
50 41 

51 49 
52 38 

54 20 

19 58 37 

20 0 9 

2 2 

3 22 

5 51 

9 3 
10 18 

10 28 

14 II 

14 19 
1 7 35 
27 8 

28 36 

30 l 

20 32 15 

s. 
+2.8 

2.5 

2. I 

2. 9 ! 

3.0 
2.0. 

2.3 
2.8 

1 

2.8 

2.5 
2.9 

2.4 
2.8 

2.4 
2.2 

2.9 

2.2 

3.0 

2.4 
2.8 

2.9 

2.2 

2.3 

2.9 
2.1 

3. r 
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// 
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0.25 

o.35 
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0.2 
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o. 3 
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0.00 
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o.oo 
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-0.015 
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-0.02 
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+0.02 

o. 25 . +0.01 

o. 3 i +o. 085 

2. 6 23 17 20. 72 o. 2 i --o. 01 

2. 3 34 s 42. 89 I o. 35 o. oo 

2. 5 26 34 IO. 70 I o. 25 o. 00 

2. 8 14 51 14. 56 j o. 2 +o. 07 

2.z 36 27 JS.40 I 0.25 +o.og 
2.5 251449.17 0.35,-0.045. 

2.8 125147.641' o.45i-o.o6 

2. 3 J 34 37 48. 14 o. 25 ; +o. 01 
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2. 6 25 25 24· 47 o. 35 i - --- - -

2.s I 12 38 26.88 !1 o.2s \ +0.04 

2. s \ 14 17 S· 63 o. 25 I 0. 00 

+z. 61+26 4 8. 681 :±:o. 25 / -o. 015 

---
1 // i // 

5. 208 +o. 386 

5. 353 : 0. 349 

. . i 
a-c, e-g, 1-n, p, q, s-u, x, y, +( 
a-c, f, k, + 

5. 466 o. 298 :i, c, g, l--n, p--r, u. 

5.483, 0.411 ! a,i,j,n,p. 

5.864 ! 0.420 a,c,i,j,n,p. 

6.022 : 

6. II5 i 
I 

6. 239 : 

6.395 

t. 71 l 

6.823 

6. 831 

7. 053 

7.363 

7. 478 

7. 558 
7.814 
7.966 
8.069 

8. 256 

8.488 

8.490 

8.643 

8.890 

8.993 

9.003 

0.282 

o. 321 

0. 388 

0.385 

o.335 

0.383 
0.322 

0.374 

0.3~5 

o. 300 

0.391 

0.286 

0.393 
0.313 

0. 372 

o. 383 
0. 282 

0.296 

0.375 

0.274 
0.395 

a, c, e-g, k, m, p, r. 

d,q,+ 

a, c, f, g, j-n, p, q, u, x, + 
a, c_, d, i, m, n, + 
a, c, g, l-n, r, + 
a-c, f, k, n1, n, + 
a,c, i, p, r, + 
a,d,n_,q, + 
a, c, f, g, i,j, 1--n, p--u, + 
a, c, g, 1--n, p, + 
a, c, f, i-n, p, x. 

a, c, g, 1-n, r. 

a-c, i, j, n, p, x. 

a, c,j, 1n, p, r, + 
a, c, i,j, n, p, + 
a,c,g,l,n. 

a. c, f, k,p--r, u, + 
a, c, d, f, g, k--m, r, + 
a, e-g, i-n, p, q, s-v, x, y, ·-t
a, c, e, f, h,l, p,r. 

a, c, f, j-1, n, q, t, u, x. 

9· 313 o. 279 ; d, p, q, + 
9· 401 o. 273 \ a, c, e, 1-n, p, r, + 
9· 462 1 o. 347 l a, c, f, 1, n. 

9· 594 0.327 / a, k, m, n, r, + 
9. 922 o. 368 1 a, c, i, I, n, p, q. 

I 
10. 038 o. 332 I a, c, f, 1, n, p, + 
ro. 18~ o. 320 i a, c, i, 1-n, p, r. 

10. 28o o. 2831 d, p, q, + 
10. 467 o. 308 I a, c, i, k, l, p, r, + 
IO. 704 o. 338 i a, c,j, k, m, n,p, q, + 
10. 797 o. 271 j a, c, f, g, l, n, p, r, + 
10.8rn o.3o8 i a,b,d,h,k,n,o,r,+ 

II. 082 1 o. 338 

1

1 a, n, q. 

JI. 090 i 0.276 a,c,g,l,m,r. 

I I. 327 ( O. 354

1

, a-d, g, h, U, p. 

12.007 0.295 d,q,+ 

12. II I 1 o. 325 I a, c, g, l--n, p, + 
, 12.209 I 0.320 a,c,f,i,k,n,p,q,+ 

+12.363 j+o. 2891 a, c, i,rn,p, r •. 

I 
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.i-Uean places of HawaUan latitude stars-Continued. 

IN cs I Right 
·"(~· • ). Mag. , ascension, 
I - one . i 1887. 
I __ ! ____ _ 

1829 

1837 

1851 

1855 

186o 

I 1870 
1(11238) 

1898 

1900 

1901 

1902 

(11276) 

1904 

1907 

1912 

1928 

1936 

1044 
1 947 
1950 
1 953 
2017 

2018 

2022 

6. I 

4.0 

2. 7 
5. 
6. I 

5.9 
4.6 

4. 8 

5.9 

5. 7 

3. 5 
4.6 

5.5 

4. I 

4.4 

6.o 

5.4 
5,9 

5. I 

5.4 

5.8 

5.3 
5· I 

4. 9 

4.6 

5 6. 3 e 

~ 5. 8 e 

3.6 
3, I 

6.o 

5.6 
3.8 

h. m. s. 
20 33 24 

34 23 
41 38 

42 40 

44 16' 
20 50 I 

21 3 26 

4 51 

5 2 

6 46 

8 8 

8 59 

6 29 
IO IO 

13 16 

15 29 

22 41 

25 42 

32 25 

33 49 
36 24 

21 37 50 II 

22 15 s1 I 
16 6 

19 30 

30 50 

30 51 

35 5° 
37 42 

49 4711 
53 4o 

56 43 

58 8 

58 18 

22 59 8 

Ann. 
var. 

s. 

Declination, 
1887.0. 

o I // 

+2.8 +12 55 7.93 
2.8 15 30 50.04 

2. 4 33 32 50. 45 

2.4 33 57 33.66 

2. 9 7 56 40. 2I 

3.0 i+ 4 6 5.30 

3. 3 [-11 49 43. 09 
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2. 9 I 9 35 18. 6o 

I 
I. 9 ' 53 6 6. 73 

2. s I 29 45 49. 36 

2. 9 '+ 9 32 58. 29 
I 

3. 3 i-15 38 25. 43 
I 

3.0 !+ 4 46 52. 15 

2. 5 34 25 2 I. 46 

3. 0 6 52 32. 95 

2. 6 27 7 o. 80 

2.9 I II 38 29.49 
i 

2. 4 39 54 22. 00 

3· 0 I 44 9· 47 

3· I 0 46 15. 17 

2.4 40 33 41,48 

3.0 II 38 9· 85 

2. 8 27 45 41. 56 

3· I 0 48 14. 99 

2. 7 39 2 36. 2 3 

2. 7 39 2 58. 59 
3.0 Io 14 29. 89 

2. 8 29 37 49. 42 
2.8 36 28 28. 16 

3· I 0 21 34· 45 

2. 7 41 43 7. 80 

3· I 3 I 2 42 • 33 
2. 9 27 28 Il. 70 

3.0 I 14 35 50.94 

2054 

2057 

2077 

2o82 

2o87 

2o89 

2090 

2091 

2095 
2104 

4· 6 

2.6+ 
2.6 

4.9 
6. 1 

5.8 

23 I 37 2. 9 24 51 30.99 

16 58 58.32 
-j-12 46 2. 07 

5 5 3.0 

2179 2l 59 54 I +3· I 

I 
Pr. error,! Proper 

1887. • motion. 

:±:o 25 
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O. I 
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0.2 
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0.15 
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0.35 
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0.3 
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0. 2 

0.35 
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O. I 
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0.35 
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0.15 

0. 25 
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0.1 

0.2 

o.6 
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II 

-0.01 

--0.002 
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i"O. or 

0.00 

-0.007 
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0.00 
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-0.02 

-0.02 
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~.oS 

0.00 

-0.015 

+o. 133 
-0.030 

-0.02 

+0.02 

0.00 

AnnuQ} 
preces· 
sion. 
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+12. +42 
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14.674 
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1+ 977 
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16. i IO 
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lS.022 
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' 
II I 
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a, c, e, f, j, p, r, t

a, c, n, p. 

a, c, d, f, 1, rn, r, + 
a,d,o,q,+ 

a, c, e, l, p-r, u,_ + 
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GRAYITY. 

Descriptions of stations. 

Pakaoao.-This station is situated on the edge of the crater of Haleakala, near the southwestern 
corner (see illustrations Nos. 39 and 42). It was connected trigonometrically with Haleakala 
.A point by Mr. F. S. Dodge. The distance from the &.. station to the latitude pier is 71.8 feet and 
the azimuth 145° 12'. The pendulum-house was about 12 foet south of the latitude pier (see illus
tration No. 42). 

The lower end of the pendulum was 24 feet below the &. point, the height of which is given by 
the Government Sur\'ey as 9,870 feet above mean tide. This point has since receivetl the name of 
Pendulum Peak. (Am .• Journal of Science, February, 1889.) 

Haik1t.-The pendulums were swung in the basement of the old sugar-mill on the plantation 
of Mr. Henry Baldwin. It is situated about 4 miles east of Paia. Around the pendulum sup
port was built a tight wooden compartment 5 feet sqtrnre and 10 foet high to prevent <listnrbance 
by currents of air. The latitucle pier was situated a few feet north of the building. Tlte connec
tion of the latitude pier with the triangulation station at Pun o Umi was also made by Mr. Dodge, 
who gives the height of the bottom of the pendulum above mean tide as 385 feet. 

Honolulu.-The northeast corner room of the Go>ernment building (Kapuaiwa) was chosen for 
the observations at this station, the pendulums being hung against the east wall from two heavy 
iron brackets. A weight somewhat heavier than the heaviest pendulum was placed at the extremity 
of the arms aml no flexure which could affect the result of the observations was detected. Time 
was determined at the new observatory about 50 feet eastward of the building, and the signals were 
tram1mitted electrically to the chronograph, which was in .the pendulum-room. Around the pendu
lums were placed screens to prevent rapid changes of temperature and currents of air. The 
bottom of the pendulum was 10 feet above mean tide. 

81],n Francisco.-Davidson Observatory in Lafayette Park, at the corner of Clay and Octavia 
streets, was occupied. The pendulums were swung from a stan<l (see illustration No. 49) aiHl were 
observed from an adjoining room. The station is 378 feet abo>e mean ticle. 

Lick Observatory.-Observations were made in the cellar of the transit house. The top plank 
of the stand used in San Francisco was supported at one end by the east collimator pier, and at 
the other by a brick wall. The pendulums were 4,205 feet aborn mean tide. 

lV asliingt-0n.-The penclulum-room at the Smithsonian Institution, the northeast corner of the 
basement, was occupied. The pendulums were swung from a stand (see illustration No. 49) 
similar to the one used iu San Francisco. The height of the station above mean tide is 34 feet. 

Methods of observation. 

The plan generally followed was to swing the pendulums at each station on the same support 
and t.o continue the observations through the entire twenty-four hours. This method was adhered to 
as far as local circumstances would permit. A wooden stand (illustration No. 49) was used at San 
Francisco and l-Vashiugton. A bea>y plank imbedded in masonry was used at Pakaoao and the Lick 
Observatory, ancl this same plank was used at Honolulu and Haiku firmly supported on massive 
iron brackets which were imbedded in a stone wall. Head No. 0 was used at all the stations. At 
the Lick Observatory only day observations were made. The iron brackets were tested for vertical 
flexure. No appreciable amount was discovered. The horizontal flexure of the head is supposed 
to have been the same at each station. The knife-edge plane was tested for horizontality before 
beginning each position and also after its conclusion. Three thermometers were used, suspended 
near the top, middle, and bottom of the pendulum, the bottom one being attached to a rod of the 
same metal as the pendulum and read continuously during the swing by means of the telescope used 
in taking tbe transits. The others were read at the beginning and end of swings. The thermome· 
ters were compared immediately after the observations at each station and had their zero points 
determined at Honolulu, San Francisco, and Washington. The pendulums were allowed to swing 
for 15,000 oscillations with the heavy end down and for 5,000 in the inverted position. 

Time was determined at 8 p. m. and the pendulums were started at the mean epoch of thest.ar 
observations. The half amplitude of oscillation was a.bout 50' at the beginning and fjl at the eud • 

• 
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Two barometers, mercurial aml anerohl, were read as well as the wet and dry bulb thermometers. 
The i~endulum observat.ions were registered electrically on a Fauth chronograph (illustration No. 
50). Forty transits were taken at the beginning and end of swings, with one or two intermediate 
011es at intervals of an hour in order to count the whole number of oscillations. The probable 
t•rror of the mean of forty transits is about o•.003. 

The approximate value of an oscillation may be obtained at a new station by applying a cor
rection of one one-hundred-thousandth of a second for a change of one second in the rate of the 
clock, 1 degree in the temperature, 1 inch in the pressure, one-hundredth of the radius in the 
amplitude, 100 metres in the elevation or ten minutes in the latitude (200). But this method 
was checked at each station from transits near the end of a swing. The rule adopted was to take 
isixt,y transits, allow ten minutes to elapse, and take forty more. Allow thirty minutes to pass and 
take forty additional transits. This with the regular observations gives sufficient data for the 
ileterminatio11 of the period to the nearest ten-thousandth of a second, wbich is sufficiently accuratfl 
to make the couut during an interval of two hours. 

The chronometer correction was determined by observing ten stars each evening. Four time 
i;tars and one circumpolar were taken in each position of the instrument and transits were observed 
across the five middle threads of the diaphragm. Readings of the level were made before and after 
each set and during the observations if time served. The transits were registered electrically on 
the Fauth chronograph. 

Tlrn observatiom; on the pendulum and the thermometer below were made by means of a 
reading telescope at a distance of about 15 feet. A window of plate-glass was I.milt in the front 
wall of the pendulum-house at Pakaoao, and a theodolite standing in the transit tent was used in 
observing. 

Metlwds of reduction. 

The corrections to the time of oscillation on account of the amplitude were calculated by 
Borda's formula 

Mn sin ( <p + cp') sin ( <p - <p') 
3!f log sin <p-log sin <p' 

<p and <p' being the initia.l and final arcs, n the number of oscillations, and M the modulus of the 
common system of logarithms. 

In finding the periods, the use of eight-place logarithms was avoided by using the formula 

B BC i i; ) 
A±i=A l=j= A±A2 =j=etc. 

As the entire interval was only increased by a.bout its aoo\ 075 part on account of the amplitude, 

all terms involving higher powers than the first are inappreciable in the seventh place, and i 
can be disposed of mentally, only requiring one or two places. 

The corrections for pressure and temperature depend on Peirce's co-efficients. The atmos
pheric effect is considered in two parts, the first varying directly as the pressure and inversely as 
the temperature, and the second directly as the square root of the pressure and inversely as the 
eighth root of the temperature. As communicated by Professor Peirce, the co-efficients for Wash
ington in sitlereal .time at one absolute atmosphere (1,000,000 0. G. S. units of pressure) and 15° 
Centigrade are: 

Heavy end down_ Heavy eud up-

Pendulum. 

I 
-

First part. Second part. First part. Second part. 

- I ------
Seconds. Secands. Seconds. Seconds. 

No. 3. 0_0003107 0.0000349 o.ooo88zt o. 000!047 
No. 4- o_ 0003315 0.0000428 0.0009905 0.0001274 . 
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For any other station the correction is 

p Jfi)K 
2!J.f>54 (; W• 

K being the co-efficient for Washington, 9w gravity at Washington, g gravity at any other station, 
t the temperature Centigrade, and P the pressure in inches. 

The temperature corrections uned for one oscillation per degree Centigrade are: 

Pendulum. Heavy end down. 
1 

,--------------------~----~I 

No. 3. 

No. 4. 

Seconds. 

0.00000877 

0.00000921 

Heavy end up. 

Seconds. 

Differential corrections were first applied to reduce to the mean temperature and pressure of 
the station. The mean period is theu brought to 15° temperature and to one absolute atmosphere. 

'£he attraction of Haleakala on the plumb-line at Kaupo (Ka Lae o Ka Ilio) was calculated by 
H n tton's formula 

(Clarke'8 Geodesy, page 295) using a value for p derived from a comparison of the pendulum obser
vations at the imrumit and at the sea. 

The island of :\faui is divided into rn•mpartments by radial lines and concentric circles follow
ing the usual method. In the present case the :first series of circles extends to the summit. They 
have a common difference in the radii of 1 mile. The second series extends to the valley beyond, 
with radii ha·dng a ratio of H· The third series includes all remaining matter above the sea-level 
(see illustration No. 51). The sines of the angles between the radii and the meridian of Ka Lae o 
Ka Ilio have a common difference of one-tenth. This arrangement facilitates the computation by 
making the attractions vary as the heights for the compartments in any given ring. The unit of 
height is taken as 100 feet, and we have the following heights for East Maui: 

I 
Circle. /-

1 I I. 

I- 2 I I. 0 

2- 3 i 4· 5 
i 

3- 4 i 4. 5 

Compartment heights. 
---

Sector. 

II. I III. I IV. v. 
--------

~I VII. 

4.0 I I 
4· 5 7.5 9.0 9.0 I 9.5 

8.o I 12.0 14.0 15. 0 16.5 17.5 
12.5 14. 5 20.0 23.0 25.0 27.5 
20.5 

' 
26.0 31. 5 40.0 43.0 46.0 

30.0 38. 0 48.0 57. 5 65.0 68.o 
40_0 52.0 66.o 73- 0 75. 0 75.0 
52.0 68.o 76.5 76.0 7J. 5 72.5 
63.5 79.0 78.5 73.0 73.0 74·5 
75.0 95.0 84. 5 75.5 71.0 72.5 

. 79· 5 83.5 87.5 8o.5' 7r.5 64.0 

173. 0 77.5 77. 5 76. 5 169. 5 58.5 
65.0 65.5 63. 0 i 59 5 54. 5 

49.0 49.0 51. 5 si. o I so. o 47.0 
164.0 

4- 5 I s. s 
s- 6 I lJ. o 
6- 1 I 20. o 
7- 8 i 26. 5 

8- 9 \ 32. s 
<)-IO! 38.0 

10-11 1· 44. 5 
II-12 56. 0 

12-13 I 42.5 

13-14143. 0 

- ___ -A,"-·-----~--- I 

Sums. 

VIII.\~ x. 
-~~-

10.0 IO.O 10.0 74. 5 
18.0 19_5 20.0 145.0 
30.0 31. 5 31.0 219.5 
46.0 44.0 42.0 347. 5 
61. 0 54.0 5J. 5 48S.o 

69.0 63.5 65.0 598. 5 
73.0 no 77. s 668.5 

76. 5 74·5 72.0 6g1.o 

71.5 66.5 62.0 711. 5 
62.0 60.0 54.0 687.0 

54. 5 52. 5 45.5 641. 0 

46.0 .p.o 36.0 537.o 
39.0 29.0 22.5 431. 0 
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