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LETTER 

FROM THE 

SECRETARY OF 'rHE TREASURY, 
TRANSMITTING, 

]1& compliance with sootion 4:600 of the Re11ised Statutes; a report of the Superintenden,t of tke Coast and 
Geodetic Survey, 111w11Jing the progres11 inade in that sv.rvey during the jisoal year ending June 
30, 1881. 

J.L"'l'UARY 16, 18&.!.-Reforred to the Committee on Commerce and ordered to be printed. 

TREASURY DEPARTMEN1, ,January ll, 1882. 
Sm: In aooordance with section 4690 of the Revised Statutes, I have the honor to transmit 

herewith, for the information of the Seuate~ a report addressed to this Department by J. E. Hilgard, 
Superintendent of the Coast. and Geodetic Survey, showing the progress made in that survey 

'during the fiscal year ending June30, 1881. 
Very respectfully, 

The Honorable DAVID DAVIS, 

Pr~t pro tempore, United &atu Senat.e. 

CHAS. J. FOLGER, 
8t!01'etary. 
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BA.ROME.TER TO SEA·LEVEL. Meteorologi()Al TeM1arcb~.
Part Ill, by Wm. Fel'l'<'l; A.ppendix No. 10, pp. 22!>-268, 

BARR J.C. Drawing Div!aion, Coast and Geodetic Survey Ollice, 
p.63. 

BARTLE, R. F. Engravi11g Division, Coast snd GeOO.etle 811rvey 
Office, p. 64. 

BARTLETT, J. R., COMMANDER, U.S. N. In command of the 
Blake, progress in developing Gulf Stream, and survey in Gulf of 
Mexico and Caribbean Sea, pp. 1, 2, 29, ;-w. 

BARTO. Trian~mlation station, p.16. 
BASE .APP .A.RATUS. F'i\'e mettr prilllary, designed by C. A. 

Schott. '""i•tar,t., Jlp. 51, 52. 
BASE LINE. Reference to. in MissisHippi and Kentucky, p. 17; 

reference to, Bayon Sara and Baton Rouge, p. 34; measurernen t 
of, at Greem·ille, Mis•., pp. 35, 36: in Sec.tiuu X, p. 39 ; SE. and 
NW. Yolo stations, p. 40; preliminary operations for measure· 
ruent. of Yolo, p. 31; reconnaissauce for, in British Columbia, p. 
44: computation of, p, 59. 

llAS~; MONUMEXT, On a meth0<l ul' readily transferring the on· 
dergronnd mark at a, by O. H. Tittmann, affsistant, Appendix 
No. 13, pp. 357, 351!. 

BASSETT. R. T. Miscellaneous diYi&ion. Coast and Geo<let.io Sur
Tey Office, p 55. 

BA TOK ROUGE, LA. Trfallgulation near, pp. 3, 32, 35; reference 
to base atj p. 34; materials from wreck of Rt.earner Baton Rouge 
taken to, p. 35. 

BATON ROUGE (Steamer). Mahlrials an<l outtlt saved from 
the wrnck of the, p. 35 ; final use of, and wreck of, pp. 35, 36 : 
special report on, pp. 64, 65. 

llAYLOR, J, ,B.; SUBASSISTAXT. Maguetic obsenations in the 
Wret, and in Vh·giniaand WestVh·ginia, p. 27; magnetic observa
tions iu Ohio, Michigan, and Indiana, p. 47; in Minnesota, Dakota, 
Nebraska, acd Iowa, p. 50 i Computing DiviP.ion, Coast and Geodetic 
Surrey Office, p. 59. 

BA.Y OF MAINE. Tidal observations on island in, p. 11. 
B.AY OF SAN FRANCISCO, CAL. Tidal stations on, p. 40. 

BAYOU SARA. Triangulation near, pp. 3, 32, 34: reference to baee 
line at, p. 34. 

BEAN, DR. T. H. An attacM of the Fish Commission accompa. 
nying party to Alaska on the Y nkon, p. 45. 

BEARDSLEY, L.A., CAPTAIN, U.S. N .. comrnamlh1g U.S. S. 
J amestowil, Sitka ; reference to, p. 45.. 

BEAUTY (barge). Use of, in Section II, p.17; relative to condi· 
tion of the, p. 65. 

BECK, J. H. Miscelloneon• division, Coast and Geodetic Survey 
Office, p. 55. 

BEECH KNOB, VA. Jl· 28. 
B-ELKOFFSKY, A.LASKA, p. 45. 
BELLEVUE STATION, N. Y., p. 17. 
BENICIA.. Coast and Geodetic Survey beneh·mark at, p. 40. 
BENNER, F. W. Engraving Division, Coast am) Geodetic Survey 

Office, p 64. 
BENNETT. 'J'riangulatiou station, Hudson Rh-er, p.46. 
BENNY HA YEN'S, Triangulation on the Hudson. including, 

p. 15. 
BERING STRAIT. Passage of the Yukon through. p. 45; hydro-

thermal section of, accomplieht..--d, p. 46. 
BERLIN BRASS METER, Xo. 49. Reference to, p. 53. 
BERMUDA. Relative to aecurillg tidal obseITations at, p 61. 
BESSEL-REPSOLD COMP ARATO RS (Nos. I and II), p. 52. 
BESSEL'S SPHEROID. Clarke's spheroid adopted instead of, 

p. 57. 
BIGEl,QW MOUNTA~. N. Y., p. 17. 
BIGELOW STATION, N. Y., pp. 3, 12. 
BIG ROCK (station in Pennsylvania), p. 21. 
BIRD, G. F., AID. Services in Section XVI, p. 51; services In 

Computing Divillion, Coast and Geodetic Survey Office, pp. 57, 
59,60. 

BISM .A.RCK, D.AK. Magnetic 01-rvRtions at, p. 4. 
BLACK RIVER, N. Y., p. 16. 
BLADENSBURG, MD., p. 25. 
BL.A.IR, H. W., SUBA.SSIST.A.NT. TnmaferTed from triangula

tian in .M.lssonri to office duty In W Mhlngton, p. 49; OOr:npntation 
and examination of • tanda.rd welghtll and measure•, pp. 53, M, 57; ' 
Computing Division, Coast and Geodetic Surv<'y Ofiioo, p. 57. 

BLAKE (Steamer). Reference t-0 woe of, in Gnlf Stream e:s:plon>.· 
tlons and deep-sea wunding11, pp. 1, 2, 211, 30; report on condition of 
the, p.64. 

BLOCK HOUSE. Triangulation •t.ation, p.111. 
BLUEBERRY HILL, N. Y. Triangulation atatlon,pp.2,12,13,11. 
BLUE HILL BAY. Chart of, ~6rred to in eatiQlatea, p. 6. 
BLUE RIDGE. Trlan&Ulatloa neat', pp. !7, 28. ~ 
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BOARD OF ENGINEERS F'OR THPAECU'IC COAST. Report; 
prepared for, by Assistant Da-,.idaon, on harborsofrefuge for that 
coa•t, p. 40. 

BODEGA llAY. Reference w, in estimates, p. 7. 
BORDEN. THOMAS P., A.ID. Serrices in Sedion IJ, p. 16; in Sec· 

tion XV, p. 50; in Computin~ Division, Coast and Geodetic Survey 
Office, pp, 57, 59, 60. 

BOSTON. Geodetic opera.Hou~ U6a.I'1 rer~rr~d to in estimates, p. 5; 
tidal observations at, p. 13. 

BOUNDARY BAY, BRITISH COLUMBIA. Reconnaiaatt0e for 
primarJ base lino site on shorei, of, pp. 4, 44, 45. 

BOUNDARY STREET, WASHINGTON. D. C. Triangulation 
north of, pp. 23, 25. 

BOUTELLE, C. 0., .ASSIST.ANT. Reconnaiaance and triangula
tion in New York, p. 16. 

BOUTELLE, J. B., RECORDER .A.ND EXTRA. OBSERVER. 
S.rncea in Section II. p. 16; in Section Vlll, p. 35; in Computing 
Dh>jsion Coast anrt GMdetic Survey Office, l'P· 57, 60. 

BOWDITCH, NATH.A.NIEL. Referene.e to, as instl'tlctor of late 
Prof. Benjamin Peirce, p. S. 

BOWSER, PROF. E. A. Triangulation in New Jer••Y. p. 21. . 
BOYD,C. H., ASSISTANT. Reference to former work on tbe Mr•· 

sil!sii-pi, p. 35; triangulation of MiS&issippi mver and r~port on 
loss of the Ba.tan Rot111e. pp. 35, 36, 65; relative ta b&Se line meas· 
uted near Greenville, Miss .. by, p. 46; Mr. Terry ord~red to join 
part.1· of, p. 50. 

BRADBURY, JR., BION 8ervices as nxtra observer, in Section I, _ 
p. 11; in Drawing Division, Coast and Geodetic Survey 01lice, p, 63. 

BRADBURY, LIEUTENANT, U.S. N. R•ference (,o his report 
on ice. fields off New England cnlU!t in 1870, '75. p. 22. 

BRADFORD, (J-]<;RSBOM, ASSISTANT. Referen~ to oontinn· 
ance of survey or oyster hed• in Chesapeake Bay, by, pp. 2, 22. 23 
services in SMtion Ill, p. 22. 

BRADFORD, J. S., ASSISTANT. Continnationofwork on Atliln· 
tic Coast Pilot, p. 2; special examination off Long Island and. Vir
ginia coasts for Coast Directory, Jl. 22; chief of Eni;raving Di vi· 
oion to December 1, 1880. p. 63. 

BRAID, ANDREW. SUBASSISTANT. Reference to oervices in 
. Sertion VIII, in 1879, '80, pp. 38, 34; geodetic leveling in "'111isiaua, P· 
35; reference to leveling party on Mississippi Hiver, p. 48; levelii>g 
work on Potomac River. p. 53. 

BRAINERD, MINN. .Mi;gnetic oliscrntion' at, p 4. 
BRANDYWINE SRO.AL LIGHT. J'rogress of hydrography near, 

pp. 3, 18. 
BRAZOS HARBOR. Surrny of, and tidal observations, p. 37, 
BRAZOS LIGHT-llOUSE. So11ndings narth of, p. 37. 
BRETON ISLA.ND SOUND. Estimaoofor completion ohbart of, 

p. 6. 
llR!ERY KNOB, POCAHONTAS COUNTY, W. VA..,p. 28. 
RRIGHT,W. T. In chargeofDmwiugDivision,CoastandGeodetic 

Snrvt>y Office, report from, pp. 6~, 63. 
BRIGHTWOOD, D. C., p. 25. 
BRISK (schooner.) Report on condition of the, p. 65; laid up at 

Nat<Jhez, Miss., p. 65. 
BRITISH ASSOCIATION FOR ADVANCEMENT OF SCIENCE. 

Dr. Craig appointed to represent the CoM(, and Geodetic Survey at 
meeting o{, at York, England, p. 2, 

BRITISH COLUMBIA. Rooonna.istianoeill, p. 44, 
llROAD RUN ROAD. D. C., p. 23. 
llROWN, S. T., ENSIGN, U. S. N. Servicrs in Seotion XI, p «. 
BROWN SHOAL. Snrveyof, pp.3, 18. 
BUCHANAN, PROF. A.. H. Trilmgnlation in Ten11%See, p. ~
:BUNKER HILL ROAD, D. C., p. 25. 
:BUBTON, A. E. Drawing Diviai<>n, Coal!t and Geodetic Survey 

Oftlce, p. 63, 

:BUTCHER'S CREEK. Special a11rvey of, p. 23. 
":BUOY OF THE MIDDLE," PORT OF PHIL.A.DELPHlA. Ka 

deteimi12aiio12 of position of, p. 18. 

(). 

CA.HTQ, CAL. Tr!a.ngul.ation atati<>n, pp.•. !19. 
C..UPlCOS, p. 311. 
C.ALll!'ORilIA. l>rogre•s-0f work on 11ew editi<Jn of coast Pilot for 

p. t; relereoee to. in eatimates, p. 7 ; triangulation of 60&8t of, pp. 
&, .39, '1 ; referred to In etttimates, p. 7 : oft'-ahore aonndiogs, refer
-.to, in ..,.tlmat..&, '" '; hy~hy-.,f-tof, p. 88; magnetic 
obo!ervationa at points In, p. !lCl ; new ~ apparat ... forwarded to, 
p.62. 

CA.LL, G. W., OF FORT ROSS, CAL., p. 42. 
CAMBRIDGE, MASS. Death of Prof. Benjamin Peirce. late con· 

sulting geometer, Unite(l Rtates Coast nml G-eodetk Survey at. 
p. 8. 

CAMPBELL. PROF. J. L. Reconnoissance am! t.riangulation iu 
lndiallll, pp. 47, 48. 

CANAD.A.. R.econnaiManoo extending" int.o, 11. l'i'; refetrnce to 
Lieutenant Very~s magnetic trip tu: j). 25. 

C.A.N.A.DIANGOVERNME:\T. Con><eut oft.he, forreconuaisaanc..· 
on p.nd ne.ar Bonndatv Bay, British Columbia, p. 4-4. 

C.APE CAR.A. VER.AL, .FLA. ~ounding• off. p. 3; chart of coast 
near, referred to in estimates, p. 6; hydro.!..rraphy south ofi p. 31. 

CAPE CA:R.A.VERAL SHOALS. Survey of, 11. 31. 
CAPE CHARLES, V .A., pp. 3, n. 
CAPE COD, MA.SS. Reference ID, in estimate.•. p. 5; chart of, re· 

ferred to in estimates, p. 6; plotting of soundings otr, p. 54. 
CAPE FEAR. Hydrography near, referred to in estimates. '" 5. 
CAPE FEAR RIVER. Soundings at entrance, refene<l to i11 esti· 

ma.tee, p. 5; chart of, referred to in estimates, p. 6. 
CAPE FLORIDA. Deep.sea soundin,l!8. &c .. off, rcferrecl to in eR· 

tima.tes, p. 5; chart of coast. near1 reierence to, in egfimates, p. 6. 
CAPE HATTERAS. General chart of <O""t. near, rcferre<l to in 

eRtimates, p. 6; sound.in~s and dredgingR off. p. 2~. 
CAPE HENLOPEN. Reference to. in estimates, p. 5; rcferenee 

to extension of shore line at, p. 18. 
CAPE HENRY, V .A. I•· 3; reference to, m esthuatt's, p. 5; Yiews 

of, for Coast Pilot, p. 22. 
CAPE KRUSENSTERN, '!RCTIC COAST, 1" 46. 
CA.PE LISBURNE, ARCTIC OCEAN, p. 4o. 
CAPE LOOKOUT. Reference to, in estimates, p. 5; di edging and 

sounding• near, p. 29. 
CA.PE MA.NAN. Ueferred t-o in estimates, I" 5. 
CA.PE MAY, N. J. Longitude signals between, and Washington, 

p. 3; chart of, referred to in estimate~. Jl· 6; longitude ob1-;erva
tions at, pp. 17, 27; topography and trian.[ulation 1u·ar, pp. 17, 18. i 
shoal reported near i shoal-spot not found, p. 18 i resurvey of shoal 
off, required, p. 18. 

CA.PE MENDOCINO. Reference to, in estimates, J>. 7 . 
CAPE ROMAIN. Chart of co3"t from Hatteras fo, referred to in 

eatimatee, p. 6; dredging near, p. 29. 
CAPERTON, W. B., ENSIGN, U.S. N. Survices in Section VIII, 

p. 34 ; in Section IX, p. 37. 
C.A.PE SA.BLE. Cha.rt of, reforred to in estimates, p. 6. 

' CAPE SAN BLAS. ChMt of coo.st near; reference to, in estimates, 
p.6. 

CAPE SEBASTIAN. Reference to. in e•timates, p. 7. 
CARIBBEAN SE.A.. Remarks on progress of exploration• in. pp. 

t, 2; deep·se& soundings. in, reference to, in estimates, Jl. 5 ; plot
ting of deep-sea soundings in, p. 54. 

CARROLL, CAPTAIN J .A.MES. Command of steamer I<> Si,tka; 
facilities extended olliceu of Coo.st and Geodetic Surrey, p. 45. 

CARROLLTON, LA. Geo<letic leveling ccmpletednear, J•P· 32-33; 
reference to, p. 57. . 

CARSON SINK, STATION, NE'\' .A.DA, p. 50. 
CASE'S INLET, PUGET SGUND, p. 43. 
CASTLETON, IND. Trhwgulation near. p. 47. 
CASWEI,L (schooner). Hydrographic inspector advises sale of. 

p.65. 
! CATALINA (B<>hooner). Hydrographic inspector advises sale of, 

p.65. 
CEDAR KEYS. Reference to, in estimates, p. 5; c!1art of coAAt 

near, referred to in estimates, p. 6. 
CENTRAL .A.MERICA. Magnetic stations on c,oastof, pp. ll-37. 
CENTRALIA, GOJ,UMBIA. COUNTY, PEN:S .. p. 21. 
CERROO ISLAND. Magnetic ob110nations on, p. 38. 
CH.A.MPERICA.. MaJlllefic observa.tions at, p. 38. 

i CH.A.NDELEURSOUNIJ. Coast chart of, referred to, in e8timates, 
p.8. 

CHARLESTON, S. C. 'l'idal ol....,rl'"o.tions and deep-sea 8onnd
lng11 at, pp. B, 28, '.!II, 00. 

CHARLESTOWN, W. V .A.. Observatory erected at, and magnetic 
obRBrvationa, pp. 3, Z1. 

CHARLOTT.I! HA.RBOR. Trle.ngnlation of, referred w in esti· 
matee, p. 5. 

CHA.RTS COMPLETED OR IN PROGRESS DURING TBE
YE.A.R ENDING JUNE 30, 1881. Drawing division, .Appendix 

No. '· pp. 81, 83. 
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CHEEVER, N. Y. T1iangulation station, pp. 2, 12, 13, 17. 
CHERNOFFSKY HARBOR, UNALARHKA, HARBOR 01'' 

lt:EFUGJ<; FOR THE YUKOX. p. Ml. 
CHESAPEAKE BAY. Relath·e to examination of oyster hl1dsiu, 

pp. 2, 3, 22, 23; see also Appenuix Xo. 11: to connect Atlantie Coast 
triangulation with, ref'ennce to, in estimah·1\ p. 5; tidal oh1erva
tionR in, refeITOO. to in estimat·t'S, p. 5; 1·elati~e to report ou deni;i.itJ 

of water• of, p. 54. 
CHESCONNESSEX CREEK, p. 2~. 
CHESTER, C.M.,COMM.ANDER, D.S.1'. lnclrnrg" of H)dro

graphic Divisiou. Coast and Geodetio Sur\'"ey Office. }J. 54; report 
from, pp, 64-6-0. 

CHESTER CITY, PENN., pp. 3, 19, 20. 
CHESTER ISLAND .AND CHESTER ISLAND BAK Rela. 

tive to, pp. 19, 20. 
CHILK.AHT, .AI,.ASKA. Pro~ress of obserrntions and sound
ings near, p. 4 i spedal expedition to, p. 45. 

CHINCOTEAGUE BAY, l'P· 22, 54. 
CHINCOTEAGl::E IKLE'l'. Sm·yey of, p. 3; h)·rlrography north 

of, pp. 22, 23. 
CHINCOTEAGUE SHOALS. Resur<"ey directed, rip. 23, 54. 
CHRISTIE, ALEX. S. Compnting Ilivision. Coast and Geodetic 

Survey Office, pp. 58, 59. 
CINCINNATI, OHIO. Observatory erect,ed at, antl telegraphic 

longitude observation•, pp. 4, 47, 48; triangulation near, p. 47. 
CITY POIXT. Chart of James RiTer. Va .. to. referretl to in eoti

wates, p. 6. 
CLARION ISLAND, PACI:FIC COA~. lla~'"lletii; ob"erration" 

on, p. 37. 
CLARK, JOHN, MECHANICIAX. !Miscellaneuus Divisiou, Coast 

and Geodetic Survey Otlke, p. 55. 
CLARKE'S MOUND, ILL. Triangulation station, p. 4B. 
CLARKE'S SPHEH.OID, pp. 57. 00. 
CLARKSBURG, V .A. Magnetic observation• at, pp. 3, 27. 
CLARVOE, G. W. Carpentry work, Coa•t and Geodetic Sur..-ey 

Offiee, p. 65. 
CLEVELAND, OIIIO. Magneti0 observations at, pp. 4, 47. 
CLUB-HOUSE WHARF, JAMAICA B.AY, L. I. Temporary tide

gange at, p. 14. 
COAST .AXD GEODETIC SURVEY. Remarko on progrno• Qnd 

c.ondition of the, for the yooreucling.Tune 30, 1881, pp. 1-4; offioor• 
and office work, pp. 5H'>6; estimat<i• for liel1l o.Dd office woi·k of, 
pp. 4--8; generalestimates fur repair• and outfits of\·e,eelo of, p. 8; 
:represellted at meeting of B1it,h1h AR~oc.ia.tiun for a-O.vanceu1ent of 
science. by Dr. Tbos. C:rai~1 p. Z; snnt}ys in aid of U. S. Geolog
ical Society, reftnTt:i(l to in estimateR, p. 7; for geuoru.l expensf's of, 
ref•rred tc> in ""timates, p. S; statistics of field and <>ffiee work of 
the, for the year ending Ilecember, 31, 1680; see .Appendi:i: No. 2, 
pp. 73, 74. 

CO.AST AND GEODETIC SURVEY'S BE"N'CH-MARK AT 
WEST POINT, N. Y. Referretl to, p. 16. 

eOAST AND GEODETIC SURVEY':> MAGNETIC OBSERV A 
TORY AT MADISON, WIS .. p. 58. 

COAST AND GEODETIC SURVEY OFFICE. Ollicers and em
plop\s, JlP· 51-56; meter pendulums for .A rc•tic •xplorer• prepared 
at, p. 26; information furnished f:rom., from ot>iginal shoots, tr·an
script• uf re<.ords, &c., in reply tu opooial calls during the year 
ending June 30, 1881; see .Appendix No. 3, I'P· 75-80. 

COAST AND GEODETIC SURVEY. Jteference to primary tri
an![lllation of the, pp. 25, ~'6, 27. 

COAST DIRECTORY 1''0R SM.ALL CRAl".l' Relative to com
pilation of, p. 22. 

CO.AST o~· ALASKA. Referenoo to explorations on, pp. I, 45; prog
ress of sounding oft', p. 4. 

COAST PILOT (ATLANTIC) WORK, p. 22; distribution of copies 
of, p. 55, 

COAST PILOT. l'rogren of work 011, p. 2; views of Columbia Rir 
er, Oregon, for, p. 4; referenee to, in estimates, pp. G, 7. 

COAST PILOT OF ALASKA. Progrea• of r.-.llecting nota for, 
p. 4 ; reference to, in estimates, p. 7; •pecial expedition to obtain 
data, for the, p. 45. 

COFFIN, FREDERICK W., ENSIGN. U.S. N. Services in Sec· 
tion X, p. as. 

COHANSEY CREEK, l'· a. 
COHA..NSEY LIGHT. ''Five-foot spot" near, not now exls!faJ, p. 

lB. 

COLBY, H.G. 0, LIEUTENANT, U.S. K.,ASSISTANT. Coast 
and Geodetic f'urvey, hydrogr~phy of Rockland lI&rbor, Muscle 
Ri1lge Channel and Sklllini:'s River, Me., p. 11; hytlrography of 
Pickett's l..etige, entrance to Salem Harbor, Mass., p.13; ordered 
t-0 ('{Hm111-u11\ of t,h.e '1.Choon~r Eagre, p. ()j. 

COLE, Mo. 'l'rian){11lation station, pp. 49, 5o. 
COLLECTIOX OJ<' RESULTS l'OR DECLI:N'A'rlON, DIP, AND 

IXTENSITY, FROM OBSERVATIONS MADE BY THE U.S. 
COAST ,\NJJ GEODETIC SURVEY BETWEEN 1833 AND 
188'~. By c. A. Schott, J\•ei•taut, Appendix No. 9, pp.159-22,. 

COLLIN:5, l'REDERICK. LIEU'rENANT, U.S. N. Examination 
uf oy:-itt;>r·beU1' of Clw~apeake Ba,v, p. 2. 

CO LONN A, B. A., ASSISTANT. Geodetic leveling in California, 
by, p. 40; Sen?ice:i in Section X, p. 40; Yolo base line. p. 41. 

CO LORA.DO. Primarytriaugulationexte11tled in, pp 4, 31; reference 
to in eatimatss, p. 7. 

COLORADO SPRINGS. Triangulation near, p. 51. 

COLUMBIA CITY, OREG., pp. 4, 42. 
COLUMBIA fl.IVER. Progre.- of survey of, p. 4; referred to In 

estimatf'S, p. 7 i topography, triangulation and bydrograpbyof, pp. 
42, 43 ; Apecial topog-raphy of the, p. 43 ; type forms of topogra
phy, by E. Herg<lSbeinw.r, Assistant; Appendix No. 7, pp.1~. 125 

COLUMBUS, CHRISTOPHER. llefei·euceto his first voyage, p. 58. 
COLUMBUS, OHIO. '.l'riangulation near, p. 47. 

COL USA.. E-xaw.inatiou for co.efficient of reti:action near, p. 40. 
COLVIN, Mu. VEHPLANCK. Superilltendent of the Adirondack 
Surn~y i iufornmtioo ~<iven by1 p. 13. 

COMMISSION O.F FISH AND FISHERIES. Of St».te of Mary
lautl, relative to annual report of, p. 2; of the United States 
drn<l.ging for, reference t-0 in e1:<1timates1 p. 5i at request of U. S. 
an attacM o'f that ser>"ice accompanying part.y to Alaska, p. 45. 

COM:rUTI:~w DI"VISlON OF CO.AST .AND GEODETIC SUR
VEY OFFICE. Report frum, by Assistant C. A. Schott, in charge 
of, pp. 571 60; reference to certain work for, p. 28; resmne of 
leveling operations on Misl'.tissippi River, furnished fi'Om the, pp. 
az, aa, 35. 

CONGRESS OF THE UNITED ST.ATJ<:S. Estimates for work. 
on the Coatit and Geodetic Survey submitted to, pp. 4-8; special 
appl'opriatron by, for re-survey of Delaware River, p.18. • 

CONNECTICUT RIVER. Refereuce to, in estimates. p. 5. 
COOK'S INI,ET, p. 45. 
COOPER, W. W., ASSISTANT IN OFFICE OF SUPERIN-

TENDENT. lletired owing to failing health, p. 56. 
CORNELL'S CREEK, JAMAICA BAY, p. 2. Survey of, p.14. 
CORNW .ALL, HUDSON RIVER. Survey near, p. 15. 
CORNWALL, P. B., AGENT OF STEAMER TO SITKA. Courte. 

sies ex.tended b~·, JJ. 45. 
CORNWELL, CHARI,ES G., f,IEUTENANT, U.S. N. Services 

io Section VI. p. ao. 
CORPUS CHRISTI, TEX. Topography near, p. 3; reference to in 

estimates, p. 5. 
CORPUS CHIUSTl BAY. Chart of co88t of, referred to in ostl· 

niate.~, p 6. 

CORJ'llS CllRlSTI INLET. $uuudiugsin, p. 37. 

CORY'S l'EAK, NEV., p. 50. 
CUURTEN AY, EDWARD H. Computing Division, CoMt and 

(_Teodetic Survey Offive, pp. 58, !'.19. 

COURTENAY, F. Eugrning Divbion, Coast and G-letio Survey 
Office, p. 64. 

COVINGTON, VA. :Magnetic observations at, pp. 3, 27. 
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p. 36: report on condition of. p. 64~ 

GEDNEY, C. D. Clerk in office of .Ati::<istaut in charge of Coast 
and G-c>odetic Survey, p. 55. 

GENERAL INDEX OJ;' SCIE:Sl'IFIC PAPERS, .METHODS 
AND RESULTS CONTAINED IN THE APPENDICES TO 
THE .A.NXUAL REPORTS OJ-' THE U. S. COAST .A.ND 
GEODETIC SURVEY FUOM 184~ TO 188ll, IXCI"USIYE, BY 
C. H. SINCLAIR, SUB.ASSISTANT. App-.Hlix No 6, pp. 91-123. 
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for, p. 6; cha1i of, n1feIT1'd to in estimates, p. 6. 
G ULlf 01' MEXICO. Astronomical and magnet ii' ul1servation" 

throughout the, refrrenee to. in estimates, p. :>; d1art. of, p. 62: 
refem d to in estimates, p. 6; referenee to natural wall8 of sand 
found on shor°" of, p. 10 ; triangulation of M! .. is•ippi KiYer be
tween Helena, Ark., and, p. 32; model of. from recent dt•ep .i•a. 
oouurli11gs, p. ~~. 

GULF STREAM. Progr,.,,•of clevelopment of, arnl deep->ea suund
jnga in, pp. I, 29, ao i reforenou tu 1 iu estimates1 p. 5; noticl!d un
der bead ofSectfon VI, p.10. Relative to .. strong rip" a mile in 
wirlth in, p. 30; preparations for pnblication of exploration• in.
made uncle.r instrnctiuns of late Superintendent A. D. Bad1~. p. 
53. .... 

H.A.CK'S ROCK, NEAR WOODY ISLAND, p. 23. 
HA.LL, TENN. Station, p. 46. 

HALTER, R. E., ASSIST.ANT. Topo1"1"'pby of c-0ast of Tex"" p. 
36. 

HAMBURG, N. J. Station, p. 21. 
HA.MMERSLE'l'S•INLET. p. 43. 
HAMPDEN, ME. H~·drogropby of l'mobscot River near. pp. 2, 

11. 
HAREWOOD ROAD. 'l'rlangulation of the District, of Colum\Jia. 

p. 25. 
HARKER, WIS. Triaugulaticm station, p. 49. 
HARRISON, A. Y., LATE .ASSIST.AN'!', c()AST AND GEO. 

DETIC SURVEY. Obituary of. p. 9. 

HARROD, GENERAL B. Y., STA'l'E ENGINEER OF LOUIS
IANA. Self.registerin:r tide-gange furnished to, p. 34. 

HARTFORD, CONN. SurY~Y of the -rh·er at; reference to, in 
estimates, p. 5. 

RASSJ,ER, (steamer). Use of, Seetiou X, pp. 37. 38; report on oon· 
dllion of, pp. 64, 65. 

HAUPT, PRO~'. L. M., AC'l'ING .A.SSISTAN1'. Triangulation in 
Pennsylvania, p. 21; regret a.t bis resignation, and auc('.essor nom
blated, pp. 21, 22. 

HA YEN'S NECK, C.AL., p. U. 
HAYCOCK, N. J., p. 21. 
HEARD, M.O. Station, pp. 40, 50. 
REILNER, L. C., LIEUTENANT, U.S. N. Servi""" in 8""tlon:&.. 

p. 38. 
REIN, SAMUEL, LIBRARIAN. COAST A.ND GEODE'l'IC SUR 

VEY OFFICE. p. 55. 
HELEN.A, ARK., p. 82. 
ll'.£Ml'STEAD BA. Y, L. I. Chart of; referred to In estimate&, p. 6. 
BllNDBBSON, C. W. Computhlg diviaion, Coast and Goodetlc 

arvey 0 tllce, pp. &7, 80. 

HENDERSO~", MISS .. p. 35. 
HERBERT, W. A. In office of Assistant in c·harg-e of Coast and 

GeodetiL' Snrrl\V Offie-t>. transfcrrt::'1 to Office of Dh;hursing Agent, 
p. 5f>. 

HERKFOR]) Lf!iHT, N. ,T.. pp.17, 18. 
HERGESHEIM ER, E., ASSISTANT. Special topograph~· of the 

Columbia Rivf'I', p. 4~; sP.nTif'f'~ in Coast and Geodetie Sur,~ey Of~ 
tife, •·Treatise on the !'lane Table," JI· 52: T)11e :F'onnR of Topo· 
graph~', Columbia River. by-.AppAnrlix No. 7, pp. 124, 125. 

RERG:ESH.EIMER .JOfiEPlI. fif'll.l.SSIST.l.NT. Survey of Del-
aware Riv-er, {I. 19. 

HERON LAKE. MINN. ~!ug11etil' <JlJsenations at. pp. 4. 50. 
HERRICK. YT. Statinu, l•P· 2, 12. 
HIGllGATE. Triau_!;!ulation statiou. 11. 17. 
HIG lILlN'O FALLS. X. Y.. J» 15. 
IUGH:M'.Ol'XT.X.J .. l»~l. 

HIGH POIC\T. MO. Station, p. 4!1. 
HILGARD. J.E .. 8l'.l'ElllN1'EXlIEXT l'. S. COAST AN'D GEO

DETIC SLRVEY. ~ul1ulittin~ to the Hon. Secrt"tary of thfl 
Treasury his H.::lJlort fur· 1~81. pp. 1-.){): On Hw Length of a Na.uti" 
cal Mile . ..Appendix ~..-o.12, Pl'· 354-~5fj. 

llfLGARD. Field lever c-0n1par.ttor Xu. 3; r~ft'rt'llfk to, p. fl-4. 
HILL-N.A. Y _\L OBsEJlY _\ 1'UllY. Lim· rnu ia triangulation of 

tht' JHstrid t•f Columhia. p. 24. 
ll.ITCHCOCJ{ (r;h-amer). l"!<le ot'. iu St><·tion Ylll. p. 35; report on 

<'onditiun of. pp. 64. 6G. 
HODGKINS, \\"'. C .. A.ID. Servin: fo\in Se<'t:ion II, p. 16; serTiCeH in 

triaugulation ot' the Di~h'iet of Columbia,]" 25. 
HOI.COLM HILLS, DENYER. Station. p. r.t. 
HOLT, DENVER, COLO. 8tation. p. 51. 
HON<lf,C"LU, SASDWICH fSL.iNDS. Tidal obsenatiuue at 

PP· 4, 42. 
HOOD'S CANAL. W. T., p.44. 
HOOVER, I>. X. .M iecf'l]aueoul'l Di ,.i8lo11. Coast, an<l lit odetir Sur· 

ve.v Office, p. 55. 
HO!-\MER, CHARLES, .ASSISTAKT. Reference to work of, at 

other points. pp. 10, 14; triau~ulatiou of tht" Mississippi Rh-er, p. 
35: duty in Coast an<l nendt·t.i~· Surve~· Office-, p. 35. 

HD"BBARD, MO. Station. pp. 49, 50. 
·HUDSON RIVER. Topogra1ih~· of •hore• of, \l· 2; reference to, in 

estimates, p. 5; speC'lal opPratiNJR on the. pp. 15, 21; t'•JIO~raphy 

of, \l· 15. 
HUGHES. E. M., LlEUTENANT. l'. S. N. SoTTices in Section 

Ill, JI· 22; in 8oction VIH, p. 34; inS<wlion IX. p. 87. 
H.UCHE8, MO. St.lion, pp 49, 50. 
HUGO. Triangulat.io11 station, Colorado, p. !it. 
HUMBOLDT HARBOR, SHU:?.L\GlNS, p. 45. 
HUNTER, MO. Station. pp.4. 49, 66. 
HUTCHINS, C. T., LIEI'TENANT, TT. S. X. HplrographicDivis· 

sion. Coast and Heodetic Sur"\"f'J Office, pp. 54, 65. 
HYDROGRAPHIC DIVISION. COAS1' AND GEOilETIC SUR· 

VEY Ol<'FICE. p. 54; reference to, Jl.U, report from, pp. ~6. 
HYDROGRAPHY. Pro!t"'"" of, at nrious points, pp.2-4; nfer· 

enee to. in estirnatNJ, pp. fi-7; coa~t of Maine. nt-'ar Mount Desert, 
p. 11; of R<>okland Ha."hm'. Mn•de Hidge Channel, and Skilling'• 
Rive.t, :Mo., J•P 11, 12; of Pit·kett's ],edge, entrance to Halem Har· 
bor. :MaAS., pp.13, 14 ;-an1l tot>ogrnph~· of the south coast of Long 
Islnn<l, p.14: ofllelawa.re B.~y. p. 18; of the Delaware River, p. 20; 
belltw Fort Miftlin, p. 20; nmtb ofChiJJcoteag:ue Inlet, p. 22 ;-sp"c· 
ial. in Che•ap•ake H•y, J•P· 22, 2.1; lt-i•ugnlalion, topography, and, 
of Indian Riv..-r, Fla., p. 30: of Cape Canal"ual shoals and south ol 
t.he cap~. pp. 31, 32; otf Egmont Key and Light.House Point. Fla .• 
p. 32; of Mississippi River, p. 34; near Plldre ldand, coo.st of 
Texa.11, I" 36: of part of California coast., p. 38; of too Columbia 
RiY•r, pp. 42, la, of Port Discovery and adjacent. waters. Strait of 
J11an de Fuca, w. T., p. «. 

HYPSOMETRY, pp. 26, 27. 

•• 
IARDEI.T.A, C. T., ASSIST.ANT. Work on Great South Bay, p. 

14; topogra.phy of JMlawal'<! Riv<1r from :Fort Mifliin to Cheater, 
p.19. 

ICY CA.PE. ARCTIC OCEAN, p. 45. 
ILLINOIS. Reoonnalasanoo for triMlgulation in, p. •;reference to, 

in eatimaiea, p. 6; triangulation Qlld reooDnaiaaance In, p. 48. 
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INDEX (GE::S-ERAI,1 OF SCIENTIFIC PAl'ERS, METHODS . 
.AND RERI'LTS COXTAlN};D TX TUE Al'PENDTCES TO 
THE ANNl: AL REl'OJ{'fS OF THE L'. S. COAST AKD G};O. 
IJETIC SURY1ff, F!W:\I 1845 TO l~>lO, INCJ,LSlYE, llY C. 
H. SINCLAIH, ST'B"\SSlSL\NT. "\pyiendix No. 6, pp. 91-123. 

INDlA~A. l>Jimary trian_Lri.1latiou iu, Pf). 4, 46, 4i; tPferenre to, 
in oRtimatC'R. p. 6; maguetic· ohser'\""atious in, p. 47. 

IND JAN APO LIS. IND. .~ia!!ndic observations at., pp. 4, 47, 48. 
I:NDIA:N" RI'VEJ~. l'rogn·ss in triangulation nnd topog-raphy of, 

pp. 3, 30, :n; reference to, iu e!'ltimate8, p. rl; chart of, reff'r1·ed to 
in er;t.imate~, p. 6; ~loop SteatlfoAt laid up at, p. 65. 

INDIAN RIYER INLET. Hderen«e to, ill Pstimat<·'· p. 6. 
INFORMATION lTRNISHED Fl:U:\f THE COAST AND ITEO. 

Jl.ETIC SURYlff OFFH'E :FRO)f ORIGINAL SHEETS, 
THANSCRIPTS OF RECORDS. r:TC .. ll\ItEPLY TO Sl'ECIA L 
CALLS IlC'RIX<; THE YEA!: J•;Xll!X<; Jr-Nl; 30, 1881. Ap· 
j)t'lllliX ~ o. :3, PV· 75-80. 

INSTRUMENTS. Tet'TC."ltrinl lllft,~!11eti:-:1u; <lin(·tiont"- for lllagnctic 
obHer¥ations with pottalih\ hy C. A. Sehott.. A~aistant. .ippemlix 
No. ~. Pl'· J~(;..J5H. 

INTf:X~ITY. Fnmi ohsernttions 11mdc hy t.l.Je lJ. S. l'nast arnl 
Geodetic Sm·,·e.\· hf'hveeu 1Sa3 arnl 1~82. Coll~<'tion of rt'sults for 
tledination, lli11. aud. hs C . .A. Schott, .\ s~dstaut. Ap11endix No. 
9, pp. 1G9-~24. 

INTERNAL REVEXl'E OFFICE. f;.-1 <>f :th,oliolom1tN·H for, 
p. 53. 

IOWA. 11aguetit· oli~t:n-vationl"i in. p. ::io. 
ISL.A tJR.A.NUE. ~hti!ntitic oh~cn·ationt1i at, l'· as. 
lSI,E A'CJ IIArT. General cl1art or. p. 55. 
ISLE SA.N J08EF. Ya~netk ob8t>rvation• at, 11. :l8. 
ISRAEL, Jt!u., OY LIEl'TENA.XT GREELY'S PARTY TO 

LA.DY }'RA'.'\KLD< BAY. p. 26. 
IVERSON·s LAXDING. Coa-;t of Califor11ia, p. 41. 
IVY MOUNT A.IN, W. VA .. p. 28. ... 
JACKSONVILLE. FLA. Kcfrrenct• to, in e•timates, I" 6; chart 

of Saint John's l{iver near. p. 5;J. 
JAMAICA BAY, p. 14. 
J.A:MESRIYBR, VA. (~hart of. n·fr1Tt•tl t41 i11 t•:-itimate~, p. 6; rt'· 

port on tllei oyst.er-hl~cl~ of th(~, awl or Taul,'.icr and I>o('OID1)ke 
:::.Ound~, Mel , urul Ya .. li~· Li1..~ut. }'rands Wins low, lT. 8. N .. As· 
"istant, Coast and Gt.~o<letfr Snrve,\•, ~·\ ppendix No. Jl, Jlp. 269-353. 

JA.MESTO'WN, U.S. STEA:'!1ER. lkforeuce tot.he, p. 45. 
J.A.MESTOWX. DAKOT..l.. Ob&<'rvations at, Pl" 4, 50. 
JASPJ<;R COUNTY, !LI,. l~efereuce to. 11. 49. 
JENNIXGS STATI0:-1, TEN'N .. 11. 46. 
JEPTHA, KY .. p, 46. 
JOB'S KNOll, W. \'A .. p. ~8. 
JOE FI,OGt>ER l'\HOAL. DPtail<'•l "urve)' <if, Pl" :1. 18. 
JOHNS HOPKINS 1'NIY.Elt81TY, BAI,THIOR:E. 'MD., l'· 3. 
JONES INLJ.~T. L, I. TMal ob~erYatiou~ ut, Jl· 14. 
JOHD.A.N 1UYE!t. Uy<lrography of. l'JI· 2, 11. 
JUNK~;N, CHARLES. ASSISTANT. Topo~raphy of'•ite fotnew 

Naval Observatory in the District of Columllia, p. 2:;; Drawing 
Uivi.•1011, Coaot an<l lleodetir Surv"y Otllee, p. (l:J. 

JUPITER l'.'{LJ<:'J.'. FLA. Sournliugs near, pp. ~. oO. 

K. 
KA.DIAK ISLA.ND, ALASKA. Tidal olloe1Tations, pp, 4, 45, 61. 
KANAWHA FA.LL8, W. VA., p. 21'. 
KANSAS. Triau~nlationa<·,rotiK., r('.forrod to in e8timates 1 p. 6. 
KARCHER, J,, Drawing Division, Coast au<l lieodHic Surwy Of-

fice, pp. 62, 63. 
KASKASKIA RIVER, I'· 4B. 
K.A.TZ, E . .M., ENSIGN, lT. S. :N. SHvices in S..etion 11, p. 20. 
KEA.TING'S, D. C. Triaugul:;tion point, p. 25. 
KEENEY MOI'~>T.A.IN, \V. VA., p. 28. 
KENGLEY'S, D. C Triangulatio11 stati<m, pp. 23. 24. 
KE:'.'ITUCKY. Trialli-(lllation iu, p. 46; rcfei·r<Jll tQin C•tilnates, p. 6. 
KEY RISC.A. YNE llAY. Topography of, reforred to in estimates, 

p. 5. 
KEY >VEST. Chart from Cape lfatte1·as to, p. ii5; refel'J'ed to ill 

estima.t<'.a, p. 6. 
KILISUT HARBOR. Survey of, p. 44. 
KINCHELOE (Bargo). Nooe"8llry repairs on, and uao of in Sec

tion XI, p. 42 ; report Oll condition of, p. 6S. 

KINGSLAND CREEK. .Engraving of chart of; referred to in ee
timateR, p. 6. 

KLAMA'l'fl RIVER. Soundings in, referred to in estimates, p. 7. 
KNIGHT 1 H. l.1. };ngraving Divh;ion, CoaRt and Geodetic Survey 

Office, p. 64. 
KOTZEBUE SOUND, ARCTIC OCEA.N, p. ~5. 
KUYMELL, C. II. Computing Dlvisioll, Coast and Geodetic Sur. 

vey Office. pJ~ 57, 58, ®. 
KUHO SIWO CURRE'!\T, Reference to in estimates, p. 7. 

L. 

LA.DNER'S LA:lWING, FR.A.SER RIVElt, p. 44. 
LA.DY FHA.NKLIN'8 BAY, pp. 1, 25. 26, 58. 
J,A(;UN A MA DltE, TEX:. Topogra.ph,I' near, pp. 3, 36. 
LAKE JJORGX.E. LA. 'J'Mru observations at, )Ip. 3, 34; trigonomet

rical survey of M.i~sisAippi River near, referred to in estimate~. p. 5. 
LA.KE CffA.MPI,AIN. Triallgulatiou between, and Lake Ontario, 

pp, 3, 16; referred to in estirnatt:~!'), p, 5; triangulation points on, 
pp. 13, 17. 

LA.KE ERIE. JI· ~7. 
LAKE MA.Ul!El'At\. Trigonometrical Rll!'Yey of the Mississippi 

Rh-er near, referred to in estimates, p. 5. 
L-lcKE O'N'l'A RIO. Triangulation between Lake Champlain and, 

pp. 3, 16; l'Hfel'eutt• to, in estimate~. p. 5. 

LAKE PONTCHARTRAIN. Triru1gulatinn a1u; '111"'''.Y of the :Mis-
sissippi Ri~er 11ear, relerrt:"fl to in estimatt:M, p. ;,, 

LAKE PROVIDENCE. J,A. Tr:iangulation near, pp. 3, 35. 
LAKE RIVER, p. 43. 
LA)IOINE, VT., p. 10. 
LANSINGBl'RG, N. Y., p. J:l. 
LA PAZ. l\1ag11t\tic observations at, p. 38. 
LATITUDE 01lSERYATIOXS. 11. 2i. 
LA UNION, SAN SAL\" .A.DOR. Magnetic nbserrntions e.t, p. 38. 
I,AWSON, ,J. S. ASSISTAXT. Operations near Yolo base line, l" 

40. 
LAZARETTO. DELAWARE RlYER, p. 19. 
LEAGUJ<J ISLAND NAYY-YARD, pp.18, 20. 
LEHIGH UNIVERSITY, BETHLEHE:'!l, !'~.\., p. ::2. 
LElJTZE, E. H. C., LIEUTENANT, U.S. N. Rydrography on 

special J>att. of Califoruia coast, p. as. 
J,EWES, DEL. Survey for position of light-house near, pp. 3, 18. 
LEWI~ COUNTY, N. Y .. p.16. 
LEWlS RIVBR, p. 43. 
LICKING COUNTY, OHW, P• 47 
LIU HT-HOL:'SE BOARD. Special su1.,-ey for the, l'l" 3, IS. 
LIGHT-HOUSE POl.N'T, WEST COAST OF FLORWA. Hydro-

i:rapl1y of, pp, a, 31, 32. 
LINCOLN A VENUE, WASHINGTON, D. C., l'P· 24, 2ii. 
LINDK"'KOHL, A. Dranghtsman. llmwing,Di'l'ision, Coi;,st and 

Gcotletic Survey Office, p. 62. 
LIND.ENKOHL. II. DrawingDivisiou, Coast and Geodetic Survey 

OfHct.~, p. fl2. 
Lll'I"INCOTT. Old trigonometrical ~tation on t,he Delaware, not 

found, p. 21. 
LISY ISL.A.ND, G1:JAST OF .A.LASKA. p. 43, 
LITTLE RIVER L'ILET. Chart of, referred to in estimates, p. 6. 
LITTLE TINNICUM ISLA:SD. Ilydrol-(raphy of Delaware River 

f1oru upl"'I' entl of, pp. 3, 20: changes oll, and at either end of, p. 
19. 

LONDON, ENGL.A.ND, p. 30. 
LONE MOUNTAIN, NEV., p, 50. 
LON ll BAY. Chart of, referred to Ill estimates, p. 6. 
LONG BRACH. p. 14; drawing or cha.rt of, referred to in estimates, 

p. 6. 
LONGFELLOW. A. W., ASSISTANT. Topography of French. 
man·~ Bay, Me., 1>. HJ. 

LONG I:5LA.N J. Hydrogr9.phy and topography of c<>aAt of, pp. 2, 
14; reference to in estimates, p. 5; exa.t11ination of inland watera 
between, a11d Cal"' Charle•, Va., pp. 3, 22. 

I,ONGITUDE OBSERV A.TIONS AT CAPE MAY, N. J'., p. 17; 
telegraphic, p. 27. 

LORETO. Magnetic observation" at, p. as. 
LOS ANGELES, CAL. Triangnlatioll and topography of, referred 

to ill estimaie•. p. 7 .,. 
LOUISIAN .A.. Hydrograpby and topography of ooast of, Nferre4 

to in estimates, p. 5. 
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LOUISVILLE, KY. Base line, pp. 4, 17, 4-6; astrouomlcal oboerv-
atlons at, p. 46. 

LOWE!{ CALIFORNIA. Magnetic obscnations in, pp. :1, 37. 
LOWER HOOD'S CANAL, p. 44. 
LULL, E. P., COMM.A..."'fDER, U. S. N. Hy1lrographic luHpector, 

C<>e.st e.nd Geodetic SuTVey Oflk.e: hydrogTaphynorth of Chin<o
t,,agne Inlet, p. 22: relieved from duty in llydrographicDh·ision, 
pp.M, 65. 

M. 

MACHIAS BAY. Chart of; reference to in estimateH. p. Ii. 

MACHOTANK CREEK, MD., p. 23. 
:MACKINAC, MICH, Magnetic observations at., pp. 4, 47. 
MADEIRA ISLAND. Reference to Columbus' first voyage to 

America., p, 58. 
.MADISON, WIS. Observations at, p. 4; computation of, p. 60. 
MADISON OBSERV .A.TORY. WIS., pp. 49, 58, 60. 
MAEDEL, E. A. Engraving Division, Coast and Geodetic :-iun·ey 

Offioo,p.64. 
MAGDALEN A BAY. Magnetic observations at, p. 38. 
:MAGNETIC OBSERVATIONS. In .Alaska,p.4: in Ohio, p. 4: 

t.hT<>ughout the States, ref0r0uee to, in e~timates, pp. 5, 6; in !\orth 
Wisconain, :MinneROta, and Dakota, p. 27; coast• of Lower Ca!ifor. 
nia, Mexico, and Central America, pp. 37, 38; in Ohio, Michigan, 
Indiana, and Wisconsin, p. 47; at lla.dison Observatory, Wiscou. 
sin, p. 49; in Minnesota, Dakota., Nebraskti, and Iowa1 p. 50: eom
pntation of, p. 59. 

:MAGNETIC OBSERV .ATORY. Madison, Wis., pp.~. 38; at Wash
ington, D. C .. pp. 25, 26. 

MAGNETIC SURVEY OJ<' TIIE UNITED ST.ATES. 11e111arks 
on, p. 1; reference to, in estimat~. p. 7. 

MAGNETISM (Terrestrial). Collootion of resultR for declination. 
dip, and intensity, from observations ma.de by the U. S. Const and 
Goodetio Survey between 1833 and 1882, hy C. A. Sclrntt, Assist. 
ant. Appendix No. 9, pp. 150-224. 

MAGNOLIA AVENUE, W.ASHINGTON,D.C.,p.25. 
.MAIDEN'S ISLAND, DEL.AW ARE RIVER. Changes in, l" rn. 
MAIN,.r. Compnt.ing Division, Coast and Geodetic Survey Ollioo, 

1>· 5S; resignation, owing to ill health, p. 57. 
MAINE. Topography of, p.10; referrnil to in estimat.es, p. 5; t-idal 

observations off coast of, p. 11. 
MAINE. GULF OF. Tidal ruu.l currcut 00sc1'Yation~ iu tht:> 1 refer

red oo in estimates, p. 5. 
:MANSFIELD, H.B., LIEUTEN.A.NT, U.S. N. Hy<lrogrnphy ol 

Delaware Riv~r, p. 20; services in Hydrogl'aphic Division, <Joast 
and Goodetic Survey Offiile, p. 65. 

:MANZANILLA. Magnetic observations at, p. 38. 
MARCUS HOOK, DEL.A.WARE RIVER, pp. 3, 19, 20. 
MA.RINDIN, H. L., ASSIST.ANT. Hydrography bdow t'ol't 

MUiiin, Delaware Riv"r, p. 20. 
MARION, VA. lila!Pletic observations at, pp. 3, 27. 
MARR, R. .A.., .A.ID. Services in Section XV I, p. 51. 
MARTINEZ. Station, p. 40. 
MARYL.A.ND. Rydrograpb.y of coast of, pp. 3, 22; to connect 

£·08•t triangulation n61lr bonndary of, and Virginia, p. 27; referred 
to in estimates, p. o; hypeometrical map of, pp. 26, 27. 

MARYLAND FISH COMMISSION. Reference to annual report 
of,p.2. 

MARYSVILLE BUT'r.E, 'P· 39. 
MASON, DAVID. Magnetic observations at Madison Ob•errntor.r, 

Wi&, p. f9; rel!lg:nat.lon notffl, p. 58. 
MAYO, HENRY T., ENSIGN, U.S. N. Servicea in Section Xl, 

p.44. 
MAZATLAN. MEX. Tidal oboe1Tationo at, pp. 4, 38, 61 ; m,.gnetic 

ob9"natlono at, p. 38. 
Mc.A.RTRU.R (ateamer). Uae of, in 8""tlon X, p. 38; reference to, 

p.14. 
llcCA.RLIN, nm. Statton, p. •1. 
McCORKLE, 8. C. .ReoonnaiMance w~t of Lake Champlain, p. 16; 

lrlugnlation of Delaware River, pp.18, 19; triangnlation of the 
DWriet of Columblr., pp. 211, 24, 59; on duty In COIM!t and Geodetk 
SurYey Oftic.e, pp. 62, 53. 

:MoCIUE'S SHOAL, NEAR LEWES, DEL. Change of position of, 
noted,p.18. 

lfcl>ONNELL, THOMAS. In eharge of chArt room of Coaat and 
Geodetic Sun-ey Ot&eo, p. 5L 

:M'.o&::&A.m, J'Olllf. Sen1aN ln Soot.Ion XVI, p. 51; ill Computing 
Di'rillon, o..i Ulil Geodetic Surves Oftlce, pp. 57, tl9, oo. 

S. Ex. 49--m 

MEIGS, JOHN C. (snag.boat). ,~...,of, in S•ction Vlli,J>.36. 
MEMPHIS, TE'!\""X. Triangulation nt'ar, p. 32; refc>-rence to, iu esti-

111ateH, p. 5. 
MEXDOCINO CITY. Chart of coast ue•r, reforro•l to iJ• esti· 

mates, p. 7. 
MENDOCINO COC1'TY. CAL., v.H. 
MBNTZ, IT. ,V., MASTER, U.S. N. Senice• iu S<'ction VI, p. :in. 
.MERRIMXN, PROFESSOR MANSFIELD, 01" LEHIGH UNI-

IERSITY, PA. Reference to, I" 22. 
METEOROLOG !CAL RESE.ARCHF.S. Por the Co,.st Piloi, p. 2, 

Part Ill~ barumetrk, hy}}so1netry all(l rt">dudion ~f th1'~ ,ba.rome
ter to Mf':a-lf'vt•l. by Wm. Ferrt"l. .Appendix No. IO, pp. 225-268. 

METHOD OJ<' Ol!SERVING TRE COIXClDENCE OF VIBR"\. 
TIONS 01" TWO PENDULUMS. Ry A•sMnnt f'. S. Pdrr<'. . 
.Appendix No. 16, pp. 45i-46V . 

MEXICO. lla~rnetic obRetTatiou!'S alt.mg coafo!,t of, V· ;ti. 
MEXICO, G C'LFOJ<'. Del'elopmeut.of, p. l; n•trouo1uknl aurl mag. 

netil· ol,8ernttion~ tl1rou{.!'l1ont tlw~ rPfere11c(_~ to, in est imatt>s, J>. 5 : 
··hart of. r(·f'ern_•1l to irl t:fitimilt>t:~. p. 6; natttral wnllA of sand forml'd 
on part~ of ,..,hOrt'. or. p. JO: tidul olJ~ervatiom~ in. m't rt~l'lum..-il. JI· 
til: model of\ from rt~eent c.loo11~~a soRndingR, l\, <l2. 

MICHJ(;A~. Ma:;_rnf·ticobEwn·atiom;; in, p.4i. 
MILE, NA Fl'IC AL. On the length of, hy l'mf,.~•01-.J. 1,. H il::nnl. 

A PJ>eudix X o. 12. !'I" 3fo4-3"6. 
MILK BOC-SE ROAD, D. C .. p. 23. 
:'IULI, CRl:EK Rl:,\C'I!. PEXOB.'!COT RI\' Im, ME. I.ocati"n of 

u. buoy. pp.:.!, 11. 
MILUIU:N'S llE"ND, LA.., l'- a~. 

:lJINNESOTA. lt~rnetic ohserYatious in. VJ). 27, 50. 
MISCELLAXEQUS DIYISIOX, COAST AND GEODETIC SGR-

VE1 OFFICF:. pp. 54, 53. 
MISSISSI f'l'J IJI<:J.T A. lleferenre to. in estiiuat<>S. p. 5. 
l\!ISSIS811'1'1 RIVER. Hydmgmph~· uf, pp. 3, 34, triangnlation 

ot, i'P· a, 34-:w, rder·1•nce to, in e.stimRtes, l'· 5; ~u1·,·t'y, PJ>. 32, 3:i. 
:!l!ISSI:-iSIPrr RIVER COMYIRSION, Pl" 32, ;J.J, ···lf·r""'llatin~ 

tidt:·gangef11111ished, p. 61 . 

l\.JISSOURI. Primary tliangulathm iu. l>Jl. 4, 49; refl•n-etl to iu efl.. 
timate•, p. 6. 

.:UITCHELI,, HENRY, A.S:'iISTANl'. New rule forti1l•• in Dela 
ware Ba:r. hy, .A Jlp.,ndix No. 18, pp. 464-469. 

'.\!OBTI.E B:\ Y. Chart ofenll'lllleP t-0, refPrred to in eRtimat~•. p. 6. 
MORA WK RlYER. p. 16. 
MOLKO,V 1 E.. D1·u..wing Dhh1>iou, Crn\st .und Ge.otleth· SutY('y Of· 

flee, p. U:l 

MON.A.HO"!'\, ll. 'l'., LIET:TE:S AXT. l'. S. N. s.,r\'ico• in Section 
I, pJ>. 11, 14. 

MONT.AN.'\ ST.ATIOX, X. J., p. 21. 
MONTJ..CK l'Ol~T. L. 1., Pl" :1, 22. 
MOXTEREY. Ma1<netir- obs<ln·ation• at. I" :1~. 
~OXTEREY llAY 1 CAL. 'Triangulation near nfrnN11o iu eriti· 

mat-es, p.'i. 
MONTICl:LLO STATION, 1"311. 
MONTREAL, CAN ADA, p.17. 
MOORE, E. K., Ll.ECTK:SANT, t.:-. K X. S.•1·"ic••• in Section X. 

p,38. 
MOORE, FltAXK. Mhwell:meouN I>h·isfolJ. Coast and Geod<•lfr 

Suney Office. I'· 55, 
MOOS A BEC REA.CH. Referenct• to, in f'.HtinmtPR, p. !l. 
MORRELL. HE:.fRY, MASTER, l:'. S. :S. Servi~"" in S.•dlon YI, 

p. 30. 
MORRIS<JX. GEORGE A. <Jo1U1t l'ilot work, I" 22. 
MONROE COl:'.NTY, OHIO, Jl. H. 
.MORSE, FREMOX1', AID. Service• in Section X, pp. 41, 4~. 
MOS.MAN, .A. T., ASSL'lTA.N'T. Triangulation in Wei!t ViritinU.. 

pp. 27, 28. • 
l'>IOSQUI'J'O IN'I,ET. Chart of. refern,"1 to in estimates, p. 6. 
MOSQUITO LAGOON. Referred to ill eotimate•, p. 6. 

.MOUXTAIN TOP, KY., I'· 4. 
:MOUNT CALLAR.AN. NEV., I'· 00. 
llOUNT DESElt.T. Hydrognphy ofroaRtor J.fain•· near, p. ll. 
MOUNT DIABLO, pp. 39, 40. 

1 MOUNT HELEN A, p. 39. 
• MOUNT HOLLY, N . .r. Station rocovel't'<l and remarked, p. 21. 

MOUNT J,OOKOUT, ORIO, p. 47. 
MOUNT LORE, TENN., p. 46. 
MOUNT MA.NSFmLD, VT. Triangulation •t,..tion, pp.12, 17. 
lWUNT llON.A.DNOCK, p.13, 
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MOIXT OLT\'E 8L~ TIO:N. N.'J., p. 21. 
MOD NT PLEA8ANT A VENDE, WASHINGTON, D. C., p. 25. 
MOUNT T(J:\!, p. la. 
MOFXL' WASHl]);GTO:N', N. ll .. p. 2; geodetic •tatiun un. p.12. 
11URDOCK LAXDING. COAST OF TEXAS, p. 36. 
MUSCLE RIJJGE CHANNEL, ME. Soundings in, J>p. 2, 11. 
~ff,;Krxc;r Id RIVER. OHIO, p. 47. 

N. 

X AXTCCKET. Chart ofeoast from, to Cape Hattera•; referenc6 to 
in tstlmate81J>· 6; deetH~ea soundings near, p. 29. 

X ANTl'CKET ANJl PA:\IPLICO·CH1';SAPEAKE, arc•of theme
ridian. p. 51'. 

NASH\~U,LE. TJ<;XN. A8lronornical observations from Capitol 
huildin,!! at. Pl'· 46, 47. 

~ATCHEZ, MISS. Orgauizatiou of triangulation party at, by A8· 
:-dritaut D€nnis. p. 34: :;;tea.mer Ba.rataria laid up n.t1 p. 35. 

XAl'TICAL MIL:E. On tbe length of a, by Prof. J.E. Ilih:ard, 
.Appell(UX No. 12. pp.351-356. 

NA\" AL OBSERY . .A TOH.Y. Surv-~_yof site tor ne-w, p. 3; topugra
phy nfl'lirn for new, p. !!5. 

N.\YAL OBSERL\TORY (oh!). lnotrmnents placed in1io•iti01. 
.i.t.., ]). 17: base in r.l'ianguJatiou of thf' District. Jl. 24. 

X .\VY DE!' ARTMENT. Officersarnl men detailed by, for dutron 
Coa~t aml Geotletic Snrt'e,y. p. 65. 

:SEHH.ASKA. Maj!ndie oh1'\c1·vntion1-1 in, v.50. 
NE\.,.. A DA. Triangulation in, pp. 41 :"rl): referred to in estimaks, p. 7; 

mai,rnetic obsei vation~ iu, p. ftO. 
;\J<;\\'B{'JW. X. Y. Triangulation oftheUndson near, p.15. 
:o;w t'ASTLK Triau~ulatiou of Delaware River uen-. Pi•· 3, 20. 
XE W('(nfll, PROF. SL\ION. J<:xperiments on velocity of light by, 

p. 24. 
XE\Y EN4iLAND COAST, p.10. 
'NEW l'I\' E-::1-JE'J'ER PRIMARY JJASE APP .ARATl'S, AS Dl:

:HGNED BY ASSISTANT HCHOT'l'. Reference to, p. 51~ 5~. 
~o;w HAMPSHIRE. Triangulation in. pp. 2, 12; referred to in es-

timates. p. 5 . 
• 'iEW HAltMONY, 11\D. Magnetic ub!Wrrntions ut, pp. 4, 47. 
-~rnw INLET. T.. I., jl.14. 

Nt:W JEitSEY. 'l'o1tt1graphy of •horcs of, p. 3; triangulation of, 11p. 
;,t 21; referunct> t.o, in e!'!timateM. p. 5; refer1mce to shore of, p. 19. 

XEW JERSEY 801'TIIERN RAILROAD, 8AN))Y IIOOK. 'l'i<la
gauge at 4lepot of1 p. 15. 

XE'\ OU LEANS, l~A. Trigouomet.rical Hurve:r of M.issiKsippi Rivt~r 
near 1 p.J7; 1·eference to, in etottimate~, p. 5; t.he Gedue.r tlocketl 
fol' iepairs at, I'· 36: t.elegl'aphir of lonµ:itudf-', uniting (ireenwich, 
England. amt, p. 5ts. 

~ E Wl'ORT. I.OS .\XGELES, COlTNTY, CAJ,, Coosttrian~ulation 
aml top4°Jgraphy uear. r~foren<'e to1 in estimateH, 11. 7. 

~ EWl'ORT, R. l. Deep-sea sonnrling• off, pp. 29, au. 
NJ•:WRl'LP.}'OJ{ TIPES IN DELAWARE BAY. B~·.\"sist:rnt 

Henry Mikhell, ApJlendix No.18, pp.464-469. 
xr:w WJ<:STMINl'TER, n.c., p.44, 
N E\Y. Y()RK (8tat.e). G-t',()()etic operations and-reconnaisance in, PJ•· 

2. :i, 12. l:J; position of lights between coast of, on the Rio fhan<le. 
rufereuce to, in estimates, p. 6; reference to survey of, lJy State 
authorities, p. 16; pl'imary t1fangul11tion in, 11p. 16, 17. 

X EW YORK CITY. J<'rom, to Cheaapeak• Bay for the Coast l'ilot.. 
p. 2: position of new ligbt-house.s between .Eastp<>rt1 Mc., and; 
re:ftnft11r.e to, in e.'\timates, p. 5. 

XJ<:W YORK BARBOR Sun·ey•of; refonmceto, in estimates, p. 5. 
NICHOLS, ll.E., J,IE!:TJ<:N.ANT·COMMANDER, U.S. N . .Ma!(· 

uetic ohsen-ations along coaslK ofCn.lifornia, Mexico, and Central 
Amedca, pp. 37, 38. 

NICKELS, J. A.H., LIEUTENANT, U.S. N. Services in Section 
VI, l'· 31; in Section VH, p. 32. 

XISSEN, H. Miscellaneo11• Division, Coast and Geodetic Survey 
Office, p. 55. 

NORTH BASE, MO., p.49. 
'NORTH CAROLINA. Closing oftri1Wg11l"tlon from Blue Ridge 

to junction line in, p. 28. 
NORTHEAST MOUNTAIN, VT., pp. ,,12. 
NORTHERN- KE:NTUCKY, p. 4. 
NORTHERN WISCONSIN, p. Z'I. 

NORTH GREENLAND. Reference t.o expedition to, p. 25. 

NORTH HA VEN, PENOB8COT BAY, l(Jii, Tidal and meteoro-
]01,>ica.J observl>t-ions at, pp. 2, 11, 61, 

NORTH 110T1XT,\ l]);', MT> .. I'· 2;. 
NORTII MOr:NTAIN HA.NUE. :\ID .. p. 27. 
NOHTH \."'f'E~T UARTI01{. Slnnnag-ins, p. 45. 
NORTHWJ,ST YOLO BASE LINE ST.\ T!\J:NS, p. 40. 
NOSTRAND, W AI:Nlm. H., E'\8!(;); L 8. N. SetTicrs in Section 

I, pp. 1, 11, 12, 14. 
NOTICE~ TO :\IA111NEJtS. l'u·parntion of, 11. 65. 

0. 

OAK BAY, W. T. Sun-<'.\' of. p.44. 
OB11TARY NOTICES. I'rof. lknjami11 l'eirne. late !'onsulting 

geometer of the Coast aud (i-eollPtic Survey, Jip. 8, 9; A. M. Harri· 
.soil, latt> Assishrnt Coast. arnl (~t\n1lf·ti1· 811n·Py, I) 9; C.1,. Drink. 
artl~ lat.e clerk in ottice of the Assista11t in charge, pp. 55, 56, 64. 

OBSERVATIO"YS. Pcndulm11, pp. I, ~6; s<>e also .Appendices Nos. 
14. 15, 16, pp. 

OBSERYATIONS. Tidal. JI· 61; otlic•• work in Tidal Division, pp . 
61, 62. 

OBSERVATORY. ::l-fadi•o11, Wis., rip. 49, 58. 
UJJS'EHY A TOHY. New -.Naval, topogrnpliical survey of site for, pp. 

:,, :!5. 
OBSERY A TORY 101'!). NA\' AI .. p. ~, longitlllle instruments plnoe<I 

in, p. l'i; statiou in tdangnfotfon of thf': D. C .. pp. 23, 24. 
OCHA.COKE l~LET. Ch:..,rt of ~·lt.limtic eoast from, to Cape Fear, 

reference to, in C'~timatcs, p. 6. 

OFFICE REPORTS. pp. 57-66. 
OFFlCJ<; WORK 01" THE ['. S. COA,;T A :Sil liEOIJliTIC 8(11\. 

YI•:\~ FOil THE YEAH EXIJl:\U 1rnc1;:~rn1rn 31, 1880. St'1· 
tistics of tield am!, Appendix :Ko. 2, pp. 73. 74. 

OltFIC.E \VORK. Enumetat,ion of, J•p. ~-4-; n•ferre<l to in (•.stinrnteti 
fut· .Athmtic autl Gulf coash1. p. 6; Pstimntt>8 for (';Xpensee of l'la. 
dtic coast, p.·7; in Tidal DiviAion, pp. 61i ti2; of Hydrogra.phic 
Di vision 1 pp. 65, 66. 

OGDEX, H. G., ASSISTAXT. T1Jpui:rapll~- of Dyet"• Neck am! 
Petit Manau Point., coast of ltaine, }•· 10; assigued to charge of 
Engraving Division, p. to; rt•.ference t.o acr,uracy of work, p. 34; 
repo11 from Enw.1.viu~ Divi8ion by 1 J1p. 63, 64. 

UHIO. Hl•eouuaissauct-' for extem~ion of primary triangulation 
H.Cl'Oss, pp. 4, 4'i · rt•fPl'l'll<'._. to, i11 t'MtimnteR, p. 6: niagnet.i,~ohstn'Va

tiou:-: in~ pp. 4~ 47. 
OHIO RIY J.:JL 'Triau::ulation t·xtt·ndt"d to, p.a. 
OLD COAt''l: SUH\'JlY OFl'IC};, !" 24. 
ULD GHEEN \'ILLE J,AXDING, MISS .. JI. 3fl. 
OLIJ MAN'S crn;EK, ))ELA\\',\ RE RI nm, JI.~(). 
OLYMPIA, \Y A,;II, TER., p. 44. 
OMAHA. NEB. Magnetic ob1-wrvations in, Pl'· 4, 5U. 
ON A MET!IOD OF Jrn.UJIL \' TRANSFEHRISG THE l'NDEJ!. 

<:IlOT:Nll MARK,\ 1' A B,\SE MOXL\l'E:\T. B,\' ,hsistant. 0. 
H. 'l'ittmaun. Appendix No. Ja. ~1p. 357. 2.">B. 

ON A M.ETIIOD OF onsr:RVJ!>'G THE COI~CIDENCE O~' VI. 
BRATIONSO~"l'WOl'ENIJl'LrM8. By AssistantC. S. l'eirce, 
Ap]lendix No.161 pp. 457-460. 

ONANCOOK CREEK, MlJ. Oyster beds of, p. 2:J. 
ONEIDA COUNTY, X. Y., p.16. 
1)Nl'HE 1rn1>n<:TIO:.oFTHEELl.IPT!CfTYOF'fHEEARTH 

J<'RO~l PENDULUM J<;XPERIMEX'l'S. ll_y Assistant C. S. 
Peirce, A11pendix No. 15, pp.441-456. 

ON THE Ff,EXl"RE OF PEN)) FLUM SUPPORTS. By Assista.llt 
C. S. Peirce, Appendix No. 14, pp. 359-441. 

ON THE LENGTH OF' A NAr:TICAI, MILE. By Prof. J.E. Hil
gar<I, Appendix No. 12, pp. a54-356. 

ON THE VALlTE OF GRAVITY, AT PARIS. By Assistant C. 
S. Peirce, Appendix No. 17, Jl)I. 461-46:1. 

ONTONAGON, MICR. Magnetic observations at, pp. 4, 47. 
ORDNANCE <WJ<'ICE U. S. WAR DEPAR'l'.MENT. Ganges 

compared. for~ p. 53. 
OREGON. Coast Pilot of, referred to in estimates, p. 7; new edition 

of, prepared by Assistant George Davidson, p. 2; off·shore sound· 
ings coast of, reference to, in eatima.tea1 I•· 7. 

OSTERHA.US, HUGO, LIE CT fENANT, U.S. N. Services in Sec· 
tion II, pp. 18, 20. 

OSTRICH llAY, PORT ORCRARlJ, p. 43. 
O'SULLIV .A.N, T. J. Drawing Division, Coast and Geodetic Sur· 

ny Ollice, p. 63. 
OTSEGO GEODETIC ST4TION. Ol>a1,1rv11ti0Dll at, p. 16; Oliep 

Raftnesque, l'· 11/. 
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OUIJA.NO, MR. l:"J.ACRO. Tidal (J\Jsen·ationt; at :Mazatlan, M1:x. 1 

p. 38. 
OVER, }'RANK. };lectrotyping anil Plwto/!raplling DiviRion, 

Coast and Geodetic Survey Office. p. f>4. 
OYSTER BEDS. Surve~·of. pp. 2, 3: use of the Palinurus inex

aminati.un of oyster bedR of Chesa]JeaKe Bay, p. 22; special hy
drography in connect.ion with. pp. 22. 23; report on the, beds of 
the JameR Hiver, Va., and of Tangier and l)ocomoke Sounds, Md .. 
and Va., U;v Lieut,, }'ran<'·i:s 'Vinslow, L. 8.X., Assistaut Coast and 
Geodetic Surve;y, .Appendix No. 11, pp. 269-353. 

P. 

p ACI1''IC COAST. Progress or WOI h. on tlH'. pp. 1, 3, 4 : triangula· 
tion along S9th parallel of latitn<!e to ronne"t A tlautic and, pp. 1, 
50; reference to, in estimates, pp. 6, 'i: obf".el'\'ations for· latitude 
and longitude ou, refened to iu .. Atimate:;, l\· 7: tielll ancl office 
work on, and tidal ohi::en·afions. rt"fol'f'nce iu f'stimates, p. 7. 
Coafit Pilot fol' 1lw, pp. 2, 63; refrl'r-Nl t.o in t·P.1i1nat<·A, Jl· 'i; hne of 
gemlt>tic levels, rstimah-'d for, p. 7: uhfit,ml'IM of work on .. ~eo
graphical arrangement 1 p. JO; leport. for the Uoard e>f :Enµiueers 
of the, of harbor~ of refug:t• on that. coaAt. }). 40: record of ti(les 
at SandwiclJ I~1andt-l coniparahlf~ with tlttHw 111a(lt' 011 1 p. 42; title 
tables fot· 1882. 

PACIFIC COASTS. A:\IJ INTmwm OF THE l'XlTED 
STATES, Dll:ING THE YEAH E:\DIXt; ,JT'NE ~o. 1881. 
I>iafributfon of 8UJTeyin;: parti1:H upon the Atlan1i1\ Gulf Qf 

Mexico, autl, .Appendix No. L pp. 6i-i:.!. 
PADR~: ISLA.NU. H~tll'o~ri\})hy or,·oa~.t Hf'ft:'!XUS utl', pp.:). 3tL 
PAH·HAH. Station, JI. fJO. 
I> A l.Il\rHT S (sdwoner}. l; l')t~ of, in ~utYt>,\. of o,\ ~ter LH:•Us in 

Chesapeake &y, p. 2; ti!ie of, in Section ITI, p. 22. 
PARIS. On tbe value of gravity at. hy Pro( C. S. Peirce. Ap· 

pendix No. 17, l'P· 461-463. 
PARKERSBt:RG, W. VA. :Magnetic obserrntions at, pp. :1, 27. 
PARKINSON SIGNAL, ll,J,., p. 48. 
PARK'S TRIANGULATION l'OINT, p. !l<l. 

PARR'S InDGE, p. 27. 
PARSONS, 1''. H., AID. &-rYicee in Section II, p. 17: in Section 

XIV1 p. 47; ser\'"icf>s in offi<'f' of Superintr-ndent of Coast and 
Geodetic Snrve_y, pp. f,3, 51: Compu1in~ Hivh1ion, Coast and 
Geo.Jetic Survey Office, pp. 57. 60. 

PATTERSON, C. P., I.L.1l., LATE StTPERINTENlll<~N1' OF 
U. S. COAST AND GEODETIC srnVEY. Reforenee to his 
death, p. 1: intention to submit estimate~ fo1: eertaiu class of Yes· 
sels for ti\10 Coast SurTey servire, p. 6:">. 

PE.A.RY, R. }~. Drawing Division, Coast and Geodetic Survt°'y 
Office, p. 63. 

PEIRCE, PROF. BENJAMIN, LA 1'}; CONSULTING GEOME
TER OF COAST AND <rnon:ETIC S\THVE¥. Ohituary of, 
pp. 8, Y. 

J>EJRCE, C. S., .ASSIS'l1AN"T. l'eudulum obsN·vutionfl:, 11. 26; on 
fl1e fl.exure of pendulum supports, hy, Appe1ulix No. 14, pp. 359-
441; on the deduction of tlte ellipticity of the earth from 1>endu
lnm experiment.s, by, Appendix No. 15, pp. 442-456: on a method 
of'Ob86rving th(', c.oinci<le.nce of vibrati<m~ of two pentlulnms, by, 
Appendix No 16, pp. 457-i6-0: on the value of gravity, at Puis, 
by. Appendix No. 17, pp. 461-463. 

PEMBINA, BAK. Magnetic oh•ervation• at, pp. 4. 50. 
PENDtTLUM EXPERIMENTS. On the deduction of the ellip· 

ti.city of the ..!artlt from, hy As..~istnnt C. S. l\)iree, Ap~ndix No. 
15, pp. 442-4:"6. 

PENDULUM OBSERVATIONS, p. 26. 
PENDULUlf SUPPORTS. On the flexure of, IJy Assistant C. S. 

Peirce, Appendix No. 14, pp. 359-441. 
PENDULUMS. On a meth0<l of observing the coincidence of 

vibrations of two, by Assistant C. 8. Peirce, Appendix No. 16. pp. 
457-460. 

Pli:N MOUNT, N. Y., p. 16. 
PENN'S GROVE, N. ,J. Triangulation near, pp. 3, 20. 
PENNSYLVANIA. Triangulation in, pp. 3, 21, 22; reference 10. 

in eat.imat.es, P- 5; triangulation of, '"on shores of Delaware River, 
p.10. 

PENOBSCOT BAY. Tidal and meteorological obl!ervations in, p. 2. 
PENOBSCOT RIVER. Rydrography of, pp. 2, 11. 
PENSA.COLA (entrance). Chart of, reference to, in estimates, p. 6. 
PEQUER.A. BAY. Magnetic observations at, p. 38. 
PERKI.N"S, F. W., .ASSISTANT. Triangulation and re<:11nnai•· 

asnoo In ntinois, p. 48; In office of the superintendent, I" 53. 

PERMANENT TRIAL llASE AT FORT MEYER. D. C., p. 2t\. 
PERSONNEL. Of the Hydrographic Dh-i•ion, Coast and G-eo<l•·tit· 

Survey Office, p. 6:>. 
PER"LVIA.N ARC, p. 58. 
PETERSEN, A. Engraving Division, Coast alJ(\ Geo<letie Sun"e.' 

Office,p.64. 
PETIT MAN AN. Progres• of topography near, pp. 2, 10; refer· 

ence to. in estimates, p. 5. 
PHILADEI~PRIA. Remarking of trian~ulation points iu the vi

cinity of, p. ].Ii; shoal spot reported off port of, not. foun<l. p. 18 : 
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REPO:HT. 

UNrI'ED STA'l'ES CoAS'l' AND GEODETIC SURVEY OFFICE, 

Washingt01i, D. C., December 23, 1881. 

Sm: I have the honor to transmit herewith a report of the operations of the Coast and Geo
detic Survey of the U uited States for the fiscal yt'ar ending June 30, 1881. Owing to the death of 
Mr. Carlile P. Patterson, LL. D., my predecessor in office, before his annual report was made, the 
duty of preparing this account of the operations of the survey carried on under his direction has 
devolved upon me. 

The work along the unsurveyed portions of the Atlantic, Pacific, and Gulf coasts has b~en 
well advanced, and, as means would permit, the exploration of the coast of Alaska has been con
tinued for the correction of the charts and sailing directions of that Territory. Valuable magnetic, 
current, tidal, and sea-water temperature observations have also been obtained along that coast. 

In the interior States anti Territories the triangulation along the thirty-ninth parallel of latL 
tude w connect the Atlantic and Pacific coast s,ystems of triangulation has been carried forward 
from several points simultaneonsl,v, and the geodetic schemes of both coasts have been extended 
inward, with the object of an ultimate junction of the whole work into one connected system. Inci
dental to these operations, a line of geodetic levels has been extended from the eastern coast 
towards the Pacific, from which, eventually, subsidiar;y lines will be carried to the primary triangu
lation points with a view to a final reduction to the sea hwel. 

The validity of all geodetic work depending i11 a great measure upon our knowledge of the 
exact figure of the earth, measurements of the force of gravity by means of tbe pendulum have 
been continued as heretofore at suitable stations on the Atlantic coast. For the execution of this 
importwt, and difficult work improvements ham recently been devised in methods and instruments 
employed, promising in the future results of a greater accuracy and precision than was hitherto 
attainable. 

In connection with the party sent to Point Barrow, in the Arctic regions, under charge of 
Lieut. Henry P. Ray, U. S. A., by the War Department, for the purpose of establishing a meteoro
logical 'observatory at tbat extreme northern point of the American continent, an observer trained 
a,t this office for pendulum obsen·ations, and supplied with the needful instruments, was engaged 
to accompany the expedition and make a series of observations at that locality. Similar obser\'a
tious will also be made by the expedition to Lady Franklin Bay, and the magnetic elements will 
be observed at both localhies. 

Telegrapbic longitudes of several points in the interior have heen determined during the year. 
The methods and apparatus used in telegraphic longitude work have also Leen considerably im· 
provt·d, reducing the probable error of a determination to a minimum. Progress in this branch 
has been greatly facilitated by the co-operation of the telegraphic companies, which have afforded 
every assistance iu regard to the exchange of signals o\·er their hoes. 

The magnetic survey of the United States has been advanced by numerous observations at 
interior and outlying statiomi, and the data thus obtained will form a valuable addition to our 
knowledge of the present condition of the magnetic declination in the United States and of the 
laws which goveni its change. The great demand for these results from all parts of the Union is 
sufficient evidence of the practical importance of the wor·k. 

The developn1ent of the Gulf Stream, Gulfof Mexico, and Uarihbean Sea by deep-sea soundings, 
serial temper.i,tures, current observations, aml dredgings, bas been efficiently continued b_y Com
mander J. R. Bartlett, with the party on board the steamer Blake. The results of this work will 
he noticed in detall under its proper head. A new electrical a\lparatus for recording serial tem-

S. Ex. 49--1 
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peraturei; hai; been put in operntion on hoard the Blake, a11d promise,.; to be a moKt valuable 
adjuuet i11 the execution of thiK clasH of work. 

Tidal olnservatioms haYe heen recorded as u1:;ual at the pri11eipal ports of the Cnited States, 
and at outlying points sm,eral new statiom.; liaYe beeu establi,.;bed. \York ori the Coast Pilot for 
tlie Atlantic coast haK been co11tinued by Assh.;taut .T. S. Bradford, who has been engage<l during 
a portion of the year in collecting not<·s and data to he em hrnlied in fnture Yolnmes. Divii;ion C, 
New York to ChesapeakP Bay, is mm i11 eom·st' of publication. 

On the Pacific coast, A;;i;istaut (~eorge DaYidRon has been eugaged int.lie preparation of a 
new Pdition of tl1e Coast Pilot of California, Ort>gon, and \Yashington Territor,r. 

Au appendix to the Alaska Coast Pilot, by AssiKtant \V. II. Dall, relating to the meteorology 
and bibliography of Alaska, ha;; hee11 complt>te(l and publhsbe(l. 'fhe fiel!l-work of Assistant Dall, 
on the coast of Alaska, will he fillly noticed in the body of this report. 

Prof. \Villiam Ferrel has conti1rned his rneteorological researches for the Coast Pilot, and has 
colllpleted a i;econcl \0 olnme 011 that su hject. He has also prepared a paper on barometric hyp. 
Rometr,Y and a chapter on the practical application of the formula deYeloped. 

The suryey of the oyster-beds in tht> Cl1etmpeakc Bay wa:; commt-ncrnl hy this Snrwy in 1878, 
the general object being primaril,Y to determine the po itions, limits, formation, and g•rneral features 
of the principal o,yster localities, and, incidentally, to gather all a\·ailable information in regard to 
the growth of the oyster au<l tht' cornlitious fifforable for it,; propagatioll, a:; well as those hadng 
a contrary tendency. This work was hegun under tlle direction of Lieut. FrPderick Collins, l). H. 
N., and was afterwards taken up by :Master l~rancis "''inslow, U.S. N., in the Coast and Geodetic 
Surwy 8chooner Palinurus. The re1;ults of his labors lrnYe been ernbodit>(l iu one of the Annual 
Uq1orts of the Fish Corn missioners of tlw State of J\1aryland. (See also Appernlix 12.) Ou the de
tachment of )fast.er "'inslow from the Snrvej· in .JannaQ·, 1880, the work was taken up b,1 .Assist· 
ant (}ershom Bradford, who Jw,.; contiuucd it with Yaluable results to the close of the year. 

In order that the Coast and Geodetic Hurwy might he represented at tlie meeting of the 
British Association for the Adrnncernent of Science to be held at York, England, in the mouth of 
August, and for the purpose of irn'estigating seYeral important scie11tific problems cognate to the 
work, Jh. 'l'homas Cmig was directed in .April last to proceell to Euro1w, under authority obtained 
from the Treasury Department and with special instrnetious from tl1is office. Dr. Craig sailed for 
Europe earlj' in J\Ia;y, and at the close of the fiscal j'Par was engaged in carrj·ing out the o~jects of 
his trip. 

'l'l1;e condensed abstract hPre gh,en co11tains a statement of the various localities at which work 
was prost•cnted during the year, followiug the same geographical arraugPment adopted for the 
tletai!Pd notices in the holly of this report. 

The work do11e 011 the Atlantic coast during the year ending Jnue 30, 1881, has included the 
following operations: Topography between Dyer'i; Neck and Petit l\fam1u Point, Me.; plane-table 
snn·ey of the shores· and upper lieadi; of Frenchman's Bay, l\Ie.; hydrograpby of the Penobscot 
Hi Yer. ~le., hetwee11 Hampden and \Vinterport; h,ydrogTapby of the headwaters of Bagaduce 
Uiver, of Jordan ltiver, of Skilling Hh"t1r, of a portion of Frenchman's Bay, and of Franklin Bay 
above a11d including Hullivau Falls, Me.; examination for location of a hnoy in Mill Creek Reach, 
PcuohRcot Uin~r, Me.; continuation of tidal observations arnl of meteorological oh8errn.tious at 
North II anm, entrance of l'euobscot. Bay, l\ie.; 11_ytlrographic reisurvey of H.ockland Harbor, Me., 
and soundings in J\lnscle Hidge Cbarmd, Me.; ohservittions commenced at the triangulation sta
tion 011 l\Iount "'ashington, N. H ., and signals re-ereeted to be obserred OIL from Gill Hill, Yr.; 
o\mern1tions completetl at triangulation stations Herrick and Northeast Mountain, in Vermout; 
primary triangulation contimwd in Vermont to connect the survey of Lake Champlain wi h 
the triangulation of the coast; olJRerrntions completed at Potato Hill and Fields Hill, Vt., and 
at Che('\'er and Blueberry Hill, in New York; h,v(lrographie developrneut of Pickett's Ledge, 
entrance to Salem Harbor, Mass.; topog-raphy anll ltydrography continued along the south coast 
of J,oug faland, iucluding a survey of Comell';; Creek; 01Jse1Tatfons coutinued with self·registefiI,i.g 
tide gauge at Sandy Hook, N. ,J.; remarking trigonometrical points on the Hudson River; topog
raphy of the shores of the Hudson River in the vicinity of West Point, N. Y., and points estab
lislwd by triangulation for the plane· table surniy; reconnaissance continued across the northern 
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part of the State of' Xew York for triangulation hPt\>eeu Lakt> Ulmmplaiu and I,ake Ontario: 
obsen·ations completed at Bigdow Statiou, ~. Y., in ;;cheme of primar:y triangulation to connect 
bake Uhamplain with the coa.~t triangnlation; astronomical observatory erected and telegraphic 
longitude;; determined b,v signals hdween Ciipc i\ln.v, X. ,J., and Washington, D. C.; triangulation 
points lletPr111i11l'd aml topogTaphy of tl1e coast eonti1111ed i11 the vicinity of Cape l\Iay, X. J.; 
h.nlrograpl1y of 111ai11 sbip cliamit·I, Delaware Bay, from Ship ,Johu Light towardl-l Brand.nvine 
Shoal Light; of Delaware Ha,\· 1war the mouth of Coba11sf\Y Creek: special snr,·eys for the Ligbt
Hom;e Boarrl of a l'lhoal !lear the Fourteen Foot Bank; for position of a light-house near Lt>wes, 
Del.; detailed o;nn·p~- of that hauk anc.l of the lower end of Joe Flogger 8hoal; ;;nn·p~- of Cape 
.\la.'· to a11d i1H·ln<ling Brow11 Shoal: triangulation of the Dela ware Hi,·er from :S!'w < 'astle to l >ela
ware City; topography of the Dda ware River from Fort Mifflin to Cbe;;;ter, l'a., and of the shore,; 
of New JerRey from \Yoodlnu·~· Creek to Haccooll falarnl; triangulation of the Delaware RiYer 
from Chester, l'a .. to New Ca>;tle, Del., and triangulation and topography from Raccoon .bland to 
Penn's OroYe, X. ,J.: hyllrogra-ph,Y of the Delaware l:iver from the n1iper end of Little Tiunicnm 
Islarnl to the np1wr end of 1larcus Hook, and from Edgemoor to ahoYe New Castle, Del.; aml from 
near tlw mouth of the Selrnslkill Hivcr towards Uhe,;ter, Pa.; triangulation continued iu the nortlt
t•ru part ot New .Jer;;ey; tfre ,;fations oceupied aud two uew station;; est.abli,;Jied iu the triangula
tion of Pernisylnmia; examination of i11laml waters betwee11 l\foutauk Poiut, Long Island, aml 
Cape Charles, Va., for the preparation of a t·rnvit directory for small craft, and coast ,-iews obtaiued 
off Cape Heurs, Va.; 11,\·flrog-raphy of iulaml water,; along tl!e coaRt of .':.\Iaryland aud Delaware 
11mtl1 of Chincoteague Inlet; examination of o.vstt>r-he1ls in Chesapeake Ba,\., and surn',Y of shoal,; 
off Chi11cotl'ague Iult•t: triangulation poiutR determine(} for a plane.table tmn·e~· of the District of 
Columbia; tria11g1tlation of District of Columbia eompletetl, and pier at Fort Myer connecterl by 
tri;rng·ulatio11 witl1 the United StateR ~anti Ob,;Pr\'atory for use in experiuwuts relati\'e to the 
\'elocity of light; topograph;r eontinue<l for a detailetl s1trvey of the District of ColnmlJia; topo
grapbieal survey of a site for the new Naval Oh>;erTator,Y; pemlnlum observations aud collateral 
work c011timwd at the .Johns Hopkins UniYersit.Y, Baltirnore, Md.; barometric arnl other obsen·a
tions co111rrwnced at poiuts in l\'Iarylau1l for the compil~ttio11 of a geHeral h,Yp1>011wtric map; astro
nomical observato1 ie;; erecte1l at 8tra,;burg, V:1., ;:nHl Char)e>;ton, \\:. Vii., awl telegraphic 1011gi 
tude signals ex<"hanged hetweeu tho;;e sta.tio11s an<l Washington, D. C., with obsenatious for Jati
tmle at. the first two station,;; magnetic 1leclinatiou, dip, and i11ten,;1t_y 1lct1'r;11i11ed at ~'heeling, 
Clarksburg, P:1rke1shnrg, Charleston, and Alflersou, \V. \·a., Covington and \YytheYille, Va., and 
ohRervationl'l partially com11letetl at :\la rion, Ya.; ;;tationR in \Yest Virginia ocenpied for exte1Hlrng 
westwanl the triangulation toward" the Ohio River; tidal ohserYations at Charleston, 8. C., deep
sea l'lOuudings, dredgiugs, antl tt•mpt>ratnre;; hetwel.'11 G1•org1•'s Bauk a.ud Clrnr\(•st011, S. U.; ~im11l
ing8 between ,Tnpiter I11let, Fla., :uul Currituck Light Hous1;, N. C., extending a.cros,; to the Ba
h1111rn Banks, with H<'rial temperatm·es and <lre<l~.d11g-H fo1· hottm11 speeimens; triall'gnlation, topog
raphy, arnl l:,\·drography of l11dia11 \{in•r a111l a(ljace11t coast, eastern Florida; litrt•s of soundings 
rmr off Cape Camweral Shoals and south of Cape Ca11aYeml, ea8t coaRt of Florida; line;;; of sound
ings nm off Egrnont Ktc',\", eutrarn~e to 'l'a.rnpa Bay; and off I,i:,:·ht Honse Point, east end of Saint 
George's Sound, west 1·oa8t of Flm i.la; h;n\rngrapl1.Y of tlw ~Iississippi Hi Yer from a point fonr 
miles below Doua.l<li;1011villl', La., to PhH1ne111i11e; tid<d ohi;;el'\"ations at, Lake R01·gne, L:t.; triangu
latio11 of the .Mississivpi Hirer cornplcted betweeu Bayon Sara and Baton Rouge, La.; tria11gn
lntio11 of the Missiissippi Hh"er from Pro»idence, La., co11nected at Walnut Point with scheme 
extended from GreenYillP, Miss.; liues of precitie levds run from Point Coupee, J,a., to Rodney, 
Miss.; triangulation of the Mississippi Uiver completed between Vicksburg, M:iss., and Lake Pro\"
jtll•nce, La., aud hctweep 0 t"l'em·i!ll:', M isH., nncl vValuut Point, Miss.; lines of preci11e levels run 
from Greenville, Miss., to Gle110rn, \lisR., alo11g the Mississippi River, and from Glenora, Miss., to 
Hotluey, Miiss.; base lint: meaisnred at Greenvill<\ .Miss., aud triangulation commenced; azimuth 
determined at the base line near Greem·ille, Mii;;s.; t::ipography continued of the I,aguna Madre 
11ear~Corpus (Jhristi, Texas; h~·drography of the coast. of Texas off Padre Island. 

On the Pacific 1.,•oast of the Unite•l States the operations of the Survey, commencing at the 
south aud going northwar<l, l1a>e iucluded the determination of magnetic declination, dip, aud 
intensit.y at stations on the coasts of Central America~ Me:xioo, and Lower California, and a recon -
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11aissance, of Guadalupe Island; obse1Tations with a seH~registering tide-gauge an cl meteorological 
observatious at Mazatlan, Mexico; hydrograph,v of the coast completed between Point Arguello 
and Point Sal, Cal.; topography of the coast in the vici11it~- of San Luis Obispo, Cal.; observations 
continued with the self-registering tide-gauge at Saucelito, inside of San Francisco Bay, Cal.; 
Sanhedrin and Cahto stations occupied in scheme of primary tria ngulatiou north of San Francisco 
Bay, Cal.; geodetic operations, including latitude, azimuth, anll magnetic obsen·ations at stations 
in the Sierra Nevada range, for the trans continental triangulation, and site prepared for a primary 
base-line in Yolo County, Cal.; triangulation and to11ography of' the California coast from Walalla 
Hirnr to Point Arena, Cal.; observations of tides continued at tile self-registering tide-gauge at 
Bouolnlu, Sandwich Islands; detailed topographical snrve.v of Uie Columbia River continued from 
Columbia City to above Saint Helen's; special topogmph,y of the valley of the Columbia River, 
including the Dalles; Coast Pilot views for the Columbia River, Oreg.; h,ydrography commenced 
and triangulation extended in that vicinity; topogmpl1y of Port Orchard, "Tash. Ter., and adja
cent shores aud inlets of Puget Sound, ancl triangulation extended to furnish necessary points; 
!Jydrography of Port Discovery and adjacent waters, Straits of .Tuan de Fuca, Wash. Ter.; recon
naissance for a primary hase-line site on the shore of Boundary Bay, British Columbia; tidal 
obserrntions continued with the self-registering tide-g·auge at Saint Paul's, Kadiak Island, Alaska; 
astronomical, magnetic, meteorological, current, and sea-water temperature observations, with 
soundings, at stations between Sitka and Chilkaht, coast of Alaska, collection of notes for the 
Coast Pilot of Alaska. 

In the interior, work for the year has included determination of azimuth at the base-line near 
Louis,·ille, Ky.; reconnaissance for scheme of primary triangulation to connect the Louisville base 
and Salt River with the line Riley to Mountain Top, in Northern Kentucky; observations com
pleted at four stations, signals erected, and one station reoccupied in scheme of primary triangu· 
lation in Tennessee; reconnaissance for the extension of the primary triangulatiou in Ohio; astro
nomical observatory erecte1l for telegraphic lon1:,titnde observations at Ciucinnati, Ohio; magnetic 
declinatiou, dip, aud intensity determined at Clevelarnl, Ohio; Hraml Haven, Mich.; Macinac, Mich.; 
Sault Ste. Marie, Mich.; Ontonagon, Mich.; Superior Cit~', Wis.; Vincennes, Ind.; New Harmony, 
Ind.; lndia1J<1polis, Ind.; Richmond, Ind.; Cincinnati, Ohio; and Athens, Ohio; reconnaissance for 
tl1e scheme of primary triangulation in Indiana, continuation of, and reconnaissance for the primary 
triangulation eastward along the thirty-ninth parallel in Illinois; four stations occupied and obser
vations made for latitude and azimuth at two stations in tlie triangulation of Wisconsin; observa
tions of magnetics continued at the magnetic observators, Madison, Wis.; primary triangulation 
extended westward in Missouri from stations Hunter and North Base; magnetic elemtnts dett>r
mined at Brainerd, Minn.; Glyndon, Minn.; Pembina, Dak.; .Jamestown, Dak.; Bismarck, Dak.; 
Fort Snelling, Minn.; Heron Lake, Minn.; Yankton, Dak.; Omaha, Nebr.; and Dubuque, Iowa; 
primars triangulation in Nevada continued eastward along the thirt,y-ninth parallel, and magnetic 
elements determined at stations in Nevada and Utah Territot'.Y; and primary triangulation iu Col
orado extended eastward from the El Paso base. 

ESTIMATES. 

'l'he estimates submitted to Uongress for the service of the next fiscal year are intended to 
llrOYide for the continuance of surveying operations upon a basis commensurate with the necessi
ties of the work~ and to restore the appropriations to an amount from which t.hey were reduced 
some years since in a time of great commercial depression. In order that the work may be done 
most economically, a just proportion must be maintained between the amount. available for field
work and that necessarily absorbed in preserving an efficient organization to meet the requirements 
of the case. An organization which depends for its efficiency on the professional acquirements 
and years of special training of its members cannot be annually increased or decreased at will in 
its essential features. It must couform to a certain ~tandard, and be sufficiently large to achieve 
and make available as quickly as possible results commensurate with the constantly increasing 
demand for theur arising from, and corresponding to, the rapid growth of the country. These 
considerations, and the fact that experience has proven the relative economy of the larger appro
priations, make. it a duty to point out that a recurrence to the latter is urgently needed. 



 

UNITED STATES COAST AND GEODBTIC SURYEY. 

The estimates for conti11ui11g work iu the Eastern Division of the Coast and Geodetic Surve,\· 
during tlw year PllCling .June 30, 1883, • re intended to provide for the following progress: 

l<~IELD-WOllK.-To continue the topography of th• coast, of Maine east of Frenchman's Bay; 
to determine heights at geodetie points between Boston and the Saint Croix; and coefficient of 
refraction; to flomplete the hydrogra11lly lletween F1 enchman's Bay and Moose-a bee Reach, and 
conti11ue soundings in the coast approaches eastward of Petit Man •• n Island; to continue a topo
graphical and liydrographic surrny of Pt•rtsmouth Harbor, and make such additional triangulation 
as mas be required for that and other surve,ys on the ,..astt>rn coast; to continue the triangulation 
of New HampRhire; t,o d(•tt'r111i11e the positio11 of new light houses between Eastport, Me., and New 
York; to continue the. triang·11latio11 of Vermont; to continue soundings off the coast of Maine, and 
other off-shore hydrogmpLy between Capes Mauan and Cod, and make special examination for 
the sailiug lines for charts; to contiuue tlle observations of sea and tidal currents in the Gulf of 
Maine; t-0 continue tidal observations, and to make such astronomical aml magnetic observations 
as may be required; to continue t.he surn~- of the Connecticut River from its mouth to Hartford; 
to make such examinations as ma.v be rt'<Juired in :N' ew York Harbor, and such surveys iu its 
vicinity as may he necessary, iucludiug the continuation of the topographical and hydrograpllic 
survey of the south coast of Long Island; to make along this part of the coast obser\'ations of tides 
and currents; to continue the plane-table survey of the :shores of the Hudson River above "'est 
Point; to continue triangulation betwt'en i.imlson Hiver and the north end of Lake Champlain, and 
between Lake Champlaiu and Lake Ontario; to make the requisite astronomical observations; to 
continue the topograJlhieal and 11ydrographic sun·ey of the coast of New Jersey; to continue the 
triangulation of New Jl'rst•y awl Pennsylvania; to connect the Atlantic coast triangulation with 
that of the Chesapeake Ba,\' near the boundary line between Maryland and Virgiuia ; to continue 
the plane-table Sluvey of tlie Potomac Rin•r; to continue westward the main triangulation from 
the A ti an ta base to the Mississippi Ri rnr at or near l\fenq1his, including astronomical and magnetic 
obserrn,tiom1; to coutiuue the snpple111eutary h,vdrograph~· between Cape Henlopen and Cape 
Heury, aml the tidal observations, including also such as may be required in Chesapeake Bay; to 
continue westward the triangulation iu West Virginia along the thirty-ninth parallel; to measure 
base lines of \'erification and determine azimutLN for the coast tria11gulation south of Cape Lookout; 
to make astronomical and magnetic observations requisite; to continue the off-shore hydrography 
between Cape HenQ' and Cape Fear; to sound the entrance to Cape Fear River; to continue the 
topographical and hydrographic sun'l'Y of riwrs 011 the coast of Sout,h Carolina and Georgia; to con
ti1 ue the offHhore hpll'Ograph~· between Cape Fear and the Saint John's River, Fla.; to continue 
southward frolll ludiau Hi Yer the triangulation, topography, and hydrography of the eastern coast 
of Florida to Key Biscay11e Bay; to continue the triangulafom, topography, and hydrog. aphy of 
Saint John's Rfrer; to make the requisite astronomical observations; to continue hydrography off 
the eastern coast of Florida from Indian H,i\'er to the southward; to continue soundings and obser
\'atiomi for deep-sea temperatures, currents, and dredgiugs in such parts of the Gulf Stream, north
ward of the latitude and eastward of the meridian of Cape I<'lorida, as may be deemed advisable, 
and also in tLe Caribbean Sea; and, within the same limits, such as may be considered advanta. 
geons in conjunction with the United States Commission on Fish and Fisheries; to continue the 
astrouomical and magnetic obsnvations requisite throng-bout the Gulf of Mexico; to continue the 
triangulation, topography, and hydrography of tlie western coast of Florida between Cedar Keys 
and Tampa Bay, and between Tampa B11y and Charlotte Harbor; to continue the same classes of 
work to the southward of Oharlotte Harbor; to connect tne trigonometrical survey of the Mississippi 
Rirnr at New Orleans with that of Lake Borg'Ile, Lake Pontchartrain, aud Maurepas; to continue 
the triangulation, topograph.Y, and hydrography of the Mississippi River above Nl•w Orleans to the 
head of ship navigation ; to determine geographical positions, and make the astronomical and 
magnetic obser\'atious requisite; to exteml the triangulation, topography, and hydrography of the 
coast of Louisiana westward ot the Mississippi delta, and continue tne hydrography of the Gulf of 
Mexico between the mouths ot the Mississippi and Galveston, Texas; to continue the triangulation, 
topography, and bydrography of the coast of Texas westward between Sabine Pass and Galveston, 
and between Corpus Christi and the Uio Grande; to measure a base line of verification antl make 
the astronomical and magnetic observations requisite between Sabine Pass and the Rio Grande; 



 

to co11ti11t1(' the hydrogmphy of thfl approache;; to the cml8t of Texa;;; to continne the tria11g11latio11 
;wross tlH· States of Ohio, Indiana, Illinois, Missouri, and Kansas, for the con11ecti011 of the ;..;m·veys 
of the Atlantic an<l Pacific; and coutinne triangulation in KPntuck~·, Te1111es8ee, and \\'isco1rn111; 
to furnish points for State surveys; to continue the detPrm inatio 1 of pmdti011s of nm\· light.Jionse8 
and life.saving stations along the coast between New York and the I~io Grande: to co11ti1me tieltl· 
work for the verification of data for the Coast Pilot; to contiune the organized s;pitem of magnetic 
observations reqnired tor a complete magnetic survey, aml to rnn lines of leYPl;; com1<'eting point,; 
in the maiu trianµ:ulation with the sea len~l. 

OFFICE· WORK.-To continne the drnlnction of re8nlts hy computation from the tiehl operations 
along the ..:c\tlanti(' and Gulf coasts, and in eo1111t>ctio11 "·ith tlte gtJ01fotic smTeys of the inkrior, 
iuel11di11g a,.;tronomical, geographical, maguetic, hypso111etric, and tidal work; to a<h·arn•p tl1e pub
lication of tlw Coast Pilot for the Atlantic and Gulf coasts, and to complete tide predictiou;..; for 
t lw ,Year 188:: for thoKe coasts; to contiuue the preparation of topographical a11d l1ydrograph:lc maps 
arnl charts, a111l tl11~ maps arnl chart,; 1IPriYe1l tlierefrorn, fo1· publieation, a11tl to plot the hydro
graphic ,.;11n·eys; to contimw the drawiugs of saili11g clrarts No. l, from Ca.pe f::\ablt~ to Sandy 
Hook. a111l ''A'' from Cape Sable to Cape Hatteras, with sub-charts; al~o the drawing,;: of geueral 
('m1st chart, <)no1hly Head to< 'ape Cod (t:>a;..;tern part), a1ul of coast cl!art :No. 3, Frenchman';;, a11d 
Bhtt• Hill Bay:-;; to complete the drawing of the general chart of the Atlautic coast from Qno•ldy 
Head to Cape C(){l ( westem part), a11fl to heg·in the drawings of coast chart X o. :l, :\Iachias Bay to 
Prospect Harbor, a111l of the chart of Pleasant Hay; to finish the errgraYing· of the clmrt of the 
approaclws to Bhw Hill Ba,,· and Eggemoggin Reach; to contimrn the dra\Yi11g of :-;ailing chart ~o. 
:.! of the Atlantic coast from Nantucket to Cape Hatteras, anrl to begin the drawing of the new Pdi
tiorr of coast charts No;..;.19 and :!ll, Hemp;;tead and Great 8outl1 Bays, Lo11g f;;laud; and Delaware 
Hin'I', Port Penn to 'l'renton; to <'.Omplete the drawing of coast cbart ~o. :!3, Cape .:\lay to Ah8eeou 
111 let, a !so the dra wiug iwd engTa ,·ing of the diart or ,James l~i vn from City l'oint to Ki ngi'iland 
Creek, and to begi11 the drawiug aud engrnYiug of the chart of the ;;ame river from Kiugi,;larnl Creek 
to Hichmo11d; to continue the drawing of tile sailing chart of the Atlantic coast from Cape Hat
teras to Key West (with sub·charts), au1l to complete that of the general chart of the coast from 
Cape Hatteras to Cap11 Romain; to begin the drawing of the chart of Uape Fear Hi\·er (11e\v edi· 
tion), arnl to continue the engraving of coast cl!arts Xos. 4li, 47, 48, a11d 4f), i11elnding the Atlantic 
coa:-;t fro111 Ocra1·oke lnlPt to Cape !~ear; to coutiune the drawing of sailing chart of the coast from 
Capt' Hatteras to Mosquito Inlet; to continue tlw engraving of coast chart No. iil, part of Loug 
Bay, including Lit.tie Hi,·er Inlet, and to complete that of coa,.;t chart No. 5:3, from vVinyah Bay t(l 
Long· Jslarnl; to complete the drawing of the gent'ral eliart of the coast from Cumberland Sound 
to Cape Omiaveral; to co11tinuP the dra wi11g and to begin the engraving· of the g-eneral coast chart, 
fro111 Cape Caliaveral to Cape Florida; to finish the engraving of the el1arts of the Raint John's 
Hi,·er from .Jacks011\·ille to Green Cove Spring8, and from Grt:>eu Cove Springs to Federal Point; 
al1<0 the engm\'ing of coast chart No. 61, from Mosquito Lagoon to Cape Canaveral; to begin the 
<Ira wing of the coa,,;t chart of Indian Ri\'er and Indian Wver Inlet, and to continue that of the sail
iug chart from l\losquito llllet to Key "\Vest with the Bahama Banks; to begin the drawing and 
eugra,·ing· of tlH• general chart of the coa.,.;t from Key We8t. to Tampa Bay; to complete the draw
ing aml to hegi11 the engraving· of the general coast chart, Tampa ]fay to Cape San Blas; to con
timu• the drawi11g1< of sailing charts, Key \Vest to the Hio Grande, Gulf of )'lexico in four sheets, 
and tlH' drawing aud t~11graving of the chart of the Gulf of Mexico in one sheet; to coutiuue the 
engraving of <·rnu1t chart No. 80, from Cedar Keyis northward, and to complete that of coast chart 
~o. 84, from Saint .lo;..;eph's Ba~· to Saint Andrew's Bay; to continue the engmving of coast chart 
No. Ki, from Pensacola Bntrance to Mobile Bas. and to complete that of coast chart No. 92, Chan~ 
delenr, and Breton Island Souuds; to coutiune the drawing· and engraving of the general chart· of 
the coaist from Ga!Yeston to the Wo Grande; to hegin tlrn engraving of coast charts Nos. 110, lll, 
and 112, from Corpus Chri;;ti Ba~· to the l{io Grande; tot material for drawing, eugra.ving, chart 
printing, for electrot~·ping and photographing, and for instruments aml apparatus. 

Total for the Eastern Division, indndiug the Atlautic and Gulf com1t8, and i11volvi11g work in 
tltirt,Y·two Stateis and three Territorie8, will require, $3i3,000. 

For the completion of the resurvey of Delaware Bay and River, $10,000. 
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'l'11e esti111aks for co11ti11niug work iu t,Jw \Vestern Di\·isio11 of the Coast arnl l~l'odetie Snn·ey 
dnriug' tlw year emli11g .Jmw :m. 18K3, are intenlll'd to proYide for the following progress: 

FIELD-WORK.-To make the reqnisitt• ollservatiorn; for latitude, longitude, azimuth, arnl tlie mag" 
nl'tfo elmuen ts at stationo; along the Pacific coa,.;t of tlie r nited States; to co11tinne off slion• som11l
ings along· the coao;t of California, Oreg-011, arnl \Vashington Territor.v. and tidal ob1wrrn ti oms at Sau 
Fraucisco aufl sucl1 other localities as may hP 11ecPssary; to couti11ne the main coast triaIJg·ulatio11 
from Monterey Ba~- to the southward, and from Point Uoucepcion to t11e north ward, arnl from Ba11 
P1~tlro towanls San Diego; to coutinne the main triaugnlation of the coal'it from Cape ::\le11llocii10 
to the uort11ward; from Collm1hia Rive1· north to Pnget Sound; to measure liase-liues of 1n·ecisio11 
in the \Vestern Di \'isii:m of the 8nrn\\.; to coutimw the crnu;t tria11gulatio11 awl topograpl:Jy from 
Newport, Los Angeles County, Cal., toward" Sau Uit·go; to coutimw the hydrogr:1]1h,Y hetwe<•11 
Sau Diego and Monterey Bay; to <leHlop li~'drographic clrn11ge1' i11 Sa11 FranciRco Bay and it" 
approacheR; to continue triangulation across tl1e States of California, Nernda, Colorado, arnl Te1·
ritor.Y of Utah, aloug tlte thirty-niutli parallel, for com1ecti11g tl1e sun,ey of tlie Pacifie coast with 
that of the Atlantic, a11tl fnrni,.;h points for tbe surwy of the States named: to complete tlw 
secondary arnl tertiary triangulation, and the topography of the coast behn~eu Bode1,?:a Ba~c arnl 
Point Arena; to continue sou11di11g1' between Cape ::\fe11tloci110 and the Klamath J:in·r. arnl hetwt><•11 
Ca11e Sebastian and Point Orfonl; to ohsCITe currents aloug the coai-;t and takl• sournliBg<' and 
temimrature obser'Yations in the ( 'alifornia brmwh of th<> Knro Siwo current, a11.! Pxecnte ,.;m~li 

otl1er h_ydrographic work as local de111aml,.; may require; to co1;tinue tidal and CltlTPllt ohsern1tio11s 
at the Gol<len Gate, aml obsenatioIJs of ocean currents along the coa>-t of Califomia; to continue 
U1e triangulation, topography, and h,\·drograph,\· of the Columbia Hfrer; to comp le ti' the dPtaill'<l 
snrve~' between Capt:' Sebastian and Cresct•11t City, au<l off-shore hytlrography at Crescent City 
Heef; to measure a base-line and continue the triangulation of the Strait of Fu ca, and the topo
graphy and hydrograph,Y of Puget Round aud the adjacent waters; to continue tl1e recorma~s:-;aiw<· 
survey of the coast and islauds of Alaska, with ob1'ern1tio11s of t!Je tides and c1irrt'11t,.;, and the 
requisite astronomical arnl maguetic ousen·atious; to co11ti11ne lield-work for dt'1'<Tiption of the 
coast aml verification of the Coast Pilot of the coasts of California, Orl:'gou, 'Va8hiugton Territor:v, 
and Alaska Territors; to continue the organized s~·stem of ma!!nl'tic obse1Tatiom; l'equit·ed for a 
complete mnguetic snn·ey, arnl to run linPs of leYels conuecting points in t!Je main triangulation 
with t,he sea-level. 

OFFICE-WORK.-To make computations of the tiel<l observations, inclnding astronomical, 
geo1letic, magnetic, and tidal work; to continue the compilation of the Coast Pilot of the coa,~t8 of 
Califoruia, Oregun, \V ashingtou 'ferritory, aud the Territor,v of Alaska; to 1ire}Hll'e tidal p1·pd ie
tions for the ;year 1883; to continue the pnhlication of topographical am\ hydrographi1· map,.; a 11d 
charts, and tile reductiom; thereof, and to plot the hydrographic :surveys; to continue the drawing 
and engraving of the g·eunal chart of the J>acitic coast fro.u1 San Diego to Poi11fVincente; to con
tinue the drawing and begin the e11gra\·i11g of the general chart of U1e coast from Poiut Co11cepcio11 
to San Luis Obispo; to complete the engnt,·iug of the sailing charts of the Pacific coast i11 four 
sheets; to begin that of the general chart of the eoast from San Luis Obispo to Po'nt Pino.s; to 
continue the drawiug and engraving of the geueral eoast chart from Point Ueses to ?IIell(loeino 
Cit~·; to continue the {hawing of tl1t• geiwral clrnrt of the coast from Point Arena to Cap<.' :\h•ntl.1-
eino; al8o, that of the charts of Puget Sound; to provide for the drawing and e11graYing of 
additional charts of harbors in Alaska; for materialH for drawiug, eugnwing, and map-printing·; 
for <>lectrot~'ping and photogr:tphing·, and for iust.rn111e11t.s and apparatus. · 

Total for the '"'estern Didsion, including tlw Pacific coast, aud inYoh'iug work in four States 
aud eight Territories, will require $:!45,000. 

SlTRVEYS IN ATD ()}« 'l'lrn FNI'l'ED STA1'ES GEOLOGICAL SURVRY.-This estimatl> is ~mb
mitted in 11ursuance of an umlerstamling witlt the Director of the United States Geological Sm
vey to the effect that snch triangulation awl astronomical determination of geographieal positions 
as may be required for the 111aps of that work can be most a11Yantageousl,\· executed b,Y the Coast 
arnl Geodetic Survey, which is specially organized for work of that character. The amount aske1l 
for that purpose for tbe fiscal _year l.'t82-'83 is $40,000. 
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For repairs and maintenance of the complement of vessels used in the Coast and Geodetic Sur
vey will require $40,000. 

For continuing the puhlication of the records of obserrntions made in the progress of the Coast 
and Geodetic Survey will require $8,000. 

For general expenses of all the work, rent, fuel, for transportation of instruments, maps, and 
charts, miscellaneous office expPnses, aml for the purchase of books, maps, and charts, will require 
$32,500. 

OBITUARY. 

After a long and busy life devoted to sciPntific pursuits, Prof. BENJAMIN PEIRCE, commlting 
geometer of the Coast and Geodetic Survey, <lied at his home at Cambridge, Mass., on October 6, 
1880. 

Benjamin Peirce was born at Salem. l\Iass., April 4, 1809. He was fitted for college under 
the i11Rtruction of Nathaniel Bowditch at Andover, and entered Harvard in 1825, immediately 
evincing a remarkable talent for mathematics. In 1829 he graduated, and shortly afterwards he 
accepted a position as teacher of mathematics iu Round Hill School at Northampton. 

In 1831 he returned to Cambridge to fill the position of tutor of mathematics in that university. 
lie was made university professor of mathematics and natural philosophy in 1833, and Perkins 
professor of astronomy and mathematics iu 1842. 

Professor Peirce was appointed Superintenrlent of the Coast Survey at the death of Prof. A. 
D. Baclte in 1867. Frequent!;\', during many years pre\'ious, Professor Peirce had been called upon 
to assist in matters connected with the Sur\'e.Y, and the knowledge thus obtaine<l, of the objects 
and general scope of the work, euabled him to assume this important position with au intelligent 
apprPciation of its duties and respom~ibilities. 

During the civil war the regular work of the Survey had been in a great measure suspended. 
The organization had been preserved merel_y because it formed a valuable adjunct. to the land and 
mwal forces, but the survey of the coast had ma<le but little progress. The first work of the new 
Snperintell(lent was to arrange for the continuation of the Survey according to the plans laid down 
a11Cl the principles already formulated by his predecessor. It was uot long, however, before the 
influence of his genius and originalit_y, already acknowledged in the highest branches of scientific 
research, began to be apparent in the conduct. of this national work. The extension of the survey 
of the coast to a great geodetic system, stretching from oeean to ocean, a..lthough it had been re
motely contemplated by his predecessor, was first actually commenced by Professor Peirce, thus 
htyiug the foundation for a general map of the country entirely independent of detached local sur
,·eys. With this object the great diagonal arc was extended from the vicinity of Washington to 
thP southward and westward along the Blue Ridge, eventually to reach the Gulf of Mexico near 
Mobile. He also planned the important work, now in active progress, of measuring the arc of the 
parallel of ;~90 to join the Atlantic and Pacific systems of triangulation; and for determining geo
graphical positions in States having geological or geographical stuveys in progress. To him also 
helongR the honor of having proposed to Congress this plan for the extension of the Survey to a 
geodetic survey of the whole territory of the United States. 

Professor Peirce, while Superintendent, took personal charge of the American expedition to 
Sicily to observe the eclipse of the sun in December, 1870; and for the transit of Venus in 1874 
organized two part.ies from the Coast Survey, one to observe at Chatham Island in the South 
Pacific Ocean, the other to observe at a station in Japan. 

As soon after the war as vessels and officers could be had, he renewed operations for deep-sea 
soundings, and gave his earnest support and assistance to all scientific work in any way related to 
the Survey. 

In the ordinary routine of administrative details, Professor Peirce relied on officers of the 
Surve.r ha\'ing large practical experience in regard to its methods and pl"Ocesses; yet he carefully 
saw tl1at. tlie work advanced in accordance with his views. 

After his retirement from the Superintendency in 1874, in order that the Survey might con
tinue to luwe the benefit of his great mathematical knowledge, he accepted the honorable position 
of consulting geometer, exercising a general supervision over the scientific portions of the work. 
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Professor Pierce had been since 1849 cousnlting astronomer of the American Epliemeris and Nau
tical Almanac, and for many years he directed the theoretical part of the work. ln 1855 he was 
entrusted with the organization of the Dudley Observatory. He received the degree of LI~ . D. 
from the University of North Carolina in 1847, and from Harvard Unin~rsity i11 1867. Be was 
elected an associate of the Hoyal Astronomical Society of Loudon in 18,HI, and a memher of the 
Royal Society of London in 1852. He was made president of the American Association for the 
Advancement of Science in 1853 (the fifth year of its existeuce), and was oue of the origfoa.l mem
bers of the National Academy of Sciences. He was also a member of the Hoyal Societies of l~1li11-
burgh and Gottingen, and honorary fellow of the Imperial Unirnrsity of St. Vladimir at Kim-. 

Of the published mathematical writings of Professor Peirce, it may be said that they ratlier 
indicate the scope of his intellect than give an adequate idea of the vast and intricate labors with 
which his mind was constantly occupied. Much that he produced was never put into suitable form 
for publication, and many of his papers that were fhmlly given to the world were merely the cou
densed results of successive steps in a wide field of origina.1 research. Yet he was the author of 
many works of the highest scientific value, notably his work ou aual.'·tical mechauics and his fanear 
Associative Algebra, besides many text books 011 mathematic8 and physics, and separate art,icles 
on various subjects. He wrote in a style lticill, concise, entirely free from conventionality, and 
marked by a wide range of thought. 

Although his mathematical work claimed the greater part of his attention, he yet found time 
for exhaustive studies of kindred topics. In physics, astronomy, mechanics, and naYigation his 
labors are marked by valuable discon~ries and new applications of known principles; and his inter
est extended equally to logic and metaphysics, to geography aud geology, and eyen to botany aJl(l 
zoology. In fact nearly all branches of scif'uti1lc inqnir.'· were enriched b.'' bis labors, and iu all he 
displayed the same profound knowledge and hold originality, combined with keen intuition and 
great force of intellect. 

During the year the Survey has suffered the loss of a most accomplished member in the death 
of Assistant A. M. HARRISON. 

Mr. Harrison had been for some years in failing l1ealth, but not without hopes of amelioration. 
He wa..~ seized with an attack of pueumouia at his home at J>lymonth, J\iass., and died, after au 
illness of a few days, ou .January JJ, 1881, iu the fifty-second year of his age. 

Mr. Harrison was born at New IIa\'e11, Co1111., l\la.Y 27, 1829. His employment in the SmTey, 
commeuciug December HJ, 1847, extended with little i11ter111iss:o11 over a period of more tha11 thirty 
years, devoted to active work iu field and office. In the field he was eugag·ecl chietly iu topography, 
for whieh he early displayed a spedal aptitude. His skill and accuracy, as well as his great imlus
try, are evidenced by the many admirable topographical sheds that bear his name. Mr. HarrisOH 
was also possessed of literary talents of a high order. During the last years of his life he was OC('ll

pied in the preparation of a history of the Plane 'l'able. 'l'his task, peculiarly fitted to his tastes, 
was nearly accomplished at the time of his death. 

In personal character Mr. Harrison wa,s marked by refinement and culture, a genial tempera
ment, and warm affections, and his rare social attra.ctions wo11 for him many warm and sincere 
friends. 

S.Ex.49-2 
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PART II. 
The geographical arrangement of the abstracts which follow is the same as that observed 

in previous reports, namely: Southward along the Atlantic coast, following the inlets and rivers 
from their months towards their heads; westerly along the Gulf coast, following the courses of 
inlets and rivers towards their heads; northward along the Pacific coast from the southern bound
ary of California, and including at the north the Territory of Alaska; and in the interior, accord
ing to sectional arrangement, from east to west. On the Atlantic coast the deep-sea work in the 
Gulf Stream is noticed under the head of Section VI, and on the Westem coast special magnetic 
operations to the southward of the southern boundary of California are included under the head
ing of Section X. 

SECTION I. 

MAINE, NE\V HAMPl:\HIRE, VERMONT, MASSACHUSETTS, AND RHODE ISLAND, INCI.UDING COAST AND 
SEAPORTS, BAYS AND RIVERS. 

'l'opography of Dyer's Neck and Petit Jfana,n Point, coast of Maine.-The to1>ography of Dyer's 
Neck and Petit Manan Point, coast of Maine, was assigned in June, 1880, to Assistant H. G. 
Ogden, who early in July procee<led to Sullivan, Me., and organizetl a party for the work. The 
sheet embraces tlie two peninsulas named, which are separated by Dyer's Bay_ The shores are 
generally rugged, broken with coves bare at low water, densely wooded, and offering few com
manding positions. This necessitated much cutting. Two prominent points appear 11n the sheet, 
Eagle Hill, on Dyer's Neck, and Pigeon Hill, at the head of Petit Manan Point; the latter is threP 
hundred and eight feet in height, tlie greatest elevation reached. On the extreme end of Petit 
Manan Point, and for a mile or more on the slwres of Dyer's Bay aml Pigeon Hill Ba~', a "sea
wall" ha8 been formed by natural action of well-worn stones, ranging in size from pebbles to bowl
ders, but generally of the dimensions of cobble-stones. The interior slope is quit~ steep, and 
in some places reaches a height of six or seven feet. Similar natural walls of sand have been 
noticed on the shores of the Gulf of Mexico, but on the New England coast such formations are 
rare. 

Subassistant Vinal assisted in the work of the part,y until October 1, wl1en be was detached 
for work on the coast of Florida. .Field-work was steadily prosecuted until the end of October, 
when, the sheet upon which be had been engaged being completed, Assistant Ogden disbanded 
his party. Subsequently he was assigned to the charge of the Engraving Division of this Office. 
The statistics of the work are as follows: 

Shore.line surve,yed (miles). _. _ ....... ~ .... __ . __ - -.. ____ .. _ .•... -....... ____ 51 
Roads (miles) . _ ...... _. __ . _____ ....•.. __ .. _ ... _ ... , ____ ......•.... _. _ ... _ ••. 24 
Area of topography (square miles) ... _. . • _... ., .•.. - ...••... _. - - ......•..••. 20 

TopographJJ of Frcnchma,n's Bay, 1tle.-In the latter part of July, Assistant A. W. Longfellow 
took the field for the continuation of the topography of the coast of Maine. Work was begun near 
Lamoine on July 27 upon the sheet commenced during the preceding season, and was continued, 
with slight interruptions hy fog, until August 12, when the sheet was completed, and a satisfactory 
connection made with the work of Assistant Hosmer on Skilling River. The party then removed 
to Sullivan, Me., for the survey of the shores and upper heads of Frenchman's Bay. Work in this 
locality was commenced August 16, and continued, whenever the weather would permit, until Sep-
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tember 6. The party then proceeded to Franklin, at the head of Frenchmau's Bay, at which 
locality the work was prosecuted until November 25, when the sheet was completed, and the party 
left the field. 

Mr. Bion Bradbury, jr., was at.tached to the party as extra observer. The statistic.-; of the 
work are as follows: 

Shore-line surveyed (miles).. . . • . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . .......... 43. 80 
Streams and ponds surveyed (miles) ........................••............. 28. !JO 
Roads surveyed (miles) ........•••.........•.•..•........................ 65. 86 
Area of topography (square miles) ..............•........................ 2!J 

Hydrogmphy of the coast of ,l/a.ine, near llfount Desert.-At the cowmencemeut of the year Lieut. 
S. l\I. Ackley, U.S. N .• Assistant, Coast and Geodetic Survey, with the party on board the schooner 
Eagre, was engaged in a survey of the Penobscot River between Hampden and "rinterport. 
Hydrography was completed in that locality on July 6, and the party was transferred to the Baga
duce River for a survey of its headwaters. On the completion of this work the hydrography of 
Jordan River was taken up and finished; thence the party proceeded to Skilling Rirnr aml sur
veyed the hydrography of that locality and a portion of Frenchman's Bay. vVork for the season 
was concluded with a survey of Franklin Ba,y, alJoye and including Sullivan Falls. 

The general statistics of the season's work are stated as follows: 
Number of soundings ............ _ .................... _ ................. 21, 0~4 
Angles measured...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 146 
Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35\l~ 

The very irregular forms of the different bodies of water render difficult a correct estimat.e of 
the number of i,;quare mile::; <'AJYered by the h,ydrography. 

In general the season was very fa\•orahle for the execution of hydrographic work, but. 8ome 
time was lost in going to and from the different localities of work. Some incorrrnnience was also 
_experienced in obtaining a supply of fresh water, which in Frenchman's Ba._y could only be obtained 
at the Bar Harbor Water Works, owing to the drying up of the springs and wells. 

The steam-launch Saga<lahoek was used during the season in the execution of hydrography. 
The officers attached to the party were Lieut. H. T. l\Ionahon, U. S. N.; 1\Iaster Frank E. 

Saw~·er, U.S. N.; and Ensign \;Varner Il. Nostrand, U.S. N., all of whom rendered efficient service 
in connection with the work of the vessel. 

During the season Lieutenant Ackley examined and reported on the location for a buoy in 
Mill Creek Reach, Penobscot River~ Me. 

Tidal observations.-A permanent station for securing a long series of tidal and meteorological 
observations for the special uses of the survey, and also for scientific purposes, was established at 
North Haven, off the coast of Maine, in January, 1870, and put in charge of Mr. J·. G. Spaulding, 
who hafl kept up a very complete set of records to the present time. An excellent self-registering 
tide-gauge has been used, which is provided with a very efficient heating apparatus to protect it 
from ice in winter. This has always worked well, eYen in the coldest weather, and has enabled 
the observer to secure an almost perfect series. When a short stoppage for repairs becomes neces
sary, hourly readings are made on a staff-gauge. The station being on an island jutting out into 
the great Bay of Maine, and near to deep water, seems to be one of the lJest that has been occupied 
for making such observations, and, if the Series can be kept up successfully a few years longer, it 
will doubtless satisfy all expectations in regard to it. 

Hydrography of Rockland Harbor, Muscle Ridge Channel, and Skilling's River, Me.-The party 
under charge of Lieut. H. G. 0. Colby, U. S. N., Assistant, Coast antl Geodetic Survey, with the 
schooner Eagre, having been assigned in March to work on the coast of Maine, arrived at Rock. 
land in the latter part of May, and at once commenced a complete hydrographic sun·ey of Rock
land Harbor, the soundings being referred to a tide-gauge temporarily established at that locality. 
At the close of the fiscal year this survey was nearly completed. 

Lieut. H. T. Mona.hon, Master Frank E. Sawyer, and Ensign Warner IL Nostrand, U, S. N., 
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were attached to the Eagre, and performed efficient work in connection with the hyrlrography. 
The combined statistics of the completed work are as follows: 

Number of soundings... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
:Miles run in sounding ....... ___ ....................................... . 
Augles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . ....................•..... 

12,878 
181.5 
1,261 

Triangulation of Ne1c Hamp.~kire.-The geodetic station on Mount Washington, marked and 
11artly observed upon before the large hotel and other buildings on the summit were crcct-0d, has 
been of late years so entire].\'· hidden from view that observations for its connection with the tri
angulation of New Ifarnpshire and of l\faine could oul,y be effected by means of an eccentric signal 
or heliotrope either on tho roof of the hotel or of the old Tip-Top House. Finally, the scheme 
having actually surrounded Mount \Vashingkm, the time arrived when it became necessary to 
occup;r the poiut for tlle purpose of measuring the previomlly concluded angles. A tripod over 
the station to hold the Lugest theodolite, and a close tower for the protection of the tripod, both 
higlier than the surrounding huihli11gs, was the only plan that promised to secure the necessary 
com1rn111d of t11c horiwn, and stability during high winds. 

Through the instrumentality of Prof. E. T. Quimby, Acting Assistant, Coast and Geodetic 
Survey, the interest and generosity of Mr. \Valter Aiken were enlisted in the cause, and at his 
expense, after due consideration of a11 the objects to be aceompJished, the tripod and tower were 
erected, and were ready for occupation by the middle of August. 

From ,JnlJ- 1 to the rlate last mentioned, Professor Quimby was employed in co-operating with 
1\Ir. Aiken, arnl iu 1mperintl•mli11g the execution of the plan agreed upon. The height and other 
di111e11sions of the two strncturps are fnJl,r giYen in the iseason'is report of Professor Quimby. 

From the middle of August to October 1, at which date the hotel was closed, and winter had 
set in, every hour of observing time was improrn(l. One thousand repetitions were secured, and 
ah;o three hundred pointings by uising the theodolite as a position instrument. The station, how
ever, was not com11leted. Mr. Aiken, who is one of the proprietors of the summit, has expressed 
his willingness that. the tower should stand as long as it is needed for the survey. 

After leaYing Mount \Vashington Professor Qnimhy re-erected certain signals to be observed 
on from Gile Hill, in Vermont, that being- orw of the stations of the quadrilateral connecting the 
aistronomical obseiTatory of Dartmouth Colleg(1 with the work of the Coast and Geodetic Survey; 
and by Nornmher :l the desired measurements at Gile Hill, consisting of seven hundred and fifty 
pointings, were ohtai11ed. 

Triangulation of Vermont.-Prof. V. G. Barbour, Acting Assistant, Coast and Geodetic Survey, 
commenced field-work in Vermont early in JnlJ. His first operation was to erect signals at ten of 
the mountain stations select.ed U,\'' him to be observed upon b,Y the party of Aissistant H,, D. Cutts, 
then occupying the primary station of Potato Hill. By this co-operation of the two parties angles 
were memmred at the primary station which will save considerable time and ex1)emie iu the execu
tion of the Vermont scheme. The necessary reconnaissance, marking of points, setting np of 
Rignals, and the clearing away of obstructions to intervisibility, consumed the month of July. 

Betweeu August 6 and September 22 the two stations of Herrick and North East Mountain 
were occupied and completed. At the former five secondary and seventeen tertiary points were 
observed upon, and at the latter, four secondary and five tertiary points. Field sta.tistics: 

Signals erected . . . . . . . . . • • . . . • . • • • . • . • • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . 10 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
Horizontal directions observed . . . • . . . . • • . . . . . . . . . . . . . . . . . . • • . • . . . . . • . . . • . . 834 
Vertical angles . . . . . . . • • . . • . . . . . . • • . . • . . • . . . . . . . . • . • . . . . . . . . . • . . • • • • . . • . . 504 

The party was disbanded on September 23, and on the 25th the ca.mp equipage was stored at 
the foot of Styles .Mountain, preparatory to work at that station next season. 

Primary triang1tlatwn in Vermont.-At the commenceu1ent of tl1e year, as mentioned in the last 
Annual Report, Assistant R. D. Cutts was enga.ged in occupying the station Potato Hill in Ver
mont, heliotropers being posted, on account of the length of the lines, at Bald Ledge and Cube in 
New Hampshire, at Mount Mansfield in Vermont, and at Bigelow, Blueberry Hill, Cheever, and 
Prospect Mountain in New York. 
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The weather at Potato Hill during the month of June and Jul.Y was characterized by heavy 
storms, with intervening days of unusually clear weather, favorable for observing. Obsen·ations 
were satisfactoril,y completed at this station by July 24, and the party was moved to the foot of 
Blueberry Hill, arri\·ing tllere on ,July 30. Between that date and August 6 a winding path was 
cut two miles to the summit, the hill slopes being too steel!. to admit of a direct course. Hy the 13th 
camp was 11itclrnd at the summit ready for obserdug. Owing to unfavorable conditions of the 
atmosphere resulting from a long drought and extcusi\·e fore8t fires, the latter in one instance 
destroying an important tripod f'igual, tbe work of observing was much impeded. 011 September 
20, there being no improvement, tl1e party was transferred t1i the station Chee\·er, one of the Lake 
Champlain triangulation point;;. By the 27th the ohseI"Vatiom; at Uheen~r were completed, and the 
difference of lm·el (370.35 fePt) lwtween tlw station and the level of the water of the lake on St'p
tember 25 was 1letermined hy the spirit-le\·el, the line beiug leveled forward and hack. On the 
30th of SepternbPr Field's Hill was occupied, and by Odober 5 the observations were finii;hed. 

The line selected for the southern c01mectio11 of t.l1P lake, Cheever-Fields Hill, was the longest 
of the Lake serim.;, running quite close to the base 011 Crown Point, and including the astronomical 
azimuth observed some years ago at Cheernr Htation. Thus au interesting comparison of results 
was obtained, one set derived from l\Ionnts Tom aml Monadnock and the primary base apparatus, 
and the other from the lake triangulation and thf:' sf:'condaQ· or sliding conta<'t apparatus. 

From Mount Tom to Fields Hill the distance is ahont one hundred and thirty-five miles. 
The length of the line Fields Hill-nheewr, m; determined by Assistant Cutts without station 

or figure adjustment, is 22,403m.5. 
The same line as given by the cornput.iug division upon a recomputation of thP lake 11uadrilat

eral is 22,403111 .5. 
The leveling executed at CheeYer was <lone for tl1(' purpose of determining how close the 

trigonometrical leYeling from the ,·ici11it.' of Troy, N. Y., conhl determine the height of the wat.er 
of T1akf' Champlnin nhorl' the mean tide of the oeeau. " 7 hene,·er the Leight of the lowest stage of 
water iu the lake shall be determined h;r means of a line of S]lirit le\·eling from the hl'11eh-mark at 
La118ingbnrg, near Troy, rt cornparisou of' the resnU.s may be made, and the trigonometrical leveling 
between the two well aiscertainell heights may hfl adjm;;ted, a..i;;: iu the c:t.1':(\ of a triangulation betwef'n 
two measured bases. 

The height of Lake Champlain, as giYeu by .M.r. Yerplanck Coh·in, superint<>ndent of the Adi
rondack Survey, in his report for 1879, is HH.3 feet. This result was obtained from the records of 
the engineers in charge of the canal from Troy to ·Whitehall. 

The trigonometrical leveling maket> the height abo,·e mean tide vary from 93.4 feet at extreme 
low water to 103.5 feet at extreme high water. There are at present no data by which the exact 
height at any particular stage of the water can be determined. 

When the occupation of Fields Hill was completed the party waR diRbanded, and .Assistant 
Cutts, after a rapid preliminary reconnaissance for a further extension of the scheme, returned to 
the office at Washington. The statistics for t110 season are as follows: 

Directions observed ..................... _ ...... _ .............. -..... - .. . 
Pointings ........•.............. _ ...... _ . . . . . . _ ................ , ..... _ .. 
Readings ................. - - .... - - - - - ....... - ......... - .. - - - - - - - - ... - ... . 
Di:ffereuces of heights_ • . . . . __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... _ .... _ . 
Zenith distances .•..•. _ •................ - - . . . . . . . . . • •......•............ 

66 
1,424 
8,544 

25 
365 

Hydrography of Pickett's Ledge, entrance to Salem Harbor, Ma.ss.-Before commencing work on 
the coast of Maine, Lieut. H. G. 0. Colby, U. S. N., Assistant Coast and Geodetic Survey, with the 
bydrographic party on board the schooner Eagre, proceeded to Pickett's Ledge, at the entrance of 
Salem Harbor, Mass., and made a complete hydrographic development of that ledge, soundings 
being taken at frequent intervals over the whole area of the shoal. These were referred to a tem
porary tide-gauge at Walnut Cove, and thence to a permanent bench-mark established for the pur
pose. Tides were also observed at Bost.on, Mass., during the execution of the soundings. . Work 
in this locality was included between May 4 and May 12. Thence the party Jffoceeded to Rockland 
Harbor, as noticed in a previous abstract. 
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The following offieers of the Navy were attached to the Eagrc and m;sisted in the work: Lieut. 
H. T. Monahon, U.S. N.; Master Frank K Sawyer, U.S. N.; aud Ensign \Varner H. Nostrand, 
U.S.N. 

TiiWl observat-ion.~ at Pro1,iilet1ce, B. I.-The self-registering gauge loaned in 1872 to the engi
neers of the city of Providence, R. I., has been kept running by them a large part of the time since 
then, in connection with their surn•ys rclating to various local impnwemeuts being made. Their 
observations from the beginning to January, 1878, h<we been receiYed, and they have been kept 
supplied with paper and blauk forms for the cur\'es auu other records which they have engaged Lo 
continue and transmit as soon as they can conveuiently. Valuable results have been deduced from 
these observations, and others rnay couiidently lm expected. 

SE C 'l' l 0 N 11. 

CONNECTICUT, NEW YORK, )(EW .JEHSEY, PENNSYLVANIA, AND DELAWARE, INCLUDINf; COAST 
AND SEA-l'Ol{Tl'i, HAYS ANO HIVERS. 

Topograph,I/ and Ilydrography of the south coa8t of Long Island.-Tlle sur\'P.Y of the ltays and 
islands of the south coast of famg lr;land, from the termiuatiou of his work of the preceding season 
to Fire Island, was taken up hy Assistant J. \\'. Dou11 at the beginning of July, the schooner 
Scoreshy beiug assigned for the mse of his part,r. 

Pre\'ious to commeueiug the reg·ular work of the season a snrYey was executed of Coruell's 
Creek, in Jamaica Bay, a work which was atteucled with ;;0111e difficulty, owing to the inaccrn;sihility 
of the ground. Aft el' the ;;hort\ liue of the crPck had hePn run, distaneer; on each side were measured 
and marked at propm i11te1Tals, a1Hl a hempen cord, knottetl for each th1·ee feet of its length, 
stretcl1ell across from each stake to it,s opposite. At each kuot the depth of wat.er was obtained 
with a sounding pole marked in feet and tenths. A temporary tide-gauge was erected at the Club 
Honse wharf, to which the soumliug8 were referred. \Vlte11 thi8 work was completed, A.8sist.aut 
J>onn waR occupied for a fow days i11 placi11g upon tltc topographical i,;heet of 1879 the extensive 
improYements made siuce that date at J~ong Beach, includiug the railroad extending from the 
Beach to East I~ockaway, a dii,;tance of four miles. The part,Y was tlJen tram:fern~d to New Inlet, 
and au anchorage was found in the ddnity of l~rcevort. In the meanwhile the topographical 

. work was going 011, and by the close of .l uly ncarl~· all of the marsh and beach work west of the 
main ch:umel of New Inlet was finislied. The 11,nlrography was commenced in August a])(l steadily 
continued until the close of the semiou. Some difiiculty wa8 experienced in this work, owing to the 
fact that soundings could not properly IJc takeu except dm'iug the interTal IJetween two-thirds fiood 
and one-third ebb-tide, so that rarely more than fom· hours' work could IJe done in the course of 
each day. The various bays, with their numerous marshy islands, rendered it impossible during 
low-water to get a IJoat to firm ground. The Scorm1b,r was mo,·ed about the middle of Septem
ber to an anchorage near Babylon, from which work was prosecuted until the 26th of October. 
Hy that date all the shore liue and islands were fi11ished, the work connecting on the north side of 
Great South Bay with the work of Assi8tant Ianlclla, aud on the south with that of Assistant 
Hosmer. The soundings being completed by the 1st of November tlie vessel sailed for Baltimore. 

During the execution of the soundings t.idal obserYations were recorded at Babylon, Amity
ville, and Jones Inlet. The reduction of soundings, a rather difficult task owing to the great dif
ference between tbtc maxima of tides at the inlets, at the beads of channels, aud in the.broad bays, 
has been successfully tre<tted in the Jlydrographic DiYision of this office. 'l'he following statistics 
show thu work accomplished '1uring the season: 

Topogmphy: 
Shore line of beaches and islands .. - ....... _. - - . __ . _ ..... __ . _ .... (miles)._ 
Area. - . - - ..•....•...... - . . - - . - - - . - . • • . • . . - . . • . . •.•.. - _ .. (square miles) .. 

Hydrography: 
Number of soundings ........ -.......... - .•••••... - - . _ .. _ ... _ ... _. . ... _. 
Number of angles measured ... - ........... _ • . . . . . . . . . . . .. _ . _ . . . . . . • __ 
Miles run in sounding ..••.•...... - .... _ .. __ . _ . . . . .... _______ .. ___ . 

26,542 
2,020 

291 
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During the latter part of the ymw Assistant Donn has been emplo~·ed in a survey of the Dis
trict of Colmnhia, which will be noticed in its proper place under the head of Section III. 

Tidal obsen1tition1J.-'fhe self-registering tide-gauge at the (lepot of the New Jerse.v SouU1ern 
Railroad, on Saudy Hook, N. J., has been kept rnnni11g almost continuously since it was set up, in 
1875, by Mr. J. ,V. nanford. :Ueing the geuernl manager tbnre lie has great facilities in keeping 
things in order, and lias gcuerall,Y heen succeRsful. It is a rather difficult placi~, lioweYer, to kPep up 
continuous ohRervations, })artly ou aecount of the rough1WRS of tlie wah~r, especiall~- tlnriug 
storms, aml partly on account of the ice in wiut.er. 'l'he fixed parts were strongly bracic'd and :;;eetn 
to have stood well, but there is 1rneessarily mnch friction of the working 11arts of the apparatus 
which necessitates frequent repairs. A g·ood mau,Y tides were lost during tl1e severely cold spells 
of last winter, and it is yery desirable that s0111ethi11g· be done to make t.l1e record more complete 
in future. The scale has beeu recently c11auged from one-eighth to one· tenth in order to prevent 
the defect.<; at extreme higl1 and low waters, the range of the titles heing somewhat greater thau 
11ad been anticipatic'd, espe.cially wlw11 tLe effects of storms are a.dtled, which are quite large at this 
JI lace. 

Special oper<ti'ions.-Tlte work of securing· and re-marking primary trigonometrieal stations in 
the Hudson RiYer scheme of triangulation having been assigned at the outset of' the fiscal .)'ear to 
.Assistant F. H. Gerdes, the ear1.)T part of ,July was spent in gathering the necessary records and 
instruments, and directing tl1e constrnction of granite monuments arnl iron screw-11iles for station 
marks. Assistant Gerdes was not able to commence tl1is work at that time, owing to the necessity 
for re-marking triangulation points in tlrn vicinity of Philadelphia, needed in tlte re-sun·ey of the 
Delaware Hiwir, to wllicl1 duty he was tranRforred, as will he noticed iu au abstract which follows. 
Ju .Tune he again took the field, arnl at the close of the year was l'ngag<'d in the \Terification and 
re-marking of the Hu<lson Riwir points. 

Topography <(ltlte Rud,wn Rfoer.-In previous St'a;;ons t.1w topography of the Hudson River 
had been advanced hy Assistant Il. L. \Vhiting as far as the vich1it~- of Higl1laml Falls, on tlte 
west bank. In .July work was rt•sumetl iii this locality on a scale of T<•f.c, 11 , antl carried northward 
towards West I'oiut. .Five subsidiar~· points in the tria11gulatiou, determined during the season 
by Mr. C.H. Van Orc1en, Aid, wrre w;;t•d as statim1s from which to extend the plane-table. work. 
Titese points served also as a hash; for the large scale RnrYey of the immediate vicinity of 'Yest 
Point. 

Owing to the ~Teat detail arnl intricacy of the wo1·k, cau:;;e1l hy tlw dense woodH mul brokeu 
nature of the ground, the sy8tem plHRJH\d bj· Mr. \Yhitiug in thl'I execntio11 of lite topograpl1y was 
primarily to complete detached porbons of the sm·,·ey at localiticH from which the i11ten·ening por
tions could be overlooked. The physical features on this bank of the river, altl1ough diversified, 
are more decided than those on the east bank, the hills and peaks more distinctly separated, and 
the valle~-s between better defined. Hence the importance of securing at the outset commanding 
positions, from which the intermediate details could be filled in. 

The river shore, witl1 its marginal topography, was completed from the bounclary of the gov
ernment land near Block Honse triangnlati011 station, southward to include Cozzens's Dock and 
the older lan<iiugs below at Benny Haven's. It includes also the village of Highland Falls, the 
valley and the creek, which was taken as the bm;t na.tnral boundary between the HJ-iruu sheet and 
the a<ljoining one to be pn.~jected hereaft.er. This valley ancl creek and the main road along the 
river bank were sun·eyed back for a distance of about two miles to the J)()int wlJere t.btt road 
branches, one fork forming t.he oltl road to Newburg, one tbe "Point road," so called, and the third 
fork leading over Crow's Nest Mountain to Cornwall. 'fhis la.st road is named by Mr. Whiting 
as the best inlaml weste.rly boundary for tl1e 1 ,»too work of tlie. general river topography. 

By Augm;t 20 work was nearly completed t~) the limits of the large scale b-t-60 ) sheet of West 
Point, and the topography on this sheet was at once commencecl. \V ork was Rteadily prosecuted 
until t~e 7th of necem ber, when tl1e party was disbanded. The scale of 4 loo was sufficiently large 
to show close details, and rendered necessary the determination of' every station and the measure
ment of every line and offset within the limit of error of one meter, a discrepancy of that extent 
being quite perceptible. Ea.ch station was brought into perfect agreement and coincidence with 
every other from different points and bases, a. task involving much labor. Along the more hidden 
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and intricate banks forming the Point the numerous paths enabled the topographer to sketch the 
contour lines with sufficient accuracy. .All levels were referred to the plane of mean high-water 
at the Coast and Geodetic Survey bench-mark at "\Vest Point, from which also reforence bench
marks were de~rrnined by numerous observations. Every detail admitting of representation is 
shown upon the sheet. 

Mr. \\r. C. Hodgkins, .Aid, was attached to the party of .Assistant Whiti11g during the season, 
and rendered efficient service in the topograplJy. 

1\1 uclJ interest in the work was manifested by tlie officers of the .Arm~- stationed at West Point, 
who aft'orde(} every facility and free use of all <la.ta in their possession pertaining to the survey. 

Reconnaissance.-As mentioned in the last Annual l~eport, a reconnaissance Wlts made in 1879 
by .Assistant S. C. McCorkle for the extension of a scheme of primary triangulation westward from 
Lake Champlain. The practicability of the sclJeme thus developed not bein~· in all respects assured, 
.ARsistant C. 0. Boutelle was directed towards the close of the fiscal year 1880 to take the field for 
the continuation of this work. 

In June and July Assistant Boutelle examined the country west of Black River and between 
it an(l Lake Ontario, and found it to be generally a plaili, sloping towards the lake, witlJ no points 
sufficiently ele"Vated above the general level to lie seen from the surrounding region except })y the 
use of high tripod signals. The summits Pen l\fonnt (about one thousand eiglit hundred feet above 
the sea), Steuben Township, Oneida Uounty, and Hommer's Hill, in Turin Towusltip, Lewis County, 
were founcl to rise above all others, arnl were, therefore, selected as esseuthil points in the scheme. 
These stations overlooked the wilderness, where there was a prohability of finding points tlJat 
would overlook the stations Prospect-Marcy in the scheme of .Assistant Cutts. vVesterl~- from 
Hommer the country appeared nearly h•vel and densel~· wooded, nec1:>ssitating the m'le of high 
tripods. From Pen Mouut and elevat.iom; in the adjacent region the entire range of mountains 
south of the Mohawk Rfrer wais visible. 

Iu view of these facts, Assistant Boutelle proceeded to lay out a Rcheme to the southward of 
the original scheme, and based upon t.he line Prospect-Heltlerherg, making use of only tlJe sou them 
stations in the original scheme, and selecting uew points upon the principal crests south of Mohawk 
Ri\-er. These points were so located as to be available in the future for extending the primary 
triangulation southward towards the Pennsylvania lim» and nortlJward towards the Saint J,awrence. 
Ju projecting this 8Cheme muclJ assi8tance was l'Pceived from the primary triangulation laid out 
and partly executed by the New York State 8Urvey, nuder the direction of Mr. JarneH T. Gardner. 
Work was continued until the latter part of October, when the weather becoming too severe for 
field operations the party was disbanded. .At that time obserrntion8 had been completed at Pen 
Mouut, and were partially completed at Tassel Hill, about one thousand nine hundred feet above 
the sea. 

The statistics of the work are M follows: 
.At Pen Mount six }Jrimary and two secondary stations were observed upon in thirty-three 

series each upon primaries, and sixteen seriet'I each upon secondaries. 'l'be reforence point was 
Star Hill i,;ignal of 'the New York State sur\'ey, diRtant 2.44 miles. Double zenith distances of the 
reference point were observed upon four dars with the vertical circle. Micrometer differences of 
leYel were observed on three days between the reference mark and all the other stations. Obser
vations were also made for value of eye-piece micrometer. At Tassel HiU geodetic observations 
were i£)mpleted upon Pen Mount, Otsego, Fenner, and Florence, primary stations, and upon Star 
aml Barto, secondary stations. Observations were also made for latitude and micrometer differ
ences of le,·el. 

Field-work was resumed in June, 1881, when a reconnaissance was made to determine the 
intervisibility of t.he line Otsego-Rafinesque. Observations were resumed at Tassel Hill on June 
20, and were still under way at tl1e close of that month. The weather during June was generally 
unfavorable for field O}lerations. 

Mr. Thomas P. Borden was attached to the party as a.id during this sea.son, and ltr. J.B. 
Boutelle as extra observer. 

Primary triangulation in New York.-.As noticed under the head of Section I, ARsistant R. D. 
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Cutts had occupied during the fall of 1880 the two stations, Blueherry Ilill and Chefl·er, in New 
York, being points in the Lake Champlain scheme of triangulation. He had also made a rncon" 
naissauce of the country between Monnt Ma11stid1l and the bournlar.r line, including the adjoiuing 
portion of Canada, in the spring aud fall of the same year; and with the data thus supplied, a 
scheme for the triangulation, extending as far north ai,; l\Ioutreal, had beeu laid out arnl adopted. 
In the execution of this scheme, starting from the main stations last occupied, the first work iu 
order was the erection of tripod signali,; at the uew points selected, and the cleariug of summitH 
sufticieutly to command the horizon. Part of this work was execuktl in l\lay h:v Prof, Y. G. Bar· 
bour, who volunteered ltii,; servicei,; for this 1l11t,L 

Early iu June observations were co111111e11ce11 by A:-<1;ist.a11t C11tt8 from the 1:-1u1111uit of Bigelow 
Mountain, heliotropers being posted at llig-hgate and Hellente statiouis. Fifteen sigmils were 
observed upoIJ, aud their directions deterruiued hy three lmndred arnl st•\·euty poi11tiugs, each point
ing composed of six readings of the micro111cter-miern>'cope8. 

The differences of elm·ation hetw1w11 Bigelow allll seYeu principal stations were determined by 
t,hirty-uine series of double zcuith distances, each sel'ies cowsistiug of fiye repetitious. 

The occupation of Bigelow station was completed two clays afkr the close of the fiscal .n•ar. 
In reference to the comparison bet,weeu the geodetic and astronomical azimuths of the station 

on ProspPct l\louutaiu, N. Y., Assistaut C. A. ::)chott, Chief of the Computing DiYisiou, remarks 
that the difference iH such as to indicate attraction h,y the mass of the Adiroudack J\Ionutain:-<. 

Longitude oln1ert•atfon.~ at Cape ,lfay, N. ,T.-Towards the close of April Assistant G. ,, •. Deau, 
\Vith Mr. F. H. Parsons1 Aid, proceeded to Cape l\.foy, N. J., and there erected au astronomical 
ob:serYatoQ· for telegraphic longitude 1mrposes. Simihtr obsernttories were also erected at otlwr 
points, which will be mentioned nuder the prof'er section8. Uuriug these lll'l'li111i11ary overatil)US 
Assistant 1£tlwin Smith, with 1\fr. Carlisle Terr.>, jr., ns Aid, was £mgaged in dekrmi11i11g azimuth 
at the base lines at Greem·ille, 1\lisR., awl Louis\·ille, K.Y. Ooser\'ations for this purpose were 
finally compl(•ted on April 15. l\lr. Smith t:heu reported at this office. 

The longitude instruments were not ready uutil April '.!6. Thi>y were then immediately sent 
to Assistant Dean, at Cape May, aud, Oil the following tlay, another set was placed in position at 
the Naval Observatory. Sulmssistaut U. II. Sinclair reported for duty to Assistant Smith 011 

April 27. 
Coutinuous bad weather prm·ellted the commence111eut of longitude exchanges until l\fay 4. 

Longitude detNminations between \Yashington, D. C., and Cape l\Iay, N. J., were made Oil tltc 
nights of May 4, 1; 9, 10, aud 11, when the observers changed places, Assistant Dean coming to 
Washington, and Assistant Smith proceeding to Capl~ l\fa_v. Similar detern1inations were then 

·made on May 20, 24, 25, 21i, and 27. At (Jape May latitude obse1Tations were also made hy l\Ir. 
Smith, with transit No. 6, on the nights of l\Iay 13, HI, 20, 24, and :n. 

The party left Cape l\Iay on the 28th. Its further operations are detailed in Sections III and 
XIV. 

Topography and triangulation near Gape May, N. ,T.-JlaYiug been directed in June of the pre· 
ceding year to resume the topography in the vieinit.y of Cape lfa,\· as Hoo11 aft~r tl1e commencement 
of July as possible, Assistant C. M. Baclie was oceupie1l dnri11g" L lie early 1mrt of t.hat month in 
organizing his party and fitting the barge Hm111ty for thl' sea,,m11',; work. After cornplethrg these 
preparations, and moving the barge from ht•r wi11tN' 11narters to a central location, the necessary 
signals were erected, and on July 26 the plane table snrrny wa"8 commenced, beginning at the 
upper end of the sheet completed during the prc\·ions season and working northward. From that 
date the work wa8 steadily continnetl until No,·ember 17, whe11 operations were closed, the part~· 
discharged, and the barge laid up for the winter. 

Mr. E. L. Taney was attached to the p:trty, as Aid, and rendered useful assiHtance in the 
topogra1>hy. The statistics for the season are appended: _. 

Shore-line (miles) •.........•.••.••. ····--····-·- .......... "' ...••...... 145 
Roads (miles) .••..••.••... _ ... _...... . • . . . . . . . . . . . . • . . • . • • • • . . . . . • • • . . • 34. 2 
.Area (square miles) .. _ ..... _ ............................ _... . • . . • . . . . .. . . 17. 25 

The work executed exteqqs fNIU Turtle Gut Inlet to Hereford Light. 
S.Ex.49-~ 
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'l'he work of eNtalllishiug poiuls for the topographical stirYey was resumed in June by A:-;sistant 
<:. l\I. Bache; the triani.rulat ion extended by the close of the season from tlw stations 'l'wo-Mile 
Beaeh-Physic to the stations Hereford l1ight, Hot, Uresse, and Eldridge, aml ohserYations were 
partially completed prpparatory t.o taking up the topography. 

The work not requiring au extreme degree of accuracy, no attempt was made to secure t]lmdri
hiternls, hut the schenw was extended as a diain of simple trhmgles. 

H.1J1frograj1l1y <~( Dd111r10-c Bay.-IJieut. E. B. Thomas haYing titted tlw steaml'r Emlea,·or, at 
New York, for h~·drograpliic work, arrired in Delaware Bay 011 July U, and immediately com
nHmc<>tl tlie Preetion of sig·nals, tlHl lumber for which ~was procured at Delaware City. 

The first work of tl1<· o;cao;on wns the snrH\Y of the main ship chanuel from Ship John Light 
towards llrandywi11r Shoal Ligl1t, and of that portiou of the bay to the eastwanl of Sliip .Jolm 
J,ig·ht, incl11di11g· an t>xarnination for a reported lnmp to the southward of the Fonrtet'll reet Bank. 
f'ollowi11g th it; the position wa;; 1letermi11ed for a proposed light-house near Lcwt>s, I )t•l. A detailed 
surn'y wai;; then ma<le of tl1e lower end of Joe Flogger Shoal alld of the Fo11rtcc11 Feet Bank for 
the 1mrpm;es of the Light-Honse Board. \York was concluded with the i-;urwy of Cape l\lay 
clla1111PI to the end of Brandywine Shoal a11d the surny of Brown Shoal. At the eud of Octobc1· 
the Endea,·or was lai1l up at the Ijeag·ue hiland ua,.y,\·-yard. 

In reference to the:,;e scv1•ral pioces of work Lieutena11t Thomas repoits, in 1mllstance, as 
·follmrn: 

'fhc fin·-foot spot marked on the imblished charts, ou the line joining SJ1ip .John arnl Uohausey 
light1', docs not now 1~xist. 

1'he ll1•pth of water 011 botl1 mids of .Toe J'logger Shoal l1n.s incr<'ase(l considt•rauly since the 
]a8t Hlll'VP.J. 

Tht> Hltoal i-;pot rep0l'le1l to the S11verintendeut of tlte Uoallt am1 Geodetic Survey h.r tl1e 111ailter 
wanle11 of the port of Pl1iladelphia as existi11g on the following hearings, Fonrknn PPnt B:mk 
li~.rht-;;J1ip heari11g north a111l Hrarnlywi11e a111l Cape l\Iay light!\ in ra1ige, could not be found after 
a thorough smirch for a co11Ni1lerahle distance arouml the place i11dicah•11. 'l'lie co11formatio11 of 
tltc bottom and th1• pren1ili11g titlal cnrre11ts render the existeiwe of such a Klwal i111posHihle. The 
)past watPr fonu1l 011 tlte Fomteen J<'eet Bank was a Ringle 8oumliug of eightec11 feet. 'l'hc posi
tion of the lrnoys required rellctermiuatiou and tlte "Buoy of the Mid1llc" wm; fourul to be too far 
to the westward of the center of the c11a11ncl. 

In locating the Hite of the propose1l light-house uear Le'ITes it was fonntl 11ei;essi1ry to talrn some 
sountlings oft' the shoals at the mouth of the bay. .From tl1ese somuliugs it secmH that l\lcUrie's 
Hhoal has shifted iti-; position quite half a mile to the northward since the oltl surrn~·. Ju onler to 
slww the exteBRion of the sl1ore line at Cape Henlopen and its altered relation to th(i beaeou light, 
Lieutenant 'l1l10mas took a number of sextant angles along the heach all(l sketched the Hhore line 
iu his pr~jeetiou. He alHo reporte•l that the shoals off Cape l\fa;r ha,·e so greatly changed that a 
l't'SUl'\-C,\" Of them lS remlcrcd Yerr desirable. 

Tim m1val officers attached to the vessel were Lieut. Hugo Osterbaus, Master Chas. J. l~atlger, 
1':11sig;u "'illiam II. Allen, with l\lr.'K II. 'Vyvill as recorder. To their zeal and intelligence much 
of the success of the i-;ea.sm1's ,,.,.)l'k is due. Tl1e HtatiHtics of the work are appe11tle1l: 

Miles rnn with sournli11gs ....... ___ . . . . . . . . . • • . . . . . • . . . . . . • . . . . . . . . . • . . 70~g 
Sig-1utls erected ........•........ _ .. _ . _ ..........••.........•..•..•... _ . 5 
Signals determi11ed in position .. _ .. ______ .. _ ............... _. __ . . . . . . . _ . 14 
:Sum her of soundings ....... _ .......... - .................... _ ......... :.n,579 
Stations occupied ..... __ ......................•........... __ . • • . . . . . . . 14 
"Angles ineasurcd ...........•........ _ . . . • . . . . . . . . . . . . . . . . ...... _. _ . . . 7, 770 

JJuriug the winter season tlle steame.r E111lcaYor was eng<iged in work 011 the coast of Florida, 
whid1 will be noticed under Sectioni-; YI a.nd VII. 

Triangulation o.f tlte Delmrare Riner.-In connect.ion with tlie topographical and hydrographic 
re-surnw of the Delaware Uh-er, for which special appropriations were mmle b,v Coug-ress, Assistant 
S. 0. l\IcCorkle was a:,;signed in ,June to the continuation of the triangulation between the former 
work of Assh;tauts Sullimn and R. l\I. Bache. This work, extending from New Castle to Delaware 
City, was1 at the entl of June, nearly completed, altbou~h to Mtennine the light-houses it will be 
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necessary to occupy t1rn more stat.ions. At that date four stations hatl already hecu oceupirnl, 
and ten points determined in cheeking these light-honse8. 

Assistant ~foCorklc~ reports that many of the stations t'rPctell by Assist:rnt 8nlliyan were 
Rwept away u.r a i;rak• in 18i8, an1l that it will he ncct>8Rary to examine and per!tapR re-deh•rmiuc 
sm'eral points. 

Topo.r1rnpliy of tlte !Jclaware lfil'l:r.-Thc topoATaphical re snrn•y of tlw Dela w:im Hi 1·er. fro111 
Port }liffiin to CheRtcr, waR assigned in June, 1880, to ARRistant C. 'I'. fartlella. After Yisiting tlte 
fiehl of work anrl organizing· his party, Assistant Iardella co11111w11ct'cl tlie aetnal work of tbc snr
Yey on .T uly 18, hegi1111i11g near "Fort 1\fiflln, at tlw termination of the work cxecntt>11 in 1879 hy 
ARsistaut H. 1\1. 1~achc. Thence tlw imr\'C~y was coutinue(l 011 both sides of the l'iver as far as the 
lower c1ul of Chester Cit.r. 

Since the last snn·<'y the sl1orc8 on both sidPs of tlte rirnr were fonml to !Jan~ chaugc<l hut 
little, hut in some of tl1e iHlandH a perceptible change waH 11oticccl. l\Iai1le11'H Islands ham cha11ge1l 
since tlw last smTey waR made, tlie eaRterly 011e lrnYiug lwe11 1yas1Jed away on the western e11d, 
can>;ing a hu·g·c and long 8hoal1 YbdblP at very low tidPs. A V('r.r pr1·<ieptibl<> ('}rn11ge lrns al8o tak('ll 
vlace 011 little Tinuicnm lslarnl, that island being 11earls thl'CI' lnmtlred au1l fifty meters lr8s in 
extent than formerly, and having long shoals at either end. The dfoct of this has been to <·haug<• 
the clmnnel towards the New .Terse,\- shore, it now hPiug impossihle for \'1•si;;els of 1leep draft to Rail 
in the inside chamicl, a:-; at, Yer.Y low tide only six fot't of watl'r can he carried on~r the shoal, wlticl1 
extends from the islarnl side nearly acros.<> to the Lazaretto. Impron~mentf' ha,·e been made at th!' 
mouth of 1Utlley Creek which facilitate navigation. Chester l8larn1 waR fonnd to ha,·c i11crcase1l 
in length since the last Hlll'Yey, an1l to haw· changed in rrlation to Chestc-r Island Bar, which hwuty 
;vcars ago was only a Rallll i:;hoal, hnt is uow an h;land abont thret'-fonrthH of a mile long. Hoth 
islarnli-1 arc flooded at high water. Haecoon Cret•k, as is the case 1i-ith the other cr1·ekf<, is 1warJ~
bar•\ at low water, a11d RteamerH can pass throngh only at hig·h ti1le. 

Suha,...,sistaut .Tosepl1 llergeslwimer was attaehcd to t.Jw party of AsRJHtant lanlella from .T nly 
18 to Sept<>mher 11, when he was ohlig1•1l to lea\'e 011 :wconnt of HidrnPHs. \York was Ji11ally eloHed 
on Nonm1hm· rn. J<'ieltl R1atistics: 

Shore li1w fmn·P.n~d, including wharf line of Cht'ster Cit.v, mi\ps _____ . . ....... 41_1 
({oa1ls, i11elu1li11g i:;trcl'l s of Cl1cHter City, miles ............... _ .. _ ...... _ ....• • 18l 
l\farRh line, miles ... _ .. -_ ...... _ ................................ ___ ......... 20t 
Bank, miles ..... _ .....••.......................... _ ..............•... _ .. :!l_t 
])itches, ruile8. .. . . . . . . ~ ... ~ - . . .. .. .. . ............... - ..................................... a.>!i 
I,ow watPr, miles ... : ........ _ ....... ___ ........... _ .. __ ....... _. . . . . . . . . . . . 2-J-¥ 
Streams, 1nilei,; .•.....••.......•.•...•.•.. _ •••.. _ . • . • . . . . . . . . • • • . . . . . . . . • . 11 J 
ltailroa<l, miles ... -·_ .• _ ••••....... _ ....•.•..•........ _ ....... , •. - - ...... :. . fi~ 

Arca, square 1niles . . . . . . . . . . . . • . . . . • . . • . . . . . . . • . . . . . .. - ...........••....•. 10 I 
Early in April work was resum1?1l on the PennsylY:tnia shore, joining the completed shore-lirw of 

the preceding season ~tt triangulation station Yanmll's. Tile topography wa~ c1>nti11ue1l from this 
point to Gruhll's Landing and Tttggart's Point, und carri('d ba.ik to the old Ba.ltimorc and 'Vil1ui11g
ton Turnpike as a boundary. 

'l'hc character of the couutry in this Rection is entirel,v different from that con·red b~· the pre
ceding s·eason's work7 there b~\ing very little marsh line a,s eornparell with that of the New .lP.rst')' 
sllore. From Marcus Book tdothe westward there is a chain of high hills covered with tr<'es. Some 
of these hills rise t-0 a height of two lmrnlretl feet, and greater heigl1ts will be reacliod ::t>; thP Rur
vey progresses. The statistics of the work to .Tnne 30 are a,s follows: 

Shore line surveyed, n1iles ...•....•..••.•...••.••...•.•...... __ ......•.....•. 
J,ow water surveyed, miles •..•......••.. -............ -.•..•...•••.... -.... . 
Bank line survc.ved1 miles ............ _ .............. __ .. _ . _ . - _ ... - - - . - - . _ - - . 
I~ads surveyed, n1iles . ......................... _ ................................ _ . .. . . .. .. . .. .. . .. .. 22 
Streams and ditcltes ............... -.............. _ .............. _ ..... - .... . 

Tria.ng1tl(tti,on and topography of the DelMrttre Rii,er.-Before the close of the preceding season 
Assistant R. M. Ilacl1e Jrn,d nm<le a reconnaissance for the extension of the triangulation along· the 
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Dela mire River, b('tween Chester, Pa., and New Castle, Del. At the beginning of July the triau· 
gulation hetwee11 tl1ese limits was commence1l and steadil.r prosecuted until its completion on 
NoYemhcr !!2. 

The triang11latim1 indutled detl'rmiua1ions of tlie principal co11spicuous ol~jects in 'Vilmiugton, 
and the co1111ection with the position of the fornwr triangulation station at the ol<l 1'own Hall in 
that <·ity. 1'he following statistics are reported for the triangulation: 

Nnrnher of statiorn; oel'npied........................ . . . . . . . . . . . . . . . . . . . . . • • . 13 
N urn her of sets of obserYatiorn; of six repPtitiom; ...........................•. 818 
N nm lit>r of concluded angles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Xumber of sets of obsen·atious of two repetitions ......................••... 290 

Tlw topography from Haccoon bland to Penn's Groye was taken up by .Assistant Hacl1e on 
Ma~ 2G, aml at the close of the year was steadily progressing·. During the month of June work 
was retarded by raiu:r weather. The statistics to July 1 arc as follows: 

Shore-line surn•yc>d, mileH .•................•.•..•....................... 13.8 
10. 1 
~1. 3 

Dikes suryeyed, miles ..................................................... . 
Ditcl1e:; SUJ'Ve,'l·t>1l, miles .................................................•.. 
Uoads survPy<•d, miles. . ................................................. . 1. Ii 

3.2 .Arca of topography, sq uart• miles ........................................ . 

Hydrcr1raphy of the Dcla1rnrc Hirer.-ln contimrntion of the re-8nn·ey of the Delaware I-tiver, 
Lieut. H.B. l\fa1111field, r. S. N., Assistant Coast and Gco1letic Surrny, having fitted the steamer 
Arago for hydrographic work, commenced operations on ]\fay 3 with the establisl1mcnt of a ti<le
gang<' and crecti011 of signals JH'Pparatory to rnnning lines of soundings in that river. His first 
pr1~jrction, PxtP1u1i11g from tlu· upper end of },ittle 'l'i1111icu111 Island to Uhester faland Bar, was 
fi11iH!w1l on l\la.y Hi. From that date until May 25 the party was engaged in office-work, tidal 
ohs1•rrntions~ and in runniug- a few linrs of t"JonmlingR. \Vork was then commenced on a pr11jec· 
tion extending from Chester Jsla111l Har to the upper end of Marc11R Hook. This work heing 
satisfactorily completed on June lii, a third pr(~jPction from Edgemoor to alJo,·e New Castle was 
tak('ll np, aml by ,J trne 23 the somuling-lines were all finished. The party was t>ngage<l iu office
work to th4close of the fiscal y(•ar. The Rtatistics for thP seaso11 are as follow8: 

Miles run with soundings ........................................ ~ •..•.. 
Angles nieasured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
N nm her of soundings ....................... __ ..........•••............. 

206~ 

3,WH 
20,054 

Except on small creeks arnl shores, which were triwersed, all lines of soundings run were 
sel'tional, normal to the river, and at an estimated distance of :-mo fPet apart. Ti<le-gauges were 
en•ctetl as near the middle of each sheet a.s possible, awl planes of refi.•renec earried from sheet to 
sheet, using the League Island i1lane as a standard. 

Lientcnant Hugo Osterhaus, U.S. N., and Ensign vV. H. A.Hen, U.S. N., were attached to tlie 
Arago during tbe season .. 

Hydrograpl!y below Fort Jl/{tflin.-A.ssistant 11. L. J\farindin, having been detached from the 
part.)· of .Assistant llenry Mitchell for the purpose of continuing the h,ydrographic re-survey of the 
Dela wan• Uiver, arrived at Philadelphia on April 25, there assumed charge of the schooner Ready, 
with Ensign C. H .. A.msden and .E. J\f. Kiitz, U. S. N., as assistants, a9cl immediately proceeded to 
the field of work below Fort Mifflin. Two hydrogmphic sheets and pfi.rt of a third were completed 
b,y July 1, the 8tatistics of which are as follows: 

Number of miles run with sound in gs .•..........•..•..••.•...••......•.•.. 
.A.ngles measured .......................•..•.........•••.••....... - ..•.. 
Number of soundings .........•.••.•..............••.•..•..••.••.......•. 
Number of signals rebuilt .•..... , ...•.......•.....•..........••.••..••.... 

. 162 
3,336 

11, 308 
11 

The limits of these slieets are as follows: From Fort Mifflin to Powder Magazine; from Rac
coon Island to Ohl Man's Creek; from Old Man's Creek to Edgemoor. 

Much of the success in the execution of this work is due to the zeal and activity of the nan,1 
officers attached to the party, and the efficient aicl rendered by them in the hydrograpbic operations. 
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Ou June 21 the Yesst>l sailed for Philadelphia fo1· repairs, which were urnler wa.r at the close 
of the year. 

Specinl operntion.~.-As previousl,y noted, it was tlcemt•d advi;mhle to suspend, at the comme11ce
ment of the year, the re-marking of primary trigonometrical stations on the Ilmlson Hi Yer, prPpara
tions for which were well nuder wa_y, iu order that the stations Heeded in the re-Rlll'\'l',Y of tlH• 
Delaware River might be reco,·ered aud propNly secnrP11. Tlt(•S<' statiolls were :Mount Holly, 
Yard, ·willow Grove, Pine Hill, and Lippi11cott. 

Mount Holly wa8 recovered by Assistant Gcnfos, after a long search, and tl1e g-nrnite morm· 
ment placed in 11ositio11 O\er the center of the eoue. It now rests upon a ct•111c11t-0d hasc of uowlderH, 
carried up to a distance of two feet around tlie granite, in order to lwl<l it firmly i11 place. At 
Yard Station tlrn ground had bPeu plowed away, le:wing tlie corn· withiu two fpet of the surface, 
restfog upon a large rock. The station was secured by a strong snperstrnctnre of masoury, '"ith 
side walls firmly <'emenrod. The station "\Villow Grove, situated in the middle of a lar~e fipJd, wa>i 
not recovered, owing to tlte damage to growing crops and co11Rer1neut expenHl' th:1t "·0111'1 han• 
atteuded the search. The granit.e monument iutcJl(le(l for this station was stored at a hotel in tlie 
village of Willow Grove. The cone marking tlre station at Pine Hill was fom1d witlwnt ditliculty, 
and secured as in the case of Mount Holly. Tlw search for Lippiucott was m1s1wcessfnl. 

The stations re-marked are full,Y deserihed by the recortfa turned into the office by .:\Ir. Genks. 
Triangula.tion in ·sew ,Jcr.~e,11.-l'rof. R A. Bowser resumetl the observation,,; at l\fomrt Olin• 

Station 011 July 1, having pre\iously readjusted the sig11a)H at four of tl1e prindpal conuectiul-!· 
stations and erected others at Cnh'er's Gap and Hamburg. Heliotro11eN were found necessar.Y a.t 
High Mount and Cnker's Gap. Ju the month of September au oh1'erviug triprnl tlrnntJ·-fonr fcpt 
in 1ieigl1t was erPctetl at Haycock in order to command a view of Big Rock, both stations heing in 
Pennsylva11i}l., :-ind formi11g part, of the qnatlrilateral c01mecti11g the New Jer:w.'· am! Pc11nsslrn11ia 
schemes. Tiu> measurements required at Mount Olin• W<'re comph\tc1l hy HPptem lu.>r 14, and 011 
Hie 20th the part,Y moved to Haycock. '!'he ohsern1tio11s l'Pl)Hired at Jfa,J·coek W<'re cmnplt'!1·d hy 
Nm-ember ~a, and bet.w1•e11 t.hat tl:tte and the :mth some leveling was d011p fro111 :llo11ta11a in thP 
dirNition of l\fouut Olin•. Fiel1l opcmtious \H•rc s11spt>111h·tl ~on•m her iW. FiPltl statistieR: 

Angles obsen•e<l .... _ .. _ ..•............. _ .. _ ... __ ... _ ... _ ...... __ ... . . . . . Jfl 

Numbcrofrepetit.ionR ...........•... ······-····--···-·-·-·- -·--·--··-·- 1,()JG 

'l'lle work was again resumed in MaJ·, and at the <>ml of the fiscal yPar Professor BowRPI' waH 
engaged in the occupation of Montana Stat.ion. 

Triangula.tion in l'enn.~yfrani.a.-Tlre triangnlntion of Pennsylrnnia was rPsnmP<l h,\ Prof. L. 
M. Haupt, Acting Assistant, on July 1. After posting tlu• l1Pliotro1wrs tlw station of \Yor11H•ls1lorf 
was occupied, and the reqnire<l mcasurernents compll•ted l1y ,Jul.Y 10. H~tw<'<'ll tliat llatP a11tl tlw 
close of the season five atlditional stations were occnpit>d, ('itht>r for the foll sN·it•s Hf ohsPn-atio11s, 
or for the verification of tlwse of preceding years. BeRilles tlwse 01wrations t\rn 11cw statious werl• 
established and signals erected, one at Swatara, Lchano11 < ~onnty, arnl the other nt'ar Cc11tralia, 
Columbia County, I'ennsylva.uia. "\Yhile at Smitlr's Gap in October: tho wr>athcr was Ro 1111farnr
able that it was found impossible to complete the connedion with tlie New ,Jer8('~- sclwnw as was 
intended. Thhi, howcvPr, will he effoct.rnl next season, when tht>rP will he a continnouR cl1ai11 or 
ohsen·etl triangle8 between the geodetic bases of Xew .TerRcy and l'e1111sylYa11ia. 

The excellent managmneut of his pitrt.Y and the fmulR at, his tliRposal enabled ProfesHor Haupt, 
to accomplish a large amom1t of work during the seaR011, as sl1ow11 hy the following statistie;;:: 

Stations occupieLl ...........• , .. - . . . . . -•........ - .......•..... _ ...... _... G 
Angles observed ••...•.. __ ................... _ ...... - . . ..••.•.. _ .... _ . . • . :1~1 

Sets of six repetitiomL .. _ ......•... - ..... - . - - ... - ........................ _ _ 44g 
Pointings. _ ...•.•••...... _ ....•....•......... · ....•.... _ ........ __ .... _ .. _ . 5, 3i() 

At the cloRe of his report, and in consequenct'\ of l1is in·o11osed refiignat.ion of his po~ition :is 
Acting Assistlint in the Unitctl States Coast arnl Geodetic SurYeJ, Professor Haupt presents nu 
interesting summary of the progress and result~~ of the triaugulatio11 under his special charge, ~iuce 
its incept.ioJ! in 1875, to the date of report. It is a source of regret, on tlte part of t!Jc SnrYCJ', that 
he was obliged, on ace.ount of other engagements, to render his resignation. 
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Prof. Mansfield l\Ierrima11, of the Lchig'll University, Bethlehem, Pa., has been recommemleu 
hy the g·owmor of the State aud eudorsed by the faculty of his college as a successor to Professor 
Haupt, autl will continue the work iu Penns;dYania during the corning fiscal ;rear. 

Sl~C'fION III. 

MARYLANT>, nmHNIA. AN!l \VEST YIRfHKIA. INCLFI>ING COASTS AND REAPORTS. BAYS ANTl mv1ms. 

Coa.~t Pilot 11•ork.-Fmm .lnl.\· 1 to OctohPr lG, As,;istant .J. S. Br:ulftml was adiHily rn1gaged 
in tlw fiPhl, bdwPt'll l\1011ta11k Point, I,oug falaml, and Cape Charles, Virginia, in making a per
sonal exa111i11atiou of all tl1t• inland \1·aters lJetweeu thosP two pointf;;, with a Yiew to the preparation 
of a Coast JJin·ctor,Y for 1-11rn1ll craft. ])uring this time he Yisitetl every inlet and pniut between 
t.l1osc loea.litiPR, arnl com]Jiled Yolnminons nok8 which will ue embodied in a new work ahont to 
issue. 

A1Milio11al 1·iews hei11g- requin\cl for the Uoa8t Pilot in the vicinity of Cape Henry, Virginia., 
.Mr . • T. H. Harker was 1linwtt•1l, early in April, to }H'occetl to that locality, and make the necessar,y 
sketcl1es. A1-1sistaut ( lershom Bradforcl was instructed to meet l\fr. Barker at Fortress l\fonroe 
with the ;;choo11er Pali1111rns, tlwu making a,n examination of the oyRter-bc1ls in the Chesapeake 
Hay, arnl to afford him transportation to i:mch points as lte. might deem adyisahle for his pn~poRes. 
:\fr. Barkl'r arrirPd at Fortress l\fouroe on l\fay 3. Ou thP co111pletio11 of this ·work, wl1ich occupied 
1-1cweral days, 011 account of unfa\·orahle weather, l\fr. Darker ret11rne1l to the olliet• in "'ashi11gto:1 
arnl tlle l'alinnrns re8111ned her regular operations on the Chesapeake. 

Dnring the year l\lr. George A. :MorriRon was employed as writer in copying Coast Pilnt mate
rials. Ile fi11ishPc1 a fair copy of Lieutenant Bradbury's Phthor,1.te repmt npon ice-fieltls on tlu• New 
Buµ:larnl coast, during tl1e exceptimmlly se\,ere winter of lSi 4-'ii.i; collatecl all(l prepared a general 
index fol' Volume II of the Atlantic Uoast Pilot; also sevPrnl illllicL\R for the snh·\·olumes; aml 
111arke1l npou tlw working charts iu ink, changes, corrections, arnl uew information rt~lati\'e to tlH~ 
i11laml water 11nl'igation along the Atlantic coa.st. · He is still eng·age(l in Rimilar work. 

Tlytlro[Jraplt,11 north of Ohincotc11gne In7ct.-Commander R P. Lnll, G. S. N., l1yclrographic 
i11spPct11r, Coast ancl Oeocletic Survey, orga11ize1l a. party in ,Jul~· ancl a;;;s11111cd command of the 
schooner Heatly, for the continuation of the bydrograplt~· of the i11la11cl waters lying· along the co:rnts 
of J\farylarnl aJHl ])pl aware, nnrth of Chincoteague Inlet. 

'fh<' Heatly arrin~tl at Fra11klin, Ya., in Chincoteague Bay, on Jnly 20, and preparations for 
the h~·drography were at once commenced. A tide.gauge was established, and a search ma<le 
to recover points in the triangulation of the coast needed for reference in the snr\•ey. A few of 
tliese were fonnd, but moiilt of them had h(•en destroyed bJ' the action of the elements. The neces
sary signals were erectetl arnl determined in position, and the work of sounding was then begun. 
The water lwi11g Rha,llow, poles were usecl for sounding, almost exclusively, th<> leatl anrl line lJ1•ing 
resorteil to onl,\· in the fle.cp places. 

The work was continued until September 10, when the \'essd, being needed for other work, 
was removed to Baltimore, Md. The hy1lrography was extmuletl to a point a little ahoYe Snow 
Hill Public Lantling, a distance of twenty miles from the entrance of the hay. Ht.atistfos of 
hytlrography : 

Miles run with sonndings . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 452. ~ 
Angles measured .................................... _ . . . . . . . . . _...... 2, MH 
Number of' soundings ..•........................ , ...•................... Hi, 455 
Tide· gauges erected .............. _ . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

'l'he following.named officers were attached to tlte party arnl ren1lererl \'alnable aid in the 
hydrography: Lieut. B. ~I. Hughes, U. S. N.; Ensign C. II. Amsrlen, U. S. N.; an1l W. C. ·wmen -
hnchcr, hydrographie draughtsman. 

Special hJ/drograph]/.-The work of investigating the O~'ster-beds in tlie Clwsapeake Bay, which 
had bt>en prosecuted with va,lnable results during the seasons of' 1878 and 1879 by Master Francis 
\Vinslow, U. S. N., Assistant Coast and Geodetic Survey, was resumed in November, 1880, by 
Assistant Gershom Bradford, in the schooner Palinurus. 
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'l'he ol\jt'cts contemplated in this work are, lJrieti~·, to ascertai11 hy actual snneys and exa111-
iuationr; the location and area of the oyster-heels, their present condition. the approximahi qna11tity 
of oysters ou each, and where deterioration exists, its causes, awl their remetly, if such is practi
cable. 'l'hc operations of Assistant Bradford have heeu confined maiuly to the locativn, area, and 
present cornlitio,i of tl1e beds, leaving the remaining poiuts as snl\iectR for future st111ly. 

Owing to the severit,y of the winter the party was first employed in gatl1ering general informa
tion in regard to the o,vstf'r-beds in foe Happahanuock Rh-er, aml relatiYe to the uatnre a11d a11101111t 
of the o~·ster trade at Crit'ltield, l\fd. On February 17 tile Yessel was rnovetl to Uwtm·ock Creek, 
and an exa111i11ation eo111111enced of the creeks and eastern shore of the bay, beginning at the 
:southern limits of the work of tlie preceding season, i111medintely north of ( ~lrr•sco11u('8sex Urnek. 
Researches were made during the Reason in the creek just nametl, in Onancock Creek, and :\Iach
otank Creek, Poug·oteague Creek, and Butcher's Creek, and the 0J'ster-he118 of Onancock Creek 
were carefully located aud investig-ated. The cxamiuatiou of Rack's Hock, m•ar Woody falarnl, 
was in prngreRs aud n<>arly completed when the work was discontinued. The re:mlt8 of tltel'ie 
exarniuations and Hie 11wtl101ls employed are giYcll in full in tlw seaRon'l'i report. of A~sistant Brad
ford. Mnch valuable information has been gained, a.ml a quantity of o_yster speciml'Wi lrnn\ hPe11 
turned into the office by Assistant Bradford. These are now the suliject of special study at the 
Smithsonian Institution. 

Earl~' in ,J nne, Assis taut Bradford was directed to make a resurYey of Chincoteague Slioall'I, 
in wltic"' co11siderablc changes were reported. 'l'he Yessel was lll(ffed to Chiucofoague Inlet, and 
h~' June 18 the necessar~' preliminary work of erectiug signals was completed a11tl the surn~.v com
menced. This work was still i11 progress at the close of the ih;cal ~-ear, a11d the results will he 
noticed ,iu the uext a111mal r•iport. B,v .June 30 the examination of the outer 8l10als aud thnir· 
Yicinit.y was nearly eompleted. 'rhe statistics of this work are as follows: 

N um her of signals erected. _ ..... ___ .... : _ .......... _ .. - ....... _ ....... __ 
Numhcr of other shorn statious determined . . . . . _ _.. . _ ... _ _ _ _ _ _ . ___ . 
Number of angle;; measured from shore statio11s... _..... . . . . . . __ .. _ ... 
Number of miles of som1tli11g line;; •...... , ...... _ .. ____ . _ .... _____ . _. _ 
Angles measured for sonudiugJines .•.. _ ....... _, .. _ ... __ . __ .. _ . _ ....... . 
Number of soundings ......... _. _ ....... _ ..... _____ ...... ____ .. __ . _ .. . 

:! 17 
Lil. S 

I, 100 
13, ~l.iG 

l\lr. \V. C. \\'illeulmcher, liydr0grapl1ic draug·l1t.s11ra11, rendered useful senicc iu tlre party 
during the hydrograpliic work. 

Tri<inr11d11tiun of the IJil;trict of Culttmbia.-'l'l1c tertial'j· triangulation of the nortlll'l'll portion 
of the District of Uolu111bia, preparatory to a detailed topographical l:lUl'\'•._v of the District, was 
assigued, at the beg'iuni11g of Jul_y, to Assistant S. C. 1\foCorkle. 'l'he 1"1011thern lHH'l iou of the triau
gulatiou, executed h~· SulJassistant C. IL Sinclair, will be separntel.r noticed. 

Assistant M:cUorkle was engaged in the work of rcconnaiss~u1ce from .Jul,\- J(i until ,\ ugust. 11. 
'l'he work of obserTing was then commenced, and was fi11ally complete1l on Nm·c1111Jcr :t 

The portion of the District of Columbia over "-hich this triangulation ext.emfo is north of 
Bouudar,v street. Starti 11g from the !Jase Keugley's - U. S. Na ml OlJsern1tory and Ifrngle,y's -
Soldiers' Home, the souther!~· points in the scheme, the tri1111g·nlatio11 was carried thence westerly 
to beyond t,hc District line and east through Tenal1ytown to the Rcfor111 School. 'l'he higher poi11t1"1 
in' the survey are at Fort Ueno near 'l'ermllytown, antl Swan at the junction of the Brnad l{.1111 and 
Milk House roads, quite 11ear the northern line of the District. 'l'l1e survey is in1lcht-0d for the 
uniform courtesy mauiteswtl lJy the owners of property wJwse html wa::i occupied by :\fr. McCor·kle 
in the execution of this work. The statistics arn as follows: 

Number of shitions occupied ..............•. ,. ..• - ............... _ . . . . . . . . 20 
N um her of signals erecttitl . . . . . . . . . . . . . • . . . • . • . . . • . . . . . . . . . . . ..... _ - . _ .. _ . 14 
Number of points tletermiued . . . . . . . • . . . . • ..••.••..• _ •. _ ... _.. . . . . . . . . . . . 61 
Number of obserrntions ..•... __ .........•. _ .... :. • • • . . • . . . . . . . . . . . . . .... :J, l)H 

At the close of tlie season Mr. Mccorkle proceeded to Philaddphia aud tlrern completed tlw 
office-work of the triangulation. In J anuar.r he rctumed to the oftice,.antl was engaged until Jmw 
in making a careful examination of the original topographical sheets of the survey, in regard tot.he 



 

24 HEPORT OF THE SUPER,INTENDENT OF THE 

couditiou of which he hai:l mnde f• foll and interesting report. He was subsequently employerl iw 
the tria11gulation of tlie I>elaware Hiver, whieh work is reforrecl to under the head of Section If. 

Trin11g11/11tio111~( tltc f>i.~trict <~!'Columbia (N!mtltcrn z>0rtio11).-The reconnaissance for the seheme 
of prirwipal tria11g-nlatio11 of the lfo;trict of Columhia was eommenced in July by Subassistant 
C. H. Si11clair, starting ou the l>ases Nav;tl Obt5ervat-0ry- Old Umtst Snney Office and Naval 
( >hse1·,·ator,v - l 111m11c A,;yJnm. These being found irnpracticahle, the line Naval Ohservator~· -
Hill wa:-; fi11ally atlo]ited. The mouth of .Jnly was employed in the reconnaissance and erec
tion of "ig11al,;. Ob,;1·rvaiiom; were commeuced at the :Naval Ob8ernttory on July 31. Between 
.l nly :H and Odohe1· i;; ob,;1~1·,·at.iom; were eomvleted at the stations, N anti Observatory, Keugley'8, 
Sten~ns, Willard, Soltliers' lloml', llill, Unpont, Reform 8cl10ol, finishi11g the work of the prin· 
<~ipal tria11g11lat.io11. ,\ t Keugfoy's the iustrn11w11t wa" mounted 011 the southeast chi111uey, forty 
feet from the gTou111l. A hrow118to11e slah, st't in cement, was plam•d on the west end of the chim· 
ney, upon which cro,.:-;-li1ws were ent to 111ark the i,;t.atio11. .At Soldiers' Home it was found ueces
,;ary to built! au i1111'1·ior t1·ipo<l twenty-fonr feet in !might, JlI'Qjeeting through the trap-door at the 
top of' tlw higlH~:it tower. The Lor8ion caused h_y the uecest5arily limited 8prmtd of the tripod was 
co1111tPractPtl, a;; for a,; r;o,;sihh•, h,Y the applic;ttiou of special bracmi, aml by uwan8 of joists and 
lll'ltt'l'S the Wl'ight of the tripo<l \\'as throwu, in a great rneaRnre, npou tlw stone wall at the batse of 
thl' 1iew ro11f. 'l'hc sa1111; cou1·st· was pu1·rmed at tlw Heform Sehool, and obsen·ations at these two 
:-;t,ations an· fournl to compare farnrauly with those a,t, the other points in the scheme. Some diffi
culty hciug e11cm1111\'re1l i11 obserYing the line Hill- Naval Oh:-;ervat.or,y, a light was placed at the 
Ja.t lt•r statiou, a1ul that dirnctio11 ob:-;errnd with a reference-mark at night, all of the other directions 
hPing ref1•1Tl'll to the ,;a11H' 111ark. Night obHL;l'\'atimrn were coutiuued 011 three uightti, from dark 
uutil clen'n o'clock, hnt at uo tiuie w~u; the light 8teady. 

011 Odoht•r Iii i\lr. ~i11clair. eo11111w11ced tl!e tertiary W()l'k to the sontltwanl and eastward. 
'!'ht• reco1111ai,;:-;a111·1· ha\·iug :-;11tlicie11tl,v a1ha11c1"l, the 11eceis8ary ob::ierYations were made from 
I:.1•liil'll1 t:khool; the la1·g-e theodolite was thm1 1lismoanteil an<l ret11r11er1 to the office. Thi:,; win·[,;: 
wa8 1li:-;1,011ti11uP<l 011 ~O\"l\lllher rn, awl fro111 that datt' u11til DPcemher:! l\Ir. Sinclair was engaged 
i11 llH'<lHllriug a11 a11gle of p1·1•ch;io11 and Jll'P.par·iug· t.o eom1ed the piers at l<'ol't Myer (old l<'oet 
\Vhipple) with the l"aval Ohser\'atory, for tl1e Jllll'IJOISC of speeial experiments relative to the 
Yt•ltwit,v of light, co11ducted h,v l'rot'. Simon Xewco111h, of that observatory. Field-work was closed 
011 Deeem bt>r ;~, aiul re8nmed again i11 tho foitowing February. 'l'he work for Professor Neweomu, 
inl'llHliug tlrn 11wa:;urem(mt of <t ha:,;e-linc 37-Ui2 meters iu length on Analost:w Islarnl, the eouuec· 
tio11 h,Y tl'ia.11g11lation of the a:-<iH of' a revolYing mirrnr at Fort Myer, with the pier supporting the 
n•tledor:-; near the Xantl Ol>sPrrntor.Y and with au arbitrary point ou the hase of Wasl1i11g'ton 

~ 1\101tumt•11t, was tinally completed h,Y l\larch 7. Huh:,;equently Mr. Sinclair was attached to tile 
telegraphic longitmle party, untler charge of Assistaut Bdwin Slllith. The statisties of the trht11-
gulatio11 are as follo\\'S: 

NumlJer of stati011s occupied ................. _ ........... _................ 37 
Numlmr of signals erected .•...•. - .. - .. _ ........................... _..... 36 
Nnmlwr of points determined ......••.••. ·- ..•......... _ .. _ .. _........ •• . U6 
N1i111hcr of angles measured ... - ... - ...•..•..• - ..•......••.•....• _........ 43fi 
Nu111 ber of oh:-;er\'a tions ............. -•..••.•.•.•••. _ .....•..••...••.••••.. 6, 634 

1'opographJ/ of the m.~trict of Oolumbia .. -.\fter closing work ou tlte son th coast of li<mg Islaml, 
as mentioned in a preemling abstract, AssistaJJt J. ,V, Donn was directed t-0 lay up the schooner 
Scoresby at Baltimorll, and 1mh8t,quently to proeernl to \Vashington arnl commence a detailed 
topographical snrVPy of the District of UohuulJia. 

'The triangulation for this work had :ilrea1ly been exeented by Assistant .McUorkle and Sub
assistaut Sinclair, I.mt the office computation was not completed, 1111<1 the points not immediately 
aYailablc. Accordiug·l.Y, Assistant Donn was engaged until I?ebruary, principally iu running Hues 
of len•l, measuring distances with the tape-line, and sketching in topographical details along the 
honrnlary of the cit.y between Sixteenth Street extended and lJincoln Avenue. :Much of this work 
was done while the Rnow covered the ground to a depth of six inches. Findiug that a sufficient 
1rnmber of triangulation po,nts had not heeu determined in certain portions of the District from 
wllich t-0 extend the plaue-tablc smTey, several additional positions were det;ermiued, the stat.ions 

' 
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Soldiers' Home, French, and Wayland Institute being in tnrn occupied and observed upon. The 
line Soldiers' Home-Wayland was then made the base for tbe determination of the two additional 
points, New York Avenue and Kea.ting's. 

As soon as the projections were available, the topographical work was commenced in the area 
included between Boundary Street, Fourteenth Street extended, Mount Pleasant A venue, and 
Seventh Street extended, by the request of the Enginen Commissioner of the District. This 
work was completed in February and the results furnished to the District Commissioners. Fol
lowing this the work lying to the eastward of Seventh Street ext~nded and across to Lincoln 
A venue, conring the locality of the proposed lake and reservoir, was taken up. 

On the 1st of April a second party was organized and placed in charge of Mr. W. C. Hodg
kins, Aid, who had pre\'iousl;r assisted in Mr. Donn's party. Toward the middle of May the two 
parties were placed in camp near Brightwood, near the principal part of the work which lies in the 
open country. It was found impracticable to run five-foot contours through wooded areas without 
extensive cutting. Before moving the parties, Mr. Hodgkins mapped the country north of Mount 
Pleasant Avenue from Fourteenth Street extended to and across Seventh Street extended. Subse
quently he was principally employed in and about the Riggs road, Magnolia Avenue, and Rock 
Creek Church road. 

The work of Assistant Donn, from the 15th of .May until June 30, was directed to the exrension 
of the survey along Lincoln A venue, around the cemeteries and Soldiers' Home, and in the open 
country along the Bunker Hill, Bladensburg, Queen's Chapel, and Harewood roads. Lines of level 
were run along all the principal roads and the Baltimore and Ohio Railroad to the boundary of the 
District. Owing to the incomplete and at present disconnected condition of the work, it is imprac
ticable to fornish statistics. 

'Topography of site for new Xa,val Observator.IJ in tlu; District of Columbia.-Towardis the latter 
part of May, Mr. Charles Junken, of the Coast and Geodetic Survey Office, was directed to make 
a detailed topographical surw.y of the locality selected for the erection of the new Naval Observa
tory. This site is on the high ground between the Tenallytown road and Rock Creek, about oue
half mile north of Road Street, Georgetown, D. C. 

Mr. Junken took the field on June 1, and commenced work by determining the heights of a 
number of points near the proposed observatory site with reference t-0 the mean high water of the 
Pot-Omac River. l?or this purpose liues of levels were run from the city engineer's bench-mark, 
corner of High aud ltuad t:;troots, Georgetown. The lowest point was found t-0 be at the northeast 
corner of the site, which is 91.5 feet abO\'e mean high water, while the highest l)Oint iis situated a 
short distance north west of the mansion, being 280. 7 foet above the same plane of reference. This 
portion of the work was finished by the 13th of June. 
A~~~~~~~~~~~~~~~~~~~ 

a series of triangles with short sides, when situated in the forest, so as to obviate, as·far as possible, 
the necessity for cutting through the thick undNbrush. Contour lines were then run to show lines 
of equal elevation for every two foet of vertical height. 

The field-sheet, on a scale of ffio, being finally completed, the necessary connection with the 
triangulation of the Coast and Geodetic Survey was effected. The sheet, inked by Mr. Junken, 
was turned ia to the office at the close of the sea.son, together with field-books of triangulation and 
levelings. A duplicate of the work was then furnished to the Superintendent of the Naval Obser
vat-Ory. Mr. F. O. Donn assisted in this survey. The statistics are as follows: 

Number of triangulation stations occupied ... -..... -.•........•.. - •• - • • . . . • • • • 4 
Number of angles observed- - .. - - .... - .... - - - - . - - .. - .... - .•..... - - - - -• - - .•• - 12 
Number ofstations occupied with plane table ... - .........•...••.•••.....••..• 115 
Number of leveling stations established ..•• - - .• - . . . • • . . . • • • . . • • • • . . . . . • . • . . • • 97 

MagMtic observatory at W a11kington.-This observatory has been used as comparing or starting 
station for several parties during latter half of the past fiscal year. The magnetic observers of 
the Polar Expeditions to Point Barrow, Alaska, and to Lady .Franklin Bay, North Greenland, 
were instructed here by Mr. M. Baker. It was also used by Lieutenant Very, U. S. N., for testing 

• his instruments and obtafuing eonstants before he started on his magnetic trip to Canada.. From 
S.Ex.49-4 



 

26 REPORT OF THE SUPERINTENDENT OF THE 

want of an observer the usual declination and intensity observations in June had to be deferred 
this year; besides, the observatory was needed for the above-stated purposes, and the dip circle 
belonging to it had to be g·iven U}l to the Point Barrow party. This instrument, it is expected, will 
soon be replaced by a new one. 

Permanent trial b<tse at Fort ..:lfyer.-"'ith a view of haviug a permaneut test line for prelirn
inary practice of parties taking the field for base measurement, as well as to secure au established 
line of known value for testing measuriug bars at an,Y time, a permanent "trial base" one kilometer 
in length has been laid down in the vicinity of Fort l\:lyer, Va. The ends of this line are securely 
marked, and tlrn marks are at a depth sufficient to be beyond the effect of climatic and hygrometric 
iutl.uences. As the frequent use of this line requires the ready means of transferring this under
ground mark to the surface, suggestions as to the best method of accomplishing the purpose were 
invited, and tlie plau suggested by Assistant 0. H. Tittrnann was adopted. (See Appendix 14.) 

Pendulmn obserrations.-The pendulum experiments conducted during the year b~· Assistant 
Charles S. l'eirce have, in great part, related to the effect upon the oscillation period of the "lrnlls 
of the receiver (or vessel within which the pendulum swings). It has hitherto beeu assumed that 
this effect is very small, and upon this assumption its value has heen calculated by an approximate 
h,rdro-dynamical theory. Experiment lias, however, unexpectedly shown that the effect, although 
naturally not large, is far from being· very small. The mathematical theor~· is thus shown to he 
,·ery imperfect, and it has become necessary to determine, experimentally, the effect above referretl 
to. The alteration of the Yalue of this effect involves alteration in other constants, and has important 
iudirect results. Certain anomalous determinations of gravity are thus explained, and former 
ex11eriments made by the Coast and Geodetic Stir\•ey are fouud to be even more accurate thau bad 
been supposed. 

A m·w pattern of the reversible pendulum has been invented, ha\ing its surface as nearly as 
conyenient in the form of an elongated ellipsoi<l. Three of these instruments have been con
structed, two hadug a distance of 011e meter between the knife-edges and the third a distance of 
one yard. It is proposed to swing <;me of the meter pendulums at a temperature near 32° F. at 
the same time that the ~'ard pendulum is swung at Goo F., in order to determine anew the relation 
betwr>en tlrn yard and the meter. Tile other meter pemlnlum has been :,;ent to Lady Franklin 
Bay, under the charge of Lieut. A. "\V. Greely, U. S. A., after having been oscillated at the 
Coast and Geo1letic Sun·ey Office hj· Mr. Isr:wl, of J,ientenant Greely's part~'· The oscillations 
were made nuder tlie personal direction of .Assislaut Peirce. 

Observations to determine the force of gravity have been made at Washington au<l Baltimore. 
A new Reries of experiments has also been made to test the plan of oscillating pendulums on 
rollers. The result has been unequivocally unfavorable. Investigations upon the flexure of the 
pendulum support and upon the plan of swinging two pendulums upon the same stand have been 
continued. (See Appendix No. 15.) A memoir by Assistant Peirce upon the deduction of the 
ellipticity of the earth from pendulum experiments will be found in Appendix No. 16. 

The measures of deviations of light by diffraction plates, forming a part of the work upon the 
spectrum meter alluded to in former reports, have been continued by Assistant Peirce, who has 
also made special experiments to determine the influence of the movement of the solar system 
upon the de,'iation. The results of these experiments and measures will ~ a matter of future 
publication. 

Hypsometry.-The work assigned in July to Mr. H.F. Walling was the compilation of a map 
of that part of the Appalachian chain of mountains extending from the northern part of Maryland 
to the northern parts of Georgia a11d Alabama, many of the summits of the mountains between 
these limits having been occu·pied in the primary triaugnlation of the Coast and Geodetic Survey. 

After obtaining all available data from this office and from outside sources, ~Ir. Walling took 
the field on October 1, in order to complete the collection of necessary information to make such 
triangulation as might be requirt•d to connect the existing maps and plans in his possession 
with the trigonometrical poiuts of the survey, and to make barometrical and other observations 
over the region covered, for the purpose of representing its hypsometry. 

The area over which work has been carried during the fiscal year comprises that portion of 
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Maryland lying between Parr's Ridge on the east and the North Mountain Range on the west, 
with some of the adjacent portions of Virginia and \Yest Virginia. The location of uine poiuts in 
the valley between Parr's Ridge all(l the Blne Hidge were iletermined with reference to the Coast 
and Geodetic Sur,·ey triangulation, and six more point.s between the Blue Ridg·e or South Mount· 
ain and the North Mountain were partially ohsenerl upon. Contours were drawn for each one 
hundred feet of difference of le\·el. Over fifteen lnmdred miles of wagon roads were gone over 
with the aneroid barometer, and differences of le\·el were noted between stream crossings, water
sheds, etc. These have been approximately referred to the sea lm·eJ by comparison with heights 
determined bj· the snrvej· and with the profiles of railroad lines. Profiles of hills and ridges were 
made by measurements of horizontnl and vertical angles, from mountains whose pm;itions had 
pre\"iomily been det,ermined, and in mauy cases traverse surveys were made aloug U1e summits or 
ridge lines and in the ravines, accompanied by records of heights with aneroid barometers, one of 
which was stationery. 

Upon the completion of the triangulation mentioned, the sheet containing the map of the 
territory described, comprising an area of more than sixteen hundred square miles already in au 
advanced state of progress, may be speedily, completed. 

Telegraphic longitiides.-After closing observations at Cape May, as noticed under Section II, 
for the determination of the, latitude and longitude of that place, the part~· of Assistant G. W. 
Dean remained at \Vashiugtou, D. C., the part~· of Assistant Smith being transferred to Strasburg, 
Va., where an obseiTators had been erected earlier in the season by Assistant Dean. Bad weather 
at Strasburg prevented die commi·11cenwut of obsenatiom; for longitude until ,June 14. Longitude 
oh.serv1ttions between this place aml \Vnsbingtou, D. C., were made on the uiglits of .J111w 14, VI, 
and rn, when the ohseners changed stations, awl similar determinations were made ou the night8 
of June lK, W, and 21. 

r~atitude ohsPrrntions were ma1le nt Strashurg by Subassistant C. H. Sinclair, with meridian 
telescope No. 13 011 the nights of ,Tune 7, 8, 14, 15, lG, 18, HI, and 22~ but the nights generally were 
cloudy and unfi1vorahle. 

Mr. Carfoslc Terry, jr., was then <lirected to join the party at St,rashurg, and, immediately 
afterwards, that party remon•d to Charlt•8ton, \V. Va. On J nnc 28 sigua1s were exchanged 
between vVasbington, D. C., and Cl1arlesto11, W. Va. This was the last work accomplished up to 
.Tune 30. 

The results of work during the season have been marked by greatly iucreased accuracy, due to 
improved instruments and methods. The transits have been fitted with new eye-pieces of high 
power, and have been reconstructed for latitude ohsen·ations and fitted with new levels. :New 
signal relays ha\·e been substituted for the polarized relays formerly used, and are found to give 
satisfactory results for transmission and armature time over both long and short c~rcuits. 

Jlfa.gnetic observatfo~1'~.-The maguetic route followed by Subassistaut Baylor, under instruc
tions of ,Tune, 1880, was specially marked out with the design of furnishing magnetic information 
over a vast region, within which, previously, our knowledge of the distribution of terrestrial mag
netism was exceedingly scanty, and to supply data for the future to serrn for ascertaining the 
annual changes of the magnetic elements. The route passes chietly through Northern Wisconsin, 
Minnesota, and Dakota, and takes in, on the way to and from those States, the special localities in 
regard to which magnetic information was most needed. The selection of magnetic stations through 
the States depends, at present, mainly upon the ordinary facilities for travel, since parties with 
special outfit and protection for inllepemlent action would be far too costlj'. 

Subassi1>1tant Baylor took the field on ,Jul~- 5 and determined the azimuth and three magnetic 
elements at Clarksburg, vV. Va. The stations subsequently occupied are specified under their 
proper section headings. 

In the following June, Subassistant Baylor resumed field-work, and by ,June 30 had com
pleted determinations of the three magnetic elements at Wheeling, Clarksburg, Parkersburg, 
Charlestown, and-Alderson, W. Va., Covington and Wytheville, Va., and had partially complet.ed 
<>bservations at Marion, Va. 

Triangttkition i1i West Yirginia.-Tbe part.r of Assistant A. T. Mosman, organized in June, 
1880, was employed during that month in the preliminary wor~ of opening lines, posting helio-
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tropers, and erecting signals. On July 1, camp was pitched at Briery Knob, Pocahontas County, 
West Virginia, a station more than forty-five hundred feet above the sea level. Observations were 
commenced at once and continued until July 24, when the party removed to Keeney Mountain, 
Summers County, West Virginia. Owing to the steepness of this mountain, the task of transport
ing the camp and instruments was a difficult one, but was finally completed by August 7. The 
geodetic instruments were mounted on the 11th, and on the 12th and 13th the astronomical observ
atory was built and the meridian telescope mounted tor observations of time and latitude. The 
weather during August, was unfavorable, only one day's observations for horizontal and vertical 
angles being obtained, but the nights were more favorable aud observations for latitude were 
finished on September 5. From August 24 until September 22, observations of horizontal and 
vertical angles by day, and of time, latitude, aml azimuth by night, were carried on simultaneously. 
Six mileR of road were also cut through the wilderness from Job's Knob to Beech Knob, prepara
tory to the occu1Jation of the latter. Observations at Beech Knob (over forty-one hundred feet 
in height) were obtained between October 8 and 21. Snow and very cold weather delayed the 
operations of moving camp from Reech Knob to Summersville, and during this int~rval Table Rock 
and Holmes' were cleared of trees, signals erected, ancl heliotropers posted at those stations. 
Work was commenced as Summersville on November 11, and continue(} until December 6, when 
work was closed, camp stored at Kanawha Falls, "\V. Va., and the instruments and records for
warded to the office. 

Before the close of the season the weather became very unfavorable, fourteen heavy snows fell, 
and on one occasion the thermometer registered -18°. In spite of theRe and other retarding intl.u
enceR mentioncrl, Mr. :Mosmau Rucce(>ded in occnpyi11 g· fonr prirnar:r stations, two of which were 
l1igh mon11tai1Js, fliflicnlt of acces;.;, a result wliicb is to be attributed to his energy and readiness to 
take advantage of every farnrable opportunity for ohsen·ing. Mr. \V. B. Fairfield rendered effect
h·e service in the party as recorder. Field statistics: 

Stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ .. _ .. __ .... _ . _. . . . . . . . . . . 4-
0bservations of horizontal angles .......... _ ... _ ............ _ .....•.. _ ..... 1, 152 
Observations of latitude. _ .. _ _ _ .. _.. _ .. _ . _ ........... _ . . . . . . . . . . . . . . . . . . . 103 
Observations of time ....... _ . . . . . . . . . . . . . . . . . . . . . _ ......... _ .... _ ...... _ . . 260 
Observations of azimuth. . . . . . __ . _ .•....... __ ..... _ ........ _ . . . . . . . . . . . . . . 222 
Obserrntions for measurement of zenith distance. . _ ......... __ ............. 858 
Observations for differences of heights. . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . 542 

Assistant Mosman resumed field-work in West Virginia on May 20 at Ivy Mountain, a steep 
summit, having an elevation of about one thousand seven hundred feet, inaccessible to wagons, 
rendering necessary the transportation of the tents and instruments on the backs of men for a dis
tance of three miles. Observations were commenced on June 13 and continued with favorable 
weather until the 26th, when camp was moved to Table Rock. The statistics to July 1 are as 
follows: 

Observations of horizontal angles .... _ . . .. _.. . . . . . . . . ........••.........••.. 416 
Directions on tertiary objects ....... _ ........ _ •.... _ . . . . . ___ . ______ . • • • . . • . . . 38 
Stations occupied .............. ___ ... _ .. ___ .. _ ... __ ..•..... _ .•.....•. _ . . . . • • . 1 
Stations observed upon···· .... ____ . _ . __ .... _ ....... _.. • . . • . . • . . .• . • • • . • 7 
Observations for differences of heights. _. . . . . . ... _ ........ __ . . . . . . . . . • • . . • • . . 83 
Observations for zenith distances ....... _ ........ _ ......•. __ . . . . • • . . . . . . . . . . . 96 

Mr. W. B. Fairfield was attached to the party as extra observer. 
. From the Computing Division, Assistant C. A. ·schott reports that the Blue Ridge triangula

tion closed remarkably well at the junction-line in North Carolina, both in length and azimuth. 

SECTION V. 

SOUTH CAROLINA AND GEORGIA, INCLUDUW COASTS AND SEAPORTS, BAYS AND RIVERS. 

Tidal Obs~ations.-At the request of General Q. A. Gillmore, a good self-regist.ering tide
gauge was put m order and sent early in July, L881, to Lieut. B. D. Greene, United Stat.es Engi• 
neers, at Chariest.on, S. O., who is to have charge of it. It was loa.ned for the purpose of securing 
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a continuous series of tidal observations at Fort Sumter. The old Rtations at the city were in some 
respects objectionable, aml it will probably be easy to secure a series of observations, at or near the 
fort, which will be better for engineering and other purposes than any tlrnt luwe yet been made in 
that quarter. 

SECTION VI. 

FLORIDA PENINSULA, INCLUDING REEFS, KEYS, SEAPOHTS, IUYEHS, A~D AD.JACENT PORTIONS OF 
THE GULF STREA)f. 

Deep-sea soundings, dredgings, and tempemture obserra,tions.-During the month of June, 1880, 
the steamer Blake, under command of Commander J. R Bartlett, U. S. ~-, Assistant Coast and 
Geodetic Survey, was thoroughly repaired at Providence, H. I., for the cuntimrntion of the deep
sea work of sounding, dredging, and temperature observations. The latter part of ,June was 
spent in experimenting with a cylinder deYisetl by lJieut. Commander C. D. Sigsbee, U. S. N., for 
obtaiuing specimens of ocean life at intermediate depths: Lieutenant-Commander Sigsbee and Prof. 
A. Agassiz being on board. · 

On June 27 the Blake left Providence for a position off the George's Bank, due east from Nan
tucket. Prof. A. Agassiz joined the vessel on the following day to take charge of the speciruems 
obtained. 

Off George's Bank soundings and hauls of the trawl. with observations of surface and bottom 
temperatures were obtained in depths of from seYenty-two to one thousand two hundred and forty
two fathoms with excellent results, many of tl!e liaulis lwiug- exceptionall~- rich in animal life. All 
of these hauls were made with the trawl, aml tbe apparatns worke(l well. Tlte weather generally 
was very favorable. 

From the position off George's Bank the vessel moved to a location isouth of NmYport, where 
hauls were made with good results at deptbs ranging from two hundred and sixty to four hundred 
and sixty-six fathoms. Lieutenant-Commander Sigsbee's cylinder was used to advantage in obtain
ing specimens of life at intermediate depths. 

On July 7, after a sbort detention at Newport, caused by bad weather, the vessel saile(l 1or 
Charleston, S. C. To the southeastward of Cape lfomaiu a souudiug and haul of 1lie dredge was 
obtained in one hundred and forty-two fathoms. Thence the ves;;;pl steamed to the ea;;;tward, tak
ing frequent soundings in order to find the depths at which Professor Agassiz wished to dredge. 
The depths on this line were unexpectedly small, the axis of the Gulf Stream being crossed before 
a depth of three hundred fathoms wa."I found at any somulin~. The bott(Jlu is composed of hard 
coral, upon which but few traces of animal life were discovered, although along its edge successful 
hauls were made witl! the trawl. For fifteen miles or more from the one hundred-fathom line a 
strong current was experienced running to the southwest, dragging the vessel iu that direction, 
when the trawl was down, at the rate of two knots an hour. Towards the axis of the stream the 
current took a northeasterly course, running at the rate of 2.6 knots an honr. The water deepened 
to three hundred and eighty-two fathoms ea.st of the axis, but shoaled again to three hundred and 
thirty-seven fathoms. 

As the cruise was primarily for dredging purposes, these soundings were not continued; but 
the Stream was followed along its axis to the northward, soundings being taken every fiye miles, 
with depths of from two hundred and thirty-three to one thousand three hundred and eighty-six 
fathoms, from latitude 320 to latitude 330 30' north. After reaching a depth of oue thousand three 
hundred and eighty-six fathoms the vessel ran towards Cape Lookout, sounding as far as thfl 
hundred-fathom line, and taking a number of hauls with the trawl with excellent results. On the 
way to Hatteras hauls were made in one thousand six hundred and thirty-two, one tl!ousand fh·e 
hundred and ten, six hundred and three, and one hundred and fifty-seven fathoms. The l>ottom 
off Hatteras was found to slope too abruptly to admit of any dredging, but very good hauls were 
made forty miles north of the Cape in one thousand and forty-seven, eight hundred and seventy. 
six, six hundred and twenty-three, and sixty-fh·e fathoms. The next line dredged was off the 
Delaware, where hauls were made in depths ranging from eighty-nine to on¥ tl1ousaml one hundred 
and eighty-six fathoms. These hauls were exceedingly rich in results. The line to the southward 
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of Newport was completed by making hauls at twelve localities, in depths of from one thousand 
three hundred and ninety-six to twenty-four fathoms. This closing the work as laid out in the 
instructions for the cruise, tlrn vessel returned to Newport, arriving there 011 July 20. 

Lieut. U. F. Wandell, of the Royal Danish Na.-y, accompanied the party on board the steamer 
Blake, and manifested great interest as well as intelligence in regard to the details and appliances 
for deep-sea soundings. After the return of the vessel to Providence lte expressed in a communi
cation addressed to the Superintendent his cordial thanks for the attention shown by Commander 
Bartlett and bis fellow-officers in furthering the objects of his trip. 

During the fall and winter the Blake was laid up at ProYidence, R I., and 110 active work wail 
done by the party, with the exception of two small local ltydrographic sm·veys for special purposes. 
In the following spring the yessel was refitted for sea, and recefred on board a new electrical 
apparatus, devised b;y Siemens, of London, for recording deep-sea temperatures. These prepara
tions being fi11ally complete, the Blake left ProYidence on l\fay 4 for a cruise in the Gulf Stream. 

The general limits of the work executed durin~ May and June are between Jupiter Inlet, 
Florida, and Currituck Light-Bouse, North Carolina, between which points lines of soundings 
normal to the coast were run, extenrling across the Bahama Banks and, after leaving those banks, 
i11cludin~· the whole area swept by the Gulf Stream. These lines were run out from the coast for 
a distance of from sixty to three hundred miles, and about sixty miles apart. Along these lines 
sonndi11gs and serial temperatures with specinwus of bottom were taken at distances of from five 
to te11 miles, according to the localit;v. No dredging-work proper was attPmpte<l. 

Hy the end of ,June, at which date this report eloses, two hnrnlre<l and eig-llt sounding stations 
had lwen occupied, and temperatun•s recorded at se\·euteen stations &1 11i11c liues normal to the 
coast. The depths on these lines range from seven and one-half fathoms near shore to two thousand 
one hundred and thirty-four fathoms at the extrernit,y of one of the most southerly lines, and were 
found to agree well with those taken near the same localities during the preceding season. The 
Rtrong current previously noticed, setting to the southwest for fifteen miles or more from the lmn
dred fathom line off Charleston, waR again experienced. On the line out from Savannah and on 
the return Jiue from Charleston, when on the west side of the Gulf .Stream, a strong "rip" about 
a mile in width was encountered. During the pre,'ious summer the Bl:tke bad crossed this "rip,' 
anrl from the reports of pilots and other.s its exio;teuce was found to be well known. 

The Blake \\-as still engaged in deep-sea work at the close of the fiscal year. 
The following officers were attached to the Yessel during tlte year, and rendered valuable 

assistance in the deep-sea work and management of the vessel : I,ient. Charles C. Cornwell, U. S. N., 
l\fast,ers G. W. Mentz and Ilenry Morrell, U.S. N., Ensigns Lucian Flynne and E. L. Reynolds, 
l7. S. N. 

Triangulation, t{)pography, and hydrography of Indian River, Florida.-To continue the survey' 
of Indian River on the east coast of Florida, Subassistant W. I. Viual started for the field on Octo
ber 20. Preliminary arrangemen\s, retarded by heavy rains, were not completed until NoYember 
16, when the actual field work commenced. The triangulation was extended southward from sta
tions occupied during the previous season, to furnish points for the extension of the topography 
and hydrography. 

At the outset it was found that many of the signals erected during the preceding season had 
been blown down by the hurricane of August 28 and 29, 1880, and in some. cases the river had risen 
to ~mch a height as to dis1}face the station marks. It was therefore necessary to re-erect and in 
some cao;es to re-determine the signals at several points. This being accomplished, the regular 
work was taken up and steadily prosecuted until the close of the season. The weather during the 
progress of the work was for considerable periods unfavorable, high winds prevailing during five 
mOn.ths. But little rain fell and the river was consequently low. Extensive tracts were burnt 
ornr by settlers clearing land, filling the atmosphere with smoke and preventing oboorvations. 
Much cutting was rendned necessary by the he.avy undergrowth, and scaffold signals of consider
able height were found necessary to secure intervisibility. As in fm:mer seasoni;, however, drift. 
wood was nsed exelusively for building signals, and this was found to save much delay. The 
western shore of the ri..-er south of "Parks" triangulation point is a long, narrow strip of sand sep. 
arating the river from extensive marshes, but notwithstanding this the western limit of the topo-
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graphical sheet includes the wood line or edge of the pine barren. Consequently, as the work 
advanced southward the ten-foot curve of elevation fell outsjde of the usual limits. In spite of 
these difficulties satisfactory progress was made, as will be shown by the following statistics: 

Number of signals re-erected . . . . . . . . . _ . _ . ___ ... _ . . __ . _ _ _ ........ __ . . __ 
Number of signals redetermined ........ __ ........ _ .... __ .. · ........... _ .. . 
Number of new signals erected and determined for hydrography ..... _ ..... . 

Triangulation : 
Number of signals erected .. _. _ .. _ .. _ ........ ____ . __ .... _ ... ___ . _. ___ . __ 
Number of scaffolds erected....... . __ .......... __ . _. _. __ . ____ . _. __ . __ .. 
Number of stations occupied .................. _ .... _ _ ...... _ ... _ _ . _ .. _ 
Number of positions determined ...... _.... . . . . . ..... ____ . _ ... _ ........ _ 
Number of horizontal angles measured .. _ ........ _.... . . . . . . . ........ _ .. . 
Number of observations with theodolite _ .. _. _.. . _ .. __ .. _ ... __ _ 
Extent of triangulation, statute miles ............... _ .......... _ .... . 
Area of triangulation, square miles .............. _ . . . . . . . ......... _ . _ ... _ 

15 
4 
9 

39 
13 
14 
47 

192 
3,192 

18~ 
38 

The topographical features are marshy islands, low pine lands, swamp, mangrove, palmetto, 
scrub and live oak. The land varies in height from thirt;r feet, near the mouth of Sebastian Creek, 
to a few inches above the surface of the riYer. Large areas are overflowed at high water. 

Statistics of topography: 
Shore line (river), miles .•....... _.... . .. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . 109rr 
Shore line (ocean beach), miles . _ . _ .................... _ ............. _. _ . 15 
Shore line (ponds), miles _ .. _ ....... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13~ 

Shore line (creeks), miles._.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142-
Area of topography, square miles .. _ . . . . . . ............... _ . . . . . . • ... _ . . 27 

Statistics of hyclrography : 

Number of miles of sounding lines ... _ ............................ ··--··. 
Number of angles observed and plotted .................... _ ............ . 
Number of soundings recorded . . . . . . . _ ....... _ . . . . . . . . . . .... _ ........ . 

290 
t,610 

22,837 

Information required b.r the outside party in the steamer Bache, Lieut. E. R. Thomas com
manding, was furnished, including a projection showing all new points on the ocean beach and 
descriptions of stations. 

Mr. E. L. Taney, Aid, was attached to the party, and performed good service in the topog
raphy. 

At the close of the season the Steadfast was laid up in Turkey Creek, and e.vcr~· precaution 
taken for her safety. 

Hydrography of Oape Canaveral Shoal,s and south of Oape Oanaveral.-HaYing closed work in 
th1~ vicinity of Egmont Key and off Light-House Point on the west coast, Lieut. E. B. Thomas 
transferred his party to the vicinit,y of Cape Canaveral, arrfring tltere on April 18, and at once 
commenced a survey of Canaveral Shoals, upon a projection furnished by the office. The work 
was steadily prosecuted, with exceptionall_y favorable weather, and by May 19 the projection cov
ering Canaveral Shoals and two additional ones to the southward of Cape Canaveral were furnished. 
The vessel then sailed for New York, arriving there on May 23. In addition to the regular work 
of sounding, a number of bottom specimens were obtain"ed, and were turned in to the office by 
Lieutenant Thomas with the sounding books and other records of the season's work. 

The rapid and successful execution of this work is greatly due to the efficient assistance ren
dered by the officers attached to the vessel. These were Lieut. J. A.H. Nickels, U.S. N., Masters 
Charles J. Badger, U. S. N., Frank A. Wilner, U. S. N., and Henry F. Reich, U. S. N. 

In the execution of hydrography south of Cape Canaveral, triangulation points and descrip
tions of stations were furnished by Subassistant W. I. Vinal, who was there engaged in a survey 
of the lower portion of Indian River. 
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The statistics of the season's work as given by Lieutenant Thomas for both Sections VI a.nd 
VII include in the aggregate-

Number of soundings recorded . . . . . . . . . . . . . . . . . . . . . • . . . • • • . . .......•••• 
Number of angles measured ......•..........•.......................••. 
Number of miles of soundings ...........................•.••........... 

SECTION VII. 

22,697 
3,521 
1,193~ 

WESTERN FLORIDA, INCLUDING COAST AND SEAPORTS, BAYS AND RIVERS. 

Hyilrography off Egrnont Key and off Light-House Point.-Liaut. E. B. Thomas, U.S. N., Assistant 
in the Coast and Geodetic Survey, was assigned in December to work on the west and east coasts 
of Florida. At tlie conclusion of work on the coast of Maine the steamer Bache had been laid up 
at Baltimore for repairs. These being finally completed, and other necessary preliminary arrange
ments made, the hydrographic party sailed from Baltimore on December 22, reaching Norfolk on 
the 27th. rhere the vessel was delayed until January 15, ta,king additional supplies. Tampa 
Bay was reached on February 3, and work was immediately commenced upon a projection off and 
to the 11orthward of Egmont Key Light. OD its completion another projection south of Egmont 
Key Liglit was taken up and finiRhfld, after which the vessel was transferred to work on a third 
sheet off Light-House Point. This work was completed on April 3, and the vessel then sailed for 
Key West. The party was subsequently engaged upon hydrography on the east coast of Florida, 
noticed in a preceding abstract. That abstract contains also a summary of the statistics for the 
season's operations. Progress was somewhat retarded by the unusual severity of the weather. 

The officers attached to the vessel were Lieut. J. A.H. Nickels, U. S. N., and Masters Charles 
J. Badger, Frank A. Wilner, and Henry F. Reich, U. S. N., all of whom manifested an active 
interest in the advancement of the work. 

SECTION VIII. 

ALABAMA, MISSISSIPPI, LOUISIANA, AND ARKANSAS, INCLUDING COAST AND SEAPORTS, BAYS .AND 
RIVERS. 

Mississippi River suri1ey.-As mentioned in the last annual report, the survey of the Mississippi 
Ri't'"er in connection with the work of tbe Mississippi Hiver Commission had, at the close of the 
fiscal year 1880, made good progress. At that date the triangulation of the river was completed 
between the Gulf and Helena, Ark., with the exception of portions between Bayou Sara and Baton 
Rouge, La., betwet>n Providence, La., and Greem·ille, Miss., and between Vicksburg, Miss., and 
Providence, La. The topography had :tlso been advanced in iseveral localities. 

During the fiscal ~rear ending June 30, 1881, the gaps in the triangulation were closed, with 
the exception of tllat portion betw·een Greenville, Miss., and Helena, .A.rk., the completion of which 
work will give a connected system of triangulation between tlie Gulf and Memphis, Tenn.; an 
azimuth was measured at the base line near Greenville, Miss., and that hase connected with the 
triangulation; the hydrograpby was extended from a point four miles below Donaldsonville, La., 
to Plaquemine, La., and the lines of geodetic leveling were completed between Carrollton, La., and 
Greenville, Miss. The great accurac,y attained in the last-mentioned work is worthy of remark. 
In a distance of four hundred and fifty miles the results of two distinct lines accord within a limit 
of error of little more than one inch. Basing conclusions on these results it is probable that the 
average limit of error of a determination ·by the same methods of the relative levels of the Atlantic 
and Pacific Oceans will fall within two and one-half inches. 

The following res1ime of the leveling operations on the Mississippi River is furnished by Mr. 
C. A. Schott, Assistant in charge of the Computing Division. 

The whole operation was divided and executed in four parts, viz: 
Part 1. From Greenville, Miss., to Milliken's Bend, La., .Assistant Tittmann and Mr. Weir, 

January to May, 1880. 
Part 2. From Milliken's Bend, La., to opposite Rodney, Miss., Mr. Weir, November, 1880, to 

Ja.nua.ry, 1881. 
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Part 3, From opposite Rmlney, l\Iiss., to Pointe Coupee, La., Sn h:rnsistant Braid, X onrn lwr, 
1880, to ,Jannar.r, 1881 ; aml-

Part .!, From Pointe Conp<:e to Carrollton, La., Snhassista11t Brai,l, DC('('lll hf'r, 187!1, to :\I a~·, 1880. 
A donhle li11e "·as run throughout, and i11 rnanr places a'l11itio11al clH'<'k li1ws; the dir<>C'tion of 

mea~mre was occasionally cluwgetl, generally for alternate sections. 
The nwau error in a <leter111i11ation of height as <h·n·lopc<l in oue kilonu•t<'r, t lw prnhahle <'rrm· 

in one kilometer, the length of line gone oYer aml the resulting probahlP t~JTor in tlic as1-;igm'<l 
height for ead1 part, with conRi<leration that the line waR <lonble (<tllll freqncntl,r mm·e than double), 
are giveu in the following table: 

Part. 

In ont~ kilometer. j (SinglP) 'Prohal>lt• i 
_____ ----! len~f,]J of error in ! 

1\{(o.an l)rolialJlt• ! 
1k)Nt~~1!:~ 4jj~~l1·~,~~1:.~~i 

error. error. I tt•rli. , ofht·ight. 

1- ........ . 

]fm. ~~~-~I!'-~-- .. Mm. 

-I 2. 40 i 1. 6'.! 166.11 l 14. 8 I w·1wle lk\'l'lop11w11t uf lim· lwtwrfn (irPt'JlYilii' 

" "-··-------·--- l.~8 l.27 10:1.1 !1.1 

3....... 1.99 1:!. 1 rnih·s 1wady. 

4 ............. , 1.9;, 

1. 34 

l, 32 

16~. R 

299. 0 Hi. 1 : Prolmlilt' nnc·<'rtninty in t l1e rt'l"lllt. . ~f;_Gwm 
or 1- 1.0:i i1wh 11t·arly. A tlr_!!n"P of :u-cnr:w~

wlti<'h may hP rf'~arclPd as quit<' sntlieient for 

~~-~~--~~~-~ 

' ' 
A Yf'Tflgp Yflhif'.: 1 ~- O(i 1• 1. 39 I- ................................ . 

Rum total._ ........ --·········! 7:11.H ..i.26. (j thf' ohjc·d in YiPw. 
i 

Tim following fatl1le gin•R for Pach part the numlwr of the i11strn111e11t u.'iP(l, the numhPr aml 
poRition of the initial arnl terminal bench-marks, the resulting <litforcnce of ]]('ightR from tlie first 
arnl Recornl measure, a1H1 tlie fi 11a l nwan, togethrr with fhp tot a I 11 i ffprp1we of li<>ig·hts: 

From B. ~L-

:1 awl :m I at nrrenville ........ . 

l~~ flt ~li11ikf'n's BPrnl 

ToB..l\1.-

18H at i\lillikrn-, Ikn1! ...... 

~97 or LXXII I opp0Qit1· to 

]~oc_lnPy . 

. LXXI II oppn~itt• H0tlt1t•y..... 127 Red l!in•1· J.:uulinl! 

1'.?7 RP1l RiYf'l' J~muling- I n.t Canollton .... 

S111n total .......... ······-··········- ............................. .. 

J'ir·~t 
1 iut~. 

J[. 

H. F.;;7;-; 

R4:!t1fl 

~'· 7fJS:i 

D. n~:1.-1 

~l'f'nrnl 
litw. 

n. 7!1/o 

K 4~H1 

r..';(i(i", 

n o,.nn 

1\.lt·a1i. 

,l[. 

!t. Hl7'..! 
,., 4~~11 

·' 7n;;.-, 

]~. (1,)1~ 

:n. OGlH 

-· . O~GG 

B~- which amount tlie Carrollton B. M. lies lwlow the GreeuviJIP B. M.; 3i'rn.OfiJ_!l is eqnirnlmt 
to 121..''91'i feet. 

There is alRo a bntnclt line of lt'\"els crossing· tlle MisRissippi J!,in~r from B. l\L l~i', near He(l 
Hfrer I1anding, to Fort Adams B. M. XLIX, tlw latter mark heini.; -~"'.!1-187 aho\·p tlw fornwr. 

Althongl1 our len•ls tlo not connect (antl were not inten!l111l to be comwcte1l by us) with tht> 
water surface of the Mississippi mwr, th~y, ncwrthPlrRR, i1Hlicatc roughly that hetwt·Pn GrP('ll· 
ville and Carrollton tlle average fall of the ri,·er will prohahly not differ nnwlt from 1iYP crntinwters 
per kilometer or from three aml 011e-<1narter inches per Rlatut<' milP. 

'VP lmn~ also the following statistical matt.er: 

Dnte of l'X(·cnt.i()n. T11f.:1l 
},·H~th. 

! Spirit hwclinp:s between- Km. 

No.of 
ht•nc·h 
mark~. 

Grerm·ille, Miss., and Millikrn's Bend, La ...... January to May, 1880. ........... nr •. o HR 
Millikon's &md and opposite Rmlne~\ Miss ...... Nove.mhcr, 1K80, t.o .Tnnunry, 1881 104. 7 109' 

Opposite Rodney and l'ointe Coupee, Lit .••. _.. NoYem her, JAAO, to ,fnmmry, 1881 : lf>G. 4 , 8~ 

Pointe Couptje rind Carrollton, La_. ___ ._ ........ : December, 1870, to May. IP~ll- _ .. -, 325. 7 !_202 j 

Tot.al .......................................... : ................ ~ ................... 771.8 587 ~ 

S. Ex. 49--5 
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The connectiou of tbe ahoYe line of le>efa with the mean Gnlf le-rel remains to be made. 
Tidal ob.~ervation.~.-A self-registering gauge was made by Fauth & Co., of Washington, under 

the snperYision of the Chief of tl1e Tidal Division a,rnl after his plans, and Rent to General :n. M. 
Ilarr0<l, State Engineer of Lonishma :mrl mem her of the MississipJ)i River Commission, by whose 
or1lPr it wa8 made a111l for whom it is being mm<l at J,ake Borgne, Louisimrn, where au Pxtended 
series is contemplate1l to gin~ a reference plane f'or tlie 8m·,·ey of flip river. 

H!Jill'OlJraplty.-The hydrograpl1y of the Mississippi Hiwr, ewcutell h~- Lieut. Uriel Sebree, 
U. S. N ., Assistant in the Coa8t. and Gt>o(ktic Snn·py, with the steamer Gedney, extt~nrls from a point 
fonr miles below Donaldr;onville, La., to within two miles of Plrrquemin<'. Work was commenced in 
Uecemlier on a pr~ject.iou, 11calt' ~ 1;\,- 1,, extending from the point just mentioned, four miles below 
Do11aldsom-ill1' to Donaklr;onville. At a wlrnrfat this plnce a tide-gange was established and con
nected hy a lilie of Im-els with thr bench-mark No. XVJ I of Assistant Andrew Braid, which i8 on 
the left hank of the riYrr, oue mile ahoYe llonal<lso11\ille. To tl1is th!' soundingH will be referred. 
From information recf~h-ecl at tl1e. locality, Lieutenant Sebree reports tliat. the zero of thiR wliarf
gange iR prohabl,\- at ahont tlle low-water mark of the river for that year. But this is uncertain. 

'fhr general plan pursued in tlle execution of this work was to run sections normal to the 1 i Yer 
at a 11ista11ce of a half mile apart. At each section four lines were run, two running in one direc
tion a111l two in the other. Tlle lines in the sections are fifty meters apart. On these liner;, which 
were nm in tlie large steam launch No. 3, it was found necmisar.v to fix the po11ition of the sound
ing» hy frt>qnent. angle11 from tl1e shore. '.Vhere the current wa11 ('Omparatively constant and t.he 
<lcpt.h uot too great, angles were taken only at ernry spcond or thir<l sounding. The time for each 
angular ohserrntion was i11dicated h.r the dropping of a hall on tltP launch. In deep water it was 
fonrnl 1wcrssmT to stop the boa.t at cacl1 sonlJ(ling. A i<'all weighing from ten to tweh-e pounds 
was nsP1l, witli a 8Hia JI line, aml the lattPr frcqncntly compared each day so as to clet.ect any cliange 
of leng·th. On each rm1ge, tl11~ distance from tltc water's l'tlge to the top of the lewl was chainP1l. 
Sonw of tlw lines of som1dings w<•re rn11 twice, and ad1litio11al somulings "Were made where needed, 
tlw positi011s heinl-( plotted by a11gles taken from the boat. 

\York wa8 closed on the 11th of April, hiwing then cxternh-11 to within two miles of Plaqne
minr. Tlw V<'Nsd \ms thf'n transferred to work Oil the eo:uit of Texas, which will be noticed under 
tlw head of Section IX. The ofikers attached to tlw GP<l11Py WPre Lieut. K :H. Iluglitis, U.S. N.; 
Mm;tpr .J. \V. Stewart, U.S. N.; and B11sigw1 M. L. 'Yood alHl \Y. B. Uaperton, U.S . .N. All mani· 
1'e8t.etl much e1wrg~- arnl an intelligent interest in the pro1•.<•c11tion of the work. 

Triangulrttion.-ln Octoher .Mr. C. II. Vall Onle11, Aid, was assigned to the charge of a trian· 
gulatfon party on the Mississippi nin•r. He arri\·ed at New Orlea118 on October 23, fitted the 
scl10oner Research for the work, and arrivecl at Bayou Sara, La., on Novemher 1. IIere the trian
gulation was commenced, connecting "·ith the Rtations Depot, S. E. base, and Alexander Creek, 
occupied hy Assistant Dennis <luring the preceding sPaHon. As the work was extended southward 
nmc~h ilea>~· cntting was fonnd necessary, a111l reconnaissance was difficult. Severe storms and 
nnusnal cold prevailed during the wiuter and rctar<lecl progress. An eight-inch micrometer miero
scope dirt>ction instrument made by Fauth & Co., was nsed in this work, aud was found well suited 
for the class of observations required. Five positions were generally taken, aml the observations 
when po88ihle wne made at oue setting of the in11trument. 

On the hlutl:-1 at Port Hudson the station Slaughter was securely marked and referred to a 
stone monument carried hack from the hank in order to 11ecure a. permanent mark on the bluffs. 
'Vhere practicable the stations of Assistrtnt Granger',; work were included in the scheme. 

Mr. Van Or1len's field computation of the length of the B:tton Rouge base from Bayou Sara 
hase, as determined by triangnlation, agrees with the measurement of Assistant Ogden within .055rn, 
a !latisfactory result considering t.be nature of tlie scheme. The statistics are appended: 

Number of st.atiom1 occupied , ___ . _ . _ _ _ _ _ . _ ....... _. _ .......•.•••...•••.••••• 63 
Number of points <let.ermined .. _ ......... _ ... __ .. _. __ ..• . ••....•... , ........ 75 
Number of miles of river triangulated ..... _ ...................... ·~ ..... __ .... 35 

At tbc close of the season the schooner Research was laid np at New Orleans, and Mr. Van 
Orden proceeded to Washington, reporting in person at this office. 

Tria.ngulation.-Assistaut Dennis organized a party at Natchez during the latter part of Octo· 



 

UNITED STATES COAST AND GEODETIC SURVEY. 35 

ber, and left that place with the steamer Barataria for Lake l'rov idt>ncu, La., ou the 1st of N ovrnnder. 
Starting from the Lake Provideuce base, the triaugulatiou was extended up the riYer by a series of 
quadrilat1>.rals to vValnut Poiut, where a couneutiou was made with the work of Assistant Charles 
Hosmer, exteudiug down from Greem·ille, ~fo;s. 'l'lw weather <luring the ticm;ou was uufan1rnble 
for field-work, and from January to the dose of the sea.sou tlie water iu the 1·inr was.so high its to 
cause iuconvenieuce. Mr. J.B. Boutelle ser\'cd aceeptahly iu the 1mrty as reconler. 'fhe i;tatistics 
are as follows: 

Number of signals erectell . . . . . . . . . . . . . .......................... . 
Nmuber of st~tious occupied . . . . . . . . . . . . . . . . . . . - . . , ................ . 
Number of angles measured.... . . . . . . . . . ........ __ . . . . . . _ ..... _ ... . 
Number of points determined ..... _ ............. _ ............. _ .. _. _. __ . 
Numbei· of miles of river triangulated ..... - .... __ ....................... .. 
Number of miles of cutting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . 

5i 
5U 

11, :!:!l 
38 
47 

At the close of the seasoll the steamer Barat:iria was laid up at Xatdiez in dtarge of a iship
keeper, and l\Ir. Dennis reported at 'Yashingtou preparator,y to taking up topographiml work ou 
the coast of Maine. 

Geodetic leveling.-The leveling work exc~cnted hJ· Assistant"Audrew Braid between Pointe 
Coupee aud_ four miles below Saint Joseph's, I1a., was fully tfownssed in his report of April 5, J8.s1, 
which was given in the Appeudix of the Auuual lteport for 1880, The report of the Chief of the 
Computing Did-'>ion, stat.iug foe result.,, of the tiual otl.ice computation of this work, hear8 \\·ituess 
to the care and precision of the olmen·er, a.-; well as the excellrnwe of the meU1ods emplo,rml. 

Triang11lation.-A8sistaut Charles Hosmer joined the steamer Hitchcock at Baton Houge, La., 
on October 20, and after orga.niziug his pal'ty pl'oceeded to Yickslmrg, ~liss., autl curnmeuced tlte 
triangulation in that vicinity. On NO\·ember 15 the work of the former se;tsou was couuecte<l with 
the trianguhition from the Delta base. This eo1111cctiou was not completed during the pre,·ious 
season owing to the high stage of the ri\·er. \\" ork was then takeu up at Hell(lersou aud continued 
to a cunuectiou with the base at Lake Prm·ideuce, J,a. Hnriug tlw proseetitiou of this triaugulatiou 
operations were facilitated h,y the low water in the ri rnr, out the weather was generally m1tiworable. 

On the 14th of Fcbruar,y, Assist.mt H,1Kmer was trausferred to the work cornmeucetl llr Assist
aut Bo~·c.l in the vicinity of Greem·ille, Miss.~ au<l carried it down to \Yalnnt Point, wl1em a con
nection was made with the work of Assi;;taut l>euuis on the 5th of l\larch. The vessel then returne1l 
to Greenvillf', took on board a portion of the umterials and outfit sayed from the wreeked steamer 
Baton Rouge, aud thence proceeded to Bat-011 H.ou~e, La., where the party was discharged aud tlw 
Hitchcock secure!~- laid up. 'l'hence Assistant Hosmer proceeded to Washington, D. O., and 
reported in person at the office. Snhassistant ,Toseph Hergeslteiwer was attached to the party and 
rendered efficient service in the triangulation. 

The original and duplicate records of the work were turned in to the office at the close of tlw 
season. The ~Id statistics are given below: 

Number of signals erected.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !i 
Number of stations occupied .................. _. . . . . _.. . . . . . . . . . . . . . . . . . . . 55 
Number of angles measured ................................................. 287 
Nmnlier of points determiued .. . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . .. . . . H8 

Tr-iangulation.-To continue the Mississippi tria.ngulatiou, At>sistaut C. II. Boyd organized a 
party at New Orleans, and arrived at the working ground with tbe steamer Baton Houge on 
Novemb1·r 3. The first work necessary preiiminary to takiug UJ> the regular triangulation of the 
river was the selection of a ba.se-site and me;1suremeut of a base-line nea.r Hreem·ille, :'.\Iiss. After 
the site was selected and cleared heav,y rains retarded the measurement. During Uiese nufaYor
able intervals the triangulation was laid out and executed, connecting the base with tlte astronom
ical station made by Assistant Ed wiu Smith in 1878, and thence extended some eiglit miles down 
the river. 

On the 24th of December the vessel was moved to Ohl Greenville landing, where a small 
observatory and brick pier were built over the south llase for azimuth observations. 

On the night of the 2(itb ~ stron~ nQrtherly wind pressed the vessel upon the bank, draggiug 
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the arwhor aml liohliug her bow agaim;t the shore iu spite of all eftort8 to g'llt her off. Iu the 
meanwhile the river was falling rapidly, a1ul the i)ositiou of tlw vessel becanw more critical from 
day to day. Efforts to get ht'r off pro,·etl i11effectual, arnl fiuall.r she sank stern foremost. 'l'lie 
reeortls autl i11stmmeuts, however, were saYe11. On the 1:1th of January, the U11ited States suag
hoat .John C. Meigs was slll!t to the assistance of the Baton Uouge, arnl wa:-; employed until the e11d 
of the mo11U1 iu muleavoring to raise the ressel. Ou three occasions 8he was rai8ell to tlle 8nrface, 
hut tlw chains parted, aml ;;he ai.;·aiu sank as before. These efforts were finally abandoned only 
when the rinn- hail riseu so :us to entirely corer tlle llaton Houg·e, the water beiug some twenty 
feet ab1ffe that pf Deecmber. 

Scei11g that the1·c was 110 real'iOllable prospect of s:wiug Uic vessel, )fr. Bl>,Vtl \\'its <Iirectetl to 
1li.-;pose of the wrct:k a111l store the rei>ctwtl property at Grnenville. Ile reported at this otlice ou 
Fehrnary ~O. 

2\Ir. Carlile 'l'erry, .ir., and l\Ir. Georg·e F. llird, Ai1ls, were attached to the party, and rendered 
valuable assistance iu tield-work a11d in tlw attempts to saYe the \"C88lll. The titatistics of the 
work executed are as follows: 

N mu her of tligualis erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
~uUJber of statious occupied .................................. _. 8 
Number of angles rnewmred .. _. _......................... . . . . . . . .......... ;)!) 

Xm11 hei· of directions ol1>;cn·c1l .. ·'"....... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ..... 81 
~n111hcr of geographical positions detennincd.... . . . . . . . . . . . • • . . . . . . • . . . . . . . . ti 

The lmse-line was me:umretl t\l'iec, antl a plane-ta hie sm·n•y of the ba.1'111-line made. The levels 
of tlw base were also comwetcll with th11 pre1'.ise le\·11ls of the l\lississivpi H,i ver. Au ohsernttory 
antl pier were built over tlie Honth ba;;e for azimuth, tlrn determination of whielt was 8UlJsequeutly 
111a<le by Atisista11t Edwin Smitll. 

SECTION IX. 

TEX.\8, L\'.CLFDI;Wi CO.\ST AND SEAPORTS, BAYS AND HlVEltS. 

Topogmph,11.-To co11ti111w the topography of the 1 .. aguna Madre, eoast of Texas, AssiNtn11t l~. 
E. Halter took the field oil Odolwr 1J and imm<'lliately 11roceeded to orgauize a party. Tile camp 
e<JUipagti hat! lJcc11 prcYiomily 1110\·p(] from tlw lower part of Padre Island to wit.bin a 8hort, dis
ta.11ee of Munlock Lauding on the same islarnl. !fore a Yioleut hurricane hall been experienced, 
bnt without material <lamngc to the camp outfit. Many of the signals were, boweYer, blown 
down, and these it was necPssar,v to re-erect before resuming the snn·ey. The topography was 
commenced October :!O, and was continued steadily until the close of the seasou. The weather 
during the winter was m1fa,·orable, extreme cold pre\•niling with snow-falls uupreccdentetl i11 that 
localit~-. DeHpite Uw :t<lverse conditions hy the end of June all of the work was ti11islw11 tl1at 
could lJe expeditiousl,y do11e from tbl~ positio11 occupied. Unring the month of June au azimuth 
was mmisuretl at Ven ado Station. The statistics of the work are given below: 

Shore line sm-ve,rnd, mile;;. . . . . . . . . . . . . . . . . . . . . . . . . ... _ . . . . . . ___ . _ 380 
Ntunber of obserYatious f<>I' titue (with sextant) ....... _._. ____ .. _. __ . __ . ____ .. 2n~ 

Azimuth ob~wrnttious: 

Number of ohsrn-atio11s on star direct and reflected ... _ ................ _. _ ... 128 
:X umber of obscnations on mark ................................. _ . . . . . . . . . . H4 
Number of olmerrntious to connect mark wiU1 triangulation...... . . . . . . . . . . . . 84 

llydrograpliy near Padre Jslmul, eow1t of Texas.-.As mentionetl in a preceding abstract, 
Lieut. Uriel Sebree wn8 engaged in the hydrograph~' of the l\li8sissippi Rirnr until April 11. 
He then proceeded with the steamer Gedney to New Orleans, where the \'essel was docked for 
so111e 11ecessary repairs. The Gedney arrived at Galrnstou towards the latter part of .May, having 
stopped on the way dowu to re-ereet signals on Padre falaud. 

\York was commenced at the north end of Padre Ishtud 0111\fay 18, mnl cuutinucll when prac· 
ticable until its completion on June 12, when the vessel sailed for Pensacola. 

The triangulation sigual:s erected b,y Assistant R . .E. llalte:r were fQnnd without difficulty, 
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and were eai;ily made :wailahle for the hydrogra1Jhic work. The work heg-an at a point eight 
mikH 80ntl1 of Corpus Uhristi Iulct at the close of the hydrograplly of the preeedi11g season. 

'rhe general pla11 of operation8 adopted was a8 follows: A li11e of s1m11diugs was ma from the 
beach out to a poi11t fift1•e11 miles di1oltaut from tile beach and six miles helow tl11• i,;tarting· poi11t, 
tlien returui11g to the beach at a poiut tweh·e miles ltelow the place of departure; tlterwe :i lirre 
was 1'1111 up the coast close to the beach for six miles, aml the origi11al operatious were repeated. 
This s~·stcm g-aYe crosHe.H for the liues of som1di11gs about seven a111l a half mil1·s ont iro111 the 
heaeh in from eleven to fourteen fathom,.;, arnl a line imrallel to the lit>ach in fro111 two a1HI a lialf 
to three antl a half fathoms. In addition a line was run parallel to the head•, a111l thrPe or four 
miles from the 1-lhore, in from eight to ten fathoms. Short lines were ahm rnu in hoats fro111 tlH· 
beach out to the tLrec-fatlwlll curve, alJrcast of nearly all the signals, or about en•ry six or· sen.m 
miles. 

Great care was ol>scryetl iu sournliug, autl iu doubtful caiseis the vessel \rns stoppl'tl and the 
sountliug repctitetl. 

In tlie course of this work Lieutenant Seliree dtwolopetl hy sounding,.; a locality of hrokeu 
ground from twenty tu twpnty-firn miles north of Brazo;,; Light-House, and haviug; frorn Pig;ltt to 
eleYett fathoms of water over it. 'l'his locality will he kuowu on the charts a;; ''Sebree Grom11l.'' 

'l'o tlw eastward of thi,.; broken grouml, twelre miles from the heach all(} twenty-two awl a 
half miles nortll, mo east of Brazos Light-House, a spot was found lmYing from fifteen a111l a half 
to sixt,een fathoms upon it, with eighteen fathoms all around it.. The grouud was hard, and the 
specimen cnp hroug·ht up a piece of coral. A line of s01m1li11gs wa.s obtained all aronutl this spot 
in from ;,;eventeeu to 11i11cteeu fathom:s. Onl~· oue cast of fifteen <Hld a half fatl1oms was oht,1i11e1l. 

Se\·eral short lines were rnu off Brazos Harbor aud seYernl lillt'1' in the harbor. One Jim• wa;; 
rn11 o\·er tire har of tLat Larlwr. A line was also run out from tLe mouth of tl1e Wo Grartde, 
uormal to tlJC coast for fifteen rniles. 

A nmnlier of specimens of the bottom were obtaine1l, soull' general ohsern1tionc; of tlte 1:nr
reuts were made, antl titfos were reconled at a temporar;v !!<llll,?:t' 011 the light-lionHe wharf, Bntzo;; 
Harbor. 

Lieut .. E. l\I. Ilug·bes, L. S . .N., l\Iaster J. W. Stewart, F. 8. N., and Eusigw,; 1\1. L. -\Yootl a111l 
'Y. B. Caperton, lJ. S. N., were attached to the n~ssel, a.ml re11tll'l'ed etiidPut. assistance dnriug the 
execution of this work. The statistic.~ arc :t]lpeutled: 

Nmul1er of sigwl!s erected . . . . . . . . . . . . . . . . . _. _. ___ . _. _. ___ .. __ ... _. _ :~ 

N n ru her of signals re-e.rectetl .. __ ..... ___ . . . . ... _ ........ _ . _ . __ ... __ .. _ . _ _ 11 
N tun her of Hignahs deterinincd _ ... _. . _ .... __ ............ _ .. _ ... _ . _. .. . . . . . 7 
Nn111her of augles measured .. - ... _ -....... _ ... __ .... _ ........... . 
Nnmber of soundings recorded ....... ___ ..................... . 
Number of miles of souu<ling lines ... _ .. _ .. , _. _ ... __ ........ -

SBUTlON X. 

CALU'OJINIA, lNCLUJJJN"(; COAST AND SBAPOHTS, l3Ar8 A:-ID HJYEHI'. 

l, 11'.!7 
5,:n:..1 
H!)7. !I 

A:f<ignctfo obxervationx.-Iu September, lt\80, Lieut.-Commamler H. E. Nichols, lI. S. ~., As,.;ist
aIJt Coast :tn<l Geodetic Survey, receirntl iu.structio11s for a magrwt.ic cmise :tloug· tile coa.~t:-: of 
Lower California, Mexico, antl Cont.ral America., iueludiug some of the outlying islautl.~. The 
steamer Hassler had prm·ionsly bec11 thoroughly repaired arnl retittkld at San Frauciseo for this 
work, and 011 tlte receipt of the uecessar;y inst.rnments from the oflice, arra11gerne11ti:; were at once 
made to commence the season's operations. 

Ohservatious were first matle at the station Presidio at Sau Fra.ut:iseo. As soon as thcsP 
were completed, tlte Hassler went to sea, steaming first to Guadalupe lslarul for oltserrntious at 
that place. Here, owing to rougl1 weather, a landing was impracticable, and tltt' n:sscl accortl
ingly 1>roceeded to Clarion Island and Socorro J.slaud, where obscrrntions were successfully 
obtained. At the latter islautl work was interrupted hy a gale placiug the ves8d in :tn uusaf P 

position on a lee·sho1·e, t-0 avoi(l which it was deemed advisable to sli1l the cable and go to flea. Ou 
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the ,-essel\; reinru obserrntions were com1ileted, hut the anchor left behind was fouud to lie broken 
and useless. 

~Fro~n Socono Island the Ilassler steamed to La Union in San SalYador, where olii:;en'ations 
w1•re take11 for 1h•diuatiou, 1lip, aml inteui:;it,y. Here tlie regular work of the seitsou began. After 
the occupation of this station observations were made antl recorded at tlie following points, follow
i11g the eoast line to the northwanl: Acajutla, Champerico, Salina Cruz, I>ort Escondido, Acapulco, 
Isla Gra11tle, Mammuillo, San Blas, l'oint Ignatio, Santa Barbara Bay, Gna.rarnas, Tiburo11 lsla11d, 
Rocky Puiut, Philipp\; l'oiut, Point Sau Felipe, San Luis Gonzalez J{as, 8m1ta Teresa Bay, Santa 
l\faria Cove, 1\Juh.\ge, Loreto, h:le Sau Josef~ PichilintJlle llay, 1,a l'az, 1\Iazatlan, San Jose dtc-1 
Callo, Cape Sa11 Lneas1 l\fagtlalena Hay, PeiJltelia Hay, l'oiut Aln·e<~jos, Aiscension Island, Cerroo 
Islaml, Guadalupe Island, Sau Geronimo lslarnl, San l\lartin Island, Todot> Santos, Sau Diego, 
~au l't>dro, Sauta Barbara, Sau Luis Obi8po, :Monterey, and Presidio. Observations for decliua
tinu, dip, and intensity were made at all of tlle stittions narnetl with two or three exccption.s, eitch 
statiou occupied was securel,v rnarketl for future refereuce, awl full dei,;eriptions of each :tre given 
in the n•t·.onh; turned iu b,r Lieuteuaut-Commaw:ler Nichols. 

At U11atlal11pe lslarnl, wl1ieh wa;; at that time imperfectly represented on the charts, a recon
uai.ssance was rnatle sutlicieut to gin· itt:i general outlines aml topogrnplly for such representation. 
A s11rYe.Y of tl1i::; ishtutl, it was ascertained, hat! also been ordered by the J\Iexicau Government, 
aud the Ye:-;i:;el canyiug the party for that work was i,;eeu by the Hassler ou her return from 
Gumlalnpe. 

The al'tro110111ieal position,.., at the points occnprcd were approximately determined from the 
n•s;;1•l h~· ,.;i11gfo 11uTidian altitudes awl single time sights; the time was kept liy three chronome
ters, a fourtll lwing mwtl for rnaking the shore ouservations. 

Lieutenant-Co111111a11der Nicliols reports that the naYigatiou of the entire coast -\·isited was 
round vers Pasy, arnl a 11ilot waH uot re4111ired. 

Tiu· Hassler arrind at San Franeiseo alter tlll' complclio11 of this work earl,Y in April. Tlie 
folhrni11g oflirers were attached to the Ba:;;;;kr during this crnise, and rendered efficient sen·i1;e: 
Lieut. \V. T. H11i11hume, U. S. X; l\lastet· Cliarles 'l'. Putnam, U. S. N.; Ensigns Frederiek \V. 
Ootliu, "'aMewar D. Hose, aml Charles E Poutl, U.S. N. 

'Tidal ol11wrrntio11g.-A series of tidal antl meteorological ohspn·atious, to be comp>irable witll 
sirnilar oues 1m11le 011 the western coaHt of the United Stateis, lias been in progress at Mazatlan, 
l\foxieo, si11ec .Jnl;\·, 187!l, coutluct-0tl b;r Mr. Fiacro Onijano. a ciYil engineer at that place. A self'. 
rPgisteri11g gauge has been nse.tl, antl .the tabulated results, obtained by him and his aids, have 
lte1•n sent monthly to the Coast Surrny Office, and he has lJCcn kept supplied with record paper 
for tl.tc ClllTes all([ IJlank tabulaUou forms for keeping up the work. 

Jlydrogrnph,11.-To close tl1e gap in the hydrography of the California coatit between Point 
Arguello and Point Sal, I~ient. E. H. C. J,entze, U.S. N., Asi,;istant Coast and Geodetic Suryey, 
JH"Otecde1l to that locality with the steamer McArthur i11 August, lS.'30, and, the preliminary opera
tions being co111plete1,l, t:immdings were commenced on the 7th of that mouth, and steadily prose
cuted until October ti, 18.'\0, when the work was completed. Subsequently the McArthur was laid 
np at Santa Harhara, arnl on November 1 Lieutewrnt Leutze was detached from the Survey, thus 
dosiug his e11ergetie au<l useful term of service on tJJe Pacific coast. The statistics of the hydrog
raphy are as follows: 

Miles run with soumlings _ ... ___ ........ _ ... _ . _... ____ .•.... . . . . .. . . . . . 348 
Angles 1neaHuretl.... . • . . . . . . . . . • . . . . ....• _ .. __ ..........•.........•.•.. _. 700 
Nnmher of somHli11gs ___ ... _ .. _. _ .. _ ... _. _. _ .••... _ ..••.... _ ..• ~ •.••.•..•. 4, 054 

Lieuts. E. K. Moore and L. C. Heilner, U. S. N., and }fosters W. P. :gmcott <1nd KIL Galt, 
F. 8. N., wt~r" attached tu the McArthur during tllis work and rendered efficl'ent assis ance. 

'1.'opograph!/ near Sun Lui.~ Obispo, Cal.-Tlie topogmphy executed by Assistant W. E. Green
well timing the moutils of' 1\iay and .June, 1881, is compfr.ied iu one sheet extending from Point 
Cahallo to Point Buclwn, anti includes about five miles of shore line. The gromul coYercd is gen· 
erally of a rocky and broken character. 

·work W<1s commenced lly a reconnaissance fo1· plane table stations and search for old triangu· 
lation points. The sheet includes eight triangulation stations, but of these six were not available 



 

UNI'l'RD STATES COAST AXD GEODE'l'IC SURVEY. 3D 

for the plane-table work, owiug to intervening high gronnd, and for a portion of the work the 
remaining two stations were not visible. A large portion of the work was tliereforc 1lo11e with 
the plane table and tele1ueter almw. 'l'he re,.nlts of tltiR work ha\·e, ltowm-er, )lroY1~1l remarkal>l,\' 
accurate, the position of the Rtation Point Huclion, as dPtermine<l hy Ruhs1•qneut triangulation, 
agreeing within fin~ meters with the plane-tahle determination. Th(• stafo;tics an• as follows: 

Number of mile;;; of sliore line...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 10~ 
Number of miles of road .................. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :12 
Number of square miles, area ................................................. 7~ 

As an appendix to his season's report, ARsistant Greenwell tranRmitted to tl1e OfficL' an iHt<•r
esting tabulated statement. of the ports CaipicoR and Port lla1fonl for the yrar lSSO. 

Tida.l ob.~errations.-Tlte self-registeri11g J'ide-gaug·e at Sancelito, IJear tlw rntra111·1> to tlw Bay 
of San Francisco, startell in February, 1877, has hecn run \Yithont interruptiou aiul Yery suect•ss
fnlly by J\Ir. E. Gray. Prof. 0-. Davi<lson, who liaK been nrnd1 of the time in el1argP. of the suh
office in San Francisco, has takeu great intl'ref't in tbis S<'l'i<'s of obst•rYationf.1, anll hi8 largP ('X!l<'· 

rience in the use of iirntrumcnts lias hNm of sen·fop lrnre in controlling the details of ('Oll'>lrndion 
and operation. The work turned in 1ia.s alwa~·s heen of Pxcelll'ut 111rnlity, si1H'P t lie lit'st few 
months of triafa arnl the difficulties of the Ritnation werl' fair]~· over(•onrn. It is nr,\· ([, sirahl1\ that 
a long series of oh;;m·vations of eqna.I excellrnwo hn m:uln at tl1is .~tation. 

Prima.ry triangulation.-During the snmnwr srason of J.~RO Assistant A. F. l:.ollg·prs was r11gag-<•1l 
in extending northward the primary triangul:ltion of the California coast fro111 the termi11atio11 of 
the work of the preYious year. 

Owing to extremely nnfaYorahle comlitions of the atmospherP, clue main]~· to till' <lPns(' s1110ke 
crrnseil h.r extensiYe forest 1ires <l11ri11g the ('arl~- mmiths of sm1rnwr, the work of oh,,w1Tit1;.:- was 
greatly retard1><1. 

The party of Assistant H()(lger;; took the field in ,July, alHl 011 August ;; observations wNe 
commenced at. SanheJriIJ Station. Here, owi11g to the unavoidable dda,\· c:msed hy 1111fin-orahll' 
weather, work waE: not finiRlwd nutil October Hi. The party was then tr:rnsportP1l to Cahto Stn 
tion. Ohserntt.io11s at thif• ;;tation were satisfactorily co11cl11ded on ~on•mlwr 18, wlwn the p~1rty 
returnNl to San Fmnci>lco. 

Snha.1;sistantR D. 11. 'Wainwright. mu! .I. 1~. Pratt were attached to thP party arnl n•rnlPrl'll \"al
nable nssistance in the <lPtails of the work. 'l'he statistics am as follo\\":'1: 

Number of stations oeeupiNl . . . . . . . . . . . . . . . . . . . _ ........................ . 
Number of angles measure1l ....................................... . 
Number of ohsen'ations of hori?:ontal angles . . . . . . . . . . . . • . • . • . . . . . . . . . . . . 
N um her of Yertieal anglm< 11wasure<l •.....................••..•......... : .. 
N um her of obRervations of vertical ang-lt•s . . • . . . . . . . . . . . ................. . 

,, 
18 

:!~ 434 
15 

s.;;, 

Primary tr·iangnla.tion.-The party of Asisistant Oeorge H:widson n•snuw<l the 1ich1-work of 
the primary transcont.iliental triangulation in June, 1880, a1ul by t.he e111l of tliat mo11tl1 was 
actively engaged in the occupatiou of the 1:<tations at tlw ends of the Yolo base-line. 

In reference to the atmospheric conditions of the early summer in that reg-ion Assistant Da\·id · 
son reports as follows: "'l'hronghout the Sacmmento an1l adjacent valleys de\·ote<l t<) the cultin1-
tion of the cereals the high stubble of millions of acres is hnrnt between .J nly awl the rainy sea.son. 
In the monntai11s sheep-her1lers and stock-herders, hunters and pioneen; burn the <·.haparral an<l 
timber for clearing, the air becoming so thick with smoke that it is impossible for weekR to sPe 
more than from one to five miles. This smoke ascemlis to a height of 41000 an<l CYen to 10,000 foet; 
the smaller height being towards the coast, the larger over the Sacramento Yallcy." 

The plan of work for the season inclmled the occupation of the stations N. ,V, BltRe, S. E. Bai.:e, 
Monticello, aml Va.ea, in the qna1lrilaterals rising immediately from tlie. base-,ine, aml oh>;en'ations 
of horizontal angle8 from these stations upon the five Rfations Mount Helena, Table 1\lonntain, 
Mount Diablo, Pine Hill, and Marysville nntte; also obser>ations for latitmlc and azimuth at 
each station occnpietl, and observM.ions of the magnetic elements at one or more stations for the 
nstruetion of the officers attached to the party. Vertical angle8 were to he rneasnrell at each 

station connecting directJy with the sea level, and lines of lernl w be run along the bitse-line in 
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order to Rtndy the best means of ornrcoming the difficulties on the line; the con nectiou of this leY -
eliug- of tlw base with some point, as \Y oodland, by a line of leyels, an<l thence along the ra ilro:ul 
to mie of the Coast an1l Geo1fotic Surrn.v titlal points on the Bay of Sau l<'rancisco, wai-; also co11-
templatPl1, as well as the le,-elings from \Yoodlaud northward to the point wher<~ the ta11gp11t- from 
J>ial1lo to Shasta tonehe8 the earth's surface. It wa8 necessary to lmil<l high piers for the instru
ments at Southeast ant! Nortl1west Yolo BasP Line Stations, to build the snbsnrfiwe structures, 
mark the points, and Recure the soutlwast station hy outside reforences, it being 1war the left hank 
of Put.ah Creek. In connection with these opemtionH it was proposetl to make experiment.;;; for 
eoeflicient of refraction 011 the line Diablo-Sh:rnta at a point near Colusa, where the line is tangent 
to the Partl1's surface or lH·neath it. It wm.; designetl that tlmsc ohsernttions of simnltaneons and 
reeip1wml zenith dista11cci-< l'!hould he made in the earl.r morning for scn~ral tlayi-; at the RtationR 
Diablo arnl Col mm, at snch seaRonR of the year when it might be fouwl possible to occup,\· Shasta 
in t'Yent of tl1e line proving practicahlc. 

R~· the clmie of the 8C:t8crn, on December 11, the g1·eater part of the work above mentioned was 
completed. The portion remaining incomplete relates to the line Shasta- Diablo aud the connec
tion of levelings bet" t'en Woodland arnl the ocean level for the elfwatio11 of the lim;e-line abon tlle 
sen, altl1ongh at the dat<~ named tl1ese were well under way. 

In hi8 interesting report for the season Assistant Davidson details fully the metl10tls employed 
in observing and foe nature of the results obtained. He lias also made a special report on his 
olniervatious of the Total Solar Eclipse of .January 11, 1880, an<l a special report for the Hoard of 
EngineerR for the Pacific coast in reference to the snl~ject- of harbors of refuge upon that coast. 

Obsen·ations were also made to determine the coefficient of refraction between the two sta
tions, Mount Uiablo and l\fartiuez, together with the tertiary triangulation to connect tl1o;;;e stations. 
Tbesc experiments gfre a conuected series of hourly, simultaneous, aud reciprocal 1lonhle zPnitl1-
distauces through tlw twe11ty-fonr hours for eight days. ThPy emhr:ice :ilRo barometric and boiling-
water ohsPrrntionH. The diiforence of elevation was determined hy leYeli11g by ARsiRt:int Colonna, 
who referred tht\ work to the Uoast aml Geodetic Survey bench mark at Army Point, Benicia. 

Tlw ollict•r:'! attachetl to tlie party were .Assistants Lawson, Gilbert, mul Colonna, anti Suh
assistant DicldnR. SnhaRsistant Pratt was attache1l to tlie party for a month at the comrnencement 
of the Rf'ason; he waR then relievetl hy Assistant Lawson, arnl dircdPtl to join the party of Assist
ant Hodgt•rs. l\fnch of' tlie sncce-RR of the seascrn's operations iR tlnc to the cuerg"etic and harmonious 
coo1wration among the 8evcral mt>mhers of the part,\·· The statistics for the Rcasou arc as follows: 

Triangulation: 
IIorizoutal measures in twenty-three positions ... ___ . __ .... __ .. _ ... _ .. ___ . 
Pointings of ocular micrometer _______ ._. ___ . _____ . _. _ •. ___ .. __ . _ .. __ ... 
Signals olJserved upon_ ..•. _ ..... ____ . _ . __ .... _ , _ •...•.. _ ••• _ .... _ . __ . _ . 
SPcm11lary ohjPcts obscn·ed upon .. _ ...... ____ ... _ ..... __ . ____ . _ ......... . 

Azimuth: 

Oh1-1ernitions on tweh·e nightR iu twenty-tlirr.e positions npon I'olariR at eaRt 
ern elongation _ . _ .. _ _ _ . _ . ___ ... _ ...•.•••. __ . - .. __ .. _ ..... _ .... _. __ 

Ohse1Tatio11;;; on twelrn nigl1tR in twenty-three positions upon-
I Ursa 1\Iinor at western elougation .•..•.. - ..•..••..• -........ _ - - ... . 
B. AC 4165 at western elongation .. - -...••........••.. - . _ ......... _ .. 
51 Cepltei at l'astern elongation .••.•• _ .. _ .... - ....•• - . _ .-. ...• - .. __ ... 
1nark for both stars .. _ . _ ..•...•.•..••........ - ....... -..... - - .. -•.... 

Ocular micrometer pointings on both stars . _.... . ....•........ - ......... . 
Ocuhtr micrometer pointings on mark ..•.•.. _ ..........•. _ ....... _ ... _ 

Latitude:-

3, :li 1 
lii, 546 

38 
40 

285 

288 
281 
300 
974 

2, 31.q 
3,936 

Total number of observations ....... _ ............ _ .......•• - _.... . . . . 776 
Obserrntions for value of micrometer ...•• _ ..•.•. _ ••.•••••.••..•. - - .. __ . . . 549 
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Transits: 

Total number of observations for transit . . . . . . . . . . . • . • • . . . . . . . . . . . . • • • . . • 806 
Total number of observations for equatorial intervals....................... 47 

Vertical angles: 

Total number of observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . • . 1, 113 

Leveling: 

Number of miles run (repeated) 

Topography: 

Length of base for width of one-half mile on each side. 

Magnetics: 
Number of days on which declination was obse1ved . _.... . . . . . . . . . . . . . . . . . . 12 
Number of days on which detlections were observed . . . . . . . . . . . . . . . . . . . . . 8 
Number of sets of deflections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 27 
Number of days on which oscillations were observed . . . . . . . . . . . . . . . . . . . . 9 
Number of sets of oscillations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Number of days on which dip was observed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Number of sets of observations for dip...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
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In April, 1881, Assistant Davidson commeuce11 operations preliminar.r to the measurement of 
the Yolo base-line. Assistant Colonua visited the. locality of tlH• base, and attende(J t.o tltt• grading 
of the line aud the building of uecessar>· bridges aud supports. The other members of the party 
were engaged up to Jnne 30 in rnhicellaneom; work haying reference to the base measun~meut and 
the transcontinental triangulation. 

The expedition sent to Point Barrow, iu the Arctic Ocean, by the United States Go,·ernment, 
for the purpose of making a continuous series of meteorological, tidal, magnelic, pendulum, and 
other obscr,·ations at that point, saikd lhm1 San Francii<eo towards the latter part of June under 
co111rnan<l of Liente11a11t. Hay. The ohsetTers iu Sm Franciisco who aecompa11ied the expedition 
were carefolly drilled by Assistant Daddson in magnetic aud azimuth obsen·ations and the 
manner of recording tides. Obsenatories for the use of the party were cousti'uctetl under bis 
supervision, and all practicable assistance rendered with a Yiew of furthering the objects of the 
expedition. 

Triangulation and topography.-·with a view to the completion of the triangulation and topog· 
raphy of the coast of California between W alalla Ui ver and Point Arena, in Mendocino County, 
Assistant Sengteller commenced to organize a part.}· on J u}y 1, Mr. Fremont Morse. being assig·ned 
as Aid. Arrangements being finally completed, the part.}· t-0ok the field on Jul;r 13; work was 
begun on the 15th of that month and steadily prosecuted until the close of the season. 

While the development of the topography was in progress in the early part of the seasou 
favorable opportunities were taken to complete the triangulation left unfinished at the close of the 
preceding season. Four stations were occupied, and a complete closure efiected agreeing satisfac· 
torily with previous results. 

The topographical work for the completion of the sheet in the immediate vicinity of the 
Walalla River was first taken up. Upon this sheet is included Robinson's Landing, a wire cable 
chute, situated near the mouth of the Walalla Ri\Ter, and entirely exposed to all winds and swells. 
Here, during the season, a schooner broke f1·om her moorings and was completely wrecked on the 
beach at the south shore of the Walalla River. The next sheet taken up extends from Haven's 
Neck to Junction triangulation station, the latter point being the southern limit of the survey of 
1870. This sheet includes three landings, Saunders', Iverson's, and Steen's, and the remains of 
three others, now abandoned. These landings are exposed to all winds a.nd swells, and are dan
gerous of approach except under the most favorable circumstances. 

About one-half mile westerly of Sauntlerll' Landing a group of rocks, visible only at low 
water, spring tides, was discovered and determined, and kelp patches, so far as they could be iden

S. Ex. 49-6 
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tified, were also located, ranging from one· half to three-fourths mile off shore, and having probabJy 
not more than four fathoms of water under them. 

The general character of the topography is similar to the work of tbe two preceding sea.sons, 
the shore-lines consisting of precipitous bluffs, backed by a rapidly-rising timbered country. The 
weather during the season was exceptionalJy favorable for field-work, being clear and calm. Occa
sionally the smoke caused by forest fires rendered the work of triangulation impracticable, but this 
did not retard the topography. 

Assistant Sengt~ller mentions in his season's report the existence of several dangers to navi
gation north of Russian River, and recommends that they be suitably marked. 

Upon the recommendation of Lieut. Col. A. S. Williamson, United States Engineers, Mr. 
Sengteller was visited by Messrs. G. W. Call and Aaron Schroyer, of Fort Ross, Cal., to confer in 
reference t;o the site for a proposed light-house between Point Reyes and Point Arena. For ~his 
purpose Assistant Sengteller recommends Salt Point, about six miles to the northward of Fort 
Ross and distant from Point Reyes and Point Arena thirty-six and thirty-one miles, respectively, 
being the most commanding point from the northward or southward by reason of its projection 
seaward. 

Before leaving Point Arena, the positions of the new constructions erected at that point since 
1870, consisting of a fog-whistle building, tanks, and windmill, were uetermined on the t;opograph
ical sheet of that locality, and the shore-line in the immediate vicinity of the light-house was 
retraced. The results show that the bluff on the south side of the dwelling-house and the" hlow
hole" iu front of the light near the fog. whistle building are gradually washing away. 

Mr. Fremont Morse was attached to the party during the season, and rendered acceptable 
service. The statistics of the work are as follows: 

Triangula.tion : 
Number of stations occupied ............................. _... . ......... . 
Number of observations ............................•••.................... 
Number of angles measured , ................ _ ........................... . 

Topography: 

4 
1,061 
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Number of miles of shore-line.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • . . .. • . . . 121 
Number of miles of rivers and streams . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3! 
Number of miles of roads, railroads, telegraph, &c. . . • • . . . . . . . . . • . . . . . . . . . . . 56! 
Area in square miles ....... _ ......... _. . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . 13 

Tidal observatwns.-At the request of Mr. W. D. Alexander, superintendent of the survey of 
the Sandwich Islands, a self-registering tide-gauge was loaned to him for the purpose of securing 
a series of tidal observations at Honoluf u. These observations were commenced in June, 1877, and 
he has been kept supplied with record paper and blank forms for continuing the series. The results 
have been transmitted occasionally t-0 the United States Coast Survey Office, and already form a 
valuable set of records, comparable with those made on the Pacific coast of the United States, 
Such an opportunity for extending the investigation of the tides of the Pacific Ocean has long been 
sought by the officers of the Coast Survey. 

SECTION XI. 

OREGON AND WASHINGTON TERRITORY, INCLUDING THE INTERIOR BAYS, PORTS, AND RIVERS. 

Topograpky, triangu.latu,;,,, and kydrography of the Oolumbia River.-Owing to the nooessity of 
repair to the barge Kincheloe, Assistant Cleveland Rockwell was unable to resume the survey of 
the Columbia River nntil the 5th of Augnst. At that date the river was still high, the bottom 
lands being flooded to a depth of three or four feet, and the triangulation points on low ground 
had all been swept away. These conditions rendering hydrographic work impracticable, Assistant 
Rockwell necessarily confined his operations t;o the t;opograpby, for which triangulation points 
were available upon the high ground near Columbia City and Saint Helen's. Work was com
menced at Columbia City and Bteadily prosecuted until the close of the season in November, when 
the shoot ext.ending from that place to a point several miles above Sa.int Helen's was oomplet.ed. 
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The sheet traverses the river so as to include the channels of Lewis River, Lake River, Willamette 
Slough, and Scapoosa Bay, and extends to the high lands on both sides of the basin of the 
Columbia. 

The character of the country embraced in the limits of this sheet is somewhat different from 
that lower down the river, particularly in the vicinity of Saint Helen's, back of which village is a 
large area of basaltic table-land, nearly fl.at on its general surface, but much cut up by abrupt 
gorges and l\,Wamp-holes in the solid rock. The surface of this rocky plateau elevated from sixty 
to one hundred feet above the river is nearly.denuded of soil and covered with moss and short 
grasses, with groves of scrub oak and fir around the ponds and through the swales. On the oppo. 
site side of the Columbia, between Lewis and Lake Rivers, are two or three square miles of very 
low country, consisting principally of mud fiats, through which project great numbers of rocky 
islands of many sizes and curious shapes. 

During the season Assistant Rockwell furnished to Lieut. Col. G. L. Gillespie, of the Corps of 
Engineers, in charge of the river improvements, such data as his party required in making detailed 
surveys and examinations at various points along the river. The statistics of the season's work 
are given below: 

Shore line of river, miles . - - . . . . . . . • . . . ... _ - - . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . 56 
Shore line of ponds and sloughs, miles . . . . . . . . . • . . . • . . . . . . . . . . • • • • • • . . . . . • . . 40 
Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . • . 139i 
Area of topography, square miles........................................... 21 

Towards the end of April Assistant Rockwell resumed field-work, and during the early part 
of the season was engaged in erecting . and determining signals for the hydrography. This work 
was much retarded by unfavomble weather and the necessity for heavy cutting to open lines of 
sight. During May six days only were available for sounding, owing to continued bad weather. 
These unfavorable intervals were spent in taking sextant angles and erecting signals. A tempo
rary tirle-gauge was erected and observations recorded. In June the triangulation was taken up 
and six stations were observed upon from Scapoosa Station. The signals destroyed during the 
previous season wer<l re-erected, and the reconnaissance extended for further work. Soundings 
were executed on three days. The work done lies between Columbia City and a point one mile 
above Kalama. 

Special topograpky of the Columbia River.-Assistant E. Hergesheimer has continued field and 
office work for the t-0pographica,l manual, gi\•ing special attention during the first part of the year 
to the forms of eroded eruptive rocks, as shown in the basin of the Columbia River, making for that 
purpose a detailed topographical survey of the narrow portion of the Dalles where many of the pre
vailing type forms are comprised within a comparatively small area. During the season, when the 
weather at the Dalles was unfavorable for work, Mr. Hergesheimer made a series of views for 
Coast Pilot use and for the first four maps of the Columbia River.<". He also made a trip of observa
tion of the topography of the Columbia River Basin as far as Walla Walla, of which he has made 
a detailed report. His report appears in full in .Appendix No. 7 of this report. Returning to Cali· 
fornia from Oregon, by the overland route, and thence to Washington, D. O., Mr. Hergesheimer 
inked his survey of the Dalles and views at the mouth of the Columbia River and continued the 
drawing of sample topography for the topographical manual and the preparation of a new edition 
of the "Treatise on the plane-table," besides such miscellaneous t-0pographical work as the assist
ant in charge of the office from time to time required of him. 

'I'riatngulation afl,i/, topography.-The triangulation and topography of Port Orchard and adjacent 
inlets and passe.ges of Puget Sound was continued by Assistant Eugene Ellicott from June 17, 
1880, to November 30. It was again resumed early in June, 1881, and was in progress at the close 
of the fiscal year. 

The triangulation of Port Orchard, including Dye's Inlet, Ostrich Bay, and Dogfish Bay, was 
executed in October and November, 1880. It extends from the south end of Port Orchard north
ward to a junction at the south end of Admiralty Inlet, with the triangulation executed in 1856. 

The topography includes portions of Case's Inlet, Hammersley's Inlet, and Eld Inlet, executed 



 

44: REPORT OF THE SUPERINTENDENT OF THE 

during the season of 1880, and a portion of a sheet of Port Orchard commenced in June, 1881. 
The statistics are as follows: 

Triangulation: 
Number of signals erected ..................................•..........•.• 
Number of stations occupied ............................................. . 
N um her of angles measured . . . . . . . . . . . . . . . .......................•........ 
Number of angular measurements of six repetitions.......... . . . . . ........ . 
Number of positions determined . . . . . ................................ . 

Topography: 

41) 

37 
216 

3,756 
40 

Shore line surveyed, miles . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . • . . • . . . • . . . . 130. 3 
Roads surveyed, miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... , . . . . . . . . 10 
Lines of level (on roads) miles . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Area of topvgrapby, Rquare miles.. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 63 

Hydrography of Port Discovm·y and adjacent waters, Strait of Juan De Fuca, W. T.-The hydro· 
graphic work, assigned at the commencement of the fiscal year t.o Lieut. Perry Garst, U. S. N., 
Assistant Coast and Geodetic Sun·ey, inch1ded soundings in Lower Hood's Canal and the entrance 
to Hood's Canal and the survey of Oak Bay, Kilisut Harbor, Port Discovery, and Washington 
Harbor. The schooner Earnest and a steam launch afforded the necessary transportation. 

·work in the localities mentioned was commenced in July and steadily prosecuted to the end 
of the following January, when work was suspended, owing to the necessity for repairs to the 
steam launch. Operations were again resumed iu May aud continued until the close of the year. 
At the end of June all of the work as before mentioned was completed, with the exception of the 
sheet including Port. Discovery and Washington Harbor, which was then well under way. Ensigns 
S. T. Brown and Henr.r T. Mayo, U.S. N., were att.ache<l. to the vessel during the greater part of 
the year and assisted in hydrograph;y. The statistics of the work are as follows: 

Number of angles measured ............•............................... 4,321 
Number of soundings.. . . . . . . . . . . .. . . . .. . . .. . . . . .. . ........•..... 14, 415 
Number of miles ru11 with soundings ............................•......... 598.17 

Recnnnaissance.-The reconnaissance for a primary base.line site on the shore of Boundary Bay, 
in British Oolumbill, was executed by Assistant Stellman Forney during the months of AnguRt,Sep
tem ber, and part of October, 1880. • The schooner FH tmtleroy was used for the transportation of the 
party. Previous to sending a party to that locality it was deemed proper to obtain tbe consent of 
the Canadian Gol'ernment for making the necessary examinations, erecting signals, and executing 
other work of the survey on that territory. Application was made accordingly to the proper 
authorities, and the desired permission was courteously granted, on the condition that in case of 
consequent damage to private ~roperty the owners should be duly reimbiused by the Survey. 

On October 15, Assistant Forney was recalled, the necessary funds not being available for a 
further prosecution of the work, and directed to return to Olympia and thence t.o San Francisco. 
At Olympia be remained for a sufficient time to attend to the sale of the schooner Fauntleroy, that 
vessel being found unfit for further use on the Survey. He arrived at San Francisco in December. 
Mr. P. A. 'Velker, aid, was attached to the party during the season and rendered efficient a.ssist
ance in the work. 

As the result of his examination Assistant Forney names three sites as available for a base· 
line. These are all on the northern shore of Boundary Bay, and within a few miles of each other. 
The first and most northerly site proposed is over a corduroy road, covered with six: inches of gravel, 
running from Ladner's Landing, on the Frazer River, to New Westminster, B. 0. Here a straight 
line of six and one-half' miles can be obtained, but the ground is unstable, and the disturbance is 
considerable, caust>.d by passing teams. The second site mentioned extends along the delta near 
the shore of Boundary Bay. A site of five and a half miles cau here be obtained, running over 
ground the surface of which consists of a layer of peat eight inches deep, underlaid by tough clay. 
The ground here is also reported as heing very springy and unstable. 

The third site examined by Mr. Forney is situated about three miles sonth from the second and 
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parallel to it, on the beach near the high-water mark of Boundary Bay. Here a line five and a 
half miles in length can be measured over a hard sand beach. The measurement of this line would, 
however, have to be made between the tides, which would never allow more than six or eight hours 
work on each day. 

Assistant "Forney reports that the rain;y season in this locality usually sets in about the middle 
of October; that after that time work would be retarded by rain and storms, and that southeast 
gales have been known to back the tides up to within a mile of the corduroy road proposed as the 
first base site. This woulcl of course floocl the other two sites proposed. The whole delta from 
Fraser River to Boundary Bay is a peat bog, which cluring the winter is covered with water, and 
remains so covered until the rains subside. The honse>s of the settlers are built upon piles four or 
five feet above the ground, and the snrronnding land is well dyked. Preparittions were in pro. 
gress to run ditches over the whole delta so as to secure drainage. 

S E C T I 0 N XII. 

TERRITORY OF ALASKA, INCLUDING COASTS, BAYS, AND RIVERS. 

Tidal observations.-The self-registering tide-gauge taken out to Kadiak, an island on tbe coast 
of Alaska, by Mr. W. H. Dall, was put up there at Saint Paul, ou a wharf of the Alaska Commer
cial Company, and has been run coutinnom;ly by Mr. "\V. T. Fisher. It was started in .A.ngust, 1880, 
and the curves and tabulated results for ten months~ which have been receiYed, are satisfactor.v in 
appearance. 

Coast of Alaslca.-Data for the Coast Pilot and for enlarging our knowledge of the variation of the 
compass, and other magnetic elements iu Alaska, heing greatly needed, Assistant Dall was directed 
to proceed to San Francisco, and t11e11ce to Alaska, the schooner Yukon being assigned to him for 
this work. At the request of the United States Commissioner of Fish and Fisheries, Prof. Spencer 
F. Baird, an attache of the Fish Commission, Dr. T. H. Bean, was permitted to accompany the party 
on the Yukon, for the purpose of collecting information in regard to the fisheries and material for 
the United States Census Office. 

The party was divided at first. Mr. Marcus Baker proceeded to Sitka on the May steamer, col
lecting information and making magnetic obsen-ations on the way at different stopping places, for 
which unusual facilities were kinc'lly fnrniio:he<l b~' Mr. P. B. Cornwall, agent of the steamer, Capt. 
James Carroll, commandiug, itud Pilot "William E. George. On arrh·ing at Sitka, Mr. Baker found 
that a party was about to be dispatched by Capt. L.A. Beardsley, U. S. N., commanding the U.S. 
S. Jamestown, stationed at Sitka, to the Ohilcat River (latitude 590 15' north, longitude 13."i0 30'). 
Mi;. Baker was invited to avail" himself of the opportunity of enlarging the field of. observation by 
accompanying this party, and accepted. He left Sitka ]\fay 20, and returned there on the 5th of 
June. During this journey in an open row-boat, which was attended with much discomfort from 
the inclemency of the weather and other causes incidental to such a trip, eight stations were >isited 
and much information gained in alldition to that already acquired on the steamer voyage from Port
land to Sitka. 

The schooner Y nkon was dispatched from San Francisco direct to Sitka on the 13th of May by 
Assistant Dall, who then followed Mr. Baker on the Jtme steamer for Sitka, collecting informittion 
for the Coast Pilot, the entire party coming together again at Sitka on the arrival of the steamer, 
June 7, 1880. 

After rating chronometers, &c., thP. party sailed from Sitka .Tune 16 for Port Althorp, Cross 
Sound, where observations for position were obtained, showing the charts to be in error to the 
extent of some ten miles in longitude of that station. From Port Althorp the Yukon successively 
proceeded to Port Mulgrave; Cook's Inlet (three stations visited); Saint Paul, Kadiak Island; N. 
W. Harbor, Shnmagin Islands; Humboldt Harbor, Slmmagin; Dolgoi Island; Belkoffsky; Lisy 

·Island; Unalashka; Saint Paul Island, Pribiloff group; and Plover Bay, Eastern Siberia, where 
chronometers were rated and magnetic observations made. The Yukon then proceeded through 
Bering Strait into the Arctic Ocean, stations being selected at Ca.pe Lisburue, Icy Cape, nnd at. Port 
Belcher. At this last station the pack-ice was met, preventing the party from reaching Point 
Barrow as had been intended, and the Yukon was directed southward, t-0nching at Kotzebue Sound 
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and obtaining observations off Cape Krusenstern. These observations on the Arctic coast were 
very important, showing a large discrepancy between the magnetic variation actually observed 
and that recorded on the latest charts of this region. 

On the 5th of September a hydrothermal section of Bering Strait was successfully accom
plished. On the completion of it shelter was sought from a gale in Port Clarence, where a station 
was occupied. On the 10th of September a station was successfull,y occupied on one of the Diomede 
Islands, Bering Strait, thus determining the longitude of the meridian separating the .American 
possessions from those of Russia. Plover Bay was then revisited, and the Yukon proceeded to 
Saint Lawrence Island, where bad weather prevented a landing being made; to Saint Matthew, 
where observations were secured in the face of great difficulties. From this time the weather be
came excessively stormy, and after two weeks of incessant gales, being blown away from the 
entrance t-0 Unalashka Harbor and narrowly escaping shipwreck, the Yukon finally obtained shelter 
in Uhernoffsky Harbor: U nalashka, d~ring a gale which depressed the barometer to 28.25 (tM 
lowest ever recorded in this region) and kept it below 29 inches for several days. Observations of 
importance were secured at Chernoffsky placing that port some twenty minutes of longitude west 
of its position on the charts. Unalashka Harbor was reached October 6, and the Yukon sailed for 
San Francisco October 18, and reached San Francisco November 6, after a stormy and tedious 
passage. During the season the party traveled some 12,000 miles and occupied forty-two stations, 
at which sixteen thousand observations of different kinds were made, and sufficient materials for 
a magnetic cliart of the .Alaskan region were obtained. 

SEOTION XIII. 

KENTUCKY AND TENNESSEE. 

Astronomical.-As mentioned under the head of Section II, Mr. Edwin Smith, before taking 
the fielll for telegraphic longitude work, proceeded to Greenville, Miss., to determine the azimuth 
of the base measured near that place by .Assistant C.H. Boyd. After the completion of that work, 
Mr. Smith went to Louisville, Ky., and determined the azimuth of the base measured during the 
preceding season by .Assistant G . .A. Fairfield. 

When this work was finished, Mr. Smith returned to WaRhington, D. C., to arrange for the 
operations of the coming season. He was assisted at Greenville and I,ouisville by Mr. Carlisle 
Terry, jr., Ai<l. 

Reconnai.vsance in Kentucky.-Field operations in Kentucky were resumed early in July. Mr. 
C. Schenk in charge, devoted the season principally to a thorough examination of the country lying 
between the measured base nea.r Louisville and Salt River, for the purpose of determining the most 
economical plan to reach the line Riley-Mountain Top, which was the indispensable geodetic base 
for the Kentucky scheme heretofore laid out. .After the erection of high tripods at Williams and 
Prospect Stations, and the exhaustion of all the methods known in reconnaissance to test the inter
visibility of points, it was finally ascertained that the line connecting the two stations was imprac
ticable. 

Under these circumstances, Mr. Schenk examined in detail the escarpment on the Indiana side 
of the river, and finally succeeded in finding an intermediate station which would complete the 
quadrilaterals terminating on the desired base. .After the settlement of this question, the different 
stations were marked and described; tripod signals were erected at two of the stations, and a re
counaisance was made to Jeptha. Field-work was suspended toward the close of November. Mr. 
Schenk was confined to his room by sickness for about a month in the middle of the season. 

Triangulation in Tennessee.-In the last .Annual Report it was stated that at the close of June 
Professor Buchanan was making observations from the capitol building at Nashville, for the pur
pose of connecting the astronomical station in the University grounds with the scheme for the 
Tenne!<see triangulation. During the season commencing July 1, Professor Buchanan completed 
the series of observations referred to above; occupied< and finished three other stations, Bennett, 
Short Mountain, and Hall; and re-oecupied Jennings to obtain the dirootion to Bennett, and to a 
new station designated Apple. About the middle of the sea.son he erected two additional tripod 
signals, one at Apple, and the other at Mount Lore. The quadrilat.era.ls so far formed are of excel-
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lent proportions, and the checks well distributed. Tim longest line observed was about 41 miles. 
Heliotropes were necessary for some of the lines. The field-work was closed and the party di -
banded on October 12. The operations of the season connected the astronomical stations of Nash
ville and Lebanon. Field statistics: 

Signals erected. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... - . . . . 2 
Stations occupied ....... .- .............................. - ................ -. . . 5 
Directions determined _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Horizontal observations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 827 
Vertical angles. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Vertical observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . 860 

\Vork was again resumeu in June, and the reconnaissance was extended before the close of the 
fiscal year. 

SECTION XIV. 

OHIO, INDIANA, ILLINOIS, MICHIGAN, AND WISCONSIN. 

Triangulation in Ohio.-Prof. R. S. DeYol resumed the reconnaissance for t11e extem;ion of the 
triangulation.in Ohio on July 1, and closed the field-work 011 September 4. On the Uth he returned 
to his duties as professor of mathematics in the university at Athens. 

It was intended to have continued tlw scheme northwardly from Columbus, but the flat and 
heavily-timbered lands of Franklin, Delaware, anu Morrow Cou11ties remlered this direction im
practicable, except at very great expense. Hence, takiug- ad nwtage of the hills reg-ion 11ear the 
western sources of the Muskingum River, Professor Devol started from a liue established during 
the preceding season in Licking County, about twenty-fiye miles east of Columbus, and from that 
base worked northwardly, laying out a scheme as far as the southern boundary of Huron County. 
Here, again, the knobs and other eleYations ceased; and after a thorough examination of the 
intervening thirty miles to Lake Erie, he was forced to the conclusion that a connection with th1~ 

lake could be made only by the employment of nnusunlly high tripod8 and scaffolds. It should be 
added, however, that. in his belief the triangulation may be continued east or west. from the present. 
termination of the seheme in R.ichland County. 

The net-work of proposed geodetic points laid out this season consh;ts of twelrn stations, 
forming six quadrilaterals, with sides varying in length from seYen to twenty-one miles. 

Astrorwmical.-In the spring of 1881, Assistflut G. W. Dean, with Mr. F. H. Parsons as Aid, 
was occupied in visiting and erecting astronomical obseITatories a.t severa.l points, preparatory to 
continuing the regular determinations for telegraphic longitudes. 

Near Cincinnati, Ohio, a site for the observatory was selected at a locality about seven miles 
from the city, and in 'the vicinity of Mount Lookout. Before leaving Cincinnati arrangements 
were well advanced for the favorable prosecution of the longitude work. These operations were 
greatly aided by the facilities a:fforded by the V\Testern Union Telegraph Company, who furnished 
labor and material for the connection by telegraph of the new observatory with the main lines of 
wires running into Cincinnati. · 

Magnetw observations.-In carrying out the regular scheme of magnetic observations in Section 
XIV, SubMsistant J. B. Baylor determined the three magnetic elements and the approximate 
geographical position of his stations at the following places: In Ohio, at Cincinnati, Athens~ and 
Cleveland; in Michigan, at Grand Haven, Mackinac, Sanlt Ste. Marie, and Ontonagon; in 
Wisconsin, at Superior Oi1!.1; in Indiana, at New Harmony, Indianapolis, Richmond, and Vincennes. 

Triangulation in Indiana~-The reconnaissance for the triangulation of Indiana was resumed 
by Prof. J. L. Campbell early in July, and continued until October 20. 

Starting from the line McCarlin-Irvington, in the vicinity of Indianapolis, the country to the 
northward as far as the boundary of Michigan, a distance of one hmulred aud twent;r-six miles, 
was carefully examined, and a preliminary net-work of triangles laid out, terminating on a proposed 
site for a base of verification, near the northern boundary of the State. The scheme consiRts of 
twelve quadrilaterals and one heptagon, with sides varying in length from six and one-half to 
nineteen and Oll0-half miles. On that part of the above route lying between Castleton and the 
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Wabash River a second series of quadrilaterals, eight in number, was located further to the 
eastward and along the line of the Indianapolis, Peru and Chicago Rail way; and this special 
series is preferred by Professor Campbell, on account of the facilities for transportation. 

The country over which the reconnaissance extended was found to be generally level, there being 
no dislocations of strata by upheavals, aud consequently no elevations except such as are produced 
by tile action of surface water. Moreover the laud is covered with a forest of high trees. The 
selection of points was made chiefly by careful barometric observations for differences of heights, 
in connection with a study of the water-courses. The only method to be adopted in a section of 
country of the character described is the erection of high signals and observing tripods: the average 
height of which, according to Professor Campbell, must be about one hundred feet. 

'Triangulation and reconnaissance in Illinois.-At the outset of the fiscal year the c-0ntinuation 
of the primar.v triangulation eastward along the Thirty-ninth Parallel in Illinois was intrusted to 
Assistant G. A. Fairfield. 

It. was arranged that the reconnaissance should at the same time be continued to the eastward 
b~· Assistant F. W. Perkins, from the terminal points of the scheme previously adopted. The pre
limirnuy arrangements having been made in June, field-work was well under way by the 1st of July, 
The whole of t,hat month and a port.ion of August were spent in the erection of the necessary tri
pod sigmtls. 

The actual work of observing was commenced 011 Augtmt 13, at tl1e station Clarke's Mound. 
After tlii:-; the stations Sugar Loaf and Turkey Hill were occupied. On October 21, Mr. Isaac 
·wiustou, Aid, who had rendered efficient service in the party, wa:-; detached and ordered t<? duty 
i11 tlte leYeliug part.y of .A.ssistant Andrew "Braid 011 the l\Iississippi Uiver, and at the same time 
Aissi:staut l'erkius was ordered to close his reconuai:ssance antl to joiu the part~' of Assistant .Fair
field for the continuance of the triangulation. 

Obserrntions at Turkey Hill were completed ou November 6. Observations at Dre.rer, the next 
;;tatio11 occupied, were delayed b,Ynnfavorableweathcr, and were uot closed until the 6th of Decem
ber, when operations were suspended for the seasou. 

'l'be weather during the early part of the work was generally favorable, but during the months 
of October and November observations were much retardetl b,Y nnfaYorable condHious of the atmo
sphere. On October la a Yery severe gale of wind, accompanied by rain, set in and continued for 
nearly three dayis. lu this gale the tripod arnl scaffold sigual at Geoffry and tlie lofty gas.pipe 
pole at Parkinson signal were blown down. O!Jservations of double zenith distances were made 
throughout the season upon as many signals as practicable. The statistics of the work are as 
follows: 

Number of tripod and scaffold signals erected . - . . . . . . • . • . . . _ ... _ - . 7 
NumbPr of stations occupied .. _ ... _ ............... - ........... - ....... - . 4 
Number of primary signals observed upon . _ .... , . . . . . . . . . . . . . . . . 7 
N um her of secondary objects . . . . . . . _ . . . . . - _ ....................... - . . . . . . . 17 
Number of obser\'ations for horizontal directions ....... - ...... - ............ 1, 269 
Number of observations for vertical angles..... . ........... _ . . . . . . . . . . . . . . 566 

'l'he reconnaissance executed by Assistaut. Perkins between July 11 and August 11, and between 
A ngnst 27 and October 24, was successfully carried from the points Hoile and Geoffry to the Wabash 
Hiver, including about one thousand eight hundred square miles of country. The topography of 
tl1e State 01 Illinois along the Thirty-nh1tb Parallel is very uniform. Betweeu the bluffs east of the 
Great American Bottom and the Kaskaskia R.iverthe surface is 81ightly rolliug, but east of the Kas
kaskia it is nearly level, except where the streams in their souther!~' course have swept away the 
li.;ht soil, leaving wide flat \'alleys or bottom lands. 

l'revious to commencing the recon11aissance, Assistant Perkins collected all available informa
tion in regard to heights, &c., throughout this region. The best maps of the country were then 
ohtaiued, and upon them the watershells were approximately laid down. Trial figures were then 
laid out, the points to be occupied resting upon the dividing ridges and the centers of the longer 
lines made to foll in the river and creek bottoms. The highest land near each of these trial 
points was then found, it.s approximate height above the sea level determined, and an examination 
made of the country lying between .any two of these trial points. From the data thus obtained, the 
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heigl1t of signals required at either end was computed, and any neeessary changes made. Aftt>r 
this the accuracy of the results was tested hy ohserviug from temporary Rig:nals. Thirtee11 primary 
points were thus selected. Of these, two hall heen occupied by officen; of tlle United StatP8 E11gi
neer Corps in 187!). 

Provision has been made for co11necti11g this scheme wiUi that of the E11g-i1wer Corps, wl1id1 
extends southward from tlw Lakes, and with the base line measured hy them in Jasper County. 

Triangulation in Wisco1isin.-Field-work i11 Wisconsin was commenced early i11 .July awl was 
closed by November 1. The report of Prof .• J. K Davies for t11e season sl10ws a very satisfactory 
progress in the geodetic work. Four stations were occupiPd-Harker, \Valdwiek, Gratiot's Gro,·e, 
and Sherrell. At the last two stations ob8PrYation8 for an astronomical azimuth awl latitude Wl'l'(' 

made. The general progress sketch will show the Iocfllities of the work, and tlte following stafo.;tics 
its character and amount: 

Observing scaffolds and tripods erected __ . . . _ . . . __ . _______ ... _ .. ___ . _ . _ 
Signals erected ....... __ .... - . - ..... _ ...... - ... -• - .. - - •.... - - ...... - - ... - . 
Stations occupied .•..... _ ... __ ....... _. - ... __ . _. _. _.. . ...•..... _. _ •.. _ .. 
Pointings for horizontal angles _ . _ ..... _ .. _ ... _ ........... _ ..... _ .... _ .... . 
Repetitions for vertical angles _ .. _ ... _ . _ ..... __ ......... _____ . _ .... __ .... . 
Stations occupied for time, azimuth, ancl hititude. __ ...•. __ •...... _. _ ..... . 
Measurements for azimuth .. _. _ ... _ _ .. __ ....................•. __ . __ ... _ .. 
Pairs of stars for latitude . . . ..... ____ .. ,, .... _ . _ ......•... _ . _ ............ . 

4 
6 
4 

4,656 
684 

2 
480 
81 

Magneticobsen,ations.-At the Madison ObRerrnt.ory the annual magnetic observations for abso
lute values were made by Mr. David Mason, who occupied for scyeral days two of the old station8. 
The differential observ:itimrn were continne1l hy l\fr. Mn1w11 until November 11, 1880, wl1en he re
signed and Dr .• J.E. Davies took temporary ehargeofthc observatory. In conseqneuce oft.Ids clrn11gP 
some interruptions took place, in part tluP to 1li flicn lties in t.lie illumination :wd chemical process, and 
in part referable to the instruments requiri11g re:uljust.mPnti;;. In conseqnenee, Mr. 'Verner S1wss 
was dispatched in May, 1881, to the ohRerrntor.r to rf'ctit\· existing detects, and since Dr. Da\'ies' 
engagements with the university and the Coast, and Gemlt~tic Survey would 11ot permit. him to 
dernte the needed time to the obsenator_y, 1\fr. G. W. Suess was placed in cltargP of it on l\iay 17, 
and couti11ne1l to tlw close of the fiscal year. 

S 1<~ C TI O N XV. 

MIS80URI, KANSAS, NEBRASKA, IOWA, DAKOTA, AND MINNE80TA. 

Primary triangulation.-At the commencement of the fi8cal year, Snbassistaut· B. 1Y. Blair 
was in the field engaged in the extension west.ward of the primary triangulation in Missouri. Tt11~ 

station first occupied was High Poi11t. On the 10th of Jnly Assistant F. D. Granger joined the 
1mrty. Ile co-operated in the work until obscrYat.ions at that station were completed on July 18, 
when he assumed charge of the part.J·, l\lr. Blair being transferred to office duty in Washington. 

In addition to High Point, six other st.ations were occupil•d during the season, namely, Hunter, 
North Base, Hughes, Heard, Cole, and Hubbard, in the order given. The first, Hunter, was also 
occupied astronomically. At this station seven primary and two secondary objects were observed 
upon. For latitude twenty-three pairs of st.rirs were observed upon five nights. Azimuth was also 
observed and referred to North Base. 

On August 14 the camp was moved to North Base, and observations were begun August rn 
upon seven primary signals. ·work at this t-itation was closed ou August 31, wheu the party was 
transferred to Hughes, a few miles west of Versailles, Morgan County. The signal at Hughes being 
over one hundred feet in height and built of t.wo-incb planking·, its occupation was attended by 
considerable difficulty. These were, however, m·ercome hy the use of guys ancl canvas screens for 
the protection of the tripod. Pine weather facilitatecl the work of observing, and the field compu
tation gives good results for the work at this station. 

On account of the height of the signal at Hughes and its exposure to injury, it was tleemecl 
advisable to close all observations on that st.a.tion before occupying the stations Hubbard and Cole. 
The line from Heard to Hughes requiring the full height of the signal at the latter station, the 

S.Ex49-7 
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party was moved to Srnlalia on tile 28th of September, the camp equipage being left at Tipton, 
mmr Uole. At Heard the only primary }Joints to be observed upon were Hubbard, Hughes, aml 
Hchnackcuhcrg. vVork at Beanl wa:-; co111plete<l 011 Odober 7, and on the 8th tlw party and camp 
wer(' transfPrrml to Uole. 'l'his station waR occupied from October 12 to 25. Tlie obscrnttions of 
hori:r.ontal directions arnl micromctric diffcrcnccR at Cole were made hy Mr. Carlisle Terry, and the 
:r.e11ith distauc!'S hy Mr. T. P. Borden. 

By Oetouer 2!I (•amp was transferred to Hubbard, :md operations commenced. Mr. Terr,\· 
was then detadwdfrom tlie party arnl orderf•d to report to A8sistaut U. H. Boyd, at BreenYille, 
:!\liss. 

Ousffnttions at II11bhard were closetl 011 November Hi, "·hen the party was disbanded. 
Mr. UarJi;.;le 'l'erry, ,ir., and 'l'homas l'. Borden ha Ye heen lllentioned iu couuect.ion with the 

party. Their RerYi<·e waR marked by faithful aml i11klligf•11t work, contributing greatly to tlie 
adntucPmPnt of tlw triangulation. The general statiRt,ics of tlie season's work are appended. 

N mu her of stations occupie(l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (j 

Numht>r of ohservatiom;, lwri:r.outal dirPciiom; ........... , . . . . . . . . . . . . . ... 2, !)74 
Number of observatious for micrometer difft•re11ces ......................... 1, 313 
Number of observations for :r.enith dista11ces.... . • • . . . . . . . . . . . . . . . . • . . . . . . . 242 
N urn her of ohserrntious for time (poi11tiugR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 576 
Number of ohservatiom; for latitude...... . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . 238 
Number of ohscrvatio11s for azimuth . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 271> 

M11r1111·tic oh.~crnntio11s.-l11 co11tim1ation of the magnetic imn·e~·, Sul1aRsist.ant J. B. Ba;ylor 
determined tht> thn•e magnet.ic t·le111(•11ts arnl tlw approximate gt~ographical position of 1th; Rtations 
at tl1e following places: Iu l\li1111t'sota, at Brainerd, Gl,yudon, Fort 81wlling, aud ·neron Lake; in 
Dakota, at l'em hi11a, .la11H_•stow11, Bismarck, aud Yanktou; in Nebraska, at Omalrn; iu Iowa, at Du
hm1ue. 

On Deeemher 1J Snhassistaut Baylor elosed tiel1l opemt.ions aud rt>turned to 'Yashington 
with Uw records a.JHI co111putatiow; of his season's work. 

SEU'l'lON XYI. 

COLORADO, NEW MEXICO, ARIZONA, lJTAH, AND NEVAtlA. 

Primary trfrrngulation e<111tw11ri111lollf/ the 1'kirty-11inth l'ar11Uel in Ne11ruln, and 111agnrtfo ol>.~erra

tfon.Y.-At the opm1iug of tlrn fiscal year, .Assistaut vVilliam Eimheck was engaged in the occupation 
of Carson Sink Station in Nent<la, for the extension eai;;tward of tlie lH'in1ary triangulation bast>d 
upon tlw great Da\"idso11 qua(hilaterals. 'l'he eleYation of this station is approximatels nine thou
sand ft•t\t above the l1•vel of the ,..,ea. Heliotropes were stationed at, Oor_y'i; Peak, l\Iouut Oallahan, 
Arc Dome, Oenoa Cone, and Pah Ifah, a.ml the mmal obserntt.ions were recorded for hori:r.ontal aud 
Ye rt i1·al a11gles, and al8o for latitude, time, and azimuth. 

Numerous secondary aud tertiary points were ob:-;en·ed upon. After the conclusion of obser
Yations at Uarsou Sink, the party was transforre.il to Arc Dome, the highest peak so far occupied 
along tht• tltirt,y-ui11th parallt:>l, being about tweh·e thousand feet above the sea. Here work was 
retarded hy Rmokt\ and haze, hut a good series of observations was fina1ly secured. 

At J,m1t>, Mountaiu, the last station occupied during the season, oh.11ervatio11s were <mmpleted 
on lle1~1\11tlwr Ii, and the 11art.,y was tlum 1liRhanded. 

During the winter Assistant Eimbeck was engagt'd in computing tile results obtained during 
the season. 

garl.r iu the following spring Assistant Eimbeck wa.'l instructed to commence a series of 
11utg1wtic oh8errnt.io11s at. points in California~ Ncn1.<la, and Utab Territory. '.rhis work was begun 
ou the 28th of Marcl1, and successfully prosecuted until the latter part of :May. The three magnetic 
elements, aJHl the approximate geogmphicttl posifions, were determined at seventeen stations be
tween San Franeisco and Halt Lake City, and the stations occupied were marked and described 
for future reference. 

In June arra.ngemeut.s were made for resuming tile work of triangulation. The station at 
.Mount Callahan (about nine thomiaud feet abo\Te the sea) was prepared for occupatiou, aud obser-
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vationi.; were under way at that l'tation at the elate wheu thil'I report clor;eR. 1\tr. Eimlw(jk war; 
assisted in all his work 11,v l\Ir. KA. l\larr, Aid, who perforrnecl his duties very acceptahl~-. 

Primnry trian_qulatfon mstward from the Bl Paso /Jnse.-Having· he1'11 direde<l to resu111e tlw 
extension of the triangulatio11 in Colorado eastward from Uw J<JI J'aso haNe-li11e 1111easnred hy hi111 
cluri11g the precediug sea.-;on, A:s1-;il'\taut 0. H. Tit.tmaun proceeded to Uolorado 8pri11gs towards 
the end of.June, ll-\80, antl them org-}mizP1l a party for that. work. 

At the close of the pn'<'.ediuµ; i'\llll\Hwr a line. of h~Ych; hall llee11 partially completed h1~tw1w11 t.he 
\Vest Base mo1111me11t of the Bl Paso Hasn arul the track of t,lw llenn~t· a.ml Rio G-rattde Rttilroad 
at Colorado Springs. The first opera.J.io11 of the ;wao;o11 wa.;; to ti 11i;;h thio; work. Tlie lwight of 
Colorado Springs is determined hy a liue of railroad 11•\"t>ls from Dem er, the t'levation of which 
point above the mean tide of the Atlantic is kHown with cousiderable accnnwy from a combination 
of railroad }(Weis. 

'fhe work of ob;;erving horizontal angks was com111erwed at tl1e t-:tatio11 Holcolm Hillt-: 011 .1uly1, 
and continued at that station trntil the Fith of Augnst. l\Iucl1 difficulty in ohst•r,·ing was experi
eneed, owing to the ]ll'e\·alence of high winds. On account of tl11· dhratiou of the dPvated ohserT
ing ;;caffold, due to thi;; causP, it was lleP111etl acf\·isahli\ to nse the metl1rnl of r·t>.pl'titiont-: ino;tead 
of directiom; in obseiTing the augle;; at. thil'I station. HetweP11 Augw;t Hi and Septemher :!!I tl1re1· 

audit.ional stations were OCCllflietl, ,-iz, Big· S11ri11gs, Ura11u'r's c;nfeh, and Square Bluffs. 
The observations at the succ1~edi11g statio11, Holt, wel'e dt>layed hy nutl1\'orable weatber, hegiu

ning 011 October 10 with a snow l'llor111, which lasted with seYerity for three cl<lys. The m•xt station, 
Hngo, was re;tcl1ecl 011 tire !!fat of October, and aftt•r f\n1 adclitio11a1 ;;ig11als hacl he1·11 ''rcctf'1l to 
tlw eastward the 11ecessary aug-Je;.; \H•rti 1111•asnrerl. A snbsidiaQ· .~tatio11 was t·st;1hli;.;Jwd and 
occupied to tht~ 11ortl1westward of ll11go Rtatio11, h,Y me1urs of whiC'l1 Sl,\'l"T'lll lrollf>l'8 iii tilt' 1ow11 of 

Il ugo were eonn<>etecl with tl1e trim1g·11h1tio•1, arnl Noon after the party was clishamled. At all the 
F>tation:s botl1 lwrizontal arnl ,-erti1•al au.i.rlPs Wt'l'P ob;.;ern'<l. Owing to tlte fact that tlH· Nig-11alN 
were. in general Yisihle mlly Parl:v aut1 ]ah', the Yt>rtiP:il rnir•ror11etric clift'ereiu•(•s of zenith dista11eeN 
coulcl lie measured only at the times of dn:'-· 1l11ri11g- wl1ich the rPfraction iN 8uppost>cl to he rnost 
,·ariahle and nncert.ain. Nl'\'ertheleR;; the eol·tlicient of refraction de<luce1l from tlle reci11rneal 
observatio11s of Ymtical angle;; gi\'cS remarkably ;;mall ,·a1L1e;;, ra11gi11g from .O:! to .0;). 

Messrs. John E. J\leGmth aJHl 0. 1". Hird, Aid,;, remlere1l ac,ceptable smTice i11 the party dnri11g 
tlw season. 

COAST ANH trnmmnc SUHVEY OFFICK 

In the operations of the office, of which a;; heretofore I haYe liacl special elrarge, while the 
speedy discussion a11d pnblieatiolt of tidd reo;nlts has been kept Rt>l•a<.lilJ iu Yiew as one of the maiu 
ol~jeets of its organization, careful attention lias been giYcn during the :'-·ear to the exte11Rion of 
mechanical fadlitel:-\, to the study of improH1d foruu; of iustrumeuts of }Jrecisiou, aml to t'Xperi111ental 
researches involving the determination of ph.')sical constants applica.hle to the processes of geodesy. 

Assistant I~dward Goodfellow render1id aid thmuglwut, the year in execntin1 duty, awl in the 
preparation for publication of the annual reports. 

Iu order t-0 meet the iucreased dcurnrnl for nrnps and <~harts, it hccame necm;sary to e11largc 
the printing office hy the building of an a.nucx, awl the establishment of a 11cw press of large sizt'; 
tliiR work was completetl aud the uew im~ss iu operation early in Decemlwr. 

'£he adaptation of a room iu the uort,heast part of the basement of the office for comparison;; 
of base-bars was completed according to the plans of Assistant Schott. In this room were huilt 
up from the ground the brick piers aud supporto; for the meter h:ns, standards, and comparators; a 
new floor was laid, isolated from the piers; sudden changes of temperature were guarded against 
hJ· double sashes to the windows; uniformity in the fomperatures of cornpariso11 w:ts maintained 
by immersing the bars in a tank filled with glycerine, and connected with a heating aud cooling 
ap1)ara~us. The tank wa.s armngetl to be moved easily and rapidly upon frames or carriages 
running over iron rails. 

These facilities were made available for the comparisons for the deteJ.'.miuatiou of length of the 
new five-meter primary base apparatus, the construction of which, as designed by Assistant Schott, 
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was completed in June, 1881. A full account of these comparisons with descriptiom;of the metl10ds 
and apparatus employed has been deposited in the archi,·es. 

The work aClmmplished ma,y be summarized as follows: 
1. The construction of five steel meters with plat,inum-iridium contad end15, and the compari

sons of each of these meters with the stamlanl meter of the survey-the committee meter of 1799. 
2. The determination of the coefticient of expam;iou of each meter. 
;~. The comparison of the two five-meter ,8tandard steel bars with the joint length of the five 

melers. 
!. The determination of the coefficient of expansion of the two five-meter stawhtrds. 
5. The comparison of the bars of the five-meter base apparatus. 
G. Determiuation of the constants of the Bessel-Hepsol<l comparators (Nos. I and II), and of 

the Fauth & Co. screw level comparators (Nos. III and IV) and observations for scale values, and 
determination of the corrections of the thermometers used in the comparisons. 

It may be J1ere stated that a comparison will be made between the six-meter iron standard, 
nr)on which depend the primary base lines heretofore measured, and the joint length of one of the 
new five-meter standards and one of the single meters. 

These operations lmYing been completed, on the 25th of ,June the new base apparatus, after 
in8pectiou by the Superintendent, was packed for transportation to California, where its practical 
working qualities will be tested in the measurement of the Yolo Base. 

ImproYemcnts already matle, aud others pn~jeeted in the eircular graduating engine, demanded 
incrcase«l Rpace and a more steady water power f'C)r tlwir 1wo11er iqiplication; l1ence a room of larger 
size a1l,ioining the comparing roolll was carPfully prepared for it, and the 8Upply of water maiutainetl 
by a resen·oir upon the floor abm·e. The e11gi11e was mounted iu lfoorn No. 7 npou a fouudaLion of a 
snbstantfal character s1iecially lmilt for it Its automatic part was arranged 80 that as soon a8 the 
la8t line of any graduation was cut tlw water wai-; slmt oil' and t11e motion stopped. In order to 
secure a uniform temperature of HS0 I•'., which is Uw temperature of gm1luatiou, an automatic 
heat rngulator was devis<·«l to limit the amount of gas to be burned for heati11g purpose8. .Much 
time was also give11 to the consideration of the b<·Ht method of ohtai11i11i::- au automatic arrangement 
for the correction of the errors of gradnatiou. The ceuteriug-apparatus wa>: greatly simplified, and 
its working is uow entirely satisfactor~·. The plaus for these improvemonts were d1wised by Mr. 
Saegmuller, chief mechauician, in consultation with myself, aud for their successful execution 
much credit is due to him. 

Mr. Saegmuller's "solar attachment" to the ordinary surveyor'8 tran8it deserves mention here. 
It consists of a second tele8cope mounted upon aa axis perpendicular to the main telescope and 
provided with a level by which the parallelism of the two tele8copel'! may be readily determined. 
The 8maller tele8copc having been set so that the angle between the two is e'Iual to the declina
tion of the sun for the time of observation, the tra1115if tcle1mopc cau then be set to the latitude of 
the place, and by turning the two telescopes iudcpendent.ly of each other on their res1rnctive axes 
the snu can be brought into the field of view of the small telescope, irnd the larger telescope will 
then be in the 11lane of the meridiau. vVheu these successive. adjustments have been carefully 
made the true azimuth of the sun eau be determined within one minute of arc, a degree of accumcy 
much gTeater than can h@ reached witlt the orditrnry solar compass. 

During the ytiar I availed myself of the aid of S(Weral field officers, temporarily assigned to office 
duty, for the prosecution of iuvcstigrttions relating to the operations of the survey. 

Assistant G. A. };'airfield, upon reporting at t.l1e office about Um middle of' March, began the 
collection of material available for the prosecutiou of his field-work during the coming season, and 
familiarized himself with the practica,1 working of the instruments to be naed. Towards the end of 
April he was detached to take charge of a primary triangulation party. 

As8ista.nt E. Hergesheimer reported for office duty in May, and was directed. to take up the 
preparation of a "treatise on the plane table." He studied, in relation to this, the best mode of 
dividing telemeter rods, making a st~riC8 of comparisons of the results of telemeter and micrometer 
distance measures. Towards the eml of J nne he was assigned to the charge of the office division 
of topography upon its prospective organization during the early part of the ensuing month. 

Assistant S. 0. McOorkle, upon his assignment t;o office duty in Febrnary, began an exa.mina-
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tion of the topographic sheets registered in the archives, with special reference to their need of 
repair, amendment of titles, and condition of completeness in conformity with the present require
ments of the Snrve,y. He had examined upwardi; of eleven hundred sheets up tothe time of being 
detached for field-service in the month of .Tune. 

Assistant .J. J. Gilbert reported for office duty in ,January, and was assigned to the computing 
division. He remained in the office till early in May, and, when not occupied in computing, aided 
Mr. Schott in the comparison of staudardis and IJase-lmrs. 

Assistant F. W. Perkins was attached to the office during February, March, aml April, and 
was occupied in an examination of theodolites Nos. 15, 16, 93, and 100; in making plans and esti
mates for tripod and scaffold signals ; in making a i;eries of practice observations for time and 
latitude, and in the collection and preparation of material for the field-work which he took up in 
the month of May. 

Assistant 0. IT. Tittmann, upon his assignment to office dut~· in January, wa8 directed to 
examine the records of explorations of tl1e Hnlf Stream, made under instructions from Superin
tendent. A. D. Bache, with a Yiew of preparing for publication the results already compiled, and 
such others as need compilation. l\lr. Tittmann completed this work towards the close of March, 
and during April made such spPcial investigations as were from time t-0 timt\ intrusled to him. In 
l\lay he began a description of the methods of preciise leYeling as followed in the Survey, and fin. 
ished it before taking chf1rge of a field-party in June. 

Assistant Edwin Smith, soon atl.Pr reporting for office duty in October, made a series of com
parisons of the st.op-meter of the Saxton dividing-machine wit11 the committee meter, and then 
prepan·d a room fort he reception of istand:ml balauces. He weighf'd aud adjusted a 11umhe1· of the 
brai;s kilogramis aud lialf kilograms intemled for distribution to the States, and computed results of 
the final weighings; tt>sted the new Trot>mnrr halfkilogTam llalauce; rHised p11pers recein>d from 
the Warden of the Standards, Lo11do11, containing record of the weighings of the United States 
Arngo platinum kilogrnm with Hie J\liller kilogram, and the determination of the densit.\' of the 
former; compared six uew stet>l yanll'i; eompared the Rogers provisional bronze ~-ard with tJ1e U 11ited 
States standard yanl hro11ze No. 11, and, with the aid of Prof. "\V. A. Rog·ers, of Hananl Colleg·e 
Observat-0r,y, made compai·isou,; of hro11ze yanls (Pratt & Whitne.Y Nos.land 2) with RtNwdanl y:wd 
bronze No. 11. Before leaYiug the office for the lidd, early in Mardi, he prepa,red the telegraphic 
longitude instruments for field use. 

Assistant Andrew Braid reported at the office iu l\fay, and was direct.ed to make a series of 
observations for the determination of the cof\fficient of refraction upon lines of level over the 
Potomac River. He deduced the results of these observations, computed the leveling work between 
Atheiis, Ohio, and Mitchell, Ind., and determined the inequality of pivots of mic_romet.er levels 
Nos. 2 and 3. 

Subassistant H. W. Blair, upon reporting for duty about the middle of August, was employed 
in a comparison and examination of' standards, and in a revision of records aud reductions relating 
to comparisons of ~eigbtH and measures. He also informed himself fully in regard to the plans 
for a new base apparatus, and prepared himself for assisting l\lr. Schott in itH construction and 
verification. In this work, and in the comparisons of the standards and base-bars, his time was 
chiefly occupied. He made intercomparisons of' Kew F:i.hrenheit thermometers Nos. 966, !H>7, U68, 
969, 970, 971, 18411, and 21467; compared the Saxton stop-meter with Berlin brass met.er No. -19 
and with the Arago platinum meter, and attemledto some general work relative to st~ndard weights 
aml measures, including the standarding of a set of alcoholometers for the Internal Revenue Office. 
In June, having completed the work assigned to him in connection with tbe construction and com· 
parison of the new five-meter primary base apparatus, Mr. Blair was ordered to field-duty. 

Mr. F. H. Parsons was engaged upon-office work from the beginning of July till the close of 
February. He compared the six-meter base-bars Nos. 1 and 2, and 3 and 4; also the four-meter 
~nda.ry base-bars Nos. 9 and lo, and duplicated the record of these comparisons; compared 
twelve thermometers with the standard; examined and adjusted two spring governor chronographs, 
examined twelve-inch theodolite No. 131; compared sixteen gauges for the Ordnance Office; com-
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pared four-meter base-ham Nos. [j and 6, and com1111tc<l results of the comparisons; examinPd the 
graduation of the limbs of theodolitPR Nos. ~!I, !l8, J;tJ, arnl 1a;i, and assiRted Mr. Blair in the com
parh:;ous in which he waseugagml, and in the determination of the value of tlte Rcrew of the Hilganl 
field hwer comparator No. :t On the !Rt of ,Jamrnr:v he wa8 assigned to duty in tl1e computing 
division. 

l\fr. E. D. Preston wa8 Pmplo_\-e(l npon special offi(·e-work <luring tlw mnuth8 of .July, Angnst, 
and Sept,ember. He eompared 1;eeo11dar.r base bar1; Nm;. 1 and:! with the stamlanl.'1; re-examined 
t11eodolitti ~o. 107; re\'iewe!l a rPport npon tlie 1knsit.it»'\ of the waters of Chesapeake Ba.r; made 
an examiuatiou of the Trough ton & Simms vertieal circle No. 46, after it,s re-gTatlnation; ai<lt'd in 
the comparison of hase bars 3 and 4, arnl !I and 10, arnl malle au Pxiuniuation for ecceutricit,_y of 
theodolite No. 130. Ou tlu~ ~Ht11 of 8cptemher he waR al'l1'ignrnl t,o field serYice. 

Mr. "'· B. Fairfiel1l, on office. 1lnty during April, wm; employed in ai(liug Mr. Saegmuller in 
bringing· up the record of inRtrnmeuts, aud in testing tlw iwtiou of the grnduati11g engine after it 
had been estahlished in its new position. 

Hydro9ra11ll ic ])frixion.-CapL E. l'. Lull, 1J. S. N ., was on <lnt,Y a:;; hydrogrn.phic inspector 
until Decemher, wlwn he was nilie,·ed, and f;tH•.1•e\1ded hy UommandPr C. l\L Che:;;t.er, U. S. N. The 
sen·ices of these officeris in their immetliatt> relations to Uie h,,·droµ;raphi1~ parties baye lwen else
where referred to in this report; tht•y had also the supervision of the work of the hydrogmphic 
draughtsmen in the o:JicP, with the aitl of Lieut. C. 'l'. Hntchins, [T. S. N., who was on 1luty during 
tllt' 11 hole of the tisrnl .nar. 

The lahorn of th1• draughtsmen i11 tl1i" 1liYiNirm 11rn,r ht~ Nll!lllliarizl:'cl as follows: 
)Ir. E. \Yillenhnd11·r, ltydrngraphic dra11;£ht;o;111a11, protrad1·1l, plottt-d, or drew eighteen h~-1lro

g-raphie sht•1•ts; plotter! cl(•ep-sea sotrncling,; .,ff !ht• Atlantic Coa;o;t, from Cape Coil Ronthwanl, arnl 
tleep-1-m;t so111uli11µ;s i11 the Ca,rihht>an 8Pa awl ,·h•,init_v of the \Vest lnclia. lslarnl;o;; Yeriti.ed the 
drawings of frmr coast charts, a1H] t.he drawing of all liy1lrographic sheets plotted dnring the yt'ar; 
made projections for b,ydrographic 11arties, alJ(l traeings to meet Rpecial calls for information. 

Mr. 't~'. C. Willenbncher, hydrographic tlraughtsruau, prntracted, plotted, or drew sixtPen hyd!'o
~raphic shPet-;; trn11sforred and plotted dt>ep sea stH11illing1; of eh arts of tl11~ Caribbean Sea for the 
H~·<lrographic Office; Yeritie(l the tlrnwing ot the chart of "Approaches t,o Blue Hill Bay," and 
selected outside soundings for eugra,-iug- 011 Urnt chart; aHended to additions arnl corrections on 
the skctdH'8 1>howing progre1>s of Uie h_y<lrographic work, and made traeiugs to meet 8pccial callR. 
Be was on duty with llydrographic partic;; dnri11g portions of the :year, aiding in the hydrogrnphic 
snrveJ- of Chincoteague Bay from .July 10 to ~eptem bet· :m, 1880, an<l in that of Chincoteague Shoals 
from .Jmrn ~ till the close of the fiscal year. 

Mr. F. C. Donn, hydrographie draugMsman, Yerifted, inke>d, and finished tiYc hydrograpbic 
sheets, reduced sounding8 upon four hydrograpli ic sheets, all(l plotted and finished them; executed 
miRcellaueouR work of tracing, lettering, &c., and aided in the preparation of authorities and dates 
for the table of depths. 

Re1lorts from the chiefR of the computing and t,idal diYisions aucl the drawing and engraving 
divi."lions of the office are appended; iu these are gi\en foll 1>t:1.te111eut,." of tl1e work performed in 
these di>isions dnriug the _year. In Appendix No. :3 will he found a li;;t of information furniished 
hy tlte office iu reply to special calls during the year; this list has heen compiled from the montlJly 
reports of the computing, tidal, a.nd drawing divisions. A general Rnmmary of the work begun, 
completed, or in progress in the drawing clivisiou appears in. Appendix No. 4, and a similar sum
mary for the work of the engra.viug division in Appendix No. 5. 

Electrotyping and Photographing Dil'ixion.-l>r. Zumbrock, in charge of this division, made 
during the year thirty-two altos and thirty-two baRsos from engraved plates, iuclmling in this num
ber twelve altos and twelve ba.ssos for the J;Jngineer nurean, litlilt•d StateR Army. The total 
weight of these plates was sixteen hmidretl a111l tllirty-l'iX vou111ls. Seventy-six plates were steel
faced; sixty negatin.is, three hundred and fort,y-six priuts, aud twelve positives on glas!l were taken. 

Dr. Znmbrock kept in order tbe hatterie11 for the. t'ledric cloekl' and he1li,1 use<l in the office, and 
made in his laboratory the collodion, tlte varnish, aud manJ of the chemicals required in his work. 
He had the aid of Mr. l~'rank O\·er. 

Miscellaneous Division.-'fhere were received from the Public Printer during the year, and 
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placed in charge of Mr. M. W. Wines, chief' of tl1is lli\·ision, the following aggregates of publications 
oft.he Survey: 

Annual Report. for 187(; __ .. _.... . . . • . . . . • . . . • . . .. . .....•..... __ ... _. 
An1111al Report for 1877 .... __ .... _ ..... _ .... _ . _ . ___ .. _ . _ . ___ . _ .. _ . _ ... __ 
Appen<lices to the ammal report;; (extra eopies) .... _. ____ ................ _ .. 
'l'ide 'l'ables for Atl:rntic coast for 1881 . . . . . .... ____ . _ ......... _. _. . .... . 
Tide Tables for I'acific cortst for l &';1 •.. _ . __ . . . _ . . . . . . . . . . • ........ . 
Catalog·ue of Charts, edition of 1880 _ . . . . . . . . . . . . . . . . • • • • . . . • . . • . . . . . . ••. 
Notices to .l\Iarim·rs, Nus. 27, :.!H, 2!1, :m, :n .... _ . _ ....................... _ .. 
At.lant.ic Coast Pilot-suhn)lumes-8ltowi11g coa,-,t from Boston to New York, 

second edition. . . . . . . . . . . . ................. _ ........ _ .............. . 
Laws aml Hegnlations relating to Coast aud Geodetic Suney ............. _. 
Deep Sea Sounding aml Dredging._ .... _ . . . . . . . .............. __ ...... _ .. . 

Copi.-s. 

1,8.'39 
1, 895 
fl, 100 
2,000 
1,000 
2,000 
3,000 

1,693 
500 
496 

There were distributed during tl1e :vear eightl:'en hundred and ninety-one copies of the Annual 
l~port of the Superintendent, and six hundrPd and thirt_y-three eopies of DiYisions A and B of the 
Atlantic Coast .Pilot, including subdiYisions. Divisioi1 C, from New York to Chesapeake Entrance, 
was put t-0 press. 

In the chart room, under tlw immediate care of Mr. Thomas McDonnell, there were received 
thirty-one thousand one hundred and sixty-two sheets of charts. Of this number four thousand 
six lm111lred arnl forty-six <·opie:-; were printed from stone. There were published during the year, 
from engraved plat.es, sailing· chart B, Capp Hattm·ris t.o Key \Vest; general coast chart Isle au Haut 
to Cape C0<l (western ll<trt); coast <'harts Perwbscot Bay, Kl'.Y 'Yei-;t. to Rebecl'a Shoal, and Tampa 
Bay, aud chart of 1'ort.ugas Harbor and approaches; aud from stone by the pl10tolithographic 
process a map of \Vinyah Bay arnl Ra.nh•t' Hi\'l~r (repl"iut), and charts of Saint John'i-; I{iver, Fla., 
from Jack:souyiJle to Lake Momoe (lll'W e1litio11 ), Mi8sisr;ippi RiYer Nos. 5101t and 5101:1 (uew editions), 
San Diego Bay, C11l. (ne.w e<litiou), .N~wport E11tratHw, Cal., Shelt~r Cove, Cal., Columbia. River 
Entrance a11d .Alsesa Harbor E11tm11ce, Orep;ou, and 8itka. Harbor, Alaska (new edition). 

Distribution was made of tweuty-thret> thousand sen•n hundred and fifteen copies of charts, 
iucludiug in thi8 11n111ber four thous:uul eight lrnndrt>d and eighty-fi\'e copies for the nse of the 
;;e,·era.l dflpartments of thP gonm1me11t, and e.leveu thommnd scvm1 hundred and forty-one copifs 
place( I iu the lrnuds of Halt:> ag't'll ts. 

The office printing was (}one hy l\fr. Frank Moure, wit.11 the aid of D . .N. Hoornr, .J. H. Beck, 
and, during part of tlm year, ,J. S. Reilly, ·w. ll. Gmh('llhorst, aud .fames 8mitlt. 

All of the work of the folding room, iucludiug the backing of charts, and the preparation of 
backed paper for field use was attended to hy H. Nissen, aided by R. T. Bassett. 

There were receh·1c1d and registerecl iu tlw archives, under the care of Mr. G. A. Stewart, seveu 
hundred and thirt~· original volumes of records, and four hundred and fifty-nine duplicates, twenty
two topographic and forty-two uydrographic sheets, aiul one hundred aud seventy-eight specimens 
of sea bottom. The whole numl.Jer of topogrnphic slwets registered to J nae :lO, 1881, is fourteen 
hundred and eighty-Hewm~ ancl of hydrographic sheets fourteen hundred and seventy fo11r. 

The library remained under Urn immediate care of Mr. Samuel Hein. It received additions 
during the year of one hundred antl niuety-five volume8·aud four hundred and seventy-nine peri
odicals. 

Mr. G. N. Saegmuller, chief meclianician, had charge of the instrument Khop. Allusion has 
already been made to the improvements suggested or planned by him in instrumental appliances. 
He had the aid of ,John Clark, E. 'Eshleman, P. Vierbuchen, and Louis Fischer. 

The wood-work of instruments, their packing for transportation, and all other carpentry work 
needed by the office was doue by Mr. A. Yeatman, with the aid of G. W. ()Jarvoe, and, during part 
of the year, of G. F. Cox. 

Messrs. W. B. French and C. D. Ge<lney performed the cleri<>,al work of my office, aided during 
part of the year by Messrs, W. A. Herbert and 0. L. Drinkard. Mr. Herbert was transferred to 
the offioo of the disbursing agent iu October. Mr. Drinkard, who had already rendered acceptable 



 

56 REPORT OF THE SUPERINTENDENT OF THE 

service in the engraving division, had barely entered upon his new duties wl1en he was seized with 
an illness which proved fatal, greatly to the regret of his associates. 

In the office of the Superintemlent, Assistant \V. W. Cooper rendered acceptable service until 
toward tbe close of the fiscal year, when failing health ob1ige<1 him for a time to retire from active 
duty. 

Respectfully submitted. 
J. R HILGARD, 

Superintendent United States Coast and Geodetic Survey. 
The Hon. SECRETARY OF THE TREASURY. 



 

UNITED S'fATES CO.AST AND GEODETIC SURVEY. 

<>FFJUE HEP<>ltTS. 

LVNUAL REl'OllT OF THE CllJJJ'l"TLV<i JJ/ r!Sfli,V, C(UST AX/I O/W/!L'TIC SC/,Tfff OFFICE, PU/! THE 
FISCI L l'h'.I Ii EXJ>L\'U J CSA' :.Ill, lr<i':\l. 

Cu:\ll'U'l'DW D1vrnwN, CoAWl' A"Nll (iEOHE'l'W 8LJRVEY UI•'Fl<'E, 

June 30, 1881. 

DEAU Sm: In conformity with the regnlatiom; of llw SmTe~·, I herewith respectfully sulnnit 
the anmml report of work do111\ hy the s1•veral eornpukrs d11ri11g the fiseal ,year e111li11g ,June ~o, 
1881. 

Tlie cltarge of the Cornputiug· DiYisiou hat-: bee11 continued with me; in additim1 to this, I 
remained chargrnl with temporary duty of a t-:1wcial cliaracter, extewliug over nearly the whole 
period, as mentio11ed below. 

The chauges dnriug the ,Year in the pa8111uu:l of the ( 'owpu ti11g Hi Yisiou were as follo\YI': 
Mr. H. Farquhar was trausfl~rred from 1iei<l to otlice "·ork aud reported for dut,y October :.lJ, 

1880; Mr. C.H. Kumwell was asi,;igned to tluty No,·ernher 8, ltli'\O; U. IJ. Tnrnlmll reported as copy
ist January 22, 1881, aud l\lr. 0. W. lle111lersou, as ch-rk, April 18, 11'\.Sl. Tcmporar,v assi::;tance wai,; 
given by J. J. Gilbert, Assistant, betwceu Ja111iary 27 arnl l\1:1y 7, 1881; hy J. B. Weir, Suhas
sistant, between February 15 and J unc H, 18Sl; b~· 1~. IL l'arso11s, A id, bctwe(fl'J .Tmmar,v rn :uul 
Fehrnar~· 15, 1881; by T. P. Horifon, Aid, h1•b\·l\m1 ,J:iuuary :n arnl l\fay 28; by J. K 1lcGmth, 
Ai<l, betwee11 ,J:1111rnry 24 aud June 30, J.Sl'\l; b~· 1. \\Ti11sto11, Aid, hetwec11 Februal'.\· lJ and .Tu11e 
:!:!, li'\81; by G. F. Bird, Aid, lmtween ll'l'lirnary 20 arnl June 30, 18.Sl; hy F. B. \Viggiu, between 
l\Ia.rch 1 aud l\fay rn, 1S81; by J. ll. Bontdle, l1etwee11 ~\pril H, :ttHl May :.ll, 1881. 

The Computing DiYision lost the etfoctin~ i"er~-ices and experience of }lr. ,J. l\Iaiu, who first 
became conneckd with the SurYcr in Nowmher, 18iH, aud coutiuueLl to discharge hii-; duties until 
September, 1877, except dnriug· a short i11t.crruptio11 in 18iiU, and another betweeu Angnst, 18<H, 
and October 25, 181.m, wheu discom1ceteil from the Surve;y. In 1877 he was compelled by ill-health 
to take a temporary rest, resuming his work, at a retlucetl rate of pa~·, l\lay 1, 1878; but hiK health 
again failt,>tl him toward the close of tlw yeaL' 1880, and, in conse1p1euce, his connection with the 
Snrww terminated March 1, 1881. 

Mr. W. C. Ames resigned his poKition l\larch ~, ISSI. 
As special duty l had assigned ,ttme the construction <tn<l stamhmling of a th'e-met<\r com

pensation primary base-apparattls tro tlcsigns submitted by 111e, antl from working drawiug·s 
prepared by Mr. W. Sness. This wor was accomplished with the assistance of ~11ha:ssista11t II. 
W. Blair and the aid of :!\Ir. Suess, mechanician to tl1e Survey, by ,J nne, 1881. lt i1ncolrnd, besides 
the construction of two base-bars, trestles, comparators, &c., the tit.ting np of a compa.rjng room, 
comparisons of th·e siugle meters with the commitfoe meter, and the construction of two five-meter 
standard bars, together with the determiuation of the coeflicienh; of expansion and length of the 
various pieces. 

Compared with last year a cornsiderable part of the dii_~ctfre force of this division wa,..; con
sumed by two classes of computa.t.ions, in co118t~1nc1Jct> of their rt~sult.s being re,(p1ired for immediate 
use, viz, the com1mta.tion of the tertia.ry triangulation of the l\Iississippi Hirnr, as far as executed, 
between Mempl1is, Tenn., and New Ol'leans, La., ilffol\'ing base Hues a.ml astronomical azimuths 
in the adjustment; the second kiml of computations were those of spirit leveliugs of precision 
along the same river between Grceuville, .Miss., a.ml Carrollton, l..a.. The first operation iun1lves 
the solution of dozens of normal equations, aml the second iuvoh-e.s careful liandliug of a great 
mass of figures. Utht>r work could, in con seq ucnce, receive less attention; still, considerable prog
ress was made in developing the secondary triangulations 011 t.he surface. of Clarke's spheroid of 
1866, adopted by the Superintendent <:>u February 41 1880, in the place of Bessel's spheroid, hitherto 
used. 

S. Ex. 49--8 
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The desirability of a chang-e of the fuu<lnmeutal surface of reference and projection was first 
distinctly imlicated h,r the rt>Rult of tlic cornliiuatiou of the Nantucket and Pamplico-Cllesapeakc 
arcs of the meridian and tlle oltl Peruvian are, lint, with the exte11siou of the measure of the oblique 
arc along the Atlantic coast from Maine into Georgia, the systematic discord between the geodetic 
and astronomical determinations demanded, for its removal, that a suitable cliange he made in the 
assumed dimensions and figure of the earth. 

No adjustment of telegraphic differences of longitude having :yet been made, I subjected t-0 
discussion, by application of the method of least sc1nares, tliirty-fonr such dctcrminatious, eut-0ring 
into Yarious combinations made between the years 1851 arnl 1880, and uniting, thro11gl1 intcrme<liate 
stations, Greenwich, England, arn.l New Orleans, La. The result of this inYestigation forms now 
the standard longitude of our triangulations. Theee adjustments will be extcmle<l as the work 
progresses or new checks are applieil. 

The work on the Coast and Geodetic Snrww Magnetic Obscryatory at l\fadison, Wis., lias hcen 
continued. The }Jhotographic traces were read off and tabulated to the end of April, 1881. The 
operator, Mr. D. l\faso11, resigned Xovcmbcr 11, 1880, and Prof: J.E. Davies undertook temporarily 
the management of the ollsen·atory, bnt owi11g to other duties awl conseqtwnt waut of' time gave 
it up, aud l\lr. G. \Y. Suess was placed iu charge l\lay 17, 1881. In co11sc,111cnce of these clmuges 
t,he work has sufforecl some unaYoidable interruptions, due in part t-0 the iustrume!lts having got 
out of adjustment, and in part to defectiYe photography. To remedy these defects Mr. \V. Suess 
visited the obsen·atory J\fay 22, 1881, and provided for its necessities. 

The suhject of the secular change of the maguetic declination has received my personal atten
tion, autl an improved and greatly enlarged edition (the fourtl1) of rny paper on the seen Jar clmnge 
of the declination Iias lleeJI brought ont. It is illustrated with three JJlatl'S, and priuted as Ap
pendix \) to the Rc11ort of 187H. It contains tlw latest infor111atio11 011 the ·snl\iect to ,June, 1881. 

Au iuvestigatiou was made of the tlirection atHl prolmble a111on11t of the 111ag11ctic tlPeli11ation 
( ,·ariatiou of compass) iu the region supposed to contain the lamlfall of Colu111 ll11>< 011 his tirist 
n1yage to Arncrie<t in Hn~, aud along his track from Palos, Spai11, to Gomera, l\falleira lislautl, 
and thence to the \Vest Judies. This was accO)upanied by a co111pntatiu11 of' ltiis prolmlile track 
after lca,·ing Gomera. 

Special attention was gfreu to the magnetic out.fit of the two polar expeditio11s: the oue to 
L:tdy Franklin lfay, north of Grecularnl, the other to Point Harrow, Alaska. )fr. l\L Baker had 
charge of the practical instruction of tlrn ouscr,·1~rs iu the use of tl1e iustrumeuts, for wldcl1, how
cYer, the aYailable time was very limited. 

The demand on the office for special iufilrmatio11 conuected with geodesy, practical astrn1w111y, 
an(l terrestrial magnetism lrns lJCCH steadily 011 the iucrcasc, and is in proportion with the iucreased 
area cm·cretl hy tlie operatio11s of tlle Surn~y. .A grcnt porifoa of tuis informatiou is prepared in 
thiH tliYisiou; besides, certain divisioms of the otlice arc fun\~~jll with data re,1nire•l generally iu 
the production of charts. 'l'he examinations of the field records, coveriug· tlte subjects mentioned 
alioYc, for completeness and the care of the duplicate records, were coutiuued as heretofore. 

The general distrihution of the computing work iunong- the computers has uot varie«l grcat.ly 
from that of last year, Mr. Christie haying taken the place of l\fr. Main, charged with astronomical 
latitudes aud azinmtlts; ~Mr. Kumuwll has cl.rnrge of telegrapliie longitudes, the other computers 
of geodes,r, nml in magnetic computations Mr. Courtenay gave Home assistance. Their work is 
examined aml reported on lJy mt1, a11d the results am ]H'Otwr]y registered, in which shape they arc 
readily accessible for immediate m;;e. 

Between October 8 and October 23, 1880, I wa.s 11laced iu charge of the ofl:ice, duri11g the tem
porary absence of the 1\ssistant h~Ying charge thereof. 

The work performed by each computer has been sumumrize<l as follows: 
Mr. James Main computed the astronomical latitudes of stations, Lum's Point, La., 1880; Lake 

Providence, La., 1880; arnl t,hc astronomical azimuths of stations, Ll11n's Point, J,a., lia.ke Provi
dence, La., 1880; LoL'l, Cal., 1879; ltouud To11, Cal., 1879; a.11tl furnishc{l 1ncttn places of stars for 
field parties. 

Dr. Gotlieb Rumpf computed the following secondary and tertiary triangulations, viz: .Admi
ralty Inlet and l'ngct Sound, \V. T.; vicinit~: of Saint Louis, llo., 187 4; Nisqually to Muck Prairie, 
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W. T., 1870-'71; Straits of Fnca, W. T., 1870-'71; District of Columbia, 1880 (b.Y J\IcCorkle and Sin
clair); north of l'nnta Arena, Cal., 1878-'7!1; I•'islterman's Bay, Cal., 187U-'80; La~n11a Madre~ Tex., 
1878-'7!1; and Lagmm J\fadr<' to Hio Grande, Tex., 18iH-'G7. He also compntetl geographical po-
8itions, witlt reforPllCP to Clarke's splwroid, of the following· loealiti<•s: Com;tR of Maine and 
l\faRs:tehns('tts, lthod1\ Island, Lo11g lslarnl 8011rnl, ,-icinity of New York Cit;r, New .Jersey, weRt 
side of Delaware Hay, Clte;;apcake Bay, .Jamns Ui,-er, sontb of U:tpe Henry, Pamplico Riww, I'n11go 
Uin1r, Neuse Hinir, Magnolia baRe to Harataria haHe, lfol'ario StmitR. H,e,·ise1l means of spirit 
kYelingR, 1\IiRsi.-;sippi Hiver, Carrollton, J,a., to Fort Adams, Miss., 187!1-'80; tahnlat1id geograph
ical p0Ritiom1, Laguna l\Iatlre, Tex., 1879, a11tl rernfore<l sonw assiRta11c1~ to 1\fa;ior Pow<'ll, Chief of 
the U11itrnl Sta.tcR Geological SmTc,y. 

]\fr. Edward IT. Oonrtrnrn~· co111put,cd rnagnl'tic ohserrntionl'l made i11 the Northwest hy Snh
aRsistant Hay I or in 1880; also the magnl'tic ohsciTations ( ahsolnt<" me:umreR) at l\fa1fo;on, 'Yis., 
1880; alHo the mag·11<>tic oh<;;errntions made iu tlte 8onth hy l\lr. Baylor in 1880, and continued tlw 
collection of mag111,ti1· i11strnnwntal co11sta11h;. lie attrnulcd to the rcgiRtcring of the resulting· 
geographical poRitions, and ha.ti charge of tlw work conneetP.tl ther<•with, performed by l\foRsrn. 
Bird, Honlrn1, l\lcGrath, a]l(l '\Vi11Rto1t; a1ljnste1l tlw main Reril'l'l of triangles, l~osario Straits and 
Canal 1k Haro, \Y. T., 18ti:i-'5t-'71; the principal triangles >if~i11it~- of Princeton, N .• T., 1840-'H, a111l 
the principal trim1g-lcl'l ,-icinit,y of B:tltimorc, l\111., 18fi3. Snp11lit>d geodetic information reqni1·etl by 
fie}(} parties or in reply to gc1wral outsid<' correspondence, and arranged one hmHlrc;tl >olnmeR of 
records arnl co111pntatio11s, principall.r tlw latter, for the hiJHll'l'. 

Mr. l\l~Tick IT. Doolif,tle adjust<"d the pri11wry and 8ccorn1ary triangnlation near Sanumalt 
m,·er, ISG5-'(i(i; computed length of Fort \\'hippie JfoRen·ation ha8e 18SO; computed g·cogrnpl1ieal 
posit.ions of primar.Y trim1gnlation, Yicinit.r of Lake Cha11111laiu in New York, Vermont, l\fai;sachn
setts, arnl New Ifampsl1ire; computed the princip:il tria11gulatio11, District of Columbia, lSSO; com
puted the auxilim-.r triang,leH conneeti11g the Fnite<l States N:wal Ohscn·ator~· with Fort Myer, 
Va., 1881; a.djnsted tlH\ RP<·on1lars trim1g11lation 1;011th of 'l',rlwl' Ligl1t, Ga., to 0RRahaw Sound, Ga., 
185!i-'ii7-'li8, and intr()(]t1c1•1l nP"' 111PaR111·1• of thP Sau l)etlro hasc, Ual., int~l tl1e main triangnlation; 
computed and adjnst<'tl th11 followi11g t.C'rtiar.v triaugnlationR on tlte Mississippi Ith·er: Bayon Sara, 
La,., to .Ja.ckRon Point, 1\f ii:;R., 1S7!1-'80; Lnm's Poi11t, J,n,, to Bayon Sara, La., 1870-'80; Baton Hong<', 
La., to Bayon Sara, J,a., 1880-'81; Millike11's B1•111l, J,a., to Lake Prm·idellcc, La., 1880-'81; Vicks
burg, Miss., to Lake Prm·itlcnce, La., 1K80-'Sl, aml J,aJi:e Pro,·iileuce, J,a., to Walnut Point, Miss., 
1880-'Sl. 

Dr. Jermain G. l'orter completed the computation of the t~-iangnlat.ion of the Missis8ippi Ri\er, 
Natchez, Miss., to Jackson Rend, Miss., 1879-'80; computed lengthR of four base lines on the MiR
sissippi l~iYer measured by Assistant Ogden in 1880; computed some secondary positions on the 
river north of Donaldsonville, La.; computed the triangulation between Iberville, La., and Raton 
Rouge, La., 1879-'80; revised the triangulation between the Magnolia hase, La., and the Head of 
Passes, La.; computed geographical positions referring to Clarke's sphemid, for preceding work, 
and to the triangulations of Chamlelenr and fale an Breton Souncls, J,a.; computed the triangula
tion near and south of Vicksburg, Miss., 1880; compnte1l the triangulation between .fackson'f' 
Rend, l\Uss., aud Vicksburg, Miss., 1870-'80; computed length of base at Greenville, Miss., 1880; 
computed horizontal directions at stations Lola, Cal., 1879, and Sngarloaf l\fountain, Md., 187!1; co111-
puted preliminar~· geographical poRitions of stations of primary triangulation in N eYacla, 1878-'79-'SO; 
computed and a1ljust.ed main series of the coast triangulation, north of San Francisco, Ual., 1878-
'7!}-'80; rm·ise<l the astronomical azimuth computatio11, Greenville, l\Iiss., 1881, and tlw astro11orn
ieal latitude computations of El Paso, Colo., 1870, and of Itonnd Top, Cal., 1879, and of Hunter, 
Mo., 1880; assisted me in the solutions of equations in connection with magnetic work; computed 
magnetic intensities of Lieutenant Very's observations in Canada, 1880, and checked numerous 
computations made h.r me in (',OlllH'ction with the making and staJHlarding of the new five-mch.•r 
compensation base apparatus. 

Mr. Alexancler S. Christie cotn}lletcd the computation of the spirit-levels MisRissippi Ri.-er, 
between G.reenville, Miss., aml Milliken's Bend, La., 1880; computed the spirit-levels Mississippi 
River, l1etween Carrollton, La., a,ml Fort Adams~ Miss., 1880; computed the spirit-levels Mississippi 
River, between Millikcn's Bend, La., and Uodney, Miss., 1880-'81; computed the astronomical lat-
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itn1les of Sugarloaf, l\I<l., lS7!1; of Grcen\"illc, Miss., 1878; of Baton Rouge, La., 1880; of Atlanta, 
Ga., 1880; of LonisYille, Ky., 187!1; and of Hm1111l 'l'op, Cal., 1879; rcYised the latitn<le computa
tio11s of El Paso, Colo., 187!l, an<l of Tanyanl 1 Ala., 1878; computed the astronomical azimuth sta· 
tiorndfrecnvillc, Miss., 1881; Williams, Ind., ll'Sl, a111l fnrnh;l1ecl star places for field parties. 

Mr. Ilenr.Y Farqnliar computed tlll' 111ag11etic ol1sern1tio11R made hy Lieutenaut V cry in Canada, 
1880; cornputed tbe astronomical latitrnl<'s of Prospect J\1onntain, N. Y., 1878, and of El Paso, l~ast 
Hast•, Colo., 1 K7!1; computed tJ11, spirit -levels J\f ississii1pi Jtiver, betm~en Point Coupee, J,a., anll 
Co11Mrdia, La., 18.S0-'81, and mrule good progress with the conipntatious of tlie mag1wt.ie ohsena
tious made by Lieutenant Nichols, coast of .Mexico, Lower California, ancl of California, 1880-'81. 

J\fr. Charles IJ. Knmmell C'o111p11ted tlie. tclPgraphic diflt•re11ee of longitude between Atlanta, 
Oa .• a111I ~ew Orlt·:rnN, La., 1880; ('Ompntt>tl the teh·graphic tliffort>!lCP oflougitmlc uetwee11 tlharlt'S
ton, S. U., ancl Atlanta, Ga., 1880, a111l ma1le progrm;s with the eompntntion of the folegraphi<" dif
ft•rence of 1011gitmfo het.\n•en NaRhYille, Tt•1111., arnl Atlanta, Ga.., 1879-'80. He ah;o atternletl to 
sonw miscPllaneons compn tatio11R . 

.Mr. Fra11k K \Yiggi11 n>\'iHc1l tile latitndt• comp11tat.io118 of statio11R Rato11 Roug·f', La., Gn•(m
,·ille, J\lisi:;., J;onii:;yiJlc, Ky., A tla11ta, (hi., anll Sugarloaf, l\'111.; computed the latitude of 'ranyanl, 
Ala., 1S78; compntetl tlw astronomical azimuths nectletl in co1rnection with the mag1wtic tlcclina
tions ohsern~1l in 1880 h~- Suhai;sista11t llaylor, a11tl eompntP1l tlte telegraphic difforcncc of lougitmle 
between Lonis\·illp, Ky., mul NaRl1villt•, 'l\·1111., 187!l. 

Temporary assh;;tane<' was gi,·en to the compnting tli\-ii;ion hy the following named perF1ons: 
.T .• T. Gilhm·t, .AssiHt.ant Coai<t arnl Gt>otletic Snr\"I'~-, 111:1.tl{-\ out 11orizontal directions statmnl'\ 

Hound Top, Cal., mm, <Jreat Cm;par, Cal., 187S-17!1, :rnol Two T{.ocl,, Cal., 187!!, and assistc1l in the 
comparisons connec·tell with the sta111lardi11g of tlie new fin\- meter hase hars . 

• J. ·H. \Vcir, SubassiRtant Coast aml Geo1letic SnrYey, computed the spirit-Jen.ls betwern 
1htgcrstow11, J\ld.-, and Hloomiugtou, \V. Va., 1878. 

P. II. Parsons, Aid, Coast anll Geo•lctic Snrrny, computed tertiary geographical positions on 
the MiHRissippi HiYer, assisti11g Dr. Port~r, a.11<1 assiRtcll in tl1c comparisons connected with the 
preparation of tlu• near 5-meter baRP h:irs. 

'l'. P. Bordt~n, Aitl, CoaRt. anil 0Potll'tic Snn·1•_v. compnt<•tl s1;eondar,y geographical positions of 
Cnrritnck Sound, N. C., oil Clarke's spheroid; also for coaRt Rt.at.ions lwtwecn Cape Ifonry, Va., 
and Cape Hattera.R, N. C., :nul for sorne Rtatim1s in PP1111syh-:inia. Afln· th<\ r<•Rignat.ion of J\ilr. 
AnwR, lw adc1l as clerk to the computing 1liYi8ion . 

• J. B. McGrath, Aill, Coast and Geodetic Sun·ey, was engaged iu rcadi11g off mul tabula.ting 
results of magnetic traces, Magnetic Ohsl5rvatory, l\ladisou, \Vis., from March 1880, to May l&':ll; 
computed some geographical positions on Clarke's spheroitl, and assisted as recorder in the com
pari1mns of the new base barR. He also attemled to some misee1Ia1ieous copying. 

I. "'inston, Aid, Coast and Geodetic Survey, computed secondary geogra.phical positions on 
Clark{~'" Rpl1C'rnid, vicinity of Baltimore, near the ca1ws of the Chesapeake Bay, Blizaheth a11d 
James ]~iverR, Va.; also in Nortl1 Carolina, Penns,Ylvania, and New Jersey. 

H. I~. Bird, Ai(l, Coast mul Oernll'tic Snrvey, computed secowlary geographical positions on 
Clarke's spheroid in localities Upper Potomac and Blne ltidgt~, and Savannah River; also some in 
North Carolina . 

• J.B. Bontelle computed app:ue11t star places of Rtltrs for latitnde of Hunter, 1\'.fo., 1880; also 
the astronomical latitude of H nuter. 

\V. C. Ames attended to tl1e clerical duties of tlw compnt.ing 1livision. 
U. 11. Tnmhull at.tended to miscellaneous copying, ehietly of descriptions of stations. 
C. \V. Henderson rnlieYed .Mr. Borden from clerical duties, attended to copying geogmphical 

posit.ions aml to miscf\llaneous writing. 
Yonrs reRpectfnll~·, 

J.E. HILGARD, 

CHAS. A. SCHOTT, 
Assistm1t Coast and Oeodetic Surrey, in.charge Computing 1?_ivi8ion. 

Assi.stant Coo.st and Geodetic S11rvey, in cltarge of Office and Topography. 
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ANNFAL REI'O!n' ON TIJE FJEJ,J> ANI> Of<FJCE ffOllli llELATlNU TO TllE TIDES, FW! TJIE FJSf'AL 
YEAR EXI>INO ,Jl'NE 30, lt'"l. 

I respectfully submit. thiH n'port mi tlie work of the Tillal l>h·ii:;io11, of wl1it~li I lian· hPPll i11 
charge <luring the ytmr. 

Obscr·1'11ffons.-Self-r(egiRteri11g ti<l1•-g:rnges liave beP11 used at thl' following station" :-~ort.h 
H an'n, l\fo.; ProyirJe>ncc•, H. I.; Sa11d,v Hook, N .. r.; 8aucl'litil, Cal.; Katliak

7 
A la.ska; Mnzatla.11 

Mexico; arnl lfo11ol11l11, Sa,JJ(lwicl1 Islands. Beside these a ;.;elf-registering g:mge lias lwen loa11i:'d 
to the U11itRll States Bugineers to he nRell at Fort Sumter, S. C., arnl one haR heen coirntrnctl'1l 
after my plans arnl muler 111.v snpen·isiou for the :Mississippi Hirer Commission, and iutcntlt•d 
for use on Lake Borgu<', l;a. Somctlting· has been 1lone also toward the c011st rnction of a11 anto
nmtic tide-gauge 011 a new pla11, for the 1mrposc of mald11g ga.ngeR of t.hi8 form more generally 
useful. A gauge has h('en fitted for nsc at some point in th(• Aleutian Tslarnls, hnt th!' IlhW<' haR 
not ~-ct l11'e11 i:;elccted, for want of n1e;ins. Nothing ha.R he<>n done yet t.ow:ml H1\1•nri11g tidal olmcr
vationR at Bermuda, nor t.o\\'artl reRnming a.ml complcti11g the R,\'Rb•m of ohgen·ation in the Onlf of 
]\fexico, that was stoppetl in lk61, nor liani perrna11e11t obsrrvat.ions heen i·esm11Ptl 011 the sontlwrn 
coast. 

As quite full information lms heen giYe11 in tlw ti1lal 11oticeR, nrnler tlw 1litforc11t, s!'dio11s of 
the Surw>.y, of the ohsen·ations made with self.n•.gistering ga.nges during thr ~-t.'ar, it will not he 
11eceRsary to add much here, ('Xcept to 8tate that I woultl 8t.n111gly recommernl the extRnsions abon• 
indicated as soon as circunrntances permit, aR t.IJcy seem to he essent.ial to a complete investig·a.tion 
of the tides on the coast of the U11iteil States. 

In the following- tahl(• I gin a li~t of 1111' ohst•natio11s nia1lP with Helf-rl'gi:.;tl'ri11g gauges 
recf'iYed 1hni11g tl1e y1•ar: 

"' . S Y:nnr of Atatiou. 

l1 ---+ 
I. ! North Ua,·cn, 1tk - .J. (~. Spo11l•hn~ -----· 

Not ri"<~Pin•fl. ... - - ---- -- - - . 

I Jiiml of ~an~<· . 

I_ --- -- --~ 
Sl'lf-rf•.µii-i.tf'ri11µ: 

. flo --·-·· .. 

Pt•rnrnnm1t or 
k.m11orary. 

Pt•Muanf'nt 

Tinit• of occupation. 

l*"'rom- To-

Tt>lll}lOl'flT',Y .••. ------····· 1. J Pro\""Mcnr:t>.,lt I----------
II. jSawlyR1ml<,N.~T ..•......• T.'\\.lhwfor11......... '10 ----- Pf'rm:rn<'n1 .Tmwll~~I .Tmw1,1/i~l 3ftfi 

x. ! San~eut.o~Cal. ...•......... 1~.nra.r.-------------~······ .... ,]{) ------------- --- lln -······ ... : .Jum1 l,li-'RO tlUIH' 1, lR~l \ ao;. 
XII. j' Ka<liak,Alaskn ............. W .. T.FiHlwr .•••• -----·- - -·<lo -- --·· i .. 110 . --- - A11p:. l,l8HO J M"r. l,lKRl 213 

Mazatlun1 Mf'x: •..••••.•.•••• Ji"'iacro (ln.rnno ................. ' .. do ..•.•.....• --i .. tlo ............ i .Mu_y 1, 1880 ) May ~H, JAAl 3!1~; 

c_H_o_n_o_1n_l•_•,_s._1_._·-_··_·_· -_--_-_· ---~ .J_. s_·._E_m_ci_·•_on_._-_·-· -· __ ---·. -~.i:_ __ :~-:~l ~mporar~_:_~:_J Fc\>_:_18, 188tlj_:i_::-_~~~ 2~~ 

Self.rcgisteriug tide-gauges lmve been hut little used iu the ordiuar.r work of hydrograpl1ic 
parties, partly, no doubt, because gauges of this form were not well adapted for such pnrpoRes, 
aml 1)artly on aceount of their expense, though it can hardly he qneRt.ioned that mnch better work 
would be done with them iu places wl1ere they can be cmweuiently established. At present, 
owing, it seems, to the te1liousness of making continuous obserYations with staff or box gang't~8, 
such parties often content themsekes with obsen·ing tide1:1 only during the hours while soundings 
are being taken. With such imperfect tidal data the reduction of the soundings must be liable to 
some uncertainty, especially where there is large diurnal ine<111ality or single-day tides. It seems 
reasonable to expect that some remedy will he fournl for this. All tidal observations made by 
hydrographic parties are inspected by me when recefred at th~ office, and most, of t11e111 are 
reduced by the tidal division. Notices of them will be found in the statements of work done in tl1e 
diO'erent sections of t.he Survey. 

There are fonr gauges uow in the offic<,, three of which need some I'('llliin,; and new dri>ing 
elocks to fit them for efficient working. 

Office irork.-Most of the tabulating of higJ1 and low waters aml hourly ordinates is now done 
from the curves by the observers before sending the records to the oflice, antl the tabufar reduc
tions are sent hy separate mail. The risk of losR is thus guarded against, and the observerR 
become more expert and skillful. 
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The reduction of these obseryatious aucl of tlwse sent in from tlln hydrogTapltic parties is 
atte11ded to a8 soon as practicable, an<l the results used in making titl1• tables for charts and pre
dictions. The 1li\-isi011 is thns rnmhle1l to fm.·nish a lar:w amount of information rPlating to tide8 to 
officers of the Snn«~.Y, UHitc<l StateR Engineers, arnl otl1fl·R, and the d<'marnl for it iR c011tinnally 
increa8ing. 

"'fide tahks" containing the pre<lictiom1 for tlw Atlantic aml Pacific coasts of tlie U11ite<l 
States for 188~ have been compnte1l hy the Tidal Division, and hiwc heen imblishc<l. 

'J'lte 1~0111pnters employed in tliis didsi011 in the course of tlie _rear were lt S. A \•cry, L. r. 
Sl1itJ_r, T. Crnig, M. 'J'homas, a1Hl U. Il. Turnhull in the otlicP, and .J. Downe8 arnl ,T. G. Spaulding 
out of it. 

Mr. ~.\ Yery, ht-.ing· in chargt' of tlte 1li\·isi011, i11specte1l all tidal ohservatimrn when recein•tl and 
pre1laretl them for rt•<lnct.ion. attmuled to t.lw correRpondcncP with ohserYers a11d otl1ers on ti<les, 
phtu11Pd aml supenisl'd the work on tilles arnl title.gang-es, prepared copy arnl r<'all proofs·, arnl 
compnted when not otherwil'le e11gaged. 

1\Ir. Shidy re<lnced m:tn_y ohscnations reccfred from h,rdrographic parties, pre1lictcll for places 
wlierP tJw rliurnal i1u>qnality is large, aJH) aicle<l i11 a consitlernhle amount of misccllanconi\ work. 

Hr. ('rnig coutinne1l innstigat,io11s relat,i11g to rnoti011 in fluids, the form of 1lni<l rotating 
hodieR, tl11\ figure of the 1•arth, the proprrtiPs of functions, l1armo11ics, &c., cfo;con•ri11g somr new 
propertie8 arnl applications. 

MisR 1'110111as workecl partly on tidal rednctinn8, hut most.IJ· on hourly ordinates for iwrmanent 
statiom1, and ai<lerl in miReella1wo11s work and cop~·ing-. 

:Miss 'l'urnlmll was t•mploycd in tahulatiug from tlie ti1lal 1mn·e.<i, m11l in copyi11g and tracing, 
till-the 22<1 of ,January, 1881, wheu 8he was trausftwrrnl to thn Computing DiYiJ.iion. 

J\lr. I>owues was e11gage<l hy contract to make tlw pre1lict.io11s for CBrtain spceifit,1l placps, 
1\lr. Rpanltliug compnkcl t,he prrdictions for Bosion, a8 he has generally done, in a1hlitio11 to 

his services as a tidal ohs1•1Ter. 
Yonrs, re..ipectfnlly, 

R. S. A VERY. 
Prof. ,J. R. Hn,nARn, 

A.~.~i.~tnnt Uoa.~I rind Oeo1frtic 8111'1,ey, in charge <!l Ojfi.1·c mu/ To]Wf/t'apltJ/. 

REL'()[(f OF TllE I>RA rrnw j)Jf'ISION, COAST AND GEODETIC SUIWEY ()Ji'F[(:E, ft'(>R TIIE l'EAI'. 
EXJJING .JV.NE :io, 1881. 

Drmcing J>i~•iNion.-ThiR Division remained nndcr the charge of l\fr. "\V. T. Ilright during the 
year. The following synopsis shows the principal charaeter of work performed by each person 
connected with the Di\'ision. " 

A summary of the maps amlcharts commenced, complcted,oriu progmsR within tlrn y<1ar will 
he found in Appendix No. 41 an<l in Appendix No. 3 is a sta.tement of the information furuished in 
reply to special calls. 

Mr. A. Lin11enkohl, a 1lranghtRman of long experience, is constantly called upon for elaborate 
compilatious to illustrate the various scientific papers intended for the annual reports. Ile has also 
heen em11loyed in keeping up to <late the numerous finished mails aml charts by adjusting the 
more recent surveys with the older material and in drawing new chart.s as the surveys became 
arn.ilahle. He has, with a great deal of care, compiled in one sheet a new edition of the Gulf of 
Mexico Sailing Chart, constructe<l several new progress sketdies, aucl assisted fn making a model 
of the Gulf of Mexico from recent dee11-sea soundings. 

Mr. H. Lindenkohl has been engage<l upon drawings intended for publication by the quick 
process of photolithograplty, and in engraving on st.one sketehes anti diagrams for the illustrations 
of the annual report. He has also reduced for engraving the yearly material for several coast 
charts, scaJe -.;uf1110, ancl constrnctctl field projections. 

Mr. L. Karcher has construeted nrnny of the projections called for hy the different field parties, 
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made traciug8 from tlte original sheets, diagrams, arnl projects, arnl been eugagcd upou rui8cella
neous work. 

Mr. P. Erichsen has made drawings of a,11 the new iustrnmcnb1 of precision a.s well as th(\ 
improvements upon others that l1avn been in use. 1'lwsc arc generally iutcmlcd for cugraviug u11011 

stone or wood and are <lrawu with skill arnl care. 
Mr. E. J. Sommer lrns continued upon 1lrawi11g1' for photolithogTaphiug-, JielLl pr~jectioms, 

tracings, aml pr~jccts. 
Mr. C. Junken contimwtl upon h,rdrogrnphic re1luctious, lield pn!iectio111:1, awl applied 1ww 

longitudes to c11graved copper plates. Be was lletaclwd from the llivisio11 in l\fay to make a 
minute topographical survey of the llite for the 11cw National Observatory. 

Mr. T. J. O'Sullivan lrns IJeeu eng·aged upon a ump of the conntr;y betwcell Norfolk aud Ly1111 
Haven Hiver, Princess Aune Uouut.r, Ya., for pulilicatiou by photolithogmph,L He Jia,s also made 
titles for and printed the lettering of pla.11e-tahle sheets, made smooth triwiugs, aud verifiml 
engravell charts. 

Messrs. R E. l'eary, .A. E. llmtou, awl E. ll. Fowhir, after continuing !lnriug· the year in 
uiakiug a,ml lettering plaue-taltlc slu~cts, were tnrn8forn~<l to the >liYisiou of t()poµ;rnphy. 

l\1r. A. B. Gralmrn ha1> coutiuuc1l to make traciugs, rmluctiou1>, tra111>fons of shore-line to field 
pn~jections and to correct chart.-room editio118 for issue with latest information, and other miscel
laneous work. 

Mr. J. C. Barr has kept up the clerical work of the diYision and performed other duty iu 
correcting cl.tarts. 

:M:r. II. Eichholtz has boon employed all lwrctofort· in a'11li11g corrections arn1 eoloriug light
houses awl lmoys upon the 1rnmerou" charts before issm~. 

Mr. B . .l\Iolkow was Lmgagrnl until the c1Hl of the year i11 correctrng amt colori11g chart,; whl't1 
Im was transfmTt•t1 to tlw di\·ision of topograplt,r . 

.l\lr. B. Ura1lllurs Wal'.! asi,;ignrnl to the di\' isiou in ,Janna r,r, 11'\S 1, a111I ti id 111iscclla m·o11r; work 
nutil Juuc, when he was 1lirectc1l to report to As:-;i1.;t.a11t Doyd for lidd 1lut,r. 

l>uring t.he ;year t.lwre were sixt.Y charts iu progress of completfou, arnl of thir; 1111111lwr twcut,r
two were completed iuc!mliug uinc for puhlicatio11 hy photolitho;.:Taph;1. 

A.VNUAL REPUHT OF THE ENGJU. f"JN<; lJIVJSIOX FOR THB HUR E.YliISfi ,J['XE :w, lf't'l. 

UNITJW STATE8 CoA.ST ANn GEoI>wnc Suuv1~y OFFICE. 

lrw·;hinyton, IJ. C., ./ufy ~I, 1881. 

Sm: I resttectfully submit the followiug report of WOl'k executed iu the Eugnwi11g Di \'ision 
during the fiscal year ending J nne 30, 1881. 

I entered upon the duties of Cllicf of Division Deeumlicr I, rnso; prior to this date tlll' Ph·isiou 
had been in charge of Assistant ,l. S. Hra1Uimt 

Tl!e statistics of Ute year's work are as follows: 'rite plattis of ni ue charts, fl rn 1\.tl:mtic Coast 
Pilot charts, fifteen Atlantic Coast Pilot Yiews, aud iivc miseellaucons skctchP8 werl.' compldcd ; 
uiueteell charts were ro-issuctl; thirty-one unfiuislw<l chart plat<·s rcel\i,·c.d a<lllitious. 

The plates of three chart.'>, fburfoe11 Alal'.!lrn Coast Pilot chartt-1, ft.mr Alaska Uoast Pilot vil.•ws, 
and three progress sketches were cmurnencerl. 

The priutiug-1lfatcs of one hundred aml t,(m charts, eight AtJaut,ic Coast filot charts, and 
twenty-eight progress sketches received ad11itions aud corrections. 

Sixteen plates in ''alto" and s1wentcen in "basso" were received from the electrotype division. 
Mu.ny of the plates tha,t received adtlitions am\ concctious were in hanll four or the times. 

There was also a large amount of miscellaneous work, such as cleaning phttes, erasures on "alto," 
cutting plates, arranging and drawing titles, notes, and general lettering, and marking instru
ments, &c. 

At the close of the year th.ere we.re thirty-six chart plates and twenty-seven miscellaneous 
plates in an unfinished condition. 
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The regular force of engravers lm s been ernplo;reu iu the several specialties as follows: 
1\fossrs. J. Eutliotfor, II. 0. Evans, A. 81.'ngteller, and lt. F. lfartle, on topogra1Jlty; Messrs. 

K A. 1\lal.'<lel, A. Petersen, J. G. 1'hompsou, "\V. IL Dtwis, and li', Conrteuay, on letterii1g; Messrs. 
'l'. "\Vasserbach and A. U. Ueuusam, ou correutions and adtlitions; l\fr. H. M. Knight, on lettering 
and sa11di11g; Mr. W. 'l'bou111son, on topograpl1y antl sauding; Mr. E. IL Sipe, on miscellrtneom; 
work; and Mr. l•'. "\V. Benner, on sauding. 

The clerical duties of the di,·ision were performe1l by Messrs. J. lL Stuoot and C. J_,, Dri11kard 
until early in January, wlw.n l\lr. Drinkard was assigned other duties, since then l>y 1\lr. Smoot 
alone. Duri11g the short time Mr. Drinkltrd assisted me he comlncted himself as a young gentle
man of exceptional character, aml it was, therefore, witl1 deep regret tba,t I heard of bis illness aml 
sudden tleath. 

I transmit lwrewith a statement of the plates con1pleted, coutinue1l, and commenced 
the ,Year, and a list of the printing plates that biwe receirntl 1uhlitions and correctious. 

Yours, Yery re:-1pedfnlly, 

1luritw 
, "' 

llELWI<Jlfi' G. OGDEN, 
JhNistaut in (J/uirrJ<: <!( Bnr1raving Jhvi.sion. 

J. B. lirLGAUD, 
A.~sistaut, Coast awl Umd1:ti1; Su1·111,y, 

in cluirge of Offic!' and Topography. 

A.V.VTJ.11, REl'l!NT UP 1'/JH lf}')Jlt()URAJ'JI[(' nrnswx l"OJ: Tl/E YE.JR ,/l;,Y/lJ.\(; ,J('.H;'3(1, !1'1"(. 

UNITim STA'l'E~ UoAS'l' AND G ~;mn;nc SUHV!!;Y OFFICE. 

Sm; I l1ave the hono1· to snlmtit herP.with the a11111ml report of the operations, c01ulitio11, a.1111 
prog1·etiis of thework of the Hm·,·ey muler m.v eharge. With two exePptimrn, the ltydrograpllic opera
ations have been comlucted by otliem·s tfotailed from the N:w~·. In these two cases this class of 
work has heen progrt•ssing in conjnnetfrm with the topography nuder the direction of tl1e ci,·il 
assish1nb~ of the Surrny, and the progress is detailrnl in the reports of cllief:s of parties. 

Repairs and equipment of nes.~els.-llesides the usual repain; incident to the natural 11<1c:ty of 
vessels in sen·icc, the steamer A. n. lfache lias had suuli extensi\'o repairs as haYe, it is believed, 
reudere<l lier a more efficient vesi;el tlian when she was first lmilt. Originally constructed of itou, 
tlrn gmdual deterioration, due to the action of the salt water and other cau_ses on the material, 
matfo it unsafe for her to remain at sea on the exposed port.ions of our coast, as required, without 
some protectio11. A complete sheathing of wood thrne inches in thickness has, therefor(•, lieeu 
place1l upon her, which, being coppered, makes her tlie strongest kind of it composite vessel, uow 
generally co11ceded fo he the most durable class of ships built, effecting economy by requiring less 
fre11ueut dockiugs, mul Jess loss of power due to the accumulations of barnacles, grass, &c., on the 
bottom, co11se11uent1.r s:wiug iu fuel. Besides this, the Bache has heen fitt~;tl with a steam capstau, 
saving, it is rtiporte1l, from one to two hours })er day for tlte aetnal work of the Snrw1y hy allowing 
the small crew to take the time that was usually spent in getting under way for the necessary prep
arat.ions for the day's work, me:ils, &c. Other minor items, such as a donkey IJoiler for heating 
purposes and <llstilliug watm·, have been a<ltle<l, thus prodding the crew with imre tlrinki11g-water 
at :ill times, therd1y tlecrnasiug sickuess a.ud permitting the vesi>el to remain in the tieltl a much 
longer space of time. 

'l'lw steamer Eu<le11vor 11aH ucen proYitlcll with a new boiler and otherwise generally owwlrnuled, 
aud is now in very gooll comlWon. 

The Rfuamers make and Gedney on the Atlantic coast, the Hassler an1l Mt•Artlmr on tlie 
l'acilic coast, and the Barataria, Baton lfouge, and Hitchcoek on tile Mississippi Hh·er, J1ave had 
more or less repitirs. 

Steandauucbes Sagadahoc, Nos. 4 and 5, haye reeeivetl extensive re1lairs. 
The steamer Baton Rouge was sunk in December last by running onto a mud l>ank, and being 
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of no further use to the Survey was sold. The details of this disaster are given in the report of 
C. H. Boyd, Assistant. 

These steamers, together with the schooners Brisk, En;gre, Earnest, U.esearch, Scoresby, Quick, 
and Yukon, all of whicli have required more or less repairing, are the only vesRelR that have be.en 
in general service. 

The barge Beauty, and sloops Kincheloe and Steadfast, have been used as quarters for parties, 
but have received some repairs to keep them in order. 

The steamer Arago was fitted out temporaril,v to take the party attached to the Endea,·or 
while that vessel was undefgoing repairs, and was prepared with only minor items of outfit. 

Tile following vessels have been laid up for want of means to put them in service, viz: SteauIPr 
Arago, at League Island, Pa.; Rtf~amer Fathomer, at Washington, D. C.; scl10ouer G. M. Bache, 
at 'Vasltington, D. 0.; schooner Drift, at Brooklyn, N. Y.; schooner Silliman, at Brookl,vn, N. Y. 

BeKides these, several of the vessels above mm1tione1l as in service were laid up before the end 
of the year; the steamer Barataria at Natchez, l\liss.; steamer Hitchcock, at Baton Rouge, La.; 
schooner Brisk, at Natchez, Mi8s.; schooner Research, at Algiers, La.; sclwoner Quick, at Algiers, 
La.; schooner Scoresby, at Baltimore, l\Id.; schooner Yukon, at Oakland, Cal.; sloop Steadfast, 
at Indian River, Fla. 

Of the vessels not in use at present the steamer Fathomer is so thoroughly out of repair, and 
would require such an amount to tit her out, with 110 immediate prospect for requiring the services 
of a vesRel of her class, that I belie\'e it to be to the best interests of the service to sell her. 

'.L'he imverative necessity for ext.enAirn surveys in the reeeutly acquired Territory of Alaska, 
for which a vessel of peculiar construction i8 required, warrants me in submitting to you tbe queR· 
tion whether a special appropriation shoultl not he reqne8te<l from Uongress to enable the sen·ice 
to build l'mcl1 a vessel. She should, it' allowetl, he hnilt in tlie strou~esl; manner, fully equipped a8 
to sail power, euahliug her to nutke the longest 11as:m_g·es nn<ler sail, with auxiliary steam-power to 
allow ente.l'ing tlifl:icult. a.pproaclws under steam, yet with t.he least amount of fuel possible. Two 
steam lauucbes should be supplit'tl he1· for carryi11g 011 the surveys iu the most expeditious manner. 
A vessel lwst adapted to this i-;prviee would he ahont 011e lmntlre<l and thirty feet long, twenty-four 
feet heam, aud twelve feet depth. This matter was fully discussed with Mr. U. P. Patterson, the 
late Superinteudeut, and it was his intention to snbrnit estimat.e8 for a steamer of this class. The 
sale of the Htea.mers Ha.ton Rouge ancl [•'at.lwnwr (if it is deci<lt>d to sell her) and schooners Caswdl, 
Fauntleroy, and Catalina wonlct, it. iH thoug;ht, w-urrant this extension of' tbe SP,rvice. 

Personnel.-'l'here ha\'e been doing dnt.y in Uw Survey tluriug the past year an average of about 
fifty officers and three hundred aml fifty me11, who h:we been det~tiled hy the Niwy Hepartme11t for 
hydrographic work. 

Ou the 11th December, 1880, Commamler E . .P. Lull, U. S. N., was detached from duty as 
hydrographic inspector of tbe Survey, aud Lieut. Commamler C. M. Chester, U. S. N., was det.ailed 
by the Navy Department, at the request. of the Superintendent, t-0 take his place. Tbe vacancy iu 
charge of the party on board the st.earner A. D. Bache was filled by the transfer of Lieut. E. B. 
Thomas, U. S. N., from the command of the st.ea.nwr Endeavor, and this vacancy was filled by the 
appointment of Lieut. H.B. Mansfield, U. S. N., wlio was oue of the officer:; of the steamer Hassler 
ou her first cruise to the Pacific. Lieut. S. 1\1. Ackley, ha\'iug been his full term in charge of a 
party, was detached from the schooner E:1gre, and the command of that vessel given to Lieut. H. 
G. 0. Colby, U. S. N. 

A number of changes have taken place among the other naval assistants attached to the Survey. 
Office.-The usual routine duties of the office have been carried on, in which the l1ydrographic 

inspector has been most ably assisted b,y Limit. C. T. Hnt.cbins, U. S. N., who, during several 
months, in the absence of Oommn.uder Lull on field dnty, was iu charge of the office. Tbese duties 
include the plotting and verification of Ai1ls to N:wiga.tion on about three hundred charts, the 
verification of the same on a large number of proof-sheets; the pre.para.tion of Notices to Mariners; 
furnishing of distances required by different departments of tbe gornrnment and others; the veri
fication and transmittal of naval returns of crews to the Navy Department; the plotting and 
drawing of hydrographie charts; verification of reduced sheets; making tracing of reduced 
sheets, &c. 

S. Ex. 49-9 
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The plotting and preparation of bydrographic sheets has been performed by Mr. E. Willen
huc11er wit.11 his usual skill, and he was ab1y assisted by Messrs. W. C. Willenbucher and F. C. 
Donn. 

Tim plotting and drafting of original hydrographic sheets are tabulated as follows: 

No.mes. Volo. 
1 

Angles. I Soundings. Miles. ~:::Ni:';. 

\ E. Willenbucher.... . . . . • . . . . . . . . . . . . . . . . . • . . 72 19, 840 I 163, 491 ., 3, 089 535 

I 
W. C. Willenbucher ......................... 1 50 21, 1451 74, 780 ; 2, 677 417 

F.C.Down .................................. I. 39 ! 15,313 62,720 !' 1,510 .......•.... 1--1---------------
1 Total............ . . . . . . . . . .. . • . . .. ... ! 161 i 56, 298 I aoo, 991 7, 276 952 

In addition, owing to the accumu1ation of work in the Drawing Division, a number of projec
tions have been prepared by Mr. E. Willenbucher for the use of field parties. 

Besides the office-work, Mr. W. C. Willenlmcher was on field duty for about three and a half 
months out of the year, and Mr. F. 0. Donn about one month. 

Very respectfuUy submitted, 

Prof. J. E. HILGARD, 

.Assistant, United States Coast and Geodetic Survey, 
in charge of Office and Topograpliy. 

0. M. CHESTER, 
Hydrographic I'ltS'pector. 
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APPENDIX No. 1. 

IJistribution of surveying parties upon tke A.tlantic, G1tlf of Mexico, and Pacific cua;;tJJ, and interior 
of tke United States, during tke year ending June 30, 1881. 

---,-----,----------------------0------------·-·-·· 
Section. /Parties.[ Operations. Persons conducting operations. Localities of work. 

- ---~S~CTIO~-----i---i----- ---i ! 
Maine, New Hampshire, i No. 1 1 Topography ...... H. G. Dirden. a!!Sist.anl; W. I. Vi-; Topoj(rllphy of Dyer's Neck and Petit Manau 

Vermont. :Massachusetts,) r I nal, subassistant. Point, coast of Maine. 
Mid Rhode l•land, inclnd' ! 2 j Topography ...... '1 A. W. Longfellow, aesistant; Ilion 1 Plane-table •nrvey of the shores and nppe1· beads 
ing coast and seaporn,, r ! ! Bradbur_y, extra Ob8"rver. of 1''rcnchman·~ Bay, Me. 
bays and rivel'li!. f 3 Hydrography ..... 1 Lient. S. M. Ackley, U.S. N., assist.; Hydrograpby of the Penobscot. J{jyer, Me .. lw-

\ ant; Lient.H. T. Monahon, TL s.' twe<>n Hampden and Winterport; of the bead 

S:ecrrol! n. 

N.; MasterFr.inkE.Sawyer, U.' 

S. N.; Ensign Warner H. Noa· 

trand, U.S. N. 

( Tidal observations\ .J. G. Sp•ulrling ............. . 

waters of the Bagaduco River : of Jm-dan 
River; of Skilling Rh-er; of a port,ion of 

Frenchman's B&y, aiid of Franklin Bay above 
and including Sullivan .Falla, Me. 

Examination for location of a buoy in llli!l Creek 
Tulach, Penobs1mt River. Me. 

SerieH of tidal observation• continued with sdf
registering tide gaugP aud mPt.eorologit~al ob. 

sena:ti.ons recorded at North IlaYe-n, t>ntranm• 
of PenobRCot Bay, Me. 

5 Hydrography.... Lieut. H. G. o. Colby, u. s. N .. as- 1 Complete hydrogra.phiQ •urvey of Rockland Har-

6 Triangulation ... 

7 I Triangulation .•. 

8 Triangulation ..• 

9 Hyilrography .. 

sistant; Lieut. n. T. Monahon, Ji hor, M:e,., &nd soundings in :Mnscll' Ridgt» Chan· 

U.S. N.; Mastf'T Frank E. Saw- nel and Skilling River, Me. 

yer, U.S. N.; Ensign Warner R. 
Nostrand, U.S. 'N. 

Pmf. E. T. Quimby, ading assist- Ob .... rvat.ions commence<lat Mount Washington. 
ant. N. H., and aignahs ru..erected to be obset•etl on 

from Gile Hill, Vt. 
Prof. V. G. Barbour, acting as•ist- ' Oh8eITat.ions compl•t~l at Stations Herrick and 

ant. North East Mountain, in V~rmont. 
:R. D. Cutto, -U.tant ............ · Primary triangulation in .Y ermout to connect. the 

survey of Lake Champlain with the triangula
tion of the ooaat. 

0bt!ill'V1!.tionscompfoted at Potato Rill aml Field's 
Hill, Vt. 

Lieut. H. G. O. Colby, U.S. N., as- Hydrographic development of Pickett's Ledge. 
sietant; Lieut. R. T. Mona.hon, 
U.S. N.; Master Frank E. Saw· 
yer, U. S. N,; EnBign Warner H. 
Nostrand, U.S. N. 

entranoe fu Salem Harbo1·, Masa. 

Connootient, New York, No. 1 
New .Jel'l!8y, Pennsylva-

Topography and J. W. Donn, .....U.ta.nt .......... .. 
hydrography. 

'l'opogt'apb~- and l1ydrograpby of the sou th coast. 
of Long Island, N. Y., including a snrve.y of 
t:ornell's Creek. nia, and Delaware, ill-

1 

clud!Dg eoaat, baya, and ' 

rivera. 

2 Tidal. observation& J, W. Banford. • • •• • . .. • . • . . ..... 

3 Special operatioDB F,,JL Gerdea, 8BllistAnt ........ .. 

Topography and H. L. Whiting, asalst.ant; W. C. 
triuigulatioll. Hodgkins, aid ; C. H. Van Orden, 

aid. 

Obsenrations oontinued wit.b tht~ self·rel!:isterin~ 
tide gauge at Sandy Hook, N.J. 

Re-mll.l'king trigonometrical points on the Hud
son River. 

Topogmphy of the shorne of the Iludli!On lliver 

in the vicinity of West Point, N. Y., and point• 
detennined by trianirnlatiou for the plane-tabfo 
lltlrVey. 

5 ReoormaiaaaDee... C.O. Boutelle, aaeiatant; J.B. Bon- RooonnaiBsance continued across the northern 

I 
;elle, extra observer. I part of the State. of New York for triangula

tion betw~ Lake Cli.aJn?la.ili ~d take On
tario. 
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Sections. 

SECTION II-Continued. 

SECTION Ill. 

Mal'yland, Virginia, and\ 

\V-est Vfrginia, includingf 

bays, seaports, and rivtil'8./ 

REPORT OF THE SUPERINTENDENT OF THE 

APPENDIX No. I-Continued. 

Parties.: 

-----~·----- -------

No. 6 Primary triangu · 

la ti on. 
R. D. Cutts, assistant.............. Obser"a.tions completOO at Cheever, Elueberry 

Hill, and BigBlow Station, N. Y., in scheme of 
primary triangulation to connect Lake Cham 

7 . .A.stronomieal. - .. ·1 G. W. DMD, ••&istant; Edwin 
' Smith. assistant; F. H. Parsons, 

plain with the coast triangulat.ion. 
.Astronomica.1 observatory erectro for telegraphic 

lonl(it11de purposes at Cape May, N. J. 
aicL 

8 : Astronomical G. W. Dean, assistant; Edwin 
Smith, assistant; C. B. Sinclair, 

sub!Ulsistant; F. H. Parsons,aid; 
Carlisle Terry, jr., aid. 

Telein·.iphic lonj!'.itudes determined by sij!Ilals 
between Washington, D. C., and Cape .May, 
N.J. 

9 i Triangulation an<l C. JIL Ba-0he, assistant; E. L. Ta- Triangulation points 11etenninffi for topop·aphy 
in the -.icinity of Cape May, N. J'., anol plane· 
table •urvey continued along that portion of 
the coast. 

topography. ney,... aid. 

10 Hydrography ... Lieut. E. B. Thomas, U.S. N., as- Hydrugraph.v of main ship channel, Delaware 

11 Trianj!ulatfon 

sistant; Lieut. J. A.H. Nickel•, Bay. from Ship John Light towards Brandy. 
U. S. N.; Masters Charles J. 
Badger, F. A. Wilner, and 
Henry Morrell, l". S. N.; Ensign 
H.F. R<'ich, U.S. N. 

S. C. lllcCorkle, assistant. 

wine Shoal liizht; of Delaware Bay near mouth 
of Cohansey Creek. Special surveys for Light. 
Honse Board of a. shoal near th~ Fourt~en Feet 

Bank; de.faile<l snrrn.\' of that, hank an<\ of t.he 
Jowt'r f'Dfl of .Joe Flo~.c;f"r Hhoal; Run~"~· f01- po. 

silion of a light near Lewes, Del.; surrny of 
Cape May to and including Brown Shoal. 

Triangulation of the Delaware Ri'~er from New 

Castle to Delaware Cil.y. 
12 

1 

Topography C. T. Janle\la, •••i•tant; J. Berge- Topoi:raphy of Hte Delaware Riwr from Fort 
l.')beimer, sn bassist ant,, Mifflin to Chcstt"'r, Pa., and of f,he i:,hort>:b of 

New Jersey from Woodbury Crnek to Raccoon 
Island. 

13 Ttian1Znlation and R. M. Bache, assistant. .... - ... • . . . Triangulation of Urn Delaware Rivur from Ches· 

14 

t-0pography. t.cl', Pa., t.o New CBStle, Del.; aml from Rac
coon Island to Penn's Grove, N. J. TopoJ..'l'R· 

H.vdrography. _ ... Lieut. H.B. Mansfi"1d, U.S. N., as
sistant; Liont. Hugo Osterhaus, 
U.S. N.; Ensign William H. Al
len, U.S. N.; Ensign W. G. Har

mon, U.S. N. 

pb;yfrom Ra'.Ceoon Island to Penn 'a Grove, N.J. 

Hydrographyof the Delaware River from upper 
end of Little Tinnicurn Island to upper end of 
Marcus Hook; and from Edgemoor to above 
New Castle, Del. 

15 Hydrography. . . . . H. L. llfarindin, assistant; Ensii,'D 
C.H. Amsden, t:. S. N. ; Ensii,'11 
E.M.Katz, U.S. N. 

Hydrography of the Delaware River from near 
tbe mouth of the Schuylkill River wwards 
Chester, Pa. 

16 Special operations F. H. Gerde8, 888istant -....... - .. Re-marking triangulation stations near Phil ... 
delphia,Pu.. 

17 Triangulation . - - . Prof. E. A. Bowser, acting assist- Triangulation continued in tho northern part of 
ant. New Jersey. 

18 i Triangulation • • • . Prof. L. M. Haupt, acting assistant. Five stations occupied and two new stations es. 
I tablished in the triangulation of Pennsylvania. 

No.1 . C<iast pilot work .. J. S. Bradford, assistant; J. :R. Examination of inland waters between :Mont.auk 
Barker. Point, Long Island, and Cape Charle&, Va., for 

tbe preP"ration of a Coast Diroot<ll'y for small 
craft, aml coast views obtained oft' Cape Hen
ry, Va. 

2 Hydrography..... Commander E. P. Lull, 1'. S. N., Hydrograpby of inland waters along the ooast' 
bydrographic inepeetor; Lieut. of Maryland and Delaware, north of Chlnoo-

E.M. Hnghe&, U. S.N.; Ensign I teagnelnlet. 
C.R. .A.mad.en, U.S. N.; W. C. 
Willenbncber, bydrograph le 

: dranghtammi. 
a Special hydrog- : 61lnhom Bradford,-istant; W. Examln8>tio11. ol oyster-beds in Clteaapealr.e Bay, 

rapby. I C. Willenbneher, hydrographic and 8111."Vey of shoals oft' Chincoteague In1et, 
/ itaughtaman. Va. 
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APPENDIX No.1-Continued. 

----··----------
! 

Sect.ions. I Parties. 
' 

Operations. Persons conducting operations. Localities of work. 

----- ·--·------~1··-
SECTION III-Continued. ' 

SECTION V. 

No. 4 Triangulation . . . . S. C. JlfcCorkle, ""sistsnt . _ •..••••. i Trian!(Ulation points determined for a plane. 
table survey of the District of Columbia. 

5 Triangulation . . C. H. Sinclair, subassista.nt ........ , Triangulation of District of Columbia complet-

6 Topography .. •• •. J. W. Donn, assistant; W. C. 

Hod11:kin, aid. 

ed, and pier at Fort Mye.r corrnect.ea by t.rian

gnlation with l"nit,.d States Narn!Observat-0r.r 
for use in experim(';nts relath·<~ to th~. '\"elocity 

of light. 
Topogra.ph~· •~ntinued for a detailed BUITf':V- of 

' the District of Columbia. 

7 Topo~raphJ------ CharlesJanken,}~.C.Donn ·-·--- Topo~phical survey of .n.sitR fort.he nf'wNa. 
val Ohservator,\·, District of Col um hia. 

8 j Ma.gnrtic obser\a- Charles A. Schott, assistant __ ••. . ::Magnetic observations at Washington, n. C. 

tum~. 

9 Gravitation.-·~-·. C. 8. Peiree, assistant; E. D. Pres- Jlendulum observations and t~oJlateral work con 

ton. tinned at the Johns Hopkins Dniversity, Balti-

10 ( Hypsometry .••.. H.F. Walling ............ . 

mo1'e,Md. 

Barometric and oth(~r observatiorn~ commenced 

at points in Marylanrl for t.he '~ompilat,ion of a. 

gPnera l bypsomet.ric map. 
11 ; Astronomical :;. W. Dean. assistant; F. H. Par. A•tronomicaloh•ervat-01ieserrct.ed forteh•g1·aph-

12 

sons, aid. 

Astronomical ...... 
1
: G. W. llf'ian, as~iHhmt.; Ed\'fin 

Sruit.h, assistant; C. H. ~incl.air, 

~nktRRistant; F. H. Parsons ancl 
C:trliRlt' TP-rry, jr., aids. 

13 · MaiwetieobRerrn· T. B. Ha~·lor, sulmssista11t .... 
tiuns. 

14 TTiangulat.ion A. T. Mosman, aKSi8tant; W. R. 

Fairfield, extra ohserver. 

ic Jongitndcs:1t. Strashur~. \"a .. arnl CJrnrlt"Rtuwu 

W.Va. 

T1,legrnphil; lm1gilmle -Higual:. t':\ChaugPtl ht>

t.wet-11 \Vashini?:lon, D. C .. and aidronomical 

statiou1' at Ht.rit1:1buq;:;, Vu., and Cha1 lt>ston, \V. 

Va., with obsen·ations for latitudt> at t.ho~p 

~t,ationR. 

M•~netic declination. dijl. an•I intensit.r deter
mineri, with oh:·wrvalion~ for time auc.1 azimuth. 

at Whe<>.linl(, Clarksburg. Parkersuuri:,Charles. 

ton and AldcrROll, "'T· Vc-t., eovin:.::t~lTI and 

'V.rtlu•\•illt•, Va.; latitmlt_. and lon~itudp oh
servctl at the laHt th~t' tttRt.ion~. and ohscrva
ti<me partiall.v completoo at Marion. Va. 

Stations in "'\\"'C'st Virginia oct•upi<'tl for extend

inj!; west.ward the triangulation towardR the 
Ohio River. 

South Carolina and Geor- No. I Tidal observa- Lieut. B. D. Greene, U.S. A ....... Tidl>.l observations at Cbarle.ston, S. C. 
gla. tlons. 

SKCTION VI. 

East Florida, from Sa.int 
Mary's .Rh·or to Auclote 

Keys on the weat ooast, 
inc1uding COB.Rt ap

proaebes, roofs,keye,sea

ports and rivers. 

SECTIOlll VII. 

Gulf eoaat and souuda of 
W eet Florida, including 
. pl>118 and rivers. 

No. I Hydroi:raphy _. Commander ,J. R. Bart.let!, lT. S. 
N., assista.ut.; Lkut. Chal'l{~s C. 

Cornwell, U. S. N.; Master G. ; 
W. Mentz, U. S. N.; Mast-0r 
Henry Morrell, U.S. N.; En· 
sil(Ds Luei3n Flynnc, R. L. Rey
nolds, U.S. N. 

2 ' 1'1ia.ng11lo.tion, to- ·, W. I. Vinal, sal.Jasslstant; E. L. 

pogrn.phy, and Ii, Taney, aid. 
h~·drography. 

3 Rydrography. Lieut. E. B. Thomas, U. S. N., as-

N-0.l Hydrognphy ... 

sistant; Lieut. J. A.H. Nickels, 

U. S. N.; Muters Charles J. 
'Badger and Frank A. Wilner, 
U. S. N.; Ensign H. F. Reich, 
U.S.N. 

Lieut. E. B. Thomae, U. S. N., as

sistant; Lieut.J. A.H. Nickels, 
U. S. N.; Masters Cha~!"" J. 
Badger, F. A. Wilner, and :sn. 
sign~ F . .Reich, U.S. N. 

Dt•up·S('<a soundin,!?A, dredgings, and temperatnrei:; 
butween Geor)!;c.''& Bank and Charleston, 8. C. ; 

soundinj!;S ootween ,Jupiter Inlet, Fla •. and 
Curritnok Ligl1t-HouRt", N. C., extendin~acrosR 

to the. Bah&rna Banks, with serial t<1mperat11r.,s 

and dredgiugs for bottom speuimens. 

Triangule.tlon, t-Opogni.pby, and hydrogri\phy of 
Indian River and adjacent coast, Eastern 
J<'lorida. 

Lines of soundings run off Cape <Janaveral 
Shoals and a-011th of Cape Canave1-al, """t co""t 
of Florida. 

Linee of soundings run off EgmontKey, entrance 

to Tampa Bay, and off Light·HDu.80 Powt, 
e&8t end of SawtGeorge's Sound, west eoast of 

Florida. 
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Sections. 

SECTION VIII. 

Alabama, Mississippi, Lou
isiana, and A rka.nR&A1 

including Gulf cuast, 
ports, and rivers. 

SECT!Oll IX. 

REPORT OF THB SUPERINTENDENT OF THE 

No. 1 

APPENDIX No. I-Continued. 

Operations. 1 Persons conducting operations. 

Hydmgraphy ..... : LieuL.Urie!Sebree,U.S. N.,aosist

ant; Lieut. E. M. Hughes, U.S. 
N.; Ensigns J. W. Stewart, J. 

C. Colwell. M. L. Wood, and W. 
TI.Caperton, IT.S.N. 

Localities of work. 

Hydrography of the Miasiseippi River, from a 

point four miles below Donaldsonville, La., to 
Plaquemine. 

Tidal observations: B. M. Harrod, State enl(ineer of I Tides recorded at Lake Borgne, La. 
Louisiana. 

Triangulation C.H. Van Orden, aid; '\V. B. Fair· 
field, extra. obse1ver. 

Triangulation .. W. H. Dennis, asRistant; J. B. 
Boutelle, extra observer. 

Le"Vf"ling......... .Andrew Braid, assistant; Isaac 

Winston, aid. 

Triangulation of the Misaisaippi River completed 
betwoen Bayou Sara and Baton Rouge, La-. 

Triangulation of the Miasi•aippi River from 
Providonce, La., connected at Walnut Point 
with scheme extended from Greenville, ll_iss. 

I~ines of pre~ise levels rnn from Pointe Coupee, 

La., to Rodney, .Misa. 
6 Trianiwlation . _. Charles Hosmer, assistant; J. Triangulation of the .Misaisaippi River completed 

between Vicksburg, Miss., and Lake Provi
dence,.I.a., and between Greenville, Miss., and 

Walnut Point, Misa. 

Hergesheimer, subassistant. 

Leveling. 0. H. Tittmann, assistant; J.B. I LinesofprooieelevelsrnnfromGroonville,M:iss., 

Leveling ... -

Weir, subasaistant. I to Glenora, Mias., along the .Mississippi River. 
J.B. Weir, euba.ssista.nt; Thomas I~evele of precision ca1Tied along the Mississippi 

P. Borden, aid. River from Glenora, Miss .• to Rodney, Miss. 

ft·ianµ:ulat.ion c. H. Boyfl. ~~"'iRtant.; c~uli.r:.h• Bas~ line nrnai:mrfld at GrPPndlle, Miss., amt 
T~rr.r,jr., and li-. F. Binl, aids. trian.1;ru1at.ion eomml'Dced. 

10 A..8tronomical Ed\vin Smith, aSRistant.; Cal"lisfo Determinat.ion of azimuth of the base line at 

Terry, jr., a.id. Greenville, Miss. 

Texas and Indian Terri- · No. 1 
tory. incladin~ Gu I f i 

Topol!raphy .. .. .. R. E. Halt.it', assistant ....•.• ·-·-·· Topography of the Laguna Ma<lre near Corpus 
Christi, Tex. 

coast. ba;vs, and rivers. i 

SECTIOX X. 

Hydrography ·-·· Lieut. Uriel Sebree, U.S. N., as- lfydrography of coast of Texas offPadrelaland. 
sistant.; I.ieut. E. M. Hughes, 
U.S. N.; }~m~ignsJ. W. Stewart,, 

,J, C. Colwell, M. J,, Woorl, and 
W .. B. Caperton, U.S. N. 

California, including the No. I 
coast, baye, harbors, auc I 1 

rivers. 

Magnetk. obser. : Lieut. H. };. Nichols, U. S. N., as-
vations. sistant; Lieut. T.D. Bolles,U. S. 

N.; Lieut. W. T. Swinburne, U. 

8. N.; Mast.ere. F.Pntuam, U. 
S. N.; EnsignsF. W. Coffin, W. 
D. Rosio, and C.1''. Bond, U. 8. N. 

Magnetic declination, dip, and intensity deter. 
mined at stations on the coasts of Lower 
California, :Mexioo, and Central America, and 

recon1faissances of Guadalupe Island. 

Tidal observations Fiacro Quijano, civil engineer .. - . . Observations with !!elf-registering tide gauge 

and meteorological obt!erv .. tions at :Mazatlan, 
western roast of Mexico. 

HydroJ(faphy ..... f Lient. E. H. C. Le11tze, U. 8. N.; 

I 

Lieuta. E. K. Moore and L. C. 

Heilner, U. 8. N.; Masters W. 
P. Heilner and R. H. Ga!.t, U. 8. 

Hydrograpby of the coast_ completed between 

Point .bguello and Point Sal, Cal. 

i N. 
4 Topoj!J'apby __ . _ .• ' W. E. Greenwell, W1Sistant . - . . . . . . Topography of the coast in vicinity ·of San Luis 

Obispo, Cal. 
5 Tidal obeervatit!lts E. Gray . __ . _ •.•. _. _ ••••••. _ •.. _. Observations continued with self-registering t•de 

gauge at Sau.eelito, inside of San Franc.ieoo 
Bay, Cal. 

ti Triangulation. __ . 

. F. Pratt, snballsilltant. ciaco Bay, Cal. 

j A. F. Rodgers, aasista.nt; D. B. 1 SanhedrinandCahtostationsooeupiedinll<lheme 

I Wainwright, subassistant; J. I of primary triangulation north of Saa Fran-

7 , Primary triangu- t}oorge Davidson, B88iatant; R. A. Geodetic operations, ineludlng latitude, azimuth, 

tion Colonna, aesistant; J, S. Law· I and magnetic obllervation1 at statiOlll In the 
son, "88istant; J.J. Gilbert, 88· Sierra Nevada range, fortbe ~tinental 
sistant; E. T. Dicklaa, av.bas- triangulation, and site prep&IOO for a prinlary 

Bista.v.t. , baoe llae at Yolo, Cal. 
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SECTION X-Continued. 

SECTIO!f XI. 

APPENDIX No. 1-Continued. 

Persons conducting operations. 

Triangulation and ) L. A. Sengteller, assist.ant; Fre-
topography. mont Morse, aid. 

9 Tidal obser"\'"ations1 W. D. Alexander 
' ' 

Localities of work. 

Triangulation alld topography of the Calitt>rnia 
coast from Walalla River to Point Arena, Cal. 

Observations of ti.des <~ontinued with .wlf-regis
tering tide-gauge at HonoJu1u, Sandwich Isl· 
ands. 

Orilgon and W&Bhington No. l Topography . . . 1 Cleveland R<ick wdl, assi•tant Detailed topographical survey of the Columbia 
Itivf>:r continued from Columbia City: bydrog. 

raph_y comwenood a.nd tda11euulation extended 

in that vicinity to above Saint Helen's, Oreg. 

Territory,includingeoast, 
interior bays, ports, and 
rivers. ' 

Topography ... - .. ; E. Ber~e;,heimer ...... ....... . 

31 Triangulation and [. Eugene E11icot.t) a.R~istant 
topography. , 

I 
4 Hydrography .. - .. I, Lieut. Pern-Garst, U.S. :K., assist-

Special topography of the Columbiu. Rht:'r, in
cluding the Dalles, for Topographical ]\[annal. 

Topography of Port Orchard, W. •r., and adja
cent shores &nd inlets of Puget Sound, anrl 
triangulation extended to furnish necessary 
pointB. 

Hydrograpby of Port Discovery and adJacent 
ant; Ensigns S. J. l3rown and waters, Straits of Juan de Fuca, W. T. 

, H. T. Mayo, U.S. N. 
5 Reconnaissance ... ! Stellman ~~orney i asSistant: P. A. Reconnai~sance for a primary l•a.se-line site on 

'V elker, a.id. the sb01·e of Boundary Bay, British Col um hia. 
SECTION XII. 

.A.Jasko. Territory, includ· 
ing the cO&Bt and the 

Aleutian lslaDds. 

No. 1 Tidal oboenatinns William ,J. J<'isher ...... _ . _. _ . _. Tid:ll observations continued wit.b selfregist<ir
ing tid-c--ga.uge at Saint Paul1s, Kadiak Isbud, 

Alaska. 

SECTION XIII. 

Kentucky and Tennessee.. No. 

SKCTION XIV. 

Ohio, Indiana, Illinois, Wi•- No. 
consin, and Michig<W. 

\ 

2 Special operations.: W.B.Dall,assistant: Marcus Ba- i Astronomical, magnetic, meteorological, current 
· ke1-. a.nd aea-water temperature observations, with 

I 

' •·~-;"" "' j ..,.~ '•"', "'""""' , c," ""'' 

I 
servations. 1 'l'e1·1')',jr., aitl 

soundings, at stations between Sitka Wld Chil
kaht, coW!t or Al&Bka. Collection of notes for 
Coast Pilot of Alaska. 

Dt-tt•rrnination of azimuth a.t the base line near 
' Louisville, K~,. 

2 Geodetic . - .... - - .. ~ Carl Schenk, arting aRsistant ... . j Reconnaissance for scheme of primary triangu
tion to connect the Lonisyille base and Sa.It 

3 Geodetic 

Geodetic ..•..• - -

2 Astronomical _ - -

a Magnetic observa· 
tions. 

I 

Northern Kentucky. I 
River with the line Riley to Mountain Top in 

Prof. A. H. BuchBnan, acting as- i Observations completed at four stations, signals 
! sistant.. 

I 
erected and one Btation reoccupied in scht!mt; 
of primary triangulation ill Tennessee. 

Prof. R S. Devol, acting assistant.. i Reconnaissance for the Rxtensitln of the primary 
/ triangulation in Ohiv. 

G. W.Dean, "88istant; F.H,Par- I AstronomicaJohservatoryel'el'.tedfortelegrnphic 
sons, a.id. j longitude observations a.t Ciucinna.ti, Ohio. 

J.ll. Baylor, snbassistant. ··-·-- ··i Magnetic declination, dip, and intenaity deter
i mined at Cleveland, Ohio, Grand Haven, Mack
i inac, Sanlt Ste. Ma.rie, and Ontona.gon, M.icb., 

I 
I 

Superior City, Wis.,Vineeunea, New Harmony, 
Indianapolis, and Richmond, Ind., Cincinnati 
and .A.thens, Ohio, with observations for a.p-
proximate geographical positions of stations 
occupied. 

4, Geodetic .••••• -• - . Prof. J. L. Campbell, acting8"8iat- Reconnalsaa.nce for the scheme ofprima.rytrian-
ant. gulation in Indiana. 

5 Primarytria.D~ G. A.. Falrllel1l, 11S11istant; F. W. , Contlnoa.tion of, and reconna.isl!ance for, primary 
tion and recon-1 Perkins, &Bsistant; 1saac Win-1 triangulation eastward along the Thirty-ninth 
naiMance. ston, &id. Parallel in Illinois. 

6 Goodetic .••...••.• 1 Prof.J.E.Da.viea, acting"88istant. Fonr etatioll8 occupied and ohservati0Il8 made 
for la.titode and ar.imntb at two stations on the 

7 Magnetic obllerva- Prof. J. E. De.vies, acting asaiat-
tiona. aat; G. W. Suess. 

triangula.tion of Wiaconsi.n. 

Observations of magnetics oontinned at the per
manent Magnetic Observatory, 1iladi1M>D, Wis. 
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I SFI'110N xv. 
MiSMuri, Kan3a8, lowa, 

NebrBBka, Minne•ota, 
aud Dakota. 

SECTION XVI. 

Nevada, Utah, Colorado, 
Arizona, and New- Mvx
ico. 

! :No. 

I 

J 
I 

I No. 

Trian!(lllation . F. D. Granger, assistant; H. W. 
Blair, snbaasistant; Cadisle 

Primary triangulation extended westward in 
Missouri from •tations Hunter and North 
Base. 

1

1 Terry, jr.J aid; Tnomas P. Bor
den, aid. 

2 Magnetieabserva- .
1 
J.B. Baylor, subassi~ta.nt. 

tions. j 
Mal(Detic elemeul.8 determined at Brainerd and 

Glyndon, Minn., Pembina, Jamestown, and Bi•· 
marck, Da.k., }l"'ort Snelling aud Heruu La.ke1 

Minn., Yankton, Dak., Omaha, Nebr., ancl 
Dnbnqne, Iowa, with observations for approx

imate geographical positions of stations occu. 
pied. 

Primary triangu· I WilliamEimbeck,ASsistant; R. A.. Primary triangulation in Nevadacontinuede&Bt-
lation and mag- Marr, aitl. ward along the Thh·ty·ninth Parallel, and mag-
netic observa- netic elements determined at stations in Ne-

i tions. 
2 I Primary triangu-

1 lation. 

vada and Utah Territory. 
0. H. Tlttman,aSsistant; J. E . .Mc- Primary triangulation in Colorado extended 

Gmtb, aid; G. F. Bird, a.it!. eastward from the El Paso base. 
------------------------'----------------.:___ ____________________ _ 
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APPENDIX No. 2. 

Statistics of field ond office work of the United States Coast and Geodetic 8urvey for tlie year ending 
])ecember 31, 1880. 

Description. 

RECONNAISSANCE. 
Area in square &tatute mile• ............................................... .. 
Parties, number of, in year ... , ............... ---- ___ ....•.. __ 

HASE LINES. 
Primary, number of ....................................................... . 
Subsidiary, number of ........................................ . 

Primary, length of, in statute miles ...•................ _ ..... . 

Subsidiary, length of, in statute miles .............................. .. 

'l'RIANUUl.A'flON. 
Area in s<1uare statute miles .•.••.... 
Stations occupied for bOTizontal angles, num Uer of ...•...•......... 
Geographical positions determined, number of ...............•.. 
Stations oocupied for vertical angles1 nnmhcr of. 

Elevations deterrrrined 1 number of. .............. . 
Lines of spirit Jeveling1 length ol' ........... _.... .. . . . . . . .... .. . ... . . ..... __ .... ___ ... 

Parties, triangulation an<l levPliug, number of, iu year .•.•............... _ ............... _ .. ___ ............ . 

ASTROSOMJt:AL WORK. 
Azimuth stations, number of ..... _ ................... _ ................................................ . 
I~atitude stations, number of .......................................... _ ...... _ ..... . 

Longitude stations (t...legraphic), number of .................................. .. 
Longitnde stations (chronometric antl lunal') 1 numbe1· of ........ _ ............. _. 

.Astronomical parties, number of, in year ...•.. ___ .... 

MAO'NETH' WORK. 
Stations occupied, number of .•..... _ ..... 
Permanent magnetic stations, number of, irJ )'ear ...... _ •.......•..... 

:Magnetic parties, number of, in year ................................. . 

TOPOGIUPHY. 
Are1< ourv.,yed in square miles ..................................... . 

1:18, 39:! 

9, 555 

17, R19 

fJ61 

1, 48:1 

1, 356 

154 
261 

101 

110 

440 

27,099 
Length of general coast, in miles ....... _ ............ --- . . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. . .. 6, 099 

Length of shore line, in miles (including rivers, creek", and ponds) . . .. .. .. .. .. .. .. ..... [ 76, 160 
Length of roads, in miles ................. _........................... .. ......................... : 39, 628 i 
Topographical pa.rtie.s, number of, in year ......... -- .................... · ..... - ..•.. - · · · ·· · · ··•· · · •• · · - · ·1· ·•·· ·· · ·····-; 

llYDROHltAl'lfY. 
Parlies1 number or, in year .................................. _ ..... . 
Number of milM run while sounding ......... .. 
Area sounded, In square miles .............. _ ................... .. 
:Miles run, additional of outside or deep-sea soundings._ .... _ . 

.................................. /. 

................................. ! 
i ........................ 

··-·-·-·····-·· .......... \ 

~29. 6H4 

79, 199 
66,066 

15, 182. 3W Numberofaonndinge ........................................... . 
Doop-sea soundings, number of, in year. . . . . . . . . . . . . ....... _. ............. ..! ............ . 
Deep-sea temperature ob8ervatioua, num l~r of, in year . . . . . .. . . . . . • . . . . . . . • • . . • . .. . . ...... - ... - . - .. , ..... - ... . 
Tidal stations, permB11ent................................. .............. .......... 241 
Tidal station• occupied tempol'arily .. - • .. .. .. • .. .. . .................................................. -1 l, 751 
Tidal pllrtiflll, number of, in year ........... _.......... . .. . . .. . .. .. .. . .. .. . .. . .. .. .. . .. .. .. • : .. .. 

~=E=::::~?~~:::::::·:::::::·:·:·:·::::·::·:':':':'::·:·:-.·:·:·:·::::·:::::.:::::::::·:·:::::::::::::::J----·;;::::-
RKCORllS. I 

Triangnlati1lD, originals, number of volnmea .................. -............... - ....... - ................. 

1 

Astronomical observatloDI, orlginala, nnmber of volum .. s .......................................... __ .. 
Magnetic ob8ervations, orlgln&ls, nnmber of vohnne• ................. - ...................... _ ....... .. 

~:!:::.::~:.::~::::~~.~~~~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1 
S.Ex. 49-10 

2,808 

l, 397 

464 

Total to Ile-
1880. cember31, 

1880. 

5. 440 275, 390 

4 ----------·-

13 

121 
u 79 

5! 271 

Ir., 490 153, 883 

399 9, 9f>I 
870 18. 689 

39 000 

104 1, 587 

480 1, 836 

B5 

14 168 

12 273 

102 

110 

96 

701 27, ROO 
91 ~.190 

2,466 78, 6'J6 

867 4-0,495 

19 _______ ....... 

II ---·-······· 
G, 399! 336, 033t 

3, 209 82, 408 
G, 093 71, 159 

2.19, 1388 15, 422, 214 

535 ··-··------· 
1.342 ................ 

7 248 
27 1, 778 
2'2 < ................. 

(1 559 

2 ............. 
178 11, 208 

441 3,249 

90 1,487 

21 485 

383 3,350 

203 ' 3,lbG 
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Description. 

RECORD&-Coutiuuetl. 

Hydrographical Rounding~ antl angl~s, originalR, nnml1Pr of volumes .. _ .. . 

Ilydrographical soundings and angles, tluplicateR, numht>r of' volurnPs ... . 
1'i1h1J anfl current ohs('l'Vation.i, originals, nurulmr of volumes ...................... . 

ThJ.al aml cunt·nt ob~tir\·atiom;. tluplicah·H, uulllbt>or uf volunws ...•............. 

ShBet~ from self-registerint? ti<l{"-gauges, n11mUer of .......•............. 
Titlal rcductiontS, number of volumes ........................................... . 

Total number of volumes of records' ______ ........ ·- ........ ·-----·- ...... _ .. ·--

MAPS AND CHAHT8. 
Topographical maps, originalR .............................. _ 
Hydrographic charts, originalB- ..... ___ .. __ .. __ .• _ .••••. ·-- .•. 

Reduction!i from original tibeet~ ..... __ .... ··-··-··· ..... __ . ___ ....... _ ..... --··· _ .. . 

Total number of manuscript maps and cbarhi to an<l inc1udiu~ 1880. -......... . 

Number of sketches matfo in Jie!U and oftire --···-·-·· ... -·· ·-·-··. __ ·-. _. _ ·-·-··. _ 

KNGRAVINO ANU l'HIN'l'l~(I, 

::::::::::::1 

Engraved plah·s of finished charts, nuruher of_ •..• _. __ ........... _ .......••.. _ .. __ ... _ .......••...•... 

En!Zraved plates of preliminary chartR, ~ketclws, and diagrams for the Coast and Geodetic Survey 

Reports, num lJer of .............. _ ... _ ..... . 

Electrot_ypt· platt·A made ... _ 
Finished d1artli puh1iMhed (i1u•lmlin;..r rPi8HUeH) . 

Preliminars chartl'I and hydr11gravhil'aJ skefrhi·H 11uliliRlwd ..... . 

Engraved plates of Con.Ht Pilot charts ... _ ... __ .......... _ ... . 

EngraYetl plAtes of Coast Pilot Yiewa .... _ . _ ... _ .. _ _ ...... _ ........... . 
Printed shP~ts of maps am.1 cLarts distrilmted ................. . 

Pri.uted sl1el'ts of ma}JI'! audcltarts drposited with sale agents. 

UHRATIY. 
Number of ,~olurut-.·8 ..•... 

Total to De-
cemher :n, 
IS79. 

7, 890 

1, 204 

3, 254 

2, 115 

2, 697 

1, 7iJ8 

26, 810 

I, 578 
1, !)66 

868 
2, 629 

3, 07t 

227 

59<) 

I, 4fi4 

294 

504 

41 

53 

431, 21l 

159, 044 

6, 911 

* The.8jj totals. iudrnk all uudt•r heatl of record~, ~xt•eµt "Sheet~ from s..-lf-registeriug tide-gnnges. 11 

Total to De-
1880. cember31, 

1880. 

224 8, 114 

95 1, 299 

59 3, 313 

20 2, 135 

66 2, 763 

34 1, 792 

1, 570 28, 380 

29 1; 607 

56 1, 622 

25 893 

25 2. 65' 

36 3, 110 

13 240 

19 609 

66 1, 5~0 

26 320 

17 fi:!I 

17 58 

18 71 

'Zl, 848 459, 059 

14, 783 17:!, 8~7 

188 7, 1199 
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APPENDIX No. 3. 

Infoi-mation furnlshed from the Coast anrl Gcofletic 811r1:e.1J Office by tracing.y from originrtl .Yheet.~, 

transcripts of records, &c., in reply to spfcia1 call~ during the yc1ir end·ing .Tune 30, 1881. 

- --------·-------
Date. Name. Datu furnisL<•<l. 

1880. ) 
July 

Ang. 

2 Maj. F. U. }.,ar~1uha1·, U. S . .A., t>-nginet•r·-secrt•tar,y Light· i lnformatiou relative t.o mean low-water linf' in vicinity of ¥rout 

House Boanl. Bt•af'Oll, Cherry Island Flats. 
Samuel McElro,Y & Son, civil enginef>rs, :136 Fulton street, i Topographical Rlirn•y, of 183.i. of the south shon• of Long lto'laud, I~'ar 

Brooklyn, N. Y. ' lwckawa.Y to i;out.b Oystn· Ba~·. 
T. B. Ferguson, AsHiRt.antTTnifa.~lSta.ter; Fish Comndssioner: Topo~!Taphical f'\nn·fly of the weNt..ern shore of CheAaJwakt' Bay. 

I vidnit._v of Saint· Jerome'H Creek, Mar.vlan<l. 

TTnitM ~tates J'itth Comrni~Hion(~rs -·----·----······· ---·l Small map of the District of Coluwbfa. with horizonr.a.l cun.·el'\ tlm· 

i phasizecl. 
19 Capt. J.C. P. de Kraft, hydrogranlu\r, IT. S. N ..... 

23 Jam"s H. Wilson, vice-pri:"sitlf"nt, N~w York and 

England Railroad Company. 

26 Thomas I>ernanl. cit.v engineer. No!'folk, v a 

__ ····i PoFiition of n.stnmomical statiou on Haz.eu·H Ba.v, AWka I~dand, .Alen. 
, tian ()r·oup. 

New / H\·t1ro£?:I'aphk R1nvrv of the Hml1o1,011 Rin~r from New Winclsor to I . •. . 
! 8herrnan·i, tlock, iJwlmlin.i:! "N"t•whur::. 

____ . -i Topogr:1pl1ical l"-llJTe_vof part of Print·r:s.R A Hilt> Count,\·, \'a .. nm·theaHt 

of Nor folk. from water workH tu Bra~Uor,l"s porn I. 
30 Col. W. P. Craighill, Puitt'tl Ht.ates Corp~ of Enginf>f'rs. Topogr,1phical sun·py of t~rt~,·111-1ln11·y·,.; Point. aud shore-Hne of Au

napolili, Md., a11d hydrog-raphk HHl'\-•'S of Omuic<wk Crt>•t>k, Ac.co

ma..(' County. Va.) ISGH. 

4 Prof. S. J. Coffin. Lnfa;·ettti College, Eaotou, Pa ..... 

9 PJ"of. H. M. Paul, TTniversity of 11okio, .Ja.pau 

9 John Markoe,:!19 Walnuf.stn:et., Philadt>lphia 

Copy of papprs 011 seenla.r cha~g:f' of mag;netic deelina.tioll and not.f'R 

ou uw:isut·pment (tf terr<'stdal mil.AUeti~rn-

l)iffenrn·t· of teJPg-raphic lougitudt~ Naga.-,aki arnl Tokio. 

'ropographical s1trY(\\' of thH east sidt~ (If Monut Dest~rt Island, ~Ie., 

Yicinit·Y of Bear Brook. 
9 E. P. ColP, South Het•r bit\ M:l·-. _. _____ . _ .. ___ _ _ l'ntiui~hf'-tl pnmf of Isl{.-. au Haut Bay and E,::~emo~;;iu RMch. :Me. 

9 ' flP.nt>ral Sclw,vlm· Hamilton, Jamaica, L()ug lsla.ud, X. Y .. H,rdroµ:raphic surYt\\' of Corndl's or Mill Crfi!~k. Jama.i1·.a Har. I ... ouc: 
lslantl. 

11 J.P. Store.v ................................... .. Cops of tidal ht•twh-mark~ at Cha1'lt-'~t.m1, S. C. 

12 Verplanck Colvin, snperint.emlent Adirondack Suryey, 1~ali1urlt•. lnng"itud.-•. and a.zimuth, aml dh:.tatice~ of thr1~f· principal 

Ne.w York. guodetie stations in Nt1 w York and "'Vermont. 

17 ,John S. Tucker, clerk to joint committee of CongrPH~ on Topographina.1 su1·\·ey of'Yurktown 1 Va., madn in 1857, 
Yorktown monument. 

17, E.P.Cole,&ut,h Door Isle, }fo ............................ Unfinishetl proofa brought.up bJ•hand oftoP<>gn1rhyof Rhw Hill and 
Fn~uehman"s Bays, including the island of Mount. TJfosPrt,, M~ .• 

scale 1·40,000. 
18 Prof. R. B. Flllton, Universit.y of Missh~sippi, Oxford, MisR 

1 
Constaut.s for tlu:ir ma~neti(' instruments and pamphlet, on magnetic 

I measurements. 
20 G·eneral John Newton, TTnited StatM Cori•• of Enginoors .• 1 H,rdro~raphic ouney of Cornell's or :\I.ill Creek, ,Jamaica Uay, L. I. 

1 Hydro.14raphic sur%(ly of Pat.chog-ufl CrAek, Long Island, N. Y. 

I Hydrop;rn1•hic surn1y of Sumpwam~ ot· Babylon Cr0(~k, Long 

i Island, N. Y. 
24 General Q. A_, Gillmore, United States Corps of Engineers./! ()01•ies of l'lkfttche~ Rhowing 1ocati011 of perm.iment bnnch-ma.rks alou~ 

. tlte Mississippi River, on line of geodetic loveh bet.woon Gret>nwell 

/ and Vicksburg, 1880. 

25 General Newton, United States Engineers ................ : Copy of tidal bl\nch-marks at. Pat-0hogue, Grmiti;outh Bar, Long Island, 

/ al80 bench-marko uear Ilollaml House, Jamaica &y, J,ong Island. 
?:I General Thom, United States EnginBers ................. 

1

1 Information rulative to the tidal bcm1h-mark at. the mouth oft.be river 
near· Newburyport. 

'2:1 Sanderson Smith, United States Fish Commission ..••...•• ! Proofs of general coast chart No. I, Isle au Haut, Me., to Cape Cod, 

I
. with 60 and 70 fathom curves drawn by harnl, and proof of general 

coallt chart No. IT, Cape .Ann to Ga.v Head, with m1rvea of 30, ilO, 

I 75, aml 100 fathoms drawn by h&ml. 
28 Julina Bien, New York ................................... General coaat chart No. 675, Point Pinos to Bodega Head, California, 

and unfinished proof of Santa Ba.-bata ohannel, California, scale 

1-200,000, with addiiions of QOIW!t-line by hand. 
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Dat,e. Name. Data furnished. 

1880. 
Sept. R. D. Mussey, Waahin_gton, D. C Receivetl height of Clark Mouutain, Virginia. 

Oct. 

J.P. Bradle.y, Associate Jushce United States Su1>reme fif'.ographica] poE!itiou of MOunt. "Marsbal1, Vermont. 

Court. 
' Capt. Stephen B. Luce, TT. S. Y., commanding lTniterl 

States training-ship Minnesota. 
Lieut. Col. N. :Michler, United StateA Corps of Engineer8. 

9 ' G. Da.uben(~y, rnited StJttt·~ aRRiRUl.ut enginl~f~r ..... - .... . 
10: Lient-enant Hoxie, rnited States engineer .............. . 
10 / Mr. Campbell Carringt<in .............................. . 

10 i J. S. Copes, presidf'nt New Orl':'am~ Acaclemy of Science .. 

11 I B. W. Maples, edit.or of the Norwalk Hour ........... . 
14 j J.P. Litt.I~, Ildwni, Wa•liingt<in Couul.y, Mios .......... . 

I 

22 · General John Newton, United StatesUorps of EngineerA. 

24 ! Lieut. Col. F. 0. WyBf.\ Pikesville, Baltimore CountJ, Md .. 

25 : H. A. Bentley, assistant en)!ineerwith General Newt.on at 
i N e.,..port, R. I. 

27 ' Geor11:e E. Waring. jr., expert and •pecial agent, Tenth 
CeinsuR. 

27 ·Tanw"' :-;. Ya1d, Fnt>hold, N. ,J 

27 Lieut. L . .A. Chamberlain, TJ. S . .A .....•......... 

11 Croes, Bergen & Na.e, connsf'llon~ at law, Elizab<'th, N. J. 

14 , fi-f'nt"ral tTobn Newt-0n, TTnit~d States En,gineers 

14 Maj. G. L. f~1ll<'Apie, TTnited States Engineers. __ ...... . 

Prelimiuary plottinp: of h.vdrographk survey of anchorage in Cc1asters 

11"land Harl.mr, Rhode ltsland. 

Topographical ~mn·ey of Mattawan or Mitldletown Creek, Raritan 
Bay, X. J., with hy<lro!i!raphy off it.s mouth. 

l>e•cription of tidal b~nch.111arks at A IJsecon Inlet., N. J. 
Data relating to 1idies in the Potoma.(: at and above Washington. 

I>redh .. :tions for one day's tich•8 in the Patuxent. 
l~J;ttitudt~ and long:itmle of a.Rtrouomical st,ation of 1880 at ~ew Orleans. 

Dirt>ctionR for forming tide-tables for his paper. 
lnfvrmation on Recu1ar change of ma~netic declination since 1827-'28, 

aud 1880, aml on annual rhange for these epochs. 
Hydrop·a,pbic aurve-y of Jamaica Bay 1 Long Island, N. Y., in dcinity 

of Cornell'• or Mill Crnek. 
PamplJI<·t on magnetic secular change. 
Information relating to tidal observations at Providence. 

Topographical survey of the Hackensack River Valley, from Hudson 
Cit~· to Hallkensack, and English Creek to Leonia, N. J.; sun-eyed 

h1 twN•n 1871 and 1874.. 

Heighti-; of trigouometrical stat:ona and of bench.marks in Monmouth 

Connt_y and vicinJt.~-. 
Position autl description of station, Yorkt.ow~, Va., and of fivP adjacent 

triironoruetrical stat.ions. 
List of geographical positions of lights near Eliza.beth. 
Gl'ographical positions harbor New York, and near Throgg·s Neck. 

Hsdrog:rapbic sur~f';\" of main channel Columbia RivPr, Oreg., vicinity 
of W11lkt>r·H Island; a]su copy of topographical survey of Martin'~ 

Ishn(l to Columbia Rin~J'. 

14 A. M. Cla~·ton, llli••isoippi... . . . . . . . . . . . . . . . . . . . . . . , Topo,c;rnphical ~mrvf'y mouth of Pearl River to railroad bridge, Mi8-
si~itippi and Louisiana.. 

16 O. W. Grn~· & Son, Philadelphia .... 
16 Commandant Pflrri~·1·. Pans .. 

I 
A tahle of telel(raphir lougitude results for stations in and near Kansas. 
Table of st.atiRtics of principal ba~A-lines measured in the Coast and 

Geodetic Survey bet ween l 834 aml 1837. 

18 GenPralJohn Ne~·ton, TTnited St.ates C01ps of Engineers Topog-ra.pbical muvey of i~lattds in Long Island Sound in vicinity 
New Rochelle Harbor, 1837 and 1850. 

18 General Q. A. Gillmore, Tlnited Stat& Corps of Engineers , llntinishrri proof coa•t chart No. 58. Cmnberland Sound to Saint John's 

19 Light-house supply steamer Fern.... . . . .. 
River, Fla. 1 scale 1·80,000; brought up by hand. 

Unlinishrri proof general coast chart No. VIII, Cumberland Sound to 
Capt:i Canaveral, Pla., scale 1·400,000; brought up by hand; also un. 

finished proof coa .. t chart No. 95, :M:issiasippi River forts to New 
Orlean!i, scale l-801000; brought up b~- hand. 

19 E. S. Kemper, snrveyor-genero.1, Rockingham County, "a .. ; 'l'wo magnetic pamphlets aud magnetic declination observed at Harri. 
I sonhurg, Va. 

21 W. f;enhn-, mayor of Portland, Me .. : ...........•......... j Li•tof geoirraphical positions in vicinity of Portland, Me. 
241 Col.John 111. Macomb, United States Corps of En,Pneers .. j Topographical survey, scale 1-20,000, of the snrrny of Little Creek, 

I Delaware River, 1842. 
27 W. H. HaU, State Engineer ofUalifornia, Sacramento, Cal., List of p;eop;raphical poi:dtione and correction t.o published positione in 

the anuua.J reportR. 
27 Williarull Nicholson, topographer, Post-Offi00Departruent1 A series of maps partly engraved, partly traet•d, and partly reduMd for 

the purpose, comp1ising. the coast of California from the Mexican 
boundary to 420 latitude, to wit: .A, Coronados; B, San Diego Bay; 

C, from San Diego to Point Vin.cent; D, Santa Barbara Channel; 
E, from Point Conoo11tion to Point Pinos; F (1), from Point Pinos to 
Bodega Head; F (2), Suisun Bay; G, From Salmon Croek to Walalla 
:River; H, from Point Arena to Cal"' Mendocino; I, from Men:.ooino 
to Patrick's Pinnacle; K, from Patriek's l'innaele w Creecent City; 

L, Crescent City and Saint George's Beef; M, bom Lake Earl to 
Oregon bonndary. 

N o•v. 5 E. V. Jordan & Co,. civil engineers . • • . • . • . . . • . . . • • • • • •• •• • List of geographical poaitiona of some principal atations in the vicinity 

of Portland. 
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Date. NamP.. Data furnished. 

1880. 

Nov. 

ll•e. 

Henry Willar<l, EA•J Topo,!!raphJ ea~t Ridt· Hrnlson Rh·er. Dobb8 Ferry to ln·ington, ind ml-

ing- Suun;ysicfo. 

Col. John N. Macomb, T"nitt•d Stat.t·s Corp~ of En,ginet'I'rL Tor•ographyof Broadkill CrPflk.and hydrograph~ off itK niontlt, Dt>la 
aware Ila,,-, 184'..!. 

lZ 

Thomas J. Lon~. a~i.<istaut, t>nginerr, 1 Je11art meut of l>••C'kfl., 

New Yor·k. 
T. H. T.rndak .................................... . 

15 f"TI."neral H. 0-. "Tri,e:ht, Chief of .Jl~n}!int>f'f'S 

18 George N. Colby & Co., }~llswmth, :Mf>. 

19 H. (T_ Schofir-M, d1it•f f"ngint>iPr, Rrid,!!f.'JIOf'L Conn 

22 u~)l, John Ne-wton. l'nited Sta.te;.1 Coqis of En~ineers 

2:{ I rnitcd Rtatt>S Lig,ht-BotlFH' Board 

3-0: C.H HA~\w•ll, N('W YoI"k .. 

i i Bur1·a11 of Na,·j~atiou, Na'J DepHrtment ... 

6 
1 

M.ississipJd River Commission ... 

Missi;...~ippi lti\'t>I' eornrni~Aiou 

10 i J. lJ. Pool, C;ipt .. iu Eu~im•t·ro, [". S. A 

14 I Prof. C. A. Yonni:. Princeton. N.J ........ . 
16 I Mayor Latrobe, Baltimore .••..........•... 

20 , Samuel Barnett,jr., \Va.shin gt.on, Ga 

I 
21 A. W-. Shatter, Ralt,iµh. N. C .. ·- ·----· .••.. 

21 0. H. Tripp, Hint' Hill, Me .. -

27 . 0 Sprilgu<>, }~ult,on, '\\.,.hiteside Count;\', IIL .. 

Information relating f.{) the kirnl of float.lint- n~t•d un Coa~t ~un·py 

sdf.rt•;::istf'ring- t.ide-J!angPs. 

Topo~raphical snrveyof 0Mterv-ille aml Yicinity, Barm;t,ahlP Township. 

Ma""" 1~4G. 
PoAitiou of BnPna,·i~ta., Cal. 

Coast cluut ~o. a, Monnt l>esf'rt fal<ind aml ,-idoity, Me.,seale 1-~0.VOO, 

broua-ht up hy hand. 
Connectfr.ut Ahort\ Stratford to Bri<lgcport, ftlll'Vf','I of J 837. 

Hyctrogt'aphy ahnut t tw iBlands in Lon~ Island Round. ·dcinit.y Nfiw Ito. 
dwlk· Harhol'. 

H,\'dnigraphie ~•trve~ of Fourteen FN·t Bank and southern part of .Tnf' 
F'lo~g:p1· Shoal, l)pJa:warf' Ba.y, 1880. 

Information n·spe('t inp: radii of t.errestrial spheroid. 

l,ii;;t of prorniuent J!l'-4.1graphica] positions on thP coast of CalifoI'nia. 
{)(•RtTiJ•tion~ of 11f'nfh-rnarkRof hne of spirit-leTels hetwee.n Grf'-e-nviHP. 

'ri~"'-, nnrl Millik~n·s Bencl. I.a.; also bt•twef'n Carrollton. La .. and 

Fort AdamH. Mi8R., toaether with Hwn difft-reuct"f\ of height. 
Copy of tri:.in.!.!nlation RkPtdJ. Mhi.~iHSippi Hi\"\'L mwtb nf Vil."k&hnrg. 

T.ihlf' 11f p.t>1 1µ:1 aphk.,J f'ot-11tw11~, Yil'lllit~- aud uortl! of \il'kttliur;;. :!ii il'l~. 
LiHt of g1·o~raphkal )l(l~itiou~. Clunl'l"'stou. and magnP.tir tkdinatioH for 

NH:mf' 11la<>t:> for Jf:F;l: ah:;o. anuuat dwn~t'. 

f;pogrttphi<'al position of Print'Pton. 

Geographi1·al positiou ot 'V-aslli11g1on lJonurnf'ut, aud diifrren('f· of lon

gitude. Ilalf,imorP awl \V~shm~hm. 

_, Tahlf' of magnef1f. dHlinalio11s for Mi1\ed:;.!P"ilk, Ga., and Columbia. 

H. C .. from 1800 to 18k0. 

Latitude and luugH.mlt' oi H.alei~ll: also, wit.h nrn.~etit' <h:dlnation and 
two mag11etir pamphlf·t~. 

Copy of plant>-tahlf• l-llit't't, viduH.y of Hluf' um Ray, lie .. Rhowinµ; posi 

tion of ad Wt>llin~. it.a lat.ihtdt> 1 long:itu<le, and bt~i;.rbt a.hcn·t- thi• sea. 

; Information as hi t.ht> drnngt' of mag-netk declination at t·hat place tw
t.wN•n 1844 a1"1188J. 

30 
1881. 

tlan. 

G. B. Strawn, Salem, Ohio . 

Mississi_ppi Rivf>r Commission 

In-formation resped-in~ a rnagut>.tk doolinaUon. 

···-····-···········::Geog-raphic~l poRitions in tht> vicinity of Vicksburg, and somf\ milei;; 

ah-Ove and lwlow that city. 

I<'eb. 

5 ... do ............ .. 

6 Prof. C. A. Young .. 

10 N. T~·ler, No. f>S Oak St.,...ef .. llaltimore, Md ........... . 

JO Hon. William Kimmell. 

1'rian~ulation sketches lwt-WN"D Grantl G-nlf and Vickelmrg, anil north 

! of Vicksburg, 187!1 and !~XO. 
Comparioon of ast.ronomicalaml ~t>rnletic dUferenct' of lon~itude. Wash· 

ington, D. U., and Prineetmt, "N. J. 
Tw<~nty-fil'"(' coph_·A of chart of Dclaw;:tre aml Chexapt>:ake B..'l~'N, showiDJ:?: 

by hand tlwpropos•~I canal rout.e• rnllrd t.hrSas.afraeaml <:hojlt:tnk. 

Seveut,v.five copies chart. of lklaware and Ch~"apealw Bays, showing, 

by hand, tltf: propost>-0. t'.UDHI HH!t-t'S. 

13 Mr. Ynlee, }"'lorida ...... ------ _. _. -~ __ ·- .. ·-- ........ _ .... 
1 

Corrections hy hand on Saint. Ma1·y'B Uin!r aml }"'t~J"ua1ulina Harbor, 

I chart. S<lale, l-20. 000. 
21 Prof. S. P. Langley,Direct-0tofAllogheny (Pa.)Obs~~rvatoryl Scln.,mo of tri:u1g-ulatfon in Cn1ifornitt aml Nevada, Lo1A-U.ournl Top to 

Eureka-Whit<' Prne. to November, 1880. 

24 C.H .. Burgess, (J)(\veland, {)hio _ ... ·--- __ ..... ·----· Latitude and longitudl~ of Columbus. Ohio, and desc1iptiou of CoaRt and 

. Geodetic Snn·ey astronomical station at that l'lace. 

25 f Tb.W1>gner, United States Surveyor-General's office, San i LiAt of geographieal positions determined in California. I Franeiaco, Cal. 
27 The University of the State of :Missouri ..••............ _ Complete sets of charts published by the office and numhere<I aR per 

I Hon.James T. Farley .................................. . 

1 l Ron. William A. Wheeler, President of the Senate ...... . 

catalogue. 

Sketch slrowing graphically the whole numlrer of veB8els passin;: a 

given point of the coast between San J<'rancisco and the Straits of 
Fu c11; ending August, 1878. 

Sketch showing graphically the whole number of vesi;els pabSing a 

gh-en point of the ooaat between Sau Francisco and the Str&its of 

Fnca, ending August, 1878. 
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J>at,,., Name. Data furnishe<l. 

18!'1. 
Feb. 

~far. 

Prof. Georg~· H. Cook, Sbt~ Gf>ologiAt of Nrw .J~nmy. 

B. M. Ifarro<I ...... 

William N. D,Ykman, Brooklyn. N. Y 

J.'i ' 0. ~- \Yilp,on, aa~istant in charg(' of f'tat.t• ~1un··~· 
Hl , Pr(lf. H. Nt-w<·omh, ~n1wl'intrrnlt•nt Nant.ical Almanac 

16 Bun•au of Navig-atiun ····-····-···¥•·-· 

l6 :F'or J)ppartnH'Ht of Hw lntt>rior: Cem·ms Oftict• (Eug('ne, 
A. Rmith), Tn~•·aloooa, Ala. 

16 .. do 

16 ...... do 

16 1 Bnrf'au of Navi~atfon 

16 .... do 

Df'F.cription of station Buttermilk. 

Hf~i~ht. of ht-nch-mark on Holl~·wood Plantation, East Baton Rougfl
Pari~h. above initial heuch-nrnrk at Carrollton, I~a. 

Topographical survey of l\ockaway and vicinity, Lon~ lsJan«., N. Y .. 
1856-1860. 

Azimuth of lines from Ta~sel St.atio11 t.o Bart.o and ProRJWCt Stations. 

Information of l'f'COJ'{1s of transit, of "f\..{P.I'C'nr.~. f\.{a,y, 1845, at fourt,P.PTI 

1-1tatiuns, eollt•ctt>-d hr the CoaRt Surt"P~-; information ahout t.he posi· 

ti on of RittPnhon~P's Trani:iit of V1\1111R. Station of 1769 at Phil:ulf-l.lphia. 
Proof of part of g:nwral chart. of tbt> coa-Mt No. 671, scale 1-200,000, New· 

port (mtrancn t.o Monica. Ba.y. with Sml C!Pmflnt }1nd San.ta Catalina 

I~lan<l~. Cal. (lnou~ht. up hy hand). 

Proof of gf'1wra1 c·hat·t of Uu· coaAt., scale 1-80,000. From CnmhPrlanrl 

Srnmfl, Ga., t.t.J Gape CamtH)ral, }'la., t'<tnhraeiu~ Nos. 5~, 5H, 601 anrl 61 

/hrnu:!ht up by hand}. 

. , Proof of untinisbetl chart oft.he coai;it, No. 71, scale 1-80.000, Rehf"cca 

Shoal to the Tnrtngas (brcn1g-ht up h~· hand). 
Proof of untini~hfld "hart of the coa"•·, No. 75, scalt- l-S0,000, Charlottf' 

Harbor and approaches (broui:ht up h)· hand). 

Proof of gent".rnl chart of the coast, No. 672, ~Ionit:a nay to Point. Con· 

ception, including the Channel Islands, Cal., scale 1-200,000 (hrouJ:ht 

up b~· hand). 
Proof of ~t\Ilf"ra] chart< of t.lw coast, No. 677, P6int Arena to Capf' Mendo-

t'iuo, H1·alt· 1-:.!00.000 (hroug:ht 11p h;v hand). 

rn l)f•JHntnwnt of tllf' lntt>rior: ('t>usuA Ofht'f· (E11g1·nt· _.\. Proof of 11ntini~ht~1l chart of tbt> coa.;.;t, ~o. ii, i-;cah· 1-80,000, T~mpa Bit~' 
Smitl1). Tu..,raloo~a. A la. 

. do ··~··· _ 

Hf W. C. Kerr, Stat'· (.;.f'ologii:.t North Cai·olimL 

arnl approacht'R {hrnught up hy hand). 

Proofa of nn1inished charts of the coa•t, Heal<' l-Rll.000, emhracinp; No . 
70, Chassahowitzka River tn CNlarKo~·s; No. 81, Apal~heC'.Blly; No. 

R2, Apaladwe Ba:--, Apaladiicola Ba:-·; No. 83, _<\pala.chicola Ray to 
Cape San Bla~; Xo. 84, ~aint.JosPph's and Saint Andrew·~ Ba~·s~· No. 

8.), Saint Arnlrt•w's Bay to Cl10ctawhatt:hee Inlet,; No. 87, Pensacola 

Entran<'f' to Mobi~ Bn.'« 

Lii:.t of trig-onometTical pm~itions in Northern Heorgia and Wf'Rte:rn 
Son th Cftrolina, and S\]on~ the gonthwestern corner of North Carolina; 

~l~o. tahh• 11f 1 w1•nty.t11rf'e h~ights of station8 in S<mth Carolina. and 
thirt,\·.fo11r in Hil'.orgia, nf'!ar the North Carolina lint'. 

2:~ Hy1lro~raphi<: Otlin', Hun·atl 11f Navij.!af,ion .. . . Jn formation t'•'~111•cting tht• position of Br-at• I81ancl. 

2;'t Maj. <T. L. GiHeflpie. TTnit.00 Rta,tes f.iorpt-. of Engineer·s __ . -j Outlinf's of plau4!-table. shet~t of Columbia River from Kalama to Co. 

I 
lnmbia Cit,-, scale 1-10,000, 1879; also, unfinisherl proof of chart No. 4. 

Columbia River, Grim'• I•l:tnd to Kodama, seale 1-40,000. 
2 Edward 'Vooclman, 111airn~ ... -....................... ·-. ·····1 Topographical Rnrvey of 1>art of Cape Eli?:abeth, Me. 1 t>nlat'g:ed from 

. the ori,!!inal 1-10,000 scale map8 to R scalu of 18 inches to the mile. 

A. T. H. Brower, Jfff"sidt>nt., East. Rumt', Towu Cuuntr, Ga.
1 

}faj!'netic declinat.ionat Rom<', Ga., a11d pre1wnt annual chango of same . 

• T. H. \Yhitlock, Er1faula, Ala. I~a.titndP and longiturlfl of ast.rnnomi<'-HI ·"tat-ion at Eufaula, anrl ditfSr· 

ence of tim<• between Enfan\a. an<l Wa•bington. 
~• .r. S. Urt:•fl¥Or, Town Hou~e P. 0., Smyth Connt,v, Va .... _. Pamphlf•t, on ruwnlar f'h:.tngc~, t.hinl ••tlitiou, 1879. 
U C. C T)erkim~. City !-iurvt'!yor'M Offfre, BoRton. _ ............ _ Descriptiun of st.ation Corpy's Hill, Mass. 

11 C. Carr>mael, Ditect-0rToroni-c:tMagnetie and MeU~orologi. I An:dytical rf'pN'sentation of the resnlts for mag-net.ir, rleclination ob-
cal (ibHerrat"n-y. Hel'l"Od at Tonmtct,(~:'tna.da. 

12 Gentral B. M. Harrold. Mtat4:i }~ugincer of Louisiana, Ne:w Let1.(>.r frnm Mr. A n~ry1 containing .Hugµ-estions as t-0 th~ OOR.t wa..v of 
Orleans, La. Bt~tting ur• the new tide-gauge matfo by ~·aut,h & Co., under Mr. 

Avery'H H1tpervi8ion, and aftor his drawings. The ga.ngfl a.nd float

tube sent. .Appendix No. 8, Report of 1876, anrl Coast Survey Re
port for 1866. were 8€nt at the same time. The. gauge WM madA for 

the Missi•"il•J>i Rivul' Commi"8ion, to be u""d at Lake Borgne. 
Hi Y. J · 8immonds, United Stat"" Re\-mme Marine. I'roof of coast chart No. 43, Pamplico 8oun<l, middle shoot, Ro.rbor Isl-

and, w 'Vylll!Ocking Point, N. C. (lmmghL up by band), 
18 .1. fulh\I hr rt, "ngi1wPr and archikct, Parkersburg, W. Va.. :Magnf\tic declination at Marietta, Wbeeling, and Parkenbnrg. 
18 ; Pt•-rsifer Frazier, Philadt>lphia ...............•.. ·····- ....... Geographical positions a.nd magnetfo dt".elination for sevtital plaoe.s in 

Virginia.. 
19 A. M. Ford, .AtlAntic City, N. J. -......... _ ........ _....... Data relating to the formation of tlde-t..bleft for FernBndilla, Fla. 

22 F. Russell, United States Lake Survey .•..••. _.... . • • . . . . Informatmn of coefficients of expansion of steel, brass, and zinc baro, 

and ruferenrAlll thereto. 
23 D. B. Hemp11ted, New London.·---· ........... ···.-··, ___ •• Longitnde of New York City Hall and ot'three place8 ill NewLo11dim. 
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Date. N amo. 

March 26 Thowaa Bernar<l, City :Engim-w.r, Norfolk, Va_ 
1 

Tidal ohservatious m~ule Juriug ~everal nwnth:-i at Norfolk, iu 1R72 and 

April 

1873, hy t hf' CoaRt Surve;~. 

30 Janws S. Ort-f':\'f':1', Town Hon A~ P. 0., Smyth Conut;v. Ya .. 'l':ihle of Sf'.cu]ar cLan:;,?t' from 1800 to 1885, compnt.Nl for tlw po8ition 

30 E. R. Tl'a.ft'ord, Rrooksxill~, Fla ______ ·----· ............ ---· 

C.H. Campbell, New York ... 

of }~mory and Ht>Ut)· College. 

])roof of unfiuil:)bt.>d diatt of Chn,yl()ttP Uarbo1\ "Fla .. l:\ca.lt< l-~o.ooo 

(bnm::ht np h~· }1and). 

PrPdicfiou of tidt>:'I for two da,_y1-1 in May (4-tl1 aDt] !ithJ, 1884. for Aalie-

lloo Rivt'r, ~- C., or lidNia Som.Hl, the uearcot point to it. 
General C. 11. Comstoc•k, CJiairman Cunnuittt•P on Sut'Yf'.Y8 Gt>o[raphical positions and de~cri11tious of :i..:;t.rouomieal Htatiorrn \\.-it 

aml Explot·atiou~. Detroit, Mirh. tot"ubnrg- arnl Cape Girart1(~an, Mo. 

5 Samuel P. Thompson, f16 South Gay Strt>.et, HalUuwre, M(l. Fil'ts ('011it·~ of chart 376, Uela.wa:r~ aud Cht',~a,peak\• Bays, with pro 
pot"letl canal routes kuow11 aK th~~ 811s~afras arnl Choptauk routt>s 

5 J.P. Cilley, Rocklaurl, Mt• ....... ·-····-- •.. -- .. 

6 T. ,V. \Yri,t-.(·ht, As.-,istaut Enginet'l' rinitcd Stat-Os Lake Sur 

11 ! General Conud,(){·k, Ruperint.endeut Fnit(•d State~ Lakt> 

I Survey. 
1a Prof'. Johu Milne)}.,. G. R of tlte ruiYl'l'Rity of ToJ.:io, 

• Ju1wn. 
];J ' Gent>1'a1 Q. A. Gillmore, l~uitPd ~t~lh-'s ('01·11~ of E11gi111•t•r.;. 

];~: Col.G. K. \Vant'D, lluiti'tl 8tatt•1-1Co1pn of Euµ.im·~·1~ ···-· 

?~ J. P. Bogart, Bridgeport, Conn ............ -.•.••...... 

22 P. M. Pri<'f', Lieutf'nant of Engiuf'ers, P01·tland1 Ort>g 

23 Capt,. C. L. Hooper .. - ...........•....... _ ....... . 

' 27 W. A. Dnncm1, .Falls Church. Va 
27 A. E. Cross, lh.ltiuwrt•r 1\I 11 

27 V. Uolvin 1 Superintemlent Sut·\·ey of tlw .Allirontlat·k!-1 ... 

(added h~· hand). 
l'r..tcinµ; topo~raphy of Ensi~n Islandt"'l,. &c., vdth ~UtToundinµ: h,v

drogmphy of Peuohscot Bay. 
Ahstra<'t~ of 1lirt-cfioJJs Htations Fot·k, Clark. Sp .. •a1·, Hnwpl,a('h, :tml 

resultiug 11it·t·etiou~. 
J>1'l•1irnirnn~· re!'!nH~ of spirH-len~Jiugs, Mh•!4issippi River, C.u-1·0Hton, 

La .. to ( ;rt•f•llvilk, AlisR. 

'l'r;1d11g::-< of cm•\'t->!'< fro1n tlw 1•wlf-1·t~;i!istf.1t'iug tid12-gauf.!\' at l<'lJt't Pniut 

Cal., ~11owing t.lw t'tlt·dH of ~arthqnakf':-H i11 1808 aull lf.17 . 

Sk..td1 of thti Mississiµpi Rin~r triang11Jati1111 11orfl1 frnm J)unal1h.1i11 
Yillt' to (i11-'t'Jl\\"t•JI St'ait• J-2f!ll,OOO. 

Hyd1·0J.!,Taphie sun'P~', 184-5, of H11z1.artl'H Hay, Malis, hom \\"'ing·s N'l~t·k 

1~iµ;lit-Hom-i.e to Y,utt.enuilk Bay, iueluding liytlrogrHpby into .M(mu

nu•nt J{in-'-r as fa1· a:-i sun~eyf'd. 

tit:o~rnphka] po.":!itions vici11ity of Fairtidd, Conn.: and descripiiou!'l of 

sf:.ttiOllH. 

Gt·o_g-raphical positions anc1 der;;c1iptiuns tif sf.ntiorn~ mouth uf Culiuullia 

Nh·er. 

Im~tructioui-! forolH,erving- tut.al magnetit: iut.en~itieN h)' meaus uf the 

dipping: Uf:'P(llt' 

'I'ahlt- uf' rnaµ,ut"t.ic dr.dinatiuns for Falls Cburd1 from 18~0 to l~~--,. 

Ih•i.!!l1t of tl'iirouotJH'hical statiou, Mount Hose. N. J. 
Ang-IPs me:umred at !Uueberr.r and rt"sulte for position aml h·ugtli pJ 

line Prospect l-0 Bluebeny. 
28 General Q. A. Gillmore, United States Corps uf Eugineeu~. Unfinished chart Charlotte Harbor, Fla., scale l-801009. with alldition:s 

by hand. 

28 Henry M. Wightman, City Engineer, Boston, Ma6s ..... - . Hydrographic survey of channel between Boston and South Boston, 
184i. 

30 R. D.Whitcorub, AsRistantEngineerJamesRivcrim1ffove- Plane of reft-reucfl for rueau low water on the Coast Survey tide-staff 

ments, Richmond, Va. 

30 Prof. S. Newcornli .. - . 
at Cud's Wharf, JarueM River. 

Transcript of records of transit of' Mereur_r, May, lb45, observed in tlrn 
United States and collected by the Coa.t- Survey. 

May 4 E. B. Van Winkle, Department- of Puhlic Parks, N. Y .. - -- Geographical position• and descriptions of statiouo between Yonkers 
aml Spnyteu DnyveJ. 

4 J. J. R. Randall, Rutland, Vt . . . . . . . . . . . . . . . . . . .. .... . . . . . . . . Latest magrn_•t,ic declination at Rutland, Vt., with inf'orrnn.tiou as to WJ · 

nual change. 
4 General J.E. Slaugbt.er, Cetlar Keys1 }'la . . . . . . .... •• . ... • • .. Unfinished coaat chart No. 70! Vt"A:lar Kl\YtJ tu Cha.<isnlwwitzka Ri.vtir, 

Fla., and of No. 81, Apalachee Bacy, Fla. (brought up hy hand). 
5 E. P. Austin, Boston, Matts ..... . 

I 
Predfotiou~ of tit1€'B for BoMton fot' 1882, to mm in a local almanac to bt~ 

publishe<l tl1ere. 

6 W. W. Austin, ltichmond, Ind ......... _ ....... _........... Magnetic declination at Richmond and annual change. 
8 Lieut.RM. G. Brown, Unite.d Stat.-s Navy ............... Copy survey Hndson Rinr, three miles a.hove Spuyhm Duyvel Creek. 

10 Verplanck Col\'iu, Superiuteull~nt Adhoudack Survey ... Description of bcnch-marka at ..AJhan~y caual locks. 

11 Admiral D. D. Porter, Unite<! States Na1•y .... _ ... _ ....... Hydrographic survey Coasters Island Ha.rbor, lt. I., 1880. 
Ill Gen. Q. A. Gillumre, United States Corp' of Engineers. - . . Hydrographio sur\'ey Savannah River from upper end uf Elba Island 

to Tybee Roads, scale 1-5,000, 187:>. 
14 L. R. Brown, Treasury Department ........ -.... . 
14 Verpla.nck Colvin. Superintendent .Adirondack Sun·ey ... 

111 H D. Whitcomb, AS11istantE11gineerJ amesRiverlmprove

meuta. 

Heigllts of positions in or near Loudoun CoUJlty, Va. 
Azimuthal directions from Blnebeny Hill to Mount Pbanwh and sev

eral other trigonometrical pointo. 

Hydrographic survey James River from City Point to Warwick B&r, 
1880. 



 

80 REPORT OF THE SUPERINTENDENT OF THE 

APPENDIX No. 3-Continued. 

Date. I - ----------~fa"'_e. _ _ __ 

May 171 S.~'.AUert,civilt•ugintier .............................•... 

Data furnished. 

Hytlrographic survey of Rappahannock River, Vi<., from Fredericks· 
burg to Corbin's N eek. 

June 

17 R. Keitl.J, professor mathematics, United 8tatt>s Navy, 

I Easton, Md. 
20 : A llstou G. Daytm1, surveyor, Phili1•pi, W. Va ............ . 

Predictions of tides for Phila<lelpllia for 1882, for publication in the 
Public Ledger Alma.nae. 

Advice respecting magnetic tleclination. 
20 Col"\\..,. P CraighiJ1, Unitt•d State!'! Corps of Engineers... H.vdrographic and t.opographical Rnrve,Y of 1857, York River, vicinity 

I 
of Yorktown. 

'21 
1 
Unit~d StatPs L1ght-Honsr, Roard Unfinisht~d chart1 approaches to Isle au Haut Bay anll Eggemoggin 

i Reacl1, 11fo., scale 1-40,0-00 (!Jrougl1t up by hand). 
I 1

1 

Capt. \Y. A rthnr, I:. K., Rrist.ol, R L .. ____ --·--·... . .... Tii•tance between the Bristol Ferry Lii:ht and Sandy Point Light. 
3 Mr. "'illiam B. Noerr) Treasury Depa1tment .... ··- ....... Sketch showing c1Janges in the Hhore-line Rockaway lnlet1 L. _I. To-

i 
, pographical survey Rockaway Inlet, 183:-i a.nd 1855-156. 

8 Col. 'Villiam P. Craig11il1, TTnitetl St.ateM Corps of Engineers'. Description of hench-marks at Annapolis, Md., and at Queen8town 1 on 

I I Che.~ter River, Md. , 

8 / Se.nt to Ruperiut,t'ullent for tramuniH~iou .................. j Predictions fur Sau Francisco1 in MS. 1 for 1882, 12 pp. 
10 j Lit>uteuant (.!aziarc, .Acting Signal Otticer ........... ----- .! Height, of freshets at Albany, on the Hudson. 
10 j I~'or U1e twu pola.r ex:peditiou:-'I ..........••••...•........... 1 Dirtidiuns for observing tides, both printed and written. 

ll [ G. Clinton Gardner, Manager ~{e-xican National Construe-: Hrdrographic survey, 1~75, of Aransas Pass. 1 Tex., scale 1-10,(~; also 
j tiou Company. i Corpus Christi Pass, scale 1-10,000. 

13 l,
1 
•••••• do ...•. _. . • • • • . . • • . .. . . . . . . . . . . . ........•• ,. ••. 

1

: U nfinishetl proof of coast chart No. 109, Aransas, Copano and part of 
Corpus Cl11isti Bays, scale l-80,000 (brou/[bt up b.v b1nd). 

la 
1 

N. H. Hutton, Engineer Harhor Board, Baltimore ... _._. __ .I Hydro~raphic surVf';\' month of Baltimore Harbor, 1845, scale 1-101000. 

I" Col. 'Villia111 r. Cr<iighill, L uitt?d States Corps of Engineersl DeRcriptions uf be11ch-markM at, I...e.we8, Del., and at Cambridge, Md. 
- I 

la ..••.. do ...... _ ..... _ ............ _. _ ....•......... _ .... _.·I Hydrog111phic survey Ilroad Cnw.k, west side, Kent l•land, Chester 
llay, 1844-, an<l of Con·tic>t, Creek, on Chester River, Md:i of Devil's 

Island, Thoroughfare and Rock Creek. Md., 1856, 1858; also Skipton 
Creek, on Wye River, and .Brush River, head of Chesapeake Bay, 
1846. 

1G ~.vhamrn Butler, New Haven ...... ___ . ____ - - -- -- -- lHstanceR bctwf'-en ttig-onometrical statiorn~ about New Haven. 
17 . ____ .do . -·--· ........ __ .. _ ....... ______ . ____ ......... __ .. .. Chart of New Ha.\'en Harbor, :icale 1-2,000, with (Ust,anceR given from 

a number of points as rueasur~d frum th~ plane-ta.hie sheets. 

l>"- , E. H. \'an \Vink It'. T . .E, 1Jepartment J>uUlic Parks, N. Chart of Hu!l8on River, N. Y., to Haverstraw, with.triang11lat10n cen-

18 Prof .T ohn Miltlf'. F. tl. S .. of Irnpn·ial College of Engi-
lll'eo'.~. Tokio, Japan. 

:!O F. \\r. Dean. tul<)r in .En~lish. Harvard Univeri:tity. __ 

21 J.B. Gihboney, County Survesol', \Vythevillti, \r a . __ . 

22 Capt. Geoi·g~ JJrown, L nited States Navy . _ .. _ .. ___ ..•... 

for north plotted from YoukerB to Fort Iuiiepenuence. 
On the different kind of tide-gauges. their cost, and the expenses for 

using them. 

Geographical positions and de•criptions of stations on Campobello lsJ. 
and, Canada. 

Magnetic information in general and three pamphlets. 

24 

27 

Hydrographic survey Thim hie Iolands and vicinity, Long Island 
1 Sound, 1838. 

General N. Micbler, United States Corps of Engineers .... ! Hydrogmphic eurvcy Jersey Flats, upper New York Bay. 

Li<•ut-enant Gillespie, Uuit<'d States Engineers, Po1·tland, .
1 

Geographical positions and descriptions of stations, triangulation -of 

~~ J.P. Bogart, engineer, New Haven ......... -- .. __ .. _. _ .•. 

28 Prof. W. G. Siruruous, Wake Fore•t College, N. C .......•. _ 
28 W. H. Hall, State Engin<1er, Sa<ramento, Cal ..•••.... 

29 ,fameeBogart .•.••.............. 

30 E. R. Yan Winkle, T.E., Department Public Parks, N. Y .. 

Gray 1s Harbor. Washington Territory. 

Geographical po•itions of Old Light, New Haven, and of Southwest 
New Light-House. 

Geographical position of Raleigh, N.C., and of Wlishington,D.C. 
Position of Initial Point Mountain, Cal., and Mexican State Bonnda.ry 

on the Pacific. 

Chart of New Raven Ha:rb-Or, Conn., scalt'J 1-20,000, with distances given 
from a nnm her of points. 

Tracing of 1-01>0graphical sheet of 1859 of the B udoou River between 

Spuyten Du.vvel Creek and Yonker•, showing location of trigono
metrical points. 

JO R. D. Greene, Lieutenant United States Engineers, Charles- Description of bench.marks for Chariest.on Harbor, S. C. 
ton, 8.C. 



 

UNITED STATES COAST AND GEODETIU SUUVBY. 

APPENDIX No. 4. 

DRAWING DJVJSfON. 

Charts completed or in progress during the year ending Jmw :m, 1881. 

1. Topography. 2. Hydrowaphy. 3. Drawing: for pl10t~•litllog1'a,pl1ie rPproductiou. 

5. New longitude. 6. Verification. 

Title of charts. Sen le. Draughtsmen. Hemnt·kK. 

ATLAXTJC CO.AST. 
Sailing charts: 

No. III, Cape Ilalteras to Mosquito Inlet ....... . 1-1, 200, 000 2. C. J11nkl'D .••............... 

Xo. V, Gulf of Mexico (newedition) ................... ' 1-2,100,000 2 . .A. Lindenkohl. ........... . 

Addition~. 

Completed. 

PACIFIC COAST. 
Sailing cb•rt•: 

No. 601, s.u;'rnego to San Francisco ..... . 
No. 700, Cape Flattery to Dixon Entrance. 

No. 701, Dixon Entrance to Cape St. Elias .... 
No. 702, Ice Bay to Seven Islands .... _. _ 

GKXER.U. CilARTI! OF THE ATLANTIC COAST. 

No. J, Isle an Haut to Cnpe Cod (westmn part). 
No. II, Cape Ann to Ga,y.Hcad ........................... : 
X o. III. Gay Head to Cape Henlopen ...................... : 
No. IV, Cape M .. y to Cape Henry .......•.•.............. 

No. V, Cape Henry to Cape Lookont .•.............. 

No. VI, Cape Hatteras to CapeRomain .•.•.•........ 
No. VII, Cape Romain to Saint Mary'• Ent.ranee ....... . 
No. XII, Tampa Bay to Cape San Blas ............. . 
No. XIII, Cape San Bia• to Mi•si>sippi Pas•es ........•.. 

CO.A.Bl' CllA!tT8 OF THE ATLANTIC COAST. 

No. 3, Petit Manan to Naskeag Point (including Frt>n<.h· 
man'• and Blue Hill Bays). 

No. 4, PenobscotBay,:Me .....•...... 

No. 13, Narragansett Bay, R. I .••...•......... _ .•...•... 

No. 20, New York Bay and Harbor ....................• 
No. 2~, Isle of Wight to Chincoteague Inl~t ............. . 
No. 31, Entrance to Chesapeake. Hampton Roado, &c •.••. 

No. 42, Pamplico Souml. (ll:astern sbeet.-Roanoko Island 

to Hatt.eras Inlet.) 1 

No. 58, Cumberland S<>nnd, Saint Johh's River, &oc., Fla ... 1

1 

No. 61, Cape Canaveral and vicinity, Fla .•.............. 
No. 70, Koy West to Rebecca Shoal, l<'la •.•........•..... · I 
No. 71, Marquesaa Keya to the Tortult"'I, Fla ............. ! 
No. 75, Charlott;, Harbor, l<'la. ........................... \ 

No. 81, Apalacb'."' Bay, Fla .••........••••.............. 11 

No. 83, .Apalach1eola Bay to Cape San Blno, FL-. ..........•. 

No. 84, Saint Joseph's and Saint Andrew's llays, }'!& .•••• · 1 
No. 107, Matagorda and Lavaca Bays, Tex ......•.......•.. 

No. 109, Aran11as and Copano Bays, Tex ................•• "; 

HAKBOll CHARTS. 1· 

No. aoo, Frenchm&n's Ba.y and Some's Sound, Me .•.•••••• , 
No. 307, Blue HUI and Uniou Rh-er Bays, lie .......•••.. .! 
No. Bll8. Approaches to Blue Hill Bay and Eggemoggin I 

Rea.ch, M:e. I 
No. 310, Penobscot Bay, :Me ..........•.•...••...•..•....... 

S. Ex.49-11 

l-l,200,000 2. T.J.O'Sulli\"'an -··················- .:\tl<litions. 
l-l, 200, 000 ~ ~- H. Limlenkohl. .............. _. _ l>o. 

l-l, 200, 000 2. H. Lindenkohl. ................ _ _ _ llo. 

l-l, 2(,0, 000 2. H. Limlenkohl. . . . . . . . . . . . . . • . . . . . . . . Do. 

1-400, 000 2. A. Lindenkohl 
1-400, ooo , 2. A. Lirnlcnkohl .••••• 
1-400, 000 · 2. A. Lindonkohl. ......... _ ....... . 
1-400, 000 2. A. Lindenkohl. ...... _ ... _ .••••••.•.. 

1-400, 000 1 and 2. A. Linrlonknhl. 2. II. Linrlen-
ku!Jl. 2 aml 5. C. Junken. 

1-400, 000 2. A. Lincl('llkohl .............. . 

1-400, 000 2. A. Umlenkohl ................ . 

1-400, 000 1. A. Lindenkohl. 6. P. Erichsm1. .... _ 
1-400, 000 2. C. Junkeu .... _ ................. . 

1-80, 000 1. E. II. Fowler. 2. A. Lindcu1'ohl. 

2. II. Undenkobl. 6. C. Juoken. 
1-80, 000 2. T. J. O'Sulliv•n. 2. A. Linclenkohl. 

2. H. Lin<lenkohl. 
1-80, 000 2. C. Junken •••.•...................... 
1-80, 000 1 aml 2. II. Limlenkobl. ............... . 
1-80, 000 2. A. IAndenkohl ........•.•........ 

1-80, 000 1. H. Lindenkobl ............. .. 
1-80, 000 : 2. A. Lindenkohl. .........•.... 

I 

C .m1plett•tl. 

A1l!litioos. 
Do. 
Do. 

Do. 

Do. 

Dn. 
no. 
Do. 

Compl~t.ed. 

0
1-80, 000 I 6. P. Erichsen . . . • . . . . . . . •. . . . . . . . . . . . . . ComplctetL 
1-80, 000 I 1 and 2. H. Lin1leokohl . . .. . . . .. •. . . . . . Do. 
1-8-0,000 

1 
5. C. Jnnkcn •... .•.•.. Additiom;. 

1-80, 000 5. C. Jnnken . . . . . . . . . ..... : Do. 
1-80, 000 2 . ..l... J,indenkohl .. . . . . . . . ..... , 

1-80, 800 6. P. Erichsen ........................ . 
1-80, 000 6. P. Erh1hsen ..... _ ........ . 

1-80, 000 , 6. R. E. Peary..................... . Complete<l. 
1-80, 000 2. C. J nnken. . . . . . . . . . . . . • . . . . . . . . . . . . . Do. 
1-80, 000 2. C. Junken .. . . . . . . . . . . .. . . . . . . . . . Do. 

1-40, 000 1 and 2. A. Lindenkohl. 2. C. Jnnken Cotnpl<'l<'tl. 
1-40, 000 1 anti 2. C. Jnnken. 1. E. J. Somm<•r Continue~!. 

1-40, 000 2. C. Junken ..•.....• .-... ...•.... Complet<>A. 

1-40, 000 l. T. J. O'Snlll\·an. 5. A. Lindenkohl Additions. 

81 



 

82 H,EPOiiT OF THE SUPElUNTENDENT OF THE 

APPENDIX No. 4-0ontinurnl. 

'l'itlc <Jf t•l1arts. 

.Xo. 311, PniolJscot River arnl Ildfast, Bay, :Me. 

~ o. 337. UoKton Harbor, Ma8s ............•......... - . - ... \ 
No. 35:!, Narragansett Ila;v, R. I. ................... . 
No. 36:!, Black Rock unrl Bridgeport Harbors, Conn ......• 

:No. 553, Lake Champlain, Rouse's Point to Cumhedand 

Hea•l. 
No. 554 1 I..iakc Champlain, Cumberlantl Hea<l to Ligonier 

Point. 
No. 504, Raritan River (Sheet No. 1. Son th An1boy to Crabb 

Island). 
No.384, PataJlSCO River, Md-----------···-----------·-----
No. 404a, Not folk City to L.rnn Haven River, Ya ........ . 

No. 40la, James RiV"er (Sheet, No. l. Xewport News to 

De<'p-W ater Light). 

Xo. 401b, Jame• Rinr (Sheet No. 2. Point of Shoals Light 
to Sloop l)oint). 

::\o. 401<, James :Ri'Ccr (Sheet No. 3. Sloop Point to City 

Point). 
No.-. 17pprr l'otomac Ri•er (Grrnt Fall• to Shephcr<ls-

toW"n). 

No. 4:ioa, B11trs Bay, S. C .•.................••••.....•..... 
~1>. 441, o~sahnw Sound, Ga --- ____ - _ --- ____ . ________ -

No, 45:a. lit. Jolm"• Rinr, Fla. (Jncl"onvillr to Lake Mon
roe). 

No. 510, l1issisaippi Ri•er (Sheet No. 12. Chapman l'lan
tation to Brilliant Point). 

No. 510, Mississippi River (Shoot No.13. St. James Estate 

to Point Houmss). 
No. 623, San Pablo llay, Cal. •...................•........ 
No. 6261 Suisun Bay, Cnl ------ .... ··--·· ..... _. 

No. 670, Newport Entrance, Loi:~ Angeles County, 

I 

No. 692, Shelter Cove, Cal ......•••...................... .; 
No. 69~, Timber Cove, Cal. .......••...................•. I 

No. 694, Furl Russ Con, Cal. .•. - ....................... • .. I 

No. 691, Al•era Harbor Entrance, Oreg ..................•. ; 

Xo. 639bi•, Entrance. to the Columbia River, Oreg .......... : 

No. 708, Sitka Harbor. Alaska ............................ i 
l'LANE-TABU< SHEETS. i 

Franklin and Hog Bays, Me. (2 sheets) ....•....... _ ........ \ 
llartlett's and Long Islands, lfo ........................... i 
Skillinj?s Ri'Cer, Me ..•..•...............•.....•...•.•...... ! 
Ilcndof Union River Bay to Ellsworth,~------ ......•.. 1 

St. Croi>: River, Me .•••..•••........................ _ ...••. f 

Lamoine aml IlogBar. Ye .................................... -'i 

Dy.r'• Neck, ~fo .••...••••••.••.•..•.•.. ····-· ............. 11 

JordanRiveramlvicinity, Me •••.....................•.. 
CbnthnmBeacbce, Mass ................................. ) 

Pl,,·month, Mass. (rluplicatinJ?) .........•.................. ! 
Lake Champlain (2 sheets) ... _ ..... _ ... _ .. _ ................ \ 

Babylon and vicinity, L. I. ................. - .............. I 
Eastern pl\rt of Jamaica Ba~-. L. I .................. ··----! 
Mi1hllepart of Jamaica Bay, L. I ...................... ···! 
Rockaway Bt•ach, I,. I ...................... . 

J(o<kaw11y lulet, L.I ............ ··-····--·············· 
.Jnmiiica.Bay,L.I ........................... . 

Oak Island B<lacll, L, I .................................. , .. 
Eastern cod of Long Beach, L. I .. 

\Yt·st~rn 1·11•l of Jon•s' Beiocb, L. I ................. . 

Scale. I Draughtsmen. 

1-
1-40, 000 11 antl 2. A. Lin<leolrnhl. 1. H. Lirnfon· 

I kohl. 

Complctecl . 

1-40,000 i 2. C. Junkeo ---········· --· Aa~titious. 

1-40, 000 ! 2. C. Jnnken ............ . Do. 

1-20, 000 11. T. J. O'Sullivan. 1. L. Karcher. I. A. 
I LindenlrnhL 

Comme>nced. 

1-40,0<>0 i 2. C.Junken ........................ . Adclitions. 

1-40,000 2. C.Junkcn ....... ·············--·· Do. 

1-15, 000 2. E. H. Fowler ........... . Do. 

1-60, ooo 2. Il. Linclenkohl ...... - ......... . Do. 

1-20,000 3. T.J.O'Sull;'>an ................... . Photolitbograph: 
11let.etl. 

1-40, 000 1. A. E. Burton. 2. C. Junken. 6. P. A<lditions. 

Ilricbsen. 

1-40, 000 2. C. Junken. 6. R. E. Peary. 6. P. Do. 

Erichsen. 

1-40, 000 · 2. C. Jnnken. 6. R. E. Peary .........•. 

1-40, 000 ' J. E. H. Fowler. Do. 

l-40, 000 

i~qo. coo 
1. A. E. Burton. 6. P. Erichsen Addition•. 

5. C.JunkPn .. . .. ·~·· .•.... Do. 

3. IJ.Lindrnlwhl .................... 1 Pbot-0lithograpb. 

2. H. Lindenkohl .. - .................. ..\ Photolithograph ; 

I 
tlons. 

2. H. Lindenkohl ..••. , ............... , , Do. Do. 

1-20, 000 

1-20, 000 

1-50, 000 2. C.Junken ...................... ··••·· J .ddditions. 
1-40,000 2. C.Jnnken .••......••••.•.....•...... 1 Do. 

1-15, 000 3. E. J, Sommer ...... _ .•.•.. _ ........•.. i Photolithogmrh: 

I pletetl. 
1-10,000 a. H.Lindenkohl ....................... 

1
• Do. Do. 

1-5, ooo 3. H. Lindenkohl ....•...... -.. -- •••• "I Do. Do. 
1-5,000 3. H.Lindenkohl ··-·····----··········· Do. Do. 
1-6,ooo 3. E.J.Sommer......................... Do. Do. 

1-40, 000 a. H. Lindenkohl ....•. - ............... 

1

' Do. Do. 
1-15, 000 1, 2, H. LindenkobJ. 2. C. Juuken. •. . . . Do. Do. 

I 
1-10, 000 , 4. E. J. Sommer. 4. A. B. Graham .••••• 1

1 
1-10, 000 4. T. J. O'Sulliv"n .................... - .: 
1-10, 000 . 4. R. E. Peary. T. J. O'Sullivan .•...... : 
1-10, 000 4. A. E. Burton. T. J. O'Sullivan ••••••• 1 

1-10, 000 4. R. E. Peary .••••.............. ···· ···I 
1-10, 000 4.· B. Ilra<lbnry. R. E. Peary. E. H. · 

Fowler. 
1 

1-10, 000 4. T. J. O'Sullivan-·- ••..••.....•..•••. ·1 
1-10,000 I 4. E.H.Fowler -·······-·-·····-········ 

1-10,000 4. RE.Peary -·························, 
1-10, ooo 4. A. E. Burton .••..••........... -..... . 
1-10,000 4. P.Eriebsen. R."E.Peary .•....••.•. i 
1-10, 000 4. E. H. J<'owler ........• _ ..........••••. 1

1 

1-10, 000 4. A. B. Graham. H. Llndenkohl. ....•. 

1-10, 000 4. A. E. Burton .•.•.•............. _ .••.. 
1-10, 000 4. A. E. Burton ... - .......•............. 
1-20, 000 

1-10,000 

1-10, 000 

1-10, 000 

1-10, 000 

4. T. J. O'Sullivan .............. _ ..... _ .
1 

4- R. E. Peary.-·- ...•.. _____ . ········-1 
4- T. J. O'Sulhv1111 ................ _ •.•• 

4. R.E. !'eary ·······-········--·····-··! 
4. A. X. Burton . • . • .• • •••••.••••.•••••• 

C'Olll· 

atldi 

eom 



 

UNITED STA.TBS COAST AND GEODETIC SURVEY. 

APPBNDIX No. 4-Uontinued. 

Title of' charts. 

Hempstead Bay, L. L ..................................... . 
Hudson Hh·er, from Col<l Spl'ing to Newburg ... _. -
Hereford In!Jt, coaHt. of New Jersey .................... . 
Delaware River, Foit Miftlin to Chester (3 alleets) ....... . 
Cape May City, N. J ..................................... : 
Norfolk City Front, Va 
. James RiYm·

1 
below lUchmond, Ya. (2 s1ieeti.i) .. __ -- ....... . 

Cape Charles, Va .. .. • . .. .. .. .. ........................... ; 
:Mob Jack Bay, Va .......... .. 
Indian River, ];'la. (part of) ............................. . 

Mississippi River, bdow Donalilsondlle, La. (3 Rheeh~) .. . 
Laguna Madre, Tex. (3 sheets) ................. __ ....... . 

North of Point Arguello, Cal ..................... . 

Lompoc Landing to Rlmmau's Callon, Cal ............... . 

North of Point Conception, Cal .......................... . 
Point Sur niul vicinity, CaL . ...... _. _ ... ___ .. _ ... . 

Columbia River to Columbia City, Oreg ...... . 
PngPt Sound (part. of), '\Vashington Territory 

MISCELLANIWt:S 

Map showing progress of coast and ~e()(letic wot'k _ 

Scale. Dra11ghtrm1t-n. 

1-10, 000 4. lL E. Penry ..... . 
1-10, 000 4. A. E. Buifou 

1-lU, uuo : 4. H. Lin1!eukohl. 
1-5, 000 i 4. ll. Lincknlwhl. K J. Ronrnll'l' ..... .. 

1-10, 000 : 4. T. J. O'Sullivan ................... .. 
1-10, 000 1 4. P. Erichsen. R. E. PNu·y ........ _. _ 
l-lU,000 4. E. ll. Fowler. A.H. Graham. T.J . 

O'Sullivan. 

1-20, 000 : 4. A. Il. Graham 
1-20, 000 4. A. B. Gral1am 
l-20, OO!i ' 4. A. E. Burton ...... . 

I-20, 000 4. T. J. O'Snlli,·un ............. . 
1-20. 000 4. T. J. O'~uUi'\'"au. A. E. Unrton. E. 

H. Fowler. It E. Pt>ar_y. 

1-10, 000; 4. T.J.O'Sullirnn .. 
1-10,00(': 4. J<}.J.Sommer ......... . 

l-10, 000 ; 4. T. J. O'Sullivan .......... .. 

1-10, 00-0 4. R. E. Peary ..... .. 

1-10, 00-0 4. T. J. O'Sullirnn .......... .. 

1-10, 000 4. R. E. Peary ............... .. 

1-5, 000, 000 A. Lindenkohl. IL Lin<lenkohl 
Scheme to illustrate the triangulatiou and rcconnaissanc(1 1-7 ~ 000, 000 L. K:H"cher. ll. Liutlenkohl 

of the interior of the U nitetl Stat~s. 
Model of the Gulf of Mexico . ... .. .. . . .. .. . . .. .. .. .. .. .. 1-2, 400, 000 1 A. Lindenkohl. ........ . 

Progress sketches: New Hampshire, Kentucky, InUia11a, 1-1, 000, 000 \ H. Liudenkohl ···-·· ·--··· ...... -
and Wiac~nain. 

Pulpit CO\·~. tide-station, Me .. .. . . .. .. .. .. .. . . .. . . . . . . . .. 1--400, 000 H. Lin<lenkohl ..................... .. 

Remarks. 

Completed. 

Completoo. 
'rriangulation of the :Miss.isaippi ltiver ........ - . . . . . . . . . . 1-200, 00() ' 3. L. Karcher. 3. 1'. J. O'Sullh·an _ .... _ Conunenced. 

Shore-line of coast. from Imlian mver to Cape F'Jorida.-.... ' I-WO, 000 ; A. Lindenkohl. ....................... .. 
Gcueral-progrcss skctcbc•, work of 1878--'79 ................ \ .............. A.Lindenkohl ............... .. 

Chart of the West Indies .................................. i .............. \ l,2,3. T.J.O'Snllivan .................. , l'hotollthograpl1; 
: ' 

Plan ~fa new ba':'"li~e appu.ratns ......................... 
1

1 ..... • ...... .. 

Drawing Df levelmg instTument No. 3 and target _ . . . . ... 1 _ •• ___ ••• _ •• _. 

Pendnlnm drawings ..................................... [ ............ .. 
Diagrams of telegraph apparatus .. .. .. .. .. .. .. .. .. .. '

1 

............ . 

Magnesinm light, sketches . .. .. .. . . . . • • •• •• • . . . . • .. • . . . • . . ....•••••. _. 

i pl•t.•<!. 
P. Erichsen . • • . . • . .. .. . . .. . .. .. • .. • . . . .. . Completed. 
P. Erichsen-·-- ________ ................ ·' 

P. Erichsen ............................ . 
A. E. Burton ............... . 
3. T. J, O'Sullivau ..................... . 

Do. 
Du. 
Do·. 

l'"hotolithobrrapl1 ; 

plated. 
Plan of rotation comparing apparatus .................................... P. Erichsen............................. Completed. 
Plan <>f Sig•bee'sdeep-seaapparatus ....................... i .............. P.Erichsen ...... ..... . ...•.• ... ...... Do. 
Telegraphic longitude stations............................. . .. • . . •• .. . . . T. J. O'Sullivan.................... . .. . Do. 

Transit of Mercury, sketches ............................ ! .... -- ........ ! T.J. O'Sullivan.... . . .................. Do. 

Line a.nd end oomp:.rator ............ --·--··-···· .......... 1 ............. ·1 P.Erichsen ...... ...... . ...... ....•. ..•. Do. 
Diagrams to illustrate article on projections ---· ........... ! .... . . .. ... .. . .A.. E. Burt.on~- T. J. O'Sullivan.......... Do. 

83 

com· 

com-
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ENGl{AVINH DIVISION. 

Platt.~ completed, contim1ed, or co'lllme11ced duri11g the year ending June 30, HIBL 

1. Outlines. 2. Topography. 3. Sandin!(. 4. I.~ettering. 

I 
Cnta-. Plate I 
llf~~e No. 

Title of p~ates.----- --1--scale. 

i 
I When publishetl. 
i 

-------· ----- ii _____ _ 

CO.Ml'LlfiEJ). 

ll 152:~ Hailing chart Il, Uap•· Hat\Pras to Key "\\"e•t , 1-1, 200, 000 14. J, U. Tbornpson:m1l A. C. ltm,bsam Drccmbm·, lBBO. 
(upper). j 

B ][1~4 !failing chart Il. Cape Hatteras to Key West ! 1-1, too, 000 4. J. G. Thompson and A. C. It1wbsam . . .. Decembe1·, 1880. 
(1ower:1. - I 

163;; : General coast chart No. l, Quodtly Head to i 1-400, 000 4. E. A. Maedel, A. Petersen, and T. Was- March, lfllll. 

12 

104 

139 

loO 

177 

5.)5 

506 

A 

1350 

: llH 

1449 

137.> 

H4l 

1336 

1337 

Capt-i CoJ (wrHt slwet.). Isle au Haut to Capt• ) 

. Cml. ) 
, f;ent·ral coaRt chart. No. 7, Cape Romr.iu to i 

Saint Mary's f'Utrancc. I 
Coast chal't Nu. 4, l•cnobRcotBay. - - . - - . ~. - . - . -

1 
' ' 

, Coast clinrt No. 3fl, Oregon In let to Ca1w Hat- !' 

t-L . 
Coa~t chart No.70 K.gy \Vest t-o Hebe<'ca.Shoal. i 

. I 

i Coast chart No. 77, Tnmpa Bay..... - -1 
! 

Harl~or chart, Lake Champlain, No. 3, Ligo-

1

[ 

ni.r P"int to Coles :Bay. 
Harbor chart, Lake Champlain, No. 4, Cole• j 

Bay to Whitehall. i 
1357 : Sailing chart A, Cape Sable to C•pe Hatteras j 

(upper). Ed1t1on of l!Qll. 
A ' 1367 Sailing chart A, Cape Sahle to Cape Hatteras I 

\lower). Edition of 1881. 
1:1 1081 General coast chart No. 10, Straits of Florida. 

Edition of 1881. 

l l3 i 1371 Coast chart No. 13, coa~t from Monomo)' and 
Nantnoket Shoals to Illock Island, western 
she~!, Cuttyhnnk to Block Island, including 

i Nanagausi;»lt Bay. Edition of lBSO. 
120 ! 1404. Coast chart No. 20, New York Bay and Harhor, 

' Edition of 1881. 

129 I 1286 ' Coa•t cl:iart No. 29, Cllincoteagudnletto Hog ' 

1 

I•land l,ight. Edition of 1880. 
2G6 1210 Coa•t chart No. 106, Oyster Bay to Matagorda ' 

317 1333 

386 i84 

387 863 

406 851 

4301' 15QO 

435 
! 

1173 

•n" I u1s 

Bay, E<lition of 18Sl. 

Harbor chart, Winter Harbor. Edition of 18811 
Harbor chart1 Patuxent River (lower). Edi· 

tiou of 1880. 

Harbor cha.rt., Patnxent River, Point Judith 
to Nottingham. Edition of 1881. 

Ilarhor chart, :North J_,anding Rh-0r. Edition 
onsso. I 

Harllor chart, Bulls Thty, South Carolina. 
Edition of 1881. 

H4rl>or chart, Bull and Carubohee Ri..-ers. 
Edition of 1880. 

Harborchart, Tortuga~ Ilarhoramlappro<lChes. 
Edition of 1880. 

serhach. 

1-400, 000 4. E A. Maedel, E. Il. Sipe, and T. Wasser- July, 1880. 

bach. 
1-80, 000 1 and 2. W. A. Tl1ompson. 4. A. Petersen Octoher, 1880. 

and J. G. Thump.on. 
1-80, ooo ' 4. ,T. 0. Thorn11son May, 1881. 

1-80, ooo 4. RA. !faewl, E. Il. Sipe, aml .A. C. Rneb· October, 1880. 
sam. 

1-80, 1100 3. '"· A. Thompson. 4. J. G. Thompson January. 1881. 
and T. Wasserbn-ch. 

1-50, 000 4. RA. M11etfol aml A. C. Ru~bsam ... - .. . . December, 1F80. 

1-liO, 000 4. E. A. Macdcl an<l A. C. Rucbsam.... .. .. December, 1880. 

1-1, 200, 000 4. A. C. Ruebsam ... _ ..... _................ January, 1831. 

1-1, 200, 000 4 . .A. Petersen, E. Il. Sipe, and A. C. Rueb- January, 1881. 

sa.m. 
1-100. 000 3. W . .A. Thompson. 4. J. G. Thompson June, 1881. 

and T. Wasset"bach. 
1-80, 000 2. W. A. Thompson. 4. T. Wasserbach. Marel1, 1880. 

1-80, 000 3. H. H. Knight. 4. T. Wassei-1.Jach and A. May, 1881. 
C.Ruebsam. 

1-80, 000 4. A. C. R.nehsa.m . .. . .. . ... . • ... . .. •••.. July, 1880. 

1-80,000 3. W.A.Thompson. 4. E. A. Maedel and January, 1881. 
.A..Petenwn. 

l-2J, 000 : 4. J. G. Thompson ................... . 
1-60, 000 4. A. C. Rnebeam . . . . . . . . . . .......... _ .. 

1-30, 000 I a. W. H. Davis. 4. E. A. Ha0<lel, A. Peter. 

sen, a.nd .A. C. Rneh8am. 

1-40,000 4. Willie.m Smith ... -.•...... ·-·--------· 

1-40, 000 2. R. C. Evans. 3. W. A. Thompson. 4. E. 
A. ll.a.ed~l. 

1-40, 000 4. T. WllSlltlrbach and .A. C. Ruehsiun 

April, 188!. 
January 1880. 

May, 1881. 

Dooemher, 1880. 

June, U81. 

March, 1880. 

1-4.0,000 a. H.M.Knlgllt and W.A. Thompson. 4. Jnly, 1~80. 
J. Cl-. Thompson. 
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474 112l i Harbor chart, Chal"lotk Ilarbor. Edition of 
i 1880. 

Scalt?. En~raYPl's. 

1-40, 000 4. T. w·asserbachantl A. C. R1lt'b,am 

85 

WI.ten published. 

l\larch, 1880. 

475 1138 I Harbor chart, Caloosa entranct•. Edition of J-40, 000 4. ,J. G. Tbompson am! W. H. Davis Ap1·il, 1881. 

I 1881. 
1391 I Harbor chart, entrance to PPns:-icol.oi. Bay. 1-40,000 :3antl4. H.lf.Kni:::ht............ January, 1R8L 

I Edition of 1881. 

490 

1083 f! Sailing chart, northwest coast, shttlt No. 1, 1-1. 200, 000 I. E. ll. Sipe arnl T. Wasserbach. 4. E. A. October, 1880. 

1 
Cape Flattery to Dixon entranct•. Edition .Maedd. 

700 

of 1880. 

702 1133 Sailing chart~ northw(~st coast, sheet No. 3, 1-1, 200, 000 1autl4. '!'. 'Yas~ei-lmch 

Icy Bay to Se"<en Islands Edition of 18!!0. 

ATl~A:STIC COAST l'ILOT CH.AUT.S, \.OLUMK 3. 

1591 Barnegat Inlet to New Inlet . . . . . . . . . . . . ... 
1592 Nt~w Inlet to Absecom Iulet 

1613 Delaware entrance ............................ : 
1616 Cbesal'~.'lke Bay (lower) . . . . : 

1617 , Che.apeakc Bay (upper) .................. ···: 

••. •• . 16C4 

.... ~-11605 

. ... ··1 1606 

······1 rnm 
••.••. I 1608 

...... i 1609 

COMl'LETED ATLANTIC COAS'I PILOT VIHWl'.o\. 

.A pproachcs to N arragammtt nay from east· ! . 
ward and westward. ! 

Entrance to New Lun<lun Harbor from tlw .... 

southward. 
Off south entrance to Quick's Huie ........... ; ... . 
Entrance to Gardiner Bay from the sout hw:mi" 
Off mouth of Connecticut River. .•.....•..... i. ... 
Block Island from the eastward ............. I ..•. 

J-KO, 000 Completer! ............ . 
1-80, 000 CornI>let.-d ....................... . 

1-lOO, oou : Complet<ld ...................... . 
1-400, 000 Completed._ ........•.•.....•....... 

1-400, 000 Corn pl Pl Pt! ............... . 

1612 

1615 

Cape Cod from tl1e north ward, Higlllnnd Li~hts '[- .......... . 
Tempes Nob (Buzzard's Bay), Great Hill I· ............ . 

(Buzzard's Bay). i 
Oft' Currituck Beach, Na;:'s Ht•ad, Bodie's j .......................... . 

Island, Oregon Inlet. 
1 

1619 

. . . . . . , 1621 Cape Hatteras from the southwaid,eastwanl, !·············· ....................... . 

October. 18>'0. 

Decc•mher, 1880. 

December, lfi80. 

])ecem ber, 181'0. 
J)ecc~mber, 1880. 

, Dc·c"m her, l 8SO. 

Oomplettd . 

Septem her 18, 1880 . 

.: St•pt<,mher24, 1880. 

: August 11, J&;U . 

.August 7, lS~O. 

i July lti, 1880. 
!-\eptcruber 2<J, 1880. 

. .. ·' August ~6, 1880. 

October 14, 18~0. 

October 27, 1880. 

······11622 
····· 11624 

and north ward. j 
Hat.teras Inlet, Ocracoke Inlet from the east- ' ..... . ...................•....•.................. i Nofomber 9, 1880. 

ward and southward. 
CapeLookont from theeastwardand southward : ..... . 
Beo.11fort1 Beaufort City, Ycrchead City ..•... ! ............. ! •••••••••••.•• _. 

Cape Fear and Smith's Island from the east-

1

! ......... . 
ward. 

.•.... 1627 

•••••• 1 1628 

...... i 1636 

No<ember 17. 1880. 
J1tnuary 4, 1881. 

Jnnr• 16, 1881. 

. May 28, 18iL E~:~::. to Winyah Bay and Georgetown ., ........................................................ . 

1516 , Topographical specimen, San Luis Obispo.···: 1-10, 000 ......................................... ' August, 188u. 

11 

18 

103 

143 

164-8 '1,opographical specimen, curves, San Luis I 1-10,000 ···--·········· ..................... Auµ:ust3,1880. 

1599 

1656 

111633 

I 
1 a29 

1043 

1113 

1190 

Obispo. I 
Topograpbieal •l'ecimen, Harpe1·'s Ferry I 

(lower). 
1-10,000 

Topographical spet,imen, Harper's Ferry, I 1-10, 000 .•....•.•.•••. · · •••. • · •• · · · · · · · · · ·• · · · · · · 
lower curves. 

s::;c;.~t:::::u;:;_Bering Strait, August II· .. ······· ......................... ······ ................ . 

CONTINUED. 

General coast chart No. 6, Cape Hatteras to ! 
Cape Romain. i 

General coast chart No. 13, Cape San Blas to \ 
:Miosissippi Passes. , 

Coast chart No. 3, l'renchman's and Bina 1 

Hill Baya. i 
Coast chart No. 43, Pamplico Sonnd (middle I 

sheet), Ocracokelnlet to mouth of Pamplico , 

River. i 

1-400, 000 1 and 2. W . .A.. Thompson. 4. J, G. Tbomp-
son and A. J>etersen. 

1-400, 000 4. A.. Petersen and A. C. Ruebsam. 

1-80, ooo 1 and 2. J. Enthoft'er. 4. E. A.. Maooel and 
J. G. Thompson. 

1-80,000 4. A. C .Ruebsam ••••••.•••••.•••••...... 

Juno 10, 1880. 

May9, 1881. 

February 14, 1881. 
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Title of plat<•s. 

COXTJXt:El)~Continue(l. 

153 1503 Coast cha1·t No. 53, \Vinyah Bay to Long-

lsland. 
158 1 1234 Coast chart No. 58, Cumberland Sound, 8aint 

Jolm's Ri'ver, &c. 
1.".9 1411 Coast chart X o. 59, SRint .Augustine Inlet to 

Halifax River. 
mo 1526 ; Coast chart No. 60. Halifa>: Rivel' to Mosquito ' 

Lagoon. 
171 1407 : Coast chart No. 71, Reheeca Shoal to 'l'ortugas 

181 HOO Coust chart No. 81, Apalachee Bay, Fla .....•. 
182 144i Coast chart No. 82, Apalachee lla~· and Saint . 

183 13·1i 
George's SounU. i 

Coast chart Xo. 83, Apalachicola J3ay ro · 
Cape Sau Blas. 

18'• 1498 Coast chart No. 85, Saint Andrew's Hay to 
Clwctawhatchet' Iulet. 

1537 Coast chart No. 92, Chandeleur and Isle Bre· 

ton Sou.n<ls. 

193 : 1314 : Coast chart ~o. 95, Mississippi River Forts 
' i to New Orlean~. 

204 ' 1316 ! Coast chart :!S' o. 104, Galveston Bay ........... · 
206 i 1'!47 : CoaBt chart Xo.1081 Pass Cavallo, La\~aca, and 

San Antonio Ilays. 
209 1248 ' Coast chart.No. 1091 Aransas and Copano Bays. 
306 Harbor chart, :Frenchman's Bay and Somes 

Soulltl. 
30i I 1265 Harbor chart, Blue Ilillantl Union River Bays. 

308 13i6 Harbor chart, approaches to Blue Hill Bay 
ancl Egg:emoggin Reach. 

:ion 119j Harbor chart, East Penobscot llay ........ 

311 l:!JU Harbor chart, Penobscot Ri,-er and Belfast 
Ba)-. 

36-0 1514 Harbor cha11, mouth of Connecticut River. 
IO!a 1445 . Harbor chart, James River, No. 1, Hampton 

I~oads to Point of Shoals. 

401& 15!i:i Harbor "hart, ,James Rivor, No. 2, Point of 

Slwala to Sandy Point. 
401c 140:> : Harhor eha.rt, James Ri-ver No. 31 Sandy Point 

t.o Cit.y l'oint. 
6il H\34 (hmeral coast chart, San Diego to Point Vin-

cent. 
tr7::! 1228 i nenernl coast chart1 Point Vineent to Point 

Conce1•t.ion. 
621a: 1532 Harbor chart., San FranciMco l~ay entrance. __ 
64111 ' 1533 Harbor chart, Columbia River, No. 4 ..••••... 

COMMENCEIJ. 

17 ! 1603 Genoral coast chart No. 12, Tampa Bay to 
CapeSnu mas. 

1602 Coast. chart. No. 61, Mosquito Inlet to Cape 
CafiayeraJ. 

184 1601 Coast chart No. 84, Saint Joseph's Bay to 
Saint Andrew's Bay. 

1618 Progre88 skoteh, cast coast of .Florida, Indian 
River to Cape 1''lorida. 

ScalP. 

1-80,000 1and2. A Seni:teller. 4. J. G. Thompson. 

1-80, 000 '\V . .A. Thompson. 4. E. A.. Maetlel. A. 
Petersen, \T. G. Thompson . .A. C. Itnel>sam. 

1-80, 000 , 3. H. M. Knight. 4. A. C. Ruebsarn ....... 

1-80, 000 1 an.I 2. H. C. Evans. 3. H. M. Knight. 

4. E. A. Maedel and F. Courtenay. 
1-80, 000 1, 2. and 3. W. A. Thompson. 3. JI. M. 

Knight. 4. E. A. Maodel anti J. G. 

Thompson. 

1-80,000 i 3. H. M. Knight, F. W. Benner ........... . 
1-80, 000 4. K A. J\fMdel.. ............... .. 

1-80, 000 . 8 and 4. A. C. Rnebsam .................... . 

1-80, 000 : 4. E. H. Sipe...... . . . . . .. . . . • . .. ... 

1-80, 000 4. H. M. Knight ..... . 

1-80, 000 1 am! 2. A. Sengtoller. 4 .• T. G. Thompson 

1-80,000 3. F. W.Benner .•.•........................ ' 
1-80, 000 4. E. A.. :Maedel, A. Petersen ............. .. 

1-80, 000 4. E. A. Maedel. ........................... . 

1-40, 000 1 and 2. R. F. Bartle. 4. A. l't•tt.·r•en, J. 
G. Thon•psou, and E. ll. Sipe. 

1-40, 000 I, 2, an<l 3. H. C. Emns. 4. A. Peter•en, 
J, G. l'hompson, anti T. Waa8el'harh. 

1-!0, 000 1 am\4. J. G. Thompson ................ . 

i I 
1-40, 000 , 3. W. A. Thompson. 4. E. A.. Maedel amt j 

1 A. Petersen. i 
1-40, 000 f 1 and 2. H. C. Evans. 3. W. A. Thompson.! 

I 4. E. A.. Maedel, A. Petersen, and J. G. 

I Thompson. 
1-20, 000 : ..................••••......•.•...•.....•.... 
1-40, 000 : 1 and 2. J. Entho1for. 3. H. M. Knight. 4. 

E. A.. Maedel, J. G. Thompson; and 1, 2, 

and 3. W. A. Thompson. 
1-40,000 3. H. M. Knight. 4. E. A. Mae<lel nJUl F. 

Courtenay. 
1-40, 000 3. H. M. Knight. 4. E .. A. llaedel and J. 

G. Thompson. 
1-200, 000 4. A. Petersen ..................... .. 

1-200,000 4. A. C.Ruebs&w ......................... . 

1-40, 000 2. J. EnthoJfer. 4. A. Petersen ........... . 

l-40, 000 1. W. A. Thompson. 2. R. F. Ilartle. 4. 
E. A. Mae<lel, anti A. Petersen. 

V. ... hen puh1isherl. 

Wken commenced. 

1-400,000 land 2. R. F. Bartle. 4. J. G. Thompson .. Joly 20, 1880. 

1-80, 000 1 o.nd 2. H. C. Evam. 4. J. G. Thompson .. July 12, 1880. 

1-80,000 1 anrl 2. R. F. Bartle. 4. J. G. Thompson .. Joly 15, 1880. 

1-200,000 1 antH.' E. H.Sipe ..••..••...•••..••....... October6, 1880. 
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COMMRSCP:IJ-Continued. 

1630 Proi.:reHs sketch, sketch of general pro~rrss 1-5,000,000 l, ::!. and4. J. G. Thompson.- ....... . 1\ovemher 9, Jft80. 

(eastern sheet) Atlantic. 
1631 Progress skctcll, sketch of geueral pro~rcsR l<i, 00(), 000 1 (lml 4 .. A. P(_'tcrst:>n. 2. J. G. Thump8on .. Xon'lulwr 91 18~0 

(western sheet) Pacific. 

ALASKA CO.AST l'JLOT C'HAHTH. 

1565 Tlte Inlan<l hARRge, Cape Mudge to Nah
witti Bnr. 

1566 The Inland Passage, Quren Chal'lotte to Fitz-
hug:h Sonncl. 

1567 Point Walker to Wan•on Bay·---. 
------i 1568: \Vake Ii;;laud to Chnt11am Sound .. . 

·-·--·! 1569: Dixon entrance aml vicinit)· ..... . 
...... : 15i0: Portland Canal and Obserntory Inlet .. . 

Jal)-. 1880. 

July, 1~8U. 

1571 ! BehmC1malanc1ClarrnreStrait ...................................................................... .. 

Jal)-. 1'80. 

Jnl~'. 1880. 

Jal)·. 1880 . 

July, 1880. 

July, 1880. 
July, 1880. 

July, 1880. 

15<2 ; Wolf Rock to Cape Decision ............... _ 
1573 Sumner Strait and adjacent. estuarirs ............. . 
1574 Fedrick Som:cl, Stephf'n·~ PHARRJ!e, and part] .... . 

.of Chatham Strait. 

1575 SandyBaytoCapeEdward ............................... __ ............................................ . 
1576 : Northern border of the.Alexander .Archipelago 1 

•••••••••• ···- ••••••••••••••••••••••••••••••••••••••••••••• 

1577 Lynn Canal and Cbilkaht RiYrr ...... _ ....... i __ .. ____ .. ______ . _ 

1578 Lituza Boy to Yakatan Bay ........ .. 

ALASKA COAST PILOT YJEWB, 

1644 · Entrance to Coghlan .Anchorage, Finlayson 

Channel and entrance to Met-la-kat-la Bay. 

, July, 1sgo_ 

July. 1880. 

July, 1880. 

.July, 1880. 

.July, 1880. 

July, 1880. 

1645 Sitka ...................................... . .. ...................................................... ···-. ,Jul.1·, 1880 • 
1646 Observatory Inlet and Noas Bay ............ .. ........................................................ 'July, 1880. 

•••••. 11647 TableandEggislancls,E~gand Ta hie Islands, 

Cape Cakert, and entrnnce to Welcome 
Harbor. 

.................. _ .................................. July, 1880. 

"-----~-~------------

Standard printing plates having received additions and corrections from July 1, 1880, to June 30, 1881. 

I 
Cata- l Plate 
lo§~~ j No. 

-!--
A 11357 
A . 1367 

2 I 976 
I 977 

1 989 
5 j 1453 

5 I a5s 
c 11459 
8 I 1392 
!I 11183 

10 ' 1039 

10 f 1147 
12 ' 1350 
15 11081 
11 1429 

104 UH 
109 1181 
110 1199 

lll 1402 

113 1371 

ll4 lil63 

Title of plaoos. Scale. Dates of last correctioue 
aml additions. 

Salling chart A, Cape Sable to Cape H!ltteras, upper ...................................... ' 1-1, 200, 000 · June 25, 1881. 

Sailing chart A, Cape Sable to Cape Hatteras, lower ................................... - . 
Sailing chart No. 2, Nantucket to Cape Hatterns _ ............. _ ........ _ ..... _ ....... - .•. 
Sailing chart No. 3, Cape Hatteras tv Mosquito Inlet .................... - ............. - . 

Sailing chart No. 4, :Mosquito Inlet to Key West,, &c •• -............................... . 

Sailing chart No. 5, Key West to the Rio Grande .......................... .. 
Sailin11 chart No. 5, Key West to the Rio Gran<le .................................. .. 
Sailing chart C, Gulf of Mexico ..................................... - ................... . 
General roast chart No. 3, Gaylleatl to Cape Henlopen ........... - .................. - .. - . 
Gmcral con st chart No. 4, Cape May to Cape Henry ........... -• .. . .. ................. .. 

General eoast chart No. 5, Cape HenrJ to Cape Lookout, original. ................ - ...... . 
General coaet chart No. 5, Cape Henry to Cape Lookout, standa1'1. ••.... -.............. -

General roast. rhart No. 7, Cape Romain to Saint Mary's entrance .... - ... - .............. . 
General eoast chart No. 10, Straits of Florida .. - .................. - ................... - .. . 
General eoast thart No. 6, Cape Hatteras to Cape Romain .............................. . 
Coast chart No. 4, Penobscot Bay ..................................................... .. 

Coast chart No. 9, Boston Bay and approaches ... - .......... -.... '. ........ -....... - . - . 
Coast chart No.10,Cape Cod Bas .............. - --·· ................................... . 

Coast chart No. 11, Nantucket Shoals to Muskeget Channel. ... - ... -. --- ............. -. - . 
Coaet chM't No. 13, Cuttyhunk to nJock Island, &c ...................................... . 

Coast ch11rt No. 14, Long Island Sound, Point Judith, and Block Island to Plum Islan!l .. . 

1-1, 200, 000 .Tune 25, 1881. 

1-1, 200, 000 .r nly 28, 1880. 
1-1. 200, 000 . January 28, 1881. 
1-1, 200, 000 : July 30, !SRO. 

1-1, 200, 000 January 20, 1881. 
1-1, 200, 000 Jan nary 20, 1881. 
1-1, 200, 000 December 201 Je8o. 

1-400, 000 March U, 1881. 
1-400, 000 May 12, 1881. 

1-400, 000 Plat<> in hand. 
1-40{), 000 March Ii, 1881. 

1-400, 000 September 2, 1880. 

1-400, 000 Jone 26. 1881. 

1-400, ooo i Mareh 12, 1881. 

1-BO, 000 Mny 12, 1881. 
1-80, 000 November 11, 1880. 
1-@0, 000 June 29, 1881. 

1-80, 000 June 7, 1881. 
1-80, 000 March 3, 1881. 

1-80, 000 June 15, 1881. 
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Jo~e Title of plates. Scale I Date• oflast ~o.rrections 
· ' and ad1ltt1ons. 

Coast chart No.15,;~~:,~~J:nd to Welch's Point............ . .... -----~-~::.~-~ !--1~:~~1;~~~~~~~1~-
P~":."! 

No. I 
- --- ' 

115 14191 
Coast. chart No.16, Welch's Point to New York .••. .......... .. . . .... .. .. .. .. ..... . .. .. .. 1-80, 000 j March 24, 1881. 116 1473 I 

979 i Coast chart No. 17, soutl1ern coast of Long Island, eastern sheet, Block Island, Montauk 1-80, 000 I May 6, 1881. 
Point, &c. 

Coast chart No. 18, Southern coast of Long Island, middle sbeet, Napeague Beach to Forgo 1-80, 000 Aub'll•t 26, 1880. 

117 
I 
I 

118 86:i ' 

119 

120 
1~1 

]'l9 

1~3 

127 
1~8 

1~0 

!:JO 

131 

866 

1404 
153.5 

1536 

River. 

Coast cbart No.19, southern coast of Long Islancl, western sl1eet, GTeat Soutl1 Bay, :F'ire 

Island, and Long ]leaches. 

Coast cliart No. 20, New York Bay and Harbor .......................................... .. 
Const chart No. 21, Ranrly Hook to Barnegat Inlet._._ ........... - ......... . 

Coast chart No. 22, Barnegat Inlet to Absecon Inlet. ............................... . 
1582 Coa~t chart No. 231 .Absf'<'Oll Inlet to Cape May ............................ . 

1200 ' Coast chart :S-o. 27, Ca11~ Ma~· to Ish• of Wight. .................................... -
1230 
1~86 

Coast d1art No. 28, Isle of Wight to Chin<'otcague Inlet........ . .. _. -- ...... . 
f;oast chart No. 29. Chincoteague lnlet to Hog Island Light ............ - ................ . 

1287 1 Coast chart No. 30, Hog Island Light to Cape Henry .... -- .............. . 

1219 Coast chart :S-o. 31, Chesapeake Bay. first series, shret l, entrance to Chesa11eakt', Bam1>
ton Roads, &c. 

13.J 1:!27 Coast chart No. 34, Chesapeakt~ Bay, scronU series, shN•t 1, Potomac lUver to Choptauk 
River. 

1:l7 1444 Coast chai t No. 37, Cape Henry to Currituck Beach ......... . 
144 111(8 Com~t "bart No. 4-4, Pamplico Sonn<l, sl1('et L Panq11ico Riw•r. 

l·H 1260 (.:owot chart No. 44, Pamplico Sound, ~beet 11 J>amplico Rin·r. 

li'4 lli6 Coast chart. No. 51, Long Island to Hunting Isla11c1 ............... _ .................. . 

155 1353 t:'o:ist chart No. 5fi, Hunting Ialaml to OsRal,aw Island ........................ ·---- ....... : 

156 1341 Coast chart No. 56, Savannah to Sapelo Island .......................................... _. 
lii'i ll:!4 ' Coast chart No. 5i, Sapelo lslaucl to Amelia Islam! ....................................... -j 
16ll , F84 , Coast chart No. 66, }"lorida Reefs, Key lliscayne to Carysfori Re<•f ....... _ ........... _. 
167 i 1094 Coast chart No. 67, Florida Reef's, the Elbow to Matecumbe Key •........ _ .••.•..••. 

168 ! 1100 Coast chart No. 68, Florida Reefa, I,ong Key to Newfouncl Harbor Key .................. . 

lti9 ' 1125 Coast chart No. 69, Florida Reefs, Newfouucl Harbor Key to Iloca Grande Ke.r .••••.... 
l'ii 1445 i Coast chart No. 77, Tampa Bay, Florida .•. _ .................. _ ..... _ ....... _ ........... .. 

186 i !~ Coast chart No. 86, Choctawhatchee Inlet to Pensacola entrance ............... .. 
20f• \ 1216 CoaRt chart No. 105. Galveston Bay to Oyster Bay ... _ ........................ _ .......... : 
206 ! 1210 ! Coast chart No.106, Oyster Bay to Matagorda Bay ................ __ ................... . 
207 ; 1334 ' Coast chart No. 107, Matagorda Bay....................................... .. ........ - .. 

304a ' 1203 : I!arbor chart, Moose a :Bee Reach ....................................... . 
:'91 ll95 Harhor chart, Mount Desert, So11tbwest Harbor, aud Somes Souncl ..................... . 

310 1354 Harbor chart., Penobscot Bay ..... _ ................................................. -.. . 
3lla 1128 Harbor chart, Fox Islamls Thoroughfare ............................................... . 
317 1333 Harbor chart, Winter Harbor ............. ·-- ........................................ - .. 
:145 800 Ilarborchart,MuskegetHat·bor ......................................... - ............ . 
34~ 779 Harbor chart, "\\Tood's Hole Harbor .....••••..••.....................•.•................ 

353 . 1241 llarbor ebart, Narragansett Ilay, upper ...................................... : .... .. . 
:15:; I 1240 Harbor chart, Narraganset.t llay, lower ................................................ . 

358 . 1385 Harbor chart, Fisher's Island Sonn<l ....... ··-··· .................................... .. 
3f>O , 1544 Harbor chart, month of Connecticut River ......... _........ . _ .............. .. 
:168 179 Harbor chart. Huntington Bay...... .. . .. .. . • . . . . . . .. .. .. .. . . . . . . . .. .. ... _ 
553 : 1489 Harbor chart., Lalrn Champlain No. I, Rousc's Point to Cnmbcrlaml Ht•a•l ........ . 
;;;;4 1501 

1 

narbor chart, J,ake Champlain No. 2, Cumbcifand llea<l to Ligonier Point ... _ ......... . 
369 1266 llarhor chart, New York Bay an<I l1arbor, lower ............ _ .......... _ ... _ ... _ ... . 

369 1268 Harbor chart, New York Bay and harbor, 11p11er ..................... -............. -.. 
3690 1304 lfarli01· chart, New Y01·k entrance ......................................... _ ........... . 

370 10:14 Harbor chatt, Hudson ]{iver Xo. 1, ~fow York to Ha...-erstraw ............................. , 
:112 954 Harbol' chart, Hudson River X o. 3, PougbkeClpsie to Troy . ~... . . . . . . .. __ .. __ . __ _ 

374 1003 Uarbor chart, Ab.econ Inlet ....................... _ ............. _ ...................... . 

376 453 Bat·bor chart, Delaware and Cbest111eako Illlys ....................................... . 
3&1 1620 Harbor chart, PatapscolUver .............................................. _. --···--··· 
366 7€4 Harbor ('ha1-t, l,atuxent Rh .. er, lower. ________ .... _._ ... _._ ... _. _____ . __ ..... __ ..... _ 

387 863 Harbor chart, Patn::i:ent River, l'oint Judit.h to Nottingham ........................ . 
388 1171 Harbor chart, Potomac ]{iver No. l, entnmce, and up to l'iney Point ....... _ ........ . 

il91 1319 Harbor chart-, Potomoo RiYer No. 4, Indian Heml to Georgetown .•.•... , . . . . . . . . ....•... 

I 
1-80, 000 ! July 6, 1880. 

1-80, 000 I May 27, 1881. 

1-80, ooo I May 10, 1881. 
1-80, 000 I August 7, rnso. 
1-80, ooo , April 12, 1881. 
1-80, 000 [ December 7, 1880. 
1-80, 000 . Plate in hand. 
1-<0, 000 : Jul~· 3, 1880. 
1-80, 000 · February 2, 1881. 

1-80, 000 ! June 30, 1881. 

1-80, 000 July 10, 188\I. 

1-80, 000 J ul,I' 8, 1F80. 

1-80, 000 Jaunary 17, 1881. 

1-FO, 000 August 5, 1880. 

1-FO, 000 J anunl'y 26, 1881. 

1-80, 000 June 15, 1881. 

1-80, 000 Plate in hand. 

1-80, 000 February 9, 1881. 

1-80, 000 June 25, 1881. 

1-80. 000 June 22, 1881. 

1-80. 000 June 30, 1881. 

l-80. 000 June 21,1881. 

1-80, 000 February 28, 18~1. 

1-80, 000 Pl:tte in band. 

1-80, 000 J<'cbruary 9, 1881. 

1-89, 000 February 2, 1881. 

1-80, 000 May 4, 1881. 

1-40, 000 June 4, 1881. 

1-4-0, 000 June 1. 1881. 

1-40, 000 June 1, 1>81. 

1-20, 000 Sept.ember 2, 1880. 

l-20, 000 March 1 J, 1881. 

1-60, 000 December 15, 1880. 
1-20, 000 .June 8, 1881. 

1-40, 000 February 1, 1881. 

1-40, 000 August 1, 1880. 

l-40, 000 September 15, 1880. 

1-20, 000 

1-30, 000 March 1, 1881. 
1-40, 000 .January 3~ 1881. 

1-40, 900 December 31, 1880. 
1-40, 000 June 30, 1881. 

1-40, 000 February 4, 1881. 
1-40, 000 February 2, 1881. 

1-60, 000 June ao, 1881. 

1-40, 000 ,Ju DA 3, 1881. 

1-20, 000 July 20, 1880. 

1-400,00o May Ill, 1881. 
1-00,000 January 12, 1881 
l-00, 000 June I. 1881. 
1-30, 000 June 2, 1881. 
1-00,000 January 20, 1881. 

1,40, 000 J Ulle a, 1881. 
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Cata.IP! I 
loguel at.el 
No.! No. 

Title of plates. 

-------i----
406 851 , Harbor chart, North Landing River ................................................... . 
409 ·98a ; Harbor chart, mouth of Roanoke River. ................................................. . 

•16 1223 ! Harbor chart, Hatteras Shoal• ............................................................ . 
417 I 921 i Harbor chart, Hatteras Inlet ............................................................. . 
419 1023 I Harbor chart, Cape Looliout Shoals ............................................. - - ..... . 
421 1018 I Harbor chart, Cove Sound and Straits .................................................... < 
431 1192 ! Harbor chart, Charleston Harbor ........................................................ . 
437 
438 

440 

441 

453 

469 

474 

1329 j Harbor cha.rt, Whale Branch, insidt:>. passage between Coosaw aud Broa<l Hivers ..... _ ... 
1233 i Harbor chart, Bf\aufort River and inside passa~e between l'ort Ro_yal aud Saint Helena 

j Sound. 

, 1070 I Harbor chart, Savannah RiYer and ,\-.-assaw Sound ... _____ .. ____ ......•............ _ .. _. 
9481 Harbor chart, Ossabaw Sotmd ...........................•.. __ ... _ .................... __ -· 

1288 I Harbor chart, Saint Mary's River aml F•'rnandina Harbor .......... ·- .................. .. 
1170 Harbor chart, Key W eat Harbor _. _... . .. ....... _ .......... _ ......... . 
llZl Harbor chart, Charlotte Harbor .................. _ ... _ ................................. . 

475 1138 Harbor chart, Caloosa Entrance . _ ......... _ ............ _ ..... _ ........................ . 

488 699 Harborchart,SaintAndrew'sBay ..................................................... .. 
489 !Jill Harbor chart, Escambia and Santa Maria dp Galvuz Bays ........................... _ .. . 
490 1391 Harbor chart, entrance to Pensacola Bay ....... _ ................. _ ........ _ ........ . 
502 94- Harbor chart, Pass Christian Harbol' .. _ ... _ _ _ __ .. __ .. _ ... _ ... - . - .. 
519 332 

6-01 : 1036 
Harbor chart, Sabiue Pass .......•.... _ ... ___ ........ _ ... _ ........ _ ....... __ ...... _ ... _. 

Sailing chart, California., Oregon, an(l Wmd1ington Territory-Sheet No. l, San Diego to 
San Francisco. 

602 435 Sailing chart, California, Oregon, mu.I 'Vashington 'I'e.rritory-Shee.t No. 2, San l,ranciscn 

to Umpquah River. 

603 650 Sailing chart, California, Oregon, and \Yashingfrm Territ-0r,y-Slwet No. 3. r n11n1uah River ! 

700 

701 

702 

1083 

1132 

1133 

1064 

625 

818 

959 

1302 

1245 

789 

to northwest boundary. : 
Sailing chart, northwest coast of America, Sheet No.1, Cape Flatter.Y to Dixon Entrance._' 
Sailing chart, northwest coast of America. Shed Nu. 2, DixolJ ~~utrancP to C<lpt• Saint Elias. 
Sailing chart, nortb,rnst coast of .America. Sheet Xo. 3, Icy Bay t<i SeYen falandB .... . 
General coaot chart, PQint Pinos to Dodega Head ................ _ .............. _ ..... .. 
Harbor chart, eastern entrance to Santa Barbara Channel.._ ....... _ ..... _ ....... . 
Harbor chf'n1, San Prandst:o Ba~- f'ntrauce ........ __ .•....•................. _ ......... . 

Harbor chart, Monterey Bay ................. _ ·- ..................................... . 
Harber chart, Saint George's Reef an<l Crescent City ..... __ .... _ ....................... _. 
Harbor chart, Columbia Riter No. 1. .................................................. . 

Harbor chart, Port Gam lJle 

'A'l'LA?\11C COAST l'lLOT CHARTS. 

1~ EnkaucetoNewYork Bay ........................................................... .. 
1583 Sandy Hook to Seagirt ........................... --· ..••... :'. .. .......... _ ....... . 
1581 Sea~rirt to Barnegat InlHt ......•.............. __ ... ___ ..... ___ ... . 

. 1591 Barnegat Inlet to Brigantine Inlet ....................................................... . 
--·---[ 1592 New Inlet to.Absecon Inlet .............................................................. . 

.... ·· 11SB5 Absecon Inlet to Learning's Beach ..• _ ...... _ .......................................... _ .. 
····-- 15!1!1 Leaming"sBeachtoCapeMay .................. _. ......................... - ....... . 
.. .. .. 1064 Delaware li;ntrance ................. _... . . •• . • . .......... _. _. _ ........... _ ... _ ........... . 
.. .. --) 893 Progress sketch, Section 1, northern part ................• __ ..••.... _ .............. . 
.. - .. · f 62 Progress sketch, Section 3, Chesapeake Bay ancl tributaries ........................ - .... .. 
······I 451 Progress sketch 1 Section 4, coast and sounds of N01·th Carolina ................. . 
..... -11369 Progreas sketch, SecHon 3, primary triangulation between tbe Maryland and Georgia 

base-lines, northel"ll part. 
1370 Progress sketch, Sections 4 and 5, primary triangulation between the Maryland and Georgia 

baae-lines, southern part. 

Ma Progress sketch, Sootion 5, coast of South Carolina and Goorgia ................•..•..•... 
1359 Progr0.f!8 skerob, Seetion 6, east coast of Florida, Halir;x River to Cape Canaveral. ....... i 
1368 Progress sketch, Section XV, geodetic connection of the Atlantic and Pacific coa•t trian- I 

gula.tion, MiMouri and Illinois. 
893 Progress sketch, Section 1, northern part ................................................ .. 

11611 Progooaaskot.eb, Seetionl, prima.rytriangnlation between the Hudson and Saint Croix Rivers 
57 Progress e:ketch, SOOtion 2, northern part .••••....•... _ .................... _ ...... - ...... .. 
58 Progress skeroh, Section 82, eouthern part ................................................ . 
02 Progreas sketch, Section S, Chesapeake Bay and tribntaries •.••••.•••••.•••••••••••.•••.•. 1 

S. Ex. 49-· -12 

Scale. iDateR of last. c.01Tectious 
' ancl additions. 

1-40, 000 ! Decem hn 2, 1 AAO. 

l-30, 1)()0 ! January 20, 1881. 

1-120, 000 : June 3, 1881. 

1-20, 1)()0 . October 14, 1880, 

1-80, 000 : March 15, 1881. 

1-40, 000 October 23, 1880. 

1-30, 000 January 25, 1881. 

1-40, 000 August 25, 1880. 

1-40, 000 October lo, 1880. 

1-40, 000 Februar_,- 3, 1881. 

l-30, 000 Octol:er 19, 1880. 

1-20, 000 .January 19, 1881. 

1-50,0()(} March 30. 1880. 

1-40, oOO Apl'il 13, 1881. 

1-40, 000 May 71 1881. 

l-4~,000 JmH' 8. 1881. 

1-30, OlKI June 8, 1881. 

1-30, 000 .June 20, 1881. 

1-40. 000 Mardi I. 1881. 

1-40, 000 J urn:• ~5, 1881. 

1-1, 200, 000 February 8. 1881. 

I 
1-1, 200, 000 ' October 12, 18liG. 

1-1, 200, 000 Jauuary 12. 1·81. 

1-1, 200. 000 .Ta.unary ill, 1881. 

l-l, 200, 000 January 5, 1881. 

1-1, 200, 000 ! Octolwr l'.!, 18~0. 

1-200, 000 March 7, 1881. 

1-80, 000 . March 12. 1881. 

1-50, 000 March 12, 1881. 

1-60, 000 January 5, 1881. 

1-40, 000 September 151 1880. 

1-40, 1)00 A.ugu•t 11, 1880. 

1-20, 000 October 15, 18EO. 

l-801 000 J Ullt: 12, 1881. 

1-80, 000 J unc 13, 1881. 

1-80, 000 i tT une 20, 1881. 

1-80, 000 ; June 1:1, 1881 . 

1-80, 1)00 Jun<' 2~, 1881. 

1-80, 000 June 21, 1881. 

1-80, 000 , June 23, 1881. 

1-80, 000 J unc 29, 1881. 

1-400, 000 ; Up to 1877. 

1-400, 000 Do . 
1-41)(}, 1)()0 : Do. 

1-1, 000, 000 Do. 

1-1, 000, 000 Do. 

1-600, 000 Do. 
1~200, 000 Do. 

1-400, 000 !Jo. 

1-400,000 Up to 1879. 

1-1, ouo, 000 Do. 

1-400,000 Do. 

1-400,000 Do-

1-400, 000 Do. 
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Cata- Pl 
]Ol!Ue ;>f.€ 
N'o. No. 

Title of plates. 

451 ProgrPs~ sketch. Sectio~ 4, <'-Oast am1 sounds of North Ca.t·olina. . _. ·----- _______ ---

1623 ' Progn·ss f'!.1'.t"tcb, Se.ctfon 3, primary triangulation between the Maryland ancl Georgia 1 

1370 

56.1 

1243 

1359 

•..••• i 1269 
! 566 

567 

568 

569 

570 

1215 

573 

1368 

base-lines. not'them part. 1 

Progress l'lketch, St'-diuns4 antl 5, primary triangulation Uetween the Maryland aml Georgia i 

base-Jines, ROnthern part. 
Progress Hktteh, 8eetion fi, coast of Routh Carolina and Georgia -- __ ........ ---· ...•..•.. ! 

PrngTess sketch, SPction 6, east coast of Florida, Amelia Island to Halifax River ......... . 
P1-ogr<"A8 skt>icb, 8ectiou 6, east coast Qf Florida, Halifax Ri¥er to Cape Cana,""eral ...... . 

Progress sketch, west CORl!L of Floritla, Tampa Bay anti vicinity ..............•........... 
Progres!i sketch, ·west coast of :Florida

1 
Saint •!osepb. 1 ~ Bay to.Mobile Bay ... _____ . __ .. -. _ .. 

ProgreMs sket<'h, Section 8, coast of .Alabama, Mississippi, and Louisiana --·-· .........•. 
Pro~rf'ss sketch, Section 9, coast of Texas ........ _ ................................ _ 

l'ro~re•s skekh, Section 10, coast of California, lower .......•••...........•............... , 
Pt·ogr~ss skt>t«h, S\·<'tion H>i coo st of California, middle .•........•....•.................. _ 1 

P1ogrtSB •ketch, Section 10, coastofC~lifornia,upper,and (Section II) lower coast of Oregon 
Pmgr• ss skekh, Sedion 11, upper coast of Oregon and 'Vashington Tel'litory ............ . 

Progress sketch, geodetic rnnuection of the Atlantic and Pacific coast triangulation, 
Missouri and Illinois. 

Scale. 

1-400, 000 

1-l, 000, 000 

1-1, 000, 000 

1-600, 000 
1-200, 000 

1-200, 000 

l-~00, 000 

1-600,000 

1-000, 000 

1-600, 000 

1-6-00, 000 

1-600, 000 

1-600, 000 

1-600, 000 

1-400~ 000 I 

Dates of last corrections 
and additions. 

Up to 1879. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
!Jo. 
!Jo. 

Do. 
Do. 

Do. 

Do. 

Do. 

I 
···--·---------------------------------------'---------------



 

UNITED STATES COAST AND GEODETIC SURVEY. 91 

ArrENDIX No. 6. 

GENERAL INDEX OF SCIEJ'\TIFIC PAPERS, METHODS, AND RESULTS CONTAIJ'\ED IN THE APPEN
DICES OF THE ANNUAL REPORTS OF THE UNITED ,STATES COAST AND GEODETIC SL'.RVEY, 
FROM 1845 TO 1880 INCLUSIVE. 

BY C. H. SINCLAIR, Subassistant, 

KEY TO INDEX. 

GEODESY: SURYEYING: 

Reconnaissance. 
Base-Lines and Standards of Length. 
Triangulation and Instruments. 
Time. 

Topography. 
Hyclrography. 

PHYSICAL HYDROGRAPHY: 

Azimut.h. 
Latitmle. 
Longitude. 

Tides, Cnrrents, and \Vinds. 
<Tnlf Stream. 
Deep-Sea Soundings an<l Temperatures. 

Arc Measures and Local Deflection of Plnmb-I,inc. 
Geographical Positions aml Project.ions. TERRESTRIAL MAGNF:TIS:'IL 

HYPSOMETRY: 
Spirit-Leveling. 

DRAWING, ENGRAYING, AND ELECTROTYPING. 

ASTROXOMY. 

MATHEMATICS. 

Trigonometric and Barometric lfoights. MISCELLANEOUS. 

[Norn.-The pages of the .Appendices for 1853 and 1F54 are marked with an asterisk('), to dist,inguish them from the page,s of the Report. 
The .App ndices mark~d with a dagger (t) h:rve been publisht•d in sep•rate form.] 

1851 31 488-494 

1852 12 87-94 

1852 18 104-1()7 

1854 20 "2S-·30 

1854 21 •ao-•a1 

1855 25 171-176 

1856 52 286-289 

18ll7 •t 37G-31!2 

GEODESY. 
RECONNAISSANCE. 

Subject and author. 

FLORIDA t'OAST RECONNAJ88Al\CE.-F. H. Gertlel.'l. 
A. 1lescription: B, survey: C, tides and currents; D, railroad across the peninsula: E, ligbt-bousHs an1l buoys: 

F, general remarko on Cedar Keys Ilarbor.-[Sketches 27, 28, and 29. 1 
Extracts from the r<>port ~f .Assistant, F. H. Gerdes on a re,oonnalssnnce from Suwannee Rin.r, Florida, t-0 Jlcltit of 

MissiRsippi. 
Report of Lieut. CommantlerJames .Aldeu, U.S. N .. on tl1e recounaiasance from San Francis~o to San Diego. in· 

eluding Santa Barbara Islands. 
Extracts from the report of F. H. Gerdes on the reconnaissance of the coa•t of Louisiana in lRM (Mississippi 

Delta I. 
Extracts from a report of W. E. Grtlenwell on the general features and peculiarities of the coaBt of Lower Texas, 

with suggestions iu rtlgard to fo.cilities for navigation, from the harbor of the Brazoe de Santiago to the 
mouth of the Rio Grande. 

Fr.ORIDA KRYS. 

Survey for the General Land Ofllce, including reports on the general topography and triangulation, on the det,-r
mlnation of the shore-line, o.nd reconnai88Qnce of Barnes'• Sound, Florid ... 

FLORIIJA KEYS. 

:Report of the Superintendent to the Commissioner of the General Land Office on progres• made in the survey 

and marking in q uarter-sectiona. 
FLORID.l PRNil<Bt:LA AIR-Ul<R. 

Jleport of a reoonnalB1111noe 1118de bet.ween Fernamllna and Cedar Keys.-By Capt. J. H. Simpson l'"11itlld States 
Topographical Engineere. 
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Year .. .\ fi!~~n ! Pages. Subject and author, 

1857 42 

1857 43 

1857 44 

1858 34 

185d 35 

1859 32 

1860 34 

lii61 29 

1873 t 11 

382-390 F1.01m>A KEYS. 

Suptffintendent's repmt to Cmnmissionet of Genernl Land Office on progress made in sun""e.y and marking of the 
Keys. 

390-391 COAST OF fiAXTA llARJlAHA CHAX1'iEL. 

Report of Snbassishmt \\1
• M. Johnson on its topographical characteristics. 

392-395 ' SA!ll'T A BARBARA lr'LA:S-D8 AXD MAfN. 

Report 011 the character and progress of the work.-W. E. Greenwell 
224- EABTRRX CO.\ST OF F'LOlllPA, suuth of Saint. John's River. 

Report of Sn baRsistant J. Meehan on local characteristics. 

225-227 FLOHIHA KEYS. 

Superintendent's report to Commissioner of General Land Office on progrf'BR made in survey and marking of the 

Keys-Continued. 
324-328 COAST OF TEXAS, embracing the shores of Espiritu Santo, San ..A.n~onio, and .Aransas Bays. 

Report un a reconnaissance.-8. A. Gilbert. 
35&-1i5i CORPFR CHRISTI BAY ANO I.AGUNA MAllRR, TEXAS. 

General description of characteiistics.-S . .A.. Gilbert. 

263-264 COAST OF TEXAS above Galnston Bay. 
Kxtract8 from a descriptive report.-Capt. Ge.ohre IlclJ, u. 8 . .A. 

111-122 GKOGIL\PHlCAL A~Tl HYDHOGKAPHJCAL EXl-'LORAT10X8 ON THR COAST OF .ALASKA.-W. H. Dall. 
[Skeich No. 17.] Islands of Attu, Bouldyr, Ksska, Amchitka, .A.dakh, Atka, Amlia, Four Craters, Agashagok, 

Una1ashka, S:mnakh Rtwfs; J>o1w1f Strait; cmTent observu:tionH; azimuths; p-0sitions and magnetic dc
clinationB, tablrR 1 to 16; thmmometer, mean for 18i3i surface of sf"a-water; fh·<1 fathoms below surface; 
<'UITf'nt observations made on board the Yukon during the Yoyage from San Francisco to Unalasbka., May 
1873; heights of monntaine determin~d in 1873. 

BAfiE-UNES AND STANlHRDS OF l,ENGTH. 

l~-1 ~ ''103-""108 U~tRE-\fEA.-.t!RI:!l.·o ..-\.I'l•Ara·n·B1 deRcription of, as usc<l in the Coast 8mTc,r.-Licut. E. B. Hunt, U.S. En~ineers. 
[Sketch 54.] 

1855 41 264-267 Pam.IMJXAI<r BAsl«APPARATUS.-C. 0. Boutelle. 

1856 60 

1857 26 

1857 45 

1862 26 

1864 14 

1865 21 

[Sketch 53.] 
308-310 RcmnmARY J~ASE-Al't>AilA1TS. 

Description of a modifi('ation devis1"1 for aocertaining the temperature of mds in 11se.-[Sketcl1 64.] 
:J02-305 El'l'!XG,BABE, MAIXR.-A. D. llaehe. 

Notes on the preparaUon of site, meaimrement of line, and progre88, a~ compan:.,d "ith other measurements of 
t,he Coast, Snrvey.-[Sketch 3.] 

395-a98 RtSE APl'Af<ATFS for measuring subsidiary lines; description.---J. M. Hilgard. 

[Sketch 69.] 
248-255 !lA8R·MEAstrmxn Al'P Al<ATus.-J. E. Hilgard. 

Abstract of experimmt8 for tl~terruining the length and expa.nslou by beat o~ tho standard bar, with table or 
•comparison• of •l.andard bar with 6 meters.-[Sket.:1'49.] 

120-144 ErPJX<; 1lA8E-L!NE.-C. A. Schott. 

Report on the method of computation and resulting connection with the pl'immy triangulation.-1, general re
marks on t be method of reduction; 2, in•truments and methods of horizontal measures employed in the 

triangulation near the Epping bas~; 3, 1\etennination of probable error and weight to each direction obll(l'l'Ved 
with the 30-lnclt theodolite: station Howard; abstract of remaining dilforences 1 abstract of remaining er
roN<-t .. ble; 4, defonnination of probable error and weight to each angle and cllrectlon from ohllervatlon• 
with a rerwatlng-circle; 5, reA!ulting hurizcmtal angle• from the observations at each statian, with their prob
able error, 6, effect. npl)n tl.te horizontal anglea of a dlJference of level between the stations oocupled and 
obsfrvecl upon; 7, spherical excess of triangles; 8, residnals in the sum of angles of each triangle, and their 

discussion; 9, final determination of pmbable errors (&ml weights) to each direction ; 10, relative valtte of 
results from the 30-inch and the 10-incb repeating.theodolit.>s; II, formation of the conditional equation of 
!be nonagon around the J<;pping base; 12, e•1nation of correlatives and normal equations; 13, resulting correc
t ion to the obser~ed direetions ; 14, complete adjustment of the nonagon and ftnal directions; 15, triangle 
side-computations; 16, resulting di..tan""• from Mount Deoert to Bum11back; 17, connection of the llldninth

mark with the ad,in•ted directions.-[ Errata, 143: 1800, p. 141.] 
187-203 REst;LTS OF TllP. l'RlMARY TlllANGUI,ATION OF THB COAST OF NEW ENGLAND, from the nortbeaatem boundary to 

t.be vicinity of New York; length and accuracy of tlie Fire Island bll8e·linA; length and aoonmcy t>f the 
Massachusetfa b8"e-line; length and aecumcy of Epping ba11e-line ; geodetio connection or the tbroo pri
mar.v bllS<l-lin~.s iD Maine, Mass'achnsetts, imd New Yurlr.:, their degree of a.ceordanee and 'l'flllnlting aoou~y 

of the primary triangulation intervening; reanJtlng angi"" and diatan """ of the primary triangulation be
tween the Epping, MIU!saehruietts, and Fire Ialand ba&e·linea.-{Errata, 198: lllll6,p. 141.] 
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Year. h'fx~n· i 
' ' 

18fi6; 8 

1866 8 

' 1867 ! 7 

1868 7 

1869 ' 

1873 112 

1873 ; 12 

1876 ; 12~ 

1877 112 

I 
i 

I 
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Pages. Sabject and author. 

49-54 PR1MAUY TRJAS-Gt;LATION OF THE ATLA~TlC COAST.-C. A. Schott. 

140 

134-Jai 

133-139 

105-112 

Geodetic connection of the two primary bast~-Unes in New York and Maryland, their degree of accordanrf' and 
accuracy of the primary triangulation intPrvening-, with the resulting angles and distances as finall~· adjusted. 

Len~tb of the Kent Island base-line.-[Snpplement to C. A. Schott,'s re.port on primary triangulation of the same 
year.] 

COMPAJUSOX OF METRRR.-F. A. I>. Barnard and H, Tre,sca. 

Comparison of an iron metPr forwarded to FranrP hy thP Governnwnt of thP rnited Stat<>• of America, Table I, 
the !Tuited States meter upon the comparatQr; II. the Conservatoire standard upon the comparator; III, tbe 
United States mrtr.r nr•on the compar.ntor: TV, TPSults. 

Full explanation of tlw 1.Ufferfi1t ~ucce~si \'eOpt'rations connectell with the me.a.surement of a subsidiary ba.se.lint> 

CoNNRC'TIOX OF THF. PRJMAHT RASR·I.nrn.s on Kent Island, )fd.,an<l on C"'aney Island, Ya., and 011 the degreA of ac

curacy of the intierveuing- p1imary an<l imhprimary triangnlations.-C. A. Schutt~ 
Statistics of condition~: linear discrt•pancies in the base-lines; degree of accurac.r: final correction of directions : 

adjustment of the subprimary atations; Cape Charles height and not th end of measurementi adjustment of 

the secondary station, Hampton Seminary: table of A tlautic series of primary triangles continued. 
123-136 l)EACH-TllRR RIDGE BASK, near Atlanta, Ga.-C. A. Schott. 

Measmement of line in 1872-1873 hy C. 0, Boutelle [Sketch No, 18]; condition of the apparatus; corupariso11 of 
the tubf's, a~·nopsis of resnltR; table of horizontal distance& mlf'Rsure<l between temporary ma1·ks ne-,ar the 

monuments in eaclJ of the three measures; corrected dista"Ilce-s: discr~pancies in tl1e three measures: heights 
above mean half.tiile; probable error of compute-ti length; comparison with the aceurae:r of oth('r baae-lineR. 

132 DEBCJ<IPTIOS OF THE CO~ll'EXBATIOS' BABE APPARATt:S of the Unit~d States Coast Snr'l"P_,.-E. ll. Hunt 
(Reprinted from Appcn<lix No. :lfi, Coast Survey Report of 1854.) 

136 ; SUPPI.EMENT,-Tlie "Borda Thermometer .. attachment. 

402--406 ! THE RELATIONS OF THE LAWFUL t'TA~HAHU~ OF MEASURE of' the Fnitf-<l 8tnt-l'S to thOA(' of GrNtt lh'itaiu.-J. E. 

Rilgard. 
MMaurcR of wcig-11t, of capiwity, of lenµth; relation of yanl to nwt.Pr. Annf'x I. MeMurf'R of len~th, of surfa<w, 

of capa.cit.y, weights. Annex IT. Comparison of yards and meterri.. 

148-181 CmtPARISOS' OF AMERICAN ·'"" BKITl8H STAJWARn YARns,-J, E. Hilgard, 
1. relation of f,he lawful standal'dS of measure of the Tfnited States to t·ho~e of Glt'.at Britain and Frnnct"; m<',as. 

urea of weight, capacity1 length; relation of yard to mett:>r: annex I, II, measure of lenµ::th. 1mrface, ca pa-city 1 
wei1:hts; annex III, comparison of yards an(\ meters: 2, description of the Trougbton 86-inch seal(• ; 3, df'i· 
scrlption of British standard yards, bronze No.11, and iron No. 57. 

Co-efficient of expansion of the British standard yard bar, bronze No.11; !wing a new di•r.ussion of th• e•· 
perim<'nfs of Sheepshanks and Clarke.-By J. Homer Lan~. 

The relative rxpansion of bronze 12, and J,.ow Moor iron j for abso]ute expansion of bronze. 12 8Df1 brd.88 :! : 

equations of condition; recapitulation; addendum by 0. H. Tittmnnn; 5, relatiYt• ler:gths of bronze ~~ard No. 

11 and iron yard No. 57; experimental comparisons on the dividing marbine; comparisonA on line and enrl 
comparator; on the beam compa•• comparator; e.omparisons of Rritish bronze yard No.11 with th<' Imperial 
yard and other standards of Great Britain i 1, <mmparieons with standards of the · ominion of Canada: 
abstract. of comparisons between No. 11 and No.16; between No. 11 and Dominion Standard A : betw(~n 

Dominion Standard A aml No.16; comparisons with the Imperial yard and other stanrlards of the Standard 
Office, W e11.tminster, London : rates of expansion ; re1mlt:s of comparhmn of bronze No. 11 (TT. S.) with bronzfl 

No, 1 (Imperial yard); of No.11 with bronze No. 6 (Genemtor); of "N"o.11 wltb cast iron Band C; tabula
tion of N>-sults of cnmparison hetween No.11 and foreign standards: 7, compariAon of the Tron~htou scat.~ 

with the British brouze staudard No. 11; ~, concludiug Ktatemeut. 

BAsE-APPARATUR.-J. E. Hilgard. 1880 I t11- au-a« l 
I An account of a perfected form of the contact-slide b3"e-apparntus n~ed in the Coast and Geodetic Snrny,-

! I I [Sktttch 82, Figs. 1 to 8,) 
___ i ____ J ____ --'.._____ ------------.. -------------'--------------·---~~---

1855 l 57 

I 

1aos I 58 

I 
ISM I 5ll 

1866 56 

TRIANGULATION AND INSTRUMENTS. 

361-363 / BoUTllLLB's TRIPOD AND scAFFOLD.-C. O. lloutelle. 
Thiocript.ion of, as comtructed and used by him 1<t the stations of the primary triangulation in &'Ction V,

[Sketch 52,) 
383-364 FARLRY's sIGXAL.-J. Farley. 

Deocriptton and drawing of a convenient signal for observing on secondary stations,-[Sketch 52.] 
36( S.ums's HELIOTROPR.-B. F. Sando. 

Deecrlption and drawing of a oonvenient signal for observing on secondary stations. [Sketch 5;;, 
291-292 llJJ!SJSSIPPt Sou~m.-J.R Hilgard. 

Details of the work of triangulation; signals and station-.marks. 



 

1856 61 

1860 35 

1867 9 

1867 10 

1868 17 

IH08 

l8il 15 

1873 113 

187' !15 
1875 t17 

1876 !20 

1877 111 

1877 t I~ 

1878 !8 

1880 ! 18 

REPORT OF THE SUPERINTENDENT OF THE 

G EODESY-Contimwd. 

TRIANGULATION AND lNSTRUMENTB-Continned. 

Subject and author. 

310-316 THRODOl.JTE-TEST.--J. E. Hilgard. 
Examination and trial• made of a JO-inch theodolite, applicable to the testing of instruments of like construc

tion.-Table I, re~Hlings of 1wery 10 dP.grers on the circle, and determination ofan~ular distance of verniers; 
If, determination of eecentricity; III, residual errors of graduation and readingR; figure of pil'"ots. 

357-361 HEI'RATl:SfVfHJWOOLITE. 

Supph»ment to the methrnl of testing (de~wribed in the prer.eding paper).-Table I, 11.'adings of every 10 degTI:'eR 

on the rircl~, and detenninat.ion of angnlar distance of verniers; II. 1leterminat.ion of eccentricity; III 
residual en-ors of graduation and readings. 

140-144 RAIT.WAY8, on tl1e use of, for geodetic surveys.-J. E. Hilgard. 
\Vl1cd-recm-ds; linear meatmrement; rectification of curves; re.luction of the measuretl lines and a11gles to a 

simpler system.-[~ketcl1 26.] 

H5 RllFLECTOR.--J. E. Ililgard. 
n~scription of a new form of geodetic signals.-[ Sketch 26.] 

109-139 MF.MORAXDA RET.A.T!XG TO TllF. FIEJ,D-WORK OF A SECONDARY TR\AN<a;J.ATION.-R. D. Catts. 

140-146 

185-188 

137 

153 
279-292 

301-399 

114-147 

!'\election of statinns ; names of stations; signals ; tripods and scaffolds ; nnderj!1'0nncl station marks ; snrfare 
station-m:irks: observations and records; number of olu;ervations; limit of error; probable error; reduction 

to center i correction for phase; correction for eccentricity; Rpherical excess ; distribution of error; trigo

nometric-al levf'ling; co-efficient of refraction; tblee-poiut problem; rectangulflr co-nulinates; measure
mt"nts of suhsidiar·y haiw-lines; rerords, duplicates, and computations. 

MKTHOll OF AD.JtiSTMENT OF THE SltCOXHARY THIA."NGULATION OF LONG IRLA"YH Souxn.-C. A. Sc11ott. 

Example of reduction of angular measure of Shelter Island ; final computation and proof of correctnPss. 
ADAI'TATION OP TJUANGt!LATION to the '\"B.rious conditions of configuration onrl character of thf' tmrface of country 

and other causes.-C. A. S<'hott. 
lNTEHVI~IHILITY OF STATIONs.-J. E. Hilganl. 

lMPROVEll CLAMP FOR TELESCOFF. OF THR THRODOLl'fJt.-George Davidson. 
METllOH OF CLOSING- A c1acu1T OF TRIANGI:LATiOS under certain conditions.-<..: . .A. Schott, M.A. Doolittle. IUus

trations. 
ADAPTATION OF T!H.HGUL.ATION to vari0110 conditions depending ou the configuntion or orthographfo character of 

a country, and in the de~ee of accuracy aimed at, with due rom;iideration of the time an<l means available; 

also notes on the methrnl of observing horizontal an,!!leR and directions in geo1tetic RUrYe.n1.-C • .A. Schott. 
[Reprinted, wit.h a1lditilm•, from Report for 1871, .Apprnrlix No. 15.] 

AN RXAMI!\ATION of tlnee new 20-incb tlworlolites.-.J. E. Hilgard. 

Examination of No. 113; of Nos. 114 and 115; sultdivision• on limb of No. 114; of No. 115; cxampfo of r"corn; 
irr•phic pr(\jPction of t sin (r-p): examination of limb of No. 114; Tables I, II, Ill (ftr•t •et): Tables I, II, 
III (secondfft•t); Tab1es 1, II, III (third Aet}; rNtidual errors of ~ra<luation and readin,g; examination of limb 

of No. 113; Table• I, II, III (first set); Tables I, II, III (second set); Tables l, II, Ill (tbird set): re•i<lnal 
~rroI'I! of graduation and r<;ading; examination of :imh of No. 115: Tables I, II, III (first •et); Tables I, II, 
Ill (second set); Tables I, II, III (third set); residual errors of graduation and reading: examination of 

limbs of 20-inch theodolites with referene~ to periodicity of errora within 5°; specimen of record (N(), 114); 

mean value of 5' spaces; of degr<>es. 
182 1MPKOVED Ol'EN YERTICAJ, CI,AME' for teleAcopra of theodolites and meridian instruments.-George Davidson. 

92-118 PRIMARY TRIANGULATION lietween the Maryland and Georgia base-lines.-r:. A. Schott. 
Arrangeru('nt. of eirrora in dosing triangles. in tabular form; average probable error. Pa.per 1. .A.d,justecl pri. 

mary triangles between Kent Island, Md,. and Atlanta, Ga. 2. Estimation of the probable accuracy of a 
triangulation or approximate tlbterminati{tn of the average probable error of the adjusted rlifferencAA. 3. 

Paper by M. H. Doolittle; I, gene1-al method of solution of normal equations; II, addition of new eqna
tions; III, order or solution i IV, oo)ection of a.ogle-equations i V, treatment of small angles; example. 

96-109 GKOllETI(' NIGHT·81GNAI.•.-C. o. Boutelle. 
ConsideratiOJt8; rliJferent kind of lights; conditions of the problem; experiments in North and Sontb Carolina; 

operations at Sngar Loaf Mountain in 1879; method of ob•erving; comparison of day and nlp:ht observe· 

tions; additional expense in nsing night-signals; offsets to the expense; ooncluoions; skAtcb~" Koo. 36, 37. 

TllllE. 

-;~ i-~------1~-;--;;,:~~,::-0N o~:~BARl.R RRROR OF OBSERVATION ..-ith .. Wiirdemann 26-inch portaltle transit; from obllerva.tiona by 

1RM tfi 

lF65 16 

18li6 !9 
1867 ta 
11!68 no 

, G. Davidson in 1853. [Report of 1866, Sketch 29.J-J. E. Bilgard. 
152-154 REPORT .AND TABLR8 on the lloclinations of standard time-stars.-B. A. Gould. 
155-159 REl'OllT AND TABLES on the positions and proper motions of the four polar sta.ra.-B. A.. Gould. 

M-71 ! TUR TllANSIT·INSTRUMRNT, de•cription, nse, l\djuetment, and method of obllervatlon.-C . .A. Schott. 
138-139 . MKR!DIAN Alm BQUAl,•ALTITlJDE 1NSTRUHRNTS.-G<lor1tt1 Da;idson . .,-[Sketch 28.J 
154-157 : ADDENDA ro APPENDIX No. 9, Coast S11rvey Report for 1866, on the determination of time by mean& of the trautt-

i lnotrument.-C. A. Schott. ' 



 

UNITED STATES COAST AND GEODE'I'IU SURVEY. 95 

GEODESY-Continued. 

TIME-Continued. 

------------------------~-~-·-

·Appen - : 
Year. ~ dix. · Pages. : Sub.ject and author_ 

! 

1869 i_1_2 __ 221!-2321-~~-~~;~~:;:0F THK ZENITI!·TELESCOPE for obserrntions-of time. with-an exam;le of observation.-J. E. Hilgar~.-
1872 ' t 12 · 222-226 i DKTEID.llNATION OF WEIGHTh to be given t-0 obser·vat.ions for determining time witl1 portable transit.instrument. 

1872 18 

1874 117 

1875 115 

l 
1877 i !13 

1879 • 17 

1880 114 

! 
•! 

1856 27 

1866 11 

1868 10 

1870 17 

1870 22 

1880 tl4 

18551 44 
1857 ' Bl 

I recorded by the chr-ouographic method.-C . .A. Schott. 

tions; reduction of oUservations for timt-. I 
Relative weights to transits dependin~ on the stat·'s declination; rclut.iYc weights to incomp)cte transit observa-

2661 lMPHOVlCMEN'l' ox THE HIPP CHRONOGlL\.l'H.-""illiam Eimbeck. 

156-1a9 'l'wo FORMS OF POHTABLE PK!ISONAL EQt:A'l'ION APPAHATUS.-J. E. Hilgard. 
, Examplt>R of observations; obsen·ation~ fo1· aUHoluk pe1·sonal ec1uatio11: diagrams. 

24-9-250 I DEsv1n1•T1ox OF .A:S: Al'PAIU.Tl.'R fo1· recording the nwan of the times of a set of ol>servatious. [Diagraru.J-C. S. 
I Pei1·•.,e. 

182-1831: lMl'HDYEU OP~x VEKTICAL CLAMP fur te1eseop1·s of tht-od~lites and meridian instrurnents.-George Davidson. 
103-109 D&i:;cmrnox OF A NRW MIUUDIA.:'.ll IX~TltL'llEST.-G(•Orgl:' Dlixidsou. 

See A. ppemlix No. 8, Report of' 1867, t'o1· firtit printed desc1iption. 
205-227 i D&1"ERMINATIO~ OJ<' TIME h_y meens of the t1-an!i-it in~trument. [}'our platt"s.]-C. A. Schott. 

i General 1emarks; description; adJustment: methocl of observation; Pquatorial int<!rvals of thread;; incomplete 
transits; COI'l'ectiona for rate of chronometer, for inclination. for iDNJURlity of pivot~, for collimation, fo1· 

de-viatiu11, for cliunial ahen ation; 1>e1·souol equation; dll'ot.iomett'r corrt>ctiou; n·duction of obst>rYationR h~· 

least squares; prollahle f't·ror; example; wei~btR; preparRtion foJ' observing transits; e-xam]lle of record anti 

computation of inequality of phots; specimen of l'ecord for value of level by levt'l.trier; tabulation of faet

ors; table of factors for redurtion of transit observations. 

AZIMUTH. 

201\-209 AzIMUTH.-.T. E. Hilgard. 

Method of using the trausit-instrumont for azimuth-observations; residual errors QI' graduation and readings. 
86-99 AsTllOllOMICAT. AZlMUTH.-C. A. Schott. 

157-165 

1, principal methods; 2, astronomical azimuth; 31 geodetic azimuth i 4, primary and secondary azinruths; 5, 
time; 6, instruments used; 7, azimuth.marks: 8, error"H eliminated; 9, circumpola.1· stars used; ]0, high 

star~; 11, sets of obserf"ations; 12, ructhod of recortling and reducing; 13, ol>servatiuns of a close cit-eum

polar star near its elongation; 14, at an,\~ hour-angle: 15, eomputation l1y fnudarnfmtal trigonomehi1~al 

formula i 16, by NapiP.r's analogies; 171 by a development int.o a series; 18, at e11ual intervals before and 
after culmination; 19, ob~rnrva.tion of sun for azimuth ; 20, exnmplt=is of recoulR and rPduction~ to artidPM 11, 
13, 14, 15, 17, 18, and 19.-lSketches 26 1111d ~7.] 

[Supplement, 1868, p.157.-Specimen.tahle of local times of elongations and culminations of four circumpolar 
stars for 1873, latitude 40°1 longitude 6h. west uf Greenwich; correction for altered dates alld latitudes] 

[Supplement, p.158.-ln vntical of star; example of ret·ord allll rednct-ion; rniCl'ometer-valut•; deduction of' 
a.zimuth,J 

[Supplement, p.160.-(a,) near culmination; example of reconl and computation : eye-piece micrometer. values 
determined a1ul applied to level-correction; (b,) pivut·mi.crumeter, tlittu, with example aud record of reduc· 

tion: single micrometer-turn, ditto: discussion of set of four stars; centerin~ of in~trument for connection 
with triangulations. J 

171\-179 CHANGES OF ELEVATION AND Aznn:n1 caused hy tlw action of the sun at station Dominguez, Cal.---George 
Davidson. 

22B-227 AZI!o!UTH AND APPARENT ALTITUDE OF Pouurs.---George Davidson. 
263--280 ASTRONOMICAL AZIMUTH.-C. A. Schott. 

[Four plates ] l, general remarks; 2, instruments; 3, general c<>nsiderations ; 4, methods; 5, observations of a 
close circumpolar star nl'ar elongation; 5b, observations with thfl transit in the Vi'irtica.l of a cloae circum· 
polar star, near its elongation; 6, at any hour-angle; 7, computation by fundamental formula; s. by Napier's 
a.nalogiea; 9, by development into series; 10, at equal int.er\als before and after <0 ulmination; lOb, near 

culmination with eJre·piece micrometer, corrections; lOc, with pivot. micrometer; 11, observations of sun for 
azimuth; 12, exam11Ies ot"'teoord and reduction, to Arts. 5, 5b, 6 and 7, 9, JO, !Ob; !in~ of collimations by 

reversal on star; examples to articles lOc, 11; 12, table of local time of elougatiou and e.ulmination of four 
ciroumpo!&r stars, for 1885, lat. 400, long. 6h. weBt of Greenwich. 

LATITUDE. 
-·-----------·· ----·----

276-278 l-Descriptiou·of Wiirdemoou's zenith-telescope of 1855, Wied at Dixmont, M:e.-G. W. Dean. 
11!4--334 LArITun&.-On the method of det..rmmation with the ronith-teleaoope.-C. A. Schott. 

Principle of the method; determination of value of mlcromete1"'--<lxamplai; determination of va.lne of level
example; oorreotion fol" refraction-example; reduction to meridian-tables; selection of sta.ra; sourc~s of 

error in the determin•tiou of the value of miorometer; method of correcting value from the !atitnde obser
vations themselves; diseussion of the reBUlt.s of obaervation-cxample, 
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Subject and author. 

PERSONAL E4l1A'I'ION.-.A. D. Bache. 

Un the use of !be zenith-telescope for determining latitude by Talcott's method-table showing results of obser
vations for personal equation. i 

1865 ! 17 I 16!~16.'\ ! REl'Oll1' ON THE l.A1TfUDE OF CLOYERIJON STATION IN CAMBitIDGE.-B. A. Gould. 

1866 , IO 

1867 

187!1 114 

187t) f 7 

1877 tl3 

1879 17 

1880 114 

184~ 10 

18ltl 11 

1348 

1848 19 

1849 

1850 

1850 13 

18.51 18 

1851 25 

lll5l 26 

1853 31 

1853 32 

1853 33 

1853 ' 

Micrometer-values; rt'dnction of star-obser11u.tions-talller;; <liscrepancios with uncorrected catalogue-places

table; rt•eultant mean plares of stars, &c.-tal>l~; deduced places for Cloverdon station-table; mean error ; 
other <leterminations. 

72-85 LATITU!JE BY 'fBE z:ESITH·TELESCOP.K-C . ..A. Schott. 

1as..1a9 

138 

sa 
lil2-J83 

rna-109 

U5-259 

71-72 

72-74 

7S-83 

112-118 

72-78 

74 

79 

85-89 

462-46:J 
476-470 

480-481 

•u 

*84-*86 

>(·86-*88 

*88-*89 

1, gt•neral rem:nks on Talcott's method; 2, modification of' instrument; 3, description; 41 adjustment.; 5, selec

tion of stars tor observation; 6, directions for observing; 7, off the meridian ; 8, j!eneral exjHession for the 
latitude; 9, detf>rminat.ion of the value of a division of micrometer; 10, of level; 11, correction for differen

tial refraction; 12, 1·ednction tu tbe meridian; 13, record of the observations; 14, reduction of the observa
tionR: 15. tliscmu1,iun of thf' results; 16, combinatiou of the results by weight.-Ex:amples to articles 9, 10, 131 
and 14.-[Sketcll 2~.) 

MEUIDIAX A~D EtJLAL·.ALT11'UDE I.:ii'RTRl:lfE~'J'S.-GeorJ{t' Davidsou.-[Sketch 28J. 

LIST 01<' BTAitS FOU LATl'fUDlt 0Ji8lf.H'VATIO:\'!'\. 

A CATALOGUE OF STAHt; FOH L.ATrrunE OH8RlffATIO'Sfi. 

lHPH.OVEll OPEN YERTICAJ, CLAMP for t.el~scupes of theodolites arnl me1idiau in8tn.1mcnts.-George Davidson. 
DEBCRll'TIO:S- OF A KEW MERIDL\X l~STRL'ME.NT.-Georg" Davidson. 

See .Appendix No, 8, Report of 1867, for firHt priut.ed tlescription. 

LA.T!Tl'VE DETEIUUXATIOX by means of the zenith telescope.-C. A. Schott. 

1, geucral remarks on Ta.Jcott's method; 21 modification of instrument; 3, t.lescription; 4, ad,justment i 5, selectio11 1 

of stars: 6, directions for observin~; 7, bisection of stars off the meridian: 8, geueral expression for lati. 
t.ude; 9, determination of value of micrometer; 10, determination uf valm~ of level; 11, differential refraction; 

12, reductiop to the meridian; 13, form of record; 14, of reduction; 15, discussion of resultH; 16, r..omhinat.ion 

of results hy weights. Examples to articles 9, 10, 13, and 14. 

LONGITUDE. 

D1FFEllKNCES OF LO~GITUDK OF PHILADELl'lllA ANll GEEENWICH, by reduction of observatious at Cambridge, Mass.
S. C. Walker. 

DlFFEUESCES OF LONGITUDE HY TELEGRAl'H.-S. c. "..,..alket. 

Correction for personal e11uation. 

, REcAl'ITCLATION OF RESULTS Fon. l'ERSONAL EQUATION, 1844-1848.-S. C. Walker. 

LoxorTCllE COMl'l:TATioxs.-S. C. Walker, 
1 

J\f.ECHANICAL RECOIW of astronomical oUservatiomoj.-Prof~ssor 0. M. Mitchell. 

His revolving disk; arrangtment for recording diffe~ences of declinations. 

DIFFERENCES OF LONGITUDE BETWEEN CAMBRIIJGF. AND LIVERPOOL 0116EllVATOll!ES.-'v. C. llond. 
TELEGR.\l'lllC 0PRRATION6 Al<IJ COl!Pl:TATIONs.-S.C. Walker. 

11 Experiment8 for galvanic, -wan~-timu betwee~ Washington and Saint Louisj II1 attempted experiments on 

wave.time through different conductors: Ill, experiments with the cllemical telegraph line: IV, progress of 
t.lie reaearches on the Yelocity of the galvanic cnrl"ent; the Bond sprin~-go,·eruor. 

TELEmlAPHlC ARILHGEMENT t-0 determin~ tbe difference of longitude between Cambridge and Ha.lifax.-S. C. W a.Iker. 
MEASUURO OP WAVE·TIME, made from 1849to1851.-$. C. Walker. 

Specifications and tables of results. 
LONGITUDE OF HAlffARD Ons:ttHVATORY.-S. C. Walker. 

By moon-culminations, eclipses, transits, occultations, and telegraph. 
ON l.O~OITl!DE FROM MOON·Cl!l.ldlNATIOl'i8.-Benjamin Peirce. 

Ou the determination of longitude from observations of moon-culminations: standard probable etTor of obaer· 
vation of interpolated lunar transits; coustant ~rs o'f epoch and periodical one of half-lunations. 

o~ MOO~·CIJLM!NATION OBSERVED BY THE .. AMERICAN METHOD," with remarks on the performaneeof .Bond's spt·ing· 
governor.-"\V. C. Bond. 

Comparison of records made by two spring·g<>vernors differing one-tenth of a second in time of ptmdnlar vibm· 
tion ; table of star.transits; amount of probable errors 

TELEGRAPHIC LOSGrfUHE OF CHARLESTON, s. C.-B. .A.. Gould. 
Results of observations for the deformiDation of dift'erence of longitude by telegraph l>etween Seaton et.el.ion 

(Washington, D. C.) and Charleston, S. C. 
" CumnmaR AND I.1v1tRI'OOL ceRo~oMETER·EXP1<1>1T10Na in 1849, 1860, and 1851.-G. P.Bond. 

Computations of results for determining d11ferenoe'of longitude. 
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1854 ,-3~6-l lOS-120 LONGITUDE BY :OON :L-:~~=TION~.-=~~~:: ;::e~~- --------------------

1854 

1854 

1854 

1854 

1S54 

1855 

1855 

1855 

1856 

1856 

1856 

1856 

1856 

18!16 

1856 

1857 

1857 

1857 

1857 

37 

38 

39 

42 

42 

43 

46 

20 

21 

22 

23 

24 

25 

26 

27 

28 

General considerations; constant errors aud personal equations i correction of the lunar ephemeris; staudard 
probable errot:' of observation of a. lunar transit; limit of aceuracy attainable; longitude of the. N a.tional 

Observatory, Wa.shingtou, D. C.: three forms of correcting lunar ephemeris and the modes of computation.
[Errat'1, 112; 113, 114, 115, 117 : 1855, p. xix.] 

*120 Moox-CULMIN.A.TIO"s.-W. C. Bond. 

Ohserved b_y the American method; chronometric long-itude of Cambridge and probable error. 
•120 Moos-cuLMJXATIOl'ls.-E. O. Kenilall. 

I m 
1*128-*131 

Obsert'etl at High School observatory. Philadelphia.. 

Dlbl.!l:SSION OF PROBABLE ERROR OF OBSKRVATIO~ with a Wurdemann 26·inCh portable transit; from observations 
hy G. Davidson in 1853. [Report. uf 1866, Sketch 29.]-J. E. Hilgard. 

TELEGRAPHIC LONGITUDE.-B. A.. Goultl. 

On telegraphic observa,tions for the difference of lou~itude b.etween Raleigh, N. C., and Columbia, S. C. 
1
•rns...•142 ' CHROXOMETl<!U LONGITUDE·EXl'EUITIONS (CAMllRlDGE·LIVERrOOL).-G. P. Bond. 
I. 

267-274 
Results of the expeditions of 18491 1850, and 18511 and on the method of computation.-[Errata, 140: 1855, p. xi-'..] 

1 
LOXGITUDEH.-Report. on the method of determining longitudes by occultations of the Pleiades.-Benjamin Peirce. 

[Errat1t, 268, 269, 270, 272, 273: 1855, p. xviii.] 

275-276 , CHJ:toNOMET1nc LONGITUDES.-\V. C. Bond. 

On moon-culminationR observ-ed by him, and tl1e chrnnometrk expedition for •lett>rminiug the longitrnh-'-dift'erence 

between Cambridge, MllS:i., and Lh-""erpool, Englaml.-[Er".'ata, 275: 185;\ J>. xviii.} 

286-295 TELEGRAPHIC' I.ONGITlJUEs.-B. A. Gouhl. 

Report on Wlegraphiu opt>rations for ditfereuce of longitude Uetwt•un C:vlumhia, .5. C., and Macon, Ga. ; progr..i.mme 

of telegraphieeampaign; for instrnmeutal corn~f'tion!o( anll longitude-rf'dnetions; butt.Pry-memoranda; to put 
up Ke~se1'8 cluck.-[Errata... 288: 1855, p. xYiii.] 

163-166 TELEGHAPHIC LOXGI'fl'DES.-B. A.. Gou Ii!. 

Operatious for differunee of lungHmle lietweeu \lilmingt.on, X. C., a.ml Montgomery, Ala., with list of stars for 

observation. 
167-181 TELEGHAl'HIC METljOt>.-G. w. Deau. 

Details of the method usetl in the Coast Su1Tey for telegraphic-determinations of diffcr('ncc of longitn<le; tran

sit-instrument; astronomical clock; chrouographic 1·egistm·; lJaUerie~: li8t. of stan; arranged from t.be Brit

ish Association Catalogue for determining the difference of loni,>itude between Macon, Ga., and Montgomery, 
Ala., March, 1856; exchange of star-signals; reading off the chronographic Mhet-tx; ex.ample of r<~duetion; 

observationli for determining the iuequalit.v of the pivots of Coast Survey transit No. 8; personal equatious.
[Sketch 66.]-[Errata., 169-170: 1856, p. xx.] 

181 CHRONOMETRIC AND ASTRONOJUC..i.L LONGITUD&S.-W. C. Bond. 

On longitude·computations and occultatioos observed; lunar-spot transits. 
182-191 CHRONOMETRIC RESULTS.-G. P. Bond. 

Result~ of the chronometric expeditions of 18i9, 1850, 1851, a.ntl 1855 for difference of longitude betwtjen Cam· 

bridge, Ma..s., and Liverpool, England: table of longitudes by Yoyages of 1855. 

191-197 PLEIAD!ts.-Benjamin Peirce. 
On the determination of longitude by occultations; formulas for the correction of the co·ordinates of the stars; 

table for ISW; table of logarithms for h and k fot the principal observat-0des. 

lll8-203 LUNAR-SPOT TiUNSITs.-C. H.F. Peters. 

On the substitution of lunar spots for the moon's limb in observing culminations. 

203-208 OccULTATIONB ON THE WESTERN COAST.--G. Davidson. 
Obaervations made at Port Townsend, Washington Territory, April and May, 18i'Xl; ta.blee and remark•. 

305-310 TELEGRAPHIC LONGITUDEs.--On the progress made in the different cam1>aign•.-B. A.. Gould. 
List of tim~stars adopted; difficulties and discrepancies of transmission for signals between Wilmington, N. C., 

and Columbia, S. C. 
310-Sll iMooN-CUUIINATIONB.-W. c. Bond. 

! On the number observed during the year at Cambridge, co-opeiative with those on the Pacific side; star--0ooulta-

I tion photographs; connection with Quebec. 

au-aa I Lo:NoITUDE·llETHODS.-BeDja.min Peirce. 
On the relative precision of determinations by occultations and solar edipses; upon the use of the solar eclipses; 

upon the oceultatione of the Pleiades. • 
31!-321 : 0BRONOHBTRIC DBTB&KlNATlO?f OP THB DtiFF:RRNCBi OF LOMGITUl>E between Savannah, Ga., and Fernandina, Fla.l 

I 
and discW!8ion of the method.-A. D. Bache and C. A. Schott. 

Chronometers used; pemona.J. equation: temperature-compensation; ohronomctcr-comparisons-ta.ble; stationary 

and traveling rates-tables of comparison and discWISion. 

S.Ex.49--13 
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1858 , 21 , 186-189 i LONGITUDES.-:Method of computing from moon-culminations; notes on observations of moon-culminations; forms 

[ and example. 
1858 23 

1859 21 

lStil 16 

1861 : 17 

1861 ; 18 

I 
I 

1862 ! 12 

1862 

1862 

1863 

1863 

1863 

1864 

18M 

1864 

1865 

llle5 

18115 
11'66 
1866 

1866 

18«1 

1866 

1866 

1866 

14 

17 

18 

23 

11 

12 
20 
12 

13 

14 

9 
12 

13 

14 

15 

HJ 

17 

190 1
1 MOON-CULMINATIONS, ETC.-0. M. Mitchel. 

Number of observations ma.de by him for the Coast Survey. 
278 MooN-CULMINATIONs.-0. M. Mitchel. 

Observations made for the Coast Survey at the Cincinnati Observatory for longitude purposes. 
182-195 LONGITUDE.-Benjamin Peirce. 

Discllll8ion of observations of the solar eclipse of .July, 18"1; observations of the t-0tal phase; European observa. 
tions, of which the beginning and the enll, both observed at the same place, have been admitted into the 

computation; American observations; method of computation. 
196-221 LoNGITUDE.-Benjamin Peirce. 

Report on the determination of longitude by occultations of the Pleiades, with an example showing the mode of 
computation; Greenwich, Cambridge (England), Ashnr9t, 'Vashinp:ton Cit~T' Philadelphia, and Rm:1ton obFWl'

vatories computed; solution of the equations for the correlation of t,be moon's place and of the longitude. 
221-232 LoNmTimE OF ALBANY, N. Y.-B. .A. Gould. ' 

Abstract of·a report on the determination by telegraph of the <litl'erence of longitude between New York City 
and Albany; table of instrumental corrections; collimation and azimuth-correction, and hourly clock-rate; 

personal equationi; comparative table of clock-values gained at opposite stations. 
155-156 Lo~GITUDK OF AM.ERICA FROH EUROPE.-llPnjamin Pr,irce. 

On the reHuU from occ·ultation off.he Pleia!h'R. 

157-158 I LUNAR TAUT.ES USIW IN HEDVCISG OHl-IElff.A'l'IOI\8 OF' THR PLElAHRH 1·'01{ LONfHTITTr&.-Ren,jamin Peirce. 

' On their progrt>ssive improvemenb. 

158-160 LONGITUDES Ill MAINE, ALABAMA, AND }'LORIDA.-B. A. Gould. 
On progress in computing results from Wleg1-aphic obt'mrvations. 

146-154 OCCULTATIONS OF TH& PI,EIADES IN 1841-'42.-Benjamin Peirce. 
On computations for longitudtj1 Nus. I, II, and V; r~cortls of Edinburgh, Washin~rton, and Cambridbre observa

tions; ephemeris; stereographic co-ordinates of the moon referred to Aley on; equations for the correction of 
the moon's place anll of the longjtmle; solutions. 

154-156 LONGITUDE.-B . .A. Gould 
On computations connected with the t<>lej(l'aphic method. 

205 INDUCTION-TIME JN RELAY-MAGNETs.-G. w. Deon. 
Report on experiments made to determine their relative power. 

114 LOlfGJTUDE.-Benjamin Peirce. 
On the method of determining longjtudes by occulta¥ons of the Pleiadea. 

115-116 ON RESULTS BY TELEGRAPHIC llETHOD.-ll. .A. Gould. 
211-220 EDUCTION-T!Mll OF RBLAY·MAGNETS, DEDUCED FROM EXPERlliENTS.-G. W. Dean. 
13S-146 REPORT ON THE PUOGREBS OF DETERMINING LONGITUDE FUOM OCCULTATIOlfS OF THE PLEIADES, continued from 

previous reports.-Benjamin Peirce. 

Valnes of !r-:P for 1838-'42 and 1857-'61. 
146-149 METHOD OF DBTERMJNING LONGrrUDB FROM THE OCCULTATION8 OF THR PLEIADE81 continued from previous reports.

Benjamin Peirce. 
Corrections of lunar semi-<liameter, mean place, ellipticity of orbit, longitude of perihelion, coefilcient of annual 

parallax, and longitude of EUJ'ope and America; example. 
150-151 REPORT ON THE RESULTS OF DETERMINING LONGITUDE DY TEI,EGRArmc METHOD.-B. A. Gould. 

55-71 i THE TllAIISJT ~STEllllEn, description, use, adjustment, and method of observation.-C . .A. Schott. 
99-100 : LoNGITUDE.-[From Report for 1846. ]-S. C. Walker. 

; Dill'erenee oflongjtnde between Philadelphia and Greenwich by reduction of Cambridge (Mass.) observations. 
100-102 j Lo!!GITUDE.-[Report for 1846.]-S. C, Walker. 

102-105 j Lol!G!TUDE.-(From Report for 1848.]-S. c. Walker. 
Difference of longitude between New York, Cambridge, &nd Greenwich. 

1~108 Lol!IGJTDDES.-[From Report for 1850.]-S. C. Walker. 

1, Experiments for galvanic-wave time between Washington, D. C., and Saint Louis, Mo.; 2, attempted expen
ruents on wave-time through different conductors; 3, experiments with the chemical-telegraph line; 4, pro· 
greu of the re~hes on the velocity of the galvanic current. 

100-111 GALVAl'llC·WAVJ: TDIB.-[From lteport for 1851.J-S. c. Walker. 
On meaanremeuts from 1849 to 1851, with t&hlea. 

111-112 LoNGJTUDBll.-[From Report for 1851.]-S. C. Walker. 

Harvard Observatory, west of Greenwich; by moon, eelipeea, transits, and ooeultationa; result. 
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18671 6 

8 1~1 

:1: 
1870 i 

I 

1870 i 

1872 

1874 

112 

trn 

t13 

118 

57-133 , LoNGITUDK, TRA1'BATLL"ITIC.-B. A. Gould. 

1, Origin of the Coast Survey expedition in 1866; 2, previous determinations of transatlantic longitudes from 
eclipses and occultations, from moon-culminations; from chronometers transported from Boston to Liverpool; 

3, history of the expedition; programme of transatl1>ntic-lougit11de campail(Il; 4, observations at Valoncia; 
table of equatorial intervals; table of observations, Oct-0ber 25 to N ovcmber 16, 1866; 5

1 
observations at New -

foundland, October 25 to December 16, 1866; 6, observations at Calais, December 1l to 18, 1866; 7, longitude. 
signal!! between Foilhmnmerum and Heal't's Content: clock-corrections; tranaatla.ntie longitude and trans· 
mission-time, October 25 to November 9, 1866; 8, longitnde-signals be I ween Heart's Content and Calais; tables 
of Newfoundland and Calais signals; tables of longitude and times of transmission t 9, peraonal error in noting 

signals; IO, personal equation determining time; 111 final resnlts for longitude; 12, velooity of transmission i 
cables of 1860 and 1865; tables of comparison. 

13&-139 : MERIDIAN AND EQUAL-ALTITUDE INBTRUMENTS.-George Davidson.-[Sketch 28.] 

154-15T ADDE1'DA TO .A.PPE~IX No. 9, COAST SURVEY REPORT FOR 1866, on the determination of time by means of the 
' transit instrnment.-C . .A.. Schott. 

226-232 : ON THE USE OF THE ZENITH-TELESCOPE FOR OllSEJiVATlONS OF TIME, with an example of observation.-J. E. 
Hi!gard. 

100 RESULTS OP THE TELEGRAPHIC determination of the longitude of San Francisco, Cal. 

101-106 1 ABSTRACTS OF JU'8l'I.TS FOR IJIFFEHENCE OF LONonuoE between Harvard Observatory, Massachusetts, tbe Coast 
Survey station Seat-0n, and tbe NaYal Observatol')·. Washington. D. C., b~- Prof. Joseph Winlock, of Harvard 
Observatory, and Commodore B. :F. Sand•, TI. S. N. 

227-234 

163-247 

PRELIHISARY BEPOH'I' o~ TUE DETERMINATION OF TRANSATLANTIC LONGJTUTJEr; • ._J. E. Hilgard. 
Ere.st, Groonwfob, Paris; results of ohserration for per8{mal equation; longitudes: Brest-Greenwich, Brest

Paris, Grccnwich-Parls; BTest-St. Pierre-Cambridge; Harvard Observatory-Greenwich; Wa.shington
Greenwicb; Washington-Paris. 

TRA!<SATLANTIC LONGITUDES.-J. E. Hilgard. 
Final report on the determination of 1872 with a review of pmvions determinations. 

Part I. Section I, Cambridge; II, St. Pierre; III. Brest: IV, Paris, Greenwich; V, Cambridg~t. Pierre; VI, 

St. Pierre-Ert'St; pro~ratnme for cahle-excllange~; VII, personal error in noting: cablt· time-signals: VIII,wave 
time of cahle-signals; IX, Brf'st-Pnris and Brest-Greenwich; X, personal -equation, Blake-l\>1a.iu: XI, per

sonal equa.tion, Hlakt'-Green,1,•ich standard ob8erver. and longitude Greenwich-Paris; XII, personal equa

tion of Coast Survey observers; XITI, flexure of transit axis; XIV, final discussion of the results for lon· 

gitnde differences, Brest, Greenwicl1, Paris; XV, final combillation of the longitude differences deduced from 
the observations of 1872, 1870, and 1866; finally adopted longitudes from obsen-ations of 1866, 1870, and 1872. 

182 Part U. Reduction of the observations made for the transatlantic longitude determination of 1872; computa-
tion of observations for clock and instrumental corrections at Cambridge, Maas., 1872; Cambridge clock-cor
rections, from stars of less than 65° N. declination; computation of observations for clook and instrumental 
correction at St. Pierre, Miquelon, 1872; St. Pierre clock-corrections, from stars of less than 65:'.J N. declina

tion; adopted clock-corrections, Cam bridge and St. Pierre at the epochs of exchanging longitude signals; 
table of such clock-corrections and rates at St. Pierre as relate to the longitude determlnation with Brest; 
computation of observations for clock and instrumental corrections at Bmst, Paris, and Greenwich; adopted 
chronometer corrections from all stars south of 60" N. declination; errors and :rates of the aidereal standard 
clock: of the Royal Observatory at Greenwich, connected with the longitude differences Greenwich-Brest and 

Greenwich-Paris; co1llputation of observations for clock and instrum€nta.l c-orrections of the National Ob

servatory at Paris, France, relating to tb.e differences of longitude, Par!s-Br..st and Paris-Greenwich; obser
vations for inclination of axis of the Gambey meridian-transit; azimnths of the meridian mark; observations 
on a, a, and>. Urare Minoris; coefficients employed in the reduction of the observations; observations made 
with the Gambey meridian-transit for !lifferenc'41'f longitude Paris-Brest; clockoorrootions and hourly rates 
at Paris; obaervations with the Garn bey meridian-transit and the Morse-Digney chronograph for diffemnee 
of personal equation of Blake-Folain; clock-corrections and hourly rates at Paris; observations with the 
Gambey meridian transit for difference of longitude Paris-Greenwich; clock-OOl'l'eCtions and hourly rates 
at Part•; results of telegraphic time-signals exchanged between Cam.bridge and St. Pierre; between St. 
Pierre and Brest; between Brest and Paria; between Brest and Greenwich; between Greenwich (C081!t 
Survey traneit) and PA?'ia; pel'90nai el't'<lr In noting cable tbne-eignale at St. Pierre; at Brest; difference ol 
personal equation of Folain ood Blake; Criswick and Blake; personal equation; Goodfellow, Blake, and 
Smith; observation• for personal equation at Cambridge, Mass., October and November, 1!172; resolte. 

!Errata pp.1113, 164, 167, 168, 1119, 172, 173 177, 178, 180, 207, 2S7, 2'2.] 
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1868 

1869 

1876 tl5 

1876 15 
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189-155 TELEGRAPHIC LONGITUDE OF KEY WEST.-C. A. Schott. 

Introduction; description of observing-stations and of instrnmenta.l outfit; rela.tive persona.I equations; equo,. 
torial inte~al of wires of transit-circle; adopted mean places in right ascension of stars observed at ".,..ash
ington and Key \Vest; probable error of clock-corrections; eduction oftransitd for clock-corrections, Wash

ington; conditional and normal equations; synopsis of results for coITection and rate of clock; reduction of 
transits for cbronometer-correutions, Key West; normal equations for azimuth and chronometer-corrections; 

synopsis of results for correction and rate of chronometers; telegraphic connection and exchange of time· 
signals; telegraphic difference of longitude Washington-Key West; resulting longitude of Key West and 
of Hght-houses in its vicinity. 

81-92 TEJ,EGRAPHIC LONGITUIJES.-C . .A.. Schott. 
Report on the results of telegraphic longitudes determined by the Coast and Geodetic Survey up to the present 

time, a-nd preliminary adjustment by least squares i two ~oups; specimen of the first group; .Atlanta. and 

W asbinirton; results for <liff'epence of longitude; review of the telegraphic longitnde work; published results; 
method of combinin,; results; foble of results of <liJfereucos of longitude; table of results determining sub

ordinate stations; combination and adjustment of observed differences of longitude; diagram No. 33; con 
ditional equations; resulting adjuat~d longitudes {west of Greenwich). 

93-95 TELEGRAPHIC LONGITUDES.-Edwin Smith. 
Explanation of apparatus used for observation; doscription; cases 1 to 5; adjustments; intetchn.nge of signals; 

dia1.,'I'ams Nos. 34 and 35. 

231-241 ' DETERMINATION OF LOllG!TlTDE by means of the electric telegraph (two plates).-C . .A.. Schott. 

1, Teleg-rapliiu tldermination of longitude; 2, personal equation; specimen of record of' results for differenc.m of 
longiturle; va1·iability in personal equation i 3, weights to transit.observations re-corded on the chronograph; 

weights depending on the star's declination; weights t-0 incomplete transits; reduction of observations for 
time; 41 disposition of telegraphic instruments in the observatory; arranitement~ I to VI; 5, concluding 
remarks . 

.A.RC MEASURES .A.ND LOCAL DEFLECTION OF THE PLUMB-LINE. 

147-153 RESUL'l'8 UF THE Ml~AHUHEMENT OF AN ARC OF THE MERIDIA...~.-C. A. Schott. 

Length of t lie arc hy four mPthod•; accuraey of the preceding r~sults; table and diagram; determination of the 
astronomical latit.utleo: recapitulation of results. 

l13-115 I,ocAL llEFLJ<CTJOXs of the zenith in the vicinity of Washinl(ton City.-C. A. Schott. 

202....;m7 MF.ASUltE:MKNT8 OF GRAVITY AT lNITIAL STATIONS IN .AMERICA AND EUROI'E.-C. s. Peirce. 

Stations Genern, Paris, llerlio, Kew, Hoboken; instrument; diagram; observations of the duration of an oscilla

tion; corrections 1 to 12; correction for rate of time-keeper; Paris meridian clock; diagram; Stand nnd Gang 
vou Serffert, 1876, April 1i;....J une 16; Kew; comparison of chronometers, diagram; Hoboken; table of instrumen
tal constants; comparison of chronometers; instrumental constants; rates of chronometers graphically repre. 

sented; diagram• Nos. 31 to 35; correction for arc; table• showing times of reading half amplitudes; Paris, 
Berlin, Kewi table of d~crcment of arc from1°101 i diminution of arc; decrement of pendulum arc1 Hoboken, 

N. J.; time~ ofrooching different amplitudes; tables; diagram 36; reduction w a vacunm; coefficient of 
expansfon; diagrams 37•, 37h; comparison of meters u.A" and "4{) 11

; correction for wearing of the knife

edges; correction for slip of the knife-edges; correction for shorter length with heavy end np; for flexure 
of the support; len~>th of the pendulum; on the tenths of millimeters at the ends of the United States Co....t 
Survey pendulum-meter, and on the screw re·rnlntions of the Repsold Vertical Comparator; value of the 
screw-revolutions of the upper microscope; of the lower microscope; results of observaticms of length 1 

summary of results of comparison of lengths between the standard meter "49," and others; comparison of 
Prussian and United States pendulum standard•, 1875; concluded length of the pendulum; centerofma88; 

periods of oscillation and values of gravity; diagram; length of seconds pendulum at Geneva; tables of ex
periments, Paris, 18i6, Berlin, Kew, Hoboken, N. J, 

410 ADDENDUM to Appendix No.15. 
Tables showing the modes of reducing the experiment.. 

84-95 ' THE PAMPLICO·CHEBA.PRAKE ARC OF THE HJIRlDIAN, and its combination with the Nantucket and the Peruvian 
arcs, for a determination of the ftgnre of the earth from American :measures.-C. A. Schott. 

Bmle·hnes; JaUtudcs; resulting azimuths dete~mined astronomle&l.ly; conditional equations; combination of 
arcs of the meridian; resulting conditional equations of eaoh arc of the meridian; Nantucket arc; Pamplloo

Cbesapeake arc; Peruvian arc; combination of W"CS for determining the Jlgnre of the earth 001111idered aa a 
spheroid; table of data for figure of the earth, 11""""1, 18il, Clarke, 1868, Coaat Snrvey, 187'7. 
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18711 ts 

1851 1 12 

1853 

1853 

1855 
1856 

1857 
1859 
1859 

1884. 
1865 
1865 

I 
! 

7 

39 

8 

58 

25 
20 
33 

15 

9 
10 

20 

~------------~-----~-----------------

110-123 : COMPARISONS OF LOCAL DEFLECTION OF THE PLUMB·LINE.-C . .A.. Schott. 

I 

Derermination of the standard geodetic latitude, table of systematic apparent deflections in the meridian; deter
mination of the standard geodetic azimuth; tab1e of systematic deflection, at right angles to the meridian, 
resulting from observed azimuths: determination of the standard g<~odetic longitude; exhibition of the ap

parent local deflections oft.bf' \""ertical with refp.rence to nesAel's and Clarke's spheroids; table of comparison 
of effect of apparP.nt local deflection of th(• Yertical in latitude for Bessel's and Clarke\~ spheroids; table of 

same for deflections in azimuth; in longitude. Appendix A, table 1, astronomical latitude" of tbe obli<JUP arc 
along the Atlantic; 2, comparison of the register la.titud~s1 apparent deflection in the meridian . .Appendix 

B, table 1, astronomical azimuths of the obliqm'> arc along the Atlantic; 2, comparison of the register azi· 

mnth, apparent cleih'!<'Jion of the mp,ridian, an<l cnrre!-;ponding apparent deflections in the- prime vertical. 

Appendix Ci table 11 astronomical (telegraphic) longitudes of the oblique arc along the Atlantic; 2. compari· 
son of the register longitnd~r-<, appa,rent deflt?etions in longitude, and corresponding apparent dp,flections in 

the prime vertical. 

GEOGRAPHICAL POSITIO:NS .A.1\D PRO.JECTIONS. 

162-442 i LIBT OF GEOGRAPHICAL POSITIOSS determined by t.he Coast Survey. 
Sections; method of triangulation and verification; average error; assumed size and form of the globe; station

errors; checking of geodetic longitudes hy telegraph ; longitude of Cambridge from Greenwich: explanation 

of tables; list.-[Errata., l!IB, 169, 218, 304, 324, 372, 374, 375, 378, 1851, p. viii; Errata, 163, 169, 189, 190, l~I, 194. 

217, 218, 220, 258, 271, 276, 286, 324, 360, 372, 374, 375, 378, 400, 402, 404, 409, 416, 425, 480: 1853, p. *181; Errata, 185,252' 

1854, p. xii; Errata, 192, 225, 340, 341, 342. 344, 346, 411: 1855, p. xviii.] 

'*14-"'42 LIST OF GEOlHU.PHICA.L .l'U6l'IIU~O.-[Enat.'l, *15, *16. et. seq., "'17, *20, ""28, *:W, *31, ""a2, *33, *34-, "36, *42: 1854, p. xii j 

Errata, *19, "'20: 1Rfi51 p. xviii_] 

*96-*163 TABLES FOB PROJECT1:11G MAr8, with not<ls on map-projections.-C. A. Schott and E. l3. Hunt. 
Map.projections classifit:'d and dPfinerl; Bonne'R or modified Flamstflad's }Jrojection; the poly<'onic, it~ propmties 

aud varieties; formula8 u~ed fur tht" computation of }Jrojection-tableis in use at the Coast, Survey Office; 

graphic construction of polyconic prnjp,c.fion.~oast Surrey metho.ls; rectangular po1yconic meithod; 
Table I, relation between the measures of length used in different countries; Il, for convertiu~ (A) meters 
into statute miles; (B) statute miles into met.ers; (C) met<irs into yarcls; (D) yarcls into meters; (E) yards 

into miles; Ill, lengtl1 of a <legr~ti of the meridian in nautical and statute miles for each fiftl1 degree of 
latitnde between 20° and 500; IV(.A). length of a degree of longitude between the parallels of 17° and 50°, 
for each de~ree of latitude, rxpressed in nautical miles: (B) len~rth of a de,..,Tee of longitude between the 
parallels of 17° and 50° for each ckgref' of latitudP,_ expressed in statute: rui1ei:;i; Y (A). In1gth in nwters of l'~ 

of latitude and longitude for each degree of la.t.itude b~twet~n 170 aud 50°; (B/ co-ordiuatet-1 of carvature for 

eachdeg1:ee of longitude from 1° w 35°, between latitudes 17° and 50°; VI, projection-tables, giving latitude 
and longitude arcs, autl cu-ordinates of curvattlre, from latitude 24.0 tu 500.-fErrata, *96, "'97, *98, *102, *134: 

1853, p. 182; Errata, *101, *113, *114, *115, *116, *130, *159: 1854, p. xii; Errata, '132, *137; 1866, p. xx.J 

119-148 LIST OF GEOGRAPHICAL POSITJONS.-[Errata, 138-140: 1856,p.xx.] 
296-a07 PROJECTION-TABLEs.-J. E. Hilgard. 

Tables applicable to the projection of maps of large ext-ent, and minimum distortion in represented area; method; 

ea1th's dimensions; Table T,of e-0-ordinates for projecting the pcints of intersection of meridians and Jlaral
lelo ; 11, length, in meters, of one degree ·of latitude and longitude from latitude 20° to 54° ; values of tho 

wrresponding radii of the developed parallel, and angles at each pole for 10° of longitude; Ill, tables for 
converting measures (A) of met.ers into statute miles i (D) of statute miles into met.era i (C) of meters into 

l 
yards; (D) of yards into meters; (E) of yards into miles; IV, length of a degree of the meridian in naut.iral 
a.nd statute mites for each fifth degi:ee of latitude between 2()0 and 50°; V, length of a degree of longitude for 
each degree of latitnde from 19" to 54P, expressed in nautical and statute miles; VI, radii and polyconic 

development of a sphere with radius~ 1. 

264-301 LIST OF GEOGRAPHICAL POSITIONS. 

216-27'1 LIBr OF GEOGRAPHICAL POSITIONS. 
328-358 PROJECTION-TABLES for maps of J.a.rire extent.-J. E. Hilgard. 

Table I, length in meters of 1° of latitude and longitude, values of the corresponding radii of the developed 

parallel, and angles at each pcle for 10° of longitnde; II, e-0-0rdinates of cnrvature. 

144-182 LIST QF GEOORAl'HICAL POSITIONS. 
119-136 LillT OF GEOORAPHICA.L l'OSmONS in Sections V, VI, VII, and IX. 

137 LIBT OF Gl!.OGBA.PHICAL POSITIONS determined approximately in West Virginia, Kentucky, Tennessee, Alabama, 

llississippi, and M1880nri. 

176-1136 l'BOJBCTION•TABLES for a map of North .America. 
J>iagram ; table of lengths, in meters, of 5° of latitude on the straight meridian ; table of the radii of the parallels, 

aDd GO of longitude on each parallel ; I, table of co-ordinates, latitude 5° w 85° ; 11, co-ordinates of euna

turea, latitude 500 to 8llO ; Ill, length, in meters, of 1° of latitude and longitude 55" to 89". 
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Subject and author. 

1868 : 13 171-242 LIST OF GEOGRAPHICAL POSITIONS determined by the Coast Survey. 

1857 ' 23-24 223--264 LIST OF TOPOG!tAPHICAL AND HYDROGRAPHIC SHEETS, showing their.titles, dates, scales, and register-numbers, as filed 
in thli office. 

18ii9 . 
1861 
1863 

1865 ! 

1867 
1871 

1873 ' 

1874 
1874 

1875 

18--19 
13--14 
15--16 

8: 

18A 
5 

&-7 

t6 ; 
11' 

t7 

212-216 ' LIST OF TOPOGRAPHICAL ASD HYDROGRAPHIC SHEE'l'B continued. 
176-180 LIST OF TOPOGHAPHIC.AL .AND HYDR011RAPJHC SHEETS continued. 
143-146 LIST OF TOPOGRAPHICAL ANH HYDROGUAl'HlC 8HEETt:i continued. 

50-99 L1s1· OF 'fOPOGRAPHICAL A'm HYDROGRAPilIC SHEETS continued. 
26i>-274 LIST OF TOPOGRJ.PHTCAL A~V HYU.li.UGHAI'HIC SHEETS OF ALASKA, by Russian authority. 

84---92 LIST 01" OltlGlS.AL 'l'OPOGR.APHICAJ. AND HYDROGRAFHIC SHEETS registered iu the archives of the United States'Coast 
Survey from January 1, 1866, to Dt"ecw ber 31, 1871 .. 

82--93 J,rsT OF ORIGINAL TOPOGRAPHICAL AND HYDROGRAPBIC SHEETS registered in the archives of the Coe.st Survey from 
June, 1865, to January, 1873. 

62--65 GEonRAPHICAL POSITIONS of prominent places in the United States. 
134 AUIHTIONAI. GEOGRAPHICAL rosnroxs determined astronomically by the Coast Survey on and near the western 

coast. 

89--114 ' ORIGINAL TOPOGRAI'HICAL BHl!ET8 R&GISTEIU!D in the archives of the Coast Survey from January, 1834, to July, 1875 

(No.1to1378, inclusive). 
1875 t 8 11(;-138 LisT O>' HTDROGRAPHIC SHEETS, geographically arranged, registered in the archives of the Coast Survey from ,Jan-

uary, 1835, to July, 1875 (Nos. 1to1244, inclusive). 
1877 flt• 191-192 . A QUJNCUNCIAL PROJECTION OF THE SPHERE.-C. 8. Peirue. 

Tables I, II, of rectan!(nlar co-ordinates. Diagram. 
1880 f15 287-296 COMl'ARIRON OF THE RELATIVE YAI.lIE OF THE l'OLYCONIC PROJECTION used in the Coast and Geodetic Survey, with 

Mouw otlwr projections.-C . .A. Scliott. 
{Six plate~ and a chart.) 
Map-projections clas•ified anrl (lefined; three groups; first group: the square pro.)ection, the rectangular pro

jection, tlie rectangular cqual-surfaee projection, Cassini's projection, projection with converging meridians, 

projt~ction by dr.velopment of an intm·sectin~ cylinder. Mtrcator's projection; second group: Flamat.eed's 

projectioni Di' Lorgna's. Bahinet's equal-surface projection, De l'I81£\1
S conic projection, tho simple conic 

proje<'tio11, M n1·docli 's projection; third group: Lambert's projeciion, Bonne's, the polyoonic; remarks on tho 
history of CoaAt Survey projections; formulm for computation: 1, for an arc of a great circle of the spberei 

2, for the Thumb-line on Mercator's projection; 3, for the straight line on Donne's projection; 4, for the 
straight line on the polyconic projection; resulting distances, in nautical miles; resulting azimuths. 

HYPSOMETRY. 

SPIRIT-LEVELL."'l"G. 

1854 34 *9f> ... *103 MEASUREMENT OF IIEIGHTS.-T. J. Cram. 

1860 38 

1870 

Experimental comparison of the methods of measuring heights by leveling, by vertical angles, by the harome

t<>r, and by the boiling-point apparatus.-[Errata, 102: 1855, p. XIX.) 

397 TABLE OF HEIGHTS FOR THE FBE OF TOPOGllA..PHRRS.-C. A. Schott. 

Height in feet corres11onding to a given angle of elevation and a given dist.ance in meters, for 11110 ill the construc
tion of contour-lines by plane~tables. 

7[}...76 REI'OltT ON Till! LEVELING·OPEl<ATIONS between Keyport, on Raritan Bay, a.nd Glouoester, on the Delaware River, to 
determine the heights above mean tide of the primary stations Beacon .Hill, Disboiligh, Stony Hill, Mount 
Holly, an<l Pine Hill.-R. D. Cutts. 

Heights above meau-tide, det<innined by the spirit.level, p. 75; tidal 'Stations, p. 75; instruments, p. 75; tidal 
obserYations and records, p. 76. 

1870 90-91 I,IST OF Ill!IGllTB, above the half-tide level of the ocean, of trigonometrical stations determined by the United 

States Coast Survey. 
1871 11 : 154-170 COMPARISON OF THI! METHODS OF DETERMINING HEIGHTS by means of leveling, vertical angles, and barometric 

mellSures, from ohsen-ations at Bodega Head and Ross Mountain, Callfornia.-Goorge Davidson, C. A. Schott. 
1, Result of the leveling operations; 2, results of hourly observations of reciprocal and simultanOOtlll zenith dis

tances for difference of heights of the two stations; Tables 1 to 6, zenith dista.noes, atmospheric preaaure, 
&c.; reduction of zenith distances; diagrams; 3, results of hourly obllervatfons of atmospheric preeanre for 
difference of heights of the stations; diagrams. 

1879 115 · 202-208 PRliCI'I! LEVELING.-0. H. Tittman. 

Instrnment<1 an<l methods used in the CoMt and Geodetic Survey (Sketch No. 53); deellription of level; rod a.nd 
target; adjustments (Figs.1 to 6); verification and adjustments of the rods; methods: 1, simoltaneou5 double 
leveling in one direction; 2, leveling in opposite directions; method of olH!erviDg (a, II, c, d) ; rivor cr<W1lng; 
bench-mnrks; degree of precision; records o.nd oomputations; curvature a.nd refraction; temperatw:e eor
rectfon; table of onrvature awl refnM.ltion; form of reeonl; form ol computation; 1brm ol abetnct ol reaalw. 
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Year. ,.A.;\'E.:~n-i Pagee. I 
! I 

~;; 1~! 212-213 : 

Subject and author. 

1880 j 11 

1854 34 

1868 ' 

1870 

1870 

1871 11 

1871 12 

1876 116 

1876 t 17 

1876 tl8 

1876 fl9 

REFRACTION ON LINES PASSING NEAR A SL'ltFACE OF WATER, from observations mad(i at different elevations across the 

Potomac River.-A.ndrew Braid. 
Summary of results. 

135-144 GEODETIC LEVRLING on the Mississippi RiYer.-Andrcw Tiraid. 

Benoh¥marks; instrument; rods; ruetho<l uf observing:; specimen of record; probable and mean error; abstract 
of results; sketches 45, 46, 47. 

TRIGOYOMETRIC A.ND BAROMETRIC' HEIGHTS. 

Experimental comparison of the methods of measuring hdghtr; by levclin~. h~- Yc-rtical aHgles, by the barometer, 

and by the boiling.point apparatus.-[ Errata. 10~: 185[,, p. XIX.] 

124-129 , TmaONOMET&IC.A.L LEYELJNG.-lt. D. Cutts. 

I. By reciprocal zenith distances; 2, by zenith distance~ meaHu1·ed at 011e station; 3, by obs(~rvetl zt>nith distam·t:.·~ 

of the sea horizon; 41 b;v observed ang;les of elevation or depression. 

77-89 REPORT ON THR RESULTS OF li.A.llOMETIUCAL OBSElffATJO~fl nrndf' in CODilf'rtion with the line of spirit-lefeling from 

Raritan Bay to the Delaware River to determinP tlu· height•, &c.-R. D. Cutts. 
Comparison of instrumf'nts and tbt· dekrmiuation of iwrsonal t•nors, pp. 77-Hl ; thP com1rnt,ation!-;, J>J>. 81-89. 

90-91 LIST OI~ HRIGHTS, abov-B t11~ ]1a)f.title }eve) oft}h"\ O('i':lll. of tt'i.!.!OHOl1wtifral R.tution14 tlct1·rminea h:V t}w ruifrrl 8taft.!."I 

Coast Survey. 
154-170 

1 
COMPARISON OF THR METHODS OF DETEH\UNIXl: llF.ICJIT:-. h.v Jllt>Ull8 of lt>vding, vertical Rn~les, and barometric 

measures, from observations at Bodega Jiead aud R-Ose Mo11nt<1iu, Caiifornia.--tTeorge Da>idson, C . • ·\.Schott. 
1, Result of th<' leveling opel'l}tions; 2, resultR of hourl;v obP-ervationH of reciprocal and simultaHPOUti zcmith dis

tances for ditferem~e of heights of the t,wo station8: table~ 1 to 6, zenith 'listan('e8, atmo,:;1plwr·fr pressure, &c.; 
:reduction of zenith distances; 3, results of honrl;v observatiom> of atmospheiit• pr~t)tiure for diftCrencc of 

heights of the stations; diagrams. 
171-175 REPORT ON THR LEVELING Ol'ERATIONS bet~een Kt~yport, on Haritan Bay, and (_;}oucest.pr, cm th1...•. Delawart· l!ivf>r, t-0 

determine the height above mean tide of the primary stations Beacon Hill, Disborouµ;h, Stony llill, .111onnt 
Holly, and Pine Hill.-R. D. Cutts. 

Tidlll stations; instruments; field operations and records; Tables I to V. 
338--353 RRPRTNT OF A PPENlllX IL Report of 1871. 

355-367 OBSERVATIONS 0>' ATMO•l'HERIC REFHACTIOX.-Contribution No. II.-C. A. Schott .. 
Determination of seT"eral heights by the ~pirit.-leve1, and mPasures of refra.etion hy zenith distnucc>s; also, obser

vations of the barometer a.t UaggNl Monntain, Maine\ by F. W. Perkins. 
A, results of f,Jie operation• by spirit-Jeye] execut;,d near the entrance of Penob•cot Ba~· in 1874; B, results of ob

servations of zenith distances at Ragged Mountain for atmospheric refraction; tables; diagram; meteorolog

ical observations; C, meteorological obsPrYations at RaggPd Mountain, at 'Mount Desert, and a.t \V-hit.e Head 

Light; two short simultaneous sets; resulting differeuces of hei~ht. 
368-387 ATMOSPHERIC REFRACTJON AND A1J.JUSTMEN1' OF HYP80MR.'fRJr, MEA8ERF_,S.-Contrihution No. III.-<). A. Schott. 

Determination of the co-efficient of refraction from zenith dif~tances observed in > orthern Georgia Uy .Assistants 
C. O. Boutellfl and F. P. Webber in 1873 and 1874, and ad,in•tnwnt of difference of hPights by the method of 
lea.st squares; 1, results of atmospheric refraction obBervcd at stations in Northern Geor¢a in 1873-1874; tall· 

ulated zenith-distances; det~imination of the co-efficient of refraction from oh•m·ve<l zenith <listances; result. 
ing values for co-efficient of refraction; 2, computation of heights of stations from mea~urt-.d difference of 
height, with application of the method of lea.At squares; heights ahove nwan sea.Jpvel: 1ul,iustment of re· 

suits; forma.tion of conditional equations; equationK of correlaUves; normal equations; probable error of 
resulting heights; additional remaxks and examples for adjustment of heights merumrnd nnfler conditions 
different from th°"" obtained above; table of log. M, and log . .N"; table of logarithms of radius of curvature 
to the earth's eurface for various latitudes and azimuths, based upon Clarke's ellipsoid of rotation (1866), and 
for the metric unit. 

388-390 HYPSOllETRIO Jl'ORKUL.E, baeed upon thermodynamic principles.-() . .A.. Schott. 

---'---..-'...----'----------------- ---------· 

1855 

l85li 
21 

2ll 

33 

48 

SURVEYING. 
TOPOGRAPHY. 

162-163 NBW YOBlt CITY.-Report of F. H. Gerdes on his topographical survey of Manhattan Island. 
lM Rlll'OBT OJI TOPOGliPHY exllented by the pa,rty of Assistant S. A.. Gilbert on the western and southern sides of 

Long Isl&nd. 
lM-1611 Rlll'oBT Olf l'Ol'OGBAPHY executed by the party of A.eail!tant .A.. lit:. Harrison on the coast of New Jersey. 

281-B -OOIO'..LBATrl'll IUl'S,NllW You: EHDOB.-.A..Boschke. 
Ketilod ot aurvey. 
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- I ; I 
Year.' AJipen- Pages. I 

x. , I 
Snl]ject and author. 

1860 38 

1865 t 32 

1880 tl3 

1852 I 14 

1853 37 
1855 16 

18.>5 56 

1s;.5 60 

1857 13 

1857 
: 

47 

1857 48 

1860 39 

1856 18 

1857 21 

1859 15 

1862 : 5 
1874 : t7 

' 
1845 3 
1846 

18W 8 

18.'>0 9 

1851 7 

1851 

1851 2ll 

1851 31 

1851 50 

1851 i 
I 

66 

1ss2 I 8 

397 TABLE OF HEIGHTS FOR THE USE OF TOPOGRAPHERs.-C. A.. Schott. 

Height in feet corresponding to a given angle of elevation and a given distance in meters, for use in the con· 
strnction of contour-lines by plane-tablt's. 

203-231 . 'l'REATISE ON THE PLANE~TABLE AND ITS USE, with diag1·ams.-A. ]\L RarriRon. 

Description i adjustments; paper; scales; projections for field- work; tbree-puint problem; practicable modes of 
determining the position of a fourth point by resection upon three fixed points; Lebmann's method: N etto's 
mtth0<l; Bessel'~ methods; two-point problem; field-work; contours; example; table of heights; chain; 
telemeter; table for reduction of hypothenuRe. to ba."l•~; r~eonnaissance.; ot:tice-work.-[Sketches, 30, 31, 32.] 

172-200 ' '11
REATJSE ON THE- PLANE-TABLE AXD ITS USE IN TOl'OGliAPHICAL BLTllYEYI!:\G.-E. Ilergesheimer. 

, Description, alidade, new style; old style; arljustment.; field-wo1·k; tbree-poiut problem; by construction; by 
trigonometry; determination of position by resection: Bessel's method by inscribed quadrilateral; by con
struction of similar tria.ngles ; practicahle modes of determining, from the triangle of error, tl1e position of a 

fourth point by resection upon thn~e :fixt1d points; Lehmann's method; Netto's method; two-point problem; 
representation of the terrene; talile of heights; example; formula for determining hei!(hts by a vertical 
angle an<l distance; example; comparison of feet and meters ; regular and inegnlar method of determining 
curves, adjustment of the new alidade for observation of altitudes; example; distance; stadia; composed 
of two part.s, rotl anCI tekRcopB with vt:irtieal arc: focal distance; its rela.tion to the distant object; table for 

reduction of h,vpoth~nmm to hasP; 1n·ojt~~tion for field sbeets.-[Illu ... ti-atioll,"! 49 to 61.] 

llYDl(OGRAPHY. 

97-98 ScnEW·PILE SIGN ALB along Florida Reef.-James Totten. 
*93-*!l4 ALIGNING UEFLECTOR or interranger, Hunt's.-E. B. HlHlt. 

157-160 . FLORIDA REEF SCllF..W-Pll.E :BEACO~S.-Description Of signals.-James Totten. 

361 ! SPECIMEN-nox.-B. F. Sall(ls. 
! Instrument for procuring specimens of bottoms in sounding.-[ Sketch 55.] 

365-366 ' SAND'S HYDROGRAPHIC S!GNAL-B. F. Sands. 
· Description and drawing of his gas-pipe signal used in the breakers on Dog Island Bar.-[ Sketch 54.] 

150-151 ' METHOD OF SWEEPING.-(See Depths at Hell Gate, &c.) 
398-401 I SOUNDING-APPARATUS. 

401-402 

398 

133-137 

178-184 

168-171 

86-92 

New method proposed by E. ll. Hunt for •oumliug in moderate dt>ptbs. 
EXPERlMJ;NTAL SOCXDL~Gli mad~ with Runt's sonnding-apparatui-i.-\V. G Temple. 
SOGNDI:<G-APPAllATUS (specimen), Mitchell's, for shallow water.-[Sketcb 40.] 

DEPTHS L"< CHANNEL-ENTRANCES of harbors, rivers, ports, and anchorages on the coas¥ of the United States. 
The same.-[ Errata, 182, 183; 1857, p. xviii.) 
The same. 
The same. 

66-71 ; The same. 

PHYSICAL HYDROGRAPHY. 

TIDES, CURRENTS, AND WL-.DS. 

41-43 REMARKS ON THE CURREJ\"TS IN Mlfl8lS6Il'PI SOUIID and changes in the magnetic variation.-F. H. Gerdes. 

68-70 TlnES A'I THE R!l"TRANCE OF MOBILE BAY.-C. P. Patterson. 
80-81 ENCROACHMENT OF THE BEA on the south aide of Long Island.-Prof. A. G. Pendleton. 
81-82 PRO<;JtESS OF SANDY HOOK FROM 1848 TO 1850.-H. L. Whiting. 

127-136 NOTllS ON CAT lBLAND TIDEll.-A. D. Boohe. 

Diacnssion; table of diurnal and semi·dinrnal cnrves.-[Skeroh 35 (H, Nos. 2-6).j 
136-137 ; GRAPHICAL METHOD of representing cnrrent-observaUona, a.s used in the Coast Snrvey.-A. D. Bache.-LSketch 3 

(A, No.3).] 

482-484 BEAUFORT HARBOR, NORTH CABOLINA.-H. L. Whiting. 
Operative cau•e• of its physical permanen<>y.-{Sketoh 17 (D, No. 5).] 

483-494 FLOHlDA COAST R&CONNAISSA!ICE.-F. H. Gerdes. 

A, Description; B. survey; C, tides and currents; D, railroad across the peninsula; E, llght-houaea and buoye; 
F, general rem!LI'ks on Cedar Keys Harbor.-[Sketches 27, 28, and 29.] 

528-iiaO SAN DIEGO RIYEB lllITRANCE. 
: (Sketches 6 and 7.]-(Su C, statistic.a; 4, coast, western.) 

553-558 ' HELL GATE CBA..~-W. A, Bartlett. 

I
/ Examination ofree& and change& produced by blaating.-[Sketoh 8 (B, No. 4).]-{Emt.ta, p. Ix.) 

84 Oii POT RocK, BBLL G.A.TE.-W. A. Bart.1ett. 
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TIDES, CrURENTS, AND WINDS-Ctmtinued. 

-~jAp;:.~i-
Year.: dix. Huhj('Ct. atHl a11tlwr. 

i 
1852 22 

1853 ' 27 

18531 

1853 : 

1853 

1854 

ISM 

1854 

1854 

1854 

1834 

1854 

18j4 

28 

29 

;JS 

14 

29 

30 

45 

46 

48 

49 

Ji-;L.\XI• 'I'IJ1Ei-..-A. D. Hadw. 

Table I, Skekh I, diurnal and semi-diurnal t·m·vps tlctluct•«l fn•lll ohRPr,·ataons. with ctirn·s of RiUPB: t A) diurnal
waT"e: lwi12.ht~ and tinwR; IJ, Skt~t«h ~. rnn"immu ordinatefl ot' clini-nal <'UTVt\ &c.; JI[, ~kdd1 :.J, t>ftt>ct of 

Emn·s decliuatim1 011 hei~l1t; JV, (•tf1·ct. of moon·N parallax.; V arnl \'I, co-efficit•ntR; VII, <'oruputt;'(l diurnal 

ordinah•s <'omp:u·t•rl with obs<'rnltions: VIII, Sketch 8, rt>siduals cht.sst•d h_\· moon'H ag-Ps; IX. same, cor-

n~ct.e4l lly rhang-e of ('osines; X, clitfen·nct• of diurnal maximum ordinates, from lit Mt uml from first nwt.hodH 

of h'1'oup~-~·wmi-t.Hmunl t•ffpd: :XI, t'Ol't\.'dion to imlxitnutu diurnal ordiuah• for hiµh-water orrlinnt..:•; XII tu 

XV, further Tt'Rillnal corrt>etionM; comparison with h,\·pothPsiR; (B) sPmi-diurnal curvt·: XY I, balf.montl1ly 
inP<ptality in lmfo.ht: XVII. di1<1er<>pn.11cies l>C'twlWn oh\own·:itions and formula.-[Sket-ch 25 (H, Nm~. [l-0).J

[gl'l'ata. p. 11", 1111. 121; 185:J, I'· 182. J 

*71-.ii6 NOTI~~ ON TlllRI."> AT l\.F.\" "'E~T.-A. D. Hacht•. 

TaUle I, lrnlf.mouthly inequalit,roftitlt·s, one ~ear's oh~wn·ation~; II, tlinrnaJ ine<1nalit~·. with formula: dt•com-
11osition of tht• cun·t:'8 of obE«~n·atio11: t<u~mi-tliurn:ll tirlt•s; Irr, tirst six months: IV, second six months: V, 

the whole ~'ear; tliunrnl tilleM; VJ. t'ftt•t·t of mooa·s df'dinetion; Vlf. moon's agP: changt•s of mNrn }P\"<•l; 

VIII, hf'ight of high water referred t.o moon's agt~. first. and Rt-wond months; TX, monthly mem1 len~L-

{Sketcl1e• 27 (F', No. 4) am! 28 (F, Nu. 5). j 

*77-*81 NOTF.:H ON Tlllli"' AT litNCO:S J>orst, C,\L.-A. D. Bache. 

{TaUles I t-0 JV.J-[8kt'kh 48 (.f, Nu. 71.] 

*81-"82 NOTES ON TllE TII•l<:R AT SAS FUAXCISCO, CAL.-A. D. Bache. 

8A~U\' IlooK ('lfANOK6. 

[Sketch 8 (ll, No. 3). J 

"94-*96 SELF·RKGJSTBUI~G TWE·HAma:, Raxton's.-E. B. Hunt. 

.1;;1-*23 

~35-*37 

'37-•40 

*147-"15:! 

I Sketch 54.] 

CH.AVEN'B l:l1RliENT-1SlHCA1'01t. 

[Sketch 55.] 
BEAUl'OHT l-IAn.mm. Nmn11 CAJWJ.INA.-J. N. l;laffit . 

Its capaeity, cbangC'B. arnl irnprol't•numt,s.-fSketch 23. j 

NANT1TCKF.T AND VJ:SR\'AUH 80UN11 TIH~s.-Il. MitdH·11. 

Method of securini: Mikhell's tide-gan~P: remarks on swell•.-! Sketch 57 ] 
W.BsTF:HN COAHT TIHAJ • .AXlJ MAmmTic (HJHEltYATIO?iti.-'\\"'". P. Trowbridge. 

CO·TlllAL l.l~EH, Atlant.ic.-A. D. Bache. 
l 1reliminary de1t_•rmiuation~ of co-titlHl lint·~ on t-he AUantic coast. of the ttnikd State"ij, from CoaBt ~urn•y ohfwr

vatione. Table I, ohst>n~aHons for cu-tiitlal hours; II, eo-t.i<lal hours of J>0rts on the Atlnutic coast; III, r.1te 

and treml of co-tidal lines.-[Ske·tch 26. }-{Errata, 151: 1855, p. xix.1 

:*15~-*155 ' 

I I 
DJlTltNAL lNKQllALJT1·1 WE81'KRS-COAS-T TIHF.8.-~.\... D. Bache. 

: I 

1*161-*166 i 

I 
1•1£6-*168 

Co1nparison of the diunml inequality of the titles at San Diego, &n Francisoo, and .Ast-0ria, wit.ii taL)es.-[ Rkf>tch 

49.]-[t;rrat•, Jrhl: 1855, p. xix.] 

NANTUCKET SHOA!l' l'll!WENT.-C. A. Sl'11ott. 

Ou the currents of .Nautucket Shoals, from Coast Snrn•y currt~nt olumrvations.-Tabfo I, mean 'lirf'ction; II. 
maximum YE'lucity; III, groups of !uni-current inter'f"als.-tSket.ch 13 (A, No. 12).J-[Errnta, pp. J6;•, IGf:i: 

1055, p. xix.] 

Mt"SKICla!:T CUAXNRI~ AND MARTHA·~ VJNEVARD CURllEXTi;:..-C. A. &·l10tt.. 

Table showing the currents and mte of currnnt. in Mnskeget Channl'i anll of th~ northeast coast of M;irtha's 
Vine.yart.l; ¥elocit,v of current; durnt.ion uf ebb, :tlo0tl, aml slttckwater; curn~nt-('sU•Ulishmt.•nts.-l~kctch 

l4 (A, No.13); also, 1855, Sketch ti. ]-[Errata, pp.167, 168: 1855, p. xix.] 

1854 50 *168-*170 TmE8, Lt..i:NG ISLAND SouND AXH .Al'l'lWAf'HKs.-C . .A. Schott. 

1854 

185~ 

1855 

Table 11 ranp;t\ or mean rise and fall of tides, to April1 1853; Ir, <~orreett~d or moan establiehment,.;1 to Apl'iJ, l.S;>3; 
III, set and maximum ra.t.~s of ebb and floo<l streams; IV, hmi-current inforval for beµ;h1niug of ont,:,toing 

streams; east.£'rn part of the Honnt1, 18-46-.47; -weHt-ern part of New York Bax and chanut>l, 18-14; .New York 
llatbor, 1844-'4-5; H~ll liatc, 1~45; Hdl Gate and 'l.'ln·o~'s N eek, 184fl: V, m~an tlurntion of shlck.waters amf 

of re•pectl'l'l\ ebb and tlood streams, from tbu mi:ldle (time) of one slack-wat<>.r perlml t-0 that of llrn next; 
VI, irre~n1lnrity of lnni-current interrals of SttCC('SSiYe tides.--[Sketch 16 (B, No. 2).J~[Errata 1 Pl,· 17~, 174: 

1&55, p. xi<. J 

52 *189-*JOO i CumiENT-BOTTLK..'-'. 

/ One fmm Mobilt' l!ay to Mo••111ito Inlet; and OM from Cape Florida to Jupiter Inlet. 
53 (190-'191 SEA·C.'DA•T TlllE·tOAl'tlR.-FI. Mit.ehell. 

I n, scliptlon of his tille-gnnge uoed at stations on the OP<'n BOO·Coast aml in situations expo•ed t-0 stormy currents. 
-[Sketch 57.]-(&e, .U.o, *31i-*37.)-[Errata, for Sketch K reatl Skekh 57.] 

23 1164--165 SANDY HOOK CHANGK».-[&e NEW JEkME>, &c. ]-A. M. Harrison. 
i [Sketch ~o 9.] · 

24 170-171 I :R!i:MABK8 Bl ~ lIDl!c11~11 q:i ~u11vE1·s made at dl1!'erent 11mods In New York Harbor. 
S.Ex.49-14 



 

106 

18:i5 ' 

1855 ' 50 

52 

1836 34 

1856 35 

REPORT OF THE SUPERINTENDENT OF THE 

PHYSIC.AI, IIYDlWGRAPIIY-Oontinued. 

TlDES. Cf'RRENTS. AND WINDS-Continued. 

Subjf'ct and autLior. 

NANTUCKET Soi:~u.-H. 1fitchell. 
Tidal observations; interference-phenomena. 

338-342 PACIFIC CO-TIDAL LI'.'ms.-A. D. Bache. 

Tidal obaervatious.-Tablt~ I, tide-stations on the western coa.st of the rnitccl State8; II, dilta far co--ti<lal lines 

of tbe Pacific coaRt of the United States; co-tidal hours; co-tidal groups; Ilf, diseuRsiou of the middle 
group betw(•en Capt> Mendocino and Point Couccptiou.~Chart of co-tidal lineB.-[Sketcb 49. J 

346-347 i GlJLf' OF MEXICO TlllE~.-A. D. llacbc. 

I Observations and t~ ptH~m·ves at the severa.1 stations, showing their <lecomposilion into diurnal and semi-

diurnal tides. 
2-19-251 PRF.fJJCT10X-1'ABLEl-i.-A. D. nae ht:". 

.Notes on the progn~ss made iu their 11ri·paration with referenct~ to t.itles of Bost.on HarUor. 
~52-2t>O : CO-'l'IUAL UN.Ks, Gulf' of Mexico.-A. D. Bache. 

Di~cussion and preliminary lletcrmi11ation.-Tablt.• I, diunial wave; II, 8tations, &c. : Ill, Uiurnal intervals; IV, 
tide-elements of the stations; V, semi-di11mal tides; VI, eomparison of establishments of ditunal and semi

diurnal tith>s in the Gulf of Mexico.-[Sketcl!es 35 and 36.] 
J8j6 . 36 i 260-261 : T~'l'.E-CTtt\·R~, Gulf of Mexico. 

185G 

1856 : 

1856 

JR56 

18;}6 

1856 : 

1856 

1~50 

1857 

1857 

1R5i 

1B57 

1~37 

1857 

37 

:lH 

39 

40 

43 

44 

45 

46 

16 

17 

33 

35 

36 

37 

IF5i 49 

1858 , Ia 

1858 ' 27 

28 

Descriptive references to Sketeh No. 38, representing the decomposition of curves of observatiomc-[Sketch 38.) 
26L-26!.t , INTKRl"ERKNC'E-TIUES.-H. Mitchf'll. 

Ou oUser~atfon@.ma.d.P in Nantucket and ll.ntha's V-in~yaril Sounds. 

26.1-~&I , TmAL ct:RRENT" AT 8A'WY HnoK_-_\. ll Rad1P. 

NotPs on tht• caui:;es of northwartlly in(';rna~~ of"tlw }tt->ninsuln.-t Errata, {l. ~64: 1~56, p. xx.J 
264-266 .XEW YOHK HAtnmu ASll llFl'FS-l•EXflES.-H. ~fitchell. 

On tidal ancl c·urrent ob!it>tTations ma1le in Xcw York Harbor, city docks, Nmvark Bay, aud the Kills. 
266-~G7 Ht ·nF.OX H.tVF.H.-G. "riirflPnu1111. 

On titlal ol11·;~natimn; m:Hlt' hl'lWt'l'll Alll.rn_y :tntl Nm•f York Cit.). -l 8k1·tch O.J 

271-272 WISllt_; OF ALBF:.\JAIU.E S<wxo.-L. i-~. Pourtale~. 

Djiit"U~Hio11 or their t"tfoct upon tlw tideH.-[Sketch 16.] 

~72-276 W1~1>• IS 'l'llE G~t.F oF MExtco.-A. D. Baebe. 

2i6-278 

279-280 

15~-153 

1:13-l~;) 

3•2-3!7 

:i:.0-3"4 

Diseu~siou reluttn; to the dh~turbance caused in the intervals of succeSHiYo tides at several stations on the Gulf 

coast, Tal>lt> I, qu1tntity and direction of wind at Key We•t, Fla., 1851-'52; If, at Fort Morgan, Ala., 1847-'49; 

lll, at Gah-t•iiton, 1't.~x. 

Wl\'.HR A~I1 TJPEf. IN CAT b1,.\'.'\l1 Il.\HBon.-R ... ~mltsdednct>d froniofo~erYatio111~nuult1 l1_y fi. W. Dcan-lSkl"tch 39 l 
CARHS 1o·uo)I. l'l'tmE~T·:ttor1·i.Er-1. 

Picked up on the shore of Loggerhead Kt·y. 1-~la., and on the Notth Caicos, Bahamas. 
BRAL:FORT HA1mnu. 'N°OHTH CAnoLISA.-C. IL P. Rodgers 

Present. condition of bar and anchorage.-! Sketches 29 and 30. j 
CAr.F. }~EAH E:sTRANCEH, NonTH CAHOLINA.-J. N. Maffit. 

Elements of phy•icnl d1anges wrought.-[ Sketch 33; also, 185;;, SketclI 16. j 
.ATLAN'fJC COAHT TI!Hts.-Gt·m~ralizatiun <Jf hei_g-hte relative to the .configuraf.ion of tlJe eoast.-A. D . .Bache. 

Tallie I (A), heights of tides on the Atlantic coast of the Cnited States; II (B), on the coast of Cape Breton and 
Nm> Ilrunswick.-[>llrntch 60. J 

Tm>:~ AXO Cl1RRENT8 in the Nantucket an<l Vine)·ard Sounds.and in East River.-H. Mitchell. 
Hell Gato and vicinity; ti<l(•s and <mrrentH; Hudson River lc,·clings; Nontncketantl Martha'H Vineyar<l Sounds, 

tides and currents. 
354-358 . \YJXDH or THI<: WE81'EllN COAST.-A. D. Bache. 

35~-373 : NEW YoRK HA1rnm1, l'l:'port of advisory r.ouncil. 
l'hyt!ica.l ca.ust>s of clumges: l, chang<'s ar. Stul(ly Liook i 2, no:rthen1 si<le of entrance, Coney lBland an41 south 

Hhore of Lon~ lslaml; 31 New York bar: 4, !-4uw York Upper Bay; 5, Newark Bay; 6, Hudson River; 7, East 
River to Thro~'H Net:k; st-ath~tic extracts.~ (Errata, p. 272.: 18581 p. :xx.j 

402-403 1 TmE-GAl'GE, Tre11chnrd's. 
I [Sk.,tch 72.] 

403-40-l i TltlE-GAIWE F<lll l>F.El' WATEll, J\litcbell's. 
! [ 8ket<-h 72.] 

150-151, CAPJi: F:t<an ENTIL\Nl'E8.-T.Il.Hu;rer. 

Ree<>nt cbanit•• in its h~·drogrnphy.--[>lketches 12and 13.] 
197-20:1 N~w YORK ]J_\Y A~ll 8.AXlll' HOOK.-A..D. Ilache. 

On thl~ chmactf'l· of 1111.,, ti,lal cun-(>nts in the viciuity of the bar: 1, normal CUM'f'Dt~ ut lh<' f'Dtrnnce to New York 

Bay i 2, r'al•e !look Channel an<l the approRches; a, CUll'ellt• Qf Sandy Hook ll1t,\.-Tu\,fo I to lV, lunar time, 

dumtion, \'eiodty, n11d <litw•tiou of cunenls; V aml VI, velocities eo)';'t(Oted fur tliu1·ual and half-munthly 
itlt'<1ualities.-[Sk<'tch 39.] 

201-207 EAST Rn-ER AND N>:w YoHK BA v.-H. Mitcbdl. 

On the ob~cn~atiuns of surface and sub-rnrttnts. 
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Year fappen-
. d1x. Pages. Ruh,kct and autlmr. 

1858 30 2l0-213 CO-Tl HAL Ll~RN of an inclosed sea, as <lerived from thP Pcp1iliUrium-theor~y.-Ilenjamin Peirce. 

1, general theory; 2, itH modification hy the irn·ompletenr-Hs of t11e inclosure. 
18:>8 31 213-216 l>Yxum·s OF OC'EA:S <'UIUIEXTS.-E. B. Hunt. 
18:l8 3R ! 247-24B So[JXllJSG-APPAHATl'B A'SH THIE-METRR, propo~etl by E. U. Hnnt.-~J. lf. Ui1tclwhler. 

Not~s on its prin«iplcs aud application. 
1859 26 311-317 NKW YORK HARBOU.-H.Mitchf'll. 

1859 28 

1859 a.> 

1860 41 

1862 9 

1t<64 6 

1864 9 

1865 5 

1865 11 

1866 6 

1866 18 

1853 26 

1854 51 
18;5 53 

1856 17 
1So7 20 

1858 • 43 
1859 • 14 

1860 16 
1861 9 

1862 8 

186.~ 12 
1864 8 
1866 7 
1867 12 
1867 13 

1867 H 

1868 

I 

I 

320-321 

365-366 

On its pb,rniral survey, wit.h description of appll'alus f.,r o\Jspr\'io~ the currents-[Skdch 40.]-[Et'l'At:l. p. 3l7, 
1860, p. xx. i 

Ct'URRXT-CARHS thrown from the surn·.dn:.r-stl·amm· Corwin. :uul fournl on tlw oal'ltf\rn co·1~t of 'B"'lo:-iJa 

TIDE·lfETF.R-J. M. Bafrbeldcr. 

Results of experiments mntle with the apparatus devi~;·tl hy l~. B. H nnt. 
399-*W2 J ... .lBHADOR EXPRDITIOX.-A. Murray. 

Re.port of a 'Voyage of steamer Bibb, and rPmurk~ ou tltt· "imls and title~. 
116-128 Co.TIDAL LTXRS OF nm <i-FLI<, OF ME XI en, deduced from uceut obser"Vations.-.!. D. Baebc. 

Tallie• or diurnal and •emi-tliurnal tides.-[ ~ketch 4G. i 
5i lb::AFFORT HARUOH..-E. Cordell. 

Development of changes at tht• bar and in th~· cl1annel.-{ Skf'feh 26.1 

91-92 TillRS AT TAHITl1 Soun1 PACIFIC OcEAX.-Their ;:;t>neral diarat·ti;r.-J". Rodgers. 
[Sketch 40.) 

4.1 EXTRANCR TO CAPR FE.LR Jtn·F.11, XoUTH C.rnou~A.-J. 8. Hi:1<lfol'<l. 

H;·drographic changes.-[Sketcb 13.] 

138 EXPLAXATION OF Dl.A<HL\M OFTYPE-('URYF.R- oftlic 1illt·:4 on th1· P.tritit: coaRt. 

[Sketch 26.] 

44-46 Hm.r. GATF. Ttnll:8 (East Rivel', X. Y.).-H. Mitc·hcll. 

113-119 

*67-*70 

Prrliminary rej)Ol'f· 011 Orn iuterfere11ce-tillt•.s of Jlt'll fhtt\ wit.lt dirN>.tion~ for rt•-tlueiuiz the ROtllltling.-l'ahle of 
1·ela.tin .. rl1·,·ntiomi of titlal plant>~ from hhi oh'\f>.TT:1tion~: ti!IN~ flUtl cnrrt'tufA of Ht~ll G .tt,e, from ob!"letTation:os 

of lt337. 

TIIJAl. OL~Y.lffATIOXJ-; -t't' CAT IsLAXll. Gr:.F C•t·' :\IJ.::.::1c~;: Xott':i of a 1li;it'U>idion.-A. D. Il.tcbt". 

(ltf'port f(>r l~Cil .)-[Sket.cl1 30. J 

Tiu& 1'-\HI~ER for tlw llMP of nnd,!!ator~, with tlt .. ~<·riptiun of hl•neh-mnrke 1 t:'Xplana.tionR1 .. utl examph.'f'I for mw,-..\. D. 

1*180-*189 

B:ichti. 

TtUR-'l'ABLES for Urn ust~ of nad:rator;, ... A. D. Bndw. I Enafo, Hl, 1~:?, 183, 18ft: 1~55, p. xx.] 

TWR·TAIILI£' fur tbe UM of UU\'1gators.-,\. D. Ila<' he. f Em1ta, :HU, 3ril, :lj3, :l54, 3:i8, 185i, p. xviii.] 
TIOE·T.\ULE8 for thf', nRe of navigators.-!. D. Bache. [Enata, 130: 1856, p. xx.J 

347-359 
120--133 

157-178 

271>-297 
136-167 

131-164 
118-131 

93-126 
84-117 

58-90 
47-49 

149-157 
158-169 

Tnnr. TAULF.8 for tUe uNP of navigators.-A.. D. Bache. 

TIVE·TABLE-8 for the use of navigator:J.-A. D. Bache. fE1Tata1 27!): 1859, p. xd.J 

TIDE-TAHLE8 fol" the usr of' navigators.-A. D. I~a.che. [Ermt.a, 145: 1860, p. xx.] 

TIDE-TAllLES for the use of navigators.-A. ll. Bnehe. I Errnt!l, ml, 1860, p. xx.I 
TJDE-TAULRS for the use of navigators.-A. D. llaehP. 
TmF>TADLES for the UEffi of nal'igators.-.A. n. Ilachc. 

TJnR-TAHU~s for the use of nadgators.-.A.. n. Bache. 

TmK-TAllL.E8 for the use of navigator..-A. ll.,Racl"" 
Predictions for Eastport, as a 8peehlwn. 

PROVINCETOWN HARBOR, YASrH<'HHf:.E'M'H.-8perfo) sun·e,r .-II. L. "rhiting. 

'l'mEs AN"o cuun.RNTs OF HELL G-ATJ£1 N. Y.-H. Mitdu--ll. 
General scheme of titles and cnrrrnt.s! J, !!;PUeral &<'.hPmt>. of tidal intf'rforf'noo i obst~n·ations an~I n~snlfK; curves ; 

21 ticles from stations selecte<l as characteristic for New York Harbor arnl its approaches, U:!j.7-'5~, with 
diagram; ioter\"n.ls and heights of tidf•A from ~imult.aml{HIS ohsf>rvations, Mo.y and June, 1857, arrang(1(l 

according to honr offr1uu~it; eurv~s of half-monthly in"'qualities; 4, J"fflt.oration of lc'Vel bet?tt~n gauges at 
Hell Gate Ft\rryand PotCove.1857; dia~mu: ri,t":nrrrnhofNt~wYork Harbor; )Ze.neral iwhemeofcurr1..•uts, 

l(l'aphic. 

176-175 MERRlllACK Ul\"ER, MAsRACHUSEl''l's.-H. Mitchell. 
Surveys respecting its navigation, will1 tahk•.-[Sk"tch 2 I 

51-102 DISC!JSSION OF THE TIDES IX BosTON HAltl!OR.-W. Fen·el. 

... 
91-102 

'rhe-observa.Hon::. nncl the locality; expression of the diet111·hing foret"--Bi tidal expressions; ohject :mtl Jllau of 

diseuaaion.-TalJleB I, II, JU, and IV, of ayerage normal yalu••M; ¥,th•• ~oustaul or ruAAn tide; the semi
monthly inequality; VI, ineqnalUy de-pendiug upon t.Jie moon's mean anomaly; VII, ineqt1111it)· dependiug 
uj}Oll the moon's longitude; VII bi.I, 10<'<1nality dependinjl; u110o the sun'• anomaly and longitude; VIII, 

. inequality d.,pendlng upon the moon"• node; IX, inequalities depending upon 'Is and '19; diurnal tide; recap it· 
nlation of results; eomparillOllB with t.lm equilibrium theory; determi~ation of the general constant. ; com

pari80ns with the dynamic theory; prediction formulas and Tallies 1-XI; computation of a tidal epbemeri~; 

conclusion; example of the ctmipntation of a t.idal ephemeris. 
Tidal "Phemeru; and Computations.-( See LooAL TIDES.) 
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I 
Year jAppen

• 'I dix. 

i---
18~81 

I 
1 ~6~1 i 

I 
I 
I 

I 

18691 

1870 

15 

1870 6 

1870 'l-0 
1870 I 11 

I 
1870 : 20 

187! I 6 

18il t8 

18il 19 

18'/I t 10 

1872 : 6 

1872 7 

1872 t JO 

1872 16 

1872 17 

Bi3 8 

I 

1873 9 

1873 10 

IrnPORT OF THE SUPERINTENDENT OF 'l'HE 

PHYSICAL HYDROGRAPHY-Continued. 

TIDES, CURRENTS, AND WINDS-Continued. 

Pagrs. Suhject und author. 

103-108 MOUE 01i· FORMING A UKIEF TIUE-TABLR FOlt A CIIAln', with cxample.-R. s. Avery. 

[Sketch 29.] 
75-104 RECLAMATION 01'" TIDE-LAXns, AXD IT8 ltELATIOX TO SAVWATJU:IJ.-ll. Mitchell. 

1, general discussion; scour of tiJal antl ri,·el' cu1Ttnt.R; genentl rule of \Jar-scouring; puallel workR; traus,·et se 
works; physical bistor.r of salt-marRlrns; shiugle-levues; other natural leTees; Peirce's crite1ion; 2, fielJ

work: GrPeo Harhor Rh·er; North Rin'l'; tabular St~ctions of shinµ;le-levees; sand l1ea.cb; srction of slueway 
formed hy Minot'l'1 gale; g(',neral l'ise; local chaugt>~ of heights of tide-tahles; effect. of a dam; general con· 

clnsions relative to the prnjects of reclamation: Hhore of Nahant; t.a1)ular sections; maps and diagrams (in 
ttlxt). 

236-2f'9 , RKPOltT• CO!llCE11x1su M.u:rnA·~ VJNKYAIW AN!> NA~nr'KF.'l'.-H. L:Whitingand H. Mitchell. 
(.A) Edgartown Harbor, cban~es; v-im\yanl Haven, its character as a port of refuge aud its preRent comlitiou; 

Table I, exposure of anchoragf's in Provincetown Harbor; IL in Vineyard Haven; III, in Great Wood's 

Hole~; IV, iu Tnrpau]in Co~e.; V, iu E<lga..town J:.oadstead; VI, in Old Stage Harbor; VII, in New lli-dford 

Harbor am! Quick'• Hole; \III, in Plymouth Barhor; IX, in Boston Harbor and Nantasket Roads; X, in 
&ston Hal'bor and Hull Bay; XI, in Th•ston Barbor and P1·eaident's Roads and f'xeorge's Roads; XII, in 
Marblehead Harbor; XIII, at Salem Harbor; XIV, at Gloucester Harbor; XV, in Lower Bay, New York 
Ho.rLor; XVI, in Pppcr Bn:y, New Y01k Uarbor; X\1'11, ancJio1·rige-room and a"erngc cxpof.lurc in the 

respecth·e harbors.-( B) Rnrw,,_rH of stnnruer, 1871: 1, ph:n~ical R!Wf>~:t and J'eculiaritics; 2, Edgartown tiJes, 
dift~renc·e of heigbts; 3, Nantucket thle-table; 4, clements of the :fie}IJ.work. 

66-69 1'ABULAli S'l'ATEME~T OF l<ESLll.TS of computed title-tables fur charts of tbe western coast of the United Statcs.-
R. 8 . .Avery. 

70-74 MOllK OF ].'01!MlN<1 lUURF PRRllJCT10~ TTHKTAHI.R8.-l~. s. A w•ry. 
92-97 l>J-:SCIUP'l'TOX OP HRXCll-MAltK8 at tidal Rtnt i011s. 

98-99 EXTHACT J.'HOM A REPOUT rdati\'e to a nit~thotl of determiuiug t>levationR along the course of a thlal rh·er, without 

the ail! of a leveling-iustrurueut h_y settin~ up gratlu:ttt•d 1:1t.aveK at such Jist.auces apart that the slacks of 

the tidal currents extend from one to auotl1er.-Rule: the difference io the elevations of the zeros of the 

gauges is e.qnal to one-half the sum of thn 11iftCnnccs of their readings at tho two slack wateri:t.-Hcnr.r 

:Mitchell, 
19-0---199 ON THE lfOON 1S MA!i'~, ns 'lednc(~tl from n. tliscussion of the titll's of Boston ll.nbor.- \Villiam Ferrt~L 

93-911 METEOROLOGICAi. EFFECTS ON TlllF.8.-William Ferrel. 
Graphic representation of the relnth·e amounh aml direction of the wiud for each of the four sc1sons for Boston 

110-1:!3 HAl<HOR OF NRW YORK, 187:!.-Hemy Mitchell. 
IncreAA€' of J er8e,Y Fl"b"; 11iagnim ~..\. ; chang"S in Buttermilk Ch{lUUel; drn.Ul?'C~ iu t.he vicinity or .Mitltlle Ground 

Shrn1l allll Uow:mns Ha.y; changt>H Rt ;md near the Sandy Hook ent.ram·(·: tiJleii awl curreuts; phenomena. in 
the µathway of tl1e Hudson; monm1eut through East River; East RivN' am) 1:J.mlson thla1 current com· 

pared; relation• of East Riwr mo\'emc11ts to tlwse over the liar; tallies 1 to 17; di•gram• B, C, D.-[Skl'lches 
30, 31, 32.] 

134-143 NALISET BKACH ANU 1tfOXOMOY PEKINSUI.A.-ll. Mitchell. 
Physical history of tl.Je nelgbborh00<l of Monomoy (Sket~h No, 35); recent mornment of Chatham Beaeli in <le. 

tall; tables. 
141-153 J.OCATIOll cw HARllOR l.T~Es.-lfonry Mitchell. 

6!1-72 
73-74 

177-21~ 

257-261 

262-265 

94-10:! 

103-107 

108--100 

Vaine of tidal ,·olume; encroachment on the channels; i.ouynarnic lines (Sketch No.35); example; anchorage 
nrnl wimlingroom: requblit.e dt'pths of f1·ont.'\ge; fougth of Hlip~; rip!uia.n t·ights; laws establishing l1arbor 

lines. 
FIRLn ASll OFFfC'R WOHK HRl.ATINO TU 1'IURS.-R. s. At"ery. 

MAXIMA ANJJ MINWA OF TIUJ(S on the coast of New England for J873.-,Villiam Fcrrd. 
lIAllllOUI! OF Ar.AKKA AXll Tim 'l'lflKR A.NO CllllRRNTii! "' TllKlll VJCINITY-'V. H. Dall.-[Sketeh N;,.18]. 

Stutist,ic3: not<'son the North Pacific current; hy1lrugra1>hic notes on Captain's Ilayantl viclnlt.y; meteorology 
of UnalaAbkn; titl(H\ of Iliuliuk; oompomul title.s; ~mi-diuTnal tidf'S; tide refrrr~l to tlle lower tranMiU; to 

the upper transits; st>mi·tliurna.1 tides: titlal current. of lln:1lasbka; the Alaska cun"'nt; ite dfef't on the 
climate of lhc A. leuthm district; thA circnhr cnrrent of B.~riug s..,a.; tbe Shum!l.gin Isla.nils; w~~t.ern; ea.st~ 

ern; mixcellmmous h~~drographic notes; m;::1teorologica.l o!Jservatioos ft'tJm S }pt::m~Jer, 1871, to Octobar1 187;? ; 

cnrreut observationH; tiJf~S of llinliuk. 

Mml>LR·<>ROllNLl RllOAI., N.:w YonK BA1t110K.-II. Mitchell. 
Tai.lie• of current o\Jsen•l\tions.-[Sket.clt No. 22). 

S1101U<·LINll cnA~HE~ AT Et>GARTOWN lIAltUOR, MA85.-U. L. Whiting.-[3ketch No. 23]. 
PHYSICAL sunY&Y O~' Pon:rLA.lm liAllllOR.-H. Mitchell. 

Corn•opoudencc; section• 1 to 10 fut· vcludtleM of tldul c111:rent; diagrams of tho ten sectlon11. 

AIJDITIOllAJ. RKrol!T concerning the cbauge.s in the neighborhood of Chatham and llonomoy.-H. Mitchell. 
The real ".°lot of iotereat; corr~ctioos of previous paper; msults or the J1111t ourvey, tab!...., diagrams. 

CHilGlll! IM THE 8UBl41iRGllD CQJ('IOUll8 OFF SANDY HOOK -[Tablea,diagram}.-Henry Mitchell. .. 
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Year • .A.fi~~n-1 
Pa.geR. j Subject and author. 
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1~74 t 12 135-147

1

1 TE7;:::.~~·::;1:~:~!)~~;. ~~:~~:;~::n:~:~:~:~~~~ ~~:~~1::::n~~1:~
1~,:=~~~~~~:no~ t~:r::;!· :;::~:~~n; obstruc-

tions of tlte lower San Juan; recapitulation: resldt of forogoing discmu~ion; Uraba mouth of the .Atr.ito; 

<>ondusions re1ative to the improvement of th~ Urah&: Brito; conclusions; J .. imon autl CUiri-Chiri HJ.ya; 

i ~eneral exposur<~. 

1874 

1875 

18i5 

116 

11 

I 12 

1875 118 

1871i ' f20 

18i6 

1876 

1876 

1878 

1876 

1877 

1877 

lti77 

1878 

1871! 

1818 

ll!79 

8 

19 

10 

11 

12 

19 

10 

11• 

tD 

no 

Ill 

110 

lr.4 1 OCRAN SALINOMET&H.--J. E. Ililga.rd. 

189-1931 RKCEXT OllSKlffATIO!IS AT SOlTH l'AR8 BAR, ll!SSISSll'l'I Hl\'l<:R. i8k~tch No_ 24' tahl<••J -ff Mitchell. 
194-221 p1scussION OF TIPF.8 JN Ngw YOHK HAIUJOH -\VHiiam Ferrel. 

i General plan and immt>diate object of tltfj discussion; adopted notationR: a.n~rRtrPR de<luced from the ohservn-
tions; Tables I to 'VI; semi-diurnal tideA, half.monthly inf!tJUalitJ; luuar pa.rallal't-ic inequality; mean lunar 
tleclinational inequality; lunar nodal inequality; solar declinatioual and Jlar1tllactic inequalitieR; mean ~ea
level; diurnal tidt•; tnhle VII: r,-0mpariR011 of theory with ob~etYation; practical application: directions for 

computing a tidal t>phemeris. ~o\..ppendix: Tnbh->s I to IV for computing hei~hts aml times of high water; 

example. 

293-314 0ttSKRYATlOX8 ON CERTAIN HARBOR A!\D Ut\'IU: U.tl'UO\'RifENT~ collecte<l on a voyage from Ho11g Kong, Tia Suez, to 
New Yol'k.-Goorµ::o Da,?idson. 

Nagasaki; Shanghai; Ilong-Kongi Canton; 8inl{npore; Penang; Calcutta; Bombayi Suez an~i canal; destruc
tive act.ion by passing ve1ouie1s; current throug-h t11e canal; saltne-ss of water; tides; breakwater at Port 

Said; dredging, e&tinrnte of cost; Alexandria; Naples; Genoa; Swind~munde: Copenhagen; Kiel; Ham
hurg; Brenrnrbafer; V<ilkelshafen; .Amsterdam Canal; ent"rance-locks and sluices; the hliton blocks; North 
Sea Harbor Hl'eakwn .. ter; tlesi~; method of building; dam at. Sehellingwontle; eastern ext1·emity of the 
AmRtf'rtlam Canal: difficulties of construdion: Cherbourg; doekR; hreakwater; Drest; dockii; .A1lmiralt,r 

Pier, Dov-er; construction; co~t; Portland ltn•akwater; ripra.pe; de~cription; coRt.; Holyhead Hree.kwatet·; 

Aldenu1y IlreakwatPr; cmwlusions; fascinage for hreakwat.cr foundations; 1·in"r improveweut.s. 

369-412 MRTEOROJ.OmCAI. HK,>:AllCll>:H FQll 'fHK \'~E OF THE COAHT l'ILOT.-(Sketches 31 to ~7.]-William Ferrel_ 

Pt'flftt.t.ory note by C. P. Pat.t .... rson, Superintendent. 
Part I. On the mechanics and general mot.ion of toe atmospbp,re. 

Chapter I. General eqlmt.lonR of the. motions and pressure of the ntmosplwro. 

379 Cbnpt.c:ff II. '.rhfl te.mperature antl 1neRsurt~ of the atmosphere a.t the earth's surfacu ohtaiuetl t'mm obs1•1·, .. 1tion; 
Table•] to Y; TableR VT to X of distribution of ntmospberic pre.sure. 

-402 Chapter III. The ~eneral mution of the atmoApltcre: Table Xf. ,·elocities; T:tble XH, dil'tdion and ,-.,Joeities" 
[Errata, §§ 8, 9. I :1, l:i. H] 

130-U2 lfET11008 01<~ U.Y..<~ISTERIXO TIUAI· ORhKHVATIOS8.-R. s. Avet,,. 

Ueuch·mat·ks; ti1Je-ga11ges: self·rP.~i!iterin~ tide-gR:i~e~; tliaµ:rams: how to u~c; tltt·c-t.~·rollt>r gau~e; lar,:.ce c_rHn· 

der gauge; tabulating hi:,!:h anti Jow water; lwnrly readings; scales of hdghts; time, pt-ecaution.s. 

143-146 CHANGES IN THE HARllOR OF PLYMO!'Tll. MASS.-H. Mitchell. 
[Sketch No. 22.] Champl•in (1605); Bla.skow1t• (1774); general conclusions and remarks. 

147-185 PHYSICAi. SURVEY OF NEW YORK HA!UIOlt.-H. Mitcbelt 

186-189 

100-191 

104-107 

108-113 

184-190 

121-175 

176-2117 

171>-190 

Section XXXVI, 'l'Rble A; posit.ions of origins and termini of sections examined in 18i !-"i l-'7 !-·;:;, tran•n'ra" 
curves of velooity, and perimeteN<; SectionR I to XXXYII. 

REI'Ott'r concerning t11c looation of a qnay or pier-line in the vicinity of the United States na•·y.yar1l at New York. 
-Henry Mitchell. 

Sections VI t.o VIII. (Sketch No. 2.1.] 

REVIEW of the cbaracter!stics of South Pass, Missis•ippi Ri<·er.-IIenry Mitchell. 

API'AR.ATUS 1''0R Olt8ERVING CURRKNTS.-H. L. Martndin. 

Description ofHoats; diagram. 
0t'TJCAI~ DKNBIMETKU FOR OC:RAN WATRR.-J. E. Hilgo.rd. 

DEXslTY o•· THE WATERS OF THE CH•:sAPE.AKK RAY and Its principal e•tuaries.-Lieut. Frederick Collins. 
Instruments employed; opeeillc gravity; method of working; explanation of tables in the full report. 

PHYSICAL 8URVl!Y Ob' THE DKLAWAEK RtvER AT Pmt.AI>RLPllJA.-Henry Mitchell. 
The channel; form of crol!l!-section; section 7t,Soutl1west Pass, Mi88i88ippi River; diagram A.; the Delaware: 

Jooation of the channel; crosa-section; tliagram B; table; <lingram C; tabl""; tables of' traas"erse cur<e• of 
veloolty; diagram D. 

M&TKOllOI.OGICAL RKSEARCHKS FOR THE USE o~· TBB COAST Pn.o·r.-William Ferrell. 
Part II. On cyclones, water-spouts, and toma.does. 

Ch11pter I. The theory of cyclonea. 
Chapter II. Praetical applieati&n ..r the theory and comparison with obaervation. 
Chapter III. Tornadoes, hail-Btorm.!1, and wa.t.er-sponts.-[Sketches N.,.. 33 t.o 38.] 

TmRS Ill PBNOl!i!OOT BAY.-W.i.lliam Ferrel. 

I. General principal of the harmonic analysis and diacuSBion of tide obaervntiona. II, p. 284C, analyaill of the 

tides of Pulpit Cove. ill, p. ~. colllp8nson of observations with theory. IV, p. 299, practical application. 
PliYBICAL HYDROGRAPHY OF THB GULF OF :M AllllE.-H. Mitchell. 

General deO<Jriptlon; tides and tidal currents; Tables I t.o 7; Georjte'8 Bank; Tables 8, 9. 
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'!'IDES, CURRENTS, AND WINDS-Dontinned. 
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I 

Year. 
1 AJit~n· Pages. Subject and author. 

1879 I 13 

1880 ' 19 
I 
I 

1880 110 
i 

1880 116 

----~----

I 
lll46 I 4 

1847 ; 11 

1853 i ·-· 
1853 ~ ;m 
1854 47 

tR·t, 

JS.)5 

1855 ' 5, 

1855 55 

18f'8 32 

1858 i 39 

1R59 25 

1P60 17 

1867 15 

199 AIJl>K,.DUM w a report on a physical survey of the Delaware River.-Henry Mitchell. 
110-125 CoMl'AIUHO!'I o•' 'fl!E SUl!YEYS OF DEi.AWARE R1rnu in front of Philadelphia, 1843and1878.-H. L. Marindin. 

Tal>les 1, 2. Supplement. p. 116; Tahlc• a to JO. 

126-134 , CoHl'ARIROX OF fmHYEY8 np M1ss1~sll'PI R1vRn iu Uw vicinity ofCnhitt's Gap.-R. L. Marintlin. 

Table• I w 5. {Sketch No. 44.j 

297-:uo nmrnw SH.-W. H. nan.· 

46-53 

75 

46-51 

*8'!--kBJ 

,*J56-*ltH 

53--f15 

84 
3.)0 

360 

217-2'.!'2 

248-250 

300-310 

16;;..176 

Report on the current• arnl temperatures, anti al•o those of the adjacent waters; ROnrces of information; surface 
temperature: t.'llilr.si. of tem1)eraturei; pack ice: sumwer t.emperatnrf'!s; the Kur<f Siwo and its extensions; 

table of North Pacific Sea temperatures; comparison of sea temperatures from observations by the'Chal· 
]enger, 1873 a.ntl 1875; currents of Bering 8ea; ob~ervations of the Tuscarora and Ven us; thosu of' Kruscnstern~ 

1804-1806; notl•H by whalers and others; table of temperatures; of currentli; olJservatious oft' Urn coa.~t of 
...._.\ ~ia; in the Arctic in gf'neral; in the vicinity of Point Barrow. 

Rl:t'PLRMl'~XTARY sorE.-Adtlitionul ubser"ations in the Arctic Sea; boundary line between the tcnritory of' the 

United StafrM and Russia: diagram of surfac~ and vertkal isotherm~; chart of cuITents. 

GULF STREAM. 

LRTTEHS OS THR EXPLOUATIOS OF THE Guu« 8'rln<:.Ht.-Lieut. Cnm. George .M. Bache. 

TAtH.E tSf!OWI.NG TJi.:MPEHATl'lll£8 at tleptbs below 700 fathoms, tnken by Lieut. Corns. C. H. Davis in 1845, George 

lf. Uache in 1846, and il. P. Lee in IP47. (Su Sketd1 ) 

Gulf StY-eam explorations.-(Rt>port.)-l SketcheK 15 antl 16.} 

ExHUXATIOX OF Hl'ECIME~o of' ll01'TOM ohtaiue<l in Gulf Sh·eam.-L. F. Pourtnles. 
GtH.I<' 8TRF.AM 'IRMPEHATPRK~.-A. D. Dache. 

On the distribution of temperat.m·es on and near tho Oulf Stream: 1, at clitferent d1~pth~; 2, at the saml-' depths 
on st·ctions across tho axis of the Gulf Stream.-Table I, probable uncertaint,y in tlete1·min~tion of the maxi

mum and minimum points: a, rnmrn•ction ot' the fignre of the Sea-bottom with the tlistribution of tempera. 

hue; 4, the "colt! wall"; 5, reference lo•hiftiug; 6, chart of Gulf Stre:m1.-{Sket<'he.• ~4 ;iu,I 2fi. ]-[Errata, p. 
158, 159, 160; 1805, xix.] 

Gn;p STUHAM .EXl'LURATJON. (Rt~port.) 

111~gramme, Crave.n1s Cape l•,lorida section; Rand's souoJiu:,rs nlon.~ tl11• G111t' 8fr,•:11n 11.xi~; tlt>pth~; bot.tom· 
l:.Ontignra.tion, tem)leratures, an<l bott.oms. 

Uulf Struam tfoep-Ma soumliu~s.-(Report.)-[Sketch 38 (II, No. 3).] 
Bo·rrut-l'APER. 

Cnrr~nt.-bottle card thrown oiver near Sandy llook and pickP.d np a.t the bar at S.1nta Cn1z, ono of 1he Western 
Iolands, 

Guu· STUEAM llO'ITOMS.-J. w. Bailey. 
On the cha.ra-0teristics of Rome bottoms from the Cape Florid:L Gulf Stream section. 

FLORU>A Gill.~' STR•:AM.-E. B. Hunt. ' 
Notices of eertaiu anomalies; chana-es -0f current depemling upon the wincls and seaMOus. 

ANALYSIS, MJCR08COPICAI,, of specimens of bottom taken in eounding.-L. F. Poortales. 
Green and ochmc('OUA incrustation of Foraminifera, and jet tint <>f epecimeus. . 

fl i:1.~· STlmAM; distribution of temperature in the wat;ir of the Florida channel an<l straits.-~. D. Bache. 

},orm of bottom ; change or temperature "·ith depth ; temperature iu a direction across the stream ; bands of 

warm all(\ cold water; the "cold wall"; longitudinal section; etfeets of pressm·e on Saxton'• deep-sea ther
momett.ir, under pres~ure and free from prcs611rt·; tb'f'rmometers Noe. 5 and 10.-lSketcb 35.] 

GULF STUE.rn.-A. ]), .ttache. 

llenernl acconnt of the metboos used in developing its uydrograpby, anti summary of results obt&ined; 1, inst.r11-
ments for temperatures; for depth; for obtaining specimens of the bottom ; 2, plan of the work ; 3, methoo 
of diseuRSion of results; 4, l'e!lults; type-curve& of law of temperature, with depth at the most characteristic 

poMitions: t.1·pc-curves of law of dlatributi.in of temperature ac1'088 tbe stream 1 curv;is of depths of equal 
temperatnres.-'l'a1'Je I, distance of the cold wall from the shore, and width9 of the several bande of colt! anti 
warm wnter of the. Gulf Stream, measured 011 the liues of the sections; 5, limit of accuracy of the deoonnin&: 
tions; II, probable uneertainty in the determination of maximum and minimum points by running .the -
""ctions over in tliffereut y<llll'S, by different obl!lervers; III, value of prnbal>le error of determination of the 
bands for each •eetion and the average of the whole; 6,Jlgure of the bottom of the aea below the Gulf 
Stream ; 7, gen~ral foatures of the Gulf stream.-[Sketches 19 to 22.] 

176-179 Sou1mnms 111 THI! GULF STRKAK nnw-&1111 Kin WESTA..~D HAVANA.-H.Mikhell. 

Table I, soundings in the Gulf Stream near the eoo.st of Cuba, 18Gi: II, enrre11t ob8erv1"ion11.-(Sketeh 25.j
(Supplement, 1868, p11. I66-l67.) 
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PHYSICAL HYHROGRAPHY-Conti11ue1l. 

Gl'LF STREAM-Continued. 

' ' 

Year. 'Asr;.n-: Pages. Subject. and author. 

1867 16 

1868 11 

1868 12 

1869 10 

1869 11 

1854 54 

1~57 46 

1857 

1858 

1858 39 

1859 34 

1861 11 

1866 5 

1866 5 

1868 12 

1874 14 

18i6 23 

1879 6 
1880 116 

180-182 :FAUNA OF THE GULF STHEAM.-L. F. Pourtales. 

Drt'dgings in the Straits of Florida. 
166, 167 NOTE ON GLTLF STREAM QHi:;ElffATIONH.-H. Mitchell. 

Decrease of bottom temp<•rature in slill-water cbannelti.-l8equel to 1867, J•. lifl, IJelow.) 
168-170 REPORT UPON llREHGINGS SE.AH. THE FLOUJHA REJU'.-L. F. Pourtalt>s. 

Organic specimens: c-oral8, BChinoderms, hrachiopods, &c. 

208-219 HEPORT upos J)EIW·SEA 1iR&o<.aNGS 1s THE Gt'LF Fhu.BAM IJumsn THE T1t11m c&t:ISE OF THF. U:'.'ITED SrATEFO 

STEAMl!ll Bum.-L. Agazziz. 
Fauna~ of the submarine zones: roof.zone: sedim<'ntary zone; coral slopf' of Ii Yinµ; crt"taceau ty Pf'"~ floor of 

foraminiferine rnml; geological infrreuce.s; inclina.t.ion of the roof!!; pot-hnlt'S; formation of omitlik, amor
phous, and compact limt'~t-0nes; the .J um.s8ic su hmarinc seam ; em bryolog~· of corals and formation of l:olo· 

nies by di•k-embranchment; extinct forms r~presenting modem d1•rnlopmcntal transition•; lines to IJe 
dndgerl. 

220-22;; THB GUI,>' 8THJ<AM.-Cbamcteristics of the Atlantic sca-bott-0m ott'the coast of the Uni!<·d States.-L. F. Pourt<Jles. 

Mannf'r flf dredging: silicf'ous formation; gree-n-sarnl formation. 
____ , _____________________ . ___ ------

l1EEP-SE..l. SOUNDINGS AXD TEMPERA. TD RES. 

C11AV¥.X's sr1t-cntRN-BOX for d('PP·~f'a l>ctt.oms -T. A. Cra.n~u. 
[Skckh 06.] 

U~EP-~EA soVSDIN<>--Al'l'ARATL1s.-DP8l'fi1Jtion of a form 1n·o1Juscd and U8t~<l ~.v It F. Rands. 

[Sketch 70.] 

BEIUtYMAS-lJROOK.E<:'s UEKP-6EA bOL'NIH.X<i-Al'l'.AUATL's. 

[Sketch 71.l 

HEKP-SKA 80U!\IJJS<~8.-W'. P. Trowhri1lg:P. 
Iuvl'sti~ation of tlu_\ Jaws of motion governing- the dt"BCf'nt of the wei1;d1t and line; Jm·wuhe uf \ dodt,\ ur' descent.~-

TalJle l, ratl'S of <lescent and l'eKistnnce, in poun<ls, upon the sinker and line. with Olll' and with hrn :1~ pournl 

shot, attaclwd to a line 0.07 of ~u inch iu <liaml't<'r: II, same, with96 antl 1:!6 ponnd w-d;.:ht&-deeJH~ea lint'; fll, 

influence of different lt>n~thH of line rnoYiug with the same velodty; ratios of l~ngthR to rntio of resistnnct'fi; 

VI•I, comparison of resistances upon the same lcngtlis of lines of Uitforcnt tliameh·rs. modng: at. the tmme 

vdocity; YI, intiuf•nce of lengths at ditft•n•nt. tlt'lpthf'I; VIII1 Ha.me, continueil: lX, rah~H of dt>scent, \""elocity, 

resiAtance tu sinker aud lint\ aud w<.~i~ht of liuc in water, from ohst:rvations matl<• b.r J OKl'lJh D.-.ymau: tliam

tter of line, 2 inches; weight, 96 pounds; spec.ilk, i.,'Ta>ity, 1.3.-fHketch :18. l-l Errala, JI. :l:J5: IEi;B, p. xxi.] 
248-250 ANALYSJ8, HICHOSCOPICAL, of 8p~eimt-ns of bottom ta.ken in sounclinµ:.-L. ]''. Pom·t-al't'.s. 

Green and ochraceons incrustation of Fora,uiinifera., amt jBt tint. of spe-eimeus. 

359-364 DEEl'~SKA SOFNlHNG-APPAR.\TUs.-Descript.ion of a form d-eviHNl Uy ,V. P. Trowbridge, and exi·lanation of it.s method 

and use. 
[Sketch 39.]-[Errata,359, 1860, p. xx.] 

13:>-139 8oU.:'llIHNO·APl'A.UATU8 ANU LOG.-\V. P. Trowhrid~t~. 
ReR11lt" obtained with an instrunient de<'isetl h.Y him. 

35-44 FLomHA 8-rRAlTB~-ll. Mitchell. 

139 

168-170 

152 

407-409 

9:;..102 

297..:l40 

RAport on aonndings; nort.hern a.ppt'OM'h; soat.heru approach; difficulti~ in the way of la,ying a t<"lo,g1·aph 

uabfo; remarks upon lines encl leads: table of sou.ndings a.cross t.he Str.tits of .t'lurhla, from Sarnl Key to El 

Moro, 1866.-[Sketoh 17.] ' 

lll!tUtYMAN Al'l'AIUTUB; ralcs of outrun of line.-(See 1857, spccimNt soun:ling, Sketch ii.) 
REl'OltT Ul'OX lHtEl>GlNGR NKAlt THR FLORIUA RIU!:F.-L. F. Ponrt.ales. 

Orgaui4J~ speclnwns: corals, er.hinodernu~, troohioJuMls, &c. 

1'EVIl'R for detaching fr.Jill a linH t.he lw'.lvy weig:ht rt:>tJUisite in lfo~p-se~ s:mmlin~s.--j SkPtch So. ~3.)-J,iflnt. ~~om. 

C. D. Rigsbee. 
LIST 01'' PUULICATION8 relating to the 1lre1~-Mea in\'estigat.ious c.a.rrit'<l on in the vicinit.y uf the coattt·B of the Uui1ed 

States under the 11U11pices of tlw Coast Survey. 
DIUt:llGING Ol'KllATIONS in the Ca.rihhean Sea.-[ With two ma11s.J-A.lexant\N Agao•i<

BERING Su.-W. H. Dall. 
Report on the currents and temperatnt'fl8; and also those of the adjacent waters; sources of infvrmntion; s1tr

faee temperature: t.ables of temperatures; ·pack ice; summN' temporature-,s; tho Kuro Siwu an1l its ext.en· 
eiona; table of North Pacific St'a temperatures; oomparison of sea. temperatures from obsor,'.ations b~, the 

Dhallenger, 1873 and 1875; currents of Bering Se&; observations of the Tuscat'Or& and Vtm11s; those of Kru· 

aenat.ern, 18ll4-1806; nowe by whalers and others; table of temperatures; of current.; observations off the 
eoa.st of Asia; in the Arctic in i:;eu~ral; in the vicinity of Point Barrow. 

SUPPI.EHE:NTAllY NOl'J! . ..C.Additional observations in the A retie Sea; ho11ndlM'y line between the te1Titory of th .. 

United States and Bu.sia; diagrams of autfaoo and vertical il!Otherms; chart of current... 



 

112 

1845 ' 

18541 

18!"14 i 

I 

18~,.. I 
1805 i 

! 

I 
1855 

3 
:I() 

4a 

44 

47 

48 

1855 ' 49 

1856 ~8 

1856 ao 

1856 : 31 

32 

185!1 33 

1857 32 

1858 24 
18j8 25 

lR.58 26 

1~511 Hi 

1859 23 

1859 2.t 

1860 21 

41-43 

*37-•4o 

*142-*145 

'146 

291'-306 

REPORT OF THE SUPERINTENDENT OF THE 

TERRESTRIAL MAGNBTISM. 

Subject an<l author. 

RR.MARKr-; on the currents in Mississippi Houncl anll chanj;!es in the magnetic variation.-}"'. H. Berdes. 
(1853-'54.)-Page 39: Reference to instruments used, &c .• in California.-\\"". T.1'rowbril]gt->. 

(1844-'45.)-TABJ.E OF MAGNETIC JJECLISATION.-G. w. DPan. 
Results of Coast Rurvey magnet,k olu~ervations at 13ti stations along the coast of the United States.-[EJT.tta, p. 

144. 145: l!l55, I" xix. I 
MEinDIAN-Ll,NEti.-Repod of ..AssiHtaut G. '\\"'. Dt'an on the ('t'ltn.l11iBhnH•nt of rneridhrn.lines at Peterebur~, Va., and 

Raleigh :md Wil!nington, N. C. 
(1844-"55. )-TADLE OF 1.IAGNETW I>BC'LlNATlO.S, in gt•ogrnpUicul order, from Coast Suf\~ey obsen·ations; with notes 

by .A. Jl. llache and J.E. Hilganl. 
Dis(}ussion of magudic tleclinatiou: 11 northern part. of Gulf of ltifixico; 2, Atlantic coast; 31 Pacific wast.

[Sketch 5t;.] 
306-337 (1717-1855.)-SKC'lLAH V.AHIATION OF MA<:N.ETIC I>ECLINATJO:SS.-C • .A. Schott. 

Discui~8ion of the secular chan~~ in the magnetic cledinations on the.Atlantic aml part of tbt• Gulf coast-A oft.he 

United Htates: Pro"t"i<hmc<', R. I.: Hatbonmgb, Pa.; Philadelphia, Pa.; Boston, 1\foss.; Camhrirlge, MaRs.; 
New Han~n, Conn.; New York, N. Y.; Charleston, 8. C.; MolJifo. Ala.: Havana, Cuba; Bm·lington, Vt.; 

Cheet-erfit:'ld, N. H.; Salem, Mas~.; Nantucket, Mass. i Albany, N. Y.; Washiogt-0n, D. C ; Pensacola1 Fla.

[ Sketch 51.]-,-[Errata. pp. 314, 33f>: lF.55, I'· n-iii.] 
337 (1855.)--MAL~NETIC OHSEHYATION8.-C. A. Schott. 

.Results for declination, dip, and hC1rizontal intensity, on sixteen easte1n fitations, July to Sept em her, 1855. 
209-225 (lR3!J--18."',!J.)-TF.RUEf.;THIAl. }U(;)lt;.ETJSM.-Discussion rt>htth·e to its dishihntion in the rnited 8tates.-A. D. Bache 

~md J. E. IliJµard. 
Mt thods and sour·cet'l usetl; ('OJTC'ctiom1 fo1· i..ecular ,·i11iatiom1; <'ODAtrnc1ion of maps (Skekhes 61 and 6~); com

JiariHOll of maps for t1€clination, dip, aml iuknsits; su11plenwntary note (llexkan obser-vations); Table I • 

.!tlantk, Gulf, •nd Paciti« scetious: II, ne.ar poralM :i;;0 , hy .r. C. Ires, Whi11ple's PX)1Pdition: lll, from •ari 
OUR DPW" flOUf(~(>H-lakf's, tr-rritorhes, Panamn; l v·, rt'Sitlual ditlf.~1·t.·llcl:'.l "l.tet w~eu the CoaRt Hurvoy obsern1tions. 

ndncerl to 1850, and t.ll(I "Values olttaiued from th" act·omp:m,\ ing nrnp.-{Sketches 61 and 62.J 
2'!6 MAG,ETlc omrn111·Ano~;;.-C . .A. Sdwtl. 

Mt.•tbods mwtl in hh;i. ohsern1f.iorn~ of tlw pn"Nl'IJt. yti-ar: maj!m.•t H. 
227 (ll!,';6.)-MAUN~TIC Y,I,KMY,~'l~.-C . .A. 8cbutt. 

Results of his olJRen·ationA for dPclination, clip. and intensity at stations in Dela war~. Marsland, and Virginia. 

228-235 (179:?-1855.)-SECULAK Cf-JANI.Ji; OF DECLIXATIOS; ".-estern uoaHt.-C. A. Schott. 

I.is!, of rnagnetic tledinalions observed on the wMtern coast from the enrliest to the present ones, aITanged in 
ord,~r of geoj!raphical latitmlcs.-Anuu~l changu: 1, San Diego; 2, MonteJe~·; 3, San Francisco; 4 Cape 
Mt>ntlocinoi 5, Cape Disappointment.-JteCHpitltlation of result.s f01· secular change. 

235-245 (1i80-l855.)-SECULAlt CHANGE 01<' INCl.I.SATION; .Atlantic CO".u~t.-C. A. Schott. 

24fi-24D 

334-342 

rnl-192 

192-195 

195-197 

l'i2~175 

2116 

Toronto, Canada: .Albany and Greenbush, N. Y.; Camhridi;:e, Mass.; Providence, R. I.; West. Point and Cold 
Spring, N. Y.; New Haven.Conn,; New York, N. Y,; l'hibldelphia, l'a.; Washington, D. C.; Baltimore, Md.: 

recapitulation of resnlts.-Table I, geugra11hical positions an<l number of dip-ob8'1rvations; II, formula for 
each station; 1111 probable error, epoch of minimum clip and annual varia.t·ion in current y<'a.r.-{Sketch 6.1.] 

(1790-1855.)-S>:cULAJ< CHANGE OF J!llCLINATIOS; Western <•Oll8t.-.Approximate determinat.ion of the secular change 
of inclination.-C. A. Schott. 

Table of obl!4'rvations made 1111 t-0 th•• present time; deductions tberefrom.-1, San Diego; 2, San Petlro; 5, Mon
terey; 61 8an Frandsco; 8, 11,ort Vancouver; 10, Cape I>isavpointment. 

MA"NKTISM.-Gradual loss of magnetic momentum in the Coast. Survey magnet«.-C. A. Schott .. 

Account of magnet.I!: S 8, C 32, C 9, D, C 6, H, and Smithsonian ma~net use\l in 1855.-Tabfo: recapitulation of 
values for magnets severally, and discnssion.-[Sketcb 68.] 

118.56-1858.)-MAGNRTIC Ef,&HENTS.-IJontinuation. 

(16AA-l&.0.)-8Rcl'LAI< v J.RIATION of magnetic dMJination at Hatboroui;:h, Pa.-C. A. Schott. 
l)iacuRaiun and development of an intermecliate period.-Table of tleelin~iona from 1680 to 1850.-Uiagra.m.

[ Errnta, p. 193: 18.58, p. xxi.] 
itS00--1857.)-SECULAH. VAHIATION AT WAFHIINOTON, D.C.-C.A..Schott. 

Declination from 1800 to 1857.-Dip from 1839 to 1858. 
(1858.)-V AltIATION op TllR co>1PABB.-Gcueral table for the use of na\'igators.-[Sketch 38.j 

(Hl59.)-llRCLJNATION, 1111', AXIi L.qt'F.NSl'fY.-C . .A. St'hott. 

Ile•ults of obeel'\·ations mode 11y him in Cnnada, Moine, New Hampshire, Vermont, MnsNu h1111etts, and Connee 
tlcut.-Foot.-note on disturbance&. 

296-305 (1~1860.)-S.:euuit CllANC:ll '" nEc1:1,.A1'ION.-C. A. Schott. 

Variation of the needle on the coa.t" of the United States for every tenth year since lll80; formulas exprMBing 
EWC111a.r <'hange, used for calculating the tabular vaJu ... a fo:r Gronp I, station@ betwePn Portland, ¥0. 1 And 
Williamsburg, V&., with talM of observations ma1le \Jet ween lti80 and 184!0; for Group II, southern ststl(los 
and Wt'Olern eoast.-Record of all ohserrnd declinations made u..., of in too above P,&per not he.,..,tofore pnb
lisbed in the Coast Survey !Wports. 

269-274 (1116().)-Ecursll at .A.nlezia<ik; suspension of •ibrations during totality. 
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Year. Agr,;'n. Pages. J Subject and author. 

1860. ---~ 324-3261~1,AR B;~~•-'-Reportof ~llllistant C. A. HclmU 011 th<' results of obserrntions made during I.he first sewn months 

1860 

1860 

1860. 

1860 

1861 

1861 

1861 

1861 
1862 

1862 

18ll2 
1862 

1862 

1862 
1863 

18(13 

186' 

1859 

1860 

26 

27 

28 

29 

22 

23 

24 

25 

)8 

19 

20 
21 

t22 

23 
22 

23 

18 

22 

23 

of th<' .>ear l MO. 
326-349 KEY WEsT S1'ATJOx.-Description of instnum:nt.s and p1an of ma~net.ic observatory; with I'Pfutlts.-\Y. I'. Trow 

bridge. 

356-351 

351-352 

352 

242-251 

251-256 

256-259 

259-261 
212 

212-229 

230-231 
231-232 

232-235 

236-238 

204 

205 

2Q5-200 

278-2115 

278 
279 

285 

286 

287 
290 

290 
292 

2115 

2Dl-309 

2113 

302 
303 

3()7 

DedinometPr, J"C'conlin~ rylinrler. and clock; n•rtk-a1-force magntitomet-er; ad,iustuwnts; nwan daily ranJ!e of 

tempr.rat.un~ for each month, 18fH, 18fl2, and monU1ly rang-~ for four ,\'~a.rs: mean monthl."f" tempPrature for 
fonrt.een yea.re; lamp"'; scale-mNtHUTt'ments: fomperatun~ ooeffirient.H of the horizontal and vf>rtical fon•.cs 

of mairnets; photographic arra.ugemt·nts; maf,!nut H-axis aml intemdty; dip; Rca1~-\~alnP8 fot' iutPnsits

mal'uetf\-tablca ana computation; r:qwrimcnts for tt'mpcrature codlicicuts of huriimutal-force m~p;r1t:>t. with 

hot WaWr anti iCf'.-f8kPtcheH 23 3ll(] 24. j 
EARTPOH.T STATION, MAIXE.-Gcnf'ral dt~scri11tio11 of nrn~nt•(,ic sfotiou.-L. F. Pom1~lt~H. 

DECJ.INA1'ION, HIL', ANll INTENHITY at varionH statiOU!' (8U}1Jtlernent.ar.r to 18:'-,6, p. 2'27. and 1858, t•· 191). 

l>ECl.INATION, Hll', AND INTE:St:H1T, dct.crmint.:tl in 1860 OU tLc ('OaSts of MMdaChusctts, Long lslaml, awl :Xew 

Jersey.-C. A. ~clwtt. 
SECULAU CH~\X<:E OJ<' l~'IE~8ITY.-C. A. Sd10tt. 

Discussion of obser"at,ions m:ule on the)\ tl:mtic, Gulf, antl Pacific coasts of the United States; intensif_y.slatis

tics; noh~s; tablt~ of annual chan~<'· for Athmt.it• and Piwitic groups. 

NJ.;W 111scvss10x of the distribution of the ma~1wtic declination on the coast of the Gulf of llexico, with a chart of 

tlw isogo11ic cnr\'('B, for 1860.~C. A. Srhott. 
NEW 111sCL'E~ION of tlu.· <listrilmtion of the mn~netic dt>('lination on t.hc coast of Virginia, Soutl1 Carolina, and 

Georgia, wit.ha cluut of the isogo11ic <·urves for 1860.-C. A. Sc11ott. 

SoLAlt sroTs.-Abstract of observations m1111e at. tlw Co9st SltrYPY Officc.-C. A. St'liott. 

IlKSUJ.TR for declinat.ion, clip, and hm·izontal int-t•nRits in Penn~.vlv~nia and District of Columbia.-C . ..._\,Schott. 

MAGNJ<TIC SURVEY of l'ennsJlvania arnl 1iarts of a1IJac1•1Jt Statl'8 from 1834 t-0 18\l2.-A. D. Ba.che. 
Declinations ohservl•d b,Y him in 1840 ancl 1841; hlimJar comparison of sNmlar rhang(';s in 1840, 1841, and lfl.6:2; 

chronomet.ric resnUs for 1011gitu<le; ~eographi{·al positions; distribution of lleelination for 18-l:.!.O: t!etwral 
tabla of results reforred to c.otntnon Ppoch, ls.i~.O; comparison of oL~mrved arnl comput.t>tl values; tlip, tli~tri. 

bution of, and isoclina1 lim•s for 1842, woupR 1to4; co1Tect.ion to f'[KtCh; comparison of obsen~ett a.ntl eom
pntrrt dip; horizontal int.tmsity and it'4.odynamk lines for 1842; t.abular formation of groups for the analytical 

uxpn"'isMion of tltt• tlistribution o.f' horizontal forct>i reft•r1ed t.o 1842.0; compariBOn of observed and hypotht1ti

cal compute1l valm•M; rPpreRt-ntn1.im1 of the t.ot.al foroo.-[Sketrh 47.J 

DEc!,ll\ATION, 1111·, AND I~TEMlTY at various stations (supplementary to list 1860, pp. 351-352). 

SoLAR sroTs.-Abstract of obSPrvationR made at, the Coast Survey Office.-C. A. Schott. 
Supplementary to the }Jrtjcetling report.. 

BF..&SEL'S PEHIOIHC J?ITNCTIONS de·velope<l for periods frequently occun·ing in magnetic and meteorological investiga 

tionl'I, with t~xamJ)]es.-C. A. Schott. 

Dll'l'ING-Nl!EIILE.-Description of a new form of axis cbangeahle in position.~J. K Hilganl. 
DECLINA'IION, uu·, ANn INTENSITY, from ohflen:ations, by C. A.. &·.liott and G. W. Ueau, in Maint'1 Vonnt>clit·ut, and 

the District of ColnmhiOr-d.isensRe<l. 
lNDOCTtol'C-TIMll: Jx UELAr-MAGNETr1.-U.eport on experiments wadt> Us .AtHdstant G. W. Dean to determine their rela" 

tive power. 
G1nARll CoLLKGE Ollfl1':RYATION!i.-l1ulrx to dh~cnssion hJ .A. D. Rache.-(&c Mn~netic eh•ments; ditwmssed.) 

lhscl"SBION 01'~ THK MAHNK'fJC .AND )fF.'I'IWHOl.Ofa('AL OHRV.tffA.TION6 madeattheGirK-rdColJ~~p. Ohse.r\·ator.r. Philu,. 

dclpbia., in 1841, 1842, 184:1, 1844, and 1845.-A. ll. lllM'.h<"'.-[Sk.,kh 37.J-[Errata, pp. 279, 280, 291: 1860, p. xx. I 
Part I. Investigation of the eleven-year periotl in the amplitutle of the s•ilar-diurnal variation and of the disturh

anoos of tho magnetic tlcclination. 
Introduction. 
Separation of distn~lmnces and establishment of normal readings of the declioomeler. 
Analytical expt'll8sions of the regular solar tUurnal variation of t11e tleelinat.ion. 
Iooquality of the amplitnde due to th" deven (or ten) year pt'tiod. 
Diacnssion of the number of tliaturbances of the tleclination; their annual inequality. 
Diurnal inequality of t.he number of dietnrba.nces of the dt:>dination. 

Deflections by disturbances; their mean annnaJ amount; effect of tho eleven (or t<in) year periotl. 
Deftootio~e by diat.1.1rballf'.e.a; t}Jeir mean diurnal amount. 

Connection of the fniquency of the solar •pols with the changes in the amplitude of the diurnal variation of the 

declination. 
DISCUSSION m· THE HAllNETIC AND HETEOROWGICAJ, Ollfo\EUVATIONs made at the Girard College Observatory, Phil:" 

delphla, in 1841, 1842, 184:1, 18#, and 1845.-A. D. Badie. 
Part II. Investigation of th., solar-diurnal variation in the magnetic variation, and its annual inequality. 

ln""6tilV'tion of the solar <iinrnn.I variation of the tlcclination. 

Its aemi.annn&l inequality. 
.A.nalytion.I and graphical exhibition of the solar diurnal variation for each month, oummer, winter, and year. 

Maxima and minima, and times of a.venge value of the declination ; diurnal range. 
309 .Annual variation of ibe declination. 

S. Ex. 49--15 
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I I 
1860 : 

I 
24 312-324 

312 

318 

319 

321 

324 

1~62 15 161-18.'; 

161 

162 
169 

173 

174 

175 

178 

180 

1~2 

185 

1862 16 186--200 

186 

193 

194 
195 

198 

200 

1862 17 202--212 

202 

206 

207 

2tJ9 

210 
21! 

212 

1863 19 156--183 

156 

157 

164 

168 

171 

172 

174 

177 

1713-183 

REPORT OF THE SUPERINTENDENT OF THE 

TERRESTHL\.I, MAGNETISM-Continued. 

-----·--------

Subject and author. 

Dlt:'CUf"l'WN OF TH.E MA(H\ETlf AND METEOROI.01.Ht'AL ousi..:t?YATIONH malle at the Girard College Observatory, Phila
delphia, in 1H40, 1~41, lfl42, 1843, 1844, and 1845.-A. D. Bache. 

Part III. lnn·stig-ation oftlJe int:luencc of the moon ou the inag-nt4ic de-dination. 
l.unar intlnentie on tlw maguetit· declma.tiou; talmlalion of results accord.in~ to the moon's hour-angle. 
Comparison of lunar diurnal variation for three epochs. 
Resulting lunar diunrnl \""Rtiat.ion. 

lnt'qualii,y i11 tlw lunar diurnal va1iation: 

Investigation of dt>flections tlepemliug- npon lunar phases; T"a.tfa.tion in dedination and in parallax. 

Dll"C"L'Plt'IOX OF THE MAfiNETJC .AND i1En:ou.01.rn;icAr. OBt"iEHVATIOXS ma<le at. t.hi-' Girard Colleg-e Ohserrator,r, Phila
delphia, in 1840.1841, 18l2, 184~.1844, and 1845.-A. n. llet•h<>.-[f;kefch 4i<. ]-{Errata, pp.178, 182, 1862, p, 1v.] 

Part IV. Inve•tigat.ion of the t'lewn (or t.en) Je•tr pc1iod an<I of Ow rlisturbanrns uf the horizontal component of 
the magnetic fore<>. 

Instrumental notice. 

Correction of readings for chanJ!PS of tem1mratul'e; Kcale-Talu<'s. 
Correction for progTf'88iTe ins1rmneufal change; hourly non1rnlH for C'ach month. 

Horizontal intensity, absolute value; eftect of the loss of ma.gnet.iRm of the bar; Bf'cular ebange. 

Separation of the larger disturbanct>-s. 

Corr<•cted normal•. 
Inn•stigation of thl:' eh~ven (or t.cn) yt>ar period, f1 om clrnn.'!<"S in tlw an11llihulu of the solar diurnal variation. 

Elt'Yen (or ten) yf'ar inrqualit-y, as indicated b:y the dit-t.urhanc1•s. 

.Aual;s.·eiR of thP <lieturban<'l'fl; amrnal and tlinrna1 varia1ion. 

Classification of disturbances according to their magnitmle. 

D1f'{'t:SA10.s OF THY. MAffKETf(' • .\XII METEOlWLOlH<'AL OJ-Jf·H<:RVATIO:\r; math· at the Girard Collt.·ge ObserYatory, PbiJa.. 

delphi:i, in 1840, 11'41, 18l2. l~~. 1844, and 1845.-A. D. Ilacbe.-1Sketch48.] 
Part V. Itn-estigation of the solar-diurnul variation and of the annual inequality of tLc liorizontal component of 

thl' mal!netic force. 
Preparation of hourl,y normalR for Hach month. 
Regular solar diumal ..-arial.ion. 
Semi-annual inequality in thfl diurnal variation. 
Analysis of the solar 11iurnal variation. 
Epochj;J of maxima an<l ruinima; amplitude; {'tpochK of avcrag(' value. 

.Annual .-ariation of the force. 

D1scuss10~ oi· THJ< MAGNETIC A!'W METEOROWGIUAI, OJIBElffA'flONH made at the Gilard College Observatory, Phila
delphia, in 1840, ff41, 1842, 18~3, 1144, aml 1145.-A. U. llacbe. 

Part VI. Jnvei;tigation of the influenee of the moon on the magnetic horizontal force. 

Number of oheervQtions for lun,.r discn88ion aml their distribution according to weatem and eastern hour.anglea 
of the moon; differences from monthly normals, arranged for moon's hour-anglea. 

Lunar diurnal variation for two pl1riods. 
J,nnar diurnal variation in snmn:er and wint(~r. 

.Analysis of the lunar diurnal variation. 
InveAtigation of the horizontal fore~ in reff"1'euce to l,unar phast>s. 
lulluence. of the moon's changes of declination. 
lnfluence of the moon's changes of distance. 

D1&·u...,10N OF THE MAmrnnc ANI• ME1EOltoLOGICAJ. ousF-llYATIONs made at. the Glrarcl College Observatory, Phila
delphia, in 1840, 1841, 1842, 184.1, 1844, and 1845.--A. n. Baehe.-(Sketch 30.] 

Part. VII. Inveatlgation of tJte eleven.year period and of thedisturbancesoftheverticalcomponentofthe magnetic 
force, with a •upplement on the eJf.,..,t of anroml JightS-

Instrnment.al notice. 

Detflrmination of the effect of changes of temperature; •calo-valuea; reduction of observations to a uniform tern· 
perature. 

Recognition and separation of the larger disturbances. 
Investigation of the eleven (or ten) ~-ear period, in !he amplitude of the dinrnal variation. 
Investigatfon of the eleven (or tcn) year period in the disturbances, and their general anals.US. 
Annual inequalit.y in the number and amount of dl•turba11c<l8. 
Diurnal inequality of the disturbances. 

Classification of' the dioturhances according to their magnitude. 

.A ppeodix: effect of tbc aurora borealis on the declination, the horizontal and verttcal force. 
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183-195 ! J)Jl'\CrKKJON OF 1'111~ MAff~ETIC AXD MKftWROLOnTf'AL OBfiF.UVATIOXS made at Ute Girard Colle~<'- Observatory, Phil:\· 

I tldphia, in 1840, 1841, 1812, 184:!, 1844, am! 1845.-A. D. B:u:hc.-[Rketch 30.] 

1 Part VIU. Inn~tigation of tl1e solar-,liurnal varinUon null of the rumual irrcgular·it3 of the Yertica.l component of 
I the umguetk force. , 

183 I PrPtiaration of hourly nonuals for each month mul year. 
190 Uf'gnJar solar diurn3l variation. 

190 I Semi-mrnmll ine,111alit.y of the diuru:ll vnriation. 
100 Analysi8 of the diurual variation. 

193 I lfa.xinin. and rninirmt; rangt>R; epoclls of ay.._•raire force. 

195 I Atmua1 inequalit.r of the vel'lical force. 

100-~04 I H18CT8t-'lOX OF TllE :.\IAGNR'l'IC AXD .ME'I'IWnor.omcAL OB,..ElffATJOXR mado at th('; Girard College Obsen·atory, PUila 

' dt-'lphia, in 18.0, 1Bt1, !St'.:!., 1843, 1844, and JR4~>.-A. I>. Baclte. 

196 

201 

202 ' 
204. 

i 
183-19~ i 

183 

184 

1851 
186 ! 

I 
187 i 
187 :, 

188 
189 

190 

191-198 

193 

193 

194 
194 
195 ! 

196' 

196 
197 I 
198 

100-200 

199 

200 

203 

203-204 

207-210 

211-220 

166-174 

I,al"t IX. InveRtigat.ion of the influ<'nco of th~ moon on the rungut.•tie vertical force. 

Number of obserntt.ions for Immr disc11to\i:1iou; distribution accor41ing to eastern and W('Hteru hour-angles; dHl'er. 

euces from monthly lJ{)fmals, arm.ngetl fol' moon's hour-au~fo!?. 

I ... unnr diunial Yariati4lH in Hummer and winter. 

AnalysiM of the lunar diurnal variation of the yertical forPe. 

Lunar effect upon inclination and total force. 

DISClJFS.IOS 01: 'fHE MA.W•U<:Tic A~W ME.Tl<:OHOLOtacAL om.nm\· ATIOXs made at the Girard College Observatory, Phila

tldpbia, ill 18!0, 1841, 184~, 1813, 1814, and 1Rt:..-A. ll.1lad1<'. 

Part X. Analysis of the diRturbanet>s of the <lip anti total form. 

Forma1iou of taM-e of disturbances of tlw two compuuent parts autl their comOiuation for tlip and total force . 

.Analysis of disturbances of the inclination. • 

'l'he annual inequaliticfl in amount and number; eJtwen (or tell) year inequality. 

Diurnal ine•111alit.it>s, in amount autl number. 
Classification of disturbancPR in dip, a('COrdiug to th1..·ir rnag-11itmle. 

A na.1ysit1 of distnrhanees of total force. 
Theil' annua] ine(1nalitiPs, in amount and uuruhcr; deTen (or tt~nl year inequality. 
Diurnal inequalities, in amount and number. 
Clas.sifiratiou of disturbauc9s in total force. 

DISCUKtilON OF 'f'HE MAOXETIC ANH MRTEOROLOf:J('AT. OH~F.HYA1'JUN~matle at the Girarll College Obeervator_y, Phila

ddphin, in 1R40, 1841, 1842, 184~, 1844, autl 184f>.-A. D. Bache.-[ Sketch 38.] 

Part XI. Solar-diurnal variation awl annual inf'quality of t.hc im•lination aml lotn.1 force. 
Combination oftbf' diurnal normalH oft.he t.wo components for dip and tot.al forct>. 

Solar diurnal variation of the inclination. 
Its sf'mi-annual inequality. 
Analysis of tlte solar 1liurnal \'ariat.ion of ilw 11ip. 

Maxima. and minima.; rnngeH and epocbH of ayerago Ya1ue. 

Solar tlinrnal vari!tiion of the total force. 

It.I> llllmi.anunal inequality. 
Analysis of the solar diurnal Ynriation oft.he total fore~ . 
.Annual inequality of u;e dip and total force. 

DISCUSAION OF Tfn~ MAONln"JC A.NH MHnmno1.umcAL ousEU.YA'l'IOXs made at the Girard College 01.iser,·atory, Phila· 

delphia, in 1840, 1841, 1842, 184.1, 1844, and 184~.-A. U. Bache. 

Part XII. Discu~ion of tl.Je magnetic iucUnntiDn and 1able of a.Lsolute Yalues of the dec1ination, iuclin3tiou, am.l 

intensity between 1841 and 184~. 
Discoasion of U1e mA.gnetic inclination i intt'04lnct.Hry notice. 

A hatraet of observations of dip; monfol,r moons. 
Ct>llection of dip.observations nt Pl1ilmlelpl1ia_ 

A nlllyt.ical expression of eeculat change of dip 11ormal; absolute nlues of the magnetic declination, 1lip, horizon

tal, vertil'.al snd tol&I force for five epochs, aud the wean epoch, January, 18<13. 

DECLINATION, rnr, ANU JN'fENBITY, 1111 derived from obsenations made by J'. N. Nicollet iu tbe Southern States hl'

tween 1832 and 1816. 
EnUCTION·TIME OF REL!U<llA.GNETS, deduced from experiments.-G. w. Dean. 

RESULTI! of magnetic oh&er'<'ationa mode at 1£astport, 'Me., between 1860 and lBM. 
Declluation; diurnal range of; annual !11tll)Dallty (diagm111); epochs of greatest diurnal deftection; mean 111ont.hly 

values of declination between Angnst, l!IGO, and July, 1861; annual effect of the ....,ular change; annual 

ineq1111llty of the d;,.,linatlon; same at Toronto; comparative curye.-[Sket.ch 29 (theodolite magnetometer).] 

174-176 REPORT on the diattibutlon of the magnetic declination on the coast and part• of tbe Interior of the United States.

C. A. Schott. 
Ie&gonle chart fur 1870.- [Sketches 27 and 28.] 
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23~25{ 

REPORT OF THE SUPERINTEJll"DENT OF THE 

TERRE STRIA I, MAG NETISM-Continned. 

Suhjert antl author. 

REl'OH'l' on the results from the ohsrn•atious made at the magnctir. obserrat.ory on Capitol Hill, WaRhington, D. C., 
\wtween 1867 antl 18tl9.-C. A. &lwtt. 

Magnetic iustrumeufH; sch{'rnO of ol>:k'l'viu~; instrumental constants; results; lleelination on Capitol Hill; 
turning-epochs; dip; horizontal furct·; tabular H_rnopsis of maguetic tlements observed in the Disttict of 
Columbia. 

NEW rnrnxTWUION of the serular changes in the dPcl-ination, dip, and intmsity of the magnetic forre at Washing· 
ton, D. C.-C. A. Schott. 

H.1ts1:LT8 or observationR for daily var1'.aHon of Uw magnetic 1leclination, madt.~ at Fort Steilacoom, Washington Ter
ritory, m 1866, and at Camp Datt' Creel:, Arizonn, iu ltr67, LJ Davitl Walker, Actiug Assistant Surgeon U.S. A., 

am! discussed and reporteil l>J ARHi•taut C. A. Se butt. 
llAGXRTit' OHSI<:R\'.\TJONf' ]{\' 1.JE~\XS lH' l'OH.TAHLR lXSTIU'MR!\TF;.-C • .A. !Schott. 

1, tlt·termination uf Uw magnf'tk drclim1t.ion; arljustment oft.bu dt>c1inometeri examp1e of scale-reading; mag
net.k iledination; exampfo; 2, absolute nml rela.tin~ me.asure~ of the magnetic fot'ce; the ma,gnetometer; 

observations of detlecUons; lloiizontnl intensit)"; deftectious: form 1: ·mal(lletometer with attacbed tlleoilo. 
lite; detlecting magnet in the ruaguetic prime verti(_•al: form 2; theodolite-maJ.,rnetometer; deflecting aud 

tleftected ma~ru."ts at riµ:ht-angles to each other; observntions of oscillations; exa.rnpl~; calculation i example 
of observution of <letlef'.tions; :1, det..enuinaHon of tb"" maf_ruetic declination; re,·ersal of poles of dipping

need1es; magnet.if dip; specimen of renortl for fill(ling magnetic meridian; magnetir. dip; computation; 
nonclmling remarks. 

Appendix.-Ordiuary adjustments"' the theOflolite. 
72-108 SEClft.AH CHANnF. OF MAGNETIC J•ECLI.NATION in the Unit.e.l St.at.es antl othP.r parts of North Amef'ica: new discus-

8ion.-C. A. &hott. 
Collection of magnet.it> declinations, Halifax, Nova Scotia; Quel•ec, Canada; York Factory, HndRon Ra.y; Port

laml, Me.; Bm·lington, l~nUand, Vt.; PortHmoutb1 N. H.; Newburyport, Salem, Boston, Cambr·idge, Nan
tuckt>t., MaHs.; Provi<lt>nCf', R. I.; Hat1.fonl, NAW Ha"\'en, Conn.; Alhany, Oxford 1 Buffa.lo, N. Y.; EriH, Pa.; 

Clevt~lan<l, Ohio; Detroit, Mich.; New York aJld vicinity, N. Y.; Hattwrough, Philadelphia, Pa.; Watthiug
ton, D. C.: Cn1)A He.nry, Va..; Charleston, KC.; Sa.vannaJ1, Ga.; Key West, Fla.; Havana, Cul)a; Kingstou, 
Jamaica; Ntiw Odeans, La.; Vera Cn1z1 City of Mexico, Acapulco, San Blas, Mexico; Panama, New Granada; 
San Diego, Monterey, Point J•inos, San l•'rancisco, CaL; Cape J)isappointment, W. 'l'.; Sitka, Captain's Har
bor, UualaHbka 1Rlantl1 Alaska; Eastport, Me.; Hauover1 Clu~sfMrfidd, N. H.; Toronto, CaJJada; BaHimore, 

Md.: Williarushurg, Va.; Nt·w Berne, N. C.: Mobile, FlorencH, Ala.: Saint Louis, Mo.: Cape Mendocino, 
Cal.; N ootka, Vancouver'• ls laud; Petropaulov.ki, Kamtchatka; tahle of empirical expressions fur magnet· 
ic declination: compari•on of mairnPtic declination obserre<l ancl computed: table, number of obsenations 
at ea.ch J>lacc; taLlu of dC"ceunial values of tlie magnf'.tic declination. 

lOll-130 MAGXF.TIC 011•1rnv ATI01'"· Kl<\" W>:•T, F1.A.-C. A. Schott. 
Mrmthly 1·1f>sultt~ for ma.gueti-c declination, 1860-1800; annual etfoct of tlae secular change of declination.; annual 

Variatiou of the declination: obMervetl aunual variation of the declinatiou at stations near the Atlantic sen
hoa1d; monthly values for magnetic dip at. Key West; annual effect of the secolar·changein the dip; monthly 
valnr.s for hori1.0ntal intenRity at Key We•t: annual elfoct of the •ecular cba.nge in the horizontal intensity; 
annual variation in tho 11orizontal inhmRit.y; geueral t.able of resultEI from absolute meaaures ot' the magnetic 
1leelination, 1li11, aml inten8ity: differential measures of changes in magnet.ic declination from Brook""" auto
matic regi•tration at Ke~· West,1860-1866; monthly means of hourly readings from the photographic traces 
of the fhrnl .Jeclination at Key \Vest; recapitulation of monthly means of declinometerreadings; permanency 
in the lino of detorsion in the snspensio11-skein; discusaion of tl1e disturbances of the magnetic. declination; 

numt.hly nonnals of liomly readings of the dedinometer at Key West; mean monthly normals of bonrly 
rt>adings from obMrvations extendin~ over six ye.ars; number of disturbances during six successive years; 
distrihntion o( disturbances in Ibo yMrly period: In the daily period; average magnitude of disturbances 
during aucce81!ive years; in the yearly pt'riod; fo the da.ily period; solar diurnal variation in the magnetic 
declination at Key West for the e)'.IOOh 1863.3; the sam" betwt>.en 1860 and 1886; the same at Philadelphia for 
the epoch lBJ2.fi; diagram; characteri•tk foatnro• of tho d&ily variation; eleven· year inequi>lity in the solar 
diurnal variation; mean annual normals of hourly readings of the declinometer fur six years, 1860-1866, at 
Key 'Vest; mean annual normal deflections at each hour. 

2:>4-278 TllRHF.B1"lllAI. MAONBTiex.-C. A. Schott. 
Instructions for-mugnetical observatfono.-(R<printed from AppentUx No. 14, Repm1 ot 11172.) 
I, determina,tion of the magtmtlc declination ; •ketch; ad,iustment of the declloometer; e•u•mple of scale-reading; 

ruagnetic declination; onlinnry adjustments of'the theodolite; disgram; example or record and reduction; 
sola.- •linrual ..-ariatinn of 1lec1inatlon at Toronto, Canada, Philadelphia, and Key West; 2, determlaation of 
the magnetic inclination; reversal of the poles or dipping-needle•; diagram No. 29, of dlp-clrele; 211 B, dlp
clrcle; magnetic dip; •peeimeu or re<>.ord fot' ttndlug magnetic meri1llat1 1 3, ii.bl!()late aDd relative 111tiwinre& 
of the magnetic forct•; the magnetometer; observations of dellcdions; forms 1, 2; observations of oeeilla· 
tlon•; forms; example to observatione of dellectio11• for value of q of mapiet H. 

400 CHART OF lilAGl1KTic 1:>Ec1.1NAT1011 JN THE UsrrED STA.TES, 1876.-J. E. llilganl.. 

96-97 MAGllETJ~ OlltlllR>ATORY AT MADISOX, WJs.-C. A. Schott. 
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TERRESTRIAL MAG NETISM-Continue<l. 
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Year.1.l\sr:.01_Pages. I----- _______________ Suhjcct and author. 

1879 i i 9 124-174 : SJWULAlt CllANnR OF MM:XF.Tlf' HF.CLJXATION: in tlm ruit.t•tl 8Lnt-t•s aml at HOllle forei},!:H Mt.ntioUM.-(Funrtlt etlitiull, 

1851 
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1853 

1854 

1854 

18f>4 

l8.'i5 

1855 

1855 

1856 

1800 

1800 
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1862 
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55 
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31 

56 

57 

61 

6'l 

63 

62 

20 

40 

15 

U2-417 

I 541-5!">3 

I 
lOS-111 I 

June, 1881.)--C. A. Sdwtt.-(A tl1i1·<1 t•uition w"" 1mbliRht·tl sq1arately .J1111t., 18i9.) 
Mag11etic decliuat.iou, ddinitiou; solar llinrnal nuiat.iou ; annual variatiun; lunar inPqualit.iPs; magu~tic tliR

tnrhanceK; historical note; tlw nePtllc nRt~d amon:? tlw ChhwHo aml Norweghu1s: tlw tlN·1ination: isogo11ic 

charts; secular Yariation of the declination; analst.ical t>X]Jrf·~iou of the sN·ular ch:.mgf' of tlw clt~diuatimi; 

<>ollection of magnetic d~l'lination for the <liHenssiou of the SPcnJtlrr change-; PariH, ~·ra11<'t•; JlaHfa.x. No,·a 
8notia.; Queh~c, !lout.re.al, Canada; York Factory, llmlsou Bay; Portlarnl, Me.; Burliugtou, Rntlarnl. Yt.; 

Portsmo11t.b, N. II.; Nf~whur.vpol't, Salem, Bt1st.m1, Ci.lutbridgt.•, Nautu1·k(•t, 1tlaJiR.; l)ro\·idenet·, R. 1.: Hartford, 

Nt:'w Baven, Conn.; Albany, Oxfortl, Jlutlalo, N. Y.; 'l1oront-0, Cana~fa-; Erit•, l)a.; Clen·laIHl, Ohio; lh•troit. 

Mfrb.; Saint Louh~. Mo.; N cw York aml vicinity, N. Y. ; Jlhifadelpltia., Ha.rrishm·g, Pa.; Haltimon•, Mtl. · 
\\rasbiugton, U. C.; Capo Ht•nry, Va. i 8:.ffanuah, Ca.; Key ".,..<·Rt1 Fla.; Havaua1 C11l1:t; Kiu!!~tou,tTama.h_·a; 

J•ana111a, New Urenadn.; Rio ,Ja1wiro, Ilra1,il; llohile, A1a.; New (~rfoaus, La.· Vera <~rnz, City of llexi<•t1, 

Acapulco, Ran BlaR, Mt'xico; Mn.gdalena lfay, J_,ow4·r California; ~nu ])it>;?o, Monfrr~y, Point PinoH, Fan 

l''randseo, Cal.; Ca)le Di"1lp)Jttint.nw11t, W. T.; Kailua, Hilo, "rnl Keala:kt•kun !fay•, Owh)'hee, Saiulwich 
1Hlan<lK; Houolulu, Oahu, Satulwich 1r:1htn1lH: Sitka., £\h\Hlrn; ( :nptnin'H Harbor, Unalnshka; J>C"tropaulovski, 

Kamrehatka; St .• Tolm'•, Ncwfoondlnntl: East)lm'I., .ltfr.: 11auonr, CheRtertield, N. II.: Sault t>te. Marie, 
Grand Bave.n, llich. i \Villi:tmAhnrg, Va.; Nt\w Bl'l'lw, N. C~.; F1011mcf', Ala..; Bernuula lslamls; San .\nlouio, 

Tex.; Omaha. Nebr.; Vouucil Bl11fli;\, Iowa; Salt Lukf' ('it y, P t.a.h ; Ca1•e Mt>nthwino, Cal. ; Pof't Tow-11se1ul 1 

,V. T.; Nee.ah Bay, W. T.; Nootka., Va11c01n·t•r Isl:nul-Tnl1le I, fonuula for m:iµ:n<·ti1· ilf'<'lination at -various 
plact>R i Talile II, comparison of obserre.tl antl com put.et! mag-nf'tic dcclinatimH1 : Hkf'teh N (). 3~; Table I II. 
number of oh~f"r\"°aUons; apparent. prollable error of ohsernt.tion; Skek.h No. 37; Skdch No. 39: Table IY, 

decennial values of tht>i magnt>tic lleclination e.OlllJHiletl from pre(•eding r•11nationR. 

YAI-tU.TION OF TllF. ('OM I' AAA 01<'1<~ THI~ HAHAlrA 181.ASOR at tlw time• of tlwl:mdfall of ('olumlm~ i11 149~.-C. A. Sdwtt. 

Remarks on the f'.arly URf" of th~ ('OIDll9Sii; nt tlw time of Colnmhns: rt>.ckoni1tg tiuw; uot-1..·~ ou the vo~·ag-t':$ 

of Columbus; line of no v-nriaticn; co1"1't>dion~ to the a~<mi<: tin(•; t.r:t-ek of Colnmlms n.cross the Athu1tic in 

1492 in tabular form; co11ch1sion~.-[SkPkh No. 84. J 

DUAWING, ENGHAVING, AND BLB01'IWTYPINH. 

El.ECTUOTYPJNG OPRH.ATION8 OP THE COA81' SmtvEY.-G. Jtlatbiot. 

Adhesion of tleposit to matrix; actions iu the elrctrolytic rmlution; Jaboratury apparatus; mani1mlatiou. 

[ 8ket.ch 58. J 
ON LTTHOGRAl'HlC·TltANSFER rRINTINC•.-J. tT. Stevt"ns. 

I ·00-·93 
""[>f-*57 

'193-*201 

NoTF.S ON J,J'l'llOlJHAPHY atul litho~rn1•hiP trnu~ft<r.-1~. Il. Hnnt. 
ON RLKCTUOTYl'li Ol'RUATION,., ANH t'HEMIOl.YPllff l?.:\l'l<:HlMRN'l'-6.-G. Mathiot. 
MATHIOT'S SF.:f.F·Sl'81'A1NINH HATTRH.Y.-G. Mathiot.. 

/·201-•212 
Its princi)lles and workings.-LErrata., pp. 194-, 198: 18551 p. xix. l 

.ART ANIJ PRACTICE OF llNGRAYllrn.-F;. B. Hm1t. 

Coaat Survcyeugraving; its offict\ organizatiou, antl l1ist.ory.-{ Errata, p. 204-; Bee Index of errata.] 
GAJ.YANIC RXl'RRJMl!NT.--G. Mathiot. I 

I 
366-368 

369 

370-373 

316-.117 

216-:!29 

Time retJUil'cd to produce the maximum intensity of a Yoltaic cnrrt•nt. 

E1.RCTROTYl'E ART.--G. Mathiot. 
Improved method for joining det.acJi~ plate.8 hy elf'ctrotypin1{. 

MATHJOT'B BRANCH CillCUIT l:AJ.VA:SOMETF.K.-G. Mat.11iot. 

Ou a method of meaouring galvanic current• of great quanf.it;-. 
ELKCTROTYPES.-G. Matbiot. 

On the result of cxperimentA matle in pt·iuting from thin plateM. 

TOPOGRAPHICAL AND HYllROGRAPlllCAJ, llEI.INRATIONtt.-H. ],. Whiting. 

On the contouring anu reduction of maps; 011 the ocafo of oluwles, auu on t.hc "JIJ'lieat.ion of Jlhotograpby in Jlf<I· 
parinSt details for the engrav·er; I, );!'eneralization of eontour autl other o.atur.il featnt"f'M for reduction to 
1-80,000 contour; salt·marsh; tmnd-beachcs nn(l sand-hills; woods; freRh marsh; Hhon...\inn; low water; 

2, bydrogra.phic !'etlnetions ; 3, reduction• by JlliotogruJ>hy ; 4, scale of sluldes; !'<'port of K Hergesheimer. 

39R-:J99 DIVWRRS FOR TIDAL CUR\'ES. 

Description of form invented by J. R. Gnlis, for gmpbical uooomposition.-[Sl!etch 40.] 

186-181 DRAWING-l'APl<R. 

Results of experiments miule on the rofative expansion anti contraction, nn<ler ntmos1>heric changes, of parch
ment paper and backed antit1uarian pll}IBt'.-(Sketob 31. j 

2!';5 DRAWlllG·PA.l'BR tested with reference to expansion anti contraction underatmospbm·ic chaugos. 
200-207 HARRlllON OLOBE-Ll!Jlll.-J. E. Hilgard. 

On t.eata maAle at the Coaat Sarvey Office. 
130-138 ELECTJIOTYl>ING OPllRAll'IONS.-G • .Ma.thiot. 

Kilt.orieo.l; lldheeM>n of deposit t<> matrix : ti111e and expense of eleetro.casting: actions in the electrolytic go\n. 
tlon ; laboratory appantue; wipula.tion. 
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DR.A. WING, ENGI~AVING, AND ELECTROTYPING.-Uontinued. 

Y _Apprn·i P 
ear. dix. ages. 

, 
Suliject antl author. 

1867 : 5 

1875 6 

1879 I 11 

lt\49 5 

1851 9 

1BG4 40 

185:) ; 45 

I 
I 

186-0 21 

18()-0 22 

H61 19 

1861 20 

1861 21 

1861 2:; 

l8fl:] 21 

1865 lf, 

186;; 10 
1869 7 
1869 18 

ur.o 16 

1810 16a 

I 

5f.-56 THE PANTfH1HAPH; its UHB in engr~wing.-E. Hergeslwimcr. 
[8k<ot<-h 27.] 

87 REl'Olfl' l'l'ON RJ.F.CTROTYl'TXfl AND PHOTOGRAl'lJING.-Dr. A. Zumbrock. 

l!ll PHRl'AIL\TIOX OF STA"S"flARTI TOPOr.RAJ'HICAL IHtAWIXr.-.-E. He.J'gf'.~he,hner. 

(l'lateR 42 t<> 49.) 

ASTIW"NOMY. 

7:!-i8 MECHANICAL 1mconn OF AHTROSOMrf'Al. OHRRHYATJONK.-0. M. Mitclwl. 

Ilis t'e\·olving disk; arrnngt>nwnt for rel'ordiug diftCt·ern·••s of declination. 

13i-14f) l~evort on a nPw method of recording rlitfcr~nce~ of n011.b pola.r dist.mces, or dt•clination 1 by f'lectro-mag;nctism.-
0. M. Miklwl. 

"'l22-"'127 SOI.AR 1':L'l .. IPl'E, MAY 26, 1854. 

OhRervationH ma elf' at Hrouk1yu, Loug Island, rc)lorted by E. Blunt: at Seaton ~tation, °" .. ashington, D. C., by C. 

o: lluntl'llt•: at ltoslyn •tatiuu, 1H'ar PeteTI!burgb, Vu., ti,· L. F. Pourtales; :Black Mountain station, Cal., by 
R. D. Cutt~; I11,11icin, Cal, hy Prof.James Nooney: Humboldt Bay, Cal., by G. Da;:idson. 

~78--~80 STAlt·C'ATALOGIJF.R -C. A. Hchott .. 

Comparison of Htar-places gin".ll in Riimker1s and the Twelv£l-Year Cata]o~es.-Tahle I, comparison of right 
a~C'ensious; Table II, of north polar di:-;ta.uces. 

229-2i5 SOI.All ECLl!'SE, JULY 18, 18ti0.- Prof. Stepb . .Alexander. 

2j~.___!!fl2 

2;!:!-2.19 

23H-~41 

241-242 

2r.9-261 

231-232 

1:'Z?-l!i4 

155-159 

ll3-l!G 
llG-198 

Results of the expedition to .A.uleza.-ik Island, Labraclor, to obscr.-e the eclipse of the 18th of July, 1860; tabular 

comparison of chronometers: arran$!ement au<l programme; deBcription of the telescope employed ; synopsii; 
of the obst>rYations; Hmt>B of contacts; same in local mean t.ime (civil reckoning); oth(•r observations; repo1h1 

from special partit·s; ea1·tb-tempt•rature- (Anlrzavik); atmospherical electricity; ice.berj!S; mirage, & c.; triple 
rainbow; mrrontA; tablr· oi' me:teorolop;lcal observation~ mnde during t,he hours corrcspooc.Hng to the eclipse 

at Aulezavik, from July 14 to Jtdy 2;~; during t.he con1 inuauce of auroras pa&Bim ,· obser\'ationR with Ara.go's 
polariAcopv; 1·eport of photograpliers; changes of illumination; Rf'A\mljn'e obsen'<l.tion~; wiutl~; magnetic 

elements: longitude hy ehronomutH.-[Sketeh 39.]-[EtTata 239, 275: 1860, p. xx.] 
SOI.AH EC'l~H·rn:.-J. M. Gillis. 

Ou the re•nlts or obsermtiouR matfo near Fort Steilacoom, ·w. T., on tlie solar edip•e of July 18, 1860: pre· 
limina.T'y; t:ible of met"orological oln~erva.tionR on Muck Prairie; ]atitmlc-olmervatio11s; tirue-obacrv-ations; 

cbrononu-ter erron~ an,1 ra.tf>s; 1011µ;-itude; the eclipse; reports from special parties. 
8or,A11 ~~CI.ll'HE OF .Tnr,Y, 1860.-A. D. Bache. 

.A.bstrart or observations ma<le at Gnnstock Mountain, N. H.: I, dis11ositions; 2, first contact; :1, positions of 
spot.s; I, t.ablc of ohaervations, July 17; II, ,July 18, before; III, during; IV, after the eclipse; 4, occu.ltation 

of •pots: 5, la•t contact; 6, phenomena.-[ Sketch 29. ]-[Errata, 232: 1862, fmnt leaf.] 
801.An F.CJ.ll'RJ.: OF ,Jm.Y, 1860.--C • .A.. Schott. 

A hstrart of ol>senations made at the Coast Surwy Office, W asbington, D. C. ; first contact; last contact; after 
the eclipse; licliogravhie position of the Hpota. 

SOLA!l RCLIP~E OF JULY, 1860.- B . .A. Gou Iii. 
Ahstra.ct of ohservatiouR rua<le n.t Cambridge, Mass. 

Sot.An. Sl:'01'H.-C..: • .A.. Schott. 

A hHtract. of obAervationR ma.1le at the Const Survey Office, Washington, D. C.; table from August, 1860, to De

cember, 1861, and monthly relative nnmheTI!, compared with Wolf's revised unmhers; spotless days.
[8ketch 29.] 

Sol.AU Hl'OTH.-Contiunntion of prereding paper. 
RR PORT A.Nn TAHT.F.s ou the declinations of sta.wlard ,fimc-etare.-D . .A. C..-oultl. 
UEl'ORT ANO TABI.ltl! on the positions and proper motlous of the four polar stars.-B . .A.. Gould. 
LOCAL HRl"t.Rcno~s of' the zE>nith in the \'icinity of Waflbington City.-C. 'A. Schott. 
Sm.Au "ECI.ll'SF., Am;usT 7, 1869. 

Repol't• or ohser•·at.ion• of the oolip•e of the snn OU Augmit 7, 1869, made by parties or the Coast Survey at the 
following stat.ions: Bristol, Teuu., in charge of R. n. Cutts; Shelbyville, Ky., J. 1Vinlook and G. W. Dean; 
8pringfluld, Ill., C. A. Schott; Il<>s Moines, Iowa, .J. E. Hilgar<l; Koill<lux, Chilkal1t River, .Alaako, G. lJa. 

vldsoo.-CTenf>ml path or th• eclipse; cont.acts; obscuration of solar spots; breaking of sou's limb by lunar 
n.sperities ; etfoot.A of optical inaccuracie:: ; totality; pTOtuberances; corona; emergence; northern and 

southern limits or totality MCerf.a.fDL'<i; spectroscopic Observations; pbc>togrnpl!\C re<:Ord8; rOOOCt!On Of 
micrometrie pbotograpb-meaanres: deviation or phot.ograph-Od sun's outline from a circle, after correetfoDB; 
computations of r68ults.-[Sketch•s 24, 25, and 26.J-[Erra.ta 165.) 

IIr>-177 R;~PORTS OF OBl!RltVATIONS upon the •ol.'\r oollpse or December 22, 1870; extent of the corona as indlcat.ed by the 
•1'00tl'08".ope, p. 150; nature of the coronu.l envelope and its relation to .the sun, p. l5:l; couatitntkltl of the· 
solar atmosphere, p. 153; suggestions with rererence to the ob8'1rYation of future eclipses, PP· 154-1118. . 

229 REPORT on the aolar eclip•e of Deeember 2'.l, 1870.-Prof. Benjamin Peirce, LL. D,-l From report for 1871.] 
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ASTRO~Ol\lY-Coutiuuetl. 

--~------------- --------··· ----~-----

~ I Appen-' I iear, j dix. ) rages, I 8u\:ijf'ct and auihor. 

1871 t 13 

1871 t 14 
1871 16 

isn 8 

1872 9 

1873 115 
187' l I 10 

I 

1875 i, 113 

1875 : tl4 

18i8 I 16 

I 

18781 17 

I 
- ~-··-" __ _ 

176--179 i TOTAL BOLAH ECLll'SE, DJ<L'KMmrn 2~. 1870.-G. w. Dean. 

) .Abstract of the chronograp11ic n:nird. 

180-184 \ TO!AL SOLAR ECLI~~f)l:., D11:cR.MB1':H ~:!, lr\70.-C. H.F. Pe·ters. 

189--191 i NEW FOWH OF ::mm.cu nu L HOH.IZO~.-J. Homer 1.-:tnc. 

1 Directions for sdting up and usin~. 
7t>-li~ I UErOKTS OF TH~ ASTRONOMICAL A?\h M.E'l'F..OH.01.0till'AL OHGERYA'Il?'Ns MAHE, A'f SHRUMAN, \\TY. T.-R. D. Cutts. 

i Cbarlt•s A. Youni:. 
1 Part I, Rt•l'ort of R. D. Cutt<1 (Rkotch No.18 A). 

Latitude a.ml lonp;itmle. of Sherman; terrestrial ma~eti13m; mett-orolo_g:} ; Tahlt> I, tliffort'llt'e tif n•at1ing of 01,. 
servt•rs; 'l'ahle II, (}aily means; diagrfln1 1; Ta Lie III, hour1y means: diagram 2; 1'al>l(~ IV, lwu1ly menna. 

aneroid barometer; solar radiation: Table V, amonnt of solar radiation: Table VI, solar radiation: altitutl~ of 
the sun; atmop,phcl'ic dN~.trfrit,y; .-ti.a.gram; 'l'll.ble VII[; aUitmlio of t.ho a14ronomit»nl station; spirit level ; 

barometer; Tables IX, X, XI; hoili11~-point apparatus; Table XII, t~m1wrat,uru of boilins: w~t.t•r at Sh<'rman; 
Table XIII, height of Lon;:( ti Peak, &c.; Sherrnau, its atmrn~pheru a.ud climate; nrnt.corological journal. 

155 Part II, 1-teport, <1f Pror. C. A, Yuung. 
Spectrum of tht» chromospbt.•r,.; catalo~u<" of bright Hues iu the flpectrum of thP •'hrolQo!{ph€r(', 187:!; table 

showing tbr uumher of coincirlenct'S bfltw~n tlw brigltt line~ observad in the spectrum of tbt• cltromoapbf're 
a1Hl tbos« in the sp{W.tl'llnl of th~~ <'hemica.\ +>l,•ments ~ S}H:~cha of snn sp~ts; caiLl.\\og:ne of lines. affected in the 

spot·-SIJf>Ctrum lwtw-~NI Hand b; Holar rrnptious and other disturbances. 
173=-176 

1 
AF>TROXOMH.'AL OHSEJ{VATION'S O!I< THE SnmHA NEYAP.t.-t11•ori;.t'6 Daddson_ 

nc·scription of the ('ouutry a•ljaci~ut tu the 8Umm\t; tlw climate and opportunities for ohsf·1·viug; the obs~rva. 
tions; Polari1-1, Sat.urn, :Moon, &c. 

17f> ERRATA JN THE HEIH CAT . .\l,OGUJ<; OF STARS. 

131-1331 T!!AN~l'I' OF VE~U8, 1769.-C. A. Schott. 
R<'NllltA of observations for tlt•tt>rmiuin~ positionS oecupiNl in Lower California au<l at PhHallPlphia. -f.5iketeh 

I No. 22] 

2:?2-230 THA:'\~HT OF YExn•, J Al'.\S, 1874.-Goor~<' llavil\son. 
Photogrnphit~ n·ork ; ohsetTatinns at :!reat C'lt~ratio111-1. 

231-248 i TttAMIT o.- YENt M, C11ArnAM lBI.ANll, 1874.-Etlwiu Smitb. 

I 
Station; foundatfo11; iust.rm11ents; lSknfrh No. '.2fil; oh~wrvationk; photography: day of transit; work aft.er the 

transit; comput.at.ionsnnd resultH; latitude obi;;ervations; 1m~an [Jlaccs of Htars obsl'r\'"ed for latitude; results 
, for· Iatit,ude; magnr-tic ohseT\·aHons: <lecJination: dip; horizontal intemOJity; l't'FmltH. 

81-87 ~ TnAX1'1T OP MRU.(·t11n 1 Summit St..atiou, Cl'ntral Pacifk Railroad \Skt!tch No. 2'7).-B. A. Colonna. 

I 
1-l'irst external and intt•rnal contat'tR; Jo0ec01ul internal and exf.,~rnal t•.ontact<H : extracts from recor1l book, of 

, observa.tionfl, hy ll. A. Colonna; Ufagnnu; obst•rvation of coutad8i hy J. F. Pra.tt. 

88-91 [ TllAN811' O>' MEBCUitY, W aHbin~too, Tl. C.-C. A. Schott. 
I Obser.-ations by R. D. Cutt•; William };imb<'ck:; 0. II. Tittmaon. 
I 

l\fA.THEl\'IATICS. 

----c----c----~, ------- ---·-· -- ------------------------~--

1854 33 63-70 

70--86 
86-95 

1854 41 131-138 

185.5. 40 255-264 

1856 511 307-308 

1800 36 361-3111 

1860 37 392-996 
18@4 13 116-119 
ll!IK 21 200-ll22, 
1~ 22 223 
lSllll f14 235 

l8'ro 21 200-224 

; COMPU,TAT10N OF'l'lll.ANt~CLATIOS.-Comparhwn oft.he reduef.ion <!fhoriznntal an~lt>M b;r the mf>t.hmb; of "tlependt>nt 

dittctions ·• a.ml of'' depemlt>nt a.ngular <Jnantiti~s" by the method of tea.st s<iuat'\-"S.-A. D. Bache. 
fSk~tch 58.j-f}~rmta, 65, 70, 72, 7:., 78, 79, 91, 91: 1855, p. xi~.f 
Adjustmrnt of horizontal aogles.-C. A. Schott. 
Probablfli enor of ohservntion, dl~riw•tl from ohsP.rvatiottR of horizontal unglt•s at any sing]e stat.ion an<l depending 

on directions --C. ·A. Schott. 
BEN.JAMIN' P.EIRl'H's ca1·r.1uuoN for the rp,Jootion ofdonhtful obser'fations. --n. A.J_Xonld. 

[Erratll, p. *138.] 
NO!tMAL BQUAl'lON!!.--C, A. Schott. 

Solution of normal t--qua.tiomt by imliroot elimination. 

Pno11A.1ILE llRROR.-Artide from "Astronomi..Che Nacbrichten, No. 1034, '' translatro hy C. A. &·bolt. 
Determination of tho probable tn·ror of an ob..,rvatiou by the diJforences of their observations from their arith

metical 1\lean, 
Fon.MUI..£ for oomputing latitndt>51 longitudes, and azimutha, with au example tWJ used in the Coast Sur,1ey Office, 

and tables for each mionte of latitnde from 23" to 50". 
CAUCHY's INTIUU'OLATIOM·FORMULJE; with remarks by C, A. Schott .. 
PROBLEM IN GllOllESY.-Detennining a pos\Uon by angles obsen-ed from it on any n11mher of stations. 

'.l'KAJRCl'ORY OF .IU(,'OCHBT-llHOT, notee on.--C. A. Schott. 

BA!l6E5 OF sHOT fro DJ hea.vy ordnance, rema.rk• on .-C. A, Schott. 
SoLU'froM QF THE THRKll·l't)lllT PllOBLKlll, b~- determining the point of intersection of a side of t!Je given triangle with 

a line from tOO oppo•ile point to the unknown point.-A. Lindenkohl. 
01I' THE TllllOKY 01' KllBOllS of ob8tlrvatluos.--C. S. Peirce. 
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MATHE.l\-IATICS-Oontinued. 

Year. ,Appen- ra,,,o-es. 
' du.:. 

Subject and author. 

1875 j 19 

JR76 6 

1876 t 14 

18:\I i JO I 
18651 19 

1851 49 

1sr,1 50 

1851 51 
18;13 18 

lt;;,J 3;, 

18f>4 !i,j 

+10.>I 

Jli.)j ~ti 

185,j 30 

1855 51 

Jt-ii,.; 64 

1i;5;; 65 

18!\ti 63 

18:36 64 

V18.'>6 6;-. 

V1B56 66 

1&;6 67 

18ft(J 68 

1856 70 

1857 36 

1857 51 

''1857 52 

l!lJB 40 

i 

SlfJ-368 FnttMl'l.AO ANU F ACTOlth for t,he computation of geodetic latitudes, longitudes, and azimuths. 

' \Erraf,a, pp. :l16, :117, :n8, 367.) Fig. l. r., lf. Z, forms for primary antl BPCOntlary triangulation, and inverse solution; 
tabl1•s of fact.ors log A, log I~, log C, log D, lo~ E; table of corrt>ction W longit11de for differf'nce in are and 

1 
aiue; Yalm·M of log co~ -~ d L; ta.blPfurrefr•rring\1alu('-8 of co-efficients A, B, C, D, E, from Bessel's to Clarke's 

t'llipsoid; 1.ahle of loi.: F, auxiliary tal•l~• for converting ares of the B0>1sel ellipsoid into arcs of the Clarke 
t'·Hipsoid; fornmla· an<l ta.bl<• for coruputing- Ou~ spherical cxcea.-i of a triallgle j table of fog m. 

81 A ~EW fo\YSTKM OF n1;_\Ht AmTHMRTIC.-Beujamin Peirce. 
107-201 ' THEORY OF THE Ef'USOMY nF llE~EARl'H.-C. K. Veirce.. 

~IJSGBLLANEOUS. 

• f i .Fl.OU!ll,\ IH<:EFS, KFT!-i., AXH l'OAST.-l_J. Ag-a~siz. 

,: 14~~160 i To11ogra11ily of I<'lorida; rnode of formation of the rPd; aoimal lifo; tlrn keys; coral reef•; ship-ebannel; tbe 
i l~O-t 3•)) ,I nrnin-h:rnl; t~omd, surn'.Y; physical chan~es in the Gu1f Stream; changes in ages to come. 

5:.!6-528 i Cor.rMIHA RIYEtt ru~urntwti;.-W. A. nartl~·u. 
528-5301

1 

TlUN"IDAn, HrMIWLHT, .t~H 8AN Drn<;n R.Al"s.-A.I>. Rada". 

Chan~e8 of curreut., and ~a1liog-<lirectiou~ for San Di.,.gn.-[Sk(•t.cht•s 6 and 7.] 
530-531 ! E~nuA~CE OF Cot.l!MmA Rtnm. TO AR1'0H.1.\, ~mili11g-dirnct.ions.-\V·. P. McArthur. 

"5V-;5l 1 
Cf.fMATE, l"'Ofl,, A.SP <TJ<:NEl(.-\f, CHARACTl<':I{ nr.;- l+"'Lomv,\ Klff;-..-J. Totten. 

~,s9 , Bou.1m-1scm 1STATWX.-J. Hewaton, jr. 

r Anal~·l'!iM of h""o f\pednwn~ of dt·posit from tht' boilc1· of the Coast Hurve:y steamer Hf'hel. 
'Hr..' 

1 

~F.A-WATKl~ A<''J'lox ON iUETALR.-J. E. Hil:,!ard. 

Ou tl1e action of Mm·Watt•r on nrntalM ustitl h1 tho (',oU~t.ruf'tion of im.;truments, aml on ma~nf't·ic needles i Phmnix 

«lisastt~r.-(."-.~t'l', alsfJ, Terrc~trial magncti~rn.)-j l•~rrat.•. p .... 192, 5 from bottom, word 9, Y.ead llrf'Senct-.} 
~2:W-":.!85 , CosHor.11ul1'rrn Ar.rflAHEl'J«Ar, INPl<:xof ttw t,en.;muwilCoa.si SmTOJ Ut'ports1 from 1841to1853, iucluaive.· E. B. Bnnt. 

l1ti-18j , Dt:n1:1t11'Tll'E mr.t'OltT of localitie• on Um WP.Rtnrn cuast, from the n"rth end of lwsal'io Strait, Washington Territors, 
to the southern boundtwy ofCalifornia.--H. Davidson. 

193-200 COA~T 81JJffEY MILill:<HllUECTIOX8, C,\'l',\WGet;. 

3-H-346 EAUTllQlTAKf'>WAVB, l'At'IFIC (k.;EAN".-.A. D. Badie. 

;J/t-375 

376-398 

317-318 

318-319 

~U9-3:?'.! 

322-:JZ.J 

lloti!'e of carth11nake-waws on tlrn western coast of th" tTniteil State", Dt><'.smber 23 and 25, lllf>I; computation of 
ocean 1lcpth.-[Sketch 50 {J, No. 9). ]-[ ~)rrata, pp. :H2, 315; 1855, J>· :niii.] 

An•ntA1:r of a compleltl historical :u1count of th111>rogress of 11iscovery on the western coast of the United States 
from. tho ('.arlieHt llcriod; eom1,iletl, undt'"r t,lu~ direction of the Superintendent, by Dr. J. G. Kohl. 

Bi.AKE'• GEOIAWICAJ, UEl'Olt'f, WJ<STEllX COAST.-W. P. Hlako. 
Ol>se-r .. atiou~ on tlrn llhp.iica.1 geography and !Z"eology of Hrn coaRt-0f California, from Bodega Day to San Diego ; 

J•hssical geogra)'h,\' of the mountain rnng~s ad,joiuini: the c01Mt: gt10Joi:y of the principal bays and ports from 

Point Rt•yf>8 to San I>iego.-[En·ata, z)p. 3791 380, 382, 3S71 388, 3921 394, 395, 300: 18571 p. xviii.] 

ANALYs1,; OF sF.A-WA'tEL<.-Chemica.l unalysia of the wat"r of New York Harbor.-Wolcott Gibbs. 
ANALts1s OF HE,\~LAN11.-Wolcott Gibha. 

lcxan1ination of •riooimma of "ea.soil takt'll from tbe hast'·si!<is at Capo Florida and Cape Sable. 
ANNAI.s OF lllt:K'OYEBY ON TUB A TI.ANTIC COAST.--J. G. Kohl. 

Abstract of a bi•tory of the progress of discovery ou the Atlantic coast of the United States. 
.. ANNALS 01· JJJHCO\'EUY, GU.L1'' OP M.1r.xwo.-J. G:Kj>hl. 

Abstnwt of a memoir on the discovery and geographical de\'elopment of the shores of the Gulf of Mexico within 
tlw limits of the Unite<! States. 

32.'>-JJO INI•EX O}' IK'JEN'IWJC HlWKHENC-J<S.-K B. llunt. 
On the plan adoptNl autl pro;.cress 1nade in its preparation. 

331..;133 Atll!HEVl'\TION8 }·01t 8CU<NTll'IC HEFEUKNCE8.-E. B. Hunt. 

Hug-gl·M-Uons for secnrlng uniformity of de1tigna.tion. 

330\-340 Co.u;T flntn:Y RTF. 1 MF.it HETZKJ,.-Report ot1 cause of boiler ex11losion.-[ Sket-0b 67.) 
35.&-Jarl ! \\"'"1sn~ ON THI/, WKl-ITlCH:S ('0Atrr .. -A. D. Bacho .. 

Tabh• for doo ucing frmn tho tl1roo dnily observations th•· m""n of tb<1 •l".Y; quantit<es of wind; tables for Astoria, 
8an 1''rand•cu, am! San Die1to, and FlpOOial wind.atatistiea.-[Sket-0 J. 68.] 

404-U4 lNHKX tW HCm!l!TlYIC RJWI.i;RK:.'ll'K8.-E. B. Hunt. 

Rt~JlOrt on p~.ss mMfo towanl cotnpletion. 
414-133 WKHTF.ltN COAHT ANNAl.8 ofmaritimo diacovery Md exploratlon.-J. (l. Kohl. 

Report of U1e mtolllod and scope of a memoir on. 
251-270 Fo.n:&IuN uK01nn1c 5UHVEn;.-\oV. P. Trowbridg-e. 

Rtwiuw sbowinj! tb•ir (lOSt and proJ!rtl88, and oth4'r d&tll, for comparll!Ob with th" rns11lh of tlle Unli..d St.ates 
Coast l>uTVI')'; triguuometrioal eurveyoof England, Ireland, and Scotland; hydrographyof England; ~ 
of the report of the select. committee appolnted to t'Ooeider the ordnruroe sw-vey of 8cotlantl,~ke,, l&MI; 

t'rance ; lndi• ; R111111ia ; Pru1111ia; table of stntistill!I of tiopographWAl maps in Europe; mcapitulM!ou ; 
marine di8311ttlt'8-Unit<ld States vessels, 1115.~, 181i6, Bild 1857; imporil,experta, l.ow>ap, &e.; Ql'll!At......., 
18.'>2 to 185.5; Gulf of Mexico llhipping; Florida reef. 
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Pages. Subject and author. 

----------------------------------------··--, 

270-273 PROGRESS OF TllE UNITED STATES COAST SU!tvEY.-Yv. p. Trowbridge. 
Ratio of results for consecutive periods uftwelve years. 

297-458 DIRECTORY FOR THE PACl\IIC COASl' of the United States.-G. Davjdson. 
Sailing-directions; geographical positions; tidc~u!ita.blishments for San Francisco; rainfall; temperatures; 

commerce; magnetics; meteorological observations in the Strait of Juan u., Fuca, &c.; and geographical 

positions.-[ Errata, p. 359, 381, 429, 442: 1858, p. xxi.] 

399-402 LABRADOR EXPl!DinON.-A. Murray. 
It.eport of a voyaji!e of steamer Bibb, and remarks on the willlls and title~1 &c.-(See Longitude by eclipse.) 

402-408 GROWGY o~· TUE COASl' OF LABHAOOH.-Notes by o. M. Lieber. 
238-241 EAUTHQUAKE·W AVEs.-A. D. Bache. 

Reprint of a paper dedncinl( the depth of the PaRific Ocean from tl1e effect of the Simoda earthquake on the tide. 
gauges in California. anrl. Oregon in 1f154.-LSketch 50.] 

241-248 FLORIDA REEF: its origin, growth, snhstn1cture, and ebronology.-E. B. Hunt. 
268-4-30 DIRJW'OORY )'OIL THE PACIFIC COART OJ<' THI~ UNI'l'RU STATE:-3.-G. Davidson. 

Intr0<luction and explanators remarks; Mexico; California.; Oregon; Washington Territory aud Vancouver'~ 
Island; Britisll Columbia; Puget Sound.-Title-tahlos for San }.,rancisco, 311; commercial Btatiistics: meteor

ological observations, Washington Tel'ritor.v, 416; geographical positions, 418; title.tables for Sau Die1w. 421; 

for Astoria, 424; for l'ort Towrn~cnd, 427 ;-of nmgnetfo declination, 1863, 430.-l Errata, 27~, 3751 28.1), 2~6, 288, 
290, 292, 296, 297, 299, 3Ql, 302, 303, 304, 307, 316, :J23, 325, 327. 328, 329, 344, 355, 359, 360, 362, 363, 364, 365, 367, 370, 371, 

376, 379, 383, 387, 389, 39'2, 396, 399, 402, 404, 408: 1866, p. 141.] 

207 Tl'l'l.ES Ol•' ~CIENTU'W l'APERrl hy the late Maj. E. B. Huut, Unite<! State• Engineers. 
220-222 1'HA.lfi:CT0lff oi.· RICOCHE1'-SHOT, note~ on. -C. A. Schott. 

223 RANUJ.;io; Ul<' HHOT from heavy ordnanct', remark~ on.-C. A. 8cl1ott. 

227-.108 CON80LTOATETI lNnRX: ofthA ten annual reports frorn 1854 to 18631 inclusive.-P. F. Nes. 
:J09-:Jl5 CONhOl.IUAl'KH lNHKX: of sketcl1es ooutained in the t.eu annual reports from 18.'l-l to 1863, inclusive. 

1R.'.l-IR6 GKOLOHJCAL AND zooLoUIC~\l. UESI~AU<,11m~; thcirr~la.tiona.nd gent\ralint<'r•~stsin thti~levdopmentof coast·foaturef).~ 

L. Agaesiz.-(Se-0, alim, Coa.st.s.) 

187-329 ALA8KA 1'tr.mtrron.r; c.oa..qt.ft>&tul'f'.R a.ml resource~.-(}. Davidson. 

Directory of the coast, 226-26f; list of geographic:;! positions, 265-2i4: aids to navigation, 274-280.-[SketcheA 

21 to 23.]-[Errnta, 289, 22 from bottom, read Escholtz Bay.] 

281-290 ALASKA TERH!I'OR\" ll>OOWOY o•·.-Th. A. Blake.-Ibid. 
29o-29~ Zoor.ouy 01'' ALA8K_\ 'rF.RRI'foHY.-\Y. G-. ,V. Harford. 

29~-298 , VocAJSULAIUKs ot'the Kocliac, Unalashka, Kenai, and Sitka languages. 
299-317 j ALA8KA TERRil'ORY, METROH.Ol.O(~Y 01<~.-A. KellQg. 

318-324 . IlorANY OF ALAISKA 'rRRRlTOHY.-A. Kdlog. 

325-329 i VOCABULARY, Alaskan. 
243-259 G.ooGRAPH!CAL NAU:~ on the coast of Maine.-Ed. Ballard. 
260-277 CoNIJENS&li ACCOUN'l' 01<' .M. HKI.LRHT'~ F.XPl.OR.ATlOSfi on t.l1e lsthm11s of Panama.; including his special explorations 

on the Isthmu~ of Daril'u, wit.b imggestions for conducting a future surYey.-G. Davidson: 

233-234 

98-99 

lR0-181 

182-189 

100-108 

193-210 

219 
213-221 
148-151 

157-188 

Explorations; plan for exploration of Um rivet· });1,rieu; ontfit and dutit~s of engineers; instrumental outfit; usl' 

ofthebeliotropeforcou1wuuicatiug messages; form of recortl of lt:'veliogs, courses, and dista.oceH; rod for 

leveling, distance, aml station.mark for conr•e•; to pae.k, nnp"-'k, and refill steel barom~ter; metho~s of 
a.soorta.inin~ the discharge of water iu a.ny strmtm. 

AusTRACT of a paper rea.tl before the National Amulemy of Scienoo•, Ap1·il 16, 1869, on the earthquake wave of 

August 18, 1868; wave·table.-J. E. Rilgard. 
Extract from a rep<>rt relative t-0 n. method of 1letenuining- elevations along thP. eonrsl' of a tidal river, without the 

aid of a leveliug-inotruruent, by settini: up g11M.luated ntaws at sucll distances apart that the slacks of tlle 
tid!l.I currents extent! from one to another.-Rnlo: the dilfereuce in th11 elevations of the zeros of the gauge• 
ls equal to one-half the sum of the differences of t,heir reatliug• at the two slack waters.-Henry Mitchell. 

On the probable eftect of ext<irnled piers in mo<lifying the channel-facilitieo of S .. 11 Fra.nciaco Bay, near Yerha 
Buona Island.-Henry Mitchell. 

On the phosphate beds of South Carolina.-N. S. Shaler. 
METEOROl..OGICAL REOISTER, At.AHKA; 1870-1871.-C. Bryant 
GE!IEIIA.r. l!IDl<X to professional and scientitl e p&jlers coutained in f,he Coast Survey Reports from 1851 to 1870. 

ERRATA FIIOM 1851 to 1870. 

VOYAGE 011 THE STI!AlllEII HA.881.Ell >'HOM BosTON 1'0 SAN FUANCISCO.-L. F. Ponrtalea. 

EcoIWMY lN COAL, ... exemplifie<I by the action ot' compound engines in the staam"r Hassler.-Charles E. Emery. 

General description of the Hassler. 
RKI'ORT ON M:ouNT SA.INT ELIAS, &c., ALABKA.-W. H. Dall. 

L Historiqjl noteii; tabulane~nlt• of lt~igltts, latitudes, and longit11des: general con•ideration• (Sket.ebes 22, 23). 
II. Discussion of data; reduction of observations, made In 1874, to deteriuiue th<> heigltt8 of .Monnte S&int Elia.e, 

Cook, Crillon, Fairweather, and V anconver; details of oompntations. 

1878 13 19"2-196 ON 11.AUlllR oOVR,ID<ORS.-Charles E. Emery. 

SEx.49-16 
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1877 18 

1879 I~ 

1879 114 
HJ80 112 

~880 
i 

118 
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,~~~--~~~~~~~~~~~~~~~~~~~~ 

I 
98-103 I ALI.EGRD CHANGES IN THE REI~ATIVE RJ,F:VATTONS OF I.AND AND SEA.-Henry Mitchell. 

192-198 

201 

14f>...171 

347-411 

Salt marshes; rocks ; Perc6 Rock ; Isle Perce; Green Ledge; Mary .Ann Rucks; Bulwark Shoal; Drunken 

Ledge; Brazil Rock; Jig Rock; Trinity J,edge; Harding's LPAlge; Great Ledge. 

RECONSTRUCTION OF THE UJVJDING ENGINE of the Coast and Geoaetic Survey .-G. N. Saegmuller. 
Table of corrooted screw rAadings for every degree: Table I, residual errors of graduation of theodolites Nos. 5, 

118, 133 ; Table II. 
INTERN AT. CONSTITUTION OF THE EARTH.-Benjamin Peirce. 
BLUE CLAY OF THE MISSISSIPPI RIVEl<.-George Little. 

List of authorities; geological history of the Mississippi River; southern drift; bluff or loess; loess or loom ; the 

Mississippi OOttows; Port Hudson; water; soils I to V, analysis i summary; sections 1 to 44; formations, 

sections, and localities. t&bulated ; Sketch No. 48. 
LANDFALi .. OF COLUMHU8.--G. v. Fox. 

____ L_ 

.An attempt to solve the problem of the first landing place of Columbus in the New World. Introduction; narra

tive and diecusaion; the track of N avarrefe ; of V arnhaga.n; of W aahington Irving; of Captain Becher ; 

of G. V. Fox; conclusion; summary. .Appenrlix A, p. 401: ap:e of Columbus. Appendix B, p. 401: mile and 

league of Columbus, .Appendix C, p. 403; variation of the comp38s in 141Y.l; Appendix D, p. 405; the log 

of Columbu~ across the Atlantic Ocean, 1492. Appendix E, p. 408; the vessels of Columbus.-[Sketch 

No. 83.) 

ADDENDA 

I 

YearJ 
!~~~~~~~~~~~~~~~ 

Subject and author. 

I EARLY PAPERS OF MR. F. R. HASSLER, FIRST SUPERINTENDENT, BEARING ON THE SURVEY OF THE COAST. 

1807 l'Al'Ello ON VARIOt:S SITHJECTS connected with the survey of the coast of the United States.-F. R. Hassler. 
Cotumnnica.ted March 3, 18'l0. Transactions American Philosophical Society. New SeriP.s, Vol. II, pp. 232-4-18.-[Tbis article 

gives the plan of organization and operation of the Coast Survey; a deacrlptlon of instruments and apparatus employed, and 
also the methods of using them.] 

1817 .AN ACCOUNT OP PYROM>:TRIC EXPERIME,,TS made at Newark, N. J.-F. R Hassler. 

'l'ran~actions American Philosophical Society. New Series, Vol. I, pp. 210-227. 

183:! REPO\l'f ON TUE COMPARl80N OF MHA.SFRKS OF LKNUTH.-F. R. Hassler. 

Hoc. No. 299, llP· 4-9: 20-29; 39-79.-[Corui.t Survey and wei~ht and measure documentR, 1832-1843, volume in Coast Survey Library.] 

PUBLICATIONS BY THE COAST AND GEODETIC SURVEY NOT EMBODIED IN THE ANNUAL REPORTS. 

1862 COAST PILOT OF CALIFORl<li, OREGON, AND WASHINGTON TERRITORY.-[Secoud edition.]-George Davidson. 

1866 , STANDARD rLACES OF FUNDAMENTAL ~TARS.-B. A. Gould. 

1869 i COAST PILOT OF CALl>'ORNIA, OREGON, AND WASHJl{GTON TERRITORY.-[Third edition.J-George Davidson. 
1869 ' CouT PILOT OF Al,ASKA. First part from southern bonndary to Cook's Inlet.-George Davidson. 

18i3 ON TIJF. AIR CONTAINED IN SEA WATER.--Oscar Jacobsen. 

1873 REPORT ON THE NICARAfiUA ROUTE FOB AN INT.EROCRANIC BHIP·CANAL, with a review of other. proposed routes.-Maximilian VOD 

Sonnenstern. 
Translated for the United States Coaat Survey. 

1874 FIELD CATALOGUE OF 983 STARS, for time observations; mean places for 1870.-George Davidson. 

1874 STAR FACTORS A, Il, ANU C, for reducing transit observations.-Goorge Davidson. 
1874 TIIJAI, RRSEARCHF.S.-William Ferrel. 

1878 GENEl<AT. 1!'8TRUCTION8 IN REGARIJ TO INSHOllE HYDROGRArHY.-C. P. Patterson. 

1879 SE(,ULAR CHANG~: OF MAGNETIC llECl,INA110N in the United States and at some foreign stationa.-[Third edition.J-C. A. Schott. 
1879 PACIFIC COAST PILOT, COASTS AND ISLANl>S OF Al,ASKA. Appendix I. Meteorology and bibliography.-"\\'. H.Dall. 

1879 • .A'rl.ANTIC COAST PIWT, DIVISION A. EASTPORT TO BosroN.-J. s. Bradford. 
1880 *ATLANTIC COAS'l' J>IJA>T, DIVISION B. BosTON TO NEW XORK.-J.S.Bradford. 

1880 DEEP-SEA SOUNDING ANH DREDGING.-C. D. Sigsbee. 

1880 ON STEADY MOTION in an incompressible viscous duid.-Thomas Craig. 
1860 CATAl.O<UJE m· CHARTS. 

18i!2 •A:rU.NTIC COAST PILOT, DIVISION c. NllW YORK TO CUICBAPEAKE BAY.-J. s. Bradford, 

1882 *PACIFIC COAST PILOT, ALA8K.A.· -Dixon entrance to Cape Spenc.ir, with the inlandpassage.-W.B. Dall. 
1882 DEEP-BEA SOIJNDING AND DREDGINO.-C. D. Sigsbee. 

Supplement to volume of same title by C. D. Sigsbee. 
*ATLANTIC LOCAL COAST Pil.OT.--J. S. Bradford. 

1879 Subdivision l, Passamaquoddy Bay to Bcboodic, 

1879 Subdivision 2, Frenchman's Bay to Isle au Haut. 

1879 Subdivision B, Penobscot Bay and tribntariee. 
1879 Snbdivi•ion 4, Whlt.e Head Island to Cape Sme.11 Point. 
1879 Subdivision G, Cape Small Point to Cape .A.Im. 
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Year. , Sub.ject and author. 

ATLANTIC LOCAL COAST PILOT. -J. S. Bradford-Contmued. 

1879 
1878 

1878 

1878 

1878 
1878 
1878 
1878 

1882 
18R2 

1882 I 

1AA2 ! 
1882 I 

Subdivision 6, Cape Ann to Cohasset. 
Subdivision 7, Boston to Monomoy. 

Subdivision 8, Nantucket and Vineyard Sounds. 
Subdivision 9, Buzzard and Narragansett Bays. 

Subdivision 10, Block Island and Fisher's Island Sounds. and Gardiner's and Peconic Rays. 
Snbdivision 11, Long Island Sound and East River. 
Subdivision 12, Harbors in Lon~ Island Sound. 
Subdivision 13, South coast of Long Island, Now York Bay and HuW.on River. 

Subdivision 14, New York to Delaware Bay. 
Subdivision 151 Dela.ware Bay and River. 

Subdivision 16, Delaware Bay to Chesapeake Bay. 
Subdivision 17, Chesapeake Bay. 
Subdivision 18, Tributaries to Chesapeake Hay. 

A. volume of TIDM TABLES of the Atlantic coast, and a volume of TIDE TABLES of the Pacific coast ha'i'"e been published aunually 

since 1867. 

NOTICRs TO MARll<KRS are published as oooasion may require. From January 14, 1875, they have been numbered in reguhu order 

IJ<Jginning with No. I. The la.at one issued is No. 33, dated November IO, l~l. 
Books marked with an asterisk (*) are not published for gratuitous distribution, bat may be procured at a modf';ratc price. 
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APPENDIX No: 7. 

TYPE FORMS OF TOPOGRAPHY, COLUMBIA RIVER. 

WASHINGTON, D. C., J11ly 1, 1881. 
SIR: In obedience t.o your iiuitrnctfom; for the prosecution of field work in the basin of the 

Uolumhia Riwr for the Topogrnphical 1\'fanual, I commenced tbe stlr\'ey of the Dalles on the 20th 
of August latst, and completed the same September 23. (See lllustmtion No. ;),3.) At this reach 
the river has worn through and carried away the successh'e layers of basalt for a, depth of about 
1,000 foet below the present summits, and, as the crests of the eiscarpments are still Yisihle nearly 
to the summits, a fine opportunity is presented for the study of the type forml'l. 

The whole volume of the river here runs, for about one and a half miles, through a narrow 
gorge worn in the basaU, aven1ging about one hundred meters in width and but sixt.y meters 
wide at its narrowest part. During the snmnrnr freshet it is much increased in volume, overflows 
its ioclosing- walls, follows and overtlows 8ome inf('rior parallel gorges, and is thus greatly increased 
i11 witlth. · 

'l'he water rntshes and foaml'l throug-11 the main gorge with great. velocit,_y, ha\'ing a fall, at the 
time of our surYey, of about twenty fret to the mile. · 

The strata exposed average about seYent.v feet in thicknel'ls, aml incline towards the ocean 
about one hundred and forty feet in a mile. They were all found to be tli8tinct layers of basalt., 
except at a point on the southeast side of the river and seven hundred feet above the present 
rh·er lenil, where a deposit of lime is found; an interesting geological faet, historicaUy. 

While the snrvey was in progress a fM'orahle opportunity was taken to make a trir of 
ob!'lervation up the river as far as Wallula, which furnh;hed many objects of topographical interest. 

The basin of the Columbia consist,s of many layers of basalt of snch wide area and remarkable 
nniformit,y of thickness as to have recp1ired the emission of a mass of fused rock such as could only 
have come through great fissures. 

As the forms of hills and mountains composed of eruptive rocks are mainly due
'' 1. To the J>i:esence or absence, paucit,Y or profusion of structural planes; 
" 2. To the i1hysical chamcter of the rocks 1 
"3. To their mineral constitution; 
" 4. To their chemical composition; " 

all of wl1icb give direction to the forces of disintegration and erosion, so several distinct types, in 
accordance therewith, are plainly visible, which comprise the great mass of forms constituting the 
topography of the basin. 

The rock, believed to be 3,000 feet thick, remains iu most cases undisturbed in position, with 
a gentfo inclination towards the ocean. 

The simple;;t form presented is the nearly level plain of the undisturbed stratum. 
The next is that where, in several successive layers, the whole of the dd>ri,s of each escarpment 

has been carried away, and a succession of complete sharp escarpments and fiat benches is left, 
forming a profile of the following character: 

These are usually found near the river level, 
where the lower e.scarpments are within .reooh of 
the annual floods, and are subject to the maximum 
atmospheric aqueous action. 

Immediately above these, where the forces of disintegration are· in excess of those of removal, 
the escarpments are found with a decided talus of debris, rounding oft' the re.entering angles and 
forming a profile of the following character: 
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Still farther towards and at thP, 1mmmits the 
cresti; of the eRcarpments disappear altogether, and 
the forms become those assumed by loose mat.erial 
over successive rigid planes, under the ordinar,r 
action uf aqueous aud atmospheric influences. 

Where a columnar stratum has its base below the leYel of the riYer, the erosfon and abrasion 
fracture the prisms, leaYiug some stauding alone, or scattered in groups at different heights, Jlre· 
seuting the following well-known character: Ju a stratum of homogc11eous 

A form frequently seen is whc:>rc 
a deep indPntation has been worn into 
a basaltit• escarpment (columuar) ex
tending to the base of the next escarp
ment above. The loose dibriH from 
the upper escarpment finds its way 
through the fracture in the lmwr OJH , 

and forms with the debris of the frac
ttue upon the g-encral taluK a ronml
eil o\·erlying talus projecting into the 
riYer, thm;: 

character, not broken into regular 
forms byconcretiouary action in cool
ing, t>,rosiou prorhH'('S irregular con
ical forms like pinnaeles, as shown 
helow. In some cases a stratum of 
this character licsimmediately under 
one of markt'd columnar structnn'. 

At a reach ahovP the ca.scades thl' inclination 
of the cscar1nnent.'l towards the rh-er on hoth sirles 
suggests a possible remornl of the lO\n'r strata 
while the upper ones were in a viscous state, so that 
they bent h.r their own weight. 

It is possible, howe\·cr, that the nmlermi11i11g· 
may have been comparatin~ly recent, and the masis 
falling so large that the fmctures 011ly appear 1111-

der the water, and too far back from the river to 
be observed therefrom. The latter is the more 

prohable, inasmuch as at another point, as I was informed, dead fir trees are standing at a con' 
sidera.ble depth in the water. 
As fir trees do not live in 
water, they must have grown 
at a higher level, unless the 
level of the river should 
have risen by obstruction 
in its course below. 

Most other forms not included in these types will be found to be fragmentary and due to local 
causes, but can be traced ba.Qk without difficulty to the successive basaltic overflows. 

Respectfnlly yonrs, 

Mr. C. P. PATTERSON, 
E. HERGESHEIMER, .Ass,istant. 

Supenntenite1tt United States Ooast and Geodetic Survey. 
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APPENDIX No. 8. 

TERRESTRIAL .MAGNETISM. 

DIRECTIONS FOR MAGNETIC OBSERVATIONS WITH PORTABLE INSTRUMENTS. 

Ry CHAR,J,F:i'-1 A. SCT-!0'1''1', As;-;istan.i Coast and Geodetic Survey. 

[ Thirtl aud eularged edition,• with 4 plat,,s, j 

JANUARY, 1882. 

i. T11tr111f11ctory rc11111r~~~.-This paper had its origin in a desire to facilitate the field-work of 
terrestrial magnetism nntlertaken by the snrwy and to secure uniformit;r in the records and com
putations, and a8 8tIClt was originally inteuded to form part of a Coast Survey Manual of lm;tmc
tions. With regard to the fir1>t,uamed o~ject the instructions are gh·en in sufficient detail to enable 
the observer to produce a8 aceurat~ results aR his instruments will admit of; with reference to the 
second object forms are given hoth for recording observations and for computation. The principles 
and practical mcthod8 are given in succinct statements and are illustrated by examples drawn 
from observations. 

The measure of the magnetic force at any ylace on the earth's surface comprises the determi-
11atio11 of its 11iredio11 aud its i11tm1sity; the former is generally given with reference to the planes 
of the n1eridi:rn a1H! of the horizon and the latter is expre8sed either in relative measure or in 
a hi;olute nwasnre, depe11ding 011 ~he uuit of force selected. There are two classes of observation1> 
m:Hle on the SUITPy, each employing specially adapted instruments. They are of an essentially 
tlifkreut clmractcr, the first giving results exprnssed in absolute measure, the second yielding 
ditlerential results only. ·with these latter, or differential observations made at fixed magnetic 
ohserrntories and needing photography for continuous registry, this paper is not concerned; but 
it will co11tain a full account of the usual methods, instruments, records and computations 
employed in magnetic 1mrveys on shore in which portable instruments are used. 

\Yherm·er we may expose :t maguet, free to 1110\'e, we will find the space it occupies traversed 
hy lines of for·ce, due to the magnetism of the earth, and the magnet will place itself with its axis 
parallel to these lines of force. The direction of the magnetic force at any place and time will then 
be known by the direction a freely suspended magnetic needle will a.."'iSume and will be defined by 
the azimuth of the vertical plane passing through the magnetic axis of the needle and by the 
angle in that plane this axis makes with the plane of the horizon; the former angle is generally 
known as the magnetic declination (and by the navigator as the variation) and is measured in the 
plane of the horizon; the latter angle is generally known as the magnetic clip or inclination and 
is measured in a vertical plane. The intensity of the earth's magnetic force, acting in the direc
tion of a freely suspended needle, is known as the total force at that place and time; it may be 
made the sul~ject of measure, but more frequently the measure of the horizontal component of the 
magnetic force is preferred. The force with which a magnetic needle will resist any attempt to 
deflect it from its posit.ion of equilibrium depends upon the intensity of the earth's magnetic attrac
tion as well a1> upon the magnetic moment of the magnet, and the latter has therefore to be sepa· 
ratetl from the former before we can express the magnetic force in absolute measure. In general 
the horizontal component can be determined with greater accuracy than either the tot.al force or 
its vertical component. While in the scientific treatment the direction and intensity of the mag
netic force are inscpl\rably connecte<l, it is tlifforent in the practical appli<>,ation of magnetism for 
the uses of the surveyor and navigator, to whom the tlirective property of the magnetic needle jg 

of far greater interest an<l value than the magnitude of the force. Thus, the surveyor jg frequently 

*This paper was first published in the Coast Survey report for 187:z, Appendix No. 14, and illustrated by 2 plates; 
the second edition appeared in the report for 1875, Appendix No. 16, and was illustrated with 4 plates. 
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called upon to retrace old magnetic courses by which land boundaries had been originally defined 
and which in the course of time had fallen into litigation; to do this effectively he will not only 
require to know the magnetfo declination at 11resent and at the place in question, hut he must also 
possess an accurate knowledge of the secular change of the declination* in order to make JJroper 
allowance for its effect duriug the interval between the two epochs of' the surn•y. In the d:iily 
practice of navigation the solution of the problem of converting magnetic into true hearing is con. 
tinually required; this involves on the part of the navigator a knowledge of the magnetic declina.
tion for the place and time, while the int;ensity enters entirely as a matter of secondary importance 
in the treatment of the cleviation of his compass clue to the disturbance of tlw ship's rnaguetism 
and, may be, that of the cargo. The methods for measuriug the declination, dip and intensity 
on board ship will not be inclucled in this paper and rnm~t be sought for in treatises 011 uavigatiou; 
they are, however, not essential!~· different from certain methods employed on shore and can 
readily be understood. At sea the azimuth compass takes the place of the decliuometer for the 
determination of the horizontal direction and the Fox circle is substituted for the dip and int~usity 
circle in determining the inclination aud relative total force which, by the aid of a land station, 
can finalJy be expressed in absolute measure. 

2. Selection of stations.-The subject can most conveuintly be presented under the healls: 
1. Determination of the magnetic declination. 
2. Determination of the maguetic dip. 
3. Measure of the magnetic force . 
. Before entering upon it some remarks are d(•simble respecting a proper selection of sta

tions at which to make obRerrntio11s. The prineipal couditiou that ought to lw satistied at 
itny station is that of freedom from possible disturbing influence, either i11 the 8oil itself or 
from near presence of iron; places near foundries, 8t.eamhoa.ts and locomotives, aud o~jt>ets of irou 
or steel, as guns, pipes, railings, rafters, rails, posts, rods, wires, &c., c:m r1~a1Iily be avoided, 
though no genera] rult>. can be given of what might be regarded a. safe dista111\e, whiel1 rna.y var,Y 
from 50 to 500 meters or more. The geological forma.tiout of the locality cannot be 11rnde a gni<le 
whether or not local deflections exist, since snch influence may be quite deeply seatRd; but 
it is recommended iu all casei:; t.o make Hpecial instrumental frl'lt for loeal distm bance by canyiug 
au azimuth com puss succes1>livt>ly over a Sl'ri1•8 of point:.; alo11g two Rf raight li11t>s <'fOl'l'i11g eal'h 
other at right angles at. the station and ohs1,1Ting at. each poiut the hearing of a distaut object 
several kilometers or miles off, in order that there may be no parallax (or else allowing for it) a11d 
comparing the results; if these accord within the inevitable observing error the place may be free 
from local deflection. A more simple hut les1; accurate method, ;ret well adapted wheu Yertical 
polarity is suspected, is that of carrying a dip circle over tbe lines aud t~.sting the dip at the 
several points; of course no reversal of either circle or needle iR made. The observer must 1fo·est 
himself of any objects of iron or steel, as knives or keys, while manipulating l1is instruments. 

!.-DETERMINATION OF THE MAGNR'l'W DF.CLINA'.l'ION. 

3. Definition.-The magnetic declination of all.'' place, heing tl1e angle contained hrtween the 
astronomic and magnetic meridians, requires for its measure two distinct operations, name!.'·: The 
determination of the astronomic meridian, w hicl1 is geuerall.'· doue h.Y means of a theodolite; aud 
the derermination of the magnetic meridian by means of the declinometer or unifilar magnetometer. 
The former of these planes is fixed, the latter variable, and the ohservati011s may have for their 
object the derermination of the declination at a gin<u epocli or hour of tlle day, or of it1>1 average 
value for any one day, month, or year. 

4. l!'ind,ing tlte true meridian.-Respecting the determination of the astrouomic meridian from 
observations of the azimuth of the sun or of a star, full iuformatiou will be found in the third edi-

•See paper on Secular Change of Magnetic Declination in the United States au<l at some Foreign Stations, fourth 
edition, in Coast and Geodetic Survey Report for 1879, Appendix No. 9. Washington, 1881. 

t In his report of 1878-'79, Appendix VII, of the Geological Survey of Canada (Montreal, 1880 ), !\Ir. Selwyn, di rPctur 
of the survey, remarks: "Among other causes iu1luencing the magnetic declination in this region (vicinity of Lake 
Winnipeg) besides that of change in the geological formation on a large scale, 1 have noticed l1e11R of ruagn .. tie iron, 
deposits of iron sand, dikes of diorite, great magnetic bowlders, sutl<len change int.he general levd, proximity of a clift' 
or bank or even of a thick grove, or when very close, a single large tree." In the last-mentioned cases, if true, evi
dently very peculim: conditions of aetion of electrio currenta had to be supposed. 
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t.ion of a paper entitled, "Determination of Time, Longitude, Latitude, and Azimuth," in Coast and 
Geodetic Survey Report for 1880, Appendix No. 14. The example of observations and reduction 
given in Artiele 1 r of the part treating of t.lie azimuth is taken from a record made in connection 
with magnetic work. It may be stated that for magnetic purposes a ver.r moderate degree of 
accnra<\Y suffices in tbe determination of the true meridian and a correct knowledge of it within 
r' will in general fully suffice. It is difficult, even in our middle latitudes, to determine the mag
netic meridian within the limit of 1 1 on account of the continuous fluctuations, hence any greater 
accuracy than tbis in the astronomic nrnri<lian would be useless. To define the. true meridian 
heyou<l its merP circle-reading on the theodolite, the angle between it, and a mark (any cous1)icuous 
object.) is mensured a111l the true azimuth of that mark beconrns known and is available at any 
time. In onlpr to olttain tlte mag-netic declination we need only to tind the magnetic azimuth of 
the mark and tlw differe1we between the true and magnetic hearings is the declination- To dis
ting11i1'111 between west and east declination, a + sig11 signifies that the north (seekil1g) end of the 
magnet (or needle) or the magnetic north direction lies to the west of the true north meridian, in 
sliort, wmit declination; a - sign signifies the contrary, or east declination. Theise signs apply to 
the sonthern :1s well as t-0 the nortl1er11 hemisphere. Before describing· the use of the magnetic 
instruments proper, the following article will be devot<~d to the adjustment and use of the 
astronomical theodolite in connection with tLt) determinatiou of tlte true meridional line. 

5. Atlju.Ytment of the theoilol:ite nnd a.lt-a.zimuth instrument.-Tbe various operations for placing 
tlrn partR of a themlo1ite in proper condition for observing, in order to eliminate, as far as possible, 
somces of error arir-;ing from i11strunwntal defects, may be briefly stated as follows: 

To ((({ju.~t the ltwl.~.-After properly setting up the stand, clamping it and mounting the instru
n1e11t, :hljuRt tlw rno:-;t Reusitive of the le\·ets attached to it hy brillging two of tlie foot-scl'ews 
of tlte tlwo<lolitc in line with the direction of the lenil, 1wd after leveling, turn tlie azimuth 
circle 1800, corr.,ct ai1y defoct, 01w-half by means of the foot-screws (always working tliem in oppo
site directions), llw other half by meau:-; of the a<l,insting-screws of the level; tum the circle ba.ck 
to first position a111l mpmtt the (mrtectiou as befortl a>; often a:,; may he necessary. If during this 
operation we turn the circle once or twice at rigl1t angles to the former positiou aml make the 
bnhhle play in the lllifldle hy turning the thil'd foot-scrnw of the theodolite, there may be no need of 
11si11g- tile r1rwt1w.tio11 to etrect tile adjustment of the Je\'el, the turning of 1800 by estimation being 
imflieient. to t-tlect tlie JHH'jnme. If tllere is a secontl level attachi>d to the circle at right angles to 
the former, it may be adjusted like the first, or more expeditiously, by }llacing it in the same 
direction al'.l the first (when in adjustment) aud correctiug any defect by its correcting screw. 
Circular levels must be adjusted upon the same principles; they are, however, generally of inferior 
accnraey. 

To pla.ce the ttJ'is of tlie uzfowtli-circle ~'ertimil.-By means of the adjusted level we 1llace the 
vertical axi.~ in 1wsit.ion b,r leveling t.hti instrument with the two foot-screw . ., paral1el with the direc
tion of tlie Jere! and tlleu tuming tlle circle 900 and bringiug the bubble again to the middle by 
turning the third foot-screw. The verticality of the axis is tested by tl1e steadiness of the bubble 
iu the middle of the t.uhe when the instrument is slowly revolved in azimuth. 

7'o 1u1ju.~t the tlmmr111 of the telescope.-Place the threa<ls in the focus of the eye-piece where 
their hei-;t definition is obtained and test the position by pointing to a distant well-defined o~ject 
to which t,he focus of the object-glass is adjusted for distinct vision; and if by moving the eye 
sidewise the object appears to move off the thread or pviutiug in the same direction as the eye, the 
diaphragm must he slightly pushed in, and pulled out in the contrary case. If there are two 
threads intnsecting in the middfo of the field at right augles, the vertical thread may be set vertical 
by sighting a plumb-line suspended at a proper distance, or the vertical edge of a honse may be 
used i11stt~a11. The whole diaphragm (after loosl'ning its four screwfl) is t-0 be turned around the 
optical axis to effect the coincidence. The preceding adjustment must not be disturbdd. The hori
zontal thread may also ue tested by pointing to an object and then turning the azimuth-circle, pre
viously set horizontal, when the oltlect shouJd remain biAActed; it may also be effectoo by pointing 
on t.be sea-borizou. 

To at{ju~t tlle line of collimation of the tel1:111cope.-lf the horizontal axis of the telescope admits 
of being rever>1ed in its supports, a distant object is pointed to; and if, after reversal of the a.xis 
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in its V1s, the pointing remain perfect, the line of collimation is at right angleR to the axis; if not, 
half of the diiforence is to be corrected hy the azimuth scrmv and half hy tlie two al\iusting screws of 
the diaphragm (its former adjustments rem:tining 11tHlifl.tnrhed). If the axiR doeR not admit of 
reversal in the V's, it must he f(Wersed by reversal of tlw circle, using the graduittiou; and if the' 
second reading, after reversal, should (lifter from it a little more or less than 1800, the differe11ce 
must be corrected as beforea11tl the process is to be repeated until the readiugs, direct and reYersed, 
differ by 180° exactly. Por greater accuracy, we may nRe a collimator instead of the dist:tnt ol~ject. 
In some instruments the teleRcopes are mount.ell on one side instead of in the middle of the 
azimuth-circle; their collimation may be oorrected by two distant marks separated exactly hy 
twice the eccentricity of the axis of the telescope from the vertical axis of the theodolite. The pro
cess of adjustment is then the same as described, only changing the mark witll a change of the 
telescope from one side to the other. For oblique intersections of the threads the poi11t of intersec
tion must be brought into the optical axis of the telescope, the adjustment for collimation being the 
same as <lescribed. Iu this case a collimator with a yertical thread is used to advantage. 

To place the horizontal a.ri~ of the telcsco1>e in position.-This axis must, be at right angles to that 
of the azimuth-circle, and if iu position or horizontal the line of collimation, when revolving the 
telescope, must pass through the zenith of the observer. His effected by ph1cing au adj11sted Iernl 
ou the axis and correcting the whole error with the adjusting sprcw of the pivot. If the le,,el is 
fixe(l or uncorrected, it must he adjusted at the same timn with the axis hy leveling and theu turn
ing the azimuth-circle 1800, an11 eorrecting one-half of the defect hy the pivot-screw and the other 
half by tlie level.screw. This proeess also requires repetition for its plwfoction. 

The instrument is now rea~l;-.· for the meaRurement of horizontal a.ngles, either by "directiou8" 
or hy "ai1gles," with or wit.110ut repetitionR, accorrling to the construction of the instrument 
or the requirements of the case. In either mctllod one-half of t.he measures must of course he 
made wi t.11 "circle direct," the other half with "circle reversed" by 180°, which process corrects the 
augfrs for any 1·mnaininf! defect, after adjustment, in the verticality of the axis, in the height of the 
V's, iu the form of tlie pivots, aml in the collimation. If the telescope is placed eccentricall.r, this 
reversal will at the same time refer the resulting measures to the axis of the circle, or what shouhl 
be the same, to the vertical of the station. 

In repeating angles it suffices to record the readings of the circle at the commencement and at 
the end of the operation, the telescope being rC'Yerse<l after half the number of rcpditions an• 
s1•cure11. During the rm·ersal of the telescope tlw circles remain fi r111 l_y clamped nnt.il aft.t;r the 
new pointing is made. ·with no11-repeatms, or when used as i,;mch, the records for telescope" D" 
and for telescope "R" are kept Reparate. 

The eccentricity of a circle is corrected by taking the mean of the readings of two opposite 
verniers or microscopes, or tlw mean of the rrntdings of any number of yernit~rR or microsco1wi,.;, 
provicle<l they are so placed as to divicle the whole circumference into equal parts. 

To a,dju~t the level require<l for 1'erticnl me<Mures.-The measures of vertical angles depend, 
among other things, on the accuracy of the adjustment of the level. It is effected hy lernli11g aud 
reversing the azimuth-circle 180°, using one of the level.screws for correction, provided the former 
adjustment of the vertical axis has not been disturbed. This h~\'el may eitl1er be attacherl to tlie 
azimuth-circle or to the arms carrying tl1e \~erniers or microscopes of the a.!titmle-circle; in the. 
former position it is of course placed parallel to or in 1,he plane of the a.ltitmle-circle. 

The instrument is now in the llroper condition for the mea.~nre of vertical angles. Generally 
double zenith distances are measured, by means of which the reflding of the zenith (or nadir) point 
on the circle becomes known and con8e(111w-it1y all'.!o t.he reading of the 11orizon. If there is any 
index-error, it may either be corrected (many instrumentl'.! admit. of such a correction) or it may be 
allowed for as a constant when single altitnrles are measured. This index-error is of no consequence 
if double zenith-distances are taken (in,·olving positions7 circle right. and circle left.). 

Owing to the great diversity in the construction of theodolites, depemling upon the particu
lar use and the degree of perf1:1ction required of tbem, rules cannot be given to apply alike to all 
constructions; but the preceding notes 011 adjustment will suffice in all ordinary cases of the nse 
of the portable instrument. To test the grH,(l11at.io11, it.'! eccentricit.r, s.rst.ematic and irregular errors; 
to acljust the reading microscopes (for run and focus); to test the coincidence of the two horizontal 

S. Ex. 49-17 
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axes, also of the two vertical axes, in repeating instrttments; to examine the perpenclicularity of the 
planes of the circles (graduation) to their respective axes; to measure the flexure of the telescope 
aud other circnmRtauccs, will require tlie atteution of the observer wheu engaged in the more 
refined geodetic or astrouomical u8e of the alt-azimuth. 

The principle of repetition applies mo8t a(lvantageousl,y wlien the optical power of the tele
scope exceeds relati\-ely the accuracy of the graduation; in other words, when the pointing-error 
is less than the graduation-error. If the optical power is inferior, or not commeusurate with tlie 
perfectiou of the graduation, we may still use the method, the uurnber of repetitions being arrauged 
so as to spread the readings over the graduation. Although the principle of repetition is au ele
gant one, iu practice it has been found frequently to introduce a new source of error, namely, a 
constant or slowly variable error depending on imperfection of the clamping, friction and general 
instability of the instrument. Unless the clamps are perfect, repeating will introduce a constant 
error, which cannot be eliminated from the result by the forward and backward movement of one 
circle upon the other and the observer should carefully test whether m not his pointing will be 
preserved when repeated I~' clamping and unclamping; this esp1mially applies to the clamps upon 
which the movement of the inner circle depends (for repeaters). The clamps and tine motion screws 
should never he at the circumference of the circle of gmduation, hut near tl1e axis, uuless for inferior 
instruments. Before a(\justing the instrument its clamping apparatus should be exarniued as well 
as the proper amount of friction of the moving parts and the balancing of weigl1ts. Instruments 
with light spokes to their azimntl1-circleR (though they may otherwise be high or thick enough), 
and having a heaY~' superstructure (vertical circle aud counterpoise), frequently Rhow so nmcb 
flexure or spring as to aflect iujuriousls all horizontal measurrn•, while full thin plates are not liable 
to this defect. 

Azimuths in connection with tlie magnetic declination, where an accuracy of a fraction of a 
minute suffices, may be obtained with a small alt-azimuth instrument sa,v of four or five inches 
diameter (about 10 to };{c11

•)- ~npposing the latitude given, but the time only approximately known, 
the sun's zenith distance and azimuth may be ousen'etl aR follow8: reading of mark, three readings 
of the sun's upper and first limb, with noting of the chrouometer tinw of conta.ctR; instrument 
re\Tersed, three readings and timing of the sun's lower and second limb, reatling of mark. 

Let h=altitnde, correcteil for refraction, parallax (semi-tlianwt.er and dip, if necessary), and 
p=t,he sun's or star's polar distance, then 

2 1 _sin (s-<p) sin (s-h) tan YzA--~--------~----
cos 8 COS (.Y-p) 

in which expresRion 11= Yz ( <p + It + p). If the time should also be desired, it ma,y he computed by 

tim2 Yz f= __ cos ~~~l_{_s_-::::!t_l_ _ 
sin (s-p) cos (s-p) 

or by tan Yzt=cot YzA siii (s-:::::hl. 
cos (s-p) 

If the snn's limb is observed, the correction to the azimnt,b for reduction to center is ::I: ____;:____, wl1ere 
sm ;: 

r = sm1'8 radius; whether+ or - sign is to be used "«"ill readily be known iu eaeh particular case. 
t is the hour-angle. 

If the local time is known, we may observe Polaris for azimuth and latitude, computing the 
former by the fuudamental formula, iu which the azimuth A is counted from the north 

sin t_. tan A= --- --~ -- .------- -
COS cp tan 8 - Sill cp COS t 

and the latter by 
'I'= h - p cos t + Yz sin 1" (p sin t}2 tau 7t. 

For greater a<>--curacy, we may observe the star (liroot and reflected in mercury. 
The following two examples will serve to illustrate the methods: 
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Example of record attd reduction. 

STATION, WASHJNG'l'OK, D. C., lN l'Ali.K EAST 01" THE CAPITOL. 

Sun near prime vertical. .Aug-11!-\t 15, about Sh a. m. 1 1856, Obst:"rvt.~r 1 C. A. S. Inatn1ment, five-inch magntjtic theodolite. Sidereal 
chronometer. 

5 09 IZ.O 

10 32.0 

ll 42.0 

Sn JI. 

5 13 22.0 

14 32.0 

15 36.5 

"' 17 07 .0 

18 16.5 

19 Jl).O 

Sn Ill. 

5 ~o 44.0 

22 01.5 

25 26.5 

5 37 32.5 

2 8 39.5 

JO Ol.O 

Set I. .. . 
Set II .. . 
Set III .. 

Horizontal cucle. Vertical circle. 

A. B. A. H. 

('.)'supper and first limb. Telescope D. 

6r 56 oo 

6c 24 30 

61 08 45 

6I 56 00 

61 25 00 

61 OCj JU 

('./s lower and second limb. Telescope R. 

205 54 15 

2o6 07 15 

2o6 18 30 

25 54 00 

26 o6 45 

26 18 15 

61 19 30 

61 04 00 

6o 50 00 

61 18 30 

fo 03 00 

6o 49 45 

(:)'slower and second limb. Telescope R. 

zo6 35 3° 

zo6 47 30 

2o6 58 30 

26 .'..\5 :;o 

26 47 30 

26 58 (X) 

6o 30 45 

6o J] jO 

60 05 15 

6o 30 IS 

6o 17 00 

60 04 30 

c~·l's upper and first limb Telescope D. 

2 7 47 -~o 207 48 15 59 u 45 59 "00 
28 00 00 :208 00 30 58 57 4S 58 58 00 

·08 "' •s 2oS w 30 .18 45 30 58 45 15 

O's upper and firnl limb. Telescope D. 

28 25 00 zo8 ~s oo 58 29 00 58 29 30 

28 37 4-5 208 38 15 58 J4 45 58 J.-4 30 

29 lj ]U 20<.) 14 00 57 31l CXl 57 35 45 
----- -----

0's lower and second limb. Telescope R. 

2~~-~~-~1 ;Q-00 30 

209 12 45 29 12 IS 

ZOC) 27 00 29 26 30 

57 48 eo 
'jJ 34 JO 

57 19 15 

57 47 30 

57 34 15 

57 18 30 

A = 5h o8111 o:s•.8 west of Greenwich. 

k.m. s. 
5 07 48.1 

5 16 22.2 

5 25 44·• 

Temperature. 

73° Fahr. 

(Barom. 30 in., ! 

a::."Sumed.) 

78° Fabr. 
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Set I. Set II. Set III. 

·-------- ,-----1--· 
I : ! 0 ' II I c. ' 

</> ... ··········· ··-· 38 53 i8 38 53 18 I 38 53 ,s 
I 

h 28 41 24 
i 

30 20 13 32 o8 ;p 

j> 76 04 27 76 04 37 76 04 4+ 

-------- .. ---~--- --
! 

i A (from north) . 95 o6 o6 96 32 34 98 08 54 ' : Circle rcatls .. 56 28 59 30 25 40 27 23 17 

South meridian reads .. JIO 50 34 : llU 50 43 110 50 36 ! 

Hence the north meridian read;.; 290° 501 381
'. 

vVc shall also find the ehrouometer slow of sidereal time 16111 05".1, the resulttS by the settS 
agreeing within a fraction of a second. 

Example 2.-Statio11, Magnetic Observ~itory, Uapitol Hill, Washington, D. U. Polaris ucar 
lower culmination. May 23, 187 3 (observatio111; made during cveuiug twilight). Ob1;er\Ter, C. A. S. 
Irnstrument, 2}.'j'.-inch (7c"') Ua1;clla theodolite No. 352.i; sidcrcttl chronometer Kessels 1287. Noon
ball at United States Naval Observatory dropped on May 17 at 41t 55 111 32•.5 and on ~fay 24 at 511 23m 
15"·5 chronometer time. The latitude of the magnetic station is 38° 53'.1 and the longitude II 8.6 
east of the United States Naval Observatory. 

.\zimuth circle. Vertkal circle. 

Mark 

I'tlark 

Polaris. 

Polarb. ··' 
Polaris .. 
Polaris. 

Mark. ' 
Mark .... 

R. 

Chrnn1nnclcr 
timt:. 

Ii. Jll. s. 

L. .. .. 

L! Uir. q 16 46 

L. I Ref. 24 55 

R.j Dir. 13 40 20 

R .. Ref. 
R.i. 

45 37 

L. 
i 

A. B. A. B. 

180 03 r '77 01] [357 02J 

180 05 0 03 [3 uo) [182 57] 
: 

r69 58 349 55 37 

,('9 59 349 58 . 322 

350 o8 170 o6 217 

350 o6 170 07 •42 

0 02 180 04 

•So 05 0 04 

Star seen through thin clouds, occasionally interfering with observations. Atmospheric pressure, 29.85 inches; atmospheric temperature. 70° 
Fahrenheit. The small porcelain cup (4 cm. diameter) containing the mercury was placed on the stand of the theodolite. 

Computing for circle left, and circle right, separately, we find 

I 
Chronometer time . . I 
Chronometer correction. . . . , . 

Sidereal time of observation . 
a Polaris . . . . . . . . , ........ . 

I. 

A !so /, observed ........ . 

With these data we find 

k. 

13 

12 

I 

10 

11l. s. 

20 so 
IJ 36 

07 14 

II 28 

55 46 

37 35.5 

1.2 

37 34.3 

A= o0 281 42" all(l o0 181 57 11 

Star reads 169 57 .5 and 170 06 .8 
l\foridian 170 26 .2 and 170 25 .8 

Also, rp = 38° 53'.5 and 38° 52'.5 
Hence, latitude 38 53 .o ± o'.4 

k. "'· •. I 
13 42 59 , Also 6 =88 

13 36 p 
12 29 23 

I II 28 

II 17 55 

37 32.8 

J.2 

37 31.6 

Mean 
Mark reads 

Mark E. ofN. 

37 44 

16 

1700 26'.o 
180 03.2 

9. 37 .2 :l: o'.4 
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6. Adjush>ient of the declinometer and maunetometer.-Tbat form of construction of tb<~ instru
ment which has the box with its suspended magnet mounted over the center of the gnuluat~d or 
azimuth-circle and which is due to the late Dr. Lamont, of l\Iunich, is generally known on the 
Survey as a theodolite-magnetometer (see No. 35 of the accompan.)·ing plates). It ii:; m1pecially well 
adapted for work iu a fixed observatory, gives superior accuracy to the measure of the horizontal 
force and will always indicate the magnitude, howeYer large, of any disturbance in the direction 
of the declination. On the other baud it is not suited, except roughly, for tlle determiuatio11 of 
the astronomical azimuth, for which reason the second form of instrmneuti:'\ iK preferred in magnetic 
surve._ys. This form, which wal'l the earlier one, waR gi\"en by Hauss anll Weber (see No. 34 of 
platRs); the theodolite, or alt-azimuth, is detached from the magnetic part of the instrument; it is 
known eitller as a "tleclinometer," if not provided with means for determining intensity (such ais a 
second or deflecting magnet, deflecting bars, mass ring, &c.) or as a "magnetometer," if it is pro· 
vitled with all ueecsisary appliances for determining dt,'Clination as well as absolute horizontal 
magnetic force. In the earlier 1wactice on the Surve;y the theodolite was mounted on a separate 
stand aud collimated with the magnet at a distance of a few cedimetres; later on, however, theod
olite and magnet box were mounted closely together ou a board resting on a tripod. This grea,tly 
facilitated the operation of collimation. More recently a combination instrument was de,·ised (see 
No. 36 of accompanying plates). It ma.r be described as an alt-azimuth instrument which admits 
of a removal of the upper structure (the Y's, telescope and vertical circle) and the substitution for 
it of the box with suspemled magnet and attached reading telescope. Here, then, we have two 
te.lescopes, but the advantages of each of the two forms of iustnnnent combined in m1e. The oh. 
server may arrange bis magnet so that in collimating he may either look south (1mtgnctically) or 
north aud the changP. from one directio11 to the otl1er can be made by exchanging the Jeni-; a1ul 
the plane glass of the collimator magnet; hut if, as usual, this magnet is also used a8 inteui-;ity 
magnet or serves for oscillations, it 11m8t not he disturbed br any such exchange <~ltcr the con>1ta11t8 
hm:e been once determined. Wl1en using iu tield~work a declinorueter or maguetomet~r witb sepamte 
theodolite it will be found prcforable for the ohsen'cr to stand north of his instrument and looking 
south in collimating, as in this ca<>e he may more readily manipulate the theodolite for olisei·yationK 
of azimuth without taking off ti1e magnetic box. Should be mm a theodolite mag11Pto111ctcr or 
the comhi11atio11 instrumeut, he will find it advantageom; to collimate looking north, a8 tlit~ s1111 
will then interfere less with vision, and generally he ma~· throw more reflected light through the 
collimator. There are other forms of magnetic instrumeuts for the determination of the declina-

. tion and the inten8ity, but these offer no special 1lifficulty in tl1eir use. 
The station having been selected, a]lparently free from local magnetic disturbance, tbe instru

ment is mounted with the sides of the box containing tlm magnet direckd nearl~· north itml son th 
magnetic, which may be done most conveniently by means of a small compass needle; then the 
instmment will be leveled and the theodolite with telescope will be adjusted. 

The motion of the magnet is controlled by the obserYer by means of a small piece of magnetized 
steel (a small screw-driver, for instance), its magnetism (at its free encl) being the same as that of 
the end of tpe magnet facing the observer, so as to repel it when brought near. It mm;t neither 
be too strong, nor oo brought too close to the magnet, otherwise the 1wsition of the magnetic axis 
might be disturbed. The suspension-tube should carry at its top a rack and })inion to admit of au 
easy vertical movement of the magnet. With a piece of cloth at the bottom of the box, the magnet 
can oo let down and allowed to come to rest by friction on the fibers of the cloth; it can then be 
raised and quickly steadied by the magnetized screw-driver, all without opening the liox, which in 
windy weather must be avoided. The sides of the l>ox, if of glass sliding in grooves, must have 
pasteboard covers to darken it, and the width of the slit facing the mirror must be specially regu
lated for the best definition of the scale; the shade placed over the o~iect end of the telescope 
should nearly oouch the box, in order that all stray light may be excluded. The special adjust
ments to be made a.re the following: 

Suspend the torsion-cylinder, which is of the 8ame weight precisely as the magnet and take out 
the twist of the suspension-fibers, of which there should not oo more than are absolutely needed 
t.o support the weight without risk of breaking-say about 4 or 6 for the older heavy magnetiS and 
1 or 2 for the light ones. With the aid of the ra.ck·motion and the friction on the cloth, the whole 
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tnrnH of twist are readil,v taken ont, and then the line of detorsion must be placed in the magnetic 
meridian, in which position the axis of the torsion-weight mm!t b_e parallel with the side of the 
hox.* lu packiug-i the suspension should be kept free of twit;;t, so that at any new station only the 
Hmall changeH developed in the twist during t.he interval need attention. The weight should be 
rcmored, the rnag11et suspended and t.he telescope pointed nearly to the middle of its scale, or to the 
axis of tlie maguct. 't'he axis of the collimator and the line of collimation of the telescope shouJ<l 
tht>ll ht-, :us 11earl,v as possihlc, in the same st.raight line. To render the scale distiuct, the telescope 
must he sl't to sidereal focuK. The azimuth-circle is then read; the reading, when pointing t-0 the 
mark, t ha\·ing previously been recorded. The relative position of the theodolite and magnet is, of 
courne, iuvariable, hoth being supported by the same stand. 

The scale-reading of the magnetic axis of the collimator is determined by readings with scale 
erect aml inverted, as shown in the following example: 

Obserm1tiortN for axi.~ of magnet A 1• 

; Maj!net 

E. 

I. 

E. 
l 

E. 

!. 

Scale-reading. 
1 ~leans of 

Left. 

7.5 
10.9 

7 .4 

7.3 

l\fean. ! 1 and 3, 

I
' 2 and 4, 

&c. Right. 

i---
i3.o I 

s-1 I 6.oo i 
lJ. l ! IZ.00 1 

12.00 r 

).6 [ 6.::;o i 
IZ, 10 

5. 7 0.50 

1:2.00 

6.55 I 

12.05 

6.50 I 

H. It.3 12.8 22.05 

Axis. 

d. 

No'J'E.-lt is recomrneudf'.d to make these observations about the epoch of the day when the 
magnt-t is nearly 8tationary, or between 7 :uul 8 a. m., from May to. September, inclmsive; in March, 
April, and Octolwr, about 8 a. m. and in .January, February, November, and December, about 9 
a. m.; also about 1 ;/z p. m. in an~' month and in any part of North America. 

The angular value of a division of the scale is determined by successive pointings on the prin
cipal divisions and uoting the corresponding readings of tlic azimuth-circle, and repeating the 
operation ill the reverse order. With that form of the instrument which haR the box of the magnet 
connected wit,h the aumuth.circle, the combination of the resulta will correct for change of declina
tion during the measures, but a small correetion for torsion may be needed; for the other form of 
construction the maguet may be fast;ened in its normal position during the scale measures. The 
usual value uf a scale-dh'ision is between 1

1 and 31 aud tenths may be estimated. It is onJy for 
those instruments which give primarily the amount of deflection, in the intensity-measures, 
expressed in scale-divisions, that an accurate determination of the scale-value is neede'd. 
~----,---~----------------------------

•This proc081! may require ro1ietition until the observer is al!Bured that there is no torsion when the collimator
mai;:net. is suspended. 

t'fhe best i;ositiun of the mark is in or near the horizon. 
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Determination of scaw-value of magnet C16· 

Scale. 

d. 

30 

40 

50 

6o 

70 

So 

<JO 

IIO 

130 

qo 

150 

16o 

Theod,1lill~-circlc, 
mPan of tWiJ readings. 

'59 o, ~5 

158 3G 30 

r58 08 TS 

'57 40 ~5 

157 I? 35 

156 44 10 

156 17 05 

1 55 49 00 

155 21 15 

'54 5' 30 

154 24 45 

153 57 30 

153 28 20 

153 50 

152 33 00 

152 04 30 

Mean 

Value 1)f eight v 
d1\·isiorn..,. 

3 

IO·<jJ, 

20-100, 

&c. 

43 

44 

43 

43 

44 

43 

44 

44 

00 

30 

U."J 

" 40 

05 

30 
-----

-' 43 47 

Jfouee oue di\Tisiou of seale=2'.797 

135 

No'.l'E,_:If the number of pointings is odd i11st{lad of even, ais above, the mean readiug COIT<'· 

spondiug to the m.iddle division must he found and subtracte1l from each separate value. The 1lif
ferences so obtained must be added, and their sum (irresiwetin~ of sig11)~ whl•n di,·ided by the cor
responding number of scale-divisions, will furnish the desired value. 

For an example of the amount of torsion, as measured from four twigt.s of 900 each, see "Obser
vations for Intensit,r-Oscillations" further on. Moistening the fibers with a !'!mall drop of g-1,vceriue 
will greatly reduce aud equalize the torsion. 

It appears from observations of the daily fluct1ut.io11 of the declination t.hat. the nwan of thl• 
extreme easterly and westerly positions in any one da;r approaches nearly (wit.l1in half a minute) 
to the mean position of the day, as derived from hourl,Y observations continued day aml night. 
Since corrections to ohserved declinations to refer them to the mean of' the day are generally very 
unsatisfactory, it, is reeommended to observe the declination for any one day at the epochK of the 
eastern magnetic elongation and of the western magnetic elongation and to take the mean position 
as representing the declina.tion for that da.y. The epochs of extreme positions, as ohse1Tcd at 
Pl1iladelphia, Washington, and Key West, a1iply, with compa.ratively small chauges, to nearly all 
places within the United Stat.es and may be stated to be as follows: Referring to the north eml of the 
magnet, the morning eastern elongation occurs, ou the average, from 1\fay to Sept,ember, irrnlnsin-, 
about 7 y.; a. m.; in Marcli, April, and October, about 8 a. m.; in Novemher1 about 8~,f a. m. and 
in December ,January, aml },ehruary, about 9 a. m.; earliest tiR1e in August, about 7 ){ a. m., 
latest in January, about 9 a. m. These epochs, however, are sul~ject to grea.t. ttuctuat.ious and 
cannot be de11ended upon in auy oue case within one boor and frequently Uwy cannot be recog
uized at all, either on account of the small range of the thtily ftnctnat.ion-t.he amount of which in 
winter is but one-half, nearly, of the amount in smnmer-which is easily disguised h,v ,;mall irmgu
larities, or on account of disturbances, which reach tlieir maxima in Sept(~mber and October aud 
generally are more predominant in winter than in summer. The afternoon ice.stern elongation 
occurs, on the average, about 1 ?,( p. m. from May to November, inclusive anti a.bout l ~ p. m. in 
the remaining months; also, earliest in September-some minute:;; before 1 p. m.-and lat~st in 
January, about •U p. m. The afteruoon epoch is subject to kss fluctuation than the lllQl'lling 
epoch. . 

The following table .will be found useful for correcting or reducing an observation of the de
clination taken at any time between 6 a. m. and 6 J). m. to the mean of the day (or to the mean of 
24 hourly observations). It is, however, only approximate, since the tabular values are slightly 
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variable in the eleven-year or solar-spot cycle; moreover they are varying more or less irregularly 
from <lay to day. For interpolation for any place in the Unitecl States we may consider that, 
roughly speaking, the greater the horizontal force the smaller the tabular values, or the range of 
the daily variation iR nearly inversely proportional to the horizontal force. For comparison we have 
the horizontal force Hat Toronto =J·so, at Philadelphia= 4.16 and at Key West 6.74 nearly. No 
notice iR taken of the annual inequality, which may amount to about one minute and a half, in 
maxi mo. 

Solar diurnal variation of the declination at Toronto, Canada, at Philadelphia, Pa. and at Key 
West, Fla. 

A +sign indicates a deflection of the north end of the magnet to the westward. A - sign, to the eastward. 

----------~- -.. ~-~-----~~----~----------~-------------------

Ua.m. 7 a. m, 8 a. m. 9 a. m. 10 a. m. u a. m. 

-----~-- ~-~r;~-:~--.;-;-l-;_--;.;. 5,]1 ~,~-Ii~-:__,-'~· T. I P. IK.W. ~~l~-1~~~-. -;~ l_~JK.w. 
' : I j I I j I I I ' I I I i_' ! I I ! ' !! 

. -0.7 ':-o.6 ,-t-o.I -1.J l-I.2 0.0 -2.71-2.l :-I.I -2.9 :-2.5 1!-2-4 -t.5 i I.6 !-2.7 .4 1-+o.3 ! -1.4 January .... 
.. -1.6 :-1.2 !-0.1 -2.0 i-1.9 -0.3 -2.9 1-z.5

1

-1.1 -2.8 r-2.5 :-2.0 -LS ,-1.5 -2.0 .5 :+0.2 ! -1.2 

.. .... -2.3 :-r.8 1-o.8 -3.5 IJ-z.9 -1.9 -4.71-3.7 :-2.4 -4.5 i-3.41-2.2 -2.S :-T.8 1-I.4 .7 !+o.6 ! -O. I 

~'ebruary .. 
March. 

April. 
May. 

. ......... -J . .f :,-2.6 
1

1

-J.5 -4.6 -3.5 -2.8 -5.011-4.01-3.I -4.0 ,-3,4 ;-:l.2 -I.J )-T.5 i-:t.:t +0.4 

5 o 6 4 7 -3.4 5 8 4 7 3 4 -4 2 ··-3.2 11-2.1 -o.6 
1
j-o.8 !-0.4 +r.1 

. .. :1=::: i=:·: ,=::: ,=:: :=:: =:: =: : !=: : =:: =:: '=:: c: =: : :=: : ;_:: +:: ':: : : ~: June 

July. 

August 
September 

. .... ~-5.0 -4.7 ,-2.3 -6.9 ,-5-7 -4.5 -6.9 -5-5 '-4-4 -4.8 ,-3-7 '-o.8 -0.5 -o.6 1-<q +3" '-l--0.9 +1.6 

.. -3.9 -3.5 -1.8 -5.2 -4 5 -3.6 -4.8 -4.5 -3.6 -3.0 1-2.8 :-2.3 -0 6 l,+o I '1-o 4 3 7 '+3 2 +t.5 
I I i . 1· . I . • I .· I 

October. 
November. 

Decemhcr .... 

... :-1.8 -1.1 -o.6 -2.7 
1

-I.7 -1.9 -3.7 :-2.2 -2.3 -3.0 -l.9 .-1.8 -I.I -n.R :-0.5 Y.7 i+o.8 I 
. .. 1-1.3 -1:.2 O.O -1.8 

1
-t.7 -0.5 -2,9 

1
-t.9 '-t.4 -2.8 -i:.5 !-1.7 -I.3 1-0.4 '-1.3 I.I ;+i.t ! 

.. .. :-o.6 -0.7 !+0.3 -0.9 .-r.o +0.2 -I.5 :-1.4 ,-o.q -2.0 
1
-1.6 '-2.0 -I.6 ;-t.t -2.2 +o.3 :+0.3 ! 

' ' ' 
---~-- ··------· ------- =~====~ 

Noon. 1 p.m. 2 p.m. 3 p. m. 4 p. m. 5 p. m. 6p. m. 
~------ -----·------ --~----

T. P. :K. w. -.;:-··;-;}{ ~. --:;:· --;-T;-~: . T. P. !K. w. T. p !K w P. K. w. T. I P. : K. w. 
\ !, ! --~ __'_J_: __ ·--'·-- ·---- ----'--

' 1 ' l , ' , / 1 1 I 1 r 1 I 1 ' J / [ / 

Jan .... '+z.5 j--2 3 +o 4 t3 3 +3·4 +1.6 +3·' ;+3 3 
1+• 9 z.4 + .. s +1 7 +1.6 ,:p.51'+i.1 +0.9 i+o.9 +o.6 

I ' I I I I I i Feb .. +2.4 
1
+o.o :+o.1 +3·3 +3.0 +1.• 3.3 +3 o +t.s +2-5 +• 4 1+1.4 t.7 :+1.7 1+t.1 1.41+1.2 ,+o.3 

Mar. +3-7 T" 7 +t.1 +5 2 .+3 9
1
+1.9 5.4 +3 9 1+2.2 +4-B +J.2 ,+t.8 +3-4 i+"3 '+t.1 +-2.2 i+I.6 +o-7 

Apr . +4·51
1

+3.6 /+I.6 .o 1+1.1 !+z.s s.s /+s.2 l+2.9 5.0 +4-3 +2.6 3.3 !+3.0 +r.9 1.7 l+t.s l+o.9 
May ... +5.2 _+4.1 /+2.1 ·3 :+s.1 r'+•.6 .I 1++·9 l+z-6 4.8 +3·9 !+2.3 +3.1 i+z.s +t.5 t.3 l+t.• i-t-o.8 
June. ++·7 l++.o /'+•.• .2 i+s.o -j-2.6 6.3 '.++.8 :'+2.8 5.3 +3.8 )-h-s 3.81'+2.6 +.t.7 1.1 (+t.6 i+1.o 

·_' I I ! ' ' I I i ! 
July ... '-h·• 1+3-9 H I.9 +s.9 .+s-3 i+•-s .o :+5.4 i+•.6 +s.1 ++·5 !+..3 3·7 \+3-3 :+I.6 1.9 \+2.0 +J.o 

I i I . I I I I ' 
Aug .... -t-0.0 ,+5.4 1+z.7 7.0 1-tf.3 .+3.2 6,51+5.5 

1
+3.2 +s.o 

1

+3.8 +•.4 +2.7 j+z.o i+"5 Lo )+o-9 l+o.1 

j-o.31-t<>.6 
to.8 lj-o.8 

I.I 'l+I.O 
o.8 +o.9 

.4 +o . .J 

Sept. .. 
1
+6.J :+s-• 1: .. 6 -6.41+s.s /+ .. 9 s.+ 1+4 5 .

1

+•·5 3.4 +3.0

1

1+,_, +1.2
1
+,., 1+o.s +o .. 1 +.>.8 :+o.5 

Oct .. -;+3-7 +2.61, z.5 4.2 j+3.2 [+1.6 3.9 
1
+3.0 +z.3 0.7 +•.2 +1.0 1.8 /+I.J 

1
+o.B '-• l+o.3 l+o.8 .71-0.4 

No,· . +3.0 +•-3 i+o-7 f-3.8 1+2.8 !+I.• 3.3 /+• 6 
1
+1.1 0.5 +1.9 

1
+0.9 1.81+1.2 i-j-o.6 t.1 )-h>.6 i+>.2 .1 +:>.1 

Dec. ·_t.:_9_,_~~~["_·~~~L~~o-i~o.:_9 ~~~~~J~',:_4 __ ~-4 +2.3 1+~~-'-·~-L~·3 1+1.o --~8 1~-~i~~--:~: 1-t-o.1 

The Toronto results are derived from observations of five years ending June 30, 1848. 

+:o 3 

+0.5 
+.>.6 

+o.s 
+o-s 
+o.5 

-\-o.5 
+0.4 

-t-o5 

+o.s 
o.u 

+>• 

Tlie Pliiladelphia results are derived from observations of five years imding June 30, 1845. 
The Key West. results are derived from observations of six years ending April, 1866. 
For reducing observations to mean of day (24 hours) the signs of the tabular quantities must 

be rm,ersed. 
The following tables of the times and azimuths of Polaris wl1en at elongation have boon prepared 

for the benefit of those surveyors awl others \\'ho may prefer to make URe of the pole-star for their 
determination of the trne meridian and whose instrumental outfit for tbe measure of the doolina· 
tion may be. limited to~ compass with sights or t,o a. small theodolite with compa&s-need.Je attached 
and who may be without a chronometer. 
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The method was recommended to stuTeyors b~- Dr. Charle:-; Davies in the revised edition of 
his work on surveying and a del'lcriptiou of it still form,.; part of the i11strnction8 of the Comu1is
sio1ter of tile General Land Office to the sm·\·eyors-general of pnhlic laud of the l'"nite<l States 
(editions of 1855, 1871 an<l 1878). The tables given in these in,.;tnwtions lta\·e either hecome ob1w
lete from lapse of time or are not sufficiently extended for fntureuse. They were, therefore, recom
puted and in their present form au<l witl1 the rnlm; given for intervolation will be fouud to pm;
sess greater accurac,v than any similar tables previously publislwd. The tables ineln(le all elonga
tions whether occnrring by day or night. Polaris can he oh,.;erred in day time wl1e11 the sun is uot 
too high even with moderately powerful telel:lcopeR; lleHides, a complete table facilitates interpola
tion. 

ilfean local time ( a.~tronomical, counting fr01n noon) qf the clonf!afion.v (!f Polaris. 

{The table answers directly for the year 1885 1 for latitude --'.---40° and for longitude 6 hours west of Greenwich. l 

Dak. Eastern \\"'" estcrn 
elongation. elongation. 

h. m. Ii. m. 

Jan. " 35·3 :.-4 _(, 

15 2,~ 3(). I Tl 29. 3 

Feb. I 22 z9 u 

15 21 33· 7 y 27.0 

Mar. I 3.~L5 ;LS 

15 J9 43·?1- 36.6 

Apr. [ 18 36.4 2 9· 7 

15 17 4r.4 5 34· 7 

;\lay ,6 38.b 31.8 

15 •5 43· 7 3 36.9 

June [ 14 37· I 3o.3 

15 13 .p.2 I 15·4 

July I 12 39.6 0 32.8 

'5 44· 7 23 34.0 

Aug. l IO 38.2 22 27.5 

'5 9 43·3 2' 3::.6 

Sept. l 8 :;6.7 20 26.0 
I 

i 
'5 7 4r. 7 •9 31. I 

Oct. 6 38.9 18 28. 2 

I 15 : 43·9 •7 33· 2 

Nov. 1 4 37 .0 16 26.4 

'l 3 41 ,q 15 31.3 

Dec. l 2 38,9 I4 28.2 ,, 1 43.6 13 33.o 

N . .B.-To refer tlie tabular times to any year {limit about 10 _years) s11Us~~1ut•ut t{J 

the epoch a.dd, om. 35 for eYPry ~,.ear. For y<'ar~ pr(\\~ious t{J epoch su.bt1"act om.35 for 
ever.v year. 

To refer tbe tabular ttmes tA.l uny other latit.utle (hetW('t>-D thf'I limits 2;.
0 a.ntl 50'""') 

add om.14 for every degree south of 4o0 ; i.mhtracf om.18 for ever.v degreP, north of 40':>. 
To refer the tabular times to any vcar inn. quadrienuium, observc

For first, year after ~l~ap year tl1e table iH perfect. 
For second year after" leap year add 1m.o 

For third year after a leap yeat add - . - - •"' .o 
For a leap year and before March 1 t&<l<i 3m. o 
And for remainder of the year subtract - - ,m. u 

For any other than the tabular day aulJtract frum the t.ahumr tim" of elongation 
3m.94 for every day elapsed. 

It will he notiood that there occnr two e.a%em elongation. on Jan nary 9, aud two 
western elongations on July 9. 

S. Ex. 49-18 
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Azimuth (from tlte north) of Polari.~, when at elonga.tion, between the yeor.~ 1882 and 1895,/or d~ff'er
tmt latitude.~ betu•een + 250 and + 50°. 

Lat. 

.H 

35 
_,(, 

37 

38 

39 

41 

42 

43 

44 

18X::i.(1 

1 'Y/.4 

2b. J 

.p.9 

.::0.1 

52.0 

54.0 

5f..2 

I 5B.4 

2 oo.S 

2 03.3 

I 27. t 

34· I 

47 ·9 

4(l. 7 

5r.6 

53.6 

55· 7 

I 57 ·9 
2 (>f},3 

~ 02.8 

T ?.('·7 

33.7 

J9· 7 

41. I 

44.1 

43.8 

47 ·'.' 

49.:~ 

5t.1 

53· I 

57 ·5 

1885.0 

::;u.3 

38.0 

J9·3 

40.7 

4?.? 

43.7 

45.4 

47.0 

48.8 

54·7 

,:..7.0 

[ 59·3 

2 (•! .8 

1886.0 

3.).0 

54·3 

56.5 
I 58.8 

2 OJ .3 

I 25_7 

26.4 

'27. I 

27.9 

28.8 

31 ·5 

32.6 

33.6 

4'1.4 

42.9 

44,5 

46, I 

47.9 

49.8 

5t.8 

53.8 

56.0 

I 58,3 

z oo.8 

I888.o 

26.0 

26.8 

27.6 

28.4 

30.2 

32 2 

33·3 

34.4 

35.6 

:)6.8 

38. T 

39.5 

41.0 

42.5 

44. I 

45·7 

47·.' 

49·4 

51.3 

53·4 

55.6 

I 57·9 

2 00.3 

1889.0 1890.0 1891.0 

T ?4.6 l I 24.3 

25.7 25.3 25.0 

26.4 26:0 25.7 

27.2 26.8 26.5 

28.0 27.6 27.1 

28.9 28.5 28.2 

2Q.8 29.4 29.1 

30.S 30.4 30.:i 

31.8 31.4 31. I 

32.9 32.5 32. I 

40.5 

42.0 

43.6 

45·3 

47.I 

48.9 

50.9 

52.9 

55.1 

57.4 

I 59.8 

33.6 31.2 

:i4.8 34.4 

36.0 ! 35.6 

37-3 36.9 

38.7 38.3 

40.I 39·7 

4r.G 41.2 

43.2 42.8 

44·9 44.4 

46.6 i 46.2 

48.5 48.1 

50.4 50.0 

52.5 .:;2.0 

54.6 54.2 

56,.9 : 56.5 

I 59·3 I 58,8 

I 2J.C) 

24.6 

25.4 

26.2 

27 .8 

28.8 

37 ·9 

39.3 

47.6 

49·5 

5'1.5 

53·7 
56.0 

I 58:4 

: 0 I 

I 2.::;.2 

23.9 

24. 7 

25.4 

26.3 

27.1 

28.0 

J'.!· 5 32. I 

33.6 33.2 

34.8 I 14·5 

36.1 35.7 

37 ·5 37· I 

18.9 18.5 

40.4 40.0 

42.0 41.5 

43.6 4-3·2 

45.3 44·9 

.I 22.g 

23.6 

24.3 

34• I 

38. I 

39.6 

44·4 

47 l 

49.o 

46.7 46.2 

5I .O 

53.z 

55·5 

I 57·9 

48.6 48.2 

50.6 50.2 

52.8 I 52.3 

55.0 54.5 

I 57·4 I 56.9 

7. Ob.w!1Tations for 11111g11l'ffr, dedination.-The ollsernttions for declination, which consist in 
11oting thP i-:calP-readiug·s, may he made, say, every ten rninutel-i or every q1rnrter of an hour, com-
11w11ci11g at a s11fiicie11tl.v early time in tl1e morning to make sure of preceding- and inclllding the 
eastern elongation. \Yhen this Jihase is fairl,y pas;ied and consequently the north eud of the mag
net has commenceil its westerl;\- motion, the observations may be discontinued, to he resumed again 
shortly after noou for the second epoch and to include the western elongation, as shown in the 
following example: 

3fAGNE'fIC DECLINATION. 

rHtation, Washingt.ou, ]l. c. nak,,Tnni" 15, i871. lnRtrumcnt, t.ht>o£lolite-magnctomcterNo. 7· Ol>aeTYCI',C.A. s. Mark roa{lsat61t 10111, 242° 50 
and 621

' 491.5. Linc of 1lf'torsiou, 276'1. .Magnut A suspt~ude«l by two fibers, with scale erect.t Azimuth circle set to 244° 25'.o aud 64° 241.5.] 

Time. 

,'\. M. 
h. 
6 30 

45 

7 00 

IS 

30 

45 

l'. M. 

0 15 

30 

45 

I 00 

'5 
30 

Scale-readings. 

II.8 : 12.2 

I2.J 

12.5 

Mean.; 

12.00 
I 

I2. I5 : 

I2.35 I 

Remarks. 

Removed torsion-weight at 6h 1501 

and suspended magnet. 

12.5 12.45 : :Maximum. 

12.5 12.40 : 

12.3 12.20 Suspended torsion-weight after this 

6.9 
6.6 

6.40 

6.30 

6.35 

6.25 

6.25 

observation. 

Before commencing afternoon se
ries turned torsion-circle to 264°: 

azimuth-circle as before. 

}Minimum. 

Pointing on mark: 242° 50'.o and 6~t0 49'.5 

• Incrr,asing sea.le numbers correspond to decreasing circle readings. 
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Mea11 reading· of E. and W, elongatio1111 ..... . 9. 35 and difference of readings 6. 20 

A.xis of maguet reads . . . . . . . ............. . 7·3° 

Reduction to axis ........................ +2. 05= 51.0 
Azimuth circle reads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244 ° 24 .8 
Magnetic north meridiari reads . . . . . . . . . . . . . . . . . . . . . 244 29 .8 

Mark reads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242 49 .9 
Mark, west of north . . . . . . . . . . . . . . . . . . . . . . . • . . 4 36 . r ± o1• 1 

A8fronornica.l meridian reads . . . . . . . . . . . . . . . . . . . . . . 24 7 26 .o 

l\fagnetic declination ........................... +2 56 .2 
Heduction to mean of day.. . . . . . . . . . . . . . . . . . . . + o .2 

Resulting magnetic declination, June 15, r 87 r. . . . . . . . 2 56 .4 \V. 
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vVe l.taYe, also, for this <lay the dail.r rauge 151.1 and tbe turning hours ahont 711 3orn :t. m. and 
1h 05m p. m. Unless time be wanting it is customary to ohservt• for declination, as above, ou three 

·generally consecutive days. 
The ohsener's atte11tio11 shoulu he specially directed to the frequeiit examinatio11 of the pla111• 

of <ktorsio11, since e\'eI'.Y change in the temperature or moisture of the ai:r is apt to den•lop twist, 
which, if not remornd, will injure the accuracy of t.lie observatious. 

II.-DI<~'l'ERMINA..TION OF '.l'HE MAGNE'rIC INCLINATION. 

8. DeNcription of in.~trument.-The inclination, or dip, is measured iu the Yertfoal plane JHlSRing· 
through the rnag11etic meridian of the place aud is the angle contained between a borizo11tal direc
tion and the direction of a magnetie needle mm·ing freely auont a horizontal axis whieh ii; directed 
east and west magnetically. It is rneasuted by means of a dip-circle and ii-I eo11Hidered + wbeu 
the north cud of the needle dips below the horizon. Thus in the northern magnetic hemisphere 
the dip will be noted + antl in the sonthern mag11eti1· hemfaphere-. 

In a plainly constructml circle, the graduation, which is direetly read off opposite the Puds of 
the needle, is geuerally not closer than qrrnrter degrees or ten minutes and snhdi\'isions are to he 
estimat€d. In the more elaborate instruments, like those made after the Kew patwm," for irn~brncP, 
the needle does not. swing in the plane of the graduated circle awl the pointing at ernl-marks 011 

the needle is done by the aid of two microscopes, with threads i11 the focus and the circle is read 
off to the nearest minute or half-minute b,y means of t,'WO verniers. The latter coustructio11 iH 
ad\'antageous onl,v witl1 well-balanced needles, having as perfect!,,, c,dindrical axles as can be made. 
The circles are also provided with means for determinining relative total intensity. Por this pur
pose they are supplied with perforated or Lloyd needles for deflection by weights, and have a sup
port for deflections hy a plain so called intensity needle1 specially su1iplied. Diamefor of vertical 
and of horizontal circles about 13 cm.; lengtl1 of needles, 9 cm. 

9. Adju8tnient of <lip-<fircle.-Iu adjusting the dip-circle, preparatory to obsening, the follow
i11g conditions should be satisfied as near as may be and the observations should lie arrang·ed so 
as to eliminate any small out,standing defects in the adjustment of the iustmment: It shonld be 
leveled, or its vertical axis should be set truly vertical. The agate or steel plat.es t:mpport.iug· the 
needle should have their upper surfaces level; they should be of equal height aml a horizontal 
tangent-plane to these surfaces sl1onltl pass below the center of graduation at a distance equal to 
the radius of tlie axle or piYot of the needle. The zero graduation of the dip-circle sl.ould, for 
convenience, lie in or close to a horizontal plane passing through the center of the circle; also, 
the planes of the faces of the suspended needle and that of the circle should be truly vel'tical; m.id 
finally, the prolongation of the axle of the needle should pass through the center of graduation. 
For instruments provided with microscopes the following additional conditions should he satisfied: 
The microscopes must be focussed for distinct vision of the ends of the needle and for their 1i.>cal 
tbread.s; these threads should be placed in the line of collimation, and for the two microscopes, 
should be 180° apart; and, if prodncell, the threads should pas8 throngl1 the center of graduation 
To aid in these adjustments of the focal threads it is recommended to suspend in the vertical plane 

•See plate No. 37. illu.strating tbill form of dip-circle. 
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of the face of the ueedle by means of a lum11 of bees-wax, a fine silk fiber lightly weighted at its 
lower· end, so ms to hang freely and accurat,ely over the ceuwr of graduation. 

'l'o place the dip-circle in the plane of the magnetic meridian, we liave t.wo ways, eitl1er by the 
aid of au ordiuar_y long compass-needle, wl1ich is supported on the top of the wooden frame of the 
im;tnuuent, m· ll.Y means of the 1lippinii-1rnedle itself~ which will point vertically when in the plane 
of the mnµ:netic prinw n\rtical. Tlw former method is more expeditious; the latter can alwa~'s be 
resorted to a11d co11sistl'I in fonr readiugi'i of the azimuth-circle of the instrument when placed suc
cessively in the 1wsitiovs: face of circle south (magnetic), with face of ue1idlf' sont.J) and face of 
needle north; nest, face of circle north, with face of needle north and face of needle south; the 
mean reading + 9o0 and - 900 will then gi\'(' the settings of the circle for the measure of the dip 
ill the magnetic meridian. A_ more precise n~lue will be fonnd if the process iii repeated, with the 
polarity of the needle re,·ersed. The azimuth-circle ii'i proyided with two stops, against which the 
case with mwdle will abut; one for face of circle east, tbe o'ther for face of circle west. 

The needlel'I, befom magnetization, should bahuice perfectly, and those intended for tlw relative 
memmre of total iuteusit,y, ac<\orcling to Dr. Lloyll's method, should he guarded as much as possible 
agai11st any change in their mag11eti1>.rn. 

It will he noticed tllat the mean resulting dip will, hy the rerer.ml of the dip-circle, be free of 
a11y small error in the lnel or the Yertkality of axis aud eliminaw any index error; tliat the reuersnl 
oft.ht: jiu:e of tltc needle ou the agateis will, like the 1irst, free the result from ettect of imperfection 
in its trawfferse halauce mid trom Hon-coincidence of its geometrical and magnetic axes and that the 
raenml of the polarity of the 11ee1lle will correct, for any defect iu the position of' its center of' 
graYity with n·spect to :my longitudinal dit;tance from the axii:> of :rotation. 

10. RererNo/ of pole.~ of dippi11g-neellles.-The needles which are exclush·ely usml for the measure 
of the inclination ·sho11hl have th.-ir poles reversed at each place of ohseryation and the results 
with polarity north arnl polarit,y south must be combined to a mean value. If exceptionall:r·, from 
waut of time, tlte JlOlarit.r sltonld 11ot have llee11 reversed at a statiou, the dilforeuce in results 
between polarit:t 110rth awl 1'onth, as found at statio11s which have uearly the same dip, may be 
applied a8 a correctiou. To reverl:>e the 1iolarity we may proceed as follows: fasten the needle in 
the reversing-block anti, lwltliug a lntr-rnagnet in each hand, bring the opposite poles of the two 
b:u-mag11ets close together at the middle of' the needle so as to touch the same on botl1 sides of the 
axle; the needle is supposed to he on a le\·el plane and the ham are to be inclined outward about 
2 50 or 3 5° to the hori:wn. 'rhey are tlrnn drawn slowly and steadily over the needle, carrying 
them Ol'f'I' its cuds anll, after liftiug them some inches ahove the lm·el of the needle, hriug th.em 
back to tlie middle position and move them again over the surface. This process may be gone 
through t.hme time8, wl1eu the upper face of the needle is turned clown, in which position the mag
netization is repeated as before. Care should be taken to have the motion exactly in the direction 
of the geometrical axis of the needle; the supporting-block usually has a ledge, along which the 
magnet can he drawn, closely touching it, which will iusure a moYement parallel to the axis of the 
umgut>tic ueedle. If its north end is to be changed to a south end, place the north (or marked) end 
Mer that eml of the neeclle when magnetizing-. The polaz·it.Y as well as the face may be designated 
by means of' the number or letter usually cut on the face-end of the needle. The reversing-bars 
should ht> carefull_y handled aml should not be allowed to touch each other except at their opposite 
poles U]l(l when placed in the box the ends of opposi1R JlOlarity sllould be connected by a soft. 
iron armature. If tl1P r1wersal of the needle is to be repeated a short time after the operation, 
the method is onI:v changed by usi11g fonr instead of three passes over eaeb face of the needle; 
if another reYersal is needed shortly after, five passes would be required. This is done in order first 
to neutralize the existing magnetic polarity and then to give it the opposite polarity desired; if, 
however, one 01· more days haxc elapsed between a reversal, enough of magnetism of the needle 
has been lost to render any increased number of passes unnecessary. 'rhe number of strokes 
1fopell(ls primarily on tlie strength of the bars and the relative size of the bars and needles. Should 
the bars lmve too mue.!1 intensity and the needles be long, au irregular distribution Of magnetism 
111igl1t be produced. Should tl1e bars be of unequal intensity, it is recommended to exchange thtim 
in the liauds, after 11erforming one half of the operation of reversal, turning them at the same time 
eud for end and completing the o_pemtion int.he new position. When not in use and when observ-
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iug for dip, the bar-magnets should 11ot bP kept 1warer to the observer tha11 about ten meters; 
hut when ol.Jserving for declination they should he kept at a greater llista1we. The nee< lies :-;lion Id 
be carefully guarrted agaim;t moisture, aud after use be wiped dry with chamois sldu. 

11. OlnserM.fion.~ .fill" faclinaHrm or ilip.-The following example of a record of onliuary ohse1T
atious of the dip will show sufficiently the general arrangement. 'l'lw readings iu tht' >wcond liori
zontal li11e are independent of those of the firo;t, and between these obsern1tio1rn the needle ha;,; 
always bee11 lifted off itK supports. If' the positi011 of the needle is n•corded whill' slowly oKcillating, 
it is customary to n•cord the left and right extreme t>xcursions and, in order to correct for 1li111iuu
tion of arc, the mean of the reading of tlie first extt·e111e aud of it;; 11ext retnm to it 8honld he taken 
before eornhining with the reading of tlw oµposite extreme. In this case the lll('aJt for the first 
extreme Jiositiorn; may be taken mcutally and tlw second (•xtreme iK reconled nrnlt•r it; tlwn t(lllow 
the readings corresponding to the second line after the needle has been lifted off aud let down 
again on the agate 8npport,s. 'l'he letter:-; S. a111l N. i11 the form below stand for south (upper) aml 
north (lower) cud of' tht' needle, wht'll suspended. 

It is recommended to observe the needle while slowl;y oscillati11g iu preference to noting it8 
11ositio11 at rest, i11 which latter case the equilibrium ma~· be influenced by any small irregularit;.· in the 
axle at the point of contact, which, it may he supposed, would lw pas8ed on•r by au oscillating motion. 
Defects in the figure of tlte axle nm~· al8o he recognizt'd h~· irregularities in tLe oscillatoQ· motion 
of the needle. 

TLe iutro<lnctiott of position needles had11g a moYahfo axle, which may be tnrued b~· means 
of a key to different positions, with a Yiew of elimiuatiug small detects in the figure of the axlt~, 
11as, so far, not proved as satisfactory as was anticipated, owing to the difticnlty of pr,rfoctly figur
ing the axl1• a1Hl centering the montble arbor; if sueh needles are used their polarity, after the 
first set of obsernttions have been made, will be nwersed and the ohserYations will be concllHled 
before tuming to a new positioi1. 

Nagnetfo dip. 
!Stat.ion. \VaHhingtou, n. c. I>ate. Nov(:mlwr IO, r853. Hix-inch Barrow J)i]l Cirdf' No. 2. Ne('(lle No. I. OlJ8('J'\"(•r. ~. JI. Comllll'Jh~t•jl 

1oh i:5 111 a.1u.: ('Ouchuled zol• 33m a. m.l 

1'01.:\l~ITY OF l\L\HKED F.:t'-<D S0h!TH. 

Circle east. Circle west. 

Face east. Face west. Face east. Face west. 

s J\'. ::-;, ]\", S, N, S, N, 

7I 24 7' 08 7' o8 71 ,, 7I o8 70 so 70 56 70 42 

26 03 o8 31 58 54 42 
--~------- . --~~------- -~ ---

25 7' 05 71 08 71 31 71 04 ?"' 54 70 55 70 42 

71 15 71 H).5 70 5~ 70 48. 5 

71 17 ·3 70 53· 7 

71 05,5 

l'OLAIHT\ OF !\!ARKRJl F~ll .'o;ill'TH. 

Circle west. lirde east. 

Face west. Face east. FaL:e we~l. Face east. 

S. N s. N, S. I\". S, ~-

·-

i 

7' 7' 17 71 05 7' 05 l 71 41 7' 30 71 43 71 18 

JI 17 04 04 45 25 44 20 
--.------------------------~----

71 II 71 I7 71 05 7I 04 71 43 71 27 7' 43 71 19 

71 35 71 31 

71 09.2 71 33.0 

Resulting dip, , . , .... 

Nom.-Tbe magnetic meridian was obtainetl by 11orizontal or <',OJ0])3Ss needle, whic11 WM removud hefore eommBJH\i11g1ll1• oli~•·1·vntious 
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Specimen of record for finding pla,ne of ma,gnetic meri&ian by rlipping-needle, 

Azimntl1-circle. 

Circle south, needle south .............. , . . . . . . . . - ...... - 99° 02
1 

" " " north . . . . . . . . . . . . . . . . . . . . . . .. - ..... ·. . . 97 58 
Circle north, needle south . . . . . . . . . . . . . . . . . . . . ... , . . . . . . . . . . . 278 52 

" " " north . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 8 28 

Setting: so 40' and 1880 40' . . . . . . . . . . . . ..... 

It is desirable that in the various positions of Jhe circle and needle the extreme readings 
should keep within a range of 1° or 20; the closer the better will be the final result. 

12. Ob1wrrat-ions of <lip in r1u-io11.v azimutlts.-For the purpose of tel'lting the regularity of tlrn 
figure of the axle of Uie needle aml the freedom of the metal of the circle from any magnetism, we 
may observe dips in various azimuths; if fla =observed dip i11 magnetic azimuth a, then the true 
inclination is found hy 

The values of a may be successive]~- changed by obsenations in azimuthal differences of about 10°. 
13, Olixerr11tions of <Hp i11 two planes at right angle,~ to each otlu·r,-Vve may also obtain the true 

i11clinatio11, without the lrnowle1lge of the magnetic meridian~ by obseITing the dip in any two ver
tical planes at right auglm; to each other arnl find the inclination hy the formula 

14. Obsei·vation.J! of rlip 1>.11 met1n,~ of a loa<lerl nee,lle.-But the best method would seem to be 
that of l\layer, proposed in 1814, whieh is peculiarly titted for elimi11ati11g the efti .. '.t of an ineg·u
lm·it~· iu the figure of the pivots, sirwe tl1e dip can he fonud 011 almost any part of the circnmterence 
of the axle. 'l'bis method consists iu loading tlie needle (near its axis) aml thus changing its 
direction. The new position is cornlitione•l by the equilibrium of the magnetic force and tbat, of 
gr:wit.y. The tilt may amount to 90° or more; and tilwuhl the needle be deflected into the adjacent 
qrnulrant, the algehrnic sign of the observed dip changes and must he attended to. For want of 
a 11etter contrivance, a drop of sealing· wax may be applied to the side of the needle near its axle, 
awl observatiom: may be made with the needle variously deflected by changing its quantity, or b;r 
·1etti11g it act at a different leverage. The ordinar,Y rule:,; for observing dip are adhered to, out 
special care must be taken that the weight be not changtd in position in the act of reversing tlte 
polarity of the needle. This method of reduction may also be followed if onlinary needles <lifter 
as much as 30 or 40 in any of their separate results, tiither due to change of face or polarity. 

Let H1, H11, H,m H1111 he the observed dips, say, with face of needle B, face VI/ au<l after cha11ge 
of polarits, with face \Y and face E, respectively, and 

Th<m 

M=eot H1+cot 811 

m=cot 81 -cot fill 
N =Cot fJ111 +eot H1111 

n=cot Hm -cot Hn11 

t H M n+N m co = 
2 (m+n) 

'fhe rpcor<l, as given in the following example to this method, shows that the dip was noted 
while the needle wit." os1'.i!latiug and that between the second and third horizontal lines the needle 
was l ifw<l off the agates aml let down again. 
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}lfo[Jnetic dip by ]fayer'.~ method. 

Station. "rashingt.-0n, l>. C. Ha.t.r-, &pttlmh('r 22, 1856. I>1p r,ir"l' Rarrrrw No ;. XPf'<lh• :Ko. 2. loalh•tl near axil'. 01,server. C. A. 8-. Com· 
nu·nccd llh 3om; tondude<l 1i• 55m.1 

s. 

l'OL.\l~IT\' or '.\lAI-0-~El> ENl! ~{lhTH. 

Citcle east. 

Face east. Face west. 

x. S. 

24 

24 

24 

24 

-35 06. 9 

-34 43.5 

:-;, 

24 

48 24 

46 24 

I.) 24 

2 4 24. 7 

24 55.6 

38 

.i.i 

0.1 

Face east. 

-35 30 -34 

-34 -35 

"·' 51) -33 
-35 38 35 

-34 43· 5 

Circle west. 

S. 

02 25 

.s 24 

4() 25 

24 

Face ,,;est. 

12 

42 

20 

35 

,. ., . 

25 12 

24 40 

24 32 

25 

61=-34 55.2 80 =2+ 40.2 

-41 

P\IL.\lnTY 

Circle west. Circle ea~t. 

Face west. !face east. Face cast. 

S. x. s. x. S. X. 

55 29 30 20 27 -42 14 -41 O:_:> 29 55 29 og 

48 30 30 30 23 -41 -42 o8 29 29 41 

50 30 35 30 29 -42 og -42 o_:;; 29 29 2\) 18 

51 29 25 29 -4• -41 29 48 •9 35 
----· ---------------------

35 -41 30 29 

2q 57 ·4 

29 3L9 

54.8 - .. 38.8 -41 36.,:. 29 38.0 29 

29 3i.9 

Reading of a:::imuth.cfrclc for po.~ition of 11w[J1ietic 11wridia11. 

(This was lfotcrmined before the needle was loalled.) 

25.8 

Magnetic prime vertical.... . . . .... - . . • . . . . . . . 69° 001 h,\· north polarity. 
Magnetic prime "ertical . __ ......... ______ . - - .. 247 50 ll~· south polarity. 

Mean, 68 25 

Oomputat1'.on of the trnc dip. 

M=+o. 74476 
m=-3. 60956 
N =+o. 62167 
n =-2. 87855 

• • 8 =+7Io 191.r 
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1 _;. lJcttTminntiou of thf relatfrc total inten8if,lf 71y mcan8 of the dip-mrcfr bi connel'fion 1rith d1·
ffo<'tinlJ wl'igltf.~, <18 1frl'i11Cd b.11 the RN. H. Llo.lfd.*-This method is known m; Llo,vd's .~t11tfr11/ method 
for measuring rclati,·e total intensit~-; alt(l, although now superseded b~- his later dm·iee, which 
supplements it hy an additional operation of detlectiorns, which renders the result iu<lependeut of 
any loss of magnetism of the needle during the time of a RnrvP,,-, the older method is, ne\•ertheless, 
occa,.;ionally employed in casps wherp no moclcrn dip-circlt', with detleetor attachmentR, is avm lab le. 
To free the result>; from the effect of slow los1; of magnetism aml to express them in absolute 
measnrn, it is necessary to occupy a base station when' the total force is known from other means, 
an<l to make there ohser\'atious hoth at the commencement and at the close of a magnetic survey. 
Special observations have al;o;o to he made to correct the rcsnltR for difference of temperature during 
the observations. 

The method essPntially eoush.;ts iu balancing the magnetic force by that of gTavit~-, and iu ob
·"erving the po8itio11s of a dipping-needle under the influence of the earth's magnetism alone· and 
nuder the combined influence of magnetism and of a weight attached to the upper part of the 
needle at a tixed distance from its center. For tliis purpose the iwdinary dip-circle is furnished 
with an additional needle, pierced in its longitudinal axis with three holes at each end for the inser
tion of platimnn or German silrnr weights. This needle is known as a Lloyd or intensity needle, 
the magnetism of wl1ich must be carefully guarded against all disturbances, and the polarity of 
which is ne,·er reversed. 

U is nsmtl to determine tlw dip, o, b;r tl1e dipping-needle, reversing the face of the needle, the 
face of t.he circle, and the polarity of the needle; hut when using a I,Joyd needle, where t.he last 
operation is iuadmissible, the dip measured will in general require a small corrections, found by 

sin E= l 08 ~sin (i;-0) and o=C+< 
cos" 

where ~=inclination of the unloaded needle to the horizon; 
lf=its inclination when deflected by the weight (with minus sign when the north end has 

heen tilted up beyond the horizontal line) and 
p=a constant to be deter·mined from corresponding values ou, '~" and flu at a base station. 

The ntlne off is nearl;y constant, except for gTcat differences in the dips of the region under survey. 
The tme and deflected directions of the dipping needle being known, the magnetic total force 

<p becomes known from the relation 
<p sin (o-fJ)=fJ cos fl 

if th(' factor fJ has !wen d<'terminrnl from eorrespomling values <po, o" and flo at the base station. 
Tht' ohst>n·ed rnlue of fJ 11ee1ls a correction for <liffereuce of temperature. This correction is most 
readil,\· fournl by observations at the base station at Yery unequal temperatures from fl'-(J=a (t-t'), 
wliere t=the observed and t'-the stamlard temperature, and (}and ff the corresponding inclina
tions and rr the temperature coefficient rec1uired. 

J<'or these ol11·mrvations it is desirable to select the hours of the day when the natural tempera
ture reaches extreme values and it will be well t:-0 repeat them at a station where the magnetic 
co11ditio11s are moBt different from those at the first station. · 

The observations being thus corrected and reduced to a standard temperature, let o'.i, 00, <po 

he the Ya!ues at the base or comparison station and o, O, <p corresponding values at any other 
station, then 

<p _cm; fi11 sin ( o0 - fl) 
<j>,,-cos Ro sin (6 ::.:.715 

cos(} 
or ip= }'o . . _.. n) sm (u-u 

introducing q;., iu ausolut,e measure, <p becomes known expressed in the same unit. 
It is desirable to make observations at the base station with more than one weight and using 

them at diftereut llistances from the center, in order to select that particular combination [to be 
carefully noted] whieh answers best for all stations; the method applies best for stations where the 
dip exceeds 45° and that weight should be selected which tilts the needle at nearly right angles 

• Traumictions of the Uoyal Irish Acailcmy, vol. xvii ; al110, report of the fifth mooting of t.he lkitisl1 Association 
for t.11e Allvancernent of Kcience, at Dnbliu, in 1835. Lon<lon, 1836. 
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to its first position. 'J'he ohsern1tions at any one station may be arranged as follows, after making 
the ordinary a<ljnstment of the instrument: First, for the dip, using th(· ordiH:iry needle in e:ght 
positions, ,·iz: face east flllU west, circle east and west, and polarity direct and rc\·er8ed; second, 
nsillg the IJoyd needle unloaded, fa(•e east and west with circle east (and, if time permits, also 
circle west); next, similar ohserrntions with the loa!led 11ee<lle, the temperature being recorded. 

As_ an exam1)le we add: .At SaYannah, Ga., whieh i8 the b;tse station, we 11!1\'c on April 2+. 
26, 1852: 

00= 63° +o'.o 
&o=-32 19 .6 

q10= u.61\2 

hence log f/o= 1.17395 

At 'Vasld11gto11, D. U., l\lay 25, 1852, there was observP<l 

IS= 71CJ 16'.r 
H=-29 I'., 

hence the total intensity at ·washington cp= 13.2 50, al,,;o the horizontal iutmrnity H =4.z 55 
16. Determination of relative total inte1rnity l>y means of the dip-circle, combining deflections /)l/ 

gmvity a.nd mag1ietism, by Dr. Lloy<l'x methorl.-The more recently eoustructe<l Kew dip-circles are 
provided, as stated, with a deflector, to be applie(l on the outside of the circle, so that the axe8 of 
the deflected and deflecting needles are in the same Rtrnii.dit line; with these inRtrnmeut8 relative 
t-0tal intensity may lie determined with great accnracs li,\· a method" devised by Dr. Lloyd. 

The method c01Mists of two operations: Br the first a11 ordinary dipping·-11eedle iti (letiected hy 
another so-called intensity-needle, tlteir axes of rotatio11 being in the ,;ame right liue; uy tl1t• second 
this intensity-needle, which is l>ro\·iuell with small holes for t lie insertion of certain weights, is de
flected by a weight aml thus balanced agaim;t gravit,\'·. B_y a com hiuation of thesce two processes 
tbe earth's relative total intenl'iit_y can be fonud independent of the change of the 111ag11etic intensity 
of the needle employed. The temperature of the intensity-needle is snpposed the same during the 
short time needed to put it through the two operations; if uot, a s111<1ll corrnction will be reqnire<L 
To convert relative into absolute Yalues observations must also be made at a hase station where 
the magnetic intensiQ· has been determined in absolute measure b,r means of a magnetometer. 
The method answers best for high (magnetic) Iatitu\les, yi>t it l1as been found to gh·e nry satisfa.c· 
tory results on the coasts of Cuba mid Yucatan. 

Tbe two special dipping-needles, designated Nos. 3 and 4, employed iu the process~ must be 
carefully guarded against au~- change of their magnetism, and their poles are 11e\"er rPYerse<l. 

At the base statio11 let 
Ho=known horizontal magnetic force in ahsoh1te measure. 
(J =magnetic dip, + when north encl of needle dips below the horizontal. 
u'o=half the difference of the readings of the dipping-needle (speciall,v 1n·m·i1leil) wlw11 deliected 

hy tlte Lloyll or intensity-needle in two positions of the poles, i. e., directml alternately 
toward the magnetic nortp and south lw a revolntion of 1800 of tlw movable frame carrying 
the detlector and the reading microscopes. 

Y/o =observed dip of the Lloyd or intensity needle when lrnuled by a small weight at it8 upper 
end; then 

Ho .jsin no sin n' o 
tt'IJ =80-t!o and A= c(is71~ -cos1j~-

For any other station let 
fl u' 11=the observed quantities correspon(ling to those a,t the base sbi.tion; also let 
1~=&-11, then the total intensity will be giYeu by 

F = A.j8inc1Y8s7f':~ 
and the horizontal intcnsit~' b~· 

H=F cos(}. 

•The method is descl'ibed by Sir E. Sabi.nil in "A l\lannal of Scientific Enquiry," published by the .English Arlmi· 
ralty; Art. Terrest.rial Magnetism, pp. 105, w6, of 4th erlition.-[London, 1871.1 

S. Ex. 4:9--19 



 

146 REPOI~T OF THE SUPERINTENDENT OF THE 

EXA)IPLE. 

Jlfognetic total inten.~ity. 
Dr. Lloyd's metl1ml. 
Base station, Washington, D. C.; date, .January 8, 1879; instrument, Kew dip-circle b,r Casella, 

Coast a11tl Geodetic Survey, No. 19; observer, S. M.A. 
B~· the ordinary process, the dip by needles designated Nos. 1 and 2 was found fio=70° 47 1.5 
Needle No. 3 suspended, needle No. 4 detlectiug; circle east; face of needle east; temp., 49° 

l•'ahr. 

Microscopes direct. Microscopes inverted. 

S. end. ~. en<l ~- end. N. end. 

. 6 t 23 61 09 

22 

11'0=!/z (82° 24'.0-61° 16'.4)=10° 33'.8 

Needle No. 4 suspended and loaded hy weight No. 1. Temp., 480 Fahr. 

S. ernl. :\. enrt. S. end. ~. enrl. S. end. N". end. 

0 ' ! 

-33 53 -33 50 -31 -30 56 -32 I4 -3• o6 -30 

54 51 -30 50 52 15 10 -29 

NOTE.·-The - sign shows that the north end of the needle was tilted up above the horizontal. 

hence 170=-31° 45'.2 and Uo=+102° 32'.7; also, from observations with the magnetometer by 
means of oscillations and deflections, Ho=4·372 (in units of feet, grains, and seconds). 

log sin tto=9· 98951 
log sin -u'o=9· 2632 2 

colog cos 170=0. 07042 

9.32315 
log Ho= 

log sec Ro= 

9.66157 
0.64068 
0.48280 

log A= o. 7&505 and A=+6. 0961 for weight No. 1. 

Similar observations taken at Havana, Cuba, March 13, 15, 16, 1879, gave the following results: 

fl=+ 52° 18'.1 log cos 11 =9· 86185 
111 = + 12 28 .5 colog sin tt =o. 00209 
11 =-43 19 .2 colog sin u.'=o. 66552 

hence 11=+95 37 .3 

H= 6. 8577 

o. 26473 
log A=o. 78505 

log F= l. 04978 
log cos 8=9. 78640 

log H=o. 83618 
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III. ABSOLUTE AND RELATIV.E MEASURES OF THE MAGNETIC PORCE. 

17. Un£ts of measure of tile magnetic force.-lt is usual, when accurate results are desired, to 
measure the horizontal component of the magnetic force by means of fl portable unifilar magnet
ometer and the dip by means of a dip-circle, and to derfre the total force by combining the$e re
sults. In high magnetic latitudes, where the horizontal componeut is feeble in comparison with 
the vertical component, Lloyd's statical method, employing· the dip-circle, as already explained, or 
his improved method by deflectors, are to be preferred. The latter method was employed with 
complete succe1<s even in the comparatfrely low latitudes of the Gnlf of }Iexico. Ilotli methods 
give relatiye valnes for the total force. To measure the horizontal force b.r means of the magnet
ometer two distinct operations are required, known as "Observations of Deflections" and "Observ. 
ations of Oscillations." Their combinat,ion will enable us to separate, in the observed force, that 
part which is due t-0 the magnetism of the magnet from the other, which is due to the earth's mag
netism. Either of these operations, lmt especially the latter, will determine relati\·e horizontal 
intensity with great precision; and, when coIUbined or when used in connection with a base station 
where the magnetic force is known, absolute results will be obtained. In the latter case the 
observer, after occupying the base station, should return to the same after tlie coIDpletion of his 
magnetic i;;urvey and again measure the magnetism of his magnet, which, in the interval, must 
have been carefully guarded against changes; the results must be corrected, if necessary, for loss 
of mHgnetism. Defiections give a measure of the ratio of the magnetic force of the (deftecting) 
magnet and that of the earth's horizontal eompon~nt, whereas oscillations (of the imme magnet) 
furnish a measure of the product of these two forces; hence they may be separated and each may 
finally be expressed in absolut.e measure. 

The units for the measure of the earth's magnetic force commonly employed in England and 
the United States are the second of mean time, the foot (in tbe metric system, the millimetre), and 
the grain (in the metric system, the milligram). In statical measure the unit of magnetic force is 
the pressure of a unit mass under the influence of a unit force, which force would produce, if the 
mass be free to move during one second, a velocity of one unit (and not a velocity g or force of 
gravity, which iu latitude 450 is equal t-0 32.17 feet, or 9m.So6, so commonl.Y adopted in works on 
moohauics).. This adopted unit of measure, considered d;ynamically, implies that the unit of accel
erative force will produce unit velocity in unit of time. This unit of foree is therefore g times 
smaller than the unit of gravitation-force. Thus, supposing the horizontal force of the earth'is 
magnetism to be (in British m1its) 4.36 at Washington in 1877, what is meant is that t11is foree is 
equal. to a pressure of a mass of 4.36 grains when under the infiuence of an attractive force which 
would produce during one second a ,-elocity of one foot. The same, if expressed in ordinary units 

of gravitation-force, would be . 4 ·3~, or 0.1355 grain of pressure under the earth's attraction. 
32.17 

'fhe unit of magnetic force in the metric system is 118\ 16 of ordinary gravitation measure; lience 
in this respect the unit of magnetic force in the British system is to that of the metric syst,em as 
9806 : 32.17, or nearly 305 times greater thau the latter. To chauge numerical measures of intensity 
expressed in units of the metric system into their equi,ralents expressed in C. G. S. or British Asso
ciation measure, or in units of the centimetre, the gramme, and the second, we have only to shift 
the decimal point one place to the left. Thus, the horizon ta.I force 4.36, given above for Washing-
ton, when expressed in Gau.ssiau or metric units equals 2.010 and in C. G. S. units it becomes o.2orn 

dyne. 
The earth's magnetic energy acts upon a magnet as a couple, the attractive force exerted on 

one half of the magnet being equal and opposite in direction t-0 the repulsive force on the other 
half.• 
--------·---·---------

•A magnetic pole of unit strength in the C. G. 8. system is one which repels an equal pole at unit distance with 
llllit ti:>ree; that is, 1n a distance of 1 em. with a force of 1 dyne. 

The strength of the two opposite poles of a magnet is equal. 
The fll01nent of a magnet is it.s length multiplied by the strength of one of its poles, and a unit mor:ient is one of a 

magnet of unit length with poles of unit strength. ' 
The mtenMlfl of a magnetic field is the force w11ic}1 a unit pole will experience when placed in it. , 
The i11tenrity of 111agnetizatio11 ot" a uniformly ma,gnetized body i11 the <tnotient of its magnetic moment by its volume, 
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J8. l>c1Jcn'ptfon and use (!f the niagnetometer.-There are two forms of unifilar magnetometers: 
that with a complete astrouomical theodolite, or alt-azimuth, detached from the box in which the 
collimator-magnd is suspended, but generally on the xame stand with it; and that whicb has the 
box with s1rnpernled magnet mounted centrally o,·er, aud firmly connected witl1, an azimuth-circle, 
the reading tele1;cope being mounted eccentrically on supports. The first form, supposed to have 
been devised by Gaui;s and ·weber, is the preferable one in field use; it admits of greater expedi
tion, allows of greater ease in ohserdng and is almost indispensitblc when the astronomical me
ridian has to be dBtcrmiuP~L 'Yitb the magnet to the south of the theodolite, it readily admits of 
obsernttions of the sun, for the determination of time and azimuth (also of latitude, if required), 
without interfering with the magnetic work proper. Deflections are read oft' on the scale of the 
collimator-magnet, aud nmst be COJffcrted into angular measures. Tlle second form,* supposed to 
have been given by Dr. Lamont, is capable of yielding deflection results of greater accuracy and is 
better suited for a fixed observatory, especially when declination disturbances also are to be 
ohsen·ed, a11d at all r;tatiorn; where there is a large dail,\- range in the declination. The angles of 
deflection arfJ at onee read off. In orde1 to obsenre the azimuth-mark, the magnet and box have 
temporaril.'- to be removed, which is unnecessary in the first form of the instrument. \Yhen observ
ing dcfiectiom;, tbe har aud consequently the deflecting magnet, remain fixed in the magnetic 
prinw Yertiml, with the magnetometer with detached theodolite; but in the second form of the 
instrument as dnised by Lamont the deflecting and deflected magnets alwa.'·s remain at right 
auglell to each othn.t lmpro,·ements ha,-e been made at tile Coast Snrvey Office in the construc
tion of rnaguetometerr;, with a special view of- making tbern more portable than the older instru
ments, which were found unnecessarily large and heavy. In r8]I a 3-inch Casella theodolite wa8 
utilized for this pm·pose. The nrngnet (3 inches Ioug and ;:{inch in diameter) and light wooden box, 
with glass tube, were first attached to the upper frame of the theodolite, but afterward to its stand, 
by wldch greater steatliness was secured. The relative horizontal intensity only could be meas
ured b~- means of oscillations. In October, 1874, a similar instrument was fitted up by the writer, 
for use in South America, with 2 magnets, mass-ring, aud deflecting bar for absolute measure, 
the magnets being only about 1 _1_; and r }~ inches in length. In the year 1877 several instruments 
were constructed of the kind known as eornbination instruments, with 4-inch theodolites and mag
nets, i.50 and 1.8.4 inehes in length, respectivel,y; diami~ter, 0.3 inch. One of these 'instruments 
is presented in the accompanying plate, No. 36. The upper part of the theodolite can be remm·ed 
aud the magnet-box placed on its azimuth-circle. The operations for either construction of the 
instrument are essentially the same and the simple modifications necessary in using one or the 
other form iu observing and computing will be specially noted under the appropriate heads of the 
work. \Vhen obserYing for time and for duration of oscillations, a mean-time box-chronometer 
is most com-enient for use; the observer will himself take up the beat (lialf secon<l) and estimate 
fractions of seconds. For a tra\·eler, who dislikes to be much iucumbered, a pocket-chronometer 
is much to be preferred, but the counting of the beats, generally five in two seconds~ requires some 
previous practice. It is recommended to take up aueven beat-say at o, 10, 20, 30, &c., seconds
aud count only the cYen beats, repeating the letters a b c d in the intervals; thus, 1 o a b c d, r 2 a 
b c r7, q a, &c. The letters are afterward converted into their equivalents of time; thus, 14 c woald 
he 15•.z 

19. Ohscn:a#ons of <lejlections.-Tbe instrument being adjusted as for observations of declina
timi, attaeh the deflecting bar, snspend the shorter of t,he two magnets as generally supplied for each 
instrument; the liue of detorsion having been placed in the magnetic meridian, insert the copper 
damper, raise the suspended magnet to the horizontal level of the deflecting (or long) magnet, put 

and unit intensity of magnetization in the C. G. 8. system is one in which 1 cnbic cm. of its volume has a magnetic 
moment equal to unity. 

The force experi~uced by a magnet when placetl in a magnetic field is a coupk, and is e1p1al to the product of the 
moment oft he magnet by the inte118it.y of the fif;ld, supposed uniform; it i<l a maximum when the axis of the magnet 
is tit right •rnglcs to the lines of fon·3 in tlie. tiel<l, it is zero when the magnetic axis lies in the direction of the forcl'. 

• Sct-1 plates Nos. 34 and ar,, eontaining representations of these two kinds of magnetometers. 
t In thi:; case, the bar anil hox turning on the center of the azimuth-circle, a meaBnrable amount of induced 'lllag

rwt~m is ilcvelopeil in the tl<'fiector when inclined to the magnetic prime vertical. In the form of instrument giveu by 
Gams a1ul Weber tile dellector is not. subject to the p,arth's inductive action. 
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the carrier at the proper distance on the bar arnl, after placing the iutensit;v (or long) rnag1mt• 
centrally 011 it, commence making the obserYations as indicated iu tile following scheme: 

HORIZONTAL IN'l'ENSI'.l'Y. DEFLECTIONS. 

};'QU:'.11 I. 

Magnetometer witlt detached theodolite. De.fleeting magnet in the magnetic prime urtical. 

lStatiou, Hampton. Date, Jul,\· YI, r8fo. MagnPt {.;3<.j deflPcting. "'Magnet Sti suspt~BdP,<L Ohserver, x. x.1 

--------· ----

.,; 
il Tempera-oj Scale- Alternate Time. tu re. c ~ !, readings. means. 

"" " 0 I ::. ;>: 

'" w. 78.8 

K Ij3. 5 20.:p 
~ w. 33 79.0 20.4 1 33· 55 " ;: E. 13~.6 

IO 27.5 78.9 

E. 26 7Q.O 133.0 

w. 20.0 IJ).05 

~ 
E. IO 29 79.0 133. I 19.95 

" ,V. ~ h).~I 

IO 27 ·5 79.0 

Means IO 27.5 79.o 

t Reduction: f~ :::: ~ 1,.$ tan u ( r - ,~) 

Torsion
circle. 

83 

1 73 

353 

83 

Scale. 

d. 
76. 5 

79.2 

73.6 

76.5 

Differences. 

d. 
"7 
5.6 

:2.9 

d. 
i l or mean ::::: -z· ::::::: 2. Bo 

1.ogarithms. 

r/ ::':::: 7'.96 

5400' + -z/ 3.73303 

5400 (ar. co. I 6. 2676' 

" i+7 o.<X>004 

56 1'.57 
id::::::: 2'.84J 

+" l .I 

161' .07 
,o .. p'.07 

tan u 

,~ 

1' 
I-

y1. 

H 

~ ,; = ~ ~ 

~ ~ "' 0 c 

d. 
IIJ. ~o 

. 15 

[ 
II3.18 c 

be 
.2 

IIJ.05 

.15 ] 

II.J.10 

ll.). 14 

: Logarithms. 

I. 75259 

0.45378 

0.00064 

2. 20701 

8.671o6 

0.903<>9 

9.6g897 

0.00040 

9.27352 

NoTE.-The order of time indicated above by tht• sen•ral position• 
of' the magnet iH designed to corrf'ct for clrnuges in decJinatiou <luring
the obset'vations of de1Itctions. 

"'A vertical pla11e }la!!Sing througl1 its axis should also pas8 through the line of 1:mspeDHiou oft.Ju• Hlwrter ruaguet. 
t !<'or explanation of formula see further on. 
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HORIZONTAL INTENSI'l'Y. DEFLECTIONS. 

FORM 2. 

Theodolite ma[lnetometer. De.fleeting uud de.flecte<l magnets at right a·ngles to each other. 

lStation. "~:u~hington, n. C. Hatt., May 16, 1867. Magnt-l A deflt'cting. ~fa.gnet n SURpt'Utled. lfo~tanet'>, r = T~ t't-et. Log r::::::: n.o6695 
Obsen·er. C. A. S.] 

i 
~L 
;;; 

i. 
;,.; 

,, 
~ 

'S 
~ 

Cirde-readings. Circle-readings. 

~ 

% ~o. A B Mean. ~o. A ll Mean. 

E. 
\\'. 

E. 
\\'. 

E. 

"" E. 

W. 
E. 
w. 

42.0 i 42.0 4:...00 

7 250 32.0 3t.5 31. 75 

Jl.O JI.O 31.00 

Mean 31. 37 

! Reduction: i~ = ~ 1-3 sin u 

Magnet E .• zu = 13 ir .g2 

Mag-net \.Y., 211 = 12 58.87 

Mean = 13 05.40 

11 = 6 32.70 

!1. 111. 

I o 

2 237 29.5 29.0 29.25 

29.00 

237 32.5 32.0 32.25 

(I-r!,') 

Sin u 
p 

1-;= 

32. 50 

9.69897 

o.2oo85 

9.05• 84 

Time of commencing, 3 29 Temp., 63.5 Fah. Induction* 

Time of ending, 3 45 Temp., 65.8 Fah. 

m 
H 8.958II ' 

-----·---~-----

The preceding forms are arranged for determining the angle of deflection (u) by which the 
iutcrnsity-magnet, acting at a -given distance, r (expressed in feet), deflects the suspended magnet 
from the mag·netic meridian and for determining the ratio of the magnetic force (m} of the deflect
ing magnd to that of the ea1ih's horizontal component (H).t For the case of the deflector remain
ing iu the magnetic prime vertical we have, with Sllfficient 1>recision 

m= 1
r:i tan u (1-!'_9 . ) 

H 2 r• r 4 

for the case of the magnets remaining at right angles 

m 1 3 • ( P<~ 
1-1= /' Slll U 1-r-r4• ·) 

where the terms ~~' &c., may he omitted as too small to affect sensibly ordinary observations. 

•For method of dct.nmining the elfoct of irnluction and example of its application, aee Coast Survey Report of 
1869, Appendix No. ~1. From a large nllluher of magnets tested at the Kew Observatory, the extreme values for the 
induction·cnetlicieut 11 were .00042 and .oooo8, the average value being about .00021. [Proc. Roy. Soc., No. 181, 
May, 18n.] Unless great. aceurncy is reqnirnd, the effect of indnction may be neglectetl ae too small. 

t The magnetie moment of (,he clcflectcd magnet does not enter here, since it disappears in the ratio .!!':.. 
H 

t For expla11al iou of fornrnla see he low. 
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The first form requires the torsion of the StHlJ)('nsion to be measured and t<> he e01Tecte<l for; 
in the secoml form uo twist is dernloped. The coefficient P, depending upoll the <listributiou of 
magnetism within the deftectiug magnet, must be ::tscertaiued experimentally l1y means of detle!'
tions at two or three distances, and at least twenty-five independent measures should be made for 
it!'\ numerical Yalue; it will generally be found to ham a negatiYe sign, proyided the magnets lm,-c 
their proper proportions of leugth, viz: short magnet to long magnet, as r to r.22-+ 

To find l', let A=Yalue of~ for the shorter distance r awl A 1= Yalm· of ~~ for the longer 

distance r1, then 

l'=A-A1 
A A 1 

f-2 -,-.:12 

If for any two cousecuth·e sets of ohsernitions the temperature of the intensity-magnet Ls 11ot 
the sanw, a correction for difforence of temperature has first to be applied* to the obse1Tcd auglc 
of dertection. 1 t may he done by means of the expression 

- sin No 
Slll '1l = -------···-·- ---· . 

I - (to - i)IJ 

where 110 =observed a11gle of detlection of first set at temperature t 0 ; 

u =corrected angle in order t,o refer it to the staudard temperature t of the second set; 
q = ternperatnre coefficient, to be determined from a series of observations of dertectio11s, 

at a fixed distauce, but at. various temperatures. 
For the case of the deflector in the magnetic prime-Yertical we cbang·e in the formula siu iuto 

tan. 
The coefficient Q, depending on the fourth power of r, ma.'- be neglected. The two tlistauces 

rand r 1 (to be measured from the middle of the magnets) ma,r be in the ratio of r to .; 2 nearly, but 
not to exceed r to ../ 3; or, for conYenience, the second 1listauce may be one-half greater than the first, 
but the shorter distance should not be less tl1an about four times the length of the 1leflecting mairuet. 
The correction for induction in Form z may he neglected irr all cases where extreme accnrac,r is not 
required. In ohserdng with the magnetometer and attached themlolite, we may sayc tinw by noting 
the two extreme scale-readings of an oscillation, instead of waiting for the magnet to come to rest; a1H l 
in Form 2, we can also reduce the time of observation hy setting the azimuth-circle beforehand nearly 
to the rea<ling corresponding to the particular position of the magnet and aft.erw~trd perfecting 
the tlointing on the middle di\'ision by the azimuth or slow motion-screw. The scale of the deflect· 
iug bar~ should be examined for graduation and eccentricit;y errors and corrected for them if 
necessary. 'Vhen using a magnetometer with detached theodome, the angular value of the scale 
of the de-fleeted magnet must be ascertained with great precision and, in general, special attention 
is to be paid to the temperature of the intensity-magnet, which must he the same, or be reduced 
to the same, temperature during the obseffations of deflections a1ul oscillatio11s. These two 
operations should, therefore, always immediately follow eacli other. 

20. Obsernations of oscillations.-The instrument being adjusted aml the intensity (long) mag
nett suspended without twist, with scale horizontal, and the copper damper remo,·ed, the obsernr 
will arrange his scheme for observing the duration of a certain number of oscillations, from which the 
time of one oscillation is to he deduced. 'L'he bulb of tl1e thermometer to i11dicate the temperature 

For greater accuracy, the values of A and A1 re11nire also to be correct.ed for effect of induction iu that form of 
instruments giving tl1e deflection·anglc directly. See "On Induction," Coast Surve~- Report of 1869, Appendix No. 9. 

t A wooden bar is preferable to one of brass, 011 account of its greater lightness and less change of length with 
change of temperature. 

t This magnet generally Rerves also for observations of declination, hut it ma;» be preferable to make use of the 
short or deflection magnet when observing for (leclination and to remagnetize the same from time to time in order to 
keep it in a strong condition. MagnetA at first part. rapidly with their magnetism, but when 15 or 20 years old their 
annual lo5!1 beeomes very small. At .the end of 20 years one of our magnets still retained two-t-hircls of the magnet.ism 
that it had at the end of the first year, 
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of the mag·net is put inside the box, the stem pr~jecting outside. The mean-time chronometer,§ 
whose rate must be known, is placed at a safe distance below the telescope, allowing, however, the 
obserrnr to take up the time, t'.. e., pick up the beat, without changing bis place. 

\Yith the magnet at rest, the n·rtical thread of the telescope should point nearly to the read
ing 011 the scale of the magnetic axis, or to the ceuter dh-ision. Care must be taken that the magnet 
have• no up aud down ,-ibrations; a horizontal motion is then gi,·eu to it by means.of a small mag
netized piece of steel, sufficient to make it oscillate for abont twenty or twenty.ffre minutes before 
cmming to rest. The oscillations are counted as follows: Suppose the center division of the scale 
to pass from apparent right to left, call its first transit over the line of collimation of the telescope o, 
and note the time (the minute hadng previom;ly beeu noted, the second is added without taking 
the eye off the telescope); its next transit will be from left to right and is called r, the next follow
ing one from right to left is called 2, and so on until the tenth transit is observed, when the time 
iR again noted~ for which purpose the beat of the chronometer has to be taken up in the usual manner. 
The dnration of ten oscillations being thus approximately known, the intervals and whole number 
of oscillations to be obserrncl can be properly arranged. With the light magnets uow ill use, two 
fibers and for those used in eonnectiou with 3-inch Casella theodolites, even a single tiller suffices 
for the s11spensiou. The best arrangement yet dedsed for ordinaril~' observing oscillations is the 
following: Begin with apparent motion of the magnet, say, from right to left, and note for a certain 
number of oscillations the times of, say, three transits; then take an equal number from left to 
right, to be followed, after au interral of a few minutes (of rest to the observer), in order to get 
the duration for, say, one hundred oscillations, by a similar set of transits from right to left; and 
conclude finally witli an equal number of transits from left to right. It will be noticed that for 
eYen nnmbers of oscilbtio11s the apparent motion is from right to left, for odd numbers the reYerse. 
\\" e tlnrn pro\'ide experimentally for any effect of a cLange in the declination during the observa
tions, tlie final mean duration of one oscillation being unaffected by any such change. It is advisable 
not to extend the entire time co11snmed in a set of observations beyond a quarter of an l1our and to 
make the interval between any two consecuth-p observations (tl1e magnet swinging again in the 
same direction) betweeu one-third and two.thirds of a minute. This gives ample time to take up 
the heat of the chronometer, which is done, say, ten seconds before the expected time of transit 
i11 order to await it deliberately. The arrangement fur a particular case is shown in the form given 
below; here the three intervals (rough ones only) of 39", 43• and 3m 12" are known beforehand and 
mur;t he mentall,v added to the observed time in order to be prepared for the next following tra.nsits. 
".itlt the time of a transit only roughly known, the observer will not be bir~sed in his estimation of 
the obser,-e<l fraction of a secoud. I·'or each particular magnet, depending mainly on its mass and 
11rng1wtic intensity, a special sche:ue must be dm,isecl, guided by the principles as explained above; 
but the same seheme may be adl1ered to for a number of stations, unless the sur\•e;r extends over a 
spaee within the limits of whieh the earth's horizontal force has widely· different values. Special 
atte11tion is to he paid to the correct noting of the tem11erature and the observations must be 
accompanied hy measures of the torsion. The correction for induction may be omitted except 
whengreat accuracy is demanded; it ariises from the fact of the magnet having greater force, by 
iudnction, when suspended in the magnetic meridian, than in the positionat right anirles to it (as 
in deflections). On the suhject of induction, see Coast Sun-ey Report of 1869, Appendix No. 9. 

~ If sitlere.al, we simply eo1IAider it as a mean-time chronometer with a large rate and correct for it accordingly. 
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HORIZONTAL INTENSITY. OSCILLATIONS. 

l Statwn. \Vashington. D. C. Dat.e, Augu~t 12, 1871. Ma~nct A. 11uspended. Inertia rin~. Xo. - (not Ul'led). Chronometer. Park. &- Frod., 
1216. Daily rat<i,*-1'.75 on meAU time. Obsen·er, C. A. S.J 

Calculation t by 

l 

Time. Temperature. Extreme scale- Time of 100 

I' readings. oscillations. 

"· "'· s. 11l. s. 

ll 28 24.0 79.0 Fah. o.o 18.8 

29 03.0 

20 42.~ 

3' 30 25.1 

41 31 04.2 

51 43.2 

79. 5 LO 16.8 

100 34 55· 2 6 3r.2 
IIO i5 34.3 JI. 3 

IZO 36 13.5 31 .3 

IJ• 56.2 ,,.,,.. 31.1 

'41 

i 
37 35·3 

151 
i 

38 14.2 

JI. I 

4.0 14.8 ~I.0 Bo.a 

Means 79.5 31 17 

Coefficient of to~sion. Value of ~ne scale-division= 2 1.go 

Torsion 
circle. 

JOO 

30 

JOO 

Scale. 

S.8 

7·5 10.5 

9.8 

9.2 10.8 

Mean. 

9.0 

10.9 

10,0 

Differ
ences. 

l.O 

1.9 

0.9 

z"=z 1
.75 

54oci'+v' 

5400 (ar. co.) 

' ,, 

Logarithms. 

3. 73261 

6.26761 

' 1- i--··-- 1-;-f 
i ~or mean = <: = o.95 

Observed time of 100 oscillations ..... . 
Time of one oscillation._ . . . . . . . . ..... . 
Correction for rate_ . . . . . . . . . . 

"· 
30 I. I 7 

= 3·9 11 7 
o.ooor 

T'= 

*Gaining rate is indicated by a minus sigu. 
t For explanation of formulro see; fort her. on. 

S. Ex. 49-~0 
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Computation of the earth's horizontal component. 

11= ~ .M 
1/l T2 

'/ 

t'-t 

0.00027 

+0.33 

(t' -(' 1/ o.ooooq 

I-(f'-f) (/ 0.99991 

' Logarithms. 
I _____ ,, __ _ 

T':! ! 

1-+ ;,_ 
J 

t-U'-t\q 
1 

Induction* 

0.00022 

9.99996 

0.00079 

m ll o.2q<J5 

9.575 1 (, 

Ii 8.93537 

Jll H I 0.21495 

m 2 9. 1,:p32 

o.J;rn=-.m 9 375~(, 

*See foot-note to Art. 19, Form 2 of deflections. 
t From observations of <leflection,date, August -r2 i i=i9".17 Fah. 

I1et H=the horizontal component of tlre earU1's maguetic force; m=the magnetic moment of 
the intensity-magnet; l\I=its moment of mass (inclusive of stirrnp and balancing ring,t if any) ; 
T=the time of one oscillation; then, from ouservations of oscillations, we have the expression for 
the product 

where n:= 3.14159 

The observations of deflections give the ratio-i and the observations of oscillations the pro-

duct m H; m and R can therefore be eliminated from the two equations, as shown in the preced
iug example. 

To determine M, a trul.v-turued brasl:l or bronze ring of known dimensions and weight (about 
equal to that of the magnet) is place<l on the magnet. It is correctly centered by means of two 
wooden centering-blocks and when snHpernled must remain in a horizontal position. The number 
of suspension fibers must be doubled for the purpose. In this position a set of oscillations is 
observed similar in arrangement to that already explained; and if T1 be the time of one oscillation 
of the loaded magnet, and M1 the moment of mass of the ring, then 

A series of not less than thirteen consecutive sets of observations of oscillations, with the magnet 
alternately unloa<led and loaded, is to be made, each set duly corrected for torsion, rate of chro
nometer and difference of temperature, from which t.he value of M is deduced. These results are 
to be combined with a view of eliminating tl1e effect of changes in 1f during the observations; thus 
the mean of setN 1 and 3 is used with set 2, the mean of 3 and s with 41 &c.1 the firs~ and last sets 

tThia small balancing-ring must rema.in in the same posit.ion in a.II observations of oscillations; but its nee 
should be a.voided, if at all I>ossible. 
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being alike either with magnet unloaded or loaded. As the torsion cha~cs with the weight, observa
tions for torsion must also be made with the loaded magnet. To find M1 let r and r 1 represent the 
inner and outer radii, expressed in <lecimals of a foot and w the weight of the ring in grains, then 

In reducing temperature of ring to standard temperature, it suffices to assume the ordinary 

coefficient of expansion for brass or bronze .0000105 for Fah., or .0000189 for the Centigrade scale. 
The values of log 7!2 M should be tabulated for different temperatures; we have 

where for hard-tempered steel e=.0000068 Fah., or .0000122 for Centigrade scale. 
The reduction of the time of an oscillation to an infinit:esimal arc is generally so smnll as not to 

affect the magnetic results. If a•and a' express the initial and terminal semi-arcs of an oscillation 
(in parts of the radius), then the corrected value for T' will be 

I-- T2 ( a a'.)2 

16 

This correction can be avoided b~· swinging oruy through small arcs. 
2r. Con·ection for inequality of temperatnre.-ln general, when the temperature of a magnet 

rises there is a corresponding weakening of its effectfre magnetism an<l when its temperature falls 
there is an increase of magnetism. To reduce the measure1.o1 of deflections and oscillations to tlle 
same temperature, let t = the temperature of the magnet when deflecting; t1 = its temperature 
when oscillating; q=the change in magnetic moment of magnet for a change in temperature of 10 

Fahrenheit, then the coefficient to be applied to T' to reduce to tmuperature of deflections is equal 
to 1 -(t' - t) q, as shown in the example. The value of q is not constant, bnt, for a moderate range 
of temperature, may be taken as constant; it must be obtained experimentally, either from oscil
lations or from deflections, at various temperatures, bnt the magnet should not be subjected to a 
greater range of temperature than from about 32° to 1000 Fahrenheit. These observations must be 
conducted by the alternate use of a jacket of ice and of' hot water, or b,v the aid of extreme natural 
temperatures; ample time must, however, he given to Urn magnet to establish again an equi
librium in its magnetism; all rapid changes from cold to hot (or vice versa) will give decidedly 
erroneous values for q. 

Supposing not less than three consecutive series of observations of deflections for finding a 
value of q and the first and third series to be at nearly the same temperature, with their results 
combined to a mean, and the second or intermediate series at a greatly different temperature, then 
q may be found, with sufficient precision, by the expression 

.q=a nootu 
t- to 

where a= the arc value of one division of the scale of the suspended magnet in terms of the radius; 
n =the difference of scale-readings corresponding to the difference of temperature t - t0 ; and 
u =angle of deflection at the lower temperature to. In every case the arrangement must be such 
as to eliminate, as far as possible, any effects of changes in lleclination and intensity during the 
observations. If other instruments are available, it is best to correct the readings for observed 
changes in declination and intensity. 
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Ex·arnpfo of observa-tions of deflections for value of q of m.a.gnet H. 

f Wa.shingt,ou, D. C. Magnetic Oh8ervatory. J. S. H., ob~erver. April 14 1 :r856. Magnet G11 suspended. Magnet H deflecting at a distance 
ot" 2 1 inches to the east of ~u.spended magntit,. Mean declination-rooding"' of the day, 62d.4 One scale-division of Cir= 2 1.80] 

~ 

0 
u 

Time. 

h JI!. d. tf. d. d. 
ro o? a. m. 28.82 +3.I -I.II 27.71 44.0 

28.84 2.5 o.8<) 27.95 57·3 

29.07 r.9 0.67 28.40 73.1 

29.15 r.5 0.54 2~.61: 87.9 

28.73 I.I 0.39 28.34- 74·3 

o.6 27.99 57·3 

0.07 27. 57 42 .8 

etc. 

Brook•~'~ declinometer: 1 division of ~calt' = t'. 

d. 

Heading of C17 before introducing H, 149. 4 
Heading of C17 during deflection 28. o 

Heading of 0 17 after removing H 149. 3 

Angle of deflection 50 39'.6= 121. 3 

The alio\'P partial results, which form but a portion of the observations taken, ma,Y he arranged 
a8 follows: 

' b< 
g_ .5 Differences in 
6 c.i ; ..: 

Set number ~ ~ ::!C -----~- ----~- -
; ';i 5 "O Tempera-

1

Scale-divis-: 
i ~ ~ ture. ! ions. I 
1-- ·r , 
l • d. 0 ! d. ! 

1 and 7 , 43.4 27.64 22.2 0.51) 

2and6 I 57.3 27.97 8.3 0.18 I' 

3 and s I 73.7 28.37 8.1 o ... 

4 .... I a7.9 28.61 "·3 o.46 

_____ Mean. _J. 65.6 _ 28.i5 , Sum, 6<>.9 1 371 

Log a o. 447 
Co. log rad. in minut.es, 6. 464 
Log n o. 137 
Log cot u 1. 004 

Co. log (t- to) 8. 215 

Log q 6. 267 
q = o. 000185 

If it is desirable to check the result by the above method, we can also find the value of qfrom 
three or more consecutive series of oscillations (always combined in accordance with the principle 
of eliminating changes in intensit,\·) at different. temperatures. Let T and T0 be the observed times 
of one oscillation (corrected for rate of chronometer) at the temperatures t and to, then. 

T2-To2 

q = Tl(t-to) 

The various rnlues of q found from testing a large number of magnets at the Kew Observa-
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rory, were included between the limits .00076 and .00004 The value given in the text is about an 
average one. 'l'he coefficient depends mainly on the hardness of the steel. [See Proc. Roy. Soc. 
No. 181, May, 1877.] 

If the magnetic moment 'tn of the nrngnet has been determined at a number of stations, the 
different values may be reduced t;o a st.audard temperature. Let mo= magnetic moment at the 
standard temperature t0 ; m =the magnetic moment at any other temperature t, then 

mo= m [ l + (t - t0) q] 
If the values of m0 are arranged according to time, the gradual loss of magnetism will beeouw 
apparent in a few weeks, unless the magnet be an oltl one, when yearly determinations of in will 
indicate but a slight loss. A new magnet is not well suited for intensity-determinations until after 
the lapse of two or three months. 

22. Introduction of absolute for relative vafoes of tltc horizontal force a.s determined by oscillations 
alone.-For this purpose we require oscillations at a base station, usually a permanent magnetic 
observatory, where the value of H in absolute measure is known or has been determiued hy means 
of the magnetometer. These oscillations should be taken just before setting out and again imme 
diately after the return from a magnetic sur•·ey, in order that a proper allowance be made for loss 
of magnetism of the oscillating magnet during the interval. 

Let H and T be the horizontal force in ahsolnte measure and the obsenTed time, in seconds, of 
an oscillation respectively, at the base station; H 1 and T1 similar quantities at any other station, 
then 

T2 
H1=Ti2H 

and it should be observed that all oscillatio11s are supposed referred to a standard temperature, 
say 590 Fah., or 150 C. The values of T2H for the first (e1) and gecond (llz) epochs are kuowu aud 
their mean is taken to answer for the middle time eo= Yz (e1 +e.2), also their difference L'., which, divided 
by the difference e2-ei, expressed, say, in days, gives the effect of the daily loss of magnetism of 
the magnet. For any time, e we can easily find by interpolation the proper value of T'H by apply-
ing the effect for the interval e-e0 as shown in the following example. · 

To rellnce obsermtious of oscillationR made at any temperature, t t-0 the adopted standard 
temperature til we have for the corrected value of T' 

( l -(t-to) q) T2 

where q=change in magnetic moment of magnet for a change in temperature of 10 Fah. (or C.). 
Suppose, for example, that August n, 1871, the logarithm of T' was found to equal 1.18018 

at the temperature of 650 Fah., and that the adopted normal t,emperature is 6oO Rah. aud the 
value.of q=.00031, then l-(t-to)q=o.99845 and its logarithm 9.99933, which added to log T' 
gives the corrected value of log T'=i.17951 

Example: 

eo = 1872, June 2 ••..•..•.•.••.... : •.••.. 

••= 1873, March25 ... , 1.18652 · 0.63869, 

The difference in log H for e1 and Cot is due t;o effect of secular change. We have e,-e1=592 

days a.nd 6=1.010, hence change of T2H for loss of magnetism in one day=i.010=.00171 and 
592 

finally, from interpolation for any time e the value of T2H, equal 1io 66.362+.00171 (e-e0). 

23. Ooncludin,g remarks.-The degree of accuracy attainable in the magnetic measures can only 
be estimated; it will depend not only on the construction of the instruments used, but greatly on 
the time spent on the measures, chiefly on a.econnt of the almost incessant changes in the action 
of terrestrial magnetism: With well-constructed instruments, such as have been supposed in this 
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article, and with fair observations, the resulting declination for any one day may, in our magnetic 
latitudes, be affected with no greater probable uncertainty than about±: 1 1 to:!:: 2', and correspond
ingly less for the resulting value at a station if the observations extend O\'er more than one day. 
The dip may be affected with a probable uncertainty between:!:: 1' and:!:: 51

, according to the per
fection of the neeules anu the number of observations made; and the horizontal intensity, in 
genera.I, may become known within about its s-io part from any one day's observations. To find 
the eftect on the total force, we have the relation 

d F= d H sec e+F tan 8 d 8 

To secure uniformity and completeness of record the Coast-Survey observers are furnished 
with blank forms, Nos. 1 to 5 covering the principal operations mentioned in this paper. 

If F=total magnetic force; H=its l1orizontal component; V =its vertical component and 8= 
the angle of the dip (reckoned from a horizontal plane), then 

F=H sec fl= V coscc 8 

To convert measures of intensity expressed in British units into their equivalents expressed 
in the metric system as adopted by Gauss, in which the millimetre= 0.00328087 foot and the millL' 
gram= 0.0154323 grain are adopted, we multiply by the factor 0.46108 (log factor= 9.66378). Its 
reciprocal is 2.1688 (log reciprocal factor=o.33622), by which intensity-measures expressed in me
tric units are to be multiplied to give their equivalents according to the British weights and 
measures. For the conversion of measures of intensity expressed in British units into their cquiv
alentR in the C. G. S. systBm, we have the log factor 8.66378 and conversely for turning measures 
of the C. G. S. system into their equivalents of British units the log factor 1.33622 

For further information on the subject of this paper, the reader may consult, among others, 
the following works : 

~Iagnetical Iustructions for the use of portable instruments, &c., &c., by Lieut. C. J.B. Rid 
dell, R. A., F. R S., r,ondon, 1844; with supplement, London, 1846. 

Handbuch des Erdmagnetismus, Dr. J. Lamont. Berlin, 1849. 
Manual of Terrestrial Magnetism, by Afa,jor-General Sir E. Sabine. Extracted from the Ad· 

miralt~·'s Manual of Scientific Enquir;r, third edition, 1859. 
Terrestrial and Uosmical Magnetism. The Adams Prize Essay for 1865, by E. Walker, M. A· 

Cambridge (England), 1866. 
A treatise on magnetism, by Sir G. B. Airy. London, 1870. 
A treatise on magnetism, general and terrestrial, by H. Lloyd, D. D., D. C. L. London, 1874. 
Units and Pllysical Constants, by Prof. J. D. ~Jverett. r,ondon, 1879. 
A physical treatise on electricity and magnetism, by J.E. H. Gordon; in 2 vols. New: York, 

1880. 
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A p p E N D I x N 0 • 9. 

TERRESTRIAL MAGNETISM-COLLECTION OF RESTJLT8 FOR DECLINATION, DIP AND INTENSITY, FRO~I 
OBSERVATIONS l\IADE BY THE UNITED STATES COAST AND UEODETIC RURVEY BETWEEN 1S.H 
AND 1882, JULY. 

By CHARLES A. SCHOTT, Assistant. 

CCOil'UTING DIVISION, June 30, 1882. 
During the progress of the operations of tlrn Surn>,y from 1844 to the present time, there ham 

hmm presented from time to time in the annual reports a m1111 her of fragmentary 1mlllicatio11s of 
magnetic results depending on the obserYations accumulated; principal among these are the 11apers 
gi,Ten in Appendix No. 43, Iteport for 1854, and Appendix No. 47, l{,eport for 1855. The.r coi1tai11 
declination results exclusi\Tely, the former at 136, the latter at 153 stations. The only collection of 
magnetic results complete to date of publication is that contained iu the Report for 1856, Appendix 
No. 28 (pp. 215-221 ). It comprises declinations, dips and intensity measures at l 57 stations. 
This publication was supplemented in the Heport for 1858, Appendix No. 24, which bring8 up the 
number of stations to 185; and again in Heport for 1860, Appendix No. 28, which terminates wit.h 
Station No. 204. After this 1late no general publication of magndic rPfmlts wa8 attem1ited, only 
some partial or special resnlts ht>i11g girn11. After 80 long an iutt>rrnl, a111l 1YitJ1 the rapid den~lop
ment and spread of the magnetic operations of the Coa,;t r1ml Gernletic SurYey since 1878 into and 
over the interior of the country, thus filling up gaps which, for the study of the dh1trilmtion of 
magnetism needed most att.cutiou, it appeared higl1ly tlesirablc to bring before the public a com
plete collection of all the results of the SurYey so far obtained. This ha" now been done in a sys
tematic and concise form and aft.er the indh-idual result.shad undergone redsion. The total uum
ber of stations for whieh results arc giYen is 638. 

Before the year 1844 we find but a few declination8 recorded, though Huperintendent F. R 
Hassler intended to introduce the measure of the magnetic declination and relatirn i11temiity into 
the regular operations of the Survey aml describes and figures his azimuth-compass (pattern of 
1 Sor) in th fl Transactions of the American Philosophical Society (vol. ii, new series, Philadelphia, 
1825, pp. 354-356) under the title, '' Pitpers on various snl~ject8 connected with the survey of the 
coast of the United Stat{~s," communicatkid :\farch 3, 1820. For relati,·e intensity he i1roposed the 
method of o8cillations, for which he had provided himself with a special needle. This was the onl,\· 
method theu kuow11;" lmt it was useless for the nwasurc of t11e l'i('Cnlar change of the. intensity. 
The interest in terrestrial magnetism recefred a great impetus after n,rnss had 8hown, in 1833, how 
the intensity of the earth's magnetic force could be expressed in ahsolute measme; aml the obser
vations for intensity multiplied -greatly after Weber, in 1836, Juul produced the portable magnet
ometer, to be used in connection with Gauss' theory. The magnetournter came into use in the 
Survey in 1844; dipt and intensitj' measures were introduced in the Surve;y by Superintendent A. 
D. Bache in 1844, since which time the magnetic observations have made steady progress. All 
observations were made on land. 

Respecting the construction and use of the magnetic instruments, the reader may be referred 
to preceding Appendix (No. 8), entitled, "Directions for Measurement of Terrestrial Magnetism," 

-----·--------

~The first observations showing a difference of intensity of the earth's magnetic total force, as shown by oscilla
tions of t.he dipping-needle in the plane of the magnetic meridian, appear to have been made by Lamanon between 
17~5 and 1787. These were followed 1111 hy de Rossel (.1791-'94), am1 A. v. Humboltlt (1798-18o3). This coarse method 
was changed into another, a<lmitting of great accuracy, by Hausteen, who substituted the horizontal for tho vertical 
needle, and snRpending it by a silk fiber, measured relat.ive horizontal force; he was followed hy Duperrey ( 1822-'25) 
and others. The method, supplemented by absolute measurn at, the base station, is frequently used in the Coast and 
Gilodetic Survey. 

t All the earlier dip-circles had their needles mounted in the plane of the circle; the later and improved instru 
ments have graduated circles in front of the needle, read by means of microeoopes. 
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third edition, with four plates. For each of the magnetometers there is on file in the archives of 
the Survey a description and a collection of the se,'cral constants appertaining to the instrument. 
but it has been thought unnecessary to reproduce this information in connection with this pape~. 

RXPLA~ATION OF THE '!'ABLES OF MAGNJl;TIC RESULTS. 

The tables are arranged by States and Territories in alphabetical order and end with a table 
headed "l<'oreigu countries." For each State or Territory the results are given in chronological 
or!ler, divided into sixteen colnm11s, containing the following information: 

Column 1 gfre,., the running number of stations, not counted again wlwn reoccupicii; a blank 
spacn in this column therefore indicates that the station has been occupied before, either once or 
scYcral times. 

Column 2 contains the name of the station or of the locality. 
Columns 3 and 4 contain the geographical latitude and longitude of the station, according to 

the hest information at present available. 
Columns 5 and 6 give the date, year, month and day of the obserrnLious for declination. 
Column 7 contains the resulting magnetic declination, + when the north-seeking end of the 

magnet (or its marked end) is u~est of the true meridian and - when east of it. 
Colnmn 8 girns the (late (rear as in eolumn 5), month and day of the obscl'Vations for dip. 
Column 9 contains tlw resulting magnetic dip, + when the north.seeking end is depressed 

l1t•Jow the horizon and - when eWMted above it. 
Column 10 gives the date (year as in column 5), month and day of the observations for hori

zontal comp011Pnt and for total mag·netic forc('. 
C~ohirnns r 1 awl 12 <·outain the resulti11g· nnmerical ,-alne, in absolute measure, of the horizontal 

cornpo11e11t of the earth':-; magndic iuteusily, tlie first. iu British units (''iz, the foot, the grain, and 
the :-;p1:011d of mean time); the second, the British Association or C. G:. S. units (viz, the centimetre, 
the gra11Hlll' aml the second of mean time).* From the latter system we obtain, also, by simple 
i11spect1011, the magnetic intensity expresioed in the metric units a<lopted b_y Gauss (viz, the milli-
111etre. tlte milligramme and the second of mean time) b_y simply shifting the decimal point one 
place to the right.+ 

Col nm 11s r 3 and 14 contain the resulting numerical ntlue of' the earth's total magnetic intensity; 
tl1t' lirst ex1irest-<ed in the usual British nnit.s, the second in C. G. S. units or dynes. Tlie tabular 
quantit.y gin>.11 for any place is the force (in !ly11es, for the 0. G. S. system) which a magnetic pole 
of uuit strength will experience when put in the magnetic field at that place. 

Column 1 5 gi>es the observer's name. 
Columu 16 the instrument emplo,yed, M. standing for magnetometer; Th. M. for theodolite 

magnetometer; D. C. for dip-circle, with their respective numbers attached. 

• Tlw malt ipliN· requirf'<l for changing valncA of magnetic intensity from tho foot;- grain-second system t.o the C. G. 
S. Hystem is fournl directly from the dimenRional equation for the unit of field-intensity, M~ L-~ T-1. Taking a 

grain equal .064799<"' and a foot equal 30.4797°'", this I actor becomes /iJ64i')9 =.046108; and it8 logarithm, 8.66378 v 30.4797 
t To tintl the mnlt.iplier required for changing values of magnetic int,ensity from thee. G. S. system to the Gaussian 

• I /M 
or mm-mg-s s~·stem, we have 1cm=1omm ancl J[!lll=Jooomg; hence the factor TV r;=IO 



 

TABLES OF MAGNETIC RESULTS. 

ALABAMA. 

t'.ll------·------

;:' No.I Nomo o< ,...,M. Lat. Long. IYear.

1

: Month and day. : Decl'n. !Month and day. Dip. Month and day. 

r-'·-------···-··-------l~ 1 I Fort Morgan. ...... . 

Montgomery. 
Mobile. 

• 1 Lower Peach Tree. 
s Eufaula. 
6 Florence. 

Indian Mt. 
Decatur. 
I<'lorence. 

I 
-!- -- -----------

I • ' . 30 13.9 
0 ' ·1' 

88 01.2 1847 May 21, 22, 23, ,- 1 04.1 

l 28,29, 30. 
I 132 22.8 

I 30 41.6 

! 31 50.4 

86 18 .o : 1856 
88 02.6 : i:857 

87 32.7 1357 

Apr. 2,3, ,., 5. !- 5 18.3 

Feb. 14 1 16,17,18'.- 6 52.2 

Apr. 30, r.-1ay 1,2:- 6 02.4 

31 53.7 85 o8.4 r86o Apr. rn, i:2. - 5 12.I 

34 47.2 87 41.7 1865 Apr. t7. -sq 
34 or.8 85 25.6 1875 Aug. 23, 24, 25. -4ro.6 

34 37 86 59 :i881 Aug. 27,29. - 5 10.3 

34 47~0 I _ 87 43 ! 1881 ' Sept. 5, 6. -4n.B 

May 19,.20,29. 

Apr. 3, 4. 63 05.4 Apr. 7, 8. 
Feb. 9, 10. 60 51,0 Feb. 20,21, 25.: 

Apr.3, ,)!ay2. 62 16.8 May 4, 5. 
Apr.10,u. 63 05.8 Apr. 13, 14. 

........... 
Aug. 23.24, 25.1 65 09.5, Aug. 23,24,>5. 
Aug. 27, 2g. n5 35.2 Aug. 26, 27. 

Sept. 5, 6. 65 52. x Sept. 51 6. 

ALASKA TERRITORY 

i Sitka. 57 02.9 ! t35 20, I i:867 '1 Aug. t7, 18, 19, -28 49 

, I 20. 

2; Kadiakt harbor of Saint Paul.! 57 48.0 152 2i:.4 I 1867 Aug. 28, 29. ·-26 "'1·7 

3 Unalashka, Captain's Harbor.I 53 53.9 166 30.4) 1867 Sept. 8, 9, -19 47.4 

4 Kohklu•. 159 23 7 I 135 53.5 f 1869 July30,Jr,Aug. •· 
Unalashka, Iliuliuk Harbor. 53 52.9 

1 

166 31.7 i 187t Nov. II. -18 36 

5 ChicbagolfHarbor,Attulsland: 52 56.0 
1

-173 12.4 : 1873 June 25, 26. :- 1 43.0 

6 Kyska Harbor, Kyska Isl- I st 59. 1 :-177 30.0 
1 

1873 July 18, 22 I-" o6.4 
I 

and. f . 

7 Amchitkalsland,Constantine\ 5123.7
1
-179 12.1 1873 July29. ,- 117.r 

Harbor. I 
s Adakh Island, Bay of Seven I 51 49.3 176 52.0 1873 

1 
Aug. 11. 

Islands. I ., j I 
9 I Atka Island, Nazan Bay. is• 10.6 174 15.3 ! 1873 i Aug. 24. )-16 57.3 

Unalasbka. I 53 52.9 166 31.7 1873

1

1 May26,27,Sept. !-19 03.2 

I d,~ 
10 Popoff Strait, Humboldt Har- 1 SS 19.3 t6o 31.:11 , 1873 ! Oct. 7, 101 17. l-20 28.9 

-13 52. r 

bor, Shumagin Islands. 

Sitka. 57 02.9 135 19.7 I :1874 i May 4, 5. 1-28 59.5 

11 Lituya Bay. 58 37.0 137 40.t 1874: May t6. -30 02.8 
12 Port Mulgrave. 59 33.7 139 46.3 1874 May 22. --29 58.3 
'3 Port Etches. 60 20.7 146 37.6 1874 May 31. l-29 09.8 

Kadiak: Island. 57 48.o 152 21.4 1874 June 7. 1-25 22.0 

14 Chirikoff Island, 55 <18·'1 155 42.8 187<1 June tt. -23 00.9 

July 31. 75 44 Aug. 2, 3· 

June 26. · 65 10.6 

July 22. 65 01.3 

Horizontal 
force. 

Brit. 
units. 

6.218 

5.859 
6.:150 

5.975 

5.739 
. ... 
5.472 

.5· 312 

5.297 

3-297 i 

C.G.S. 
units. 

.2867 

.2701 

.2836 

.2755 

.2646 

. ... 

.2523 

.2449 

.2442 

.x520 

. . . . ! 

Total force. 

Br}t. 1c.<~.s. 
units. ! umts. 

.... 

12.946 .5969 
12 .625 .58u 

r2.846 .592_.; 

tz.684 .5848 
.... 

13.025 .6006 

12.852 .5926 
12.956 .5974 

13.38 .6168 

Observer. 

R. H. Fauntleroy, 

J. S. Ruth. 
G. W. Dean 
E. GooUfellow. 

G. \\".Dean. 
do. 

.\. T .. \!osman. 
F. P. Webber. 

J. H. Baylor. 
do. 

A. T. Mosman 

do. 
rlo. 

G. Davidson. 
W. IL Dall. 

do. 

do. 

do. 

do. 

do. 
W. H. Dall, ~I. Baker' 

W. II. Dall. 

W.H. Dall,M. Baker 
W. ll. Dall. 

W.11.Dall,M. Baker·! 
W.H. Dall .. 

W.11. Dall,1\1. Baker!· 
W.H. Dall. 

Instruments. 

M. 2. 

M.1, D.C.4. 
do. 
rlo 

du. 
Azim. compass . 
:II. 3, D. C. 8. 
l>L 9, D. C. 18. 

do. 

Th. )1. III. 

do. 
do. 

Th.M.llI,D.C.5. 
Small Casella Th. 
s~inch comp. N., 

D.C.1. 
do. 

s-inch comp. N, 

do. 

do. 
do. 

do. 

do. 
do. 

du. 

do. 
do. 

do. 

~ 
t;j 
0 
rn 
8 

~ 
t;j 
rn 
0 

~ 
'(Fl 

8 

~ 
0 
0 
tr.1 
0 
0 
t;j 

~ 
'(Fl 

~ 
~ 

-~ -



 

Name of stations. 

151 Semidi Islands. 
16 Chiachi Islands. 
11 Chignik Bay. 
18 LittleKoniushi,N.'\\'"'. Ilarbor, 

Shumagin Islands. I 
•9 I Saint Paul Island 1 Pribilofls. 
20 Nunivak Islands, north end 

Cape Etonin. I 
21 / Hagmeister Island. I 
2~ Port Moeller. ·1 

Unalashka. 
23 I Ka.sun Hay, Prince of \\~ales 

Archipelago, Clarence Strait. 

24 Fort Wrangell, Etolln Island. I 
25 Poverotni Station, Peril Strait.: 
26 Marble Bluff, Chatham Strait. I 
•7 Near Point Marsden, Admi· I 

talty Island. I 
28 Point Whidbey, Lynn Canal. I 
29 Pyramid Island Harbor, Lynn '1 

Canal. 

30 Seduction Island, Lynn Canal. 
31 Hot Springs Bay, Sitka Sound. 

Sltk&. 

3• I Port Althorp, Cross Sound. 
Port Mulgrave. 

33 I Coal (U golnvi) Point, Chu
gachik Gulf, Cook's Inlet. 

34 I Dangerous Cape, Cook's In
let. 

Saint Paul, Kadiak Island. 

N. W. Ho.rbor, Little Koniushi, 

Shumagin Islands. 
Humboldt Harbor, Popoffisl

and, Shumagins. 
~S I Dolgoi Island, south end. 

TABUtS OF MAGNETIC RESULTS-Continued. 

Lat. Long. \Year. Month and day. 

. , . , I 
56 05.2 156 39.311874 June 13. 
55 52.0 1S9 05.4 1874 June 26. 

56 19.3 158 24.4 
1 

1874 June lg. 

55 03.3 159 23.3 [ 1874 July 5· 

57 07.3 170 17.9 j 1874 July 24. 

6o 25.4 166 oS.511874 July 31. 

58 48.5 16o 50.0 1874 Aug. 7. 

SS 55.0 :i6o 34·9 1874 Aug. x2. 

53 52.9 166 31.7 I 1874 Sept. 15. 

SS 29. 5 :t32 19 I r88o Ma.y 9· 

56 30.5 

57 28.4 

57 45 
58 05 

5B 36.5 
59 lo.6 

58 59.5 
56 51.7 

132 23 

135 27.5 

134 43.5 
134 49 

x35 15 

135 28.5 

135 22 

135 20.3 

1880 

1880 

1880 

x88o 

1880 . 

188o I 
188o 

188o 

57 02.9 I 135 20.3 ! l88o I May 17, 18. 

58 "·51 136 23.5 
59 33.7 139 45.9 

59 36.1 151 23.6 

59 23.9 I 151 53 

s1 48.0 I 152 21. 3 

55 03.3 I t59 23.5 

SS 19.3 I t6o 31.0 

SS 03.3 I 16< 43·3 

188o I June 19. 
x88o June 24. 

1880 June 30. 

x88o I July 4. 

188o I Juiy 9. 

1880 I July 16. 

188o I July 19. 

x88o I July22. 

ALASKA TERRITORY-Continn,,11. 

I 
Dccl'n. 

.-22 56.9 
! 1-21 55·9 

l-22 01.7 

I

-2' 45.8 

-17 18.9 

1-21 33.8 
i . 
:-22 52.8 
,-zx 22.2 

i--18 42.8 
1
-27 48 

-29 04.8 

-32 15.5 

-29 59.8 

-25 48.5 

1-24 32.5 

1~:'. :: 
1

-20 17.0 

.-•1 59 

force. l u c ' 
-1·---·i--------~---[-Uori;~. ~~---T- Total f r ·e 

Month and dny.i Dip. Month and day. 1 
- ···-· • •• j---,-----

1 
I Brit. · C. G. S.1 Brit. IC. G. S. 

Obsenrer. 

, ! units. : units. ! units. units. 
r - I -~-.-------·---,------ ----- - ----- --

May 9. i 73 58 

May 10. 

May 20. 

May 22. 

May 23. 

May 24. 

May25, 26. 

May 29. 
June 9. 
May 17, 18. 

June r9. 

June24. 
June 30. 

July 12. 

July16. 

July 19. 

75 r9.2 

75 03.4 

75 57.3 
76 02. x 

76 27. 3 

75 34· 7 

76 44·3 

75 ox. 9 

75 11.7 

75 22.3 
76 17.9 

73 59.6 

72 34· 6 

69 30.3 

6g 28. 8 

May 23. 

May 25, 26. 

June 9. 

:May 17, i8. 

June 19,. 

June 24. 

June 30. 

July !2. 

July x6. 

July r9. 

1 .. . . . . . : . . . . I W. H. Dall. II 5-inch comp. N. 

I .. .. I . ... • . ... do. do. 
do. do. 

do. I do. 

3.124 

3.277 

3.345 

3.310 

3.279 

3.o67 

3.464 

3.721 

4. 198 

4.208 

.q40 12.94 

.15t1 IJ.IS 

.... . ... 

.1542 12.95 

. I526 I2.95 

. x512 x2.98 

.1414 12.95 

. 1597 12, 56 

. 1716 I 12.43 

. 1936 n.99 

.1940 1:3,00 

.5968 

.6o67 

.5970 

·597 2 

.5987 

.5970 

·579 1 

·573' 

.5529 

.5534 

I 
do. I do. 
do. do. 

do. i clo. 

do. \ ctn. 
W.H.Dall,M.Baker, do. 

do. I D. C. 21, Mag'c. 

'I Th. 123. 

do. D. c. 2r. 
do. 
do. 

do. 

do. 
do. 

do. 

do. 
do. 

do. 
do. 
do. 

do. 

do . 

do. 

do. 

do. 

do. 
do. 

do. 
do. 

do. 
do. 

D. C. 21, l\Iag'c. 

Th. 123. 
do. 
do. 
do. 

l\Iag'c. Th. t23. 

D. C. 21, Mag'c. 
Th. r23. 
do. 

do. 

. . . . I do. Mag'c, Th. 123. 

....... 
c
~ 

~ 
0 
~ 
i-3 
c 
'::;] 

i-3 

~ 
~ 
"'O 
~ 

~ 
~ 
tzj 

~ 
0 
~ 

~ 
tzj 



 

36 Belk off sky ettlement, lJolgo1 I 55 05. 2 

Island. 

162 00.2 1880 ; July 23. 1-21 25.7 69 t6,2 

i 
July23. 4· 193 

Iliuliuk Harbor, Unalashka. 
Saint Paul Island, Pribiloff Isl-

53 52.9 166 31.7 : 1880 : July 28, 29. 

57 07.3 170 19.0 i l88o I Aug. 6. 

1-18 38.0 

)u\y23. I 

July28, Oct. J 
Aug. 6. 

67 35. s 
68 36.6 

July 29, Oct. 4. 456 

:-17 39.2 Aug. 6. 4.356 

ands .. 

371 Near C~pe Lisburne. 
3S Sandy Beach, between Point 

Lay and !Cy Cape. 

391 Near Point Belcher. 
40 Chamisso Harbor, Kotzebue 

Sound. 

41 I Port Clarence. 
42 Cove Point, Chernoftsky Bay, 

Unalashka. Isia.nd. 
43 I Shuka.n, Prince of Wales Isl- i 

ands. ' 

68 52.9 166 05.5 1880 : Aug. 2r. 

70 x3.2 x62 15.2 :r.880 ] Aug. 25. 

i88o 70 47 159 40 

66 13.3 161 48.7 
1 

1880 1 Aug. 3t. 

65 16. I 166 50:6 

53 24.0 167 29.9 

1880 Sept. 8. 

1880 Oct. 2. 

56 09.4 133 38.5 l8S1 Aug. 16. 

I 

1-25 42.8 

1-30 05.7 

·-26 49 

:-22 45 

-16 15.3 

:-30 03.2 

! 

Aug. 21. 

Aug. 25. 

Aug. 27. 

Aug. 31 · 

Sept. 6. 

Oct. 2. 

Aug. 15. 

78 53 .o 

So 07.S 

So 52 .6 

77 17.4 

Aug. 21. 

Aug. 25. 

Aug. 27. 

Aug. 31 • 

76 04.0 I Sept. 8. 

67 13.S Oct. 2. 

74 49·7 I Aug. 16. 

Fort Wrangell. i 56 28.2 132 23 ' i88r Aug. 19, 20, 21. -29 17.0 Aug. 17. 75 32.8 Aug.19, 20, 21.I 
44 I Howcan Mission, Kaigani 

1 

54 49.5 132 50 >881 Sept. 2. -27 03.4 Sept. l 71 21.5 Sept. 2. I 

IO 

1t 

12 

IJ 

.. 
15 

Straits. , I 
Sitka. I 57 02.9 x35 :io.3 2881 Sept. 15, 16. -29 n.2 Sept. 12, 16. 75 16.6 Sept. 16. I 

Point Conception, E.l Coxo. 

Point Pi nos. 
San Diego, Point Loma. 

J>residio, San Francisco. 

Bucksport, Humboldt Bay. 
San Diego, Lo. Playa. 

San Pedro. 

San Luis Obispo. 

Humboldt. 

:\!onterey. 

Tomaies Hay. 
Ross :\1ounta.i11. 

Bodega. 
Santa Bar hara. 

San Ruenav-entura. 

Dominguez Hill. 

34 27.0 ! 120 26.7 

36 37.8 : 121 55·5 

32 42.0 i II7 14·7 

37 47·5 122 27.2 

40 46.6 I .t24 xi.s 

32 42.2 ll1 14.5 

33 45.4 I!8 17.0 

35 10,6 IZO 44·5 

40 44.7 124 12.8 

36 36.2 121 53.8 

38 to.8 122 56.8 

38 30.2 ' 123 07.2 

38 18.2 ' 123 08.I 

34 24.2 Ilg 42.8 

! 34 15.8 IIQ 15.9 

.;J 51.8 II8 14.2 

CALIFORNIA. 

--,----------1-- ------~- ·-·-·-·-----------. 

1850 i Sept 5, 6, 1, 8. 1-13 50.2 
1851 I Feb. 6, 7, 8, 9 1 JO. -14 58.3 

1851 I Apr. 28 tu May -12 28.8 

7; 9days. I 
x852 Feb.,Mar.,Apr.,

1
-15 28.8 I Feb. n,12. 

I 
Mav. I 

1853 , July 19, zo. 1-17 06.5 

62 21,2 

1851 I Oct. 15. !-12 3r.7 I Sept. 57 38.6 

t853 I Nov. 24, 25, 26. l-13 30.5 I Nov. 26, Dec. i 59 32.6 

1854 I Jan. 30, Feb. 6, 7.l-14 16.9 

1854 J Apr.25t0May2;1-1104.5 

8 days. 

t854 )iay 29, 3o. 

1857 Feb. 4, 5, 6, 7. 

l86o Jan. 14-18. 

1860 July 23-27. 

r869 Nov. 16-19. 

1

-14 58.9 

-16 00.4 

l-16 23.2 

:-16 18.8 

'-15 lI.9 

1870 Jan. 15-19. ·-rs 08.0 

1870 , Feb. 28-:\far. 14. -15 20.8 

12. 

Jan. 26, 28, 

Feb. 7, 8. 

........... 

!\lay 19, 22. 

Xov. 20 1 ::22,24 

Jnn. q, q. 

:\lar. 17, 18. 

59 42.2 

6o 59. 5 

59 16.o 

59 r1.5 

58 49· 2 

Oct. 7, 8. 

Dec. 1,2. 

Feb. 6. 

:\Jay 22 1 231 24, 

25. 

Aug. 15, 16, 

Nov. 25. 

Jan. 19. 

Mar. 17. 

2.460 

2.195 

2.035 

2.791 

3.022 

4.544 

3·395 

3»65 

3.805 

3.293 

6.271 

6.144 

6.CQ2 

5.802 

5. 558 

5.967 

6.018 

6.056 

• 1 933 

. 2055 

. 2008 

.1134 ; 

. 1012 

.cxn8 

.1287 

• 1 393 

.2095 

.1565 

. 1505 i' 

. 1754 

. 1518 

.2891 

. 2833 

.2767 

.2673 

. 2563 

.2751 

· 2 775 

'2792 

u.8.4. I 

II .69 

II ·94 

12.76 

12.81 

12,84 

12,68 

12.55 

rx.74 

12.97 i 

13.08 1' 

14· II 

t2.96 ! 

11.72 

12.12 

lI.90 

11.96 

II.68 

II' 75 

11.70 

.546t 

.5392 

.55o6 

.5882 

.5904 

.5916 

.5849 

.5785 

.5413 

.5980 

.6030 

. 6506 

.5973 

.5402 

.558g 

.5485 

.55y6 

.5383 

. 5418 

.539·..; 

do. 

do. 
uo. 

do. 

do. 

do. 

do. 

do. 

do. 

D. C. n, :\[ag'c. 

Th. 123. 

do . 

do . 

do. 

do. 

D. C.2x. 
D. C. 21, Mag'c. 

Th. 123. 

do. 

do. 

H. E. Nichols, Lieut. Th. M. III, D. C. 
U.S. N'l act. asst. rn. 
C. and G. S. 

H. E. Nichols. 
do. 

do . 

G. Da:ddson. 

do, 

do. 

F. A. Roe, G. Da

vidson. 

G. Davidson. 
\V. P. Trowbridge. 

do. 

do. 

do. 

do . 

do. 

Th. M. III. 
do. 
do. 

Th.~!. III, Rob
inson D. C. 

Th. l\!. III. 

l\l. 41 Harrow D. 
c. 
do . 

do. 

G. Davidson, A. Tod I Th. M. III. 

lV• P. Trowbridge. 

(.;.. Dndrlson 

do. 

do. 

S. H. Throckmorton 

i(;_ David~on). 

1lo. 

do. 

.:\L 4, Barrow D. 

c. 
Th. l\l. Ill. 

uo. 
drJ . 

Th. ~I. 5, D. C. 
TI. 

Th. ~1. 5. 
do. 

~ 
t:l 
l'J1 

~ 
00 

("'.) 

~ 
l'J1 
1-3 

~ 
0 
t;::.j 
0 
~ 
t"j 
8 
>-4 
("'.) 

m 

~ 
~ 

...... 
~ 
~ 



 

TABLES OF MAGNETIO RESULTS-Continued. ~ 

CALIFORNU.-Continued. ~ 
·--~·------

Hot~~~~.tal Total force. 

No.I Name of stations. I Lat. I Long. !Year.I Month &nd dt.y. j Decl'n. !Month and day.j Dip. !Month and day.j ------ -- --- -I Observer. I Instruments. 
Hrit. C. G. S. Brit. C. G. S. 
~nits._~ .':'nits. _units. _ ----·----__ 

1 

_ _ ___ _ 

' • I 0 , I . 
151 Punta Arena. 38 ss-• u3 «·o !870 May 27-30. l-17 38 . .. . . . . . .. . . . . . . . .. . . . . . . . . .. . ... . . .. . .. . .. . G. Davidson. . Th. M. 5. 
17 San Diego. 3• 43.x 117 09.7 1871 May .s, 29, 30. l-14 46.7 .. .. . . . .. .. . . . . . .... . . . . . . .. . .. . do. do. 
18 Eurek&. ·4048.1 12409.6 1871 July29. i-1842.4 ............ ..... ........... ... .... .... do. do. t;d 

Presidio, San Francisco. 37 47.5 ,., •7.2 1871 Dec. 14, l5,x6. /-16 23.1 .. . . . . .. . .. .. . . . . . .. . .. . S. R. Throckmorton do. tr;l 
f (G. Davidson). ~ 

do. 3747.5 12227.2 1872 Oct.26,27,28. 
1
-1625.7 .......... ............ .... .... .... .... do. Th.M.lll. t;d 

SanDiego,LaPlaya. 3242.0 11714.6 1872 Nov.19,00,21. 1-1319.4 Nov.23. 5756.8 Nov.22,23. 6.159 .2840 u.60 .5351 S.R.Throckmorton. T~~.~LIII,D.C. 1-3 

PointConception,ElCoxo. 3427.0 12026.7 1872 Dec.61 7,S. )-145t.8 Dec.n. 5851.0 Dec.9 1 10. 5.905 .2723 1x.41 .5264 do. do. ~ 
PointPinos. 3637.8 121 55.6 1873 A~~. 30,31,Sept.1-15 55.3 Sept.1. 6< I2,5 Sept.2. 5.696 .2626 u.83 .5452 do. do. ~ 

Presidio, San Franctsco. 37 47.5 u2 27.2 t873 June,Aug.,Nov.:j-16 24.8 Nov. 13, 15, 16, 6205.1 Nov. 17, 18, 19 5.543 .2556 11.84 .546o G. Davidson, S. R. do. 

13 days. ! 17, I8, 20. Throckmorton, "-r. 
II Eimbeck, T. J. ! OO 

Lowry. q 
do. I 37 47.5 122 27.2 1874 Jan.10,12,13. 14, -16 26.9 .... ... .... .... .. .... ... .... .... .... .... .... W. Eimbeck. Th. M. Ill. ~ 

Feb. 19, 20, 21. I . ~ 
do. I 37 47.5 122 27.2 1879 Ma.r.12, 13 1 u.151-16 34.0 .. . . . . . . . . . . . . .. . . . . . . . . .. . . . .. . . . . . .. . . . . . G. Davidson, B. A., do. § 

Colonna. '
1 

19 I Lake Tahoe, southern shore. I 38 55 120 05 1879 Sept.18. 

1

_,5 48 .. .. ... . . .. . . .. .. . . . . . .. . . .. . . . . . . . . .. . . . . . E. Hcrgcsheimer. Surveyor's com-

pass. ~ 
20 I Table Mountain. I 37 55 i22 36 1879 Nc>V. 5. 

1

-16 oo ......... " .. .. . . . . .. . . . . . . . . .. . .... . .. . . . . do. do. t;j 

{

r88o .. . . . . ... ... .. .... .. Apr. 12, 16, 17, 62 16.7 Apr. 16, i7,} t"1 
Presidio, S..n Francisco. I 37 47.5 122 27.2 188 N j_ 6 N2o'v' " 6· 8 6 ~-201v' 22

6· I.I 5.526 .. 548 11.89 .5484 W. H.Dall, M. Haker Mage. Th. 123, 'Z 
0 OV. 20, I 39· 5 . 1 , 17, t , 2 20.Q .l-~ , I , IJ, ~ 

I 19. IS, 19. i D. c. 2I, 

do. I 37 47.5 122 27.2 I88o Sept. 25,26. 
1
-16 28.3 Sept. 24,>6. 62 19.0 Sept. 25,26. ! 5.501 .2536 n.84 .5459 Lieut.H.E.Ni'.'hols, Th. M. lll, D.C. :;i 
I 

' U. S. N ., ass1st. C. 10. 

' and,': S. ' Ea 
atlMonticcllo. I 3839.7 122:n.4 18So Oct.5,6,7,8,9,:-1712.8 Oct.14,15,16. 6314.2 Oct.6,7,8,9 1 5.4I9 .2499 1 12.03 .5550 J.J .. C:7tlbert(G.Da- Th,:\1.10,D.C. trj 

12. I u, 12, 13. vtcison). 15. 

•!l I Va.ca. 38 22.4 12'2 05.0 I88o Nov. IS, i9, 20, ·-17 11.6 .. . .. . .. .. . .. . .. Nol~. 23-29. 5.476 .2525 ! E. F. Dickens. Th. M. 10. 

22, 23. I 

Presidio, San Francisco. I 37 47.5 122 27.2 1881 Mar. 30,31, Apr. -16 33.3' Mar. 3I,Apr. I II 62 17.6 Mar. 30, 31, 5.537 .2553 , 1r.91 .5491 W. Eimbeck, R. A. Th. M. 10, D. C. 
x.. Apr. 1. I Marr. I5. 

•JIS..cramento. 13836.1 I2I28.o 1881 Apr.5,6,7. -155t.6 Apr.5,6. 6340.7 Apr.5,6,7. 5.3681.24751 u.u .5582 do. do. 
S&n Diego, La Playa. 3• 42.2 117 14.5 1881 Apr. 6. -13 27.6 Apr. 5, 6. 57 51.2 Apr. 6. 6.104 .2814 

1 
II.47 .5289 H. E. Nichols. Th. M. III, D.C. 

IO. 

"4 I Blne Calion. 39 •5·3 lllD 47.0 1881 Apr. 9, 10. -15 38.4 Apr. 9, 10, 64 22.3 Apr. 9, Io. 5.26o .2425 12.16 .;;6o7 W. Eimbeck, R. A. Th. M. 10, D. C. 
Marr. 15. 

S..U Pedro. I 33 «·2 118 16.7 1881 Apr. n. -14 27.> Apr. Io. 58 48.5 Apr. n. 5.991 .2762 11.57 .5333 H. E. Nichols. Th. M. III,D.C. 
IO. 



 

Santa Barbara. 
San Luis Obispo. 
Mc>nterey. 
Presidio, San Francisco. 

do. 

San Francisco, Lafayette Park I 

3 

4 

5 

Presidio, San Francisco. 

Denver. 
Colorado Springs. 
West Las Animas. 
North Pueblo. 

Colorado Springs. 
Dt:.nver. 

Greeley. 

Tashua. 

New Haven. 

do. 

Stamford. 

Norwalk. 

Stonington. 

New London. 
Saybn o«. 
Sachem's Head. 

91 New Haven. 
10 Bridgeport. 

11 I Milford. 
u Black Rock. 
t3 Fort Wooster. 

I 

34 14.6 119 41.5 1881 I Apr. 14. 
35 xo.6 120 44.5 x881 Apr. 16. 

36 36.2 121 53.8 t881 I Apr. •O· 
37 47.5 122 27.2 1881 : Apr. 26, 27. 

3141·5 122 27.2 1881 l{JNulyu. 
, .1,. OV. I, 
I 

31 •1 .4 1•2 •5.6 1881 I ............. . 
i 

37 47·5 i22 27.2 1881 i'{ June 22, 23, 24. , Dec. 1, 2. 3. 

---~-·- - ------------

1

-14 51.9 

-15 36.7 

-15 53·9 
-16 3r.9 

-16 30.0 
-16 34.5 

-16 13.7 
-16 22.7 

Apr. 13. 

Apr. 16. 

Apr. 19. 

S9 19.2 

6o JO.O 

61 12.7 

Apr. 25, 27. I 62 26.9 

July 11. I 62 28.9 
Oct. 31. 62 34.2 

June3,6,7. 16217.8 

June 30,July1; 62 24.9 
t882,Apr.17,18! 62 25.5 

COLORADO. 

_:;-::~~~~~g. ~~~----·-1-~~~.2 
-c4 5'-8 Aug. 30. 66 51.4 

=;~ ::~~ ~~~-. ~~:~~1-~2, I 66 3r.3 

39 45·4 ) 104 59·5 1873 Aug. 14-

38 50.0 ! 104 4Q. 1 1873 Sept. 1, 4, 5, 6. 

38 04.5 i 103 ot r878 Aug. 14. 

38 18 I 104 36.8 
1 

x878 Aug. 19, 20, 21. 

38 50 1 ·104 49 18781 Aug. 06. 
39 45·3 104 59.5 t878 Sept. 3, 4. 5· 

40 25. s 104 40 1878 Sept. 9, 10. 

I 
23. I 

-•4 47.3 
' 

1 Sept. 41 6. 

1

1-14 40.:l 

-14 33.7 

67 30.7 

CONNECTICUT. 

41 

41 

t5,6 l 
I 

18.5 i 
i 

I 

73 15.0 i :1833 

' 
72 55-7 t 1844 

Sept. 14, 16. + 5 04 

Aug. 28. + 5 45.1 

41 t8.3 ! 72 55.5 1844 

41 03.5 

41 07. I 

41 19.8 

41 18.4 

41 16.5 

•P i6.g 

41 18.0 

41 IO 

4I 14 

41 o8.6 

41 16.9 

73 32. 3 

73 24.6 

i 

1844 Sept. 12. 

1844 Sept. 14. 

1+ 6 36.0 

.+ 6 49 

71 54·3 l 1845 Aug. 3, 9, + 7 38. t 

I 

7200.3 1845 Aug.13. ft129.5 

72 20.6 1845 Aug. 19. + 6 49.9 

72 43.5 1845 Aug. 23. I+ 6 15.2 

72 54.6 x845 Sept 10. ~ 6 17.3 
7311 1845 Sept.17. +619.3 

73 04 I 1845 Sept. '9. 6 38. 3 
73 12.9 1845 Sept. 20, + 6 53. 5 

72 53.6 x847 Sept.25,•8,0ct. [+ 7 27.2 

I, 2. I 

Aug. 27, 28. 

Aug. 29. 

Sept. 12. 13. 

Sept. 14 . 

Aug. 8, 9. 

Aug. 13. 

ALg. 19. 

Sept. 17. 

Sept .• a, Oct. 

'.I, 2. 

73 21 .0 

73 27. 5 

73 02.3 

73 09.8 

7?. 25. I 

72 57 ·9 
74 33.8 

73 21.3 

H 16.6 

Apr. 14. 5.871 

Apr. 17. 5.831 

Apr. oo. 5.663 

Apr. 26,07. 5.489 

July12. 5.489 
Nov.i. 5.487 
Feb. 15, 17, 18, 5.537 

:n 1 :13 1 24, 26. 

June 22 to:z9. 5.528 
Dec.2to9. 5.531 

Aug. I4, 15. 

Sept.3. 
4-985 l 
s.041 I 

Aug. 19 1 20 1 22, 

23. 

Sept. 31 ·h 5 · 

Aug. ?.8, 29 

Sept. 12. 

Aug. 8, 9· 

Aug. 19. 

Sept. 17. 

Sept. 27, a8, 30. 

5.183 

4.<)68 

3.818 ! 

3.885 I 

3.748 

3.564 

3.738 

~:~71 
I 

.2707 

.0689 

.2611 

. 2531 

.2531 

.2530 

. 2553 

.2549 

.2550 

.2298 

.2324 

• 2 390 

11.51 

11.84 

11.76 

n:.87 

II .88 
II .91 

II .91 

11.94 
11.95 

13.00 

12.83 

13.01 

,2291 ;~:~91 
I 

i 

i 
. 1760 i 13.33 

.1791 13.32 

I 

. 17281 13. 13 

.1643 I 13.39 

.1724 l J3.05 

.1691 I 13.53 

.5305 

. 5461 

.5422 

.5472 

.5478 

.5492 

.5491 

.5505 

.5509 

.5993 

.5913 

.5999 

.599o 

.6143 

. 6qq 

.6055 

.6173 

.6019 

.6240 

do. 
do. 
do. 
do . 

do. 

J. S. Lawson . 

do. 

E. Smith. 

do. 
J. II. Baylor. 

do. 

do. 
do. 

do. 

Direction of F. R 

Hassler. 

J. Renwick. 

do. 

do . 

do. 

do. 

do. 
do. 

du. 
do. 
do. 

do. 
do. 

R. H, ~·auntleroy. 

do. 
do . 
do. 
do. 

do. 

Th. M. 10, D. C. 

do. 

M. 6, D. C. 8. 
do. 

Comp. ofTh. M. g 

Th.l\1.9,D.C.x8. 

Comp.of Th. M.9 

Th. M. 9, n.c. ls. 
Comp.of Th. )1. q 

J\zim. Compass. 

M. 2. Rob. D. C. 
of <iir. Col. 

Robinson D. C. 
of Gir. Col. 

l\!. 2, Rob. D. C. 
ofGir. Co1. 

Tr.& Simms \'ar. 
Tran. of Cnlum. 
rol,, Roh. D. C. 
of <;ir. ('ol. 

M. 2, Roh. and 

Harrow n. C. 

do. 

do. 
M.2. 

do. 
1\1. 2, Rob. and 

Barrow D. C. 
M.2. 

do. 
M. '2, Rob. and 

Harrow D. C. 

a 
t::; 

~ 
<fl 

c 
~ 
~ 

~ 
~ 
0 
t::; 
t;t;l 

~ c 

~ 
~ 

....... 
~ 
Cl 



 

T.ABLES OF M.AGN:B..-vc'IC RESULTS-Continued. 

CONNECTICUT-Continued. 

I I I I Hf~~~~~tal Total force. 

No.I Name of stations. 

New Haven. 

F mt '"" ooster. 
14 I New Haven, Oyster Point. 

New Haven. 

15 I Hartford. 

161 Bald Hill. 

t7 Box Hill. 
18 Sandford. 

19 Ivy. 

Tashua. 

20 Wooster. 

Hartford. 

do. 

J Lat. ' Long. Year.' Month and day. I Decl'n. !Month and day. 

I I I I I 

I
:·-:-, f_o -~j~,'--------~---,-o ,·---

41 18.0 72 54.6 ! 18.(8 Aug. 10, 12, 14. i+ 6 37.9 

j 4' 16.9 72 53.6 I 18481 Aug. 2x,23,25,>9
1
+ 7 25.5 

I 
41 17.0 72 55.7 I, 1848 Aug.30,31,Sept. + 6 31.9 

I. I 
I 41 16.9 72 55.8 18551Aug.17. i+ 7 02.7 I Aug. 17. 

I 4145.9 7240.5 1859 July27. +i11.olJuly27. 
I I 
I , 
I 41 58.3 72 u.9 1861 Sept. 16, 17, 18. I+ 8 50.41Sept.10, 1>, 13, 

I' ' I 1
4· 

! oft 47.9 72 27.3 1861 Oct. 16, 17, 18. + 8 30.41 Oct. 2.f., 25. 

41 27.7 72 57.0 1862 Oct. 6, 7, 8. + 7 01.7 Sept.30,0ct.3. 

41 52.3 73 13.5 1863 June29,30,July-!- 8 25.7,June23,24,25, 

I. I 26. 

41 15.6 i 73 15.0 I 1863 Sept. 8, 9, 11. 1-!- 8 02.5 I Aug. 31, Sept. 

1. 

73 29. 3 1864 Aug. 2, 3, 4. -!- 7 37.6 July 20 to 28. 

Dip. 

73 H·S 

74 07.4 

73 47 .5 

73 57·9 

73 33· 3 

73 32.0 

73 oo.8 

73 24.6 41 21.0 

41 45.9 

41 45 ·9 

72 40.4 1 1867 Ii Aug. 15, 17. 

]2 40.5 i 1:$79 July 24, 25, 26. 
I 

i-!- 7 49.31 Aug. 17. 

i+ 8 34.0 July 24'._:_~------
73 20. 5 

73 25. 7 

DAKOTA TERRITORY. 

1 I Pembina. 48 59 97 14 I 188o Sept. 9, 10. J-12 36:~ Sept. 9, 10. l 
• 1 Jamestown. 46 53.2 98 45 1880 Sept. 15, 16. :-13 3o.6 Sept. 15, 16. I 
3 Bismarck. 46 46.3 100 38 ! 1S8o Sept. 2t, 22. ;-15 50.0 Sept. 21, 22. I 

77 27 ·9 
75 35. 7 

74 55-7 
72 52.2 4 Yankton. 42 54 97 28 ' 188o Oct. 9, 11. I-to 04.2 Oct. 9, 11. 

---'--------~----'-----------! -----------'----------------'·· 

Cape Henlopen. 

91 Wilmingtou. 

3 Sawyer. 

38 46.6 

39 44·9 

39 4:i. I 

75 05.1 

75 33.9 

75 34 .o 

DELAWARE. 

18431 Oct. an~ Nov. -T;.--::~------
1846 Mayo7. j+ • 30.71:May28. 

i846 June3 1+248.3 June3. 
*Loca 

I ..... . 
11{7125.4• 

73 58.0 

I 71 57·5 
deflection. 

Month and day. 
Brit. IC. G. Bnt. 

units. units. units. 

Aug. 14, 15, 16.: 3.776 .1741 13.32 

Aug. 25, 26. I 3.617 . 1668 l.J.29 

Aug. 30,3:r. 3.769 .i:738 13.31 

Aug. t7. 3.690 .i:7o:r I 13.18 

July 27. 

Sept. 19. 20. 

Oct. ~1, 22. 

Oct. 9, 10, 

July 2, 3, 17. 

Sept. 16, 17. 

Aug. 5,6. 

Aug. 15, 17. 

July 24, 25 · 

Sept. 9, to. 
Sept. 15. 16. 
Sept. :n, 22. 

Oct.9,n. 

f May 28. 

June 3. 

I 3· 716 

3.715 

3.743 

3.855 

3. 792 

3.887 

3.818 

3.801 

3.783 

3.033 

3.457 
3.617 

4.124 

4.236 

4.175 

.1713 13.58 

13.31 

.1726 

. 1713 

13.55 

13.62 .1777 

. 1748 13.38 

• 1792 t3.30 

.1760 13.37 

.1753 i 13.26 

.1744 13.26 

. 1398 13.97 

. :r594 13.90 

.1668 13.91 

• 1901 14.00 

.1953 

.x9:i5 13.48 

G.S. 
units. 

.6142 

.6130 

.6137 

.6o76 

.6262 

. 6r37 

. 6249 

. 6277 

. 6t67 

. 6:r34 

. 6164 

. 6u5 

. 6n5 

.644t 

. 6407 

. 6414 

. 6453 

• 6215 

Observer. 

J. S. Ruth. 
do. 
do. 

C. A. Schott. 

do. 

G. W. Dean, R. 

E. Halter (A. D. 
Bache). 
do. 

E. Goodfellow (A. 
D. Bache). 

S. H. Lyman, G . 
W. Dean (A. D. 
Bache). 
do. 

R. E. Halter (A. D. 

Bache). 
C. A. Schott. 
J.B. Baylor. 

J.B. Baylor . 
do. 

do. 

do . 

S. P. Lee. 

John Locke. 

do . 

Instruments. 

M.1. 
do. 
do. 

Sm'n Inst'n M., 

Gambey D. C. 
M. 6, Barrow D. 

c. 9. 

:\!. z, D. C. 4 • 

do . 
do . 

do. 

do . 

do . 

M. z,D.C. to . 

Th.M.9,D.C. 18 . 

Th. M.9,D.C .18. 
do . 

do . 
do. 

Azim. Compass. 

M. 2, Robinson 
D. Comp. 
do. 

-~ 
~ 

~ 
~ 
0 

~ 
0 
l'zj 

~ 
td 
UJ. 

~ 
td 
i;d 

~ 
~ 
td 

~ 
0 
l'zj 

~ 
td 



 

5 
6 

4 

Fort Delaware. 
Bombay Hook. 
Lewes Landing. 
Cape Henlopen. 
Da.gsborough. 
Wilmington. 

Washington, 11ear old Coast 
Survey office. 

Causten. 

Washina:ton,northwestofCap.. 
itol. 

Washington, north of Capitol. 
W&Shington, Smithsonian 

grounds. 
Causten. 

do. 
Washington, near old Coast 

Survey office. 
Washington, east of Capitol. 
Washington, near old Coast 
Survey office. 

do. 

do. 

do. 

do. 

do. 
do. 

Washington, corner Second 
and C streets southeast. 

do. 

do. 
do. 

do. 
do. 
do. 
do. 

do. 

do. 

39 35·3 I 75 34·• 
39 2[ .8 

38 48.8 

38 46.5 

38 35.0 

39 46.6 

38 53.1 

38 55 .5 

38 53.6 

38 53· 6 

38 53 2 

38 55-5 

38 55·5 

38 53· r 

38 53. 3 
38 53· r 

38 53· r 

38 53.1 

38 53.1 

38 53.x 

38 53.1 

38 53· t 

38 53· l 

38 53.1 

38 53·' I 
38 53.1 

38 53.1 

38 53.1 

38 53.1 

38 53.1 

38 53.1 

38 53· 1 

75 30·1 

75 n.9 

75 05.3 

15 15.6 

75 32.5 

11 oo.6 

77 04.5 

77 01.0 

77 oo.6 

77 01.6 

77 o4.4 

11 o4.5 

11 oo.6 

77 00.5 

77 oo.6 

11 oo.6 

11 oo.6 

77 oo.6 

77 oo.6 

11 oo.6 

77 oo.6 

71 00.2 

71 00.2 

77 00.2 

17 00.2 

77 00.2 

11 00.2 

11 00.2 

77 00.2 

77 00.2 

77 00.2 I 

1846 I ) une 14 

1846 June 17. 

1846 July 1. 

1856 Aug. 27. 
1856 Aug. 28. 

1875 July 15, 21. 23 • 

+3 16.8 

i+3 18.5 
:+2 45.0 
l+'l 03.9 

-~-2 41.1 

. +3 44.4 

June 141 15 

June 17, 

Aug. 27. 
Aug. 28. 
July 17. 

71 34·9 
71 39.5 

71 22 .o 

71 03.1 

71 24.0 

June :r5. 

June 17. 

Aug. 27. 

Aug. 28. 
July 20, Oct. 

DISTRICT OF COLU:MBlA. 

1845 

1851 June14,t6,17,18,!+2 11.3(? 
•')· 

1852 

1855 

r855 

July. 

July 20. 

18551 Sept. 8, Oct. 9. 
1855 Oct. 9. 
1856 Aug. 14, 20. 

18561 Aug. 15. 

1858 

1859 

+2 24.0 

+5 44.2• 

+1 04.9 
+x 04.0 

+2 21.4 

+2 00.9 

Jan. Feb Mavl f 71 35·3 , ., . 1 l 32.5 

June 91 10. I 71 18.9 

May25. 17' 16.1 

J~;~· ~;: · .. · I 71 27.0 

Sept. B. I 71 30.2 

Aug. and Sept. I 71 21. 7 
I 

Aug 15. I 71 19.6 
June 2. 71 22.6 

May26. '27· 
Nov·.7. 

June 20, 21, 23. 

May25,June14 

JulY31,Sept.7. 

Sept. 8. 

Aug.4,7,8,141 

Sept. 24. 

Aug. 15. 

June 23, July 

29. 

71 24.4 I June 22, 23 1 

July 30. 

l86o I Sept. 25, 26. +2 26.7 I Aug. 16, 17, 
18, 24. 

71 15.9 I Aug. 18, 20, 

Sept. 25. 

1861 

1862 Aug. 18, 19. 1+2 39·~ i 
1863 July 28. I+· 4t.8 

:::! J~~.·~~ ·r,~~-· i~ct~. ~~:; 
1868 Jan. to Dec. inc.:+2 5x.2 

1869 Jan. to June inc. !+2 53.0 

1870 June q, q, 15. :+2 53.6 

1871 June l•h 15, 16. '+::i 56.9 

1872 June 14 1 151 17. +3 oo.o 
1873 June t4, x6, 17. +3 oo. x 

1874 June 13, 15, 16, +3 o6.3 
July 20, ::n, :::12. 

1875 I June 12, q, 15. +3 15.5 

1876 ' May 1, 2. +3 18.8 

.. .. .. .. .. .. I 71 18.3 

July 21, 27, ?I 19 5 Aug. 19, i, 71 ,7:5 r1July22, Aug. 
Sept. 12,13, 15) .18, 19. 

July 18, 19. 171 14.3 July 28. 
June27. 71u.7 

Jan. to Dec. inct 7' o6. 7 I Jan. to Dec. inc 

! 
Jan.toDec.inci 71 03.4 IJan.toDec.inc 
Jan.to June inc 

June 13, 14, 15. 

June I'4. i5. :16. 

June 14, 15,17. 

June x4, 16, 17. 

June t3, 15, 16. ! 
I 

70 57.9 

70 55.3 

7° 59· 9 
71 oo.6 

70 58.5 

70 52.4 

Jan.tojuneinc 

June q, r4, 15 
June 14,151 16.I 
June 14, 15, 17,' 

June 14., 16, x7.
1 

June 13, 15 1 16. 

June x2.14, 15.: 70 51.0 I June 12, 14, 15. 

May I 
73 

fMay1,2. 
x,:;i. I 704 · fSept.26,27.t 

•Local deflection. t Station of 1.877. 

4.226 

4.201 

4 .• 85 

4.348 

4.364 

4.240 ~: 
4. 233 5 

4.233 

4.267 

4.337 

4,250 

4,308 

4.308 

4.3o7 

4.319 

4.284 

4.294 

4.321 

4-3341 
4.347 i 
4,352 I 

4.356 
4.36u 

4.344 

4.349 

4.353 

4·357 
4.356 

.1949 

. 1937 

r3.38 
13.35 

. 1976 q.41 

.2005 13.39 

.2012 13.68 

. 1953 513.41} ! 
)!3.39 ' 

• 195'l 

. t967 

.2000 

.1960 

. 1986 

. 1986 

. 1986 

• 19gt 

13.21 

13,29 

13.63 

13.40 

13.48 

13·45 

13.51 

l3.446 

· 1975 13. 368 

. 1980 13·35I 

.1992 

• 1998 

.2004 

13.,147 

13.350 

13.328 

.2001 I 1 3 . 3 1 5 

. 20081 13.378 

.2010 13.399 

. 2003 13.326 

.2005 t3.272 

.2007 13.270 

. 2009 13.238 

I 

. 616g do. 

. 6155 do. 

.... do. 

. 6184 C. A. Schott. 

. 6174 do. 
,6308 J. M. Poole. 

do . 
do . 

M. 2. 

M. 6, D. C. 5 . 
do . 

Bache-Fund M., 
D. C. 19. 

----~---

.6176 IT. J. Lee. 

.60931 G. W. Dean (A. D. 
Bache). 

. 6125 J.E. Hilgard. 

C. A. Schott. 

.6287 I do. 

• 6r78 I do. 
.. .. clo. 

. 6214 du. 

.6203 I do, 

do. 

.6229 I do 

.6199 I do. 

S. Walker. 

.6164 I C. A. Schott. 

. 6156 do . 
dn. 

. 6153 C. A. Schott, E. 
Goodfellow. 

. 6154 C. A. Schott. 

.6145 do. 

. 6140 do. 

. 6167 do . 

. 6171 do. 

. 0144 do . 

. 6119 do. 

. 6n8 I do. 
c. A. Schott . 

. 6105 f F. J<;. llilgard. 

M.t:. 

M. i:, Gambey 
D. C. 

~l.x,Barrow D.C . 

Smith'n Inst'n 1\L 

Smith'n Inst'n 

Ill., Garn. D.C. 
do . 

Smith 'n Inst'n M. 
~.1. 6,D.C. 5 . 

do, 

D. C. 3· 

IM:;",, 
D. C. 8. 

:M. 3, D. C. 8, 
D. c. IO. 

M. 3, D. c. IO • 

D. c. JO. 

Th.M.7,D.C.ro . 

do . 

do. 
do . 

do . 

do . 

Th.M.7,D.C.34 . 
Th.i\L 7 KewD . 

C. Casella 15. 

do . 

do. 
M.6. 

~ 
~ 
Cl 
u:i 

~ 
u:i 

a 
0 p.. 
w. 
1-3 

§ 
0 
trj 
0 
Cl 
trj 

~ a 

~ 
trj 

~ 

........ 
O':> 
-l 



 

TABLES OF MAGNETIC RESULTS-Continued. 

DISTRICT OF COLUMBIA-Continued. 

Month and day. Decl'n. l~!onth and day 1-~i:~ 
- ··-· -- --------1--- ---T ---.--.. 1 

I ' 

No.1 Name of stations. , Lat. \i Long. lvear. 1l 
I I 

i .. I__ __ _ . 
M ""'"""''"'·I 

Horizontal 
force. Total force. 

Brit. iC.G.S.' Hrit. \ C.G.S. 
units. : units. · units. units. 

Observer. Instruments. 

\V'"ashington, near l4'irst and B \ 
streets southeast. .... ! 

1 do. 

38 53·• 77 00.4 

I 
38 53.. 77 00.4 i 

do. 

I I o , 

1877 1
SJune14, IS, I6. 1+1 42.1 t 

1 ~Aug.17. 1+3 ,6.8 \ 

I 
8s1" j June I4, I5, 17. 

I 1 . 1 Sept, 8. 

1879 ! June 9, 10, u. 

·h 47.5 
+3 43 

+3 50. 4 

I 
I 

June 14,15 1 16.: 

June 14, 15, 17 
Sept. 8, 

June 9. 10, tr. 

10 49.t 

70 49·3 
70 47 

70 48.4 

5Jun.e14 1 15, 16. 4.~66~ l ..\ug. I4. 4.371 S 
RI Dec. 28.29. 4.375 

J
june I4,IS,I7.

1 
4.368 \ ]. 

I l 1 

, Sept. 8. I 4.36t J , 
l Dec. 14. 4·374. , 

June 9,10,n. I 4.370 ! 

I 

.2015 13,292 

.:m14 13.282 

.2015 13.292 

{
C.A.Schott I Th.M.7,KewD. 

.6129 I A. Braid. C. Casella 15. 
do. ! Th. M. 9. 

(C. A. Schott. i Tb.. M. 7, Kcw,D. 
J C. Casella l 5. 

.6125 f·\ [Dr. T, E.Thorpe.] [His owi:i instru-
1 mcnt!-i.] 
l J.B. Baylor. Th. ;\I, 9. 

.6I29 I W. Eimbeck, C. A. Th. ~I. 7, Kew D. 
Schott. C. Casella i:5. 

do. 

do. 

38 53.z 

38 53·• 

38 53·• 

38 53·• 

77 00.4 

71 °'"" 
71 00.4 

xSBo Apr. 3. +3 57.2 I July,, I 70 46.4 July9, 10. r 4.371 

June12,14, 17 .. 4.378 

.2016 13.275 

.2019 ~ 13.258 

.6121 I J. H. Haylor. Th.M.9,D.C.Cas· 

188o June 12, !-4 1 .17. 

1881 

.-r-3 57.1 I June 12, 14,17.i 10 43.4 
e1la.18. 

.6II5 do. Th.M.7,D.C.Ca•· 

do. 
do. 

do. 

~·1-~--• -·--e--, 

1 I Sand Key. 

• i Cape Florida. 

31' Dep()t Key. 

4 Saint Mark's Light-House. 
S Dog Island Light . . 

6 

1 
.I! 

Saint George's lslt.nd. 
Cape San Blas. 
Hurricane Island. 

91 Cape Sable Base. 
10 P'ernandfrii:.'·~ 
u Pensacola 

12 Apal"-chicola.. 
•3 j Key West.• 

I 
'1 Pensacola. 

Key Wesl. 

' 38 53 .• 

17 00.4 

77 "'"4 188I 

I 
38 53·• 77 00.4 1882 I June 15. 16, i7. 55.4 

I 
j 24 "27-2 8I 52.7 

i 
- 5 28.8 1849 Aug. 19t 20, 21. 

25 ... 0.4 

2 9 .,., .5 

30 04.5 

29 -17·0 

2 9 37·4 
29 39.6 

30 04·6 

25 07.S 

30 40 .. 6 

30 24.6 

8o 09.8 

83 02."1 

84 zo.6 

84 39.8 

1850 

i.852 

I852 

1853 

Feb. 221 :23, 25 · 

·Mar. t4, t5, ,6. 

Apr. 2. 

Apr. I. 

85 05.5 1853 Apr. 6. 

85 2I.6 1854 Jan. 31. 
85 39.3 1854 Feb. 5. 

81 00.5 1855 May. 
81 27.6 I857 Apr. 20. 

87 12.9 18581 June 21. 

1- 4 25.2 

- 5 20.5 

i 
\- 5 29.2 

i- s 51.2 

- 6 0'2.l 

- 6 o6.5 
- 6 12.'2 

- 5 23 

- 4 01.B 

- 6 47·3 

29 f3.2 84 59.0 186o Jan. 31 1 Feb.1,2 - 6 n.o 

24 33.1 81 48.5 I86o Feb.,Mar.,June, - 4 46.6 
Dec. 

1 

30 04.6 87 12.5 I86I Jan. 8, 9 :- 6 42.2 
24 33.1 81 48.5 1861 Feb., Mar., Apr.:- 4 H·S 

I I 

*Absolute observations made generally on four days each month. 

Apr.26. 4.38o 

June 25 1 Dec, 70 .p.8 

17,23. 

June i:5,16, t7. 70 44.1 June 15,16,J7. 

FLORIDA. 

Aug-. 18, 19. 

Feb. 22, 23. 56 13.0 I Feb. 26. 

Mar. 23, 24. 

Apr. Io. 

June 23. 

59 55·3 I Mar. 14, •S· 

fo 07.3 

61 0.5·9 

Apr. 6, 20. 

June22, 

6.758 

6.615 

6. 179 

5.889 
6.127 

I 
13.227 ! 

.3n6 ! n.62 

.3050 i 11.90 

.z849 I 12.33 

. 2715 i 12.59 

.2825 l n.68 

Jan.26,'27,~8. 6o 19.4 Feb.3,4. 6.185 ( .285~ ! 12.49 

do. I Th~ 1~1~09 
l.t.S.W.\'ery,U.S. :, D. C. 20 

N., act.a'"t.C.&<~.s.' 
.6099 I W. Eimbeck. 

·5357 I J. E. Hilgard. 

.5485 I do. 

.5685 I do. 

do. 

J. G. Oltmanns (F. 
H. Gerdes). 
do. 

do. 
do. 

A. D. Bache. 

.58o6 C. A. Schott. 

.5845 J. G. Oltmanns (F. 

H. Gerdes). 

.S76o G. W. Dean. 

Th. M. 7, D. C. 
4440. 

iof 12 
M. 2, Bar- in. 
row D. C., of 9 

l in. 
l\f. ":2, 12-inch Har. 

D.C. 

~1.1,10-inch Bar. 
D.C. 

M.1. 
M. 2 

<lo. 
do_ 

flo. 

Azim. Comp. ? 
M. 6, D. C. 9 . 
M.2. 

~1. r, D. C. 4. 
Feb., Mar., 54 37.8 (t) 6.752 I .3u3 ! It.665 .5378 W. P. Trowbridge, I M. 6, D. C.'s s 

June, Dec. ' S. Walker. : and 9. 

Jan. 5, 6. 6o 38.9 Jan. 10, n. 6.I5• .283611z.55 .5786 G. W. Dean. I M. 1, D. C. 4. 

Feb., Mar., 54 36.8 (t) 6.749 .31n 11.650 .5372 S. Walker,J.G.Olt-1M.'s6 and., D. 
Apr. manns. C.'s 8 and 9. 

t Time of observations as for declination and dip. Total force refers to annual means. 

-~ 00 

l;tj 
l:;j 
'"d 
0 
l;tj 
'"3 
0 
1-zj 

~ 
r.D 

~ 
~ 
'"3 

·t;j 

~ 
trj 

~ 
0 
1-zj 

~ 



 

9.2 

~ 

do. 

do. 
do. 

do. 
do. 

f 14 

IS 

~ 

PuntaRasa. 
Turkey Creek and P. Wright 

stations. 
Fernandina. 

Key West. 

16 Bird Key. 

•7 Jacksonville. 
18 Saint Augustine. 
'9 Enterprise. 

20 Eau Gallie. 
21 Saint Lucie. 

•• . Fort Jupiter. 

24 33.I 

24 33• I 

24 33.I 

24 33.1 

24 33~1 

26 29.3 

28 03. s 

30 40.3 

24 33.3 : 

I 
24 37·3 ! 

JO 2I 

29 54-

28 52.9 : 

28 09.4 I 

27 28.9 

26 54.5 . 

8r 48.5: 1862 May to Dec .. in-:- 4 39.9 

\ elusive. 

81 48.5 1863 Mo11th\y means.!- 4 36.8 

Sr 4S.5 tS64 do. 1- 4 33.g 
81 48.5 1865 do. ,- 4 3t.5 

Sr 48.5 1866 Jan .. Feb., Mar .. [- 4 29.8 
Apr. 

8'11f".6 1866 June 28, 29. !- 4 01.5 

So 35.2 t.878 May 16, 17, tS. !- 3 09.• 

81 27.3 ! r879 I Feb. 3, 4. 12. 

81 47.9 1879 I Mar. 24. 25, 26. 

82 53.6 188o Jan. ro, 13, 14. 

81 40 I88o Feb. 3. 

Sr 19 188o Feb. rt. 

St 14 I88o Feb. r8. 

80 '7 I88o Feb. 25. 

So r5 , i:88o ,!\far. 2. 

So 05 ; 188o Mar. 8. 

- 2 29.7 

' ;- 3 33.9 

- 3 42.6 

- 2 2).3 

- 2 4'5. I 

- I 5').8 

- 2 2~.9 

- 2 50.7 

"Absolute observations made generally ou four days ea-ch month. 

Savannah. 

Tybee Light-House. 

Macon. 
A I Skiddeway, North Base. 

Savannah. 

Tybee Light-House. 
5 Butler. 
6 Middle Base, near Atlanta. 

do. 
Kenesaw. 

Sweat. 

9 Sawnee. 

10 Cumming. 

u Carnes. 
Sayannah. 

i:z Grassy. 

13 Pine Log. 

32 05.2 i 

3'2 01.5 

32 50.4 

31 56. I 

32 05 .2 

32 01.5 

31 IJ · 7 

33 54. 4 

33 54· 4 
33 58 .6 

34 04.0 

34 14.2 

34 12.4 

33 59.6 

32 05. 2 

34 29. 2 

34 19.) 

81 05.3 

80 50.7 

83 37.5 
81 Ot.5 

St 05 ·3 

80 50. 7 

81 20.8 

84 16.7 

84 I6.7 

84 34.8 

84 27. 4 

84 09. 7 

84 07.7 

85 oo.8 

SI 05.3 

84 :20.Q 

84 38.3 

1852 Apr. 26, 27, 23. 

.185-i Apr. 30, May 2. 

1855 Jan. to, u, 12, 13. 

1850 April. 
1857 May 2. 

1870 May21. 22,23. 24. 

1872 

1 

Mar. t2, 13, 14, 18. 

1872 Oct. 28, 2·1. 31, 

Nov. t. 

1873 Feb. u, 13. 

t873 Aug. r. 2, 3. 

1873 Oct. 9, <o. 

1873 Oct. 30, 3t. Nmt. 
l,3. 

1873 Ntn-. IO, tr, 12. 

1873 Dec. 20,"21, 22. 

1874 Mar. 8. 9, 10 

t874 July 22, ::!J, 24. 

1874 Aug. ro, u, 12. 

3 4o.3 

32. I 

4 36.5 

3 25 

3 27.5 

2 21). 5 

2 42'.9 

J 30. I 

l 34·9 

4 43 ·4 

5 36 ·9 

2 .Si .o 

t3 

4 03. 5 

2 16.9 

- 3 36.0 

- 4 00.0 

May to Dec., I 54 3r.o 

inc lusi \'e. 

Monthly. 

do. 

do. 

Jan., Feb., 

Mar .. Apr. 
July o. 

Feh. 3, 4. 6, 12 

Mar. 24, 25, 

~lay 7. 

Jan. rz, 13, 14. 

Feb.3 

Feb. 11. 

Feb. ,s. 
Feb. 25 
Mar. 2. 

Mar. 8. 

, 54 3I .2 

54 29.0 
54 28. 8 

54 28 .6 

57 12.3 

61 53 .6 

54 ,a. 6 

54 IZ. 6 

6r 43. 2 

61 09. z 
6<) 07.5 

58 52. l 
I 58 t6 .8 

I 57 38.5 

it) 

1t) 

(t) 

(t) 

It) 

June 28. 

Feb. 3, 4, 6, 

~lar. 24-. 25, 

May7. 

Jan. q, '4· 
Feb. 3. 

Feb. rt. 

Feh. ,s. 
Feb. 25. 
l\.-1ar 

~Iar. 8. 

6.742 

6.740 

6.738 

6.729 

6.725 

6.583 

5.858 

6.632 

6.691 

5.857 

5 .925 

6.053 

6.248 

6 297 

6.278 I 

·3'°9 i tr.62~' .5357 IS. Wa\ker,J. G.Olt- I :\-!. 6, D. C. 9. 

.3108 

. 3107 

.3103 

'3101 

. 3o35 

.2701 

.3038 

.3085 

. 2701 

.2732 

. 279r 

.288t 

i 
II.612 I 

II. 593 : 

It, 582 I 
It, 569 I 

12. 15 

12.43 

II. 41 

II.4+ 

f2. 36 

12 2'3 

12.15 

I2.o8 

. 2903 i tt.98 

.2895 ! II.73 

.5353 

.5348 

.5340 

.5334 

. 5604 

,5733 

. 5263 

.5275 

.5701 

.5662 

.5603 

. 5572 

. 5522 

. 5409 

manns. F. F. Nes. 
S. Walker. do. 

do. do . 

do. do. 
do. do. 

A. T. Mosman . 
R. >I. Bache. 

du. 
1 Gradienter 24, 

('omp. needle. 

Lieut. S. M. Ack- Th. M. 8, D. C. 19. 
le)-. r. S. X. 

S. M. Ackley . 

do. 

J. B. Baylor. 
do. 
(if)_ 

rl.o. 

do . 

do. 

do. 

Th.M.S,D.C.-. 

Th. M.9.D.C.<8 . 

do. 

dn . 

do . 

do . 

do . 

tTitne of oh-,ernttions a<; for declination and dtp. Total force refers to annual mear9. 

GEORGIA. 

Apr. 2~, 26. 

Arr. 30. ~lay 

I, 2. 

Jan. 10, rr, 12. 

May t. 

May 25, 26. 

Apr. 15, r6. 

r\ov. 4, 5. ~ 

Feb. 12, 13. 

Aug. r. 2, 3, 

Oct. 9, 10. 

:r-;o\·. 12. 14. 

~0\". rs:r8. 

Dec. 20. 'H, 22. 

Mar. 9. to 

July 2cJ. 3t 

63 40.~ 

63 40.8 

63 50 9 

63 H 3 

63 27.0 

62 46. 7 

64 55.G 

64 58.5 

M 00.2 

65 2'"). 2 

65 211.o 

65 23. 5 

65 09.'5 

63 53 9 

65 .p.8 

Apr. 20, 27 

!\-'lay 2. 

Jan. 15, x6. 

J\.lar 2. 

l\lay 21, 24. 

Mar. rs. 16. 

Oct .. Nov. 

Feh. 8. 9. 

Aug. I, 2, 3. 
Oct. <J, 10. 

NO\·. I, 3, 4· 

No,-, to, 11. 

5.625 

5.6r8 

! 5.660 

5 664 

i 5· 682 

5.779 

5· 507 

5.489 

5. 424 

5·455 

5· 412 

46J 

Dec. 20, u,22.~ 

~far. 5, 9, rn. 

.5. 41)8 

5. 5;8 

Julr 24, 2;. 5. t';;i2 

Aug. 10, II, r2 ~5 33 o I Aug. w, II, 12.; 5 .. p2· 

·":S'H 1·i.68 

. 2590 12.67 

. 26to 12.84 

.. 2~r2 12 .So 

. 2620 n.71 

.266.:; 12.63 

.2539 13.00 

. 2531 t:z.9q 

.23ot 13.H 

.2jtj : I) .15 

.2N5 13.02 

.2318 q. II 

I 
. 252t I 13 ,f)2 

. 2563 12.63 

. 2_~~l4 I~. 0 2 

. 250:> I~ TO 

. 5848 

.5342 

. 5.)22 

. 5903 

.586t 

. 5825 

. 5992 

. 598~~ 

.614'.) 

,(nrJz 

. 60<)2 

.Co4i 

.6001 

. 5825 

. c;Xr7 

J.E. Hi\gard. 

do . 

G. W. Dean . 
.~. W. Longfellow. 
C. A. Schott 
C. 0. Boutelle . 
A. T. Mosman . 
F. P. Webber. 

do . 

do. 

do. 

C. 0. Boutelle. 

H. W. Klair 1C. 0. 
Boutelle!. 

F. P. 11·ebber . 

C Tap1inn 1 F . 
B!rtke) 

(" 0. Boutelle . 
(lo4'_) I F P. \\'ebber. 

M. 1, Barrow D 
C. 

do. 

M. r. D. C. 4. 
Compass. 

M. 6, D. C. 9 . 
J\l. 3, D. C. 6. 

M. 3, D. C. 8. 
;11. 3. D. C. 5. 

do. 

;II. 3, D. c. IO. 

>I .. 1. D C 8. 

do. 

do 

d•) . 

Bachc-Futid, M., 

D. C. 35. 
Th. }1.8,LJ.C. to. 

:.1 .l· ll. (_". 8 

Li 

~ 
0 
(f). 

~ 
1-3 
trj 
(fl 

L) 

0 
>-
~ 
>z 
0 
0 
trj 
0 
0 
t:rj 

~ 
('.".: 

00 

~ 
~ 
trj 

~ 

"""" ~ 
~ 



 

TABLES OF l\JAG~ETIC RESULTS-Oontinuc<l. 

GEORGIA-Contiunecl. 

No. Name of statio!ls. Lat. Long. Year. Month and day. ' Decl'n. 1:-ronth and day.: Dip. 

i ____ ·---- ·---

! 0 0 

i4 ' Sk!tt. 34 30. 3 83 43.4 : 1874 ' Aug. i4, 15, 17, 18. - 2 35. s 
15 Curra.bee. 34 31.S 83 22.6 I i874 Oct.19,20,21, 2~. - 2 H·9 Nov. 10, rr. 65 45.1 

i6 Academy, Lawrenceville. 33 57·5 83 59.5 1874 Dec. 7, 8, 9. - 3 24.8 ....... . 

i7 Lavender. 34 r9.3 85 i7.4 i874 Dec. io, n, 12. - 3 58.9 Dec. 10, II, 65 Jo.7 
18 Johns. 34 31·-+ 85 06.0 1875 Jan.20,22,23,24. - 3 57.1 June 22,23, 65 42.5 

19 DuPontorLawton. 3057.8 8247 18So Jan.29. :-226.0 Jan.29. 6207.3 

1 Sini .. quoteen. 
Lake Pend d'Orellle, landing. 
Lewiston. 

• x I Mound City. 
2 Cairo. 

do. 

3 I Springfield. 

x New Harmony. 
do. 

2 Vincennes. 
New Harmony. 

3 Indianapolis. 

4 Richmond. 

48 io.5 , u6 45 
47 58 ' u6 30 
46 28 l II7 05 

37 04.8 

36 59.8 
37 01.0 

39 50 

38 08 
38 08 

I 

I 
38 41.7 I 
38 o8 I 
39 47.4 I 
39 50.4 I 

89 04.2 

89 I0.2 

89 10.5 

89 39 

87 50 
87 50 

87 3x.6 

87 50 
86 08 

8~50 

1881 
t88t 

1881 

Sept. 5, 6. 
Sept. ro, n, r2. 

Sept. 16, 17, 18. 

!DAHO TERRITORY. 

l-22 :~~1-s-;~~~---~:_1 
l-22 05.4 Sept. u. 72 26.0 I-•• 26.2 Sept. 16, , 7_. 10 52.0 

ILLINOIS. 

1865 Jan. 3. ·-1~~ --- ... ~ ~~ -··· 1 

1865 Apr. lJ. - 6 41 ........ . 

1877 Nov. 28, 29 1 30.1- 6 00.4 Nov. 28, 29. 30. 67 45.6 

1878 Dec. 4, 5. ,- s 48.8 Dec. 3, 6. 7. I 70 25.5 

IXDIAI\A. 

I I I 
Nov. IJ. 69 07' 2 j 1848 I Nov.14,15,16,17.,- 6 47.0 

I 1861 ! Apr. II, r2, 13. 1- 6 43·5 ..... 
I 

...... 

188o Oct. 29, 30. 1- 4 22.5 Oct. 30. 69 50.4 

1880, Nov. 3,5. 1- 5 05.1 Nov. 3,5. 69 02.6 

-i88o I Nov. 12, 13. I- 2 47.0 Nov. 12, 13. 70 51 ·4 

I 1880 
1 

Nov. iy, 20. ,- 2 52.5 Nov. 19. 7t 13.4 

Horizontal 
force. 

'.\.Ionth and day.I ·----- ····------
Br.it. r G. S. 
umts. umts. 

·I----·--

Oct. 26, 27, I 5 .2821 
NoLg. 

De:;~ ·,;,·1~:~2.I 5.430 

June 22, 23,24.1 5.401 

Jan. ••J. 5.841 

Sept. 5, 6. 3.969 ' 
Sept. 10, 11. 4.006 I 

Sept. i8. 4.275 

- . ---1 -- - -, 

No,-. 23; 29, 30. [ 
Dec. 4, 5. 

No 

Oc1 
No 
No 
No 

V. I2 

29, 30. 

" 3, 5. 
;, r2, 13. 

·. 19. 20. 

5.0581 
4.497 

4.843 

4.632 
4.762 

4.370 

4.354 

.2435 

.... 

. 2500 , 

.2490 

.2693 

. 1830 

. 1847 

. t97r 

.2332 

.2073 

.2233 ! 

.2t36 

.0196 

.2015 

. 2008 

i I 

u , •.• ,NM· ""'·"I •. , •• 1 ·"'' 
Vinita. 

I 
J6 39-51 95 05.0 1 •877 No\~. 22, 23 1 24. i- 9 24.B Nov. 22, 23, 24.: 

,. 1 Atoka. 34 24.5 96 05 1878 July 14, i5, 16. :i-9n.4 Julyr3,15,16,17.j 
63 .~~8-~uly r3, •5j_:~~7:J~·~:4 I 3 ! Eufaula. 35 16 95 33 1878 July 18. I- 9 10.J ............ 

I 

Total force. 

1c Gs' 
Observer. Instruments. 

Brit. I . . • 

units. j ~-~its. 

\ 
C. 0. lloutelie. I Th. ;r. 8. 

12.86 .5929 do. Th. :>I. 8, D. C. ro. 

. ... . ... do. Th. ;f. 8. 
t3. IO . 6o40 F. P. Webber . M. 3, D. C. 8 . 

13. 13 . 6054 do. do . 
rn.49 ·5759 J. II. Baylor. Th. M.9,D. C. i8 

-1 J~' L<WM" 
' 

!J.2I I Th.M.8,D.C.n. 
13.27 .6120 do. do . 

13.04 .6o14 do. I no . 
I 

. 
A. T. Mosman. t' Azim. Comp. 

do. do. 

13.36 .61621 A. Braid. Th. M .9,D. C.18. 
13.42 .6187 J.B. Baylor. do. 

13.59 I .6265 I R.H. Fauntleroy. M.2. 

G. Davidson. Eng.'s Transit 
with needle. 

13.44 I .6198 J. H. Baylor. Th. M.9, D. C. 18. 

13.31 I .6140 do. do. 

13.33 ! . 6144 do. do . 

13.53 .6238 do . do. 

·-,----·---,·· ·--------~---
13.27 I' ·.6u7 A. Braid. J Th. M.9, D. C. 
12.82 .5910 J. Il. Baylor. 

1

_ <lu. 

.. .. do. Comp. t<J Th.M 
---~----------· -~-------·- ------

,.... 
-::i 
0 

~ 
~ 
~ 
~ 
~ 
~ 

r.n 

~ 
t:rJ ; 
~ 
~ 
0 
~ 

1-3 
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1 I Des Moines. 
• Sibley. 

Des Moines. 

3 I Davenport. 

41 35.0 I 
43 24.l 

41 36.8 

4I 29.9 

93 37· 4 

95 50.0 

93 36.5 

go 38.0 

186g I Aug. - 9 56 
1877 

1 
Oct. 8, 9, 10. -to 50.3 

·18771Oct.231 24,25. - 9 23.5 

I877 I Oct. 27, 29, 30. - 1 02.8 

41 Keokuk. I 40 25 .. 51 91 25.0 I 1877 Nov. 6, 7, 8. 1- 7 29.8 

s Dubuque. 42 29.5 go H .'.~-880 I Oct. 21, ···-·--~-6 45.8 

Laivrence. 

Humboldt. 
Emporia.. 

4 I Great Bend. 

5 I Dodge City. 
6 Sargent. 

1 i Paducah. 
• i Upper Point Rocks. 
3. i Twenty-seven :•Iile Island. 

• I Patterson's Landing. 

s I Oakland. 

38 57. 7 

37 49 
38 25 .5 

38 23 .6 

37 H 

38 05 .2 

37 04.61 

37 03.5 I 
36 51.• I 
37 03.2 I 

37 02.4 

95 I5.o I877 Nov. 14, IS,I6,I7. - 9 51.6 

95 26 I878 July20. -IO 04.9 

g6 12 1878 July 23. -Io 50.4 

98 43. I 1878 July 30,]I, Aug. - n 05 .o 
I. 

99 58.9 1878 , Aug. 5. -12 I6.4 
101 58.5 ' I878 1 Aug. 9, 10. 

88 36.8 x865 
88 17.0 186; 

88 I3·9 1865 

88 25. 2 1865 

86 15. 3 1871 

85 13.2 ! i.871 

Feb. 7. 
Feb. I6. 
Feb. 24. 

;l!ar. 6. 

Nov. 7, 8, 9· 

No\". 231 241 25. 

1-12 44.3 
! 

6 45 

7 25 
7 22 

6 44 
6 14.2 

3 02.7 

7. 3 1872 Jan. 3, 4,5. 

6 i Shelbyvllle. 138 12. 8 

1 ' Falmouth. 38 40.8 04 

81 Hickman. 36 34·3 89 II.7 i 1881 Sept. 23, 24. 5 47 l 
I • 

9 / Mayfield. 36 45 88 41 x881 Sept. 27, 28. ,

1

_ 5 12.9 

Io I Madisonville. ' 37 19 87 33 1881 OcL 4, 5. - 5 o6.2 
11 Leitchfield. 37 30 86 22 :1:881 Oct. 7, 8. 1- 3 19. J 

I ' 
12 I Lebanon. 37 36 85 19 1881 Oct. u, 12. I- 3 43.9 

13 I Stanford. 37 31 I 84 44 1881 Oct. 15, 16. 1- 4 t5.B 

'4 II Livingston. 37 23 I 84 20 1881 Oct. 20, 2I. ,- I 36.6 
15 Cynthiana. 38 26 84 25 1881 Oct. 25 1 26. 1

- 2 28.4 

16 II Flemingsburg. 38 26 I 83 46 188I Oct. 31, Nov. i. /- I 45.3 
17 Grayson. 38 18 82 59 1881 Nov. 5,6. ,- x 27.5 
< !__________ ' ____ , ____ .:_ __ _ 

IOWA. 

Aug. 

Oct. 8, 9, 10. 

Oct. 23, 24 

Oct. 27, 28, 29, 

30. 

71 13 

72 59.3 
71 31.0 

71 56.6 

Aug. 9· I 
Oct. 8, 9, 10. I 
Oct. 23, 24, 25.

1 

Oct. 27, 29, 30. 

Nov. 6, 7, 8. 

4.313 
4.053 

4.330 
4.274 

.1989 

.1869 

,I996 

.1971 

I3.40 I 

13.851 
13.66 

13.79 

.6r77 J.E. Hilgard. 

.6388 A. Braid. 

.6296 do. 

.6359 do. 

Nov. 61 7, 8. 
Oct. :n, 22 

70 47. 2 

73 °7. B Oct.~~---! ---··------

4.5o6 

3.972 

. 2078 

.1831 
13.691 
13.6g 

.63151 do . 

.63Io J. B. Baylor. 
' . -----·--· 

KANSAS. 

Nov.14, 15, 16,: 68 43·4INov.14,15, 16, I 4.866: 
17. 17. 

July 30, 3I, i 67 38.0 I JulY3o,Aug. I.] 4.988 
Aug. 2. 

Aug4 8, 12. 66 50.5 I Aug. 

KENTUCKY. 

Nov. 6. 

Nov.28,Dec.2.·I 

Dec. 30, 'p.; 

Jan. >, 3. 

68 48 .B 

69 46.6 

70 16.t 

67 19.4 
67 35 .o 

Sept. 23, 24. 

Sept. 271 28. 

Oct. 4, 5. 

Oct. 7, 8. 

i 68 24.2 

68 38.2 

Oct. n, 12. 

Oct. 15, 16. 

Oct. 20, 21. 

Oct. 25 1 26. 

Oct. 3I, Nov. I.

1

. 

Nov. 5, 6. 

69 06.8 

69 43 .8 

68 50.3 

69 44.0 

69 45 .2 

70 oq.3 

~ov. 10. 

N'ov. 27,29, 

Jan.8,9. 

Sept. 23 1 24. 

Sept. 27, 28. 

Oct. 4, 5. 
Oct. 7, 8. 

Oct. u, 13. I 
Oct. 15, 17. 

Oct. 20, 21. 

Oct. 25, 26. 

Oct.11,Nov.1.I 
Nov. 5, 6. 

129 : 

4.877 

4.660 

4.580 

5.071 

5.008 

4·915 

4.892 

4.750 

4.625 

4.817 
4.626 

4.627 

4.643 

• 2244 13.41 

. 2300 13.n 

. 2365 13.04 

. 2249 

.2149 

,2ll2 

.2338 

.>309 

.2266 

. 2256 

.2190 

.2132 

. 2221 

• 2lj3 

. 2133 

.214t 

13.49 

13.48 

I3·57 

13.15 

13.13 

13.35 

I3·43 

13.32 

13·35 
I3·34 

13.36 

I3·37 

t3.6B 

.6r84 I A. Braid. 

J.B. Baylor. 
do. 

. 6044 I do. 

do. 
.6oq I do . 

A. T. )losman. 
do. 

do. 

do. 

.62221 A. T. Mosman, E. 
Smith. 

.6216 do. 

. 6255 I E. Goodfellow. 

.6064 J. B. Baylor. 

.6055 do. 

.6157 do. 

.6193 do. 

.6143 do_ 

.6I54 do. 

.6152 tio_ 

.6158 rto. 

.6164 do. 

.6307 do. 

Th.M.9,D.( 18. 

do. 
do. 

do. 

do. 

Th.::lf.9,D.C.x8 . 

Comp. to Th.M.9. 
do . 

Th.M.9,D.C. 18 . 

Comp. toTh.M.9. 
Th.M.9,D.C. xB. 

Azim. Compass. 
do. 

do. 
do. 

M. 3,D. C.4 . 

M. 1 and No. 3, 
D.C.4. 

M.1,D. C.4. 

Th. ~1. 9, D. C. 18. 
do . 
do. 

do. 
do. 
do. 

do . 

do . 

do . 

do. 

~ 

~ 
l"j 
l:;:j 

00 

~ 
00 

8 
~ 

~ 

~ 
~ 
l"j 
0 
tj 

~ 
00 
c:: 
~ 
~ 
l"j 
~ 

--:) -



 

TABLES OF ::\IAGNETIO RESl'IjT~-Contiuued. 

i 
No., Name of stations. I Lat. 

I 

Fort Livingsto~-. ------1
1

- 29 t6~ 
I Isle Dernier. , 29 02.0 

I Harrel Key. 29 54. 3 

4 i New Orleans. I 29 57.4 

5 , Cub!tt. I 29 09.9 

IO 

II 

i I 
: Sou th east Pass. [ 

Pass l Loutre. I 
Cote Blanche. 

. New Orleans. I 
1 

Magnolia Base, lower station. [ 
Southwest Pass. ' 

29 04.7 
29 10.9 

29 44· I 

29 59.1 

29 32.5 

28 59 
New Orleans. I 29 s9.1 

' Agamenticus. 

2 Waterville.· 
3 Mount Independence. 

4 Kittery Point, opposite Ports-
mouth, N. H. 

Fletcher's Neck. 
Richmond Island. 
Portland, Bramhall or Bow

doin Hill. 
Mount Pleasant. 

Kennebunkport. 
10 Cape Neddick. 
u Cape Small. 

12 I Mount Sebattis. 

43 13. 4 

44 33 

43 45.5 

43 04.8 

43 26.8 

43 3>.6 

43 38.B 

44 01.6 

43 21.4 

43 n.6 

43 46.7 

44 09.1 

I,OUil'\IANA. 

Long. Year. )fonth anci day. Decl'n. l:)Ionth ancl day. Dip. l~lonth and day, 

89 56.7 1853 Jan. 9. 

9" 54.2 

89 oS.o 

1853 Feb. 20. 

1857 l 

38.4 

19.2 

Apr. 14. 

90 04.4 ' 1858 : Apr. 6, 7. 

89 14.6 1859 . Dec. '5· 
7 51 ·51Apr.7, 8, to. 

-731.8 Dec.16. 

w 48.21Apr.18. 
5946.5 Apr.;,8. 

58 54.0 Dec. t6. 

89 03.6 1859 
89 01.4 

91 42 .9 

90 04.8 

89 46.6 

89 23 

90 04.8 

i859 Dec. 27. - 7 30.0 

186o Mar. 3. - 8 2t. s 
1872 : Feb. 101 12, 14, 15. - 6 39.6 

1872' Jan. 18, 19,20, 21. - 6 46.8 

x872 : l\far. 2. - 6 05.4 

1880 Mar. 24, 25. - 6 27.6 

I 
70 4t.5 1847 ! Sept. 23, 25, 28, +10 09.8 

69 45 

70 19.2 ' 

70 43.0 

70 20,5 I 

70 14.4 

29130,0ct.1.2.: 

1849 

1849 Oct. 6, 7, 8, 9. 

x850 Aug. 28, 29 1 3r, 

Sept. t,2. 

1850 Sept. 10, II, 12. 

1850 Sept. 14, 15, 16. 

+n 46.4 

+Io 30.2 

+tt I7·5 

.+12 18.1 

70 16.6: 1851 Aug. IS~ :19, 20. +n 41.I 

Dec. 2x. 

Dec. 27. 

Mar. 3. 

Feb. i2, 15-

Jan. 17. 

Mar. 2,3. 

Mar. 24, 25. 

i 58 45.3 Dec."· 
5& 47.0 Dec. 27. 

59 08.8 . )lar. 4. 

59 46.0 Feb. 10, 15. 

59 23.5 Jan. 17 

58 47.0 )lar. 2, 3. 

59 48.8 )Jar. 24, 25. 

MAINE. 

NoY. 2,4. 74 54. 7 

June.Jul.,Aug.' 75 59·4 

Oct. 91 15, I6, 75 23.8 

Aug.29,Scpq. 74 57.2 

Sept. 9, 10. 75 IS. 3 

Sept. 14 1 16. 75 08.0 

Aug. r5, 19. 75 I4. I 

Sept. 29, Oct. 

Sept. n, I2. 

Sept. 16. 

Aug. 

Oct. 12, IJ 

Sept. 4· 

Aug. 20. 

70 49.3 1851 Aug. 21, 22, 23, +i4 32 1 I Aug. 6, 7. 76 ot.5 I Aug. 25 1 26, 27.: 

70 28.t 

70 36.4 

69 50.7 

70 04.8 

24, 25. I 

1851 Aug. '25, '26, '27. :+n 23.6 

1851 Aug. 29 1 30, 3I. 
1+:u 09.0 

1851 Oct.16, 17, 18,20. +u 05.5 

Aug. 23. 

Aug. 29, 30. 

Oct. 16, 17, iB. 

1853 I July 25, 26, 27. +12 53.5 I Jul.Y 29· 

75 I4. I 

74 57.9 

75 01. 8 

Aug. 27. 

Aug. 28. 

Oct. n, 23, 24, 

25. 

1s 40.6 I Julv 25, 21. 

1~ : Mount Ragged. 44 u.8 6 OQ.I 1854' Sept.27,28,29,30+14 16.81Sept.22,z3. 75 41.2 I Sept. 25~ 26. 

Horizontal 
force. Total force. 

Ob~erver. 
Rrit. C.G. S. 

F. H. Gerdes, J. G. 
Oltmanni:;_ 

do. 

6.282 I .2897 12.49 .57591 S. Harris. 
6.310 

1 
.2909 12.54 .5779 G. "\\ .... Dean. 

6.342 I .2924 12.28 .5662 F. H. Gerdes, J. G. 

6.377 

6.355 

6.349 

5.959 

5.977 
6.221 

6. t55 

.2940 12.29 

.2930 I2.26 

.2927 12.38 

.274$ It.84 

.2756 n.74 

.2868 I2.00 

.2838 12.24 

3. 456 I • 1593 13.28 

3. 243 • 1495 

3.422 . I573 

3.500 .I6I4 

13.40 

I3·57 

13.48 

3•440 ,I586 I I3·56 

3.464 .1597 13.50 

Oltmanns. 

.5669 do. 

.5654 do. 

.5709 do. 

. 5458 T. C. Hilgard. 

.5413 do. 

.5534 do. 

.5644 J.B. Raylor 

.6120 

.6175 

.6259 

.6217 

.6252 

.6224 

T. J. Lee. R. H. 
Fauntleroy. 

G. W. Keeley. 

G. DaYidson. 

J. E. Hilgard. 

do. 
llo. 

3.450: .I591 I3-5'°4- .fo43 I do. 

3.212 i .1481 i3.30 ; .6133 I G. ,v·. Dean. 

J.E. Hilgard. 

Instruments. 

)I. 2. 

do. 
111." D. C. 8. 
)!. 1, D. C. 4. 

I M. 2, D. c. 8. 

I dO. 

do. 
do. 

Bache-Fund M. 
do. 

rlo. 

; Th.)l.9,D.C.18. 

M.1,Robinson & 
Barro\.v D. C. 

D. C. 3. 

)f. x, Gambey 

D.C. 
M. 2, Barrow D. 

c. 
do. 

do. 

<lo. 

:\1. l, Bar. D. C., 
of Sm'n Inst. 

>L "Bar. D. C. 3.448 
3· 5I6 . 

3.389 

. 1590 

. I62I 

13.53 .' 
13.55 

13.12 

.6239 

.6249 

.6051 

do. do. 

3.4II 

3.345 

.1563 G. W. Dean (A. D. , )I. l, Bar. D. C., 
Bache I. of Sm 'n Inst. 

.1573 13.79 : .. 6358 I J.E. Hilgard (A. D. M. 2, Gambey 

D.C. Bache>. 

.1542 13.53 .6237 I G.W.Dean,S.Harris M. 1, D. C. 4. 

..... 
-::i 
~ 

~· 
l;<j 

~ 
0 
l'zj 
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~ 
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~ 
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l'zj 

~ 
t;J: 



 

14 I Camden Village. 

15 I Mount Harris. 

16 I Mount Saunders . 

17 Southwest Harbor, Mount 
Desert Island. 

18 Mount Desert. 
19 Epping Base, east end. 
20 Calais. 
21 Bangor,\Thomas Hill. 

22 Humpback. 

Kittery Point. 
Portland, Bramhall Hill. 

23 Howard. 

24 Cooper. . 
25 Eastport, Fort Sullivan. 

do. 

do. 

do. 
I 

06 I Portland, Munjoy's Hill. 
21· [ Rockland. 
28 ' Belfast. 

Bangor, Thomas Hill. 
29 Rath. 

30 : Freeport. 
Portland, Bramhall Hill. 

31 i Harpswell. 
Eastport. 

Portland, Bramhall Hill. 

Eastport. 

Portland, Bramhall Hill. 

do. 

« .. 

« 39·9 

« 39.0 

« 15.0 

44 2I.I 

« 40.1 

45 n.o 
44 ,.a •• 

« 51.8 

43 04.B 

43 38.B 

« 37. 7 

« 59.2 

44 54·4 

« 54·4 

« 54·4 

44 54·4 

43 39·9 
44 o6.3 
44 26.0 

« 48.0 

43 54.9 

43 51.1 

43 38. 8 

43 «·5 
44 54,4 

43 38.8 

44 54.4 

43 38.8 

H 38.8 

69 05 18541 Oct. 26, 07,28, 29, '+13 57 .1 I Oct. 27, 28. 
30, 31, Nov. 1. 

69 08.9 1855 Sept. 3, 4, 5, 6. I 14 34.6 I Sept. 4, 5,6, n.j 76 14.1 I Sept. 7, 8. 

75 41.5 Nov.2,3,4. 1·345 

3.240 

. 1542 

. 1494 

13.54 

13.62 

6239 

.6279 

68 36.5 1856 July 8, 9, JO, 11. 14 59.4 July8,9, II, 17. 75 58.6 Sept. 12, 14. 3.279 .1512 13.53 .6240 

68 17 .6 1856 Sept. 25, 26, 27, 15 25.2 I Sept. 26. 76 15.5 I Sept. 27. 3.28o .1512 13.81 . 6365 

29, 30. 

68 13.6 1856 Oct.7,8,9,13, 1514.olOct.8,9,n. 76 09.2 

67 49.9 1857 Summer. 16 20 

67 16.8 1857 Sept. 16,17,18,19. 15 2t.1 Sept. 18, 19. 76 25. 5 

Oct. 101 n. 

Sept. 22, 23. 

3.255 

3.231 

3.231 

·~~~I 

1

. 13.6o 

. 1490 : 13· 76 

.6272 

. 6348 

.6267 6S 46.9 x857 Oct. 13, J4, 15. 15 19.9 Oct. 12 1 13, 16.I 76 14.7 I Oct. xo. 

68 o6.6 I 1858 Aug.24,25,26. 15 47.8 Aug. 24, Sept. 76 12.0 I Aug.27,30. 

15. 

70 43.0 I 1859 July 14. n 15.0 July 14. I 75 04.21July14. 
70 16.6 1859 July 15. 12 20 Jnly15. 74 56.7 July 15. 

67 23.7 1859 Aug. 9, 10, n. t8 31.6 ~ug. 3, 6, to ?5 2t.6 Aug. 12. 13. 

67 28 .o I 1859 Sept. 9, 10, 12, 13. 15 3t.9 Sept. 10, 13. 
66 59.2 i86o Aug.,Sept.,Oct., 17 57.1 Jan. to Dec. 

Nov., Dec.* inclusive.* 
66 59.2 f 1861 Monthly,Jan.to 17 59.2 Monthly, Jan. 

Dec. incl. to Dec. incl. 

66 59.2 f 1862 Monthly,Jan.tol 18 oo.6 :\lonthly. I 
Dec. incl. 1

1 

66 59.2 i863 Monthly, Jan. to 18 02.3 Monthly. 

Dec. incl. ' 

70 14.9 1863 July 6. u 18.1 July 6. 

6go6.2 1863 July7. 1502.1 July7. 

6g oo.8 1863 ! July 8. 15 30.3 July B. 
68 46.9 1863 I . .. . .. . . . . . . . . .. .. . July 1c. 

6949.0 1863 Julyu. 1251.8 July11. 

76 20. 3 

75 53.1 

75 SI.O 

75 48.5 

75 48 3 

75 04.6 

75 30.9 

75 38. I 

76 05. 3 

75 25.5 

Sept. 14, 15. 

Jan. to Dec. 

inclusive.• 
Monthly, Jan. 

to Dec. incl. 

Monthly. 

:Monthly. 

July 6 

July 7 
Julv 8. 

July 10. 

JuJyII. 

70 05.9 1863 July 13. 14 u.7 July i3. ; 75 20.3 July 13. 

70 16.6 1863 , July 15. 12 28.2 July 15. I 7s 05.9 July i5. 

70 oo.8 i863 , July 22. 14 25.5 July 22. 75 52.4 July 22. i 

66 59.2 1864, Monthly, Jan.to lB 03.7 Jan.toJulyin-' 75 45.8 Jan.toJulrin-1 

July incl.* elusive.* I c1u~ive.* I 
• I 

3 .220 

3.496 

3.456 

3.458 

3.180 

3.3oj 

3·3°7 

3·303 

3.310 

3.425 

3.318 

3. 330 

3· 2o8 

3· 355 

3. 395 

3 .439 

3 184 

3·3 1 3 

3.456 

.1490 

. 1485 

• 1612 

. 1593 

. 1594 

.1466 

• 1525 

. I525 

. 1523 

.1526 

. 1579 

• 1530 

.1535 

.1479 

.1547 

.15651 

.1586 

.1468 

. 1528 

1593 70 16.6 I 1864 Monthly, Aug.

1 

12 43.7 Aug. to Dec.] 75 09.5 Ang to Dec.! 
to Dec. incl."' inclu~ive.*+ I inclus.ive.•t j 

6659.2 1865 July22,23,24,25.: l8o6.1 Jul_v22,23,24,I' 7544.7 Julyn,23,>4,13.317 .1529 

j 25. 25. 

70 16.6 1865 Monthly,Ja:.to

1

, 12 42.3 Ja_n. to D:c. 75 08.3 Jan. to. D:c. j 3.459 159; 
Dec. mcl. mc111s1\•e. t , mclus1ve. t j 

I , ! l 
70 16.6 1866' Jan.,Feb.,)far.*+12 42.9 Jan .. Feb.,Mr.·: 75 07.4 Jan.,Feb .. Mr."i 3.458 .1594 

•On four days each month. 1860 to 1866 inclusive. t Monthly, 

13.59 

13.50 . 6225 

13.57 .6257 

13. 31 .6133 

13.68 .6307 

13.46 

13.56 

23.53 

IJ.'47 

13.50 

23.30 I 
13. 26 

13.42 

'3·34 
13.33 

13.41 

13.37 

13.04 

13.48 

13.49 

13.47 I 

13.49 I 

13.47 

.620? 

.6253 

.6238 

.6212 

6223 

.6132 

. 6JJ6 

.6189 

.6152 

. 6147 

. 6184 

. 6166 

.6o15 

.6213 

.6219 

.6210 

.6219 

.~209 

G. W. Dean, R. J. do. 

Breckinridge. 

G. W. Dean, T. :.!:. do. 

Mc.:Iver. 

G. W. Dean, J. H. do. 
To-omer. 

S. Harris. do . 

G. W. Dean. I do. 
C. O. Boutelle. Compass. 

G.,V. Dean,S. Harris M. 1, D. C. 4 . 
G. W. Dean, S. Har- I do. 

ris, H. W. Bache. 

G. W. Dean, A. T . 
Mosman (A. D. 
Bache). 

C. A. Schott. 

do. 

G. W. Dean (A. D. 

Bache I. 

do. 
G. B. Vose. 

G. B.Vose,S.Walker 

S. Walker, R.H. Tai-I 

cott, E. Goodfellow.1 
E. Goodfellow. I 
C.A.Schott. , 

do . 

do. 
do. 
do . 
do . 

do . 

do. 

M. 6, D. C. 9. 

do. 

M. 1, D. C. 4 . 

do. 

Th.M.7,D.C.10. 

do. 

do. 

do. 

'.l.f. 3, D. C. 8. 
do. 

do. 
do. 

do. 

do. 

do. 

do. do. 

E.Goodfellow,A.T.i Th.M.7,D.C.10 . 
:Mosman, H. "\\'"'. 1 

Richardson. 
H, W. Richardson. do. 

do. do. 

do. do. 

do. do. 

i 
i::;-

~ 
l;I. 
C"IJ 

0 
0 

~ 
ti>
~ 
0 
i:µ 
1:;1. 

§ 
t;1. 

a 
C"IJ 

~ 
~ 

~ 

~ 
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TABLES OF )lAGXETIC RESULTS-Continued. 

No.I ~ame of stations. 

Eastport. 

Portland, ~lunjoy's Hill. 
32 I llrunswick. 

I 
Kittery Point. 
Bangor. 
Eastport. 

MAINE-Coutiuu~d. 

Lat. Long. Year. :'llonth and day. 
1 

Decl'n. l>1onthandday. Dip. 

44 54·3 . 66 59·3 1873 

43 39·9 

43 54· 5 

70 x4.9 1873 

69 57·1 1873 

43 04.8 70 43.0 1879 

44 48.2 j 68 46.9 I 1879 
44 54·4 I 66 59.0 1879 

Sept. 2, 3. 

Sept. 8, 9, u. 
Sept. 15, i6. 

Aug. 13, 14. 

Aug. 21. 

Aug. 27 1 28. 

i 0 I 

1+•8 56.0 

I 
I 12 43.6 
l l4 18.0-

12 3t. 3 

16 29.3 
+19 07.8 

Aug. 08, 31, 

Sept. 1, 4. 
Sept. 8, io, IJ:. 

Sept. 16, 17. 

.:\ug. q, 14. 

Aug. 21. 

Aug. 27, 28. 

75 24.3 

74 57·9 
75 08.3 

74 2f. 2 

75 29.8 
75 I:!.2 

---- ---------·~-- --~--

1 I Taylor. 

South base, Kent Island. 
Rosanne. 
Finlay. 
Osborne's Ruin. 

Finlay. 

6 I Ma.rriott. 

7 I North Point. 
8 Bodkin Light. 

N Orth Point. 
·Taylor. 

91 Fort McHenry ,Baltimore. 
10 Pool's Island. 

u I Susquehanna Light. 
Marriott. 

"' I Kent lsland,!Station 1. 

13 I Soper. 

~IARYLAND. 

38 59.8 

38 53.9 

39 17.5 

39 24.4 
39 27.9 

I 

39 24.4 ! 

~~~ de 

~~~ d~ 

~-0.1 18e 

~ ~·5 ·~s 
~ ~~ de 

May 31,June r. ·..,- 2 14.4 

June 3, 4. 
June 10. 

June 13 1 14. 

June 19, 21 1 22, 

I I 23, 24. 
16 3r .5 i 1846 April 16. 

2 24. 3-

2 10.9 

2 14.6 

2 32.4 

2 18. s 

June 1. 

Juue 3. 

June II. 
June 14. 

1 

June30,July 3.1 

Apr. 10, n,16.1 

38 52.4 76 36.6 t846 May24,25,26,27, 2 o9.4 I ;\Jay 27. 

June 3,4, S· 

1 36.71July8. 
2 01.9 ~>\pr. 25, 26. 

39 11.7 76 26.7 •8~6 July 7, 8. 

39 08.0 76 25.5 1847 April 25, 26. 

J 39.6 39 11.7 76 26.7 18471 April 27. 
38 59~8 76 28.0 1847 l\tay28,29,30.31, 

June 1, 2, 3. 

2 18.0 I June 5· 

39 15.8 76 34.8 1847 , April 29. 2 18.6 

39 17.1 

39 32.4 

38 52.4 

39 01.8 

39 05.2 

76 15.8 1847 

76 05.1 1847 

76 36.6 1849 

76 19· I 1849 

76 57.0 1850 

June24.25,26,27.\ 2 29.3 

July6,7. I 2 13.7 
June12,13,19,20. 2 05.0 

June27,28,29,30,I 2 30.2 

July~,3,4. 

July20,21,22,24, -t- 2 07.1 

25, 26. 

June :13, 29, 

July J. 

July6,7. 
June 1, 7, 8, 9. 

June 29, July 

2, 4· 

July 23,24, 25. 

71 40.2 

71 37.0 

72 06.6 
71 52.9 

71 47.6 

71 47·9 

7J. Io.9 

71 ?9.5 

71 43.1 

71 19.3 

71 52.1 

71 52.1 

71 12.9 

71 16.6 

71 56.5 

:\Ion th and day. 

Sept. 2, 3· 

Sept. 8, 9, n. 

Sept. lJ, 15, 
Aug. IJ, 14·· 
Aug. 21. 

Aug. 27, 28. 

May 31. 

June 4. 

June 10. 

June 13. 

June 25,]uly2. 

Apr. 14. I 
I 

Brit. 
units. 

Total force. 

Observer. 
llrit. C.G.S. : 

units. umts. I 
_ ---~1______ I_ 

In~truments. 

3.363 . 1551 ,,.,, I ·''" T. c ""'"'· i TUL "" c. '° 
3.472 ! .1601 t3.38 I .6q1 do. i <lo. 

3.437 
3.588 

3.317 

3.404 

4.231 

4· 206 

4.053 
4.059 

4· '43 . 

4.1 13 

. 1585 

. t654 

13.40 
1 

.6179 do. j do. 

13.371 .6165 J. ll. llaylor. , Th.M.9,D.C.r8. 

. 1529 I 

.1570 i 
13.24 .6105 do. du. 

13.33 .6148 do. do. 

.1951 13·45 

. 1939 13. 34 

.1869 I 13.19 

.18721· 13.05 

.1910 x3.26 

.18961 13.17 

.6204 

. 6149 

.6084 

.6o20 

.6113 

Capt. T.J. Lee, U.S. M. z, Fox D. C., 
E., Act'g Asst. C. S. by Patten. 

T. J. Lee. l\I. 1 0 Fox D. C. 
do. do. 
do. 

do. 

do. 

do. 

.6070.I T. J. Lee, J. Locke. M.1,RobinsonD .. 
C., RobinsonD 
Comp. 

June 2, 4 ! 4.260 . 1964 13.21 .6o89 IT. J. Lee. M. r, Rob. D. C. 

July 7. 

Apr 25. 

)lay 28, June 1. 

June 26, 28. 

July 7, 8. 

June 13, 15, 16, 

June 27 1 30, 

July 5, 9. 
July 22, 23, 24. 

4. 183 

4.189 

•••• I 

4.222 

4.n7 

4.086 

4.332 

4.307 

4.144 

I 

.1929 13.18 

.1931 :13.35 

.... i 

. 1947 i 13.18 

. 1898 I 1 3 .23 

.18B4 13. 13 

. 1997 13.45 

.1986 13.4:z 

.19n I rJ.37 

.6o77 I do. 

.6156 do. 

do. 

.6079 I do. 

do. 
.6og9 I cto. 

.60541 do. 

.6202 A. D. Bache, J. 
Hewston. 

.6187 I J. Hewston. 

.6165 G. W. Dean (A. D. 
Bache). 

do. 

.M. 1, F-ox D. C., 
by George. 

M.1. 

ill. 1, Rob. D. C., 
of Gir. Col. 

M.r . 
M.1, Rob. D.C., 

of Gir. Col. 
do. 

M. 1, Gambey 
D. C. 
do. 

do. 

--1 
~ 

~ 
~ 
~ 
~ 

~ 
r:Jl 

~ 
~ 
~ 
~ 

~ 
0 
1-zj 

1-3 

~ 



 

•+ 

IS 

16 

17 
18 

'9 

20 

2t 

2• I 

I 

Hi.. 

Webb. 

Davis. 

Oxford. 
Mason's Landing. 
Fort McHenry. 

Cumberland. 
Webb. 
Hill. 

Stabler. 

Maryland Heights. 

Calvert 
Fort McHenry. 

Copecut. 

Indian. 

Shootllying. 

4 ManomeL 
s Blue Hill. 

6 Fairhaven. 
7 Sampson's Hill. 

8 Nantucket. 

9 Tarpaulin Co,·e. 
Indian. 

10 Hyannis. 

Shootfl ying. 

!\lanomet. 

u Dorchester or South Roston 

Heights. 
12 Nantasket. 

13 i Little Nahant. 

38 53·9 76 52.S I 1850 Sept.19,20,21,22.+ 2 18.6 • Sept.18, 20,:u. 7I 12.2 

39 05.3 76 40.5 r850 Nov.20,21,22,23, 

38 20.4 75 o6.4 1853 Sept. 25, 27. I 

38 4I.4 

38 I3.8 

39 I5.9 

39 39.2 

39 05 •3 

38 53·9 I 

I 
39 07.2 I 

39 20.4 

38 21. 5 

39 '5·9 

76 rn.5 

75 15.0 

76 34.9 

1856 Aug. 23. , 

Aug. 30. ! 
I 

Sept. 13. I 
78 45·+ 1 •864 Mar. 21. I 

76 40.5 : 1868 Sept.24,25.26,21.
1
! 

76 52.8 I i:868 Oct. 27 1 28,Nov. ! 
3, 4. 

76 59. 1 I 186g Aug. 18 to 3r, 

Sept. 1. 

77 43· 0 :r870 Oct. 12 to 30, 

Nov. 2 to 16. 
76 23.6 Aug. 1, 2, 3. 

76 34·9 Oct. ro, n, 12. 

2 07.9 

2 33.0 

2 41.3 

2 22.-8 

2 29.3 

I Jl.9 

2 55.6 

2 5l. I 

2 39.9? 

2 .s6 .o 

2 48.9 

+ 4 10.8 

No\', 20 121 122. 

Sept. 21. 

Aug. 23. 

Aug. 30. 

Sept. 13. 

Sept.23,24,28. i 

Oct. 27, 28, 29. 
I 
! 

Aug. 25, 27. 28 .. 

Oct. 2;, 26. 27, 

28. 

July JL 

Oct. lJ. 

71 24.0 

70 57·7 

70 58 .o 

70 44.8 

71 45.8 

7t 18.5 

JI 17. I 

71 28.1 

71 28.0 

70 ,33 9 

71 36. 5 

.MA~~AC H t'~ETT:S. 

4' 43.3 ' 71 03.6 : 1844 I Sept. 27 to Oct. I+ g oB 

17; 15 dars. 

Oct. 3. 4. 

41 25.7 i 70 40.6 1845 1 Julr23t0Aug2: 

41 41. I 

4' 55.6 

42 I2. 7 

70 20.8 

70 35· 5 

7' o6.9 

io days. 

1845 Aug. rs to 22; 8 

days. 

t845 Sept. 9 1 10, II. 

r845 Sept. 28, 29, 301 

Oct. 2, .f, 5. 
4137.4~ 7054.r 1845 

4l 22.1 I 7o 2 9 .o , 1846 

Oct. 17, r8, 19. 

July n, 23, 24, 

41 r7.5 70 o6.o 1846 

4r 28. 1 70 45.4 1846 

25, 26, '27 

July 30, 3t. 

Aug. 7, 8, 9 
41 25. 7 

4I 37·9 , 

70 40, 7 

70 18.4 

x846 i Aug. 12, 13 

1846 Aug. 24, 25, 26. 

41 41. I j 

41 55.6 ; 

42 20.0 

42 18.2 

42 26. 2 

70 20. 8 1846 

70 35· 5 i 1:846 

71 02. 6 1:846 

70 54.3 I r84i 

70 55· 8 : t849 

Aug. 28, 29, 30. 

Sept. 6, 7, 8. 

Sept. 1, 2, 3. 

Aug. 15, 16, 17. 

843.glAug.5. 

9 37. 4 

9 r6 

9 13 

Aug. 23, Sept. 2 

Sept. 12. 

Oct. 8. 

8 54.21 Oct. t7. 

8 48. 7 July 22, '•4. 

Aug. 15. 

9 14.0 I July '2 1
). Aug. 

9 t2 r A11g 7, 8 

8 49 ·4 

9 2[ 6 

Aug. n. 12. 

Aug. 22, 24. 

9 40.3 I Aug. 23, 30 
Sept. l. 

9 31.4 I Sept. 3, .i· 

9l7·41Sept. 

+ 9 40.9 I Aug. 14, 17. 

74 09.5 

73 4r 4 

7 4 2 i. ~ 

74 30.0 

75 05.6 

7-t 40.0 

73 24.5 

7.1 44· I 
7] 49.8 

7.:i 2).1 

7 3 49· 2 

73 56. 5 

74 Ol l 

74 12. 7 

74 15 .q 

74 29. 5 

Sept. 23, 24, 25, 

27. 

Nov.25,26,27, 

28. 

Sept. 25. 

Aug. 23. 

Aug. 30. 

Sept. 13. 

Sept. 23, 24 · 

Oct. >7, 28. 

Aug. 24, 25, 

Oct. 17, 18, 

:N°OY. S~ 6. 

Aug. 4. 

Oct. u, 12. 

4.317 

4.280 

4.332 

4.384 

4.4o6 

4.203 

.... 
4. 337 

4.378 

4.287 

4.324 

i 4.485 

4.246 

July 30, :\ug. 4 3.734 

Aug. 25. 26. I 3.657 

Scpt.12. 3.6.+o 

Sept. 29, 30, i 3.5t9 

Oct. 2. 

Oct. r6. 

July 2), 27. 

Jt:ly 30, 31. 

Aug. 8 

Au~ 'i· 

.;\ 1:g. 24, 25. 

A;:~ 29. 

Sept n, i· 

Sept. 1. 2. 

Aug q, 14, 17. 

3· 592 

3· 753 

3.653 

3.696 

3· 728 

3 682 

3 .663 

3 587 

3.566 

3,556 

. 1990 

• 1 973 

.1997 

• 2021 

.2032 

.1938 

.2000 

.2019 

.1977 ' 

.1994 

13.40 

13.42 

13.28 

13 .44 

13.36 
1 3·43 

13.53 

x3.64 

13.49 

'3 .6o 

. 2068 13.48 I 

.x958 I 13.46 

.1722 13.29 

,x686 I I3 .59 I 

.1678: q.62 

.1623 13.68 i 

.r656 : 13.58 

• 1730 ' 13.14 

.1684 ! 13 .04 

. 1704 13.27 I 

.1 719 I 13 . 12 

.J6}8 I 13.21 

.16S9 13.24 

.1654 13. 18 

.1644 13.15 

. 1640 13.30 

.6x76 I do. 

.6186 I do 

.6122 I J.E. Hilgard. 

.6r97 C. A. Schott. 

.6162 do. 

.6r93 do. 
A. T. Mosman. 

. 6240 C. 0. Houtelle. 

.6291 I do. 

.6220 I do. 

.6273 I rto. 

do . 

do . 

111. 2, Gam.D.C., 

of Land Office. 

M.6, D. C. 5 . 

do 
do. 

~Li. 

M. 3, D. C. 6. 
I do. 

I I do. 

IM. 3, D. l'. 8. 

I do. .62151 A. T. Mosman . 
.6zo6 J. B. Baylor. I Hae he-fund M. 

______ _,, __ o_. c. '9· 

T. J. Lee. 

.6r32 I do 

.6265 I do. 

.6'279 I do. 

.6309 I cto. 

.fo6:z I clo. 

. 6059 do . 

.6014 do. 

.6119 do. 

.6047 do. 

.609{' T. J. Lee, R. II. 
Fauntleroy. 

.6rn6 do. 

R. H. Fauntleroy. 

.60791 T. J. Lee. R. H. 
Fauntleroy. 

.61)62 T. J. Lee. 

.6134 I (l. \V. Keeley . 

Gam.Decl'nTran

sit of Gir. Col. 
M. 1, Fox D. C. 

hy Patten. 
do. 

do. 
rlo. 

do. 

M. I. Barrow D . 
c. 
rio. 

do . 

do. 

du. 

dn. 

Barrow D. C. 
~I. l, Harrow D 

('. 

M. 1, Rob. and 
Har. D. C. 

M. 13, D. C. 3. 

~ 
t;:j 

00 

~ 
t;.l 
00 

~ 
~ 

~ 
c;:i 
t;.l 

~ 
5 
00 
Cl 

~ 
~ 

~ 

-.1 
Qi 



 

TABLES OF MAGNETIC RESULTS-Continued. 

MASSACHUSETTS-Cont1nu1,.l. 

Nll!lle of stations. 
I 

Lat. Decl'n. onth and rlay 

----!--Horizontal 

I force. 

Brit. <.:. G. 
No.I 

-=-1-F_o_rt_L-ee-.-Sa-l-em.-. ----

•s ,. Beaconhlll, Gloucester. 

Long. :Year.I Monthandday. 

I , 
-------i 

0 ' I I 

Dip. Jr-fonth and day.

1

--- .· 

----~----'. ---~,--·-.·~-·-----l_u_n_it_•·_i __ u_n_i_ts_._, __ u_n_it_s_._ 

x6 Annisquam. 
•7 Baiter's Island Light. 

x8 I Coddon's Hill. 
19 Plum Isl'd, near Newburyport. 

Nautucket. 

Dorchester or South Boston 
Heights. 

Fort Lee, Salem. 
Beaconhill, Gloucester. 

"" j Thompson. 
iu Rockpart. 

Annlsquam. 
ao I Ipswich. 

Plum Island. 
23 Deerfield. 
"'4 Chesterfield. 
•s Springfield. 
26 Chatham. 
•1 We!Uleet. 
28 Provincetown. 
29 Wachu&ett. 

30 I Easthampton. 

31 I Nantucket Cliff. 

Mllnomet. 

South Boston. 

Nllntncket Blufi. 

42 31.9 

4• 36.> 
•• 39.4 
42 32. 2 

42 30.9 

42 48.0 

4t 17.5 

42 ao.o 

4• 31.9 

4• 36.2 

•• 36. 7 

42 39.6 

42 39.4 

42 40.8 

4• 48.0 

42 33 

42 24 

42 o6 

10 52.5 I 1849 Aug. 20. 

70 38.6 II 18..f.9 Aug. 24, 25, 27. 

10 40.6 I 1849 Aug. 28 . 

70 47·• r 1849 Sept. 1, 3, 4. 

70 5c.3 I 1849 Sept. 6, 7, 8. 
. I 8 s 70 48. 8 I I 50 ept. 18, I9, 20. 

70 o6.o I :r.855 Aug. 22. 

11 02.6 •8ss 

70 50.5 1855 

70 38.6 I859 

70 43.8 1859 

70 36.6 1859 

70 40.6 I859 

70 50.1 1859 

70 48.8 I859 

7• 36 

72 SI 

7~ 32 

1859 

1859 

t859 

Aug. 24. 

Aug. •s. 
Julys. 
July9. 
July n. 

July I2. 

July 13. 

July 23. 

July 25. 

July 26. 

4I 40.2 69 56.9 1 •86o Sept. Io, u. 

0 ' 1+10 14.5 
I It :21. I 

I II 36.7 

12 17 .o 

u 49.S 

IO 05.6 

Q 58.4 

I IO 13 ·7 

10 49· 7 

12 03 

II 09 

II 37 

I l] 14 

IO 58 

9 25 

8 54 

8 39 

II II .6 

to 43.5 41 56.1 70 oi.S j t86o Sept. u. 

42 03.2 70 u.1 i t86o Sept. 14, 15. 1 u 23.5 

42 29.2 7< 53·• 1 •86o Sept. 19, 20, ... 8 48.0 

40 15 I 7• +o 11862 July 7, 8, 9· 9 o4.4 

4r 17.0 I 70 o6.3 I 1867 May 08, 29, 3 10 19.9 

June r. 
41 S5-~

1
,. 7035.5

1

1867 July27,28,>9,30, ro o4.6 

Aug. 1, 3, S· 

•2 20.0 1 70 02.411872 Sept. 28, 30, Oct. 11 15.~ 
1, 

41 17.3 10 00.3 11875 Sept. IS, 16. Il 24 .o 

I 
3• I Vineyard Haven. I 4I •7·9 10 35.5 I I875 1. Sept. 21, 22. Io 34-> 

No.ntucket Clift. 41 •7·• 70 o6.3 [ 18791 July 31, Aug. 2. u 27.9 

.!~.I Camb~dge. 42 22.8 _ _!.1 07~r8~-- Au_g. 7, g. ,+n 46.3 

Aug. 22, 23, '5· 74 26 4 

i 

Aug. 18. 

Aug. 21, 22, 

Aug. 31, Sept. I 74 18.6 
I, 3· 

Sept. 1 1 3. 

Sept. 19. 

Aug. 

Aug. 24. 

Aug. 25. 

July 8. 

July9. 

July It. 

July n. 

July 12. 

July IJ. 

July 23. 

July25. 
July 26. 
Sept: 10, n. 
Sept . .t2, 13 .. 

Seot. 14, 1s. 
Oct. r, 6, to. 

July 7, 8. 

May 28, J u~e •·1 
Aug. 7, 8. 9. to.i 

Sept. 27. I 

Sept. 16. 

Sept. 2r, 22. 

July 31,Aug. 2. 

Aug. 1. Q. 

74 54 9 Sept. 18. 

74 00 6 Aug. 22. 

74 29.5 Aug. 24. 

75 36.9 Aug. 25. 

74 45.6 July 8. 

74 30.4 July 9. 

75 05.9 July II, 

74 56 l July II. 

74 37. 3 July 12. 

74 52 9 

74 35' J 
74 21 .2 

74 14.9 

73 46.2 

July 13. 

July 23. 

Jury 25. 
July 26. 

Sept. 10, u. 

74 20.21 Sept. 12, 13. 
74 09. 7 Sept. 14. 15. 

74 lB.8 Sept. 27,~8, :19, 

Oct. 2. 

74 06. I I July 10, u. 

73 37.6 I May30,June5. 

73 58.s I Aug. r3,2t,22. 

7J 30.511Sept.30 to Oct. 

5· 
73 24.1 I Sept. r5, r7. 

73 09.Q I Sept 21, 22. 

73 15-' July 3<,Aug. 2. 

7l 48.4 Au9. 7, 9. 

3.487 i 

3.617 ' 

3.682 
I 

... i 
3.530 

3.626 

3·5H 

3.489 

3.645 

3.674 

3.529 
3.589 

3.598 

3· 528 

3.617 I 

3.6671 

3.691 I 
3·744 I 

3.638 i 

3.656 

J-633 

3.691 

3·749 

3.76o 

3.675 

3.817 

.1608 

.1668 

. I698 

.1628 

.1672 

.I634 

.1609 

.I681 

.r694 

.1627 

.1655 

. I659 

.1627 

.1668 

.1691 

.1702 

. 1726 

.'I677 

.1636 

. 1675 

.1702 

.17'2'9 

• 1734 

.1694 

.1760 

3.893 .1795 

3·799 .1752 

3.707 .1709 

13.48 

r3.62 

13.56 

13. 16 

t3.26 

14.04 

13.86 
13.73 

I3.72 
13.Si 

13 57 
1 3·53 
13.6t 

13.6o 
I3.60 

13. 39 

I3.48 
13.40 

13.58 

13.47 

13.30 

13.62 

u.95? 

13.36 

'IJ-44-

13. I8 

r3. 29 

G. s. 
units. 

Observer. 

G. W. Keeley. 

.62181 do. 

.... do. 

.6'79 do. 

do. 

.625; I J.E. Hilgard. 

. 6o69 C. A. Schott. 

.6111 I do. 

.6476 do. 

.6395 do. 

.6342 do. 

.6327 do. 

.6368 do. 

.6256 do. 

.6238 do. 

.6277 do. 

.6270 do. 

.6270 do. 

Instruments. 

M. 13. • 
M. 13,D.C.3. 

M. 13. 

~I. I, D. c. 3, 

M.1. 

M. 2, Bar. D. C. 
Smithsonian Inst. 

M .. Garn.D.C. 
do. 

do. 

M.6. D. C.9. 
do. 

do. 
do. 
do. 
do. 

do. 
do. 
do. 

. 6175 

.6211 

. 6177 

.6260 

do. do . 

do. do. 
do. do . 

G. W. Dean, R. M. 1. D. C. 4 . 
E. Halter (A. D. 
Bache). 

. 6213 E. Goodfellow (A. do . 

D. Bache). 
. 6t32 C. 0. lloutelle. M. 3, D. C. 8 . 

.6280 do . 

. 5967?1 A. H. Scott, E. 
Goodfellow. 

.616t J.M. Poole. 

.. 61981 do. 

. 6o8o J. B. Baylor. 

.6l28 do. 

do. 

M.6, D. C.4. 

I Bache-Fund M., 

! ~0c. I9· 

i Th. M. 9, D. C. 18. 
do. ' 

"""" -:i 
a'J 

~ 
~ 
~ 

~ 
~ 
~ ; 
~ 
~ 
t"1 



 

flJ 

~ 
~ 

~ 

MICHIGAN. 

'!''""' " ,.. """ ... Fort I 
46 29.9 I g4 26.I 

Brady. 

• j Grand Havon. 43 04.7 86 ,,,6 

3 Mackin11c. 45 51 84 40 l Sault de St. Marie. 46 29.9 84 2<).l 

4 On1onaron. 46 52.2 89 31 
s Kalamazoo. 42 17.4 85 35·' 

I 

188Q July rr, 13, 

r1~ 19. 

1880 July 2o, 2I. 

188o July 28, 29. 
t88o . Aug. 6, 7. 

1880 i Aug. r6, '7. 

i:88o: Dec.2t. 

' ----· 

q, + 0 53.7 

i 
i 
:- 2 25.7 :+ 0 20.5 

I
'+ I 04.5 

- 4 41.5 

/- ~ 46 

Jt1ly20.2i:. 

July 28, 29. 

Aug. 6, i· 

Aug. 16, Ii. 

7J 53.7 

! 76 27.6 

77 24.0 

77 16.6 

MINNESOTA. 

I I Minneapolis, 44 58.6 f 93 14.1: 1877 Sept. 28, 29. 30. -10 ~~~~it.28~~:.3~·. 
f I ' Oct. 1,2. Oct. r. 2. 

• 1· Brainerd. 46 21.0 I 94 15 1880 Aug.29,3t,Sept.1 - g 35 .2 Aug. 31. Sept. 
3 Glyndon. 46 52 4 i 96 40 1880 Sept. 4, 6. ·-II 26.6 Sept.;. 6. 

I I ' ' 4 Fort Snelling Reservation. 44 53.5 f 93 rr 188o ; Sept. 28, 29. ·-rn 13 .7 Sept. 28. 29. 

s 1 Heron Lake.. 43 47.6 ! 95 ~~---1880 Oct. 4, 5. -10 13.8 Oct.+· 5. 

74 45. 2 

75 42·5 

75 48 2 

74 55.6 

73 3 t. 2 

l\JIS8ISS1PPL 

'· 1 i East Pascagoula. 

do. 

do. 
Mississippi City. 

Cape Girardeau. 
• I Wlttemberg. 

Omaha. 

du. 

do. 

-

30 20.7 1 88 32.8 1847 June 18, 19. 20. - 7 r2.6 

30 20.7 

30 'l.0,1 

30 22 ·9 

88 32- 8 

88 32.9 

89 02.0 

1848 

,ass Jan. 2 3, 24, ~s. 

1855 Mar. 29. 

7 os .. , 
7 21.8 

37 17 · 9 i 89 32.9 ; 1865 Mar. 18. 

' 37 3,. 3 ' 89 33" ! r86; Apr. 4. ' . ! 

- 6 35 

- 6 ~i 

·P 15.7 95 56.5 r869 Ja.n. 25. 26, 27. -ro 42.6 

Feb. u, 13. 

41 15.7 : 95 56.5 • 877 Oct r3. r5, 16. -w 22.0 

17. 18. 

41 15.7 95 56. $ 1830 Oct. 15. ti. -to 0(,.2 

June 1,4. 6027.21 

Miss6um. 

I 
NEBRASKA. 

Jan. 25. 26, ·i1. 71 ().j. 5 

28. 30, Ft:.b. I . 

Oct. 13. r5, 16. iJ. 03.8 

I], 20. 

Oct. r5. 17. 71 01.9 

July 20, 2r. 

July 28. 29. 
Aug. 6, 7. 

Aug. 16 1 i7. 

Sept. z8. 2'..,1, 30, 

Oct. r, 2. 

Auµ:. 3r.Scpt. 

Sept. 4, 6. 

Sept. z8, 29. 

Oct 4, 5. 

June ~2, 23. I 

I 
I 

Jan ?4, Feb. "3·; 
Mar. 27, 28. 

Jan. z8. 29. 

Oct. r ~. 15, 16, 

r7. tS. 

OcL 1;, [7. 

3.000 .1383 I Lietlt. S. W. Yery, 
n. S. N., act . .a.ss't 

C. and G. S. 
3 847 . 1774 t3.87 •m I' .... ., ..... 
3· 2rl4 • 1505 IJ 94 I .6428 do. 

3.056 ·'409 : r4.or .6459 do. 

3- 1>H .14:::7 14.05 .6n9 do. 

Marcus Baker. 

3.062 .r688 [3.91: .64t9 A. Braid. 

.422 .r57& 13.8~ .619zlJ.R.Raylor. 
4r3 . 1575 q.9? ,6.p2 do. 

619 161)9 r3. 92 , 6.p8 d1) 

.924 . 1309 13.83 .6377 dn. 

Bache-Fund M. 

Th. M 9, D. C.18. 
do . 

do. 
do, 

Surv.'s Comp. 

I Th. :'.\!.9, D. C. 18. 

<lo. 

do. 

do. 
do. 

6. ::.120 . 2Sh8 r2.6I 5816 I R. H. Fauntleroy. YI :z 

! 
6 .2$0 I .-z38z 

6. 195 I: .. 2856 

I 

4 .314 . 1991) 13. \0 

4.408 .20J2 t3 .6r 

-\· 375 .2017 13. so 

J. S. Ruth 

G. Daddo:;an. 

]. E. Hilgard. 
J. E. Hilgnrd, J. S . 

Harris. 

. ,-. -~-. T .. Mosman. 

do. 

,(11.Jf) E. Goudtel11n\. 

,r;2j2 A. Bmid. 

,f)227 J. ll f-\"\"bf. 

Ne-..-.· Barrow D. 
C. 

~1. 2. 

do. 

Sun:. 's Comp. 

rlo. 

;\!.I, D c. 3 

Th. )!.9. D.C.rs 

do. 

~ 
:::3 
t1:! 
0 
IX 
"-3 
~ 
"'3 
::'"l 
'Ji 

a 
0 
p.. 
[/] 
>-3 
p.. 
~ 
~ 

~ 
§ 
t:J 
H 
8 
':./) 

Lj 
~ 

~ 
"1 

--1 
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TABLES OF MAG:XETIU RESULTS-Continued. 

NEVADA. 

T----·----· 
i i 

No.' Name of stations. j Lat. Long. Year.: l\lontil and day. · Decl'n. l~Ionth and dar. 
I I 

Dip. 

i ,' i -1-- o -~---, -:--1------~1---o--1 ____ , 
1 ; Verdi. 39 3i.1 u9 57.8 : z872 I July 5, 6, 7. 1-r7 29.5 I . I 

i : I I 2 ; Reno. 39 30.5 n9 48.7 \ t881 . Apr. n, 12, :13. j-17 48.7 

' ! I i 
3 1 Hot Springs. 39 46.9 n8 55·5 1 188r I Apr. r5, 16. 1-r7 26.6 
4; Rye Patch. 40 26.0 n8 18.5 1881 1 Apr. 18, 19, 20. \-r7 49.7 
s , Winnemucca. 40 58.9 n7 44.0 1881 , Apr. 21, 22. 1-17 38.8 

6 1 Battle Mountain. 40 40.3 116 50.0 1881 t Apr. 23, 24, 25. 1-r7 34.8 

7 i Elko. 40 47.4 us 45.5 . i:881 ~ Apr. 26, 27, 28. -17 30.8 

8 I Wells Station. 41 07.0 n4 56.0; 1881 ' Apr. 19, 30. -17 2r.8 

9 · Tecoma. 4r 19.5 u4 o6.o 1881 May i. 2. -17 28.2 

10 I Eureka(Town). 39 31.1 n5 58.2 1881 MayI9,2I,22. -16 36.6 

n ' Mineral Hill. 40 09.8 116 12.0 i:8Bt May 23, 24, 25. 1-17 03.2 

12 Austin. 39 28.9 n7 04.0 
1 

1881 !\fay3x,June1,2.i-16 57.0 

13 Mount Callahan Station, ~9 40.6 u6 57.0' 188r July 12 to 16. 1-17 04.0 

14 Eureka Station. 39 35.z us 49.I 1881iSept.13,14. 15. -16 49.7 
I 

15 White Pine Station. 38 19.I us 30.1 188r Nov.14 :c5, 19. :-r6 04.r 

I 
1 ! Isles of Shoals, Hog Island. 

• 1 U nkon-00nuc. 
3 Patuccawa. 

4 I Gunstock. 

s I Monadnock. 

6 / Troy. 
11 Gorham. 

8 I Littleton, 

9 i Hanover. 

I 42 59.21 

4:J 59,0 I 

43 07.2 

43 31, I 

42 SI.7 I 

42 49.7 

44 22.5 

44 19.0 I 
43 42-31 

i 
I 

70 36.8 •i 1847 Aug. 12, 13, 15, \+ro 03.5 

16, I7, IQ. 

71 35 . 3 
1 

1848 Oct. 6, 7, 8. 1+ 9 04.1 
7x u.8 1849 Aug. IS, 16, I7, +rn 42.8 

t8, 19. 

71 22.2 186o July 16, 17, IS, \+10 54. 1 

19, 20. 

72 o6.5 1861 

72 10.9 1861 Aug. 20, 2t. [+ 9 03.3 

7I I5.o 1873 Sept.22, 25. 1+•3 47.0 

I 
71 48.0 1873 Sept.28,30,0ct. +12 35,1 

I. 

7-a 17.1 1873' Oct.4,6,9,to.~1. !+:ro 49.9 

July 29. 

Apr. II, 12. 

Apr. 15, 16. 

Apr. 18, 19. 

Apr. 21. !2r 
Apr. 23. 24. 

Apr. 26, 27. 

Apr. 29, 30. 
'.\lay t. 2. 

:\lay 19,21. 

:'.\lay 23, 24. 

63 53.6 

1)4 t4. 1 

64 46. 5 

65 23.9 

65 5'~.2 

65 51. 2 

66 23.0 

66 4?·9 
67 08 .o 

I 65 08.4 

65 40.7 
l\la}~31 1 Juncr. 6.4 49.0 

July IS, 16, 20. '. 65 07 .4 

Sept. 15, 16, 29. 65 12.3 

NO\", 15,22, 23. 64 04.1 

NEW HAMPSHIRE. 

Aug. 26, 27. 

Oct. 9, 10. 

Aug. I6, 18, 19. 

July 28, 31, 

Aug. 2, 3, 4. 

July 31, Aug. 
2, 3-

Aug. 19, 20. 

Sept. 20, 22, 24, 

25. 

Sept.28,29,30. 

Oct. 9, 10. 

74 44.I 

15 08.7 

76 49 ·5 

75 43.6 

74 44.4 

74 45. 7 

75 35.6 

75 39· t 

75 21. t 

Horizontal 
, force. 

:'-!onth anrt day. I 

July 28, 29. 

Apr. II, !2, 

Apr. 15. r6. 

Apr. r8. r9. 
Apr. 21. 22. 

Apr. 23, ·;q., 25. 

Apr. 26, 27, 28" 
I 

Apr. 29. ,o. I 
)fay I, 2. 

!.fay 19, 21, 22.1 

).fay 23. 24, 25. 

June1,2. 

July 12 to 16. 

Sept. 13. q, 

15. 16. 
No,·. q, 

19. 22. 
·s. I 

I 

Aug. 17, 18. 

Oct. 9. 10. 

Aug. 15, 17. 

July 25, 26, 

Aug. 2r, 22. 

Sept. 20, 22. 

Sept. 28, 30, 

Oct. 1. 

Oct. 4, 6, 8, 

Brit. C. G. S. 
units. units. 

I 
,1 

5.303.1 

5 .317 

I 
5.271 I 

5.r59 

5.II4 1 

5.n6 I 

5.043 I 
4.989 i 

4,947 

5.218 l 
5.t5I i 

5.254 i 

5.221 I 
5.20<)' 

5.389 

3.482 I 

I 
3.476 I 
3.093 

i 
I 

3.4or i 

3.578 

3.410 

3.378 

3·455 

I 

.2445 

.2452 

.2430 

.2379 

.2358 

.2359 

.2325 

.2300 

.2281 

.24o6 

.2375 

.2423 

.2407 

.2402 

.2485 

.1605 ! 

.. 6031 

. I426 

,I568 

, I65o 

.1572 

.1558 

. t593 

Total force. 

Brit. C. G. S. 
units. units. 

Observer. I Instruments. 

·----• -I· 

12.09? ·5573 

!2.23 1 .5641 

J2.37 I .5702 

12.39 ' ·5714 

12.57 .5794 

12.51 .5767 

12.59 .5804 

t2.68 ' .5846 

I2.73 ! .5870 

t2.41 

12.51 

12.34 

r2.41 

12.42 

t2.32 

13.22 

13.56 ! 

13.57 

13.80 ! 

13.61 

13.70 

13.63 

13.66 

I 

.5723 

. 5767 

. 5694 

.5722 

.5727 

.5683 

.6096 

.6253 

.6257 

.636o 

. 6278 

.6318 

.. 6287 

. 6299 

G. Davidson, S. R. Th. M. III, D.C. 
Throckmorton. 12. 

W. Eimbeck, R. A. Th. M. '°• D. C. 
Marr. 15. 

do. do. 
do. do. 

do. do. 
do. do. 

do. do 
do. do. 

do. do. 

do. do. 
do. do . 
do. do . 

do. do. 

do. do. 

do. do. 

T. J. Lee. M.r,Robinson& 
Barrow D. C. 

J. S. Ruth. 111. I. 
C. 0. Boutelle. M. r,GambeyD. 

c. 
G. W. Dean (A. D. M. 6, D. C. 9. 

Bache\. 
:}. W. Dean, R. E. D. C. 4. 

Halter (A. D. 
Bache). 

do. M. I, D. C. 4 . 
T. C. Hilgard. Th.M.7,D.C. 

do. do. 

do . do. 

,...... 
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00 
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10 I Chesterfield. 42 54.0 

Hanover (north of observ'y). \ { 43 4" 3 
(Station ~ mile west). 43 ••. 3 

72 26.0 1874 ' Oct. 4. 

I 
72 17.r 1879 I Oct.6. 

72 r8.o 1879 Oct. 7. 

74 24. 7 

74 55.S 

75 02. 7 

NEW JERSEY. 

Bergen Neck. 

2 f :Mount Mitchell . 

Sandy Hook. 

do. 

Mount :Mitchell. 
Sandy Hook. 

Newark. 

5 White Hill. 
6 , Church Landing. 
7 : Pine :\lount. 
8 Hawkins. 

9j 

IO : 

11 \ 

Port Norris. 
Egg Island Light-lfouse. 
Cape May Light-House. 

u 1 Townba.nk. 

13 i Pilottown. 
14 I Chew. 

rs i Tuckerton. 
16 1 Old lnlet. 
17 I Mount Rose. 

Cape ~lay Lignt-HouM:. 

Sandy Hook. 
tS \ Atlaptic City. 

191 Barnegat Light-House. 
•o i Long Beach. 

Sandy Hook. 
Cape May Light-House. 

Sandy Hook. 

i~--,--------,-----------· 

40 45.8 74 02.6 I 1840 i July 18, Oct. 16, i+ 5 53 

, ' 
4024.5 74 o<>.4; >840: Sept.,Oct.,Nov.j+ 5 29 

40 27. 7 

40 27.7 

40 24. 5 

40 •1·1 

74 """ 1842 Sept. 

74 00.2 1844 ' Jan. 
74 o<>.4 1844 do. 
74 00.2 1844 . Aug. 2-:>, 22. 

! 

40 44.S 
1 

74 10.0 1846 l\ia.y r4. 

40 08. 3 

39 40. 6 

I 39 25.0 

39 25. 6 

39 14.6 

74 43-9 

75 31.3 

r846 

1846 

75 20.3 ' 1846 

75 17.3 r846 

75 01.3 1846 

39 10.5 75 08.4 I r846 

38 s;.8 ' 74 58.0 : 1846 

38 58.6 74 57·7 18-16 

38 47.1 75 09.5 ! 1846 

~Jay 20. 

June o. 
June 19. 

June 20. 

June23. 

June 25. 
June 28. 

June 30. 

July 2, 3, 
75 10.1 1846 July 15· 

74 r9.8 - r846 r 

+ 5 32.5 

!+ 5 51.l 

+ 5 39.4 
:
1
+ s s1.o 

, 

Aug. 

:+ 5 35.r I May 16. 

i 
'+ 4 25.9 

+ 5 49· 1 

:.+ 3 14.2 

'+ 2 58.8 

+ 3 04.4 

+ 3 03.0 
1+305.1 

'+ 2 59.o 

'+ 2 42.7 

+ 3 45.2 
) 

May 20. 

June 6. 

June 19. 

June 20. 

June 23. 

June 25. 

June 29. 

June 30. 

July2. 
July r4, 1s. 
Nov. 7. 

39 48.2 

39 36.1 

39 30.S 

40 22.2 

74 17.2 iS46 , Nov. 10. + 4 27.8 

7+ 43.3 1852 i Aug. lJ, 14, 15. + 5 31.8 Aug. 12, 14. 

38 53.8 i 

40 27 ·1 

39 21 .8 

39 45 .8 

39 32.0 

40 27.7 

38 5S .8 

40 27. 7 

'+ 3 45·4 I Aug. 3. 

i + 6 II.2 Aug. 14. :+ 4 54 .o Aug. 22, a3. 

+ s 24.0 Aug. 26. 

+ 5 18. 5 Aug. 24, 28. 

,+709.0 Nov.8,9, 

:+ 4 37.8 June 27. 

+ 1 3•.o I July 11, 18. 

72 37 .9 

I 72 52.2 

72 06. z 
I 71 22.0 

71 41 .4 

71 42.6 

71 39.6 

71 45.1 

71 25.8 

71 :23.6 

71 18,5 

72 :r4.4 

72 12.3 

72 42.5 

71 34.4 

72 52 .0 

71 47 .o 

72 °5·3 
71 58.5 

72 29.6 

71 28.5 

72 08. 3 

Oct 4· 

Oct 6. 

Oct. 7. 

Aug. 

;\fay r6. 

!\[ay 20. 

June 6. 

June 19. 

June 20. 

June 23. 
June 25. 

June 29, 

June 30. 

July 2. 

July rs. 
Nov.9. 

Aug. 13, I·h 18. 

Aug. 3· 

Aug. 14. 

Aug. 22,23. 

Aug. ~s,26. 

Aug. 27, 28. 

Nov. 5,6,7, 

June 27. 

July 17, r8 

3.599 

3.478 

3.473 

4.077 

3.964 

4. 147 

4.3u 

4.237 

4.:1:24 

4.2II 

4.206 

4.255 

4.269 

4.zgo 

4.105 

4.063 

4.130 

4.122 

3.917 

4.205 

4.108 

4.156 

4.040 

4.283 

4.078 

-1659 

. 1004 

.1601 

.1880: 

" 
. 1828 

.1912 

.r988 

. 1954 i 

.r948 : 

. 1942 

.1939 

• 19fi2 

.1968 

.1978 

.1893 ' 

.1873 

.... ·. 

.1904 

. 1928 

.r8o6 

.1919 

.r894 

. 1916 

.1863 

. l97S 

.1880 

13. 39 i . 6174 

13.3s I .6J69 

13.46 .6204 

I. 

' ' • • • I 

do. 

f J- B. Baylor. 

Bache-Fund M., 
D. C. 19. 

Th. ::lf.9,D. C. rS. 

-------

s. C. Rowan 1 (F. Azim. Compass. 
R. Hassler). 

S. C. Rowan (F. R. do. 
Hassler). 

Direction of F. R. do. 
Hassler. 

G. ;11. Bache, J.Hall Azim. Comp. ? 

do. do. 
13.t6 :

1 

.fo9S I J. Renwick. Tr. & Simms Var. 

13.46 . 

13.50 

r3.49 ' 

13.49 ' 

13.46 i 
13.38 
1 3•43 

13. 36 

r3.38 

r3.39 
r3.46 

13.30 

13.90 

t3.z-3 

13.30 

t3.45 

13.36 

13.43 
13-43 

13.48 

13.30 

.62o6 I John Locke . 

.6222 

.622:2 

62'.lO 

. 6209 

.6172 

.6192 

.6161 

.6108 

. 617i 

. 6206 

.6129 

.6406 

.fooo 

. 6130 

.6203 

.6'59 

.6192 

. 6193 

.6216 

. 6130 

do. 
do. 
do. 

do . 
rlo. 
clo. 

do. 

do. 
do . 

do . 
T. J. Lee. 

do. 
J.E.Hilgard. 

c. A. Schott . 

do . 

do. 
do. 
do 

T. C. Hilgard. 
do. 

]. B. Baylor . 

Tran. of Col um. 

Col., Rob. D. C. 
of Gir. Col. 

l\I. 21 Robinson 
D. Comp. 
do. 
do. 
llo. 
do. 

do . 

do. 

do. 
do_ 

do. 
do. 

M. "Rob. D. C. 
)!, 1 • 

::\f. 2, Barrow D, 
C. ofSm'n Inst. 

Sm'n Inst. M., 
Gambey D.C. 

do. 

M. 6, D. C. 9. 
do. 
do. 

Th.~!. 7, D. C. 10 . 

Bache ... Fund 1\1., 
D. C. r9. 

Th.:11.g,D.C.<8. 

~ 
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~ 
~ 
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c 
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TABLES OF MAGNETIC RESULTS-Continued. 

No. Name of stations. 

Buttermilk. 

'Round Hill. 
Bald Hill. 
Howard. 

s _ New York, Columbia Col-
lege (old site). 

6 · New Rochelle. 

1 I Port Chester. I 

8 Mllllhattan-rille, Bloomingdale I! 

9 Lloyd Harbor, Huntington. 

Io Oyster Bay. 

II Green port. 

New York. 

NEW YORK. 

Dip. 
I I 

Lat. i Long. i-·· eac Month and rlay. Decl'n. !Month and day_: 

0 I I Q I , 

41 o6.6 I 73 48.6 '. t833 June Io to 30. + 3 56 

i I , 
4I 06.2 ! 73 40-4 ' i833 July 2 to IB. '+ s 43 

4I 12.8 ! 73 28.7 i 1833 July 22, 23. '+ s 34 
I . 

4037.61 7405.4 I840 June16t0Julyn'+501 

40 42.6 I 74 00.5 r844 Aug. 24. i+ 6 13.I I Aug. 8, 13, 3r. 
I J 

I I I 
40 52.5 I 73 47.3 1B44' Sept. Io. '+ 5 29.5 

40 59.6 73 39.7 1844 Sept. n. ·+ 5 58.0 

40 50.3 

40 55.6 

40 52.3 

4I o6 

40 42.6 

40 56.I 

73 56-4 , 

73 25. l 

1844 

1844 Sept. IS. 

73 31.6 · 1844 : Sept. 16. 

I i 

72 21 I845 Aug. r9. 

I845 1 Sept. 4. 

'.+ 6 lI 

+ 6 50.5 

+ 7 14.4 

Sept. to. 

Sept. II. 

Sept.>· 

Sept. 15. 

Sept. l6, 17. 

Aug. r9. 

72 37. 8 

72 4+0 

72 53. 4 

72 49. 5 

72 50 6 

72 58. 5 

72 57. 9 

I ]2 40.6 

u Drowned Meadow. 
x3 Sands' Point. j •0 5r.9 

74 00.5 

73 03.8 
73 43.8 

73 56.4 

1845 1 Sept. ". 
r845 Sept. 26, 

r846 i Apr. 30. 

+ 6 25.3 f Sept. 4· 

1+ 6 03 6 
1+ 7 q.6 

Bloomingdale. 
! 
I 

14 , Flatbush or Mount Prospect, j 

l Brooklyn. ! 
15 Cole, Staten Island. ! 

Sands' Point. 
16 Legget. i 

! 
17 
18 

Fire Island Light-House. I 
New York, Governor's Island.! 

New York, Bedloe's Island. I 
ao 1 New York, receiving :reservoir1 
19 

40 50.3 

40 40.3 . 73 58.0 

40 3I.9 
40 5t.9 

40 48.9 

40 37 ·9 

74 14. I 

73 43. 8 

73 53·5 

73 13.2 

4'0 4I.S 74 01.I 

40 41.4 74 02.7 

40 46.7 73 58.z 

1846 

1846 

1847 

I847 

I848 

1855 

1855 
r855 

i+ 5 09.7 I Apr. 27, 30. 

May 6. I+ s 54.7 f l\Iay6. 

May 7· [+ 5 37·4I:\fay11. 

I Oct. 15, 16, i8,j 

I 

72 39· 0 

72 27.6 

72 34.2 

72 52.7 

Dct. 8, 9, IO, II. 1+ 6 09 9 

o::·.I6,17,18,I9,

1

+ s 41 c 

Aug.7. +6396jAug.7. 

I+ 7 02.1 I Aug. 8. 
-+- 6 28 .o Aug. 10. 

i 72 46.3 

Aug. 8. 
Aug.u. 

72 59· 2 

72 44·4 

Horiz0ntal 
force. Total force. ! 

Month and day.\------ --
1 Brit. C:. G. S. Brit. 

________ !.~nits:_ ~its._ units. 

August. 

Sept. 10. 

Sept. 3· 

Sept. 15. 

Sept. 16t 17. 

Aug. 19. 

Apr. 27, 30. 

;\lay 6. 

May n. 

Oct. 16, :r8, 20. 

July 15-

Aug. 7· 

Aug. 8. 
Aug. to. 

4.071 .1877 

3.845 : ,I773 

4.008 : . 1848 

1 

3.857 I • 1778 

3.894 '1795 

3.850 : . 1775 

I . . . 

. 1848 

. 1869 

13.64 

12.95 

13.57 

13.08 

13.30 

1 3· 14 

I3-44 

13·45 

4.009 

4.054 

4.028 . I857 ! r3.45 

3.976 

3.932 

3.926 . 

I 
3.920 l 

3.93s I 

. I833 

. 1813 

.1810 

. 1807 

. 1816 

13.51 

13.25 

13.40 

13.'.J.7 

I Instruments. 
C.G. S. 
tmits. 

Observer. 

----·---------r-----
Direction of F. R. ! Azim. Comp. 

I 
Hassler. [ 
do.. 

1 
do. 

do. ' do. 

S. C. Rowan I (F. R. I do. 
Hassler). 

.6087 I J. Renwick. I M. 2, Robinson 
D.c. of Gir. Col. 

·5973 

.6258 

.6027 

. 6131 

. 6059 

.6197 

. 6202 

• 6200 

. 6226 

.6IU 

.6176 

.6120 

do. 

do. 

do. 
Tr.&Simms,Yar. 

Tran.of Colum. 
Col., Rob. D. C. 
of Gir. Col. 

J. Renwick, Lieut. M. 2, Rob. D. C . 
Lefroy. of Gir. Col. 

J. Renwick. Tr.&Simms,Var. 

do . 

do . 

do. 

<ID. 
do. 

John Locke. 

do . 

do. 

R. H. Fauntleroy. 
do . 

J. S. Ruth. 
C. A. Schott . 

do. 
do . 

Tran.ofColum. 
Col.,Rob. D.C. 
of Gir. Col. 

M. 2, Rob. D. C. 
of Gir. Col. 

M.2,Rob.&Bar. 

i D.C. 
! do. 

i ~I. 2. 

do. 

J\I. 2, Robinson 

D. Comp. 
do. 

do . 

~I. 2. 

l\I.2,Rob.&Bar. 

D.C. 
J\I. I. 

Sm'n Inst'n l\I., 
G<tm. D. C. 

do . 

do. 

1-'
oc 
0 

~ 
6 
~ 
8 
0 
~ 

~ 
tr.J 
rF.J, 
d 
'-= 
~ 
~ 

~ 
tr.J 

~ s 
0 
~ 

8 
~ 
tr.J 



 

u j Greenbush. 
u 1 Coldspring. 
a3, .Albany, Dudley Observatory. 
o.+ • Fire Island. 
•s Sag Harbor. 

Mount Prospect. 

o(i Bath. 
•7 Ruland. 

28 I WestHills. 
New York, Central Park. 

•9 Carpenter's Point, Port Jervis. 
30 Duer. 

New Yorlr, Central Park. 

do. 
31 Oxford. 

32 Ithaca. 

33 Potsdam. 
H Pierrepont Manor. 

35 Clinton, HllJDilton College. 

36 Patchogue. 

37 Far Rockaway. 

38 Babylon. 

39 West HlllDpton. 
40 ; East Hampton. 

41 Montauk Point. 

42 Sherburne. 

43 Rouse' s Point. 

Albauy. 

: 

1 i Rodie's Island. 

Stevenson's Point. 

Shell bank. 

4 I Raleigh. 

•• 37-5 
•• 25.0 

4• 39.8 

40 37 .8 

40 59-9 

40 40.3 
42 20.8 

"40 50.7 

40 48.9 

40 46.2 

4t 21.4 

40 59.8 

40 46.2 

40 47.6 

42 26.5 

42 27.5 

44 37.0 

43 44.5 
43 03.2 

4° 44-9 

40 35·7 

I .if.0 41•5 
<f.O 51.0 

40 57-5 

41 04.2 

42 .. I .2 

45 00. 
42 39.8 

35 47 -5 

36 o6.3 

36 03 .6 

35 46.8 

73 44-3 1855 Aug. 31. '+ 1 54·7 Aug. 31. 

73 57.6 1855 Sept. l. .
1
+ 5 34.ol Sept. t. 

73 .fs.o :r858 May u, x3, 14. + 8 17.0 May 13, 14 1 

73 12.9 x86o Sept; l, •· + 7 45.7 Sept. 1, 2. 

72 17 . .; lBtio Sept. 4, 5. :+ 8 27.7 Sept. 4, 5. 

73sB.o 186o Sept.21,>2 . .+644.0 Sept.20,21,22 

77 21.J >862 ' Aug. 11. ·+ 4 47.9 Aug. II 

73 02.0 J865 1 May 25, 26, 27. + 7 30.8 May 25 1 :26, 
June 6. 

73 25.5 2865 Aug. 14, i6, 17. + 7 01.5 Aug.10,n,12,14 

73 58.2 1872 Oct.31,Nov.1,o + 8 45.8? Nov.1, >, 4. I 
' I 

74 4t.7 1873 June 19, 20, 21. ·,+ 1 04.8 June 21. 'I 

73 54.2 1873 August. ,+ 7 37 

13 58.2 I 1873 Dec. 16, 17. :+ g 07.> ......... I 
73 57.3 I 1874 Jan. 24. + g 18.4 . .. .. 1 

75 40.5 i 1874 May 29.Jo,June ,+ 6 55.7 June 4. 

2, 3, ·h s, 6. I 
76 33.0 1874 June 13. :+ 5 25.8 June 13. 

75 oo.o 1874 I Oct. 15. I+ 9 25.1 Oct.15. 

76 04.0 1874 f Oct. 20. i+ 6 11.9 Oct. 20. 

75 24.2 1874 I Oct. 25. ;+ 8 05.5 Oct. 25. 

73 01.5 1875 ! July30 1 31,Aug. '+ 8 00.5 Aug. 4,5 

I 4. 
73 46.0 18751 Aug. 6. 
73 19.5 1875 Aug. J3, 14. 

;+ 7 12 

!+ 7 35 

72 3•-o :r875 Aug. 19, 20. :+ 8 40 

72 n.5 t875 I Aug. 21, 23, 24. 1+ 9 05.6 I Aug. 24. 

71 51.0 18751 Aug.27. + ~ 45 

75 33.0 18751Aug.31, Sept. 1-. ,+ 7 49. Sept. 3, 4· 

I 

75 n,x 

73 54.S 

74 55.6 

73 00.2 

73 20.9 

72 40.8 

74 26.2 

72 54.9 

72 56 8 

72 35 .s 

73 14.3 

74 05.8 

74 14.7 

76 03.3 

75 25.1 

7• 37 -5 
72 45.4 

72 47.3 

74 15.1 

73 21 2 :r879 I Oct. 1. 

73 45. l t879 
1 

Oct. 21, 24. 

'+13 39· [ 

+ 9 51 

Oct. 1. 

Oct. 211 24. 

! 76 18 .2 

74 18.9 

Aug-. 31. 

Sept. 1. 

May 15, 17. 

Sept. 1, 2. 

Sept. 4. 5. 

Sept. 20 1 2r, 22. 

Aug. n. 

:\fay 29, 30. 

Aug. 18, 19, 21. 

Nov. 1 1 2. 

June 23. 

June 4. 

June 13. 

Oct. 15. 

Oct. 20. 

Oct. 25. 

July 30, 31, 

Aug. 4. 

Aug. 23, 2 ... 

Sept. 2, 3, 4· 

Oct. 1. 

Oct. 21, 24. 

I 3,587 .1654 

3· 790 1747 
3.586 .1653 

3.goo i .1798 
3•903 I .1800 

14.03 .646g 

13. 68 . 6305 

13,79 .6356 

13.34 .6151 

13.62 .6282 

... 052 

3.671 

3.945 

.1868 13.61 . 6275 

.6308 

.6191 

.1693 13.68 

. 1819 I 13.43 

3· 930 i '1812 
3.g82 ' .1836 

3.897 

3- 726 

3.664 

3.268 

3.470 

3.635 : 
3.968 I 

· 1791 I, 

.1718 

. 1689 

.1507 

.1600 

.1676 

.1830 

13.40 

13.31 

13.51 

13.6o I 
13.49 

13.56 

13.78 

13.71 

13.39 

. 6179 

.6r38 

. 6231 

. 6270 

.6221 

. 6253 

. 6355 

. 6321 

.6173 

do. 
do. 

G. W. Dean. 
C. A. Schott, 

do. 

do • 
do . 

M.1: 
M. 6, D. C. 9 

do. 
do. do . 

do. I M. 3, D. C. 8. 
E. Goodfellow (A. M. » D. C. 4 . 

D. Bache). 
do. do . 

A.l!.Scott(E.Good· M. 6, D. C. 4. 
fellow). 

E. Smith. 

G. H. Cook. 
T. C. Hilgard. 

do. 
do . 

do . 

do. 
do. 
do. 

J.M. Poole. 

do. 
do. 

do. 

M.6. D. C. 8 . 

Surv.'s Comp. 
Th.M.7. 

do. 
Bache-Fund M., 

D. C. 19· 

do. 
do . 
do . 
do . 
do. 

Bache-Fund M. 
do. 
do. 

3.986 

3.726 

3.270 

3.645 

.1838 i 13.47 .6212 I do. Bache-Fund M., 
D. C. 19. 

.1718 i 13.73 

.15o8 13.81 

1681 13.48 

do. 

.6330 I do. 

. 63691 J.B. Baylor. 

.6218 do. 

Bache-Fund M. 
Bache-Fund M., 

D. C. 19. 

Th. M, 9, D. C. 18 . 

do. 
I • 

NORTH CAROLINA. 

·---,----~-------1-

75 32.0 ! i84ti : Dec. 26, 27, 28. ·+ x i3.4 
I ' ' 

68 18.1 Dec. 26, 27, 28 

! i I 
76 n.4 i 1847 I Jan. 30, 31, Feb.,+ ' 39.6 

I ! 1 to 15. ' 

Feb. 8, 12, r 3 68 54-5 

75 44·' i 1847 1 Mar 22 to 26. 28 ·+ l 44.8 I .~pr. 8. 9. 
I 

1

1 to 31, Apr. 1: 

68 37 .8 

1

1 

to 8. ! . 
78 38.1: 2854: Jan.7,8,9,10,u. 1

- 044.5 1 Jan. 7,9,10,16 68 n.6 
•Supposed local deflection. 

Jan. 30, Feb. 
6, 15. 

:\'tar. 26, Apr. 

1.7. 

Jan. 13, 14. 

4.66o i 
i 

4·7 1 '4 

4.963 

.2149 

.2174 

12.95 

12.94 

.5972 I do. 

.5966 I· C. 0. Boutelle, G. 

Da>·idson. 

.2288 ' 13.36 ' .6159 I G. W. Dean. 

do. 

do. 

M. l,D.C.4. 

c:::r 
21 

~ 
0 

~ 

~ 
1:IJ 

~ 
00 
~ 

~ 
0 

~ 
~ 
!'1J 

~ 
t-1 

00 ..... 



 

TABLES OF .:\IAGNETIO RESUJ,TS-Continnecl. 

NORTH CAROLINA-Continued. 
------- I I -- __ , _____ 1~-

1 I I Horizontal I T t l force 
I I force. 0 • · 

No.I Name of stations. Long. Year.I )fonth and day. Decl"n. ()lonth and day.: Dip. :\lo nth and <lay.

1

• . 
1 

_ /--.-----1 Observer. Instruments. 

I 
' Brit. 1C . G S. Brit. C G S. 

_ _ _ _ __ __ 
1 

umts. i umts ! um ts. I units. . . · ------ , -- - 1--1--1-r--

....... 
00 
~ 

Wilmington. 34 14.0 77 56.6 1854 7'1ay30'31,June l 13.5 June 3. 5. 66 47.2 June 3.5. 1_ 5.195 i .23951 13.18' .6o76 G. W. Dean. M. l, D. C. 4. 

1,2. I I ~ 
FottJohnson,Smithville. 33 55.0 78 00.9 1859 May3, 4,s. - o 38.1 :\lay 3, 4.S· _ 66 17.I :\lay 6, 7. I 5»60 I .2425 13.08 .6030 do. rlo. t;cj 
Portsmouth Jsla.nd. 35 04.0 76 03.2 1871 \Apr. t. + 2 22.0 ,\pr. l, 5. 1 67 13.6 Apr. 3, 5. I 5.006 .2308 · 12.93 .5963 A. T. Mosman. J\1. 3, D. 8. "ti· 
NewBerne. 3507.4 7703.3 18741Dec.2r,23~24. +120.4 Dec.2'2,24. 6730.6 Dec.21,23,24.\ 4.959 .2286 12.96 .5976 J.B.B-ay1or. Bache-FundM., O 

I D.C.19. ~ 
FortJohnson. 3355.0 7800.9 1874 Dec.27.28.29'30.+023.9 Dec.~9,30. 6600.6 Dec.27,28,29,i 5.297 .2442 13.03

1 
·.6oo6 do. do. 

3~ I I 0 91 ·Sand Island. 35 50.4 75 40.1 1876 Jan. 21, 22, Feb.+ 2 58.9 Feb. 7. 68 05.4 Jan. 22. 4.893 .2256 13.u ! .6046 E. Smith. Bache-Fund 111., "".l 
9. D. C. 18. 1-3 

ro Beaufort. 34 43 76 40 -~~~~13 .• ~~~'· + 1 44"' Jan. r4. 15. ' 66 49.8 Jan._14~_1:__ I 5.055 2331 12~~ ___ .592~-~· ~~~y~:~--- -~h~~g,~.C. 18. ;} 

U1 OHIO. q 
---------- ------------------- ~ 

' South Point. 38 25.. 82 35.4 1864 Feb. lg. 1- 1 52.9 .. .. .. .. .. .. . .. . I A. T. Mosman. 211. i. t:d 
• Columbus. 39 57.7 82 59.7 1871 Oct. 4, 5, 6. !_ l 20.6 Oct. 3 to 9. 71 09.8 Oct. 7. ' 4.369 »014 ·13.53 .6238 do, : '.\!. l, D. C. 4. Z 
3 Cleveland. 41 30.5 81 4:I.5 1871 Nov. 9, 10, n. ;+ o 32.6 ~o\•. 6. 7, 8, q. 73 09.3 Nov. 13, 14, 4.000 .1844 13.80 .6364 E. Goodfellow. do. 8 

do. 4130.si 814I.5 1880 Julyg,10,12. ,+138.5 July10,12. ~ 7302.4 July9,10,12. 3.996! .1842 13.70 .6315 j.B.Baylor. Th.)l.9,D.C.18. trj 
4 Cincinnati. 39o8.6: 84•5.4 1880 Nov.27,29.Jo. i-214.4 :Scv.29,30. 7024.7 Nov.29,30. 4.488 .2o69 13.39 .6171 do, do. ':Z 
5 Athens. 39 19.s \ 82 02 1880 Dec. 3,4. ;- o 40.5 Dec. 3. ( 70 58.7 Dec. 3,4. 4.390 .zo24 13.47 .6210 do. do. ~ 

--- -----·- --- -- - t;z 

1-3 OREGON. 0 
I 

----- ; -----;----------------·· --- -----1 --- -------- ----- '!rj 

Ewing Harbor. : 42 44.4 124 30.3 ! 1851 ; Nov. 19 to 29; :-18 29.7 .. .. .. .. .. .. .. . ... I G. Davidson. Th. 211. III. 1-3 
: J u days. , 

1 

~ 
Koos Bay. i 43 23.9 124 17 I 2863 i July(?). :-18 37 .. .. . .. .... J. S. Lawson. ; Surv.'s Comp.? ti;l 
Astoria. I 46 lt.3 123 50.3 i 1870 Aug. 11. 15. ,-23 rn ? . . .. ... .... • .. . .. .. .. .. G. Davidson. 1 Th. M. 5, 
Portland. 45 3'1.z s2:a 41.0 I 1870 Aug. 19, 23. j-22 21 . . . . .. . . . . .. . . <lo. do. 

do. 45 31.5 122 40.5 i 1880 Apr.30. :-22 53 ;\Iay1. 69 35.6 iolay1. 4.414 .2035 12.66 .5836 W.H.Dall,M.Baker. Mage. Theod. 

I I 123, D. c. 21. 
Ja.cksonville. 42 •8 122 58 I 1881 July 16, 17. :-17 24.4 July 16. 66 03.z July t6, 17, 5.021 .2315 12-37 .5704 J, S. Lawson. Th.M.8,D.C.21. 
Canyonville. 42 54 223 xS I x881 July 19, 20. [-17 48.5 July 19. 65 57.9 July IQ. . .. . . .. . .. .. .. .. do. do. 

71 Oakland. 43 •6 123 18 \' 1881 July22. l-19 4i.2 July22. 66 59.4 July22. .... .... do. rlo. 
8 Eugene. # 03 123 oo , 1881 July 24, •5· i-20 48.' July 25. 67 51.0 July 25. 4.796 

1 
.22!1 20.72 .5864 do. do. 

9 Albany. # 39 123 02 ; 1881 July 28. -21 42.0 July 28. 68 o8.5 July 27, 28. 4.715 I »174 lz.66 05839 do. <lo. 
2o $Qle111. 44 56.5 222 58 ! 1881 July31,Aug.r. !-19 58.0 July31. 68 23.3 July30. 4,702' .2168 12.67 ,5843 do. do. 



 

Portland. 
Astoria. 

n I Saint Helen's. 
n Umatilla. 
13 Blalock. 
x4 Three Mile Creek. 

z I Girard College, Philadelphia. 

2 I Bristol, Vanuxen. 
3 Yard. 

Girard College. 

4 Harrisburg. 
s Johnson's Tavern, near 

Brownsville. 
6 Erie. 
7 Williamsport. 

Girard College. 
do. 

8 I Bethlehem. 

Harrisburg. 
Girard College. 

J __ _ 

I 
1 I McSparran. 

Spencer. 

3 Beaconpole. 

4 Point Judith. 

Watch Hill. 
Providence. 

45 31.5 
46 tr.5 

45 52.3 

45 57 

45 H 

45 39 

122 41.5 

123 50 

122 48.1 

119 20 

120 15 

I20 58 

188t Aug. 4, 5, 6. 
:188r Aug. 10, u. 

1881 Aug. 13, 14, 15. 

:r88r Oct. +, s. 
188• Oct. 7,8. 
1881 Oct. 13, 14. 

1-22 12.0 

1-22 26.4 

l-I9 o8.o 

1-21 32. 2 

1-20 2I.2 

j-:lI 02.8 

-----

39 5$.4 75 10.2 1846 

40 OC,.7 74 53.0 1846 

39 58.3 75 23.1 1854 

39 58.4 75 10.2 1855 

76 52.9 t862 

39 59·5 79 48. I 1862 

42 07.5 So o6.3 i:862 

4r I4.o 77 02.4 1862 

39 58.4 75 I0.2 I86::a 

39 58 • 4 75 IO. 2 1872 

I 40 37 ·5 , 75 t8.o 1874 

40 15.8 76 52.9 1877 

39 58.3 j 75 ro.3 r877 

May 23. 

July IO, 11. 

Oct. 26, 27, 28. 

Sept. 5. 

July 28, 29. 

July JI. 

Aug. 6,7. 

Aug. 13. 
Aug. is, 16. 

Oct. 19, 20, 2c. 

June 20. 

Sept. 25, 26. 

Oct. 2. 3, 5, 6. 

+ 3 St. I 

'+ 4 27.8 
,+642.3 

:+43r.7 

I + 3 44.5 
!+ l 13.6 

:+ 1 33.0 

+ 4 25.7 
'+ 5 00.0 

+ 5 27.8 

+ 5 19.5 

',+ 4 53·5 
+ 6 02.2 

41 29.7 71 27.4 

I 

1844 i July IO to 24; I2 :+ 8 48 
1 

days. 

41 40.7 

41 59.7 

4 t 2r. 6 

4I 13. 3 

41 49· 5 

71 29.7 I 
! 

71 27 .o 

tBH July 29 to Aug.·+ 9 05.9 
31; 16 days. 

1844 Oct. JI to Nov. 9 2i.o 

I8; 9 days. 

7I 28.9 1847 , Sept. 5, 6, 8, 9. 

7I 51.3 I847 I Sept. 17, 18, I9. 

7I 23.9 I855 l Aug. 20. 

,__,__ 8 5)· 7 

+ 7 13.4 

+ 9 JI.5 

I 

Aug, 6. 

Aug. u. 

Aug. 15. 

Oct. 5· 

69 24.2 

6g 13.4 

70 54.I 

70 J0.2 

PENNSYLVANIA. 

May23. 72 or.o 

June Io, II, 12 72 22.3 

NoY. 3. 1 73 ox.2 

Sept. ; , 72 I7. 7 

July29. 72 31.6 

July 3" 7I 57 o 

Aug-. 7 73 52 3 

Aug.13. 7251.0 

.:\ug. 15, l6. 72 05 S 

Oct. 19, 20. 72 15.~ 

june20. 7i 1S.9 

Sept. 27. 72 20.5 

Oct. 2 • .3· 6. 71 .p.3 

RHODE ISLA.Nii. 

July 13, 18.22,, 73 47.6 

23. :q. 

July ;0 •• \ug. 
1 

75 07.1 

t3. 21.Sept 2. 

Nor.8.16.1/.l, Hn.I? 

l')· 

Sept rt. u. r3, 73 45. t 

q. 

Aug. 2') 74 re; 9 

Aug. 5. 6. 

Aug. 10, u. 
Aug. 15 

Oct. s 
Oct. 8. 
Oct. lJ, q. 

4.488 

4.508 

4.350 

4.421 

4 495 

4.473 

:>!a;'23' 4 '143 

i 
July IO, II. 12.' 4.068; 

Oct. 28. 3.876 

Sept. 5· 

July 2S. 29. 

July31 

Aug. 6, 7. 

Aug 13. 

.\11.g. 13. t6. 

Oct. 21. 22. 

June20. 

Sept. 27 

Oct. 3. 5, 6 

4.226 

4.048 

4.173 

3.761 

3 .958 

i 4.r2+ 

4.161 

3.839 

4.123 

St!pt. 6, 7. 8 3.788 

Aug-. 2'). 3.590 

.2o69 

.2079 

.2oo6 

. 2038 

.2073 

.2o62 i 

12.76 

I2.7I 

13.29 

13.03 

.19ro '. 13 .. p 

. 1876 ' 13 ·43 

,1787 I I3.27 

. 1949 i 13.9J 

. t866 ' '3 .48 

.1924: 13.47 

•I 734 : 13 • 54 

. 1825 ' 13. 42 

. Igor 13.42 

.I9r9 13.65 

.1770: 13.64 

.r9or 13.59 

.I747 13.54' 

, I655 TJ.~4 

.5882 

.5861 

. 6131 

. 6oo8 

.6187 

.6r95 

. 6r20 

.6409 

.6216 

. 62og 

. 6242 

.6r89 

. 6'85 

.6297 

.6287 

.6267 

.6244 

.6103 

do. 

do. 

do . 
do . 

do. 

do. 

John Locke. 

do . 

]. E. Hilgard. 

C. A. Schott. 

do . 

do . 

<lo • 

::: II 

A. H. Scott (E. 

Goodfellcw). 
1 

~- C'. .Hilgard. I 
E. Smrth, j. B. Baylor-: 
J. B. Baylor. 

do. 

do. 

do. 

do . 
Th. l>I. 8. 

do. 

M. 2, Robinson 
D. Comp. 
do. 

M. 2, Barrow D . 
C. ofSm'nlnst. 

Sm'n Inst. 1\1 .. 
Gamber D. C. 

111. 3, D. C. 8. 
rlo 

do. 

do. 

do . 

11!. 6, D. C'. 4. 

Bache-Fund ~[ .. 

D. C. 19. 

do. 

do. 

A. D. Bache, T. J. \ Gam. Decrn Tr. 
Lee. I Gir, Col., B'ox 

T. J. Lee. 

do. 

R. H. Fauntleroy. 

rlo. 

C. A. Schott. 

Dip-:.:eedle. 
do. 

Gam. Ded'n Tr. 

Gir. Col.. Rob
inson D. C. 

M. 2, Rob. and 
Bar. D. C. 

M. 2. 

Sm'n Inst. M., 

Liam. D. C'. 

~ 
~ 

~ 
~ w 
0 

~ 
~ 
p.. 
§ 
~ 
0 
0 

~ 
a; 

§3 
<1 
t:_tj 

:-1 

~ 
":1) 
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TABLES OF MAGNETIC RESUI1TS-Continued. 

No. Name of stations. 

-- ---1 ---- -~---

Lat. I Long, :Year.I Month and day. i Dect'n. 

1-.--,--.--, -:-- I-~ 
Breach Inlet, near Charleston., 32 46.3 79 48.9 · 1849 Apr. 1 to 22: 14

1

- 2 16.5 
days. 

• I East Bue, Edisto Island. 3a 33.3 8o 13.5 1850 Apr. 2, 4, 5, 6, 1.'- 2 53.6 

Allston, near Georgetown. 133 2x.6 79 16.6 1853 Dec. 21, 22, 23, !- 2 o6. 5 

I 
24, a5. 26, 27. i 

Columbia. 

Port Royal. 

6 l Graham. 

I I 
\ 34 oo.o 81 02.1 1 1854 Feb. 19, 20, 2t, ~- 3 02.2 

I 
I ... 23. 1 

32 17.7 So 38.5

1 

I859 Jan. 31, Feb. 1, 
1

- J 04.1 

I 2, 3, ., s. 
1 

Beaufort. 
I 32 13•3 So 45·511870 Mar. 4 to •4· 1- t 55.5 

32 26.0 So 40,5 1874 Apr. 20 to 30. - r 57.5 
Fort Marshall, near Breach I 3• 46.4 79 48.8 1 1874 May 27, 28, 29. ;_ o 58.0 

Inlet, I I / 
Beaufort. 3• 26.0 So 40.5 ! 1875 Apr. 20 to JO, - 1 58.3 

1 ! June 1 to 9. 

/ Breach Inlet. / 32 46.4 19 48.8 f 188o Jan. 2t, 22. - o 25.6 

t Clifton. 
• Johnsonville. 
3 FortHenry. 
4 Nashville. 
5 Bristol. 
6 Caryville. 
1 i Athens. 
8 I Chattanooga. 
9 Tullahoma. 

10 Murfreesboro'. 
u Columbia, 
12 Plilasld. 
13 Gtand Junction. 
14 Jackson. 
15 Rutherford. 

35 23.3 
36 03.8 

36 30.4 

36 09·7 
36 35.8 
36 19 

35 •7 

35 00 

35 22 

35 53 
35 37 

35 13 

35 05 

35 39 
36 09 

88 01.1 1865 Mar. 8. 

87 59.7 1865 Mu. Io. 

88 03.7 1865 Mar. ix. 
86 47 .6 1877 Dec. 5, 6, 7. 
82 I1 1881 July 9, lI. 

84 14 1881 July I4, 15. 
84 37 1881 July oo, ot. 

85 t8 188I July 28, 29. 

86 I3 t88I Aug. 3, 4, 5. 

86 25 I881 Aug. 10, 11. 

8704 1-881 Aug.17,18. 

87 03 188I Aug. 24, 25. 
8g I3 I 881 Sept, 9, %0. 

88 51 1881 Sept. 16, 17. 
89 01 1881 Sept. 20, 2x~ 

- 5 48 

- 5 50 

i- 6 24 

:- 5 14.9 
,- 0 38.5 
I 
:- I UL) 

:_ :t 44.2 

!_ 2 26.I 

- 3 3o.9 

- 4 53.5 
- 4 35·5 
- 5 ot.5 

. - :; 58.9 

·- 5 49.8 

- 5 59.6 

SOt'.TH CAROLlN A. 

Month and •lay .I 
II Horiz?ntal Total force. 

force. 
1 

Dir. 

--------\ 
Month and day.ii _____ - --: ----- --· ---

Dr.it. ,C. G. S. Br.it. 1c. G. S. 

I 
umts. ! umts. ! units. 1 units 

·--''------- ·---'---:---! 

I 5.547 .2558 i '2.90 I .5949 Apr. 25. 

Apr 5, 6, 7. 

Dec. ::i6, 27. 

Feb. 27, 28, 

Mar. I. 

Jan. 28, :i9, 30. 

Apr. 23, 24. 

Jan. 21, 22_ 

64 JI-9 

64 04. I 

65 29.5 

66 07.7 

64 07.5 

63 28.1 

64 13.7 

TENNESSEE. 

···········-

Dec. 5, 6, T· 

July 9, u, 13. 

July u. 15. 

July 20, 2r. 

July 28, 29. 

Aug. 3, 5. 

Aug. 10, II. 

Aug. x7, 18. 

Aug. 23, 24. 
Sept. 9, Io . 

Sept. 16, 17. 
Sept. 20, 21 

67 18.9 

68 or.o 

67 55, 7 

66 tr.7 

66 og.7 
66 25.5 

66 53. 3 
67 07. 5 

66 o6.4 
66 00.4 

66 05 4 
67 IJ .8 

Apr 6, tr. 

I I 
Apr.8,9,10,n.I 5.623 "593 I 12.86' .5930 

Dec. 24, 26, •7·15·439, .25o8 i' 13.n I .6046 

Feb. 24, 25. I 5.>96 "44' 13.09 I .6o34 

I .... I 
Mar. n, 12. ) 5.663 .26u ,' 12.68 / .5845 

Apr. 16 to 25. 

May 27, 08. 

Apr. 9, w, 12. 

Jan. '2t, 22. 

Dec. 5, 6, 7. 
July 9, u. 

July 14, 15. 
July 20, 2r. 

July 28, 29. 

Aug. 3, 5· 

Aug. 10, 11. 

Aug. 11, 18. 

Aug, 24, 25. 

Sept. 9, 10. 

Sept. 16, 17. 
Sept. '20, 2'I. 

5.6o3 .2583 

5.530 

5.586 

5.530 

: :· I 

5.IIO 

4.89t 

4.972 
5.290 

5.307 

5.215 

5. '75 
5.140 

5.251 
5.268 

5.272 
5· TT8 

. 2550 

.2576 

.2550 

.2356 

.n55 

.2292 

. 24391 

. 2447 

.2405 

.2386 

.2370 

.2421 

· 2 429 

.2431 

.036o 

I'l.72 

13.25 

13.07 

13.23 

13.n 

I3. I3 

13.04 

13.18 
13.22 

12.96 

:;:~ 1· 

13 .2'2 

. 5865 

. 6Iog 

. 6oa4 

. 6100 

. 6-0.iJ 

. 6054 

. 6013 

. 6o79 

. 6097 

.5977 

.5973 

. 5998 

• 6-097 

Observer. 

C. 0. Route!le, J. 
Hewston, G. \V. 
Dean. 

G. Da\ridson. 

C. 0. Boutelle. 

G. W. Dean. 

C. 0. Boutelle. 

do. 

do. 
C. 0. Boutelle, J.B. 

Boutelle. 
C. 0. Boutelle. 

J. B. Baylor. 

A. T. Mosman. 
do. 
do. 

A. Braid 
J.B. Baylor . 

do . 
do . 
do . 
do . 

do . 
do . 

do 

do. 

do . 
do . 

Instruments. 

M. I, Bar. D. C. 
of Sm'n lnstj 

::-1. , Gambey D. 

C. 
M. 1, D. C.4. 

do. 

~- 6, D. C. 9. 

I M. 3, D. c. 6. 
Th. M. 8. 

do . 

do. 

Th. M.9,D.C.18 . 

Azim. Comp. 
do. 
do. 

I 
Th.M.9,D.C.18 . 

do. 
do. 

do. 
do . 
do. 
do. 
do 

do. 
do. 
do. 
do. 

-~ 

~ 
~ 

~ 
~ 

~ 
00 

~ 
ti:J 

I 
~ 

~ 
0 
""<l 

~ 



 

Dollar Point. 

~ 
l;r!j 2 East Rase, !Taheston Island. 

~ 

I 
3 Jupiter. 

4 i Rio Grande, mouth. 
: Dollar Point. 

Lavaca. 
6 , Aubtin. 

Dollar Point. 

San ,\ntonio. 
·Austin. 

8 Hemstead. 

9 '. Groesbeck. 
' Fort Worth. 

11 Sherman. 

Salt Lake City. 

Castle RcRk. 

Ogden. 

Salt Lake City. 

Kelton. 

Corinne. 

Salt Lake City. 

Hurling ton. 

R ut1and. 
11 flurlington. 

Rutland. 
d(l. 

TEXAS. 

29 26.0. 94 53·4 1848' Apr. 24, .,, 26, - 8 57.41Apr.25,>6,27, 57 53·31May5, 6, 8. 
27, 28. :28, May r, 2. 

-i9 12.9 : 94 55.8 
1 

J.853 Mar. 16 1 17, 18, - 9 05.0 Mar. 17, 18, 22. 57 42. t Mc!r. 24 1 25. 

19, 20, 21. 

28 54 .8 : 95 20.6 1853 May 10, n, I2, 

13, 14, 15. 

23 57 ... ! 97 07.9 1853 Nov. 
29 26.0 i 94 53.4 . 1868 Feb. 24, 25. 

28 37.6 96 37·3 : 1868 I ApL 22, 231 -.z4. 

30 16.,j 97 44.z 1872 Mar. 27, Apr. 5, 

13, 15. 

29 25.9 94 53. 4 1878 May 29,Jo, 3t 

29 25.4 . 98 >9.3 

30 16.4 97 44.2 

]O o8.i: 96 10 

JI :fl 96 JO 

32 45.3 97 19.9 

n 36 q6 36 

40 46.0 ' ltl 53.8 

·P 08 l n Io 

.p I3.5 Ill 59·9 

40 46,0 lt:r 53.8 

41 45·4 n3 07.5 

41 33.2 u2 o6.o 

40 46.0 TH 53.8 

44 29.3 73 13.4 

4336 7z55 

44 z8.2 73 12.J 

43 _16.5 72 5'5·:5 

4~36.5 7155.=; 

1878 

1878 

1878 

1878 

i878 

1878 

1869 

1878 

1878 

1878 

1881 

1881 

1881 

1855 

1859 

1871 

1873 

1879 

June 10, rr, 12. 

June ?.o, 21) 22. 

June 26. 

June 28, July 1. 

July 4, 5, 6. 

July IO, IL 

l\lay6 to 15. 

Oct. 18. 

Oct. 19, 21. 

Oct. 26 1 28, 29. 

:>lay3,4. 

May 5, 6, 7· 
May 12, 13, t4. 

Aug. 28. 

July 21 

Oct. 14, t5. 
Oct. 17, 18. 

Oct. q, rs. 

g oB.7 

- 9 oo.9 

- 8 42.9 

- 9 05.2 

9 OQ 

8 t7 ·3 

- 9 22.3 

- 8 57.5 

- 8 36.7 

- 9 r5.t 

9 39.9 

-16 36.4 

1
-16 57.r 

:-·17 16.4 
._ t6 44.2 
1
-17 45.5 

-17 J0.9 

-1:6 28.4 

+ 9 57.1 

+ 9 49 
+·rr J9.<1 

+10 40.2 

+rr 09.0 

May 10, II, 12 1 

14. 

Nov. 

Feb. 24, 25, ?.6. 

Apr. 22,23, 24. 

June 3, 4· 

June u, 13. 

June '24, 25. 

July 5, 8, 9. 

57 l! ·4 

52 23 ,6 

58 04,1 

57 n.2 

58 21. 5 

57 34.6 

5S 56.7 

61 53.I 

l:TAH TE!Uffl'OHY. 

)fay 17~ 19. 66 58.2 

Oct. 25, 28, 3r. 67 05.9 

May 31 4. 67 49.7 

May 5, 6. 67 47.8 

May u, 13. 67 02.1 

VEHl\fONT. 

Aug. 28. 75 56.8 

July 21. 75 19.8 

Oct. q, 14, 15·, 75 '24 2 

Oct. i6 1 17, 18. 75 05. r 

Oct. 14, 15. 74 49.5 

May 16, 17. 

Feb. 24, 25, 26. 

Apr.:.u,22,23,24. 

May 30, 31, 

June 1. 

June 10, 12, 

June 21:, 22. 

July 4, s, 8. 

)fay 6 to 15. 

Oct. 30. 31. 

Ma.v 3, 4. 

May 5, 6, 7. 
May 1_-h r4. 

Aug. 28. 

July 2I. 

Oct. q, r5. 

Ort. 17, t8. 

Oct. 141 15 

6 .541 

6 .524 

6.596 

6-443. 

6.574 

6. 373 

6.429 

6.269 

5.921 

5.044 ( 

4.987 

4.865 

4.863 I 

.).006 i 
I 

3.425 

. H64: 

3 .427 

3.4q2 

J 550 

.3oi6 '. 12,30 ,5674 I R.H. Fauntleroy. 

.3008 l 12.21 .56301-G. '\V.Dean. 
I 

.3041 '1 

.2971 

.3031 

.2938 

.2964 j 

.2891 ' 

.2730 

I 

.2306 '1 

I 

.n9tJ : 

.27.43 

. 2242 

. 2308 

· 1579 i 

12. t8 

12. r8 

!2, 13 

12, 15 

II ·99 
12.15 

Iz.56 

12 .89 '1 

J2,81 

12.89 

J2.87 

12.83 

14.10 

. r597 . 13.li8 

. 158n 13.fio 

. 1610 13.57 

r637 i3.56 

.5612 

.5617 

.5593 

.56oo 

.5528 

. 5604 

.5793 

.5946 

.5908 

. 5944 

,5933 

.5915 

.6503 

. 6,;o6 

,{1270 

.6255 

.6253 

do. 

W. H. Emory. 
E. Goodfellow. 

do. 

W. F.imbeck. 

J. H. Baylor. 

do. 
do. 

do. 

do. 

do. 
do. 

G. W. Dean, I•. ll. 
.. Agnew. 

J. H. Baylor. 

do. 

du. 

1\'. Eirnheck, R. A. 
Marr. 

do. 
do. 

(',A. Schott. 

1lo . 

T. C. Hilgard. 

do. 

j. fl. Ba ;for. 

M. 2, New Har
row D. C. 

M. 1, D.C.4. 

do. 

M. x, D. C. 8. 
do. 

Compasses. 

Th. M. 9, D. C. t8. 

do. 

I do. 
j Comp.ofTh.M.9. 
: do. 

: Th. M. 9, D. C. 18. 
: Comp.ofTh.M.9~ 

M.1,D. C.8. 

' Comp.of Th. ~I .9. 
do. 

i 

Th. M.9, D.C. 18. 

Th. M. to, 0. C. 

15· 
do. 

do. 

Sm'n Inst. M., 
(Jam. D. C . 

M.6. 
Th.l\t.7,D.C.10. 

do. 

!Th.M.9,D.C.t8. 

I 
00 

~ 
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00 
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~ 
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~ 
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~ 
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~ 
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00 
Cl 



 

' ~· o.: :IJ ame of stations. 

l Petersburg. 

Snead. 

3 I Joynes. 

41 Scott. 

5 
6 

7 
8 

I 

Cape Charles. 
Old Point Comfort Light. 
Norfolk. 

do. 
9 ~ Cape Henry Light-house. 

10 I Fredericksburg. 
u ; Richmond. 
n 1 Peach Grove. 

13 Wolftrap. 
14 Tangier. 
15 ClarkMt. 
16 Bull Run. 

I Petersburg. 
17 ' North end Knott Island. 

Cape Henry Light-house. 

18 Williamsburg. 
19 i Greenwood. 
20 Covington. 
21 Wytheville. 
22 Marion~ 

I 
Cape Disappointment, on beach I . I 
Cape Disappointment, on top. ! 

• 
1 

Scarborough Harbor. 

' 
Nee-ah Bay. I 
Point Hudson, Port Townshend; 

SeatUe. ! 

TABLB OF M.AHNE'fl(] UESULTS-Contiuued. 
VIRGINIA. 

Year.1 Month and day. 

I 
Month and day.! i 'Decl'n. Lal. 

1 
Long. Dip. 

---~- ,-
; c 

37 14.4 i 77 23.9, 185:2 Aug.9,i:o,tt,12, -t- o 26.5 Aug. io, 11, 69 I7·3 

t3. 

37 58.3 75 26.2 1856 Sept. 2. • 18.4 Sept. 2. 70 31.0 

37 41.7 75 36.9 1856 Sept. 4. • 03.3 Sept. 4. 

37 20.5 75 54.1 r856 Sept. 6. t 37.5 Sept. 6. 

37 07·3 75 58.2 1856 Sept. 7. > 35.> Sept. 7. 

37 oo.o 76 18.4 1856 Sept. 8. 1 '4·7 Sept. 8. 

36 51.4 76 •7·5 1856 Sept. 9. 1 39. r Sept. 9. 

36 50.5 76 17.1 1856 Sept. ro. r 13·3 Sept. 10. 

36 55.6 76 ocL4 1856 Sept. u. 1 27. 9 Sept. II. 

38 ,g., 77 •1.4 r856 Sept. 17. 1 02.3 Sept. 17. 

37 3t.7 77 26.0 1856 Sept. 1.9. o 14.5 Sept. 19. 

38 55.2 77 13.8 186g Nov. t, 2, 3, 4, 2 54.7? No\'. 9, 10. 

51 6. I 

70 21 .2 

70 01.5 

69 43·3 

69 3t.6 

I 69 29~7 

69 28.2 

69 39.0 

70 37.9 

6g 47·7 

71 05.0 

37 04.0 76 14.7 1871 May n, 12, 13,>5.' 2 49·31May13, '5· 69 46.8 
37 47·9 75 59·3 1871 June 19,20, 22. 3 03.2 June 17. 70 11.6 

38 18.6 78 00.2 · 1871 Aug. 21 to 26. l 46.8 Aul(. 31,Sept. 71 40.2? 

38 52.8 71 42.3 187I Oct.14, t6, 17. 4 21.3? Oct. :.;io,2t. 71 I8.9 

37 14.4 77 23.9 1871 Oct. l 29 

36 33.9 75 55.3 i873 Apr. 20, 21, 22. 2 54.8 

36 55.6 76 00.4 1874 Nov. 26, 27, 28. 2 39·5 

37 16.3 76 42.7 1874 Dec. 4, 5, 6, 8, 9.· 2 n.o 

38 oo 78 .,.1 1880 June;. 

37 48 79 58 1881 June 15, 16, 

2 18.8 

+I o3,2 

36 55 81 05 1881 June 24, 25. :- o oJ.3 

36 48 81 JI 1881 June30,July2. ·+001,7 

Apr. 2'1, 2?.. 

Nov. 27, 28. 
i 

i 
Dec. 6,7,9,10./ 

i . . . . . . . . . . . I 
June 15, 16. 

1 
June 24 1 25. I 

June 30 1 July :2,) 

68 52. s 
69 19 .Q 

69 27.6 

69 33·5 
68 43 .6 

68 25.7 

Horizontal 
force. Total force. 

[011lb and day. 
!•nt. :l'. G. s.: Brit. 'c. G. s. 

1 units. ~ umts. units. units. 

Aug. 6, 7. I 4.640 .2139 I 

Sept. 2. 

Sept. 4. 

Sept. 6. 

Sept. 7. 
Sept. 8. 

Sept. 9. 

Sept. 10. 

Sept. 11. 

Sept. 17. 

Sept. 19. 

Oct. 31, Nov. 
t, 2. 

l\1ay 17, 19, 20. 

Juue i6, :20, 2r. 

.>\ug 29, 30. 

Oct. 18, 19, 

Nov. 3, 4, 6. 

Apr. 23. 

Nov. 26, 27,28.j 

I 
Dec. 4, 5, 6, 8, 9.t 

! 
June i5, 16. I 
June 24, 25. 1 

June 30, Jul~":I 

4·H8 

4.488 

4. 571 

4 .622 

4.659 

4.656 

4,667 

4.623 

4.449 

4.6o9 

4.346 

.2051 

. 2o69 

.2.108 

.213r 

.2148 1'1 

.2147 ' 

.2152 : 

.2132 : 

.2051 I 

.212s I 

.2004 I 

4.610 .2126 

4.542 .2og4 

4. 390 . 2024 

4·334 .1998 

4.760 .2195 

4.629 .2134 

4.631 I .2135 ! 

4.615 I .:.i128 I 

4.780 i .2204 I 

4.846 I .2234 I 

13. 12 : 

13.34 ' 

13·35 i 

lJ.JB 

'3·34 : 
13.32 

t3.29 I 

13.31 

13.29 

13.42 

13·34 

13.41 

13·34 
:r3.40 

13.g6 

1 3·53 

.... 
13.n 

IJ. ll 

r3 .20 

13.21 

13.17 

I3, 18 

.6u48 

.6150 

.6154 

.fo7t 

.6q.9 

.614.1 

. 6129 

.6136 

. 6131 

.6184 

.Gr53 

.6182 

• 6150 

.6180 

.6436 

.6237 

.6ogo 

.6042 

.6o85 

.0093 

.6075 

.6o76 

WASHINGTON T.ERRITORY. 
·--·-- -----.-~--···----·--··- . ------~- ~--

46 >6.7' 124 o>.8 i851 July 5, 6, 7, 8, 9. j-20 19.1 

46 '16.6 i24 03.0 1851 July 14, 15, 16, l-20 45.3 

17, is, 19. I 
48 21.8 r 124 38.0 I It52 I Aug. 17, 18, i9, :-21 21.9 

48 22 124 16.8 

48 o6.9 ... 44.9 

47 35.9 122 20.0 

20, 2r, 22, 23. 

1855 ! Aug. 131 15,16,18. -21 48.2 

18561 Aug.17,18~ :19,20, -21 39.5 

1871 Sept. 27, 28 1 29, -22 35.4? 

301 Oct. 2, 3. 

Aug. 20, 22. 71 07.0 

Sept. 21. 71 08.9 

Sept. 7, 8. 4.170 I 

Aug.13,14,15 1 16: 4.276 ' 

Oct. 4, 5· 4.232 

. 1923 

.1972 ' 

. 1961 

'.3:21 I 
13.16 I 

' 

.6093 

.6o69 

Obsen·er. 

G. W. Dean (A. D. 

Badiel. 
C. A. Schott. 

tlo. 
do. 

do. 

do. 

do. 
do. 
do. 
do. 
do. 

C. 0. Houtelle. 

A. T. Mosman . 
do. 

C. 0. Boutelle. 
do. 

Instruments. 

:\L l, D. C. 4. 

M.6,D.C. S· 
do . 

do. 

do. 

do. 

do . 

do. 
do . 

do. 
do. 

M. 3, D. C. 8. 

do. 

do. 

M. 6, D. c. IO. 

do. 

A.G. l\icllwaine, jr.I Eng.'s trausit. 
A. T. Mosman. M. 6, D. C. 8. 

T. C. Hilgard. Bache-Fund M., 

J.B. Baylor. 

do. 
do. 
do, 

do. 

D. C. 19. 

du. 

Th.M.g. 
Th.M.9, D. C. 18. 

do. 
do. 

G. Davidson, ~-. A. i Th. M. III. 
Roe. 

do. I 
G. Davidson, J. I 

Rockwell. I 

do. 

do. 

W. P. Trowbridge. j JII. 4. 
G. Davidson. I Th. M. Ill. 

S. l<. Throckmorton.ii Th. M. 5. 

,.... 
~ 
Cjj 

~ 

~ 
~ 

~ 
(fl 

~ 
~ 

~ 
~ 
~ 

~ 
0 
~ 

~ 
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Cape Disappointment, on top. i 46 16.6 
. CapeD1sappointment,onbeachj 46 16.7 

' Nee-ah Ray. 

Cape Disappointment, on beachli 
S Ainsworth. 
6 Sixty-Mile Well. 
7 Sprague. , 
8 Spokane Falls. i 

9 Pomeroy. 

48 21'..8 

46 16.7 

46 14 

46 49 
47 19 

47 43 

46 3r 

10 Walla Walla. 

n Wallula. 
I 46 03.9 

46 07 

45 39 

124 03.0 

t2f o:i.8 

124 38.0 

124 02.8 

Il9 03 

118 50 

118 10 

117 23 

117 40 

u8 20. 5 

n8 SS 

122 00 

1873 j Oct 19, 23. 

1873 1 Oct. 24, 27. 

:t881 . Oct. :rt. 

:r88r · Oct. 14. 

1881 , Aug. 22, 23. 

r88r Aug. 25, 26. 

1-21 46.9 

i-21 26.5 

l-22 H·• 

Oct. 22, 24 1 25, 

26, 27. 

Oct. IO. 

"-21 36 o I Oct_ I3, 15. 
-21 24.5 Aug. 23. 

-22 46.9? Aug. 25. 

.i88I Aug. 27 1 28. '-22 55.4 

1881 Aug. 30, 31, :-21 39.4 

Aug. --.q, :.:8. 

Aug. 30. 

Sept. " I 

I881 I Sept. 20, 21. :-21 33.51Sept.20. 
1881 Sept. 24, 25, 26. :--22 04.4 Sept. 26. 

r881 Sept. 29, 30, Oct. '-19 55.7 Sept. 29, 30. 

r, 2. 

188r - 19 29.3 12 Lower Cascades. 
t3 Vancouver. 

'4 Olympia. 
Seattle. 
Port Townshend. 

45 37. 5 i 122 39 x88r 

0. 02.3 I 122 54.0 1881 

47 35.9 122 20.0 :r88r 

48 07,0 i 122 45,0 x88I 

Oct. 22, 23. 

Oct. 26 1 27. 

Nov. 2, 3, 4· 

-20 53.3 

-21 34.6 
Nov. 81 9, 101 11. -22 02.5 

Nov. x6, 171 18. i-21 26.9 

69 13.7 

71 04.4 

69 17 ·7 

70 37.8 

70 44.8 

71 05.8 

72 13.3 

70 20.2 

70 46.5 

70 24.9 

WEST VIRGINIA. 

1 Clarksburg. 

2 Grafton. 
3 Cameron. 
4 Wheeling. 
5 Parkersburg. 
6 Pt. Pleasant. 
7 Charleston. 

Clarksburg. 
Wheeling. 
Parker:sburg. 
Charleston. 
Alderson. 

l\fadison University. 

do. 

Madison, South Station. 

39 16.9 

39 20.6 

39 49.8 

40 04. t 

39 16.0 

' 38 50.5 : 
38 n.3 

39 16.9 

40 03. 3 

39 I6.o 

38 21.0 

I 37 45 

43 04 ·5 

43 04. 5 

43 04 .5 

Bo zo.4 

So 01.7 

8o 34·4 

8o 43.6 

8I 34· 2 

82 08.8 

St 38.0 

8o 20.4 

Sn H 

81 34 

81 38. 1 

8o 40 

89 24.2 

llti 24.2 

89 24.2 

r864 Jan. 6. 

t864 Jan. 12. 

I 

1- o 30.3 

i+ 1 51.4 
:1864 Jan. 14. [ · o 24.0 

1864 Jan. 23. !- 2 00.5 

1864 Jan. 26. I- 1 17.6 

1864 Jan. 29. f- 1 34.9 

1864 Mar. 3. I- o 37.3 

188o i Dec. lo, II. j+ 1 45.B 

:r881 May 25, 26. I+ o 01 .o 
1881 May 30, 31. + o 07.2 

r88t June 6, 7. + 1 02.8 
1881 June u, 13. + o 55.2 

-----·---·-·---····--_I__ __ _ 

Dec. to, n. 
May25. 

May3r. 
June 6, 7. 
June n, 13. 

70 44.8 

71 54.5 

70 58.6 
69 57.2 

6<J 25.9 

WISCONSIN. 

1876 

1877 

1877 

Oct. to, 11, 121 6 59.7? Oct.3,4,5,6,7, 

13, 14. 9, n, 121 13, 

14, 17. 

Aug.30,Sept. l, 6 44.9? Aug. 30, 31, 

3, 4, 5, 6, 7, 8, : 

10, 17, 21. 

Sept. 21. 

Sept. 1 1 5, 6, 

- 6 58.2? 

73 54.8 

73 55.5 

Oct. z9, 30. 

Oct. 11. 

Oct. 14. 

Aug. 22, 23. 

Aug. 25. 

Aug. 27. 

Aug. 30.• 

Sept. 20. 

Sept. 25. 

Sept. 29, 30, 

Oct.1. 
Oct. 22 1 23. 
Oct. 26. 

Nov.. 4. 
Nov. 10, tt. 

Nov. 17, 18. 

Dec. lo, u. 
May 25, 26. 

May 30 1 31. 

June6,7. 
June 11, I]. 

4.537 l 

4· t44 

4 482 

4.332 

4· 32I 

4.299 

4. 170 

4.413 
4.208 

4.402 

4.577 

4.679 

Oct. to, 11 1 14, 3.891 

rs, I6. 

Aug.291 301 31, 3.913: 

Sept. 2~ 3, 4~ 

5, 7, to, t1 1 

13. 14. 

2092 

't9ll 

.?o67 i 
I 

.1997 

. I992 . 

.198-.i 

.1923 

.2032 

.2005 

.2025 

.2073 

.2097 

. 1975 

.1944 

.I9II 

.2035 

.1940 

.2030 

.2110 

.2157 

. 1794 

.1804 

;~.;91 
I:.?.78 

12.68 

l3.o6 

13. IO 

13.27 

13.66 

13.og 

t3.21 

IJ. IO 

13.38 

13.55 

13.50 i 

13.35 

t3.32 

I 
.5899 

.5892 

.5846 

.6021 

6o4• 
.6118 

.6298 

. 6039 

. 6o89 

. 6o41 

. 6171 

6247 

. 6228 

.6155 

.6r4o 

14.04 ! .6474 

14. 13 .6515 

W. Eimbeck. I Th. ~I. III. 
do. do. 

' 
H. K Nichols, Lieut. i Th. M. I!I, D. C. 

U.S. N., act. asst. 1 
C. and G. S. I 
do. I 

J. S. Lawson. 
do. 

do. 

de>. 

do. 
do. 

do. 

do. 
do. 

do. 

do. 

do. 

A. T. Mosman. 

do. 

do. 
do. 

do. 

do. 

do. 

to. 

do. 
Th. ~1. 8, D. C. ~r. 

do. 

do. 

clo. 

do . 
do . 

do . 

Th. ~I. 8. 
do. 

do. 

do. 

do. 

:.\1.1. 

do. 
do. 

do. 
do. 

do. 

do. 

J. H. Bayle>r. 

do. 
; Th.M.9,D.C.10 . 

do. 

do. 

do. 

do. 

F. E. Hilgard. 

A. Hraid. 

C .. \. ~chott. 

do . 

do. 
!}O. 

~I. 6, D. C. 1~. 

Th.i\1.9,M.6,D. 
(', r8. 

111. 6. 

C1 

~ 
t;i 
0 
w 
8 
> 
8 
ti;l 
w 
0 
0 
>w 
8 

> z 
tl 
4:J 
ti;l 
c 
ti 
ti;l 
8 ...... 
0 
l.11 
C1 
~ 
<i 
tr.1 
!"'1 

....... 
(:£ 
-1 



 

No. Name of stations. 

2 La Crosse. 
Madison, Uni\.~ernity. 

Madison, South Station. 
Madison, Fa.rm. 
Madison, Umversity. 
Madison, South Station. 
Madison, UnhTersity. 

Madison, South Station. 
:Madison, Farm. 
Madison, University. 

:Madison, Farm. 

Supedor City. 
Madison, Farm. 

Lat. 

TABLI~S OF l\IAONETIU HESt:I!fS-Co11ti1Hw<l. 

WJS('ONSIN-·('outiunecl. 

Horizontal 
force. Total force. 

Long. 'Year. Month and tlav. Ded'n. l~ionthandday. Dip. Monthandclav. , 
. Brit. (.G.S Brit. jC.G.S. 

units. ! unib. 1 ut1its. : units. 

43 48.8 I 

43 04.5 I 

91 14.8 I877 ~ept. 24, 25, 26. ·- 8 37.9 

89 24.2 i:878 Sept. 8, 91 xo, u, - 6 31.8 

89 :.i4.2 

8g 2~.2 

89 24.2 

89 24.2 

12, 13. 

:1878 Sept. 14, 15. 

1878 Nov. 13, 14, 15. 

:r.878 Nov. 22, 23, '.25. 

>878 Nov. 26. 

- 6 32.0 

- 6 3i.7 

.- 6 22.9 

- 6 33·5 

43 04. 5 

43 04. 5 

43 o4.5 ' 

43 04. 5 

43 o4. 5 89 24.2 '. :1879 ' Sept. 22, 24, 25, - 6 26. B 

20, 27' 29, 30, 

43 04.5 89 24.2 

43 04.5 89 25.2 

43 04.5 89 24.2 

43 ''4·5 ' 89 ~s.2 

Oct. 1, :ro, II. 

:x879 ! Oct. 213, 4. - 6 17.2 

I879 Oct. 6, 7, B1 9. - 6 30.9 

2880 Sept. 15, 16, 17, - 6 20.9 

18, 21, 22. 

:1880 ' Sept. 23, 2.4, 25, - 6 22.9 

27, 28. 

Sept. 24,25, 26 13 48.7 

Sept. 8, 9, 10 1 73 56. 5 

JI' 12, 13. 

Nov. 18, 19. 73 53.5 

Nov. 21, 23 1 26 73 55.1 

Sept. 23. 2.h 26, 73 51 .o 
27, 301 Oct. l,' 

10, II. 

Oct. 3. 

Oct. 7, 8, 9. 

Sept. T6, 17, I8, 

20, :n. 

Sept. 23, 24, 25 · 

73 49. 7 

73 50. 7 

73 49' 5 

73 4,4·5 

Sept. 24, 25, 26. 

Sept. 8, 9, 10 1 

II t 121 f]. 

Sept. q, x3. 

Nov. 131 14, 15. 
No,·. 22, 23. 

Sept. 27 ~ Oct. 

1 1 101 JI. 

3.880 

3.893 

3·9°5 i 

3.893 

3.894 

3 9"3 

Oct. 2 1 3. 3.914 

Oct. 7, 8, 9. 3.908 

Sept. 15, 16 1 17, 3.900 

18, 20, 21, 22. 

Sept. 23, 24, 3. gos 

. 1789 

• 1 795 

.1801 ! 

.x795 

• 1 795 

.1800 

.1805 

.1802 

.1798 

.1801 

43 04.s I 89 25.2 1881 ! Dec.16,17,18,1q. - 6 21.0 Dec.16,17,18 11q: 73 48.1 Dec.16 117 118,19 3.898 .1797 

13.92 

14.07 

14, I2 

14.03 

14.06 

14-.03 

14.05 

14.05 

14.00 

13.95 

13.90 

13.97 

' 
.64x7 

. 6489 

.65u 

. 6470 

. 6480 

. 6471 

. 6481 

. 6476 

. 6454 

. 6433 

. 6412 

. 6442 

46 40 . 92 04 :1880 i Aug. 21, '23. - g 45·41Aug.21. , 76 26.x I Aug. 21, 23. ', · 3.261 .1;;04 

·---'--- -·-··--~"---~·"·---~--------~------·-.,---- ____ • ______ __i_ .• - ----------'-- ----·-

Sherman. 
Cheyenne. 
I.aramie City. 
Rock Creek. 
Fort Fred. Steele. 
Creston. 

7 Point of Rocks. 
8 Green Rh·er. 
9 Carter. 

1 i Quebec, Canada. 
I Montreal, Canada. 
I Ghamcook, C"11adA. 
I 

WYOMING. 

41 07.8 : 105 23.6 1~72 

•878 

1878 

1878 

1878 

1878 

1878 

July 31, Aug, 1,2.l-15 52.6 

Se~t. 13, -14· [-15 20.5 

Aug. 6. 

Sept. lJ, 14, 

68 53·3 

68 54· 4 

Aug. 3, 5· 
Sept. 13, 161 x7. 

4.768 

4.738 4x o8 

41 18.9 

.i;p: 50 

41 46.7 

41 48 

41 43 

41 32 

41 36 

46 48.4 

I 45 30.5 

45 07 ·5 

.1o4 49.o 

to5 35.6 

to6 05 

1o6 56.8 

Io7 57 

h'8 58 

tog 29 

IIO 26 

Sept. 20, 21. 1-15 07.4 .... ...... . 
Sept. 23. i-15 45.8 

Sept 26,27. :-16.10.1 

Oct. x1 2. l-16 03.8 

Sept. 28, 29. 

I 
Oct. 3. l-16 17.8 

t878 Oct. 7, 8, 9. 

1878 Oct. 11, r2. 

i-16 46.2 I Oct. 5, 10. 

!-17 o6.~ 

69 00.2 Sept. 26 1 27. 707 

68 17. 1 I Oct. 7, i, 9. 4,813 

FOREIGN COUNTRIES. 

7I •4.5 x859: July 19. 

73 34·9 i 1859 \ July 20. 

67 04. 9 i 18591 Oct. 13, 14,, 15. 

i+16 17 ··1~~l~~~-
i+12 21 July "°· 
1+11 35. 7 Oct. x3. 

I 76 5t.4 July 20. 3· Ill 

l+7;-17.51~~ly~~~ --- 2,99x 

I 76 09.4 Oct. >7, oo. J.241 

.2198 

.2185 

.2170 

.2219 

. 1379 

. 1434 

. 1494 

13.24 

13.16 

r3. 14 

13.01 

.6104 

.607t 

. 6056 

.5998 

13.6o i .6268 

13.68 I .6307 

13.,54 : .6244 

Ubsen·er . 

A. Braid. 
W. Suess • 

do. 

J. B. Baylor. 

do. 

do. 
D. Ma~on . 

do . 
do. 
d.o . 

do . 

J.B. Baylor . 

~T. Suess. 

Instruments. 

Th.M.9,D.C.18. 
M.6, D. C. 5 . 

Th. M. 9, D. C. 18 . 
do . 

Th.M.9. 
M. 6, D. <. 5. 

<lo. 

do . 
do. 

do. 

Th. M.9,D. C. x8. 

111. 6, D. C. 5 . 

W.Suess(R.D.Cutts)\ 111. 3, D. C. 8. 
J.B. Baylor. ! Th.111. 9,D C. ,g_ 

do. 
do. 

du. 

do. 
do. 

do. 

do. 

C. A . Schott. 

do. 

G W. Dean (A. D. 
Bache). 

I 

Comp.ofTh.:\·I.9 . 

do . 
Th. M. 9,D. C. 18 . 

Comp.ofTh.M.g. 
do. 

i Th.M.9,D.C.18. 
! Comp.ofTh.M.9. 

M. 6, D. C. 9 . 
do . 

M. 1, D.C.4. 

....... 
a:: 
C1J 

~ 
tt.:I 
li;i 
0 
~ 
1-3 
0 
izj 

8 
~ 
tr.: 
m 
c:: 
~ 
~ 

~ 
8 

~ 
trj 
tz 
1-3 
0 
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1-3 
~ 
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4 I Aulezavik Island, Labrador. 59 47.5 64 13.2 ! 186o July 16,17, x8, 19.
1
+s1 23.5 

St.PierredeMiquelon,Gulfof 146 46.9 56 .o.6 i872 June, July, Aug. ;-f-29 25.5 
St. Lawrence. 

Sa.n M•Utin Island, Lower Cal· 30 2B.9 116 c6.B 1873 Feb. i. 

ifornia. l 
Lagoon Head,LowerCaliiornia 28 :r4.4 n4 o6.4 I873 i Feb. 13. 

Cerroslsland,LowerCalifornia 28 03.9 115 tt.5 t873, Feb. <7, 18. 

I 

' -13 20.5 

-It 50.8 

,-ll 45.2 

9 I San Jose de! Cabo,LowerCal-1 23 03.6 109 40.7 i873 Feb.27,28,;\'lar.1 -10 32.4 

ifornia. l 
10 Magdalena Bay, Lower Cali- 1 24 3B.4 112 08.9 1873 ! Mar. 7. 

fomia. 1 

u Ascension Island\ Lower C~U .. ! 27 o6. 4 

fornia.' i 1 

n Chatham lsland 1 ~fouth Pacific. J-·u 49.0 ! 

; 
lJ Ns.!tsau. ?\ew Pro\·idence, on · 25 05.5 [ 

Hog Island. 

14 South Bernini, Bahama Islands. 25 42 

15 1'\'ater Cay, Salt Key Banks. \ 23 59.2 ' 

Il4 18.2 1873 )lar. 14. 

176 39.8 1874 1 Dec. t, z, 3. 

77 20.0 1879 Feb. 19,21, 22. 

79 17 .6 : 1879 Feb. 24, 25, 26. 

Bo 20.8 , 1879 Feb. 28. 

16 J\Iatanzas, Cuba. 
17 Havana, Cuba. 

23 02.9 :
1 

81 36.9 ' 1879 Mar. 6, 7, 8. 

18 Bahia Honda, Cuba. 
:r9 Cape San .Antonio, Cuba. 
20 Belize, British Hondunis. 
21 Cozumel. 

23 08.2 ' 82 2:i.3 1879 Mar. 13, 14, 15. 

22 58.4 83 12 ' 1879 )lar. 28, 2(), 31. 

2I 55.5 84 55 I879 Apr. 7, 8, 9. 

17 29 88 1::.3 1879 Apr. 15 1 tO; 17. 

20 33 86 57 1879 Apr. 24, 25, 26. 
22 Mugeres Island. 21 14.7 : 86 45.7 

23 Halifax, Noya Scotia, 44 39 .5 

46 48.4 : Quebec, Cana<la. 
.Montreal, Canada. 

2 4 Perez Island. 
i 45 30.5 : 

63 35.o 

71 14.5 

73 .J4·9 

89 42' 0 

91 24.9 

96 oS .s 
94 26 

93 00 

1879 Apr. 28, 29, 30. 

1879 Sept. 8, rn. 

1879 Sept. 16, 19. 

1879 · Sept. 25. 

25 Arenas Cay. 

26 Vera Cruz, )fexico. 
'27 Coatzacoalcos, ·Mexico. 
'28 Laguna dt:: Terminos, Gulf of \ 

Campcche. 
29 Campeche 1 Yu-ca.tan. 

30 Progres.So, Yucatan. 

31 
32 

Victo1ia, \~ancouvcr bland. 1 

. I 
Departure Bay, Vancouver · 

Island. 

22 23.5 : 

Z'2 07 ,'2 : 

19 12.2 

18 o8 

18 38 

19 50.5 ' 90 33·3 

21 16 .8 : 89 39·5 
48 25.B: :123 2:i.2 

49 t2.6 1 123 58.5 

1880 

1'8Bo 

I88o 

1880 

1880 

Jan. 21, 22, 23. 

Jan. 28, 29.' 

Feb. 10, n. 12. 

}'<'eb. 20 1 2I, 23. 

"Mar. 2, 3, 4· 

1880 , ~far. l-l; 1 9, :ro. 

t88o Mar. 12, i3, 15. 

t88o 

r88o 

:-10 36.6 

-Il 26.4 

1-15 09.7 

:- I 25,6 

:- 2 27.9 

1- 2 50.7 

. - 3 26.4 

·- 3 53.8 I- 4 03.4 
:- 4 44.0 

1- 5 47.2 
',_ 5 12.:; 

i- 4 49.3 
!+20 43.3 

!+11 13·7 

'+13 40.5 

- 6 19.2 

'._ 6 32.9 

'_ 7 26.3 

!- 7 10.5 
1

- 6 39·9 

- 6 36. 7 

6 25.7 

July 16, 17, 18, 

19, 20. 

June20,2J,24, 

25. 

Feb. r7. 

Feb. 27,28. 

Mar. 6, 7· 

Ncn~. 23. 

Feb. tS,19, 20. 

.P'eb. 24, 25, 26. 

Feb. 28. 

Mar. 6, 71 8 . 
Mar. x3, 15 1 16. 

Mar.28 1 29,3r. 

Apr. 7, 8, 9. 

.Apr. 15 1 16, 18. 

Apr. 23, 24, 25. 

Apr. 28, 29. 30. 

Sept. 8, 10. 

Sept. 16, 19. 

Sept. 2;. 
Jan. ·22, 23. 

Jan. 28, 29. 

Feb. 10, u, 12. 

J-i~eb. 201 21, 23. 

:Mar. '2, 3, .•. 

1\tar. 8, 9, 10. 

)far. 13, 15. 

May•· 
)lay 6. 

82 IJ.J J July 16,17,18, 
i9, 20. 

74 37.9? June :28, 29. 

52 30.5?1 Feb. 17. 

47 25.2 

48 u9.o 

-65 59.x 

55 50.5 

56 20. 3 

53 41.6 

52 23.4 

52 18.1 

52 18.4 

50 14.9 

43 32. 3 

48 06. 5 

49 3z.9 

74 39.2 

76 45.1 

76 25.7 
50 09.7 

49 35. s 
44- O.f.,6 

43 o3.3 
H I8.3 

46 2n. 7 

48 52. 3 
7r 22. I 

71 29.2 

Feb. z7, 28. 

Mar. 7 

Dec. 6, 7, 29, 30. 

Feb. 18, 19. 20. 

Feb. 24 125, 26. 

Feb. z8. 

;\far.6, 7, 8. 
I\far.13, 15, 16. 

Mar.28,29,31. 

Apr. 7, 8, 9. 

Apr. 15 1 16, 18. 

Apt. 23, 24, 25. 

Apr. "8 1 29 1 30. 

Sept. 8, 10. 

Sept. 16, r9. 

Sept. :z5. 

Jan. 22 1 :t3· 

Jan. 29. 
Feb.10, n, 12. 

Jfeb. 20, 2 r, 23. 

Mar.~, 4-· 

1far. 8, 9, 10. 

Mar. '3· 
May;. 

1.696 

3· 193 

6.505 

7 .oo7 

6.926 

5.~It 

6. 503 

6.448 

6.742 

6.823 

6.847 
6.858 

7 .035 

7.425 I 

7. 176 

7 .o63 

3.452 

J.104 

3. r91 

7.o55 

7.103 i 

7·391 I 

1 .39s ! 

? -)53 

7 .229 : 

7.090 I 

4.1o6 I 

33 Plover Bay.Eastern Siberia. 64 22.0 173 2x.5 1880. Aug.12,Sept.IJ·'.--18 25.s IAu~.12,Sept.13 74 46.4 IAug.12,Sept.1~ 3.262 

i 
34 Big Diomede lsl"d,Bering Strait I 
35 Michipicoten, Canada. j . 
36 Foot of Long Portage. Canada) 
37 Big Stony Portage, ( 'anada. \ 
3E Sandy Beach, Dog- Lake, Can.! 

65 44·9 ! 169 04.4 

47 56.0 : 84 50.6 

47 54.6 84 45.0 

48136 8415.3 

48 17.8 84 00.7 

1880 

1880 

1880 

J.880 

i88o 

'· 

Sept. IO. \-21 49.·.z 

Jul}r 21, Sept. 9. + l 20. ') 

July 24, Sept. s. \ + 3 14 .o 
July 27. 

1+ 4 12.1 

July 28. +' 1 19.3 

Sept. 1<). 76 15.0 Sept. lo. 

Jnly21. Sept. 9. 

July24,Sept. 8. 

July27,Sept.7. 

July 28. 

' 
2.981 i' 

2.860 

2.818 I 

2.750 I 
' 2. 784 1' 

.0782 i 12.53 I 
I ,I 

. 1+72 ~ 12:05. \ 

I I 
I I 

I 

.2999 i 

. 3231 

I 

. 3193 ! 

.2403 

. 2998 

• 2 973 
.3109 

.3146 

3157 
.3162 

.3244 

·342 4 

. 33o9 

. 32 57 

. 1592 

.1431 

.1471 

. 32 53 

10.69 : 

10.36 ! 

Io.38 i 

12.80 

II. 58 

II 63 

39 
II, 18 

11.20 

II .22 

11.00 

10.:t4 

IO.JI; 
Io.89 

13.04 
1 3· 54 

13.60 ! 

, J275 Hl.96 

.3408 H.}. z9 

. J4Tl 10.12 

.3390: 10.28 

·J313 lrL48 

. yz69 10. 78 

. 1893 ' 12.8.1 

ty14 12.42 

.1374 

.1Jl9 ! 

. 12 ~9 

. 1?68 ' 

. r284 

12.54 

.5778 f E. Goodfellow, S. ! do. 
Walker. 

.5554/I E. Goodfellow. M. 6, D. C. +· 

W.Eimbeck((;.Da- 1 Th. M. TI!. 
vidson). 
do. 

.4928 do. 

·~775 do. 

.4786 do. 

do. 

do. 
Th.M.lll,Harrow 

&Owen,D.C. 
do 

do, 

.5904 E. Smith, A.H. Scott. Tr. of \?enus ~L 
5, D. C. 105. 

. 5339 Lieut.S. !\£.Ackley, Th.~f.8,D.C.19 . 
U. S. N ., act. asst. 
C. &li.S. 

.5364 do. du. 

5251 do. 

. 5155 do. 

. 5163 do, 

. 5171 do. 

. 5073 do. 

· 4723 do. 

. 4956 do. 

. •pzo I do. 

.6or5 ]. B. liaylor. 

.6244 do. 

.6269 do. 

.5n78 S. M. Ackler 

5053 do, 

·47-t-4 do. 

.4668 do. 

·4737 do. 

.48281 do. 

.4970 ~lo, 

do. 
do . 

do. 
do . 

do. 
<lo. 
do . 
do . 

Th. ~L 9, D. C. 18. 
<lo. 

do. 

' Th. ~I. 8, D. C.19. 
llu. 

do. 
do. 

<lo. 

do. 
<lo. 

.;q251W.1!.Dall,~l.Bakcr. ll. ('.2r, 

·5727 

. 5781 

<lo. 

do. 

do. 

Lt.S. W. \'ery, U.S. 
N ., act.as~t.C.&ti .~ . 

do. 

do. 
do. 

do. 

1.\fag"c. Th.12.;.D. 

C. a. 

do. 

Bache-Fund '.\f. 

do. 

do. 
do. 
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~o. :\ame of stations. 

39 l Fairy Point, )lisslnaibi Lake, I 
Canada, 1 

40 :Missinaihl, Canada. 

41 Twin Portage, Canada. 
42 Kettle PortRge, Canada. 
43 Near Cedar Island, :l\-loose 

Rfrer, Canada. 
44 Near Small Falling Brook, 

Moose River. Canada. 

45 Moose Factory, Canada. I 
46 Camp near Gypsum Beds, Can. 
47 Long Gravc1 Bed, ~loose Riv-

er, Canaca. 
48 Store House Portage, Canada. 

49 Albany Rapids, Moose River, 
Canada. 

50 Moose River, just above a 
small cascade, Canada. 

51 St. Paul's Portage, Canada. 
52 Foot of swampy grounds 

Portage, Canada. 
53 Clarion Island, off Lower Cal. 

ifornia. 

54 Socorro Island, off Lower Cal
ifornia. 

55 La Union, Cbiquiriu Point, 
San Salvador. 

56 Acajutla, San Salvador. 
57 Cbamperico, Guatemala. 

58 Salina Cruz, Tebuantepec, 
Mexico. 

591 Port Escondido, Mexico. 
6o Acapulco, Mexico. 

6r Isla Grande, Mexico. 
60 Manzanilla, Mexico. 

63 t San Blas, Mexico. 
64 Point San Ignacio, Mexico. 
65 Santa Barbara. Ba.y, Me1<ico. 

TABI.1BS O:F MAGNETIC I~ESULTS-Uonti1111e1l. 

FOREHiN COUNTRIE8-Co11ti111H'fl. 

, I I 
i 

Lat. I Lung. I Year. ~lonth and clay. I Decl"n. ·Month and dav.i 

I_ . 
0 ' ! 0 

48 20.7 83 44.0 l I88o July 29. l-t- 3 22.2 

48 28.6 83 28.41 I88o July30,Aug. 1,0.11+ 2 2T.2 

49 12.3 83 24.4 I 1880 Aug. 5, 6. , 
1
+ 4 58. 1 

49 47.1 83 16.411880 Aug. 8. 1+ 4 15.1 
50 2r.1 82 .42.2 1880 Aug. Il, 28. !+ S t4.5 

So 36.4 

51 15.4 

50 50.0 

50 43.6 

50 04. T 

49 22.0 

49 07.7 

48 49.5 

48 41. s 

82 07.2 x88o Aug,"· I+ 7 56.9 
I 

Bo 40.5 t88o Aug. 14 1 17 1 20. 1+15 27.5 

St 15.4 1880 Aug. 25. j+ 9 52.9 
81 47.8 I88o Aug. 26. j+ 8 m.9 

83 16.1 

83 29. 8 

83 21.9 

83 23.5 

83 23.6 

1880 

1880 

1880 

t88o 

1880 

Aug. 29, 30. 

Sept. 2. 

Sept. 3. 

Sept. 3, 4· 

Sept. s 

! 

I+ 4 s4.6 
!+ 4 Il.O 

I 

I+ 4 2'"4 

1+ 4 10.2 

:+ 0 12.7 

18 19.6 I 114 41 .9 I 1880 I Oct. 9. 

18 42.8 I uo 54.2 ! 1880 ! Oct. 12. 

- 8 23 

1- a 49.6 

13 17.2 

13 34.1 

14 17.6 

16 og.6 

87 46.4 I t88o i Nov. 3. 

89 50.71 1880 Nov. 7. 
91 55 .o 1880 Nov. IO. 

95 26.7 1880 Nov. 14, is. 

- 5 59.0 

- 6 15.3 

7 oo.4 

7 17 .2 

Oct. s. 

Oct. 11. 

~ov. 1, 3. 

Nov. 6. 

Nov. q, 14. 

16 04.1 96 56.7 1880 ' Nov. 19. 

i6 49.:J 99 56.3 1880 I Nov. 23, 24. 

- 7 41.7 Nov. 17. 

17 40.5 101 41.4 1880 Nov, 28. 

19 02.8 to+ 20.5 188o Dec T. 

7 56.6 Nov. 22, 24. 

7 26.4 ........ 

8 05.0 Nov. 30. 

., 30.21 ro5 rS. 1 I 188o I Dec. 5. 
25 36.5 IO<} 17. 3 188o . 20. 

2641.5 10938.4 188o Dec.>3. 

- 9 18.1 I Dec. 4. 
-10 15.3 ...... 

-10 <t-8.4 Dec. 22. 

~ ! Dip. Month a11d 

July 29. 

.~ug. 2. 

Horizontal 
force. 

llrit. :c.G.S. 
unit~. unitH. i 

2.751 

2.720 : 

.1268 i 

.1254 ! 

Total force. l 
Brit. G. S. 

units. units. ~ 

Aug. 6. 2.6-,8 1 .1216 
1 

Aug-. 8. 2 474 . 1141 \ 

Aug 28. 2.453 .n31 , 

Aug. n,_12. 2.312 .1o66; 

Aug. 15, 20. 2. 110 ! ,0973 

' 39 34 .0 

41 18.7 

38 23 9 

37 49· 7 

40 08.5 

Aug. 29. 

Sept. 2. 

Sept. 3· 

Sept. 3· 
Sept. 5. 

Oct. q. 

Oct. 12. 

Nov. 2. 

Nov. 7. 

Nov. 14, 15. 

39 13.21 Nov. x7, 18. 

40 .QS.5 Nov. 23, 24. 

43 15.8 I Dec. t. 

46 20.8 I Dec. 5. 

52 21. • I Dec. 23. 

2 •• po ! 
2.540 

2.589 ' 

2,643 I 

2.752 

7.357 

7.513 

7.284 

7.498 ' 

7.479 

. 1039 

. IIJI 

. 1194 

• 1219 

.126g 

.3392 

.3464 

·3359 

. 3457 

.3448 

9.54 .4400 

10,00 .4612 

9.29 .4286 

9·49 I •4377 

9.78 .4510 

7·504 I .346o I 9.68 , .4466 
1.518 .3466 9.83 I .4534 

7.320 I .3375 I rn.os I .4635 

7.204 I .3322 I 10.43 I .4812 

6.735 I .31os I u.01 ;, .so84 

Observer. 

S. W \'ery. 

do. 
do. 

do. 
do. 

do. 

do. 
do. 
do. 

do, 

do. 

du. 

In~trumenb. 

llache-l'unrl M. 

do. 

tlu. 

ilO. 

do. 

do. 

rlo. 

do. 
do. 

do . 

do. 

do. 

do. du. 

do. do. 

Lt. l!. E. Nichols, lJ. Th. ,I. III, D. C. 
S.N.,act.asst.t.& 
G. s. I IO. 

do. I do. 

<lo. 

do. 
do. 

do. 

do. 

do. 
do. 

do. 

do. 
do. 

do. 

do. 

do. 

Th. M. III. 

Th. M. III, D. C. 

do. 
do. 

Th. M. III. 

Th. M. III, D. C. 

do. 
Th. :\1. III. 
Th. M. III, D. C. 

IO. 

..... 
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0 
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66 Guayma.q, Mexico. 

fi7 Tiburon Island, Mexico. 

68. Rocky Point, Mexico. 
6<j Philipps' Point, Me~co. 
70 Point San Felipe, Lower Cal

ifornia. 

71 I San Luis Gonzales, Lower Cal
ifornia. 

72 I Santa Teresa Bay,LowerCal
ifornia. 

73 I Santa :Maria Cove, Lower Cal-
ifornia. 

74 Mulege. Lower California. 
75 Loreto, Lower California. 
76 Isle San Josef, Lower Cal

ifornia. 

77 Plchi\lngue Bay, Lower Cal
ifornia.. 

78 La Paz, El Mogote. Lower 
California. 

79 ~azatlan, Mexico. 

~an Jose de! Cabo, LowerCal
ifon1ia. 

8o Cape San Lucas, Lower Cal
ifornia. 

Magdalena Bay, Lower Cal
ifornia. 

81 Pequelia Hay, Lower Cal
ifornia. 

82 Point Abreojos. Lower Cal
ifornia. 

Ascension Island. 
Cerros Island. 

83 Guadalupe Island, Lower Cal
ifornia. 

84 San Geronimo Island 1 Lower 
California. 

San :\tartin Island, Lower Cal ... 
jfornia. 

85 To<1os Santos, Lower Ca} .. 

ifornia. 
86 "'arh.Hngton flarbor, British 

Columbia. 
87 Anchorage Cove, Kingcomc 

Inlet. llritisil Columbia. 
88 Port McLaug\\l!n, British Co

lumbia. 

27 54.8 

'l9 11.5 

31 17 .2 

3r 46.1 

31 oz. t 

'29 50.9 

no 52.6 J t88o 

112 27 .o lg~~~ 
113, 33, I r88t 

n4 43·4 j i:88:a: 

114 49.8 I 1881 

114 25. 41 1881 
I 

Dec. 28. 

}Jan.1. 

Jan. 5. 

Ja.n, 9, IO. 

Jan. lJ. 

Ja.n. rs. 

28 25 l \ tr2 5i.9 ! r88r ' Jan. 18. 
' I 

?-7 25.2 \ 112 19.51 1881 Jan. 20. 

I 

:z:6 53.81 ur 58.2 1881 !. Jan. 25. 
26 ox.i: xn zo.5 1881 Jan. 28. 

24 55.0 no 37.3 1881 : Feb. I. 

24 15.5 l tro 20.1 \ 1881 ~ Feb. 5. 
I 

24 10.2 t no 2J.7) 1881 ! Feb. 7. 

'ZJ II.5 Io6 26.6 z881 

:23 ?3-6 JOQ 41.2 1881 

22 53.6 roe;> 54. 7 1881 

24 38.4 112 08.9 ' t881 

26 IS·9 It2 28. 5 1881 

Feb. 13. 

Feb. r8. 

Feb. zo, 

Feb. 24. 

Feb. 28. 

26 47.0 IIJ 3t.2 

27 06.0 114 t8.4 ! 

1881 j Mar. 3. 

I 
t88J ~1ar. 5. 

2B 03.4 ns 11. 3 ' 1881 I Mar. 9 

:;18 55<~ 118 15.1 1 188r .Mar. 19. 

'9 47.2 115 47 7 i 1881 Mar. 25, 26. 

30 2g.4 u6 07.2 •88r Mar. ::;o. 

31 5x.4 u6 37.6 188t 1\pr. 3. 

,50 54.0 124 49·5 I881 July 30, 

50 52.8 126 11.7 1881 Aug. 1. 

52 08.4 1'28 10.3 tl!81 Aug. 7. 

- [l 48.0 

-11 5Q.3 

-13 27.0 

-13 05.7 

-12 ,i:;7.2 

-12 27.3 

-lI 42.0 

--TI o6.3 

1

-rr 13.4 

-to 16.3 

1.- 9 47.6 

9 45• I 

u9.2 

9 39·4 

9 41.8 

9 26.2 

1-Jf) 29.1 

]'-Io v.1 

' 
i 
-·11 15. 5 

-l! 23.0 

-II 58.6 

-l2 54.8 

-l2 42.2 

-12 55·7 

l
··-12 oo.8 

-25 22.0 

I 1-25 .u.7 

1-26 40.9 

Dec. 27. 

Dec. 31. 

Jan. 4. 

Jan .. 8. 

Jan. 12. 

Jan. 14 

Jan. 17. 

Jan. 19. 

Jan. 24. 

Jan. 27. 

Jan. 31. 

FeU. 5-

Feb. 6. 

Feb. r2. 

Feb. 19, 20. 

Feb. 24. 

Veb. 28. 

)1ar. 2. 

:'>tar. 4· 

Mar. 7. 
;\-lar. 18. 

Mar. 23. 

Mar. 2<J. 

,\pr_ 2, ~. 

July JO. 

Aug. 3. 

Ang. 5, 6. 

s~ 58.0 

54 59.2 

57 q.7 

57 3" 8 

56 25. 2 

55 II. 3 

53 49.0 

52 56. 8 

52 05 .5 
51 on_8 

i 49 38.5 

49 48. 5 

49 lO,I 

48 15.8 

47 2J. 2 

48 18.7 

51 48. I 

51 47.7 

I 51 43-4 
.52 55.0 

SJ 38.9 

54 30.0 

55 34·4 

58 30.6 

1' '8.6 

72 46. t 

73 12.1 

Dec. 28. 

Jan r. 

Jan. 91 10. 

Jan. 13. 

Jan. r5. 

]an. 18. 

Jan. 20. 

Jan. 25. 

Jan. 28. 
J<'eb. r. 

Feb. 5. 

f .. eh. 7. 

Feb. 13, 

Veb. 20. 

Veh. 24. 

l'eb. 28. 

~1ar. 3· 

Mar. 5, 

Mar. 8. 

Mar. 18. 

Mar. 2 5· 

Mar. 30. 

Apr. J· 

July 30 

Aug. 3. 

... ug. 7. 

6.6r9 

6.477 

·o 

6. 184 

6.272 

"·425 

6.571 

6.681 

6.724 

6.789 

6.838 

6.885 

7.<n ~ 

7.o49 I 

IOJ 

7.032 

6.689 

6.705 

6.7t:o 

6.603 

6.421 

6,43o 

6.371 

6.044 

4.005 

3.808 

\.785 

.3052 

. 2986 

.a'38i 

.2851 

• 2892 

. 296z 

. 303u 

. 3080 

.3100 

.3110 

·3 1 53 

. 31 7.5 

• -p38 

.3250 

• 1275 

._r.l.p. 

.3084 

. )092 

'1°94 

. 3045 

. 2961 

.2965 

.2940 

. 2787 

• 1847 

. 1756 

.1745 

10.991 
ll ,29 

II .55 

:u.52 

II .34 

II .25 

II. 13 

II.Lil) 

10.94 

m.79 

10.56 

! 
ro.671 

to.74 

10.59 

.5o67 

.5204 

.5327 

.53n 

.5229 

.5189 

. 5132 

.5u2 

. 5046 

·4975 
.4869 

.4920 

.4g52 

. 4!=!82 

10.491 .4837 
\ 

10.,0-,7 

In.8'..? 

lo.84 

I0.83 

In.95 

10.S;t 

II .07 

II .28 

ll ,57 

12.94 

12.86 

q.io I 

. 4875 

.4987 

.49q9 

·4994 

.5050 

4995 

. 51n6 

.5200 

·SJ.l> 

.5u69 

.5928 

. 6o3B 

H. ~~. ::-iichols. 

do. 

do. 

do. 

do . 

do . 

do. 

do . 

do . 

do. 

do. 

do. 

tlo 

do . 
do. 

du. 

do . 

do. 

do. 

do 

rlo. 

rlo . 

do . 

do. 

do . 

do . 

do. 

cto . 

I 

do. 

do . 

do. 
rlo. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 
Th.~!. 111. 

Th.~!.lll,D.C.10. 

do. 

do 

do. 

do. 

do. 

do. 

do. 

do. 

rlo. 

do 

do . 

do. 
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!'o. 

Bo 

90 

9' 

92 

93 

94 

95 

96 

97 
98 

99 

JOO 

tot 

103 

104 

105 

Xame of stations. 

Port ~impson. British Colum

bia. 

Rose Harbor, Queen Charlotte 
bland. Hritish Columbia. 

Xorth llarbor, ~Juatsino 

Sound, Hrifish Columbia. 

"Friendly ( ·ove, ''anrou\·er 
Island. 

Esquirna1t, Yancouver lsland. 
Departure Hay. British ( 'o

lumbia. 

Twillingate, N ewfoundlanil. 

Turnavik, Lal>rador. 
Grady, I,ahrador. 

N ain, Labrador. 
Uattle Harbor, Labrador. 

St. John's, Newfoundland. 
8t. Pierre de :Miquelon, (;ulf 

of St. Lawrence. 
Sydney, Cape Breton. N oYa 

Scotia. 
Arichat, ls1e 'Madame, No\~a 

Scotia. 
Halifax, Nova Scotia.' 
Yarmouth, Nova Scotia. 

Weymouth, Nova Scotia. 
Annapolis, Nova Scotia. 
Windsor, :'Ii ova Scotia. 

TABLBR OF :\L\GNETlO HESFI/1'8-Continnetl. 

FC>REl<lN VOUNTHl.E8-Coutin1u•cl. 

Horizuntal 
force. 

I.at. Long. \"ear. Month and day. Dccl'n. IMonth arnl day.: Dip. Month and day.: 

54 JJ.6 : qo 22.8 1881 

)2 (.)().I 

50 29.4 

49 35. 5 

48 25.4 

49 12.6 

49 39.2 

55 14·9 
53 48.2 

56 32. 7 

52 16.3 

IJI 15.0 

128 03.6 

12·6 37-5 

123 26.3 

123 57 

54 46. 2 

59 IQ.O 

56 25 ·3 

6r 40. 7 

55 34· 5 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

188t: 

1881 

1881 

47 34.4 52 41.9 : t881 

46 46.8 56 10.6 : 1881 

46 o8.6 6o rr.6 1881 

45 30.5 6r or.1. 1881 

44 JQ.5 63 35 t881 

43 4g.9 i 66 07.2 1881 

44 24.4 : 65 59.8 1881 

+I 44.5 

H 59.6 

65 31. I t88t 

64 08.4 1881 

.·\ug. IO, 12. -27 54.1 

Sept. 20. '-26 oo.6 

Sept. 24, 2s. -24 E3·7 

Sept. 27. -23 ]6.2 

Sept. 30, Oct. 2. 1-22 SS .6 
Oct. 7. ·-23 55.6 

·I 
July II, 12, 13, 16 i+33 59.2 

July 28, 29. :+40 22. 8 

Aug. 3, 4· ,~f 39 o3 .S 

Aug.11, 15, 17, 18.,+.14 50.2 

Sept. 5, 6, 7, 8. 

Sept. 26, 27, 28. 

Oct. u, 12 1 13. 

Oct. 21, ?-"2. 

Oct. 26. 

i+37 12.7 

,+30 37.3 
·+28 20.8 

'+:25 II .8 

+23 2 5·9 

Nov. 7, 8. "+•1 49·4 

Nov. n. +18 43.4 

No\.·.1,4, 15, 16. :+19 26.8 

No\~. 22. +20 42 ·3 

Aug. 9. 

Sept. 19. 

Sept. 22. 

Sept. ,,6. 

Sept. 29. 

Oct. 6. 

July 9, u, 16. 

July 28, 29. 

Aug. 3, 4, 5. 

Aug. 11, 14. 19. 
Sept. 6, 7, 8, 9. 

Sept. 26,27, 28. 

Oct. 11, 13, 14. 

Oet. 21, 22. 

Oct. 26. 

Nov. 2. 

No•·. 7. 

Nov. 10. 

Nov. 14, 15. 

NO\'. 21. 

74 2! .0 

72 30. 2 

71 41.3 

7I 33.0 

7' 30.3 
71 42.2 

75 57 

79 56 

77 49 

78 22 

77 16 

74 37 
75 02 

75 

74 13 

74 29 

74 35 

74 45 

74 53 

74 4Y 

Aug. I01 12. 

Sept. 20. 

Sept. 24, 25. 

Sept. 27. 

Sept. 30, Oct. r. 

Oct. 7. 

Brit. 
units. 

~· 50~ 

3.885 

i 4.050 

4.083 

4.080 

4.o66 

July Il 1 12, J3.: 3.050 

July 28, 29. 2.243 

Aug.3 1 4. 2.775 

Aug. n, 15, 19. 2.607 

Sept. 61 7, 8. 2.770 

Sept.26 1 27 1 28. 3.300 

Oct. u, 12, 13. 3.255 

Oct 21,??. i 3.286 

Oct. 26. 

Nov. 2. 

Nov. 8. 

Nov. 10. 

Nov. 14, 15. 

Nov. 22. 

3.435 

3.459 

3,474 ' 
3.461 

3.428 

3.423 

C.G. S. 
units. 

1613 

.1791 

.1867 

.1883 

. 1881 

.1875 

1406 

.1034 

'1279 

.1202 

.1277 

. 1522 

·.1501 

. 1515 

1584 I 

.1595 

'1602 

. 1596 

. 1581 

. 1578 

Tota 1 force. 

Btit. 
units. 

12.98 

12,Q'.J 

12.89 

12.90 

12.87 

12.95 

12.56 

12.83 

13.15 

12.93 

H?.57 

12.44 

12.60 

12.8.i 

13.03 

12.93 

13.07 

13. 16 

13.14 

q.07 

l'. G. S. 
units. 

. 5987 

.5957 

. 5942 

. 5950 

. 5930 

.5973 

.5792 

.5916 

.6o6o 

.5g6c 

. 5794 

. 5737 

.581a 

. 5918 

.6009 

.5962 

.6026 

.6o68 

.6o6a 

.6025 

Obsen~er. 

II. E. Nichols. 

do. 

do. 

do. 

do. 

do. 

Lieut. S. W. Very, 
-~--1. S. N., Bet. asst. 
C.&G.S. 
do. 
do. 
do. 
do. 
do. 

do. 

d<) . 

do. 

do. 

do. 
do. 
do . 
do . 

Instruments. 

Th. M. III, D. C. 

do. 

do. 

do. 

do . 
do. 

Bache-Fund M. 
D. C. 20. 

do. 
do. 

do. 
do. 
do. 

do. 

do. 

do. 

do. 

do. 
do. 

do. 

do. 
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UNITED STATES COAST AND GEODE'fIC SURVEY. 193 

ALARA:\IA. 

1. Fort ,lforgan.-The station is 1200 feet northeast of the main statiou1 the latter being on 
the northwest· bastion of the fort. 

2. llfo1itgomery.-'rhe station is ucar the northeast corner of Capitol square, and is marked h~· 
a marble post sunk flush with the surface of the ground, and inscribed with tlte letter>< U. 8. C. S. 
The geological formation is a deep-red clay, ccwered with rich. black loam 1 to 2 fopt deep. 

3. ,lfobile.-The station is in the public square, 2 ro feet nortll of the positio11 of the transit in 
the astronomical observatory. The surface of tlle grotrncl cou:-;ists of white sand: water at a depth 
of 4 or 5 feet. 

4. Lower Peach Tree.-The station is 47 meters dm• north of the lnugitmle. station at this place. 
The geological formation is red clay, cm·ere<l b;y a light, sand~· soil to the depth of G iuche». 

5. Eufwtfo -TLe station is near the west side of For.~yth street, a few meters uorth of Wash
ington street, and 594 meters due sontl1 of the Coast Snrrny longitude statiou. The geological 
formation is red clay, coYered with a lighL sandy soil to tl1e tl<~pth of 2 feet. 

6. Florence.-The station is on the northern almtment of the railroad bridge across the Ten
llessee River at Florence. The station of r88r is in the gronnrls of the Synodical Female College, 
and is marked by a post sunk even with the ground. Tlte fonmitiou is limestone. 

·7. Indian .Jfountain.-'l'he station is about one-half mile SOllth and two miles east of the trian· 
gulation point. 

8. Decatur.-The station is in the open lot across tlle street from the Polk llouse. It is 
marked by a post sunk ernn with the ground. 

ALASKA TERIUTORY. 

i. Sitka.-The station of 1867 was about 57 feet east of the olil Hn;;;;ian OhsenatoQ~ on 
Japonski Island. The station of 187+ was ou the parade gronud, 32.2 meter" from the quarter
master's store-house, 23 meters from officers' quarters, 8+.3 meters from custom-liouse. The station 
of 1880 and of 1881 was on Japonski Island, 31 meters south of the old Hussian Obsen·atory, and 
167( meters from the small house near the observator;r. 

2. Kadiak.-The station is the same as the astronomical station of 1867, at Chagafka Con. 
- 3. Unalashka.-The station of 1867 was a few feet west of the astronomimll ~tat ion of the same 

year, in Captain's Harbor. 'l'he station of 1871 aucl sub:sequent year:s was ou the small flat on the 
north side of tbe north entrance to Iliuliuk Hai·bor. 

4. Kohklux.-The station is 154 feet south of the astronomical station. Iron ore abounds aad 
the soil is full of it. 

5. Ohichtigo.ff' Harbor.-The station is 87 .5 meters from the flag.staff near tlw village, which 
bears S. 270 41 E. (maguetic). 

6. Kysk<i Harbor.-The station is southwest of the Yillage on the to1) of thP saud hlnff. The 
cross on same bluff is 54.3 meters, S. 40%0 E. (magnetic). ~tatiou is 10.3 meters above the water's 
edge. 

7. Amchitka Island.-The station is at the mouth of gully in middle of high grassy bluff west 
of lake 'on south shore of harbor. 

8. Ada.kh Island.-The station is on nortll point of small islet 011 the Wl'St side of narrow en
trance to the large hay. It is nearly <lue east from tl1e site of an old i1bando11ell village. Height 
above water's edge about 15 feet. 

9. Atka. Jslmul.-The station is on a slight elevation 20 foet northeitst from the northwest 
corner of the chnrch in the \'illage at Nazan Bay. 

10. Popoff Strait, Humboldt Harbor.-The station is identical with Sll1ul Point triangulation 
station on the north end of an old raised beach at the end of the sand pointy'aaottt 8 feet '&hove 
half-tide level. " L11oq ,,ni:;:.' . .. ., 

n. Lititya Bay.-The station is on the grassy part of the spit near ,a; ~malt·oon~ treeS.,: ttJ!e 
Jotil;Y'10ieed:m.Jtimt,~t'fd11:;4eispi(il ·1:Hi1: di ·1') 1;0: ":'1 u. f:.i 11· >;:!:- -- _.,"., ·: .,1_,,,.\\ 1 ;. 

12. Port ;l{ulgrave.-The station is on the upper edge of the spit, which-lfa.l~ aWll.y-t-o tl~1~f.
ward, close to the edge of the grass. In r 880 the point was marked by a pile of stones. 

S. Ex. 49--25 



 

194 REPORT OF THE SUPERINTENDENT OF' THE 

13. Port Etclte.s.-Tlte statiou is 011 a 11anuw ueck of gTa,·el cmrnecting a small rocky and 
wooded knoll with the soutl1east ,..,hore of the liarhor, half way between the knoll and the rise of the 
main shore. 

14. Cltiriko,ff' I.~lmHl.-Thc station h; on the top of the heach, just west of the first small stream 
west of th<> first high, rocky bluff east of the YillagP. lt is 580 meters from the month of the stream 
at the Yillage. 

15. Semirli IHlanils.-The station is OH a tiattenetl rock some di;;tance a hove !mt close to the 
watf'r on the sontl1east edgP of Auowik Island, 011 tbe sn.mll strait which separates it from Keelee-
tagikh Island. · 

16. Chiaclii 1.~lan<k-The statiou is at the top of the beach 11ear a small rill of water that 
issues from the shingle. 

1 7. Clti[!uik JJa.IJ.-The station is midway between the two ends of the spit at the top of the 
beach, just to the eastward of a clntnp of aldeni ou the edge of the grassr mound. 

r8 • . K. TF. Harbor, Little li'oniuslti.-The station is identical with East Base triangulation sta
tion, 40.5 meters southca8t of thP astronomical station. It is ou the summit of a small knoll, 12.5 
meters ahovP high water, and 36 meters from the nearest point of the top of the beach. 

19. 1.'iaint l'aul J.~lan<1.-Thc station i:,; on the grass.)- fiat, 67.3 meter:,; to the northwest of the 
astronomical station, in liue with the eross on the new church spire arnl the astronomical station. 

20. l\'uuiuak Island.-Tlle station is close to the top of the sand beach uear its southeastern 
extremit.1-, 55 feet north westerly from tile astronomical statiou. 

z 1. llaymtister I.~land.-The station is on the end of the Jong gravel spit which makes out from 
the mainland toward the north end of Hagiueister Island. It is just within the edge of the grassy 
part of the s1)it, 40 llleters from half.tide leYel east, of it. 

22. Po;·t Jlfoeller.-The station is on the extremity of the inner spit forming the harbor, just 
within the edge of the grassy top of the spit. 

23. Ka1!arrn Bay.-The station is near the salmon fisher~· of the late Charles Bara.no,·itch, at one of 
the lu~ads of Kasaan Ba,r. It is 40 to 50 meters nortl1 by east from the house occupied by his family. 

z..i. Fort Wrangelf.:_'l'he station is within the old stockade near the middle of the southwest or 
shore sitle. The station of 1881 is <lirectly in front of the middle of the Catholic church and 75feet 
tfo;taut. It is about 200 feet from the old statiou. 

2 5. I'orerotni Station.-The station is at high-water mark on the southem shore of the small 
cove of which Peril Cape forms the westem head. 

26. 1lfarblc Blu.ff.-'I'he statiou is at high-water mal'k on the western shore of Admiralty 
Island, uearl.1· opposite the m1tra11ce to the uew hal'lwr. 

27. Near Point Jllm·sdcn.-The station is at the top of a shingle beach in a slight indentation in 
the westeru shore of Admiralty Island, just son th of Point Marsden. 

28. Point Whi<lbey.-The station is on a shingle aml IJowlcler beach in a little indentation in the 
uorthern shore of the peninsula called Point \Yhidbey. 

29. l'yrainid L~land Harbor.-The. station is 011 the edge of the poplar and willow timber, about 
Bo or 90 meters from the water's edge. It is south (maguetic) from the westeru edge of Pyramid 
Is laud. 

30. Seduction I.s/.a.nd.-The station is on the southernmost island off Seduction Tongue, on a 
rock~· promontory 50 or 60 feet high, from which a clear view was obtained up and down Lynu 
Canal. 

31. Hot Sptin[/8 Bay.-The station is a short distance from the shore of the cove into which the 
water from tlie hot springs runs. 

32. Port Altltoi]J.-Tlie station is on the crest of a grassy ridge connecting the north and south 
parts of George Island. It is 8 or 10 feet above high-water mark, and 12;i meters north of tlte 
·astron@uncal stati-0n. 

33. Coal ( U!1olnvi) Point.-The station is on the extreme southeast point of the spit, a few feet 
Ml.s~deo£higb·w,a.tm:,111<i.rk-. ". ,, .,:'J __ ,,;\.:\'.''',,.\ :1 1 

3-+· IJangerous Oape.-The station is on the top of the blufffolllJlingtthe ca.~,;a1i1i'inboo.i,zQ<_(oet 
fr~m·iils western.verge,· · . , 1 , ; • :' ,_;,, ; i --.• \L \ \\J'\ .s: 

,: I ~~ .,;f 1 'J.1 ,•1~h·, .,d 1 oi ~)~oL;, ,h·urf/ 
f-~:----n~, .1~·! .~ 
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35. Dolgoi Island.-The station is at the top of a small beacb, just within the, bluff-head form
ing the southern extreme of Dolgoi Island, and known as Dolgoi Point. 

36. Belko:ffsky Settleinent.-Tlte station is at tlw top of the beach, at the edge of tlie small flat 
in front of the bank on which the tow11 is built. It is about 260 meters :S-., 24 o E. (magnetic) from 
the flagstaff' in front of the house of the Alaska Commercial Oompany'8 agent. 

37. Near Cape Li8burne.-The station is about J miles to the east and nortlt from the extreme 
end of Cape Lishurne, on the east side of a stream which here falls into the Arctfr Ocean, and just 
above the beach, on a small, sandy level. 

38. Sandp Beacli, brtween Point Cay and Icy Cope.-The station is about r o mile,; to the south
ward of Ic;r Cape, on the spit or sand bar which lie.8 oft' tbl' main coast. There are no permanent 
landurnrks. The station is at the top of the beacl1, or on the edge of tlw top of the spit. 

39. Near Point Belcher.-The station is on a flat grarnl heaeh, between a lake or lagoon and tlw 
sea. At the easteru end of the lagoon, which is a mile east of the station, tlie natins haYe erected 
a beacon of whalebones. A mile west of the station is a deserted Yillage. 

40. Okamisso Harboi'.-The station is nrntr the end of the small. grayel spit at the eastern end of 
Chamisso Island, abo,·e high-water mark. It is mm'ked by a stake and pile of stoues. 

41. Port Clarence.-The statio11 is on the eastem shore of the low spit called Point Spencer, on 
tlrn northwest part of a small bight, 011 whose opposite head were the ruins of some nativ\•. houses. 
It is on the level surface of the spit, 28;f meters from the water's edge. 

42. Gove Point, OJwrnojf.~ky Bay.-The statimt is ou the western side of the corn formiug the 
harbor, about 35 meters toward the village from tile end of tlrn low, grassy point. 

43. Sliukan.-The station hi on the south side of the iulet, about one mile from the entrance. 
It is abont 20 feet from high-water mark, i11 front of and midway between the two eastermnost balf
ruined log houses. The soil consist..s of loam orer a1;;hes and gra\-el. The station is marked by a 
post and buried bottle. 

44. Howcan Jl[ission.-The station is at the westeru end of a leYel, clear space, just to the ea1-1t
ward of the Indian village of Bowcan. His ahont 30 feet from the bank, and is marked hy a pine 
post 3 feet high, with a oottle buried at is base on the eastHn side. The soil was earth z feet deep, 
then solid stone. About the vicinity are many large howlders of granitic formation. 

CALIFORNIA. 

1. Point Conception, El Coxo.-The station is on the flat near the landing at Cox:o. It is prob· 
ably iclentical with the astronomical station of 1850. 

z. Point Pi.no.~.-No description filed of station of 1851. Station of 1873 is r69.72 meters 
from astronomical station of r851-'52, mid bears from it S. 75° 53'.5 \V. 

3. San Diego, Point Loma.-The station of 185 r was the astrouomical station at the entrance to 
the harbor. The station of 1853 autl r872 was on the Playa, 70 fee,t 11ortl1 of theohl barracks, now 
torn down. The station of 1881 w11s 20 feet south of that of 1872. 

4. Pre.~idio.-No description filed ofstatfon of 1852. The station of r8p was 7 foet 83(; incites 
north, and 27 feet 5 inebes east of astronomical station Presidio. The station of r 872 and 1·mbse
quent years \Vas identical with the astronom:cal station. 

5. Bu.ck.~port.-T!te station waR r 5 feet smith of tlrn astronomieal station. 
6. San Pedro.-The station of 1853 was near Sepuh-eda triaugnlatioll 1-1tation, 011 tlrn open plain, 

about 3 miles north of the anchorage. The station of r 88 r was on t-0p an<l close to the edge of the 
'bluff above New San Pedrn Yillage; it is about 60 feet above thP Hea. It was marked by a red· 
wood stick projecting ;i,bont Mi feet, alld 4 pieeei,; of whit~ marbhi placetl around it. 

7. 8an Luis Obispo.-The station is in the little rnlley of the first, ra.yine west of San Luis 
Creek, and about 200 foe,t north of the trestle-work of the railroad. A redwood timber projecting 
3 feet marks the place. 

8. Humboldt.-The station is 11t the western foot of the bln:tf1 and is marked h,v a post project
ing 3 feet above the ground. 

9. Jlfonterey.-The station of 185+ Wlts nea,r the barracks of the redoubt, about r 50 sards south 
of the officers' quart.ers. The station of 1881 was m'ar the ruins of tbe magazine, the south west 
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corner of the building called •'officers' quarten;" bore N. 84° 48' E. (magnetic), and was distant 
l 2 7 feet. It was marked by a pirw timber pr~iecting about 4 feet. 

10. Tornale.~ Bay.-The station is 011 the line from geodetic station to stove-pipe on Preston's 
house. The soil restl' 011 conrse granite rock. 

r r. Ro8s Jfountain.-'l'lie l'tatio11 is 143 feet from the geodetic station on the line to Sonom:i. 
J\Ionntaiu. 

12. Bodeffa.-The station is 679 yards from the geodetic station on the line to the signal on 
Bodt>ga Rock. It is on the sid(~ of the rise from the first gully south of Mr. Gill's house, and is 
marked by a sprnee block 5 feet long· and l 2 inches in diameter, sunk 2 5,~ feet in the ground, with 
a copper nail driyen in the top. 

13. Santa RarlJ((m.-The station of 1869 was ro28 yards north-northwest from the geodetic 
Htatiou ou the ontermost spur of the hill. The :-;tation of 1881 was a little west of the long wharf 
on Bnrtou .1.\Iuuml, uear tire uorth end of the Burton Honse, and 20 foet east-southeast from the 
pole at Burton Station. 

14. San Bue1w1.·enturn.-The station is 700 feet. ~. o0 541.6 ,V. of the geodetic station, and is 
marked by a block set firmly in the ground and prqjecting 3 feet, with a nail driven in the top and 
branded with the ll'tters U. S. C. S. 

15. Domingue~ Hill.-The station is 5-i..6 meters from the geodetic station in azimuth 1960 02'.6 

from it: or on the line fo the sliarpest peaked mountain north-northeast of Los Angeles. 
16. l'unta Arena.-Tlie station i8 011 tile school-house lot on the crest of the plateau north of 

the Yillage Arena, and on the west side of the road. Northwest of it, 12 or 15 yards, are two pine 
treeR, the eastern one hlazetl aml marked by a nail. A redwood block with brass screw in top 
mark:,,; the spot. • 

l 7. San Diego, new tmcn.- The station is near the southeast corner of .Ash and Seventh 
streets, almost on the line of I lie east side of SeYenth. It is 60 feet south and 15 feet 7 inches west of 
astronomical station of 1871, and is marked by a redwood post, 6 inches square, projecting 3Yz feet. 

18. Eureka.-The station is 39.3 feet south of the astronomical station on the prolongation of 
the line \Vest Point-Eureka. 'fhe spot is inclicated by a block of fir planted in the ground and 
marked on top. 

19. Lake Talwe.-N o description filed, but point marked on plane-table sheet. 
20. Table Jlfountain.-No deseription filed. 
2r. Nontieello.-No description filed. Northeast of trigonometrical station, about 30 or 40 

meters distant. 
22. Vaca.-The station bears 12° 391.3 east of north, and is distant 100.5 feet from geodetic 

station. 
23. SacMniento.-The station is in the Capitol grounds, near L street, a short distance east of 

the Twelfth-street gate. It is marked by a bottle buried two feet deep and a pine stub. 
24. Blne Oa11on.-The station is upon a slight. eminence, just above the Central Pacific Rail

road track and near the school-house. A bottle buried 18 inches and a large rock with a cross cut 
in the npper snrfaee mark the place. 

COLORADO. 

1. Denrer.-The station of 1873 was 100.22 meters north of the transit instrument. The sta
tion of 1878 was iu a large, open lot at the corner of Seventeenth street and Broadway. The soil 
is principally a black loam. 

2. Colorndo Sprin,q.~.-The station of 1873 was 161 feet north of the tmnsit instrument. The 
station of 1878 was in the public square on T'1jou street, in the rear of the school-house on Cascade 
iwenue. 'l'he soil is black loam mixed with gravel. 

3. Wc.~t L1111 Anima.~.-The station is the same as that used by the ~~merican observers in their 
obsern1tions of the solar eclipse of 1878. The soil is a sandy loam. 

4· North I'ueblo.-The station is in tbe cent.er of a large open square on Court street, due south. 
of the court-house. The soil is principa.lly sand and gravel. 

5· Greelcy.-Thc station is ou the pulllic scliool·house grounds, in the large open spaoo east of 
the building. The soil is a light·gray, sanely loam. 
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CONNECTICUT. 

1. Tashua.-In 1833 no description given; supposed to be identical with geodetic station. The 
station of 1863 is 392.31 meters northwesterly from the geodetic point; from t!JL· stone wall, 11orth
erly, 18.05 meters; eaxterly from copper nail in oak tree, 3.80 met-Ors; southeasterly frorn coprwr 
nail iu hickory tree, 7.62 meters; southwesterly from CO}lper nail in hickorr tree, 13.94 metffs. 
The point is marked by a hickory stub, into which a copper nail was drin•n. Obser\'atious for dip 
were also made at a point 50 met-0rs southwesterly from the geodetic station, and 111,011 the top of 
the hill. The geological formation is micaceous rock, coYered to a good depth with light yellow loam 
and gravel. 

2. New Hai•en.-The station of 184-4 was at the Rill of the door of the college library. Ohserrn-
tions for dip were also made at the burial ground. Station of 1848 was at the p;n'iliou. 

3. Stamford.-The station is in the rear of the Union Hotel. 
4. Norwalk.-The station is on Judge Isaac's Hill. 
5. Stoningt-0n. / 
6. New London. I 

I -
8
7· ~ay?ro~k.rr l 1 The positions of these stations are known onlr by the latitude and Ion-
• "'ac1iem s lleac. I 't d Th l l th d . . f h 

N 
rr t g1 u e. ey are supposet to 1e near . e geo et1e :'\tatious o t e same 

9. ew naven. , 
B . j names. lO. ndgeport. 

l l. Milford. 
12. Black Rock. 
13· Fort Wooster.-The station is identical with the geodetic station. 
14. New Hai•en, Oyster Point.-The statio11 of 1848 was in the meridian of Yale Colleg11 Ohsen-

atory. The station of 1855 was 37 feet east of the center of Ilowarcl avenue, :Ye\"f Ila Yen, arnl 503 
feet from the high-water mark at the foot of the street. The soil is sandy, and apparently contains 
no iron. 

15· Hartford.-The station of 1859 was in the new park, about halfwa,v between the stone 
bridge and the bridge leading directly to the railroad depot, and about loo yards from the riyer. 
The geological character hi slate and alhIYinm. The station of 1867 was in the .rnrd next to the 
garden and house of Mr. Perkins, No. 43 Prospect street, opposite the A.themeum and about 210 

meters south of the State House. The geological formation i~ drift, with large bowlders aml trap 
dikes. The station of 1879 is the same as that of 18 59. 

16. BaTil Hill.-The station is near the summit of Bald Hill, 42 2 feet in a souther!~- directioll 
from the geodetic station. The geological formation appears to be mieaceous ferrngiuous gneisR. 

17. Bo.v Hill.-The station is near the summit of Box Hill, about 185 feet in a sontbwesterly 
direction from the geodetic station. The geological formation appears to be chiefly mica slate. 

18. Sandjord.-The station is at a point 183 feet 4 inches from the geodetic station, aml bear
ing from it 6 5° 501.5 east of south. It is marked by a large hickor,v stab with eopper nail in top 
nearly in the center of a triangle formed by three similar stubs at distancef\ of 2 feet 9 inches, 2 

feet 2 7f inches, and 2 feet 2 inches, respecth-ely. The dip waR observed at two points: the first 
about 4 feet east of the magnetic station; the second l76;h feet west of rnwth from the geodetic 
station. Each point was marked by a small hickory stub drh·en into the ground, with copper nail 
in top.' The geoiogical formation appears to be diorite, covered to the depth of sernral feet with 
loose materials, composed chiefly of small howlders of sandstone and vegetable loam. 

19. Ivy.-The station is 52.88 meters northeaRterly from the geodt-tic station. 'fhe point is 
marked by a drill-hole into which a wooden peg is drirnn. 

20. Wooster.-The station is at a point 80.8 meters southwesterly from the geodetic station. 
It is marked by a hickory stub, r8 inches in length, into which a copper nail is driven, aud marked 
with a cross. 

DAKOTA TERRITORY. 

l. Pembina,.-The station is on the liill between the Pembina and Red Ui,·ers, near their junc
tion, and is marke(l by a post. Distance to Pembina River, 75 yards; distance to Hed Hirnr, loo 

yards. The soil is a black and gray loam. 
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2. ,Tainestown.-The station is in the open lot between Second street and Pacific avenue and 
Fifth and Sixth streets. It is marked by a post. The soil is hlack loam oyer limestone and gravel. 

3. Bismarck.-The station is on the open plateau of the Missouri RiYer bottom, about one-fifth 
of a mile southeast of the Sheridan House, and is marked bJ- a post. The 1.;oil is dark gray loam. 

4. Yankton.-The station is in First street near its intersection witl1 Broadway, and marked by 
a cedar post. The soil is black loam. 

DELAWARE. 

r. Cape Henlopen.-Xo description filed of station of 1843. The station of 1856 is located near 
the edge of the woods to the south and west of the light-house, which bears X. 570 R (magnetic), 
and is distant 1 qo fePt. It is on the summit of a saIHl dnne, which consists entirely of white sand 
mixed with brokeu shells. 

z. Wilmington.-The statio11 of 1846 coincided with the geodetie station. Station of 1875 was 
on Poole's cro!]uet ground. 

3. Sawyer.-The station is about one-fourth of a mile west of the geodetic station. 
4. Fort Delaware.-The.station coincitles with the geodetic station. 
5. Bombay Hoolc.-The station is about 200 feet from the geodetic station, and in the line from 

it to Cohansey light-house. 
6. Lewes Landing.-No description filed. 
7 . .Da,qsborough.-The station is in the village of Dagsborough, near Indian River, about one

fourth of a mile north of the Pepper Creek Bridge. It i8 in a field adjoining the hotel and post
office, kept by Mr. Smith. It is in the rear of the hotel, and about roo yards from it. The soil 
consistR of the same white sand and shells as found on the sea coast of the whole peninsula. 

DISTRICT OF COLUMBIA. 

r. Wa.~hington.-Old Coast Survey Office: The station of 1856, 1858, 1859, 1860 was in a 
lot adjoining the yard of the Coast. Survey huildiug, ~o. 577 New .Jersey avenue, on the :slope of 
Capitol Hill. The distance to nearest corner of said building is 65 feet, bearing from the station 
:southeast by east. The magnetic station is about 61 yards north and 13 yards west of the trigo
nometrical 8tation. Primitive rock forms the base of Capitol Hill; the gneiss and mica-schist are 
overlaid by alluvium of considerable thiekness. Iron ore occurs in the vicinity of the city, but 
probably not near the station. The station of 186~-1863 was in the field on the slope of Capitol 
Hill, back of house No. 577 Kew Jersey avenue. The geological character is drift, sand, and loam, 
with large pebbles and bowlders. The soil is ferruginous. 

2. Causten.-The station of 1851 was 3667~ feet west-southwest of the geodetic station, and is on 
thr. wrst sidr of the Rockville road. It is marked by an oak stub and copper nail. The station of 
1855 was identical with the geodetic station, and the station of 1851 was also occupied. The geolog
ical formation is quartzose sand, clayish and much discolored by oxjde of iron. 

3. W11shinr1ton.-Station was near Gilli st-;' Observatory, north west of Capitol. 
+ Wasltington.-i3tation located on the· Smithsonian grounds, 3 c feet east of the magnet,ic 

ob8ervatory and 268 feet from the southeast corner of the Smithsonian lnl'ltitution. The soil is 
clayisl1; quartz pebhles and rocks are imhedded in it. The diluvial soil rests on river sand. Clay 
iro11 ore bas been found iu the vicinity. 

5. H"a.~ltin[Jion.-'l.'lw station i:;; about :62 ,vards east of the center of' the Capitol dome, and 50 
,yards 8outh of the same. The gPological character is the same as described in station Old Coast 
Sune~- Office. 

6. lr(l8/iin,r1ton.-Assistant Schott.'s gardm1, ea1't of house 201 C street southeast, near Second. 
7. lra.~hinf!ion.-A.ssistant. Schott's garden, rear of house 212 1''irst street southeast, near B 

street. 

FLOHIDA. 

r. Sand Key.-'fhe station is m the line from geodetic station to \Vest Crawfish Key. 
2. Capl~ Florida.-The station is about 1200 yards northwest1 by west from the geodetie station. 
3. l>e1wt Kcy.-No description filed. 
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4. 8aint ]Jark's Light·House.-No description tiled. 
5. lJo!J Island Light.-Station identical with astronomical station. 
G. Baint Gcorye'.~ I8Za1Hl.-Statio11 same a:-; rrntronomical station. 
7. (l(lpc 8an Bla8.-Xo (lescriptiou tiled. 
8. Hurricane Island.-No dei;cription filed. 
9. Cape 8a/Jle Ba8e.-Xo description fil(~d. 
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10. Feriwn<liiw.-Tlw station of 1857 wal' ideiitica1 with the geo!letic station. 'fhe Rtation of 
1879 was in the eastern part of the town, on what is known as the Iudiau .'.\found. The station 
was on tile level part of Ute ;;outberu eud, wllich is somewhat fower thau tJw central portion. 
The soil of Amelia Island i:s chiefly w liite sand and broken shells. 

11. Pensacola.-TLe statio11 of 1858 was identical with the astronomical station in the public 
square. The station of 1861 was rr 5 meters northerly from the geodetic statiou. Barkley X o. 2. 

Tlie geological formation is fiue white sand. 
r2. Apafochicofo.-The ;;tation is 80.4 rnet(•rs \H1Rterly from the geo(lefa· station. The geolugi

cal formation is tine white sand. 
1 3. Key ffpst.-'Ihe magnetic obsetTatory, where obsen-ations were made from 1860 t-0 1866 

inclnsive, wa1; 664.2 meters from the Key West. Ii~·ht-bouse, and in azimuth 105° 04 1 28 11 from the 
same. The station of 1879 was in the ground:,; of tht• Army Hospital, i11 a liue with tlw eastern 
side of the bnihliug and mitlway between its uorth end and the north feuce of the iuclosure. 

14. Punta Bwm.-Station identical with geodetic station. 
1 5. Twrhy Creek and 1'. lrri{lht 8fations.-X o description filed. 
16. Bird Kcy.-The station is at the south end of the Key, on the west sidf' of the ridge that 

forms that part of the island. 
17. Jacksonville.-The station is ou a hill north of the town, about one-eighth of a mile north 

of the new water works. 'l'he soil i;; sand. 
18. Saint Augnstine.-The station is ou the goYermnent reserYation, in the large open grns;;

plot nortlnvest of the old fort and uorth of the ohl gates. 
19. Enterprise.-'l'he statiou is in the rear of the Yillage, 011 the road to :Xew Smyrna. It is 50 

yards cast of the fence of Mr .• Johu tlaul's yard, aud z 5 yards north of the road. Tlle soil is sand. 
20. Eau GaHie.-The ;;tatiou is 216 feet north of the old agricultural college. The surface is 

sand, subsoil ooqui11a. 
21. Saint Lucie.-'i'he Rtation i;,; on the beach of Indian RiYer, 295 ;vards south of Paiue's wharf. 

The s-0il is sand. 
22. Port Jupiter.-The station is on sand beach about three-fourths of a mile southeast of 

Jupiter light-house. It is rn feet from mean low water, just east of thicket. The soil is sand. 

GEORGI.A. 

1. SaM:nnah.-'l'he station is 011 Hutchinson's Island, opposite the cit~- of Sanmnau, and in range 
with the steeples of the Exchange and Presbyteriau clmrcli. It is in a cluster of pine trees within 
2Yz feet of a tree marked by being burnt. These trees are close to and soutl1 of the second em
bankment. The island is formed of alhl\'ial deposits, is nearly covered with water at high tide, 
arnl consists principally of a marshy soil which is rnry elastic. 

2. Tybee LifJltt·Housc.-The station is on a sand hill about 20 yards southwe8t of the light-house 
keeper's boat-l1ouse. Azimuth to Tj·bee light center, 351° 301.3; distance, 278 meters. 

3. 1lfacon.-The station is 634 meters south and 57.3 meters we;;t of center of spire of brick 
building on the right bauk Of the Ocmulgee River, and kuowu as the Bibh Oountj· 2\lale Academy. 
The geological formation is re1l clay, eornre<l to the depth of 9 to 12 inches with a light, sandy soil. 
About 100 yards west of the. station a fow gneiss roeks appear. 

4. Skiddeway, North Base.-The station is on the east shore of Skiddeway Is1arnl ou the first 
oyster-shell bank south of Waring's La.nding, about 220 meters from the boat-house. The station 
is marked by a matble post, 2 Yz feet long aud 6 inches .square, set in the grom11l. 

5. Butler.-The station is on Saint Simon's Island, near tlte old landing. 
6. Mi'.ddle Base.-Tbe station of 1872 was on the line of the Atlanta Base, about 60 meters 
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southwest of Middle Base and 35 meters from railroad. The station of 1873 was 1519{ meters from 
)fiddle Base, in the direction of Stone "'.\lonntai11, and 137 ?£ meters from railroad. 

7. Ke11l«rnw.-The station is in au old desertl:'d field about one-half a mile east of the geodetic 
station (in azimuth 266'.:J 55'.7 ). 

8. Swcat.-The 8tation is at the foot of the mountain 2136.1 meters from geodetic station, and 
in azimuth 2° 02 1.r from it. 

9. Saw11a.-ThP station i8 011 the summit of the mountaiu, 34.59 meters about east-northeast 
from the geodetil' statiou. The geologieal formation i8 dilnYial. The rock is much broken, and 
there is coarse sarnl~to1w npon the top. 

10. Cumminr1.-Tlte station is in the northeast part of the town on the land of Mr. 1\foAfee. 
It is OH the line betm~en Sawuee l\Iountain and the mark used as azimuth n:Ktrk at Sawnee Station, 
arnl is distant from tl1is mark 103.8 meters. 

11. rrornrs.-The station is on a ridge of the mountain on the south side and about half way 
down. It is 6+8.2 meters from the geodetic statio11, and in azimuth 10° 461.3 from it. 

12. U 1'11.~sy.-'l'he station is 40. 7 5 meters from geodetic station, in azimuth 11 o0 361
.0 from it. 

Soil rich and black, with granite beneath. ' 
13. Pi11e Log.-T!te station is 300.3 feet from geodetic station, in azimuth 70° 261.5 from it. 
q. 81.'itt.-Tlw station is on the summit of the mouutain, nearly in line from geodetic station 

to Sawuee. It is ~9·76 meters from geodetic station, in azimuth 50° 231.8 from it. 
15. Curraltec.-Tlw station is near the south end of a ridge which extends about 150 yards 

soutlmanl from the summit of the mountain. Its azimutli from the geodetic station is 356° 461.7. 
16. Acadrmy.-1'he station is in a grnn~ 37.81 meters west of the geodetic station. 
17. La1,ender.-The st.atioH is 5064 meters from geodetic station, in azimuth 64° 24'.3 from it. 
1 S. Jolrn8.-The station was near the camp ground, about 2 miles north of the triangulation 

station. It wa;; ill an open field belonging to l\Ir. DaYis. 
i9. JJu Pont 01· La1rton.-The station is in an open lot, belonging to 1\fr. P.A. Herisant, east 

of the depot. The soil is sand. 
IDA.HO TERRITORY. 

1. Siniaquoteen.-The station is almost south from and in line with the eastern side of the 
ston•-hou11e, and 32 paces from the southeast corirnr. It is 21 paces from the southwest corner of 
Hichanl Fry's stme. The dip station is I0.9 meters north of declination station in magnetic meridian. 

2. l,ake Pend d'Ol'ei:tie, la11ding.-The station is soutl! and 4 meters from the middle of the 
only road leading to the landing, on a clear spot at the top of the first steep rise (about 50 feet 
high) from the collection of houses occupied by the employes of tbe ~orthern Pacific Railroad 
Uompan~·· It is marked hy the post ou whicl1 the instrument was mounted. The dip station is 
on nortli ~ide of road 8,92 meters from declination station. 

3. Lc1ci.~to11.-The station is that used by Lieut. T. W. Symons, U. S. A., on the south side of 
:\Iontgomery street, west of the Presbyterian church, distant from the northwest and southwest cor
ners, respectin~IJ·, i 1.9 and I0.9 meters. The instrument was mounted on the transit block, which is 
a sectiou of a tree about 30 inches in diameter. The dip station is 16.6 meters south (magnetic) 
from declination station. 

ILLINOIS. 

1. Jfowul Cif.1f.-8tation is identical with the astronomical station. 
ry ('airo.-The station of 1865 was identical with the astrouomica.l station. The station of 1877 

was on Sixteenth :-;treet, near Poplar, and marked by stub with smaU nail. It is about 490 feet 
from A;;:o;ista11t Eirnlwck's astronomical station, and bears from it 240 west of north. 

3. S)H'inr1.fie/d.-The station is in the southeast corner of the grounds of Lincoln monument, 
220 :n1r«ls from the eeuter of the shaft. 

INDIANA. 

1. New Harmony.-No description filed of station of r848. The station of 1880 was in the 
"center common" on l\faiu street, and is marked by a post. The station of 1861 was 125 feet south
west of this point.. The soil i.~ black loam. 
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2. Vincennes.-The station is ou Lbe large inclosed space in the southwest corner of the 
Catholic cemetery, west of the city, and is marked by a post. Distance to fence southeast 79Yz 
feet, distance to foncc southwest 1 q feet. The soil is black clay. 

3. Indianapoli.~.-The station iH in the fair grounds north of the city. lt is within t.he race
f'ourse, distant 178.5 feet from the inner circle on the sout.h side, and marked hy a post. The soil 
iii black loam. 

4. Richniond.-The station is iu court-hom;e square, just across Front street from the National 
Academy station of 187r. It is marked by a post 83.8 feet back from Front street. The i:!Oil is 
black loam. 

INDIAN TERRITORY. 

r. Vinita.-The station was 011 the premises of Dr. Trott, but, as the ground was under cnlti
•ation, no mark was left to indicate the spot. 

2. Atuka.-The station is roo yards due north of the residence of Mr. John Harden, about 500 

yanls west of the I'ailroad. The soil is sandy. 
3. Eufaula.-'l'he station is east of the railroad, about 400 yards from it. The soil is black 

loam. 
IOWA. 

r. Des Jfoines.-The station of 1877 is in the garden of Mr. David Secor, on the south 
corner of Ninth aml Sycamore streets. It is marked b:r an oak stub with gal•anized iron tack in 
its center. 

2. 8iblf.y.-The station is in the yard of the Sibley Honse, on the east side of the buihli11g, JS 
feet from nearest point of building, 90. 1 5 feet from Main street, and 14. r feet from road at right 
angles to Main street. It is marke<l h,v a.11 oak stu l> with tack. 

3. Darl'llport.-The station is ou a piecP of land belonging to :Mr. Mcintosh, opposite and 
north of t,he house of Mr. Hermann Block, which i8 on tlrn southwest corner of Se\·euth and Scott 
streets. It is marked br a pine s1 u b with tack. 

4. Keokulc.-The station is iu the grounds of .1\[r. II. H. Clark, at the west corner of Second 
and Blondeau streets. Distance from north corner of house, 7 5.3 feet; from south corner, 68.45 
feet. 

5. I>ulmque.-The 8tation is ahout 10 yards south br west from the National Academ.v station 
of 1872, on the property of Mr. 1. V. Hider. It is markerl b~' a cedar post. The soil is disiut,egrated 
limest<me. · 

KANSAS. 

1. Lawreni'ti.-The station is in the grounds of the old University building, and is i84.r feet 
south from southwest corner of lmillling, and r 5 feet west of the road running through the grounds. 
It is marked hy au oak stub pr~jecting 3 inches above the surface, with an iron nail d1fren in the 
top. 

2. H?imboldt.-The station is in a field near and north of the Presbyterian church. The soil 
is black loam. 

3. Emporia.-The station is in an opeu lot northwest of the Welch church on Merchant street, 
and south of the Topeka a11d Santa :Fe Railroad. The soil is black loam. 

4. Great Bend.-'I'he station is in the large open square due west of the school·house. The 
soil is black loam. 

5. Dodge Oity.-The station is in the large open government lot, 400 .rards north of the railroad 
aud about the same distance northeast of Dodge City Hotel. The soil is black loam. 

6. Sargent.-The station is 250 yards due north of the railroad, and 150 yards west of the 
house of Mr. I. F. Hardesty. The soil is composed of sand and an impure magnesian limestone. 

KENTUCKY. 

r. Paducah.-Sta.tion is identical with astronomical station. 
2. UJ>'PfJI' Point of Rocks.-Same as astronomical station. 
3. Twtmty-sevM Miki Island.-Sa.me as astronomical st.a.tion. 

S.Ex.49-26 
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4. Patterson'11 Landing.-Hame as astronomical station. 
5. Oaklanrl.-The station is Ycry near the aHtronomical station, a frw feet son th of it. 
6. Shelbyrille.-Tlm station is 229.9 feet east of ohservatory. 
7. Falmoutli.-Tbe Htatiou is 786.1 feet due north of the ai:;tro11omical statiou, on Coleman'io; 

farm. 
8. Hicknu111.-Tlrn i:;tatiou i-; the son th nw.ridia11 mark i11 the ;,;on th weHt com Pr of the eou rt- house 

grounds. It is 152 foet lo inelws south of the aslrouomical statio11. 'l'he soil is a sand~- loam. 
9. 1llay.fielrl.-'l'he station j,; in the south west cor1wr of the court-l10use sq narc, O\'er the drmised 

g-ranitc ]lost which marks the south end of the 11wri1liau li1w. Tile soil is sallll.Y loam. 
io. 1lladi.~onrille.-'l'l11\ statiou is in t!Je southem;t corner of Ute conrt-honise s11uare, and is 

marked hy a sand,-;tone post :sunk even with the :surface. The isoil iis i:;and~· loam with a suhi:;oil 
of Ii meistone. 

11. Leitchjield.-Thc statiou is in the court-h11u11e :square, OYer the north meridian mark· tistab
Jil.;lied hy the Km1tuck,\- Gt•ological S11rn>_y. 

12. /,elmnon.-'l'he station is in the northweHt. comer of the ,vanl of the Norris Hotel, on .Main 
street, and is marlrn1l by a limcstoue rock extending -J. inches ahoYe the surface, with a hole drille1l 
i11 it. The geological formation is linwstoue. 

lJ. Sia1tfi1Nl.-The station is in t!Je 11orthPa11t 1·.onwr of tlw court-house gronmh;, over a lime
stone rock s1mk even wit.It the surface of the gTOIIIHl, with a cros8 which marks the uort!Jern end 
of the meridian line. The formati011 is pure limestone. 

q. Liring.~ton.-The station is in the fionth e111l of Urn mNtdow west of Sand Brook Hotel, 
a111l is markt'tl h_y a post s1111J' t'\'CII with tl1e gronrnl. 'I'hP soil b gran·lly loam, with horizontal 
coal seams of bituu1inous coal. 

1 5. C!fnllt ia1w .-'l'lw istatiou is in the new Protestai1 t ee111et.l•1·y, thn·e-qnarter;; of a mile north
eaHI of the city. lt j,; i11 the graH;; plot northea;;t of the main e11tra1w1•, in the rear of tlle keeper's 
house. A marhle po8t s1111k eY\'11 with tl11• gronrnl, awl Iettprcd on t-0p l\l. \V. S., 111arkH t.he point. 

16. Fle111in9sburg.-Tbe station is in th(' pnhlic ;;ehool grou11<1i:;, iu the meadow 80utlwast of 
the 1wrmal i;chool lmildiug. 'rhe geological formation i8 pure limestone. The point is marked hy 
a pot>t isunk e\·en with t!Je gro11111l. 

1 7. Urayson.-The statiou is iu the open lot eaHt of tlm Ea,;t Kentucky Hailroad depot. lt is 
market! hy a post sunk even with the surface of the ground. T!Je soil is sandy loam. 

LOUISIANA. 

1. Port Lfoingston.-The station coincides with the geodetic station. 
2. Isle J>ern-ier.-The statiou is the same as the astrouomieal station. 
3. Barrel Ke.IJ.-No description tiled. 
4. New Orleans.-The station is 84 feet sonthwe;;t from the astronomical station in the puhlic 

square in Basin street, south of Canal street. 'l'he point is marked hy a stnh and copper tack. 
The geological formation is chiefly sand, covered to the depth of 2 or 3 feet h,r a rich, black soil, 
forming a very unstal.Jle foundation for observation,;. 

5. Oubitt.-The station is 57 meters uorthwest of the geodetic statiou, 011 liard ground. It is 
marked uy a 8cantli11g, with copper mtil. The ground con8iists of alluvial soil, blue clay, and is 
Yery hard when dry. 

6. JS011thea,st Pass.-No de8cri11tio11 filed. The soil is soft, but cornred with a thin, bard crust, 
and the ground trembles with the slightest motiou of the observer. 

7. Pass c't Loutre.-The station is on a solid mud lum11 on the south side of the mouth of the 
1\Iissis8ippi River, a few steps from the tertiary station F. It is 1241 meters south and 1705 
meters east of Pass i't Loutre light-house. The ground vibrates with the motion of the steamers 
which are continually passing. 

8. Cote Blanche.-'fhe station iis 50 meters sonth of the geodetic station, and is marked by a 
square post driven into the ground, with a copper nail to indicate the center. It is on the highest 
part of the hill of the island. The ground is always solid. The soil consisis of brown, compact 
clay. 
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9. New Orleans.-The first station was in the city park. The seconu is iu a wet pasture in 
the fair grounds. The station of 1880 is identical with the second. 

10. ]fognolia Ba.~e.-No description filed. 
11. Southwett Pass.-The station is on an island west of Stake Island, about 4 feet aboYe water, 

oYergrown with shrubs. 
MAINE. 

i. .Agamenticus.-The station is in a line from the geodetic Rtation to Isle of Shoals Light-House. 
2. Watenille.-No description filed. 
3. Mount Inrlepcndence.-The station is 6 5 foet from the geodetic station, in a direction per

pendicular to the line to lilue .Mountain. 
4. Kitter.I/ Point.-The station is iu a11 inclosnrc to the east of l\fr. IL F. Gerrish's cottageR, 

about the center of the lot. Formation, argillacpons ;;late. 
5. Fletchei·'s Neck.-Tlie station is about ++ yanls from tlw geodetic statiou. A magnetic 

mark was set up in ra11g1\ ahon1 one-half a milt• 8onth 81mthwest. 
6. Rfrhmond Island.-The station is in tl1<' fi"ld south of the homw of Dr. Cnmming8. 
7. Portland, Bramlwll or U111.Nioi11 Hill.-The ::;tat.ion wa8 ill tlw gTounds of l\fr .• l. B. Brown, 386 

feet from the geodetic ,,;tation Bram hall Hill. 'l'Jw Hta tio11 of 1863 is 011 the hlnff in front of Mr. 
Brown's house, near the old rnagudic station. It is 1warly in range wit.h the city surveyor's mark 
and Mount Iudepernleuce stone mom1rnellt, 011 the t~dgt~ of the hluff, iu prolongation of central 
line of the street, and 87 feet from the mark. Thf\ station of 1864-'65-'66 \Yas 2.31 ,Yards southwest 
of Bramlrnll Jlill station. Drift formation, t•oarst' gr:l\·el, and 8t.011es. 

8. lllount I'lea.wmt.-Tlw Matioll iH 1 s+ feet from tlH· g-c~odetic station, in the diredion of ::\fount 
Indcpeudcuce. It is marked with a red-oak stnll arnl copp!ff nail. 

9. Kennebunkport.-The station i8 about 150 ~·nrdH north-11ortl1west from the Kenuehuukport 
ohservator;r. 

1 o. Cape Neddfok.-Tlw station is ou tlw north si1le of Cape .Neddick m,·er, in a field belonging 
to Mr .• Tames Wyer, south of arnl nrar tlie road leadi11g to thP seashore. 

11. Cape iSmaU.-The station is 154 feet from the gernletic stat.ion, and is o0 27' east of south 
from it. It is marked with a whitP-bireh stuh arnl coj1pt>r nail. 

1 '.!, Mount 8ehattiN.-Tl1t~ station is ill tlie 111Pa.Jow nf Col. IL Man, so .rnnls west of his larg-e 
barn, mu! 31 oo f(•et from the gPmll'! ic Htatiou. Tlw azi11mt.li of' t lw 11mg11eti(· st atio11 from tht• geo
(letic station is 168° 35'.7. 

13. Mount Ragged.-The station is 199 fot•t north of the gernletic station. The roek in the 
vicinity of the Rtation is gneisR, impregnah••l with oxide of iron, and it is probable that the whole 
mountain has the same geological for111atio11. 

14. Ca.mden Village.-Tlie station is near the westPrn edgP of a birch and fir groYe, on land be
longing to Mr .• Joseph W. Ogier, lying rast of tlw roa(l from Oarndm1 Village to H.ockport. 'l'he 
station is marked with a wbite'·birch stnh. It is ahnut 300 yar•lH from tide-water and 150 yards 
northeast from the higl1 rock. The rocks in t.he Yiciuity are of gneiss. 

15. Jfount Harris.-The station is 209 fi•et from tl1e geodetic Ht:ttio11, a111l bf'aI'R from it 74 ° 18' 
west of sout.h. It is marked by a drill-hole in the ledge. 

16. Mount Saundcrs.-The station ii,; distimt ahont half a mile frorn the geodetic Rtation, and 
bears from it 28° west of south. Jt, is marked hy a copper nail thfrcn in a stuh 15 inches long, 
sunk flush with tl1e surface of t!Je gronrnl an<l resting on a bottle. The soil iR a light sand over
lying felspathic granite. 

17. S<>uthwest Harbor, Jlount Desert Islan11.-The Rtation i8 iu the village of Southwest Harbor, 
near the southern end, in a field belonging to Mr .• Joseph Mooze, about 250 yards sout.l1east of his 
barn. It is marked by a hottle buried 6 inches helow tlw surface. A pole is erectt~d on\r the 
bottle. The geological formation is red sienite. 

18. Mount Desert.-The station is on the summit of l\fount Desert, aml is on the line from Mount 
Desert geodetic station to Humpback, at, a distance from the former of about 115 meters. It is 
marked by a drill-hole in the rock. The geological formation is red sienite intersect(ld wit.h veins 
of quartz and tr<1ip dikes of greenstone. Iron ore has been found in several localities on the slopes 
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of the hills, but none has been discovered in the immediate neighborhood oi' the magnetic station. 
19. Epping Base, east end.-Identical with geodetic station. 
20. Calais.-The station is about 400 feet south of the astronomical observatory. There an~ 

several ledges of granite and hornblende not far distant; also many surface rocks of the same ma
terial. The station is comparatively free from such rocks. 

2i. Bangor, Thomas Hill.-The station was in range between geodetic station and Mount Waldo, 
distant 600 feet from the former. The geological formation is argillaceous slate. The station of 
i863 is at about the highest part of Thomas Hill, near the intersection of Thomas arnl Highland 
streets, at the weiltern ~orner. Two steeples, one n light and the other a dark brown, in range. 
Station of 1879 same as in 1863. 

22. Humpback.-The station is upon the summit of Humpback Mountain, and 46.5 meters north 
from the geodetic station. The geological formation of the mountain is chiefly grauite, intersecte1l 
by trap dikes. The summit ridge appears to be trap rock with occasional bowlders of granite and 
sienite_ 

23. Howard--The station is upon the undulating plain, about 250 meters southwest from the 
geodetic station. Tile geological formation is chiefi~' serpentine rock, with frequent dikes of green
istone running northeast and north-northwest. 

24. Cooper.-The station is about 49 meters southwest from the geotletic station, and nearly 
in a fine to Mitten i"lfo11utain. The geological formation is felspathic granite covered with a light 
soil. 

25. En8tport.-The magnetic obsen·atory is in the center of the parade ground at Fort Sul
lirnn. 

26. Po1·tl11nll.-Tbe station is in the north comer of the open square on the heights directly iu 
front of the observatory, northeast end of the city_ The geological formation consists of drift, 
with roeks of g11eh~s, sandstone, and granite_ 

27. Rocklanrl.-The station is near the foot of the Commercial wharf, 90 paces to the north of 
it, on the edge of the bluff facing the harbor. Formation, clay soil, over gneiss rocks. 

28. Belfast.-The station is situated on a triangular space at the intersection of Bri<lge aml 
North streets, a short distance west of the toll-gate. 'l'he geological formation is limestone with 
clay. 

29. Bath.-The station is at the southwest cnrner of the public park. The geological formation 
seem!-\ to be drift, covering mica slate, and gneiss. 

30. Freeport.-Tbe station is north of the depot, about 350 feet from the railroad track a111l 
011 higher ground. The rocks appear to be mica slate. 

31. Harpswell.-The station is in front of the hotel kept by Mr. Dearborn, near the edge of the 
rocky bluff, directly off the flagstaff and 38 paces distant. The geological formation appears to be 
mica slate. 

32. Brunswick.-Station in rear of medical college buildings, Bowdoin College. 

MARYLAND. 

i. Taylor.-The station is 54 feet north of the geodetic station, and 6jf feet west of the line 
from Taylor to Linstid. 

2. South BW1e, Kent Island.-Tbe station is 643( feet north of South Base station, and is in the 
base line. 

3- Rosanne.-The station is 126 feet north of the geodetic station. 
4. Finlay.-The station is 387f' feet from the geodetic station in the direction of Rosanne. In 

1846 the station was 30 feet southwest of the geodetic statfon. 
5. Osborne's Ruin.-The station is 57 y~ fet-""t east of the geodetic station. 
6. 1lfarriott.-The station is 21 o feet from the geodetic station in the direction of Taylor. The 

station of 1849 was l 14 feet southwest of the geodetic station, on the south side of the hill. The 
hill is of gravel (drift with frequent nodules of ferruginous sandstone). 

7. North Point.-The station is between the Upper and Lower North Point Lights, Patapsoo 
River. 
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8. Bodkin Light.-The station is 50 feet south of the geodetic station, the latter being about 2 s 
feet east of the Bodkin Light. 

9. Fort ,llcHenry, Baltimore.-1'lw station of i847 was within the public gromHls, hetw1~e11 the 
hospital and westem stahle, 011 a line from tl1e flagstaff to Washingtou monument. 'rhe statiou 
of 1856 was near the infirmarJ·, outside of the forL in an opPn field. It wag 445 meters west and 227 
meters north of the flagstaff. The statio1t oi' 1877 is Yery near that of 1856. Tile t:;oil 1'.011sists of 
clay and marl mixed with pelihlei:i. 

ro. Pool's Island.-Supposed identical with the geodetic statio11. 
11. Su8queltanna Lif1ht.-The station is iu tlw prolo11gati011 of line from tlw Snsqm•lia1111a 

Light to Turkey Point l .. ight;. 
12. Kent Island 1.-No description filed. 
13. Soper.-The station is 35 2 feet north awl 42 ti•ei l'ai'<t of geodetiB statio11. J t is marlrnd 

with a stub aml copper nail. 
14. Hilf.-Tht~ station is 331 feet east of tlte geodetit~ station, antl near thP edge of the pi1w 

grove. 
15· Webb.-The station is 685 feet sonth and 25~~ teet east of the geodeti(' statio11, and is 

marked with a chestuut stnh and copper uail. 
16. J>a11is.-The station is ahout 200 yards south of the g;eodetic station. 
17. O.rford.-The station is identical with the gernletic sta.t,ion. The soil consists of clay aud 

marl, several feet in thickuess, m·erlyiug saucl mixed with rnarille shells. 
18. Jfaxon'x L1uulin!f.-ThP sta tio11 iH Oil tlw 1:mntl1ha11 k a11tl 1rnar Uw mont,!1 of '.\[ar.-;haJI',; (~reek. 

lt is 11 5 feet north of the storp-honFte on tlw wharf at '.\l;1so11's Larnling. The station is 011 thP salt
water marsh; the soil aronud tlw marsh eunsistH of whit!• 1m11tl mixed with shells. 

19· Cmnberlaml.-'I'he station is in au open lot at thl' e01·1wr of ])pcatur aml -- street,;. It 
was marked L>y a boWe sunk 2 feet. with a stub aho\'e it a11d i,;; itlentit·al with tile astronomical 
station. 

20. 8tablcr.-'l'hP stalio11 iH 2,p mett~rs i:orth of the gt•.otlPtic station. The geodetic station 
hears 4° 53 1.3 w1•st of sont.11. It iR m:ukPd h,Y a holt' tlrilled i11 a Ja,rgP quartz howlcler whose lop is 
just leYel with the i;nrface. 

2 r. illa1·_;jl1uul He'i!fhtN.-Tlte station is .J.3.92 11wt1·rs uorth w<>skrl,r from geodt•tic station, arnl is 
marked by a stulJ and copper 11ail. Azimntl1of111ag11Ptic station at g<•o1letie ,.;tatiou 13+~' 2 l' • .J.. 

22. Calvert.-The station is 262.2 feet south of the geodetic istatiou. 

MASSACHUSETTS. 

i. Oopeent.-The statiou is 155 feet from the g-eodeh1~ station in the clirection of 1ifauomet. 
2. India.n.-The station of 1845 W<tH 96f.4'. foet cast of the geodetic stahon. 'I'he statiou of 1846 

was 6rs.-feet from the geodetic station in th('I direction of Prmiped Hill. 
3· 8hootflying.-The statio11 of 1845 was on t lw li11e betWC'C'll tlte geodetic st,atiou aml Bam

stable Light. Station of 1846 was on the line from geo<ldic station t-0 Hyanms. 
4. Jfonomet.-'l'lw station of 1845 was iu li11e between geo<leti<~ ;;tatiou iwd Et>I l~iwr ste"ph>. 

The station of 1867 is south of an111warl~' in the 11wridia11 of tlw ge0tletie statio11; di;;tauce, 52.1 
meter.-. 

5. Blue Hill.-TI1e station is on the line between geodetic station and Dedham chnrch. 
6. Fa,irkamen.-The station is 671 feet east, of Xnv Bellford ·Fort, arnl is in a tieltl close to tlie 

water's edge. 
7. Sampson's Hill.--1'he station is 237 .9 foet from g-cotletfo st~ition in thP direction of Etlgar

town spire. 
8. Na,ntueket.-The station of 1846 was 011 the north beach near the.etlge of the town, and 011 

theastror..omical meridian of the observah)r,y on the top of Mr. \V. Mitd1ell's house. The station of 
1855 is close to the beach north of l\Ir. Mitehell's house and nearly in its meridian. It is be
tween Nantucket Harbor Light-House and the two mnge lights to the westward of it. The geo
logical formation of the island is an argillaceous sand overJJ·iug a stratum of clay which rests on 
gneiss rook ; apparently no iron. 
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9. Tarpaulin Core.-The station is rwrtlteast of Tarpaulin Cove Light, and near tl1e south 
of cove. 

1 o. Hywnni.~.-The sh1tion is 011 the line from geodetic Rtation to Shootflying. 
1 r. J>orclte8ter or Nouth Boston lleigltf.9.-Tlw station of 1846 was 79 feet to the westward of 

the geodetic station and iu a line forming an angle of 99° 40'.2 with the line from geodetic station 
to Pow<forhorn. The station of 1855 was between the reservoir and the Blincl Asylum, nea.rl,v in 
same position as in r846. The ;;oil eonsist,:; of diluvial clay and sand mixed with pebbleR to a depth 
of 90 feet. The station of 1872 is 248 feet south of tlw center of tile cupola of the Blind As.Ylnm, 
and 82 foet nortli of Fifth street, 1iortlt side. It is also ahout 7 5 feet we~t of the west si<fo of H 
street. 

12. NnntaNket.-Tl1e station is 76 feet eaHt of Nantasket Hignal, aml at right angles to the line 
from Nantaskd to Bosto11 l1igl1t. 

13. Littlt: ,\'alwnt.-Tlw l'ltation coincitlel'i with the geodetic .~tation. 
q. Fort Lee, Na/nn.-The Htation of 1849 was 35.6 feet from the geo•fotic Rtat.irm, ai1d in a li11;; 

beari11g N. 6,f' 33' E. Tl1c station of 1855 i..; in the center of the old Fort Lee, and i.!Pntical 
with the geo<ldic .~t:1tiou. 'l'h<' soil comdstR of a clayish sand O\'erlying gr;rnil•e !'Ol~ks. 

15. Beaco11hill.-'l'he stati011 of 1849 was 37 5.9 from the geodetic station, and in a line hearing 
south 510 301 from it. 'l'he station of 1859 is on the higher.t point of tlw hill, antl snppose<l to 
coincide with the trigonometrical point of that name. The whole region consi8ts of syenite ledges, 
rm,ks, arnl howltfors. 

16. "11111i8q1uun.-Xo de:·wriptiou i11 1849. Statiou of r859 is 20 feet south of tlagstatf, at the 
foo;; of tlw small•·r of two howltlt•r,.;. Syenitn rock;:. 

17. Ra kcr'.~ 18111 nd Li!fh /.-The statio11 is 292.9 feet from the geodetic station iu the 1lircct.ion 
of IIalt\rn,Y Hock beaco11. 

r8. C11ddou'8 llill . .....:..The st.ation is 167.3 feet from the gcoJetic statio11 in the direction of Fort 

19. 1'111111 Jgl111u1.-No de,.;Pription i11 1850. Tlw station of 1859 is near the Plnm hla11tl 
Hotel. Yellowish sand from ;;yeuite. 

20. 1'ho11111.w111.-The station coiuci1les witl1 tlw gt>otld.ic station. Geolog·ical formatiou, granite 
rrn·k. 

21. Rod.p11rt.-Thi> station iH at A lien's Hi>iul, we:-;t. point of OM GaT1li>n Con•, about 45 feet 
ahon~ HPa·lP\'PI. It is ahont 130 ft\et from the extrem1• µuint of mek;:. Ch~olog;ieal clrn1·act.er, s,ve· 
nite rocks. 

22. Jp.~1dch.-The station iH about loo feet south and a little west of the Oougregat.ional 
cl111rcl1, and on a rock r 6 feet from the street. Geological character, syeuitc mcks. 

2 3. I >ce1:fidd.-'l'lu• station is on the public square, about the mitlclle of the eastern side, 20 feet 
son th of the g·ate, ,inst out;;ide of t.lie wooden i11cl0Rnre arnl 6 foet north of the first elm tree fro111 
tl1e gate. The g'eologieal formation is red Ra1ulst01rn, with tlu~ drift ovPrlying. 

24. Cltcxfc1:fieid.-Tlw statiou i,.; 011 a ledge of granite rock weHt. of the tl1ref~ cl111rehes and 
nearl,Y oppo.-<ite Taylor'" J 11n. 'l'hi,; ro<•.k is a fow feet a hove the level of tl1e road. · 

25. 8pring,tieh1.-'rhe station is in the ce11tcr of an open lot 011 the southeast comer of Clwst· 
uut a1Hl East v\'ort.ltiugton streets. Geological character, drift. 

26. C!tatlu1m.-Tlte station is iii range with tlw two lights, and is 184Yz feet south a.ml a little 
wr:-;t of the more southern. It is 5 feet north of the fence iu the open lot. 'l'he ground consists of 
white saml anti pebbles (drift). 

27. ll'cl{ffect.-The statio11 iH on t.he right side of the road from the hot.el to the harbor Iig·ht, 
011 the top of the first (lower) hill, uear the cornPr of the fence, and about 2 50 yards from the hotel. 
'l'lw gro11111l consists of white s:rnd a11d pehbles (drift.). 

28. Prori1weto1011.-The station is on the western slope of the hill hehiml the Pilgrim House, 
about half way down. The flagstaff at the tow11-hall is jm;it in range with the northern edge of the 
steeple of the hall. 'l'hf\ t.ow11-hall is a bout 011e-fiflh of a mile west and 300 teet south of the mag
netic station. The gro1111<l consists of white siliceous saml, alluvium. 

29. Wachusett.-The station is near the summit of the mountain, about 93 meters south of the 
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geodetic ritatio11. The g·eological formatfou of the rnonntaiu appean; to lw chiefly gueh;ri '"ith ;.;011u· 
telripat.hic grn11ik and loose rockH of talc. 

30. lJa.~tlwmpton.-'fhc station iH i11 tlte g1·<i111ulri of tl11• \\'illirito11 Ac111k111y. J)if;ta11ee from 

11ort.hPast. l'.or11er of Classical Hall, 194.5 f(~;·t; from sontlwast c01·1H•1· of H:rnw. 1 72.S fppt; from 11orth-
1'a;.;t comer ('Impel Hall, 113.6 ft•t•t; from 11mple tree, uia1·keil 2 fed alio\·e tl11• grn11111l with thn·1· 
copper 11ailfi, near frucc mtst or aca1lt·111y, 70.8 frl't. 

31. K1111t11d•f•f Cli;(f-The ;.;tatiou of 1867 is in li111• from g·Prnldic ;;tatio11 Uliff to Gn•at Poiut 
Lig·IJt a11d 1li;;taut from Cliff ritatio11 62.25 lllPtl'r.s. Tlw .statio11 of 1875 \Ya;.; i11 tl11• rPar of the yard of 
l\Ir:s. 1\laxcy, 011 tltc Pdg(• of tl1e bluff, a111l is market! h_y a stnh drin•n iu tlw gTOHIHl. Statio11 of 
1879 Ha.Ill(' a.sin i867. 

32. Yinc.11a1·<1 Jlau11.-Tlw .station i:;; iu t]H, gru1111tl.s of J\lr. 8teYc11;.;, in a11 open lot in tlw rear 
of harn, a111l i.s 111al'ketl hy au oak :-;111!1. 

33. ('amfiridf!e.-TIH' .station i;.; i11 thP largP opeu >:JHH'<' 011 ll1P ea;.;t sitl1' of the ohsern1torJ ~-anl, 
,inst north oft.LP roa1l that. enter;.; the ol1.s1·1Tatory 011 th(• ea.st. His 111urkell h:• a solid ee•lar stub 
with copper scrP\L 

lllH'HIGAl'\. 

1. 81111/t de 8t. Jfol'il'.-Tlw station ocm1piP1l l>y Li('lltemrnt Y('l'Y iR iu the ngetahle g:mlen 
of I•'ort Hnuly. The statio11 occupied bs 811ha:-;;.;i;.;tai1t H:iylor i;.; in ;;ame, 46~j frpt c>a:-;t offence of 

eemeter,r awl 1 or fret 1m11th of fe11ce to rnnth. It is 11Jarke1l L_y a l'.rnlar 1wist. 
2. Or<Uul Jla11m.-'1'111• station ii:\ i11 tl1e couut,Y co11rt-ho11>1e gron11d.s, 5S ft·Pt from :Franklin 

strnt1t, aJHl is markPtl by ;1 1•edar po.~t. 'l'he i-;oil is ;.;a1Hl. 

3 . .l/a('ki1111e.-Tht• .stat iou i.s 011 tl11• opPll plat Pall i11 t hl' l'PHI' of Fort :\I :H'k i11at', het IH'('ll t ht• fort 
anti what i;.; kuown as tlw Laundry';; qmuters. lt i,; 111arkPd hy a <'.Pd:11· post. Thi· g .. olo;..:i1·al 
formahou is 8awlstrn1P. 

4. Ontonaf/On.-Thc station is 011 tlw s:111d-tlat oppo;.;itAc'. tilt• town, 4~5 ft>et from tlH' light-l1011se 
alJ(l 90 foct fro111 till' rin•r. ]t. i;; rnarkl'd hy a 1•t•d:1r JIO"I. TIH• .sub.soil i;.; lil:wk loa111. 

5. ll11la.m11:011.-Tlw statio11 i:-; tile s:tllll' as that ot'('ll}li(•(l hy thl' l'11i11'1l :-ltatl's !'11giJJPPI's in 
1876, miar the 111iddlc of the park a11d .south of Uw Wl'St 'lJHl of the .iail. It i>< marked h~· a sto11e 
set. in tlie gro1111tl. 

::IIIN:\ESOTA. 

1. MinncapoliH.-'l'he station is i11 the grou1uls of the 8tatl' lTuiYersit,'I·, am! is i1k11tieal with the 
astro110111ical .statio11 of 187 3. 

2. Brninad.-1.'he station is iu the ce11tt'l' of Sixth ;;trel't, three i><1uare.s (about 0111'-fonrth of a 
mile) 11orth of the Northern Pacific Hailroad, 011 t.Iw edgP of tlu• tmrn. 1t iH 111arke1l h,'I· a post. 

The soil i:;; almo8t Jllll'H io<and. 
3. (Jlyndon.-'l'he station h; i11 the pnhlie s111iare HU1Tom11lt•tl by l'artridg1• a\·emu>, l'leasa11t 

Rtre1•t, Eglon ayeuui:>, and :\lain street. lt is marked by a poHt. 'l'he soil is black loam. 
4. Pol'f Sncllin.IJ Jif~scrration.-The st.at ion is 1 7 7 ,~ S foet Past-son! heast of the sto11t> marked 

"N. \Y.'' (boundary stoue of reservation). It is marked by a ~1b;;ta11tial post. Tl1e· soil is black, 
sandy loam. 

5. Heron Lalrn.-The stat.ion is iu the center of Ninth str(•et uear its intersection with Chap
man street, apout 125 yards north of the Chapmau Hotel. 'l'he soil is hlack, prairiP loam. 

MISSISSIPPI. 

r. East Pascagoula.-Station of 1847-'48 is 43.9 feet north of tlie geodetic statio11. The sta
tion of 1855 is about 200 yards west-northwest of geodetic station. 

2. Missi~sippi City.-The station is identical with the aHtronomical station. It is situated 011 

a ridge of alluvial sea sand. The adjoiniug country consists of pine l1arrens, the soil is a :,;tiff 
red clay covered with sea sand: 

MCSSOURI. 

1. Oape Girardeau.-Station is identical with astronomical station. 
2. Wittemberg.-Station i.s identical with astronomical station. 
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Nl<mRA~.KA. 

1. Omalrn.-Tbc stat.ion of 1 X69 was iu the yard of tlw hmu;e on the northeast corner of Nine
teenth and Cass streets. 'fhe station of 1877 is in the gromuls of the high :-;chool, 99.2 feet south 
hy east from the corner of tlw area stoue wall, aucl 8c.6 feet east of plank sidewalk leading to 
south entrnuce of huildi11g-. lt ie; 111arkc(l by a hickory 8tub. 'fhc e;tatiou of 1880 i8 tl1e same 
aisiu 1877. 

NMVADA. 

I. rerdi.--No description liled. 
2. Rcno.-The Htation is iu the sont,hwe:-;t comer of conrt-honse yard, 28.8 meters from the 

corner of the court-house. lt is urnrked b,v a bottle buried 9 inches tlecp. 
3. Hot Spr-iugs.-Thc statio11 is i75.o rnekrs east of the track of the Central Pacific Hailroad, 

opposite the railroad oflke. It is markml h,Y a lJottle buried a foot below the surface and ·a pine 
stub pn~jecting 6 inches. 

4. Rye l:'atch.-The station is 67 .4 meters from the Central Pacific Railroad track, a short 
distance north of the railroad office and hotel. It is marked by a bottle buried 2 feet deep and 
a pin~ stub. 

5. lri111w11111rr·a.-Tbe station is in the northwest corner of the court-house ya.rd, aucl is marked 
by a Rmall eart.Jwu jar hnried 18 inches deep. The distance from the weRt, fence is 4.77 meters, 
from the north fence 10.55 meter:-;. 

6. B<1tflc Jfountain.-The station is in the northernmost corner of the Capital Hotel garden, 

arnl is markt-d hy a botth· hmiNl 18 inchPs dt>ep. 
i· fJ/ko.-TIH· statio11 is in the gro111Hls of tlrn NenHla State l·11i\'Crsit.v, 70.95 mPterl'l from 

tlw 111·arl'st eor11t•r of th1• lmihling, a11d 3.83 111etl'r,.; from the north fr11ct'. It is marked by a hlne
gla;;s bottlP lmrie<l a foot dt>ep. 

8. lrdlN 8tatio11.-Tlw station i8 13·9 uwters iu a northeast direetiou fro111 the northeast corner 
of tliP 1111hlic :-;chool builtliug·. Jt, i;; marked h.r a bottle lrnried 18 iucl1es deep. 

9. Tcr·11111a .-Thi• station iH ahout 1 oo meters south of the Central Pacific Railroad track, and 
53.7 meters from l'etk's Hotel. H is marked hy a bottle huried 18 inches deep and a pine stub 
1m\jt•1•ti11g· sen·ral iuche8. 

10. B11rckn ( Toirn).-Tlw station is on Stor,'\''" Hill, iu the wcstl'm part of the town. It is 
15.9 rnetcr8 from the nearest corner of Stor,y's .l.1011sc, a111l is marked b~.- a gla;;s bottle and large rock 
with drill-hole phtcPd over it. 

I J, Jllineral Hill.-The station iR locaforl on the Eureka and Palisade n,ailroad, about 5 miles 
from 1\1 i11eral Hill Mining Carn1i. It is 64 meters west of the track, in a line with the north face of 
the warehouse. It is marked b~- a bottle and pine stub. 

12. A.ustin.-The station i8 in the northwest 1mrt of the town, on a barren l1ill, just back of 
< ~hi11atown. It is marketl by a buried beer bottle, with a large rock resting upon it even with the 
surface. 

1 3 . . Mount Callahan ,0..-Tbe station is 18.60 meters from the geodetic station,i n azimuth i 4 o u' 
east of north. 

14. Eureka t,,.-The station is 20.60 meters from the geodetic station, in azimuth 27° 35 1.6 east 
of south. 

15. White Pine &,.-The Rtation is 16.6 meters, south 170 42 1 east from triangulation station. 

NEW H.AMPSHIRI!:. 

1. Isles of Slwals.-The station is on the south side of the harbor of Hog Island, on a small 
elevation ahunt 100 ~'ards from the water. There is a roatl leading to it at the south end of the 
Yillage. A. stone pot. was buried 2 feet deep, and a pile of stones placed at the foot of the pole. 

2. Unkonoonuc.-The direction from the station t-0 the geodetic station is 280 46'.7 west of south. 
3· Patuacawa.-The station is 106 feet from the geodetic station, in the direction of Aga

menticns. 
4· Gun.stook.-The station is near the summit of the mountain, uo meters northwesterly from 
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the geodetic station. The geological formation of the mountain appean:; to he chiefly felspathic 
granite intersected by dikes of trap-rock. 

5. JJfonadnock.-No description filed. 
6. Troy.-The station is near the south side of what is locally named the "Ohl -:\luster Field," 

in a northerly direction from the town hall. The g110logical formation appears to be dilu\'ium. 
7. Gor}iani.-The station is at Soldier's Hill, east of tower, one-fourth of a mile from center. 

Soil, sand and pebbles. 
8. Littleton.-Station is on rock near Oak Hill House, in direction of high school, and close to 

''playground" or garden of the hotel. 
9. Hanoiier.-The station is on the bill a little north of tlrn ohserratorr. A second station was 

occupied in 1879, about three-fourths of a mile due west of the first station, on the large open plateau 
belonging· to the scientific department,, The point is 250 yards west of the road. 

10. Ohe.~tcrjield.-The station is about 1 mile east of the factory Yillage, on Deacon Warren 
Bingham's premises. It is on top of an isolated ba.Id kuob east of dwelling, rz.15 feet(!) west-south
west of Wilde's (formerly surveyor) stone, a large st,one with deep, irregular notch cut in it, and 
southwest of the smaller of two maples. 

NEW JER~EY. 

r. Bergen Neck.-No description tiled. 
2. Mount lllitchcll.-No description filed. 
3. Sandy Hook.-The station of 1844 was 180 feet due north of position of trnusit instrument 

in 1842, and 500 feet from light-house. l~euwick'R station of same ~-ear was 376 meters due east of 
geodetic station. The station of 1855 was 2 50 feet nearly due west from the light-house. The 
Hook consists entirely of dunes of quartz sand. Station of 1873 and 1879 is 551 meters from \Vest 
Beacon, which bears from the station r60 20 1.5 west of north. 

4. Ne1cark.-No description filed. 
5. White Hill.-The station is 13y.j'. feet from the gemletic station, and bears from it 15° west 

of south. 
6. Church Land·inff.-The station is about a mile above the geodetic station. 
7. Pine 1II01mt.-Station coincides with geodetic station. 
8. Hau:kin.~.-No description filed. 
9. Port Korris.-Station coiucides with geodetic station. 

ro. Egg Island Light-Hou~e.-Tbe station is ahont 200 feet from the ligJ_tt-house, and bears 120 

west of south from it. 
11. Cape May Light-Ho1ise.-The station of 1846 was 208.6 feet from the geodetic station, and in 

a line hearing 54° 40' east of south from it. Tbe station of 1853 was about 160 yards to the west
ward of the light-house, within the iuclosure and not far from the beach. The station was near the 
sand dune.s, consisting of quartz and comminuted shells; gravel mHlerlie::: the sand. Station ot 
1874 is about south of light-house, 869.5 feet from tower. 

12. Townbank-The station is at Price's, near the geodetic statiou. 
13. Pil.ottown.-The station is 239 feet southeast of geodetic station. 
14. Cltew.-Station coincides with geodetic station. 
15. Tuckerton.-The station is in a lot to the rear of the residence of Judge Tucker ( 1846). 
16. Old Inlet.-Tbe station is 40 feet distant and in a line from Old Inlet Signal to Cedar 

Hummock. 
17. ilfoitnt Rose.-The station is in a clover field in front of the house of Mr. Theodore Hunt, 

about 500 yards east-northeast from the geodetic station. 
18 . .Atlantic City.-The station is in range between the southwest corner of the fence of Abse

com Light-House lot and that part of the light-house where the covered-way from the keeper's house 
joins it. It is 37 feet from the fence corner autl r p feet from the light,-house at the point mentioned. 
The ground consists of white sea-sand and sand dunes. 

19. Barnegat Ligllt-House.-The station is on the road cornstructed for carrying materials to the 
light-house when building; it is on the forty-fifth 1;leeper from the light-house fence, 8 feet from Mr. 

S. Ex. 49-27 
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Brown's fence, 47 feet from northwest corner and 67 feet from southeast corner of the same. Dis
tance from the light-house, 5 7 4 feet. The ground consists of siliceous white sand, with shells. 

20. Long Beach.-The station is in range with the old Tucker Islaud l1ight-House and the old 
Long Beach Romie; it is on the top of the nearest dunes to the old house, ·and distant 123 feet 
from the southwest corner of the house. At 23+ feet north of station on magnetic meridian the 
southwest corner of the new house bears east (magnetic) 145 feet. The ground consists of white 
quartz sand, with shells. 

NEW YORK. 

1. Buttermilk. f 
2. Round Hill t "" 1 · t' · ,.-, t b d t· t' f . · r-'o ( escnp 10ns given; supposeu ,o e near geo e rn sta 10ns o ·same names. 
3. Bald Hill. I · 
4. Howard. _) 
5. lfew York.-Station at Columbia College, old site. 
6. XClc Rocltelle.-The station is about 100 yards south of the Neptune IIonse. 
7. Port Che8fer.-The Rtation is at Sawpit's Steamboat Landing. 
8. Manhattrmi•ille.-The station is at the Lunatic Asylum. 
9. Lloyd Harb01·.-No description filed. 

rn. Oyster Ba1;.-No description filed. 
r r. Ureenpo1't.-~o descriptio11 filecl. 
12. Drowned Jfeadow.-X o description filed. 
13. Sand'.~ Point.-The station of 18+7 was on the line from Sand's Point Light-House to :1\1ati-

11icock Point, at the distance of r 23 feet from the center of the light-hom;e. 
q. Platbush or Jlo1mt Prosp1•ct.-The station of 1846 was 222.4 foet from the geodetic station, 

and bore 8+ 0 141 ea8t of north from it. The station of 1860 was on the southern corner of the reser
voir at the outer edge of the coping, and very near the place where the old trigonometrical signal 
was located. The ground consists of small bowlders and drift. 

r 5. Cole.-The station coincides with the geodetic station. 
16. Legget.-The station coincides with the geodetie Rtation. 
17. Fil'e L~land Ligh!-HouRP.-No description filed. 
18. New York.-Tlte station is on Governor's Island, between Fort Columbus and Castle 

\Yilliam, on the north Ride of the covered-way connecting the forts, and iu raugc with Trinity 
Church steeple and Battery tlagstaff. The dista11ce to Fort Col um bus flagstaff is a bout qo yards. 
The soil consists of (jltartzose sa11cl overlying mica slate; no traces of iron. 

19. New York.-The station is on the north side of Bedloe's Islaml, about 10 foet from the wall 
awl in range with a high bluff on the right shore of the Hmlsou and the flagstaff on .!!.:His Island. 
The diRtance to Bellloe's Island flagstaff is about 170 yarfls; it is nearly due south from tlle sta
tion. The station iR on quartz sand. 

20. Neu~ J'oi'k.-Tlrn station of 1855 was within a few feet of the geodetic station, and was 
located on the summit of the rock at the southwest corner of the receiving reservoir, about 25 feet 
ahow• tlw le\'el of thr water. 'l'lrn rock consists of gneiss, and appears to be free from ferruginous 
matter. 'l'lw station of 1872 was on the central part of the Green, immediately west of the Mall. 
Distance east from road, 317.4 feet; distance north from walk, 576.5 feet; distance south-southeast 
from oak tree, 187.2 feet. Station of 1873 was on a fiat-topped granite knoll in Uie center of the 
north meadow, where Ninety-ninth street and a line midway between Sixth and Seventh avenues 
would intersect. Station of 187+ is at Mount Saint Vincent. 

2r. Grecnbush.-'I'he 8tation iR on the Greenbush road, close to the woods and not far from 
Second street. It is about 1 mile cast from the Albany State-house. The soil consists of a clay_ 
ish santl and marl of a dark-blue color; apparently no iron in the soil. 

22. Cold Sprin!J.-1'he station is on a granite bluff on the bank of the Hudson, about 400 feet 
east of au iron gun which is placed on the top of the bluff: It is about the same distance west of 
the Hudson River Railroad, and near the depot. 

23. A.llumy.-The station of 1858 was 209 feet clue south from the center of the transit instru
ment. The soil is chiefly clay, covered with a rich, black loam 8 or 10 inches deep. The station of 
1879 is 55 .varcls due west of station of 1858; tlie soil is of the same character. 
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24. Ffre Islanrl.-The >:tatiou is coiuchle11t with the west end of Fire Island Base. The ground 
consists of whitl\ quartz sand, with shells. 

25. Sag Harbor.-ThP station is 011 Mnlfonl's Hill, uearl~· i11 the cc;uter of the ohl redoubt. It 
is nearly in range between tltl' old Episcopal church and the old signal at Smith's farm, and is 
about 01w-fourth of a milt> east of the church. It is also uearl,Y in range witlI the gquare-towered 
belfr:_r and Cc•dar Island Lig-ltt. The statiou is over the higher of two small gueiss leflg:es. 

26. Bath.-Tlw statiou is oppositP tlrn post-olliee i11 frout of the pulilic park, am1 uearl.) sonth
weRt of tlw court-hmrne. It is r 7 ; 2 feet from the woollen inclosure of the park. The g·eological 
character i.~ calcareous slate aud marl. 

27. Ruland.-Tlie statiou i8 286.9 feet from geodetic 1'tation, and beari; from it 56::> 37 1.8 wm;t of 
north. 'l'he preYailing clmracter of the soil is a sandy loam resting on drift. 

28. West Hills.-Tbe station if< 608.7 feet fmm geodetic station, and hears from it 210 02'.6 east 
of north. The soil is chiefl,v a san1ly loam resting 011 drift. 

29. l'.arJJenter's l'oint.-The station is 230 feet west of ohsen-atory. The rocks are flints 
limestone, with uo indication of irou. 

30. Duer.-No descriptiou filed. 
31. 0.Jford,.-The station is on the knoll of a hill projecting south ward ou Ehler Ransom•s high 

field, about three-fourths of a mile in magnetic meridian 11orth from depot, betweeu Scott and Xew 
streets, directly above Dodge's house. 1t is markerl by a 6-inch square stmrn post, one edge t;ome
what defective, and a buckshot battered into drill-hole. 

32. Jthaca.-Station is ou Cornell Univer1'ity gl'Ouuds, iu Profest;or Icuertes' meri<lian line. 
33. Potsrlatn.-The station is located ahont one-half mile southwest of depot, on a sloping pas

ture on l\Ir. Clarkson's propert~-, north of his private premises and south of the road. The station 
is over a quartz cake, resembliug a sharp iee cake half turned up, with notch chiseled iu top. It is 
about r 2 }laces north of a large rock, forming part of a stone wall. 

34. PicrrCJwnt ]lfa.nor.-The station is one-half mile southwest of village, and is marked by a 
stone set in Mr. \V. C. Pierrepont's pasture south of his land-office and garden, and in his own meridian 
line. 

35. Clinton.-The station is in a meadow east of Hamilton College ObserYator.r, and south of 
the ball grouud. ,A large, thick, elliptic flagstone was buried with the snrface at a level with th<> 
g-rass and marked with interseeting linei:;. 

36. Patcliooue.-'l'he station i~ situated on the land of l\lr. Hoe, west of the Oceau HonBe. Dis
tance from fence to eastward, 79 feet, distauce from fence to Ronthward, 78 feet. 

37. Fal' Boclcaway.-The station is marked h.Y a stub driYen into the ground in front of the 
Beach Hotel, on the promontory ou the land of Mr. l'IL l\fcCaffertr. It is 75 feet north from <·omer 
of fence. 

38. Babylon.-The station is on the west side of the road that runs directly south from the 
Episcop[tl church. Angle between Episcopal church and Fire Islaml Light, 131° 15 1

• 

39. West Hampton.-The station i" on a bluff 60 feet west of school-house aud 40 feet north of 
the road. 

40. Ea.~t Hampton.-The station is ou the land of Mr. ,Jeffries, on the top of a steep bank, and 
is z 5 feet ea.st aml 30 feet south of the fence. 

4r. llfontauk Point.-'fhe station is in the groumls of the light-house, and is northeast of it. 
42. Sherburne.-Tbe station is in the rear of Prof. H. A. Newton's barn, in a lot, and is marked 

by a Jleg. 
43. Rous&s Point.-No description filed. 

NORTH CAROLIXA. 

i. Bodies Island.-Tbe station is at Station LXXII of base line (1223 meters from sonth 
terminus), near the l1ouse of Mr. E. B. Midgett .. 

2. Stei1enso11'.~ Point.-Tbc station is in a line bearing rr 0 13' west of north from tl1e geodetic 
stati.:m. 

3. Shellbank.-The station is northeast of the geodetic station. 
4. RalC'ioh.-The sfattion is 105 feet east and 26.6 feet north of the center of Capit.ol dome. 
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5. ll'ilmington.-The station is at a point <lue north of the transit irrntrument in obsnvatory, 
and upon land adjoining Dr. Drnne's residence, north side of l\farkPt street. 

6. Fort Jolmson.-'l'ht> station is 89.2 meters in a w11sterly direction from geodetic station. It 
is marked by a cedar stub and copper nail. Stiition of T874 was r 50 feet south of flagstaff. 

7. Portsmoutll lsfand.-The station is at Xortheast Base. No further description given. 
8. New Berne.-The station is located in the solid brick iuclosure of the national cemetery, 

in the open space to the west of the superintendent's house. 
9. Sand Lvland.-The station is 50 yards from geodetic station, and bears from it 64° 351 west 

of south. 
10. Beauji>rt.-The station is in the open lot in the rear of Miss Davis' boarding-house, So 

yards from the rear of the house and 40 yards from Ann street. The soil is sand. 

OHIO. 

1. South Point.-The station is the same as the astronomical station, between the Baptist 
church and the ri\er, on the top of the bluff. 

2. Oolumbus.-'l'he station is 27 1.4 feet north of the transit instrument in Capitol square. 
3. Olcreland.-Tbe station is in the marine hospital grounds, r8r feet north from the astronom

ical station. 
4. Cincinnati-The station is on the hrow of the 11ill, 281 feet due north of the center of the 

transit instrument in the new Cincinnati observatory, and is marked by a post and copper screw 
The soil is a mixture of clay-and loam. 

5. Athens.-The station is in the grass plot west of the college buildings, and marked by a 
sandstone post sunk 3 feet in the ground, and engraved on the top with the letters U. S. C. S. and 
a cross. The soil is a sandy loam. 

OREGO~. 

r. Eu:ing Harbor.-Xo description filed. 
2. Koos Bay.-No description filed. 
3. Astoria.-The station of r 8 70 was on the crest of the jutting high bluff in the lot of Mr. John 

Coe, and about 60 feet aboYe the water. It was 283 meters south and 271 meters east from .Astor 
Point station. The station of 1881 is in the northeast corner of school-house block. It is marked 
by a block and copper nail. 

4. Portland.-The station of 1870 was in the northeast corner of the custom-house block, near 
the eorner of Fifth and ::VIorrison streets. The station of i88o was in a vacant lot just west of the 
Clarendon llotel. The station of 1881 is in the grass plot in southeast part of court-house block, 
8.81 meters south and 3.7 3 meters east from the edge of the asphalt walks. A stone block, buried 
1;/, feet, marks the point. 

5. Jacksonrille.-The station is iu the grounds of the public school, 30.8 meters ne;trly due 
west from the southwest corner of the building. It is marked by a stub and copper nail. There 
is alfio a blazed witness tree 20.2 5 meters southea8t of station, an<l a stump 13.8 5 meters northeast 
of station. 

6. Oanyonville.-'rhe station is in Pine street, between Second and Third streets. There is a 
clump of small eedars to southward, the largest of which is blazed, and marked with a copper 
nail, and is distant from station r 2.4 meters. The dip station is south of declination station u.07 
meters. 

7. Oaldand.-The station is near the northeast corner of the academy grounds, distant from 
Third a\'e1me fence 7.23 meters, from Locust street fence 11 meters, from northeast corner of 
academ~· building 25.21 meters. The block on which the instrument was mounted was left in 
Jllace. Tho dip station was 14.64 meters southwest from declination station. . 

8 . .Eugene.-'rhe Htation ii' in the grounds of the State University: about 80 meters east of north 
from the eastern end of the bui"Jdiug. The magnetic meridian passes over the south corner of the 
lower step at the east entrance. The block on which the instrument was mounted was left in 
11Iact>. The dip station was south of declination station 23.67 meters in magnetic meridian. 

9. Albany.-The station is in the southwest part of college square. Distance from west fence in 
line to chimney on Mr.1\Ionteith's house, 42.5 meters; in line to chimney on main part of .Mr. Ellison's 
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house, 39.0 meters; from south fence in li11e to cltinmey on ReY. H. L. Mttw11s' house. 38.1:; meters. 
The block on which instrument was 111ou11t!~d was left in pliwe. Th<> 1lip statio11 was 1 _:;.:;3 meters 
south (magnetie) of decli11ation station. 

rn. 8ale111.-The station is in 'idrnt is call<>tl \Yillso11's aYenne, lying between thP State Capitol 
on the east and tlle 1'.1mrt-homm 011 tlu• wt•st. 1t is i11 the li11P of Cottage strPet. 3 pact's west of 
the path between the north arnl south gates. Th(• obserdng-lllock wa:;; paintl'.d whit\'. a1Hl left for 
future use. The dip station is 12.7 meters 11orth (magm~tic) from declination station. 

1 r. Saint llelen.-Tlie slat io11 iii ide11t ical witl1 triangula (ion station Lemont. a liont a mile 
west from th0 town. 

r2. Cmatilla.-Tbe Rtation is on the south side of First street, a little ea~t of ]) Htreet, 011 a 
small knob eomposed of sau<l arnl bowlder;;. 'l'ht· dip Htation was 11.6 nwtf'.r;; from 1kdinntio11 

station, in line to azimuth mark. 
13. Blalock.-The station is about midway bet\weu l\Ir. ,V, IL Uriftin'>< house a111l the railroa1l 

track. 'l'he obserd11g-hlock was h·ft to mark the poi11t. 
14. Three-1lfile Creek.-ThP Ht.ation is 85 pact~H north of the top of the north hank, mea,.;urP<l 

in liue to the acadC'my lmildiug, and 63 paces west of thl' railroad track, nwasnred iu linP to tht• 
northeast comer of the slaugltter-ltonse corral, where it stril,Ps thP steep rocky hlnff. 

l'KN:NSYLVANIA. 

r. Girard Coller1c, PhilarlPlpliia.-l'hP st<Ltiou of 1846 was in a litw Jw:1ri11,:..:· 54=i .:;5' pa;;;t of north 
from tlte geodetic station, which is in the center of the marhle roof of thl• college. Station of r855 
was to the northeast of tilt~ colleg1· hnilding. It was 2 z 2 feM from the nortbeast cor1wr anti 369 
feet from the soutlieast corner. Station of i862 was rery near where the urnglwtil- ollst•1Tator,\· 
stood in 1840-'45, and nearly in the center of the playgrouud. The station of 1855 was also reoc
cupied. In 1872 the station of 1862 in tile playground was reoccupird. It was 235 fret north of 
t.he stone wall, 97 feet from the Past\'rn honndar,Y of the playground, and 3 +o fpe\. from tht• western 

boundary (the playgronml ha Ying been enlarged tiince 186~ ). The stittion of 1877 is on the la wu 
southwest of the college huildiug, near a wi·eping-willtrn· tree. Distance to Honthwest comer of 
building, 450 feet. Bearing of g·eod<>tic from magneti(' station, ::W0 east of it0rtl1. 

2. Bristol.-The station is at Profes:,;or Yannxem's. abont 2 mile.~ abo,·e Bristol. on the Dela
ware }{h·er, and about 300 feet north of the canal. 

3. Yard.-'fhe station i>< a hont 2 50 ,\·ar<ls east.sontheast from the gic•odeti1· station, in the 
orchard to the north of Mr. l<'innigau's house. 

4. Harrislmrg.-The station is to the right of the eastern entranc(• to the grounds of thf' Cap
itol, 78 feet from the middle of t,he walk to the lmil<li11g, 29y,i feet from the wooclen feill'L', aml 165;~ 
feet from tLe northea:st comer of the Capitol. The geologi .. al formation is slate awl liaudstone. 

5. Joltnson'is 1'<wern, near Brmrn8rillc.-The station is near tlw hight>st ]Htrt of tltc l1ill iu a 
large wheat field in the rear of the tfweru, 'vhich bears west b_y south from tbe station. and i>< dis
tant about 350 ~-artls. The soil is cla~· on carboniferous strata. 

6. Erie.-Tbe station is north of the re1-1idencc of Mr .• lames C. Heid, 011 SeYenth strpet, a11d 
east of French street. Jt ii' in a ,·acant lot oppositt~ his hon;.ie and the large ;.ihool-lionse. The soil 
is cla,v and marl. 

7. William.~port.-The station is to the northwest of the olll academ,\· building, over 160 feet 
from its nearest corner. From the station the two cupolas to tbe h'ft of the tlark, slatt>-conm~d 
spire are in mnge. The soil is clay with lime aml san1lsto11es. 

8. Betltlelt.em,-Tbe station i8 in a fiel<l 11early fronting l1ehigh College observatory. 

RHODE ISLAND. 

1 • .lllcSparra11.-Tlte station is ou the Rummit of tllP hill in a field opposite to the ang-le of tlw 
roarls to Kingston and Wickford. 

2: Spenaer.-The station is about 200 feet 11orth of the geodetic station. 
3. Be<1conpole.-'l'he statiou is 39.5 foet north of the geodetic 1-1tati011. 

4. Point J~ulitlt.-The station is on the line joining Point Jmlith Light-House and Beawrtail 
Ligl1t-Ho11se at the dii;tance of 290 feet from tJie former. 
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5. Watch Hill.-The station is identic~tl with the geodetic station. 
6. Proi•idence.-The stat.ion is in the gronuds of Brown University directly east of the center 

lmildiug and 198 feet from the door. The geological formation is principally quartz rocks, mica, 
schist, and gneh;s, containing no iron. 

SOFTH CAROLINA. 

1. Breach lnlet.-Statio11 of 1849 was 011 a line beariug 80° 2 r'.2 west of south from the geodetic 
station. The station of 1874 was upon a piece of hard, firm, grass-land near Mr. Trnesdale's house. 
It was 149 meters from Fort l\Iarshall (1865) and in a line from it hearing 134° 39.'3 (from south 
toward west). The statio11 of 1880 is on the grass plot 60 ~'ards from Mr. Truesdale's house. 

2. East Base, Edisto I.~lanrl.-The station is on the line from the astronomical station to a single 
tall palmetto tree whid1 bears 2 7~' east of north. 

3. Allston.-ThP station is on the summit of a knoll, 34 Ji feet northwesterly from the geodetic 
station. 

4. Culumbia.-The station is 164 feet from the southwest corner and 293 feet from the north
west corner of the uew Capito) building. 

5. Purt Royal.-The station is identical with the astromouical station at the southwest end 
of Saint fl ele11a Isla11d. 

6. Gi-altarn.-The station is 69.6 meters due north of the geodetic station near the bank of 
Scull Creek. 

7. Bea1q;wt.-The station is the magnetic observatory qo feet north of Assistant Boutelle's 
l1onse, on the corner of Wilmington and Bay streets. 

TENNESSEE. 

r. Olijton.-Same as astronomical station. 
2 • .Johnsonville.-Same as astronomical station. 
3. Fort Henry.-Same as astronomical station. 
4. Xa~lwille.-The station is in the grounds of the Vanderbilt University, 319.r feet from rear 

<'ntrance to basement of thP building and 410 feet from north fence.. It is marked by au oak Rtub 
with tack. 

5. Bristol.-Tbe station is in Mr .• Jameson's lot on the spot occupied by the eclipse party, and 
us F. E. Hilgard, in 18n 

6. Car!Jrille.-The station i1-; in the Yacant lot opposite :M. D. ·wheeler's house. The soil is 
pri11cipall_y gravel and bowlden;. 

7 . .. tthens.-The station is in the grounds of the Bast Tennessee and ·wesleyan University, 
><outheast of the building, and is marked by a riost. The soil is disintegrated limestone. 

ii.. Ohatt1uwoga.-The station is in the southeast corner of the large lawn attached to the Staun
ton Honse; it is marked by a limestone rock Runk even with the ground with a cross on it. The 
Hoil i8 disintegrated limestone. 

9. Tulfahoma.-The station is in the rear of the .Episcopal church and parsonage, 67 feet ro 
inches from the nearest point of the former, antl 53 feet from the nearest point of the latter. It is 
marked by a pm1t snuk even witll the ground. The soil is disintegrated limestone mixed with 
gravel. 

10 • .i1£U1:fi·eesboro'.-The station is in the grounds of the Union University, west of the south 
end of the building, and is marked by a post sunk even with the ground. The geological formation 
is limestone. 

1 r. Colmnbia.-The station is in the grounds of the Episcopal Institute for females, near the 
west entrance, and is marked by a post sunk even with the ground. The geological formation is 
pure limeRtone. 

12. Pulaski.-The station is in the grounds of the Martin Female College, and is marked by a 
post sunk even with the ground. Tbe geological formation is limestone. 

13. ftrand Junction.-The station is in a grove of oak trees northwest of the railroad depot, 
31 feet south of oak tree marked with cross, 35 ~ feet east and 42 ~ feet west of two trees similarly 
marked. A cedar post is driven at the point. The soil is sandy loam. 
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14. ,fack:son.-The station is in the southwest corner of the court-house grounds, 2 5 feet north 
of Baltimore street, and 25 feet east of Market street. A post sunk even with the ground marks 
the point. The soil is sandy loam. 

15· Ruiherford.-The station is in the center of l\fain street, in the rear of the Corley Hotel, 
168 feet from its southwest corner. An oak post sunk even with tl1e ground marks the point. 
The soil is sandy loam. 

TEXAS. 

r. Dollar Point.-'rhe station of 1848-'68 was 188 feet ,;on th and 157~ feet east of the geodetic 
station. It. was markect hy a ceclar stake, with copper nail. The station of 1878 is in tlw open 
lot due south from Col. Guy l\I. Br.van's former residence. lt is 327 ;vards south of magnetic 
station of 1848-'68. 

2 • . East Base, Gali1e8ton Island.-The station is 236.5 feet in a northeasterly direction from the 
geodetic station, about half a mile from the Gulf beach. 

3 . •. fapiter.-The station is 294.3 feet north northeasterly from the geodetic station. 
4. Rio Grande (rnouth).-No description filed. 
5. Lavaca.-The station is 90.5 feet southwm;tcrly from the geodetic station. lt is marked by 

a yellow-pine stub, with copper nail. The soil is rich prairie loam over sand and shells. 
6. Austin.-'rlte station of 1872 was about 400 feet due north of astronomical station. 'l'lw 

station of 1878 was identical with tlrn astronomical station of 1872. 
7. San Antonio.-The stittion is in the United States ari;;enal grounds, upon a soli1l stone in 

the reitr of the office of the commanding officer, in a large, open space, well removed from all dis
turbances. 

8. Hempstelid.-The station is in an open field, about 400 yards from the depot, south west of 
the Sloan Hotel. 

9. Groesbeck.-The station is in an open field southwest of Burkle,\· Ilotel, about 500 yards 
from station. 

10. Fort lVorth.-The station is in a lot on First street, in the rear of the residence of :Hr. 
N. M. Maben, in the northwestern part of the city. 

11. Shermnn.-Tbe station is in an open Jot clue west of the Binkley Hotel, on Pecan l"treet. 

UTAH TERRITORY. 

i. 8alt Lake City.-In 1869 U1ree points were occupied. Station Xo. r was 259 feet north ot 
the astronomical station; No. 2 was about 100 feet west of the astronomical station, and Xo. 3 was 
443 foet northwest of station No. r. 

The station of r878 was at a point 7 s yards south of Fourth South Temple street arnl 50 yards 
east of Second East Temple str_eet. The station of 1881 is near th\! telegraph longitude station 
in the southeast corner of the Temple block. lt is marked hy a gm11ite po,;t set oYer a bottle, 
forming also the south end of a short meridian line. The soil is loam. 

2. Castle Rock.-The station is 350 yards south of Station House. The soil is a sandy loam, 
intermixed with bowlders. 

3. Ogden.-The station is in the large open valley due north of the depot, and 400 or 500 yards 
distant. The soil is a rich, black loam. 

4. Kelton.-The station is in the northwe:st corner of a meant lot in the western part of the 
town, nearly opposite the Central Pacific Railroad turn-table. It. is marked by a bottle buried 18 
inches deep. 

5. Oorinne.-Tbe station is in the westem part of the town, a11<\ south of tl1e Central Pacific 
Railroad. It is 30.00 meters from the northwest corner, and 33.63 meters from tht\ northeast corner 
of the Presbyterian church. It is marked by a bottle buried 15 inches deep. 

VERMON'l'. 

1. Burlington.-The station of 1855 was about 12 feet southwest of' the flagstaff in the center 
of the camp ground. The soil consists of diluvial clayish sand, 60 01· 80 feet deep, o\·erl.ving lime 
and sand stone. Station of 1873, no description filed. 
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2. Rutland.-The station of 1859 was in the eentcr of an open lot immediately adjoining the 
bauk h11il1li11g, and south of it. It is iu the Yicinity of the new post-office. Soil, alluvium, lime
stone, arnl i;latP. Station of 1873 and 1879, no description filed. 

VIIWEUA. 

1. P1~fl'rsl111r.1J.-The station is 3-1-7 ;~ feet from the geodetic station (Roslyn), aud is 170 41' west 
of Horth from it. The hill is composed of 1lrift, with seYeral feet of clay 011 top. The spring watrr 
i" 1:<tro11gly impregnated with iron. 

2. 8nearl.-Thc statiou i1:1 in the yard of Mr. Snead, 153 feet from the geodetic station, and 
hear,; from it uorth 70° Wf'8t. Thf' soil consists of white sand, mixed with shells. 

3 . • Joynes.-The station i,.; 1130 feet from the gcodetic statiou, the latter bearing from the 
magnetic ,.;tation uorth 4'..!0 56' east. 'rlw Rtation is on the edge of the salt-water marsh. The 
soil eom;ists of mar,.;h, hanleHed b~· admixture of white saud. 

+· 8cott.-The station i8 close to the bay, 18 feet west of the geoclf'tic statio11. Near the station 
tlw soil is marshy; elsewhere it is white saJl(l resting on clay. 

5. Cape Clw rles.-Tlte station is 2 ;( feet from the geodetic station, and directly in line with 
>::lmith's Island Light-Honse. It iR ou low gronnd, overflowed at high tides. The soil is white sand, 
mixc'l with broken shell8. 

6. Old Point Co11~fort Li[!ltt.-The station il'I betwee11 the light-homie and the beach, and close 
to the latter, uot far from the wharf with stone piers. It is 2 33 feet south of the light-house. The 
soil i,.; whitf' sand, mixed with shells. 

7. Noijolk.-The statio11 is north and a little we,;t of the city-hall, and is iu Mr. Lewellyn's 
;rnr1l, 11ot far from the g~ts factory, ou Smith's Creek. The city-hall is distant 1,250 meters, and 
bears south loo 2 ,' east. The soil is sandy. 

8. Xm:tr>lk.-The station is south and east of the city.lrnll, in the center of a large open lot 
bet wt~Pll .Main and "Yater streets, not far from Higgins' wharf and the railroad freight depot. The 
city-hall is p6 meters north aml 299 meters west of tht; station. Tlte soil is sand and river deposit. 

9. Cape Henry Light-House.-The station of 1856 was between the light-house and the beach, 
011 top of a small :;and dune. 'l'he light-house ifi 700 feet distant, and bears south 260 501 west. 
'1'111· he a ch consiMs of white saud and broken shells. Tl1e dip-station of 187 4 is 891 .5 feet from the 
light-hom;e, ancl hears from it north 250 38.13 east. The mag·uotomete1· occupied a position 68 feet 
from the 1lip-station, a little south of em;;t. 

10. Prederick.~lm1·g.-The station is on Brown's Island, in Itappalrn1111ock I~h·er, dose to the 
hridgc. The E11ifleopal church ii-; llh;tant 3or meters, and bears south 490 II 1.3 west. The sur
ro11111li11g hilh; consist of loam aud gravel. 

l l. Ric/1111011d.-The statio11 is nearly d11e south of the Capitol, on the northwestern extremity 
of the smaller Mayo l,.;laml, east of the bridge over James Iti\·er. The station is on the surface 
of thP granite rock, a few feet aboYe high· water. 

12. I'1~11ch Gnme.-Tl1e station is 106.5 meters rnnth of the geodetic statiou. The soil is gravel 
arnl day. 

13. Wo(ltrnp.-The Ktatiou is 100 feet from the geodetic 8tation on the prolongation of the 
liiw "Wolftrap Lig-ht-Hon8e to Wolftrap. 

q. 1'a11r1ier.-'l'h<• Ktatiou is distaut from ge()(letic station 22+.16 feet an<l in azi111uth 29° 231.2 
(sontlt to Wt'St) from it. 

15. Clark Jfo1rnt.-The station ii-; upon tlie nort!Jrast hrow of the hill, the point being 
marked 11~, !tole <lrilled in a Klllall, flat rock. The geodetic station is distant 153.7 meters in azimnth 
500 53'.2. 

16. fl11ll lt1111.-The station i:s 30.9r meters from gemletic station in azimuth 210 23.'5 from it.. 
'l'he obsPrn1tion" for 1lip wt•r1\ made in the ,.:a,me line at a distance of 23.3 meters from geodetic 
station. Tbe mount:iin con.-ish; of broken masses of gneiss, co\'ered with forest growth. 

17 . .Korth end 1~( Kuott 1xland.-No description of posit.ion filed. The geological cuara<Jter of 
the soil \Hts marsh mucl (ffl'rlai'l h.v a .~tr.1.tnm of san1l about one foot in thicknel'!s. Station about 
0111• foot a hon• watt~r. 
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18. lVilliamsburg.-'rhe station is in the grounds of William and Mary College, northwest of 
the main building. The spire of the college waoi distant 379.5 feet and bore 500 441.6 east of south. 

19· Greemooo(l.-The station is 011 the estate of Dr. J. R Ba,Ylor. It is in the large open grasf> 
plot west of his residence, and iis marked by a post. The soil is a gravelly loam. 

20. Cov·ington.-Mr. F. E. l:Iilgard's station of 187 3, in the flower garden in tlle rear of the 
McCurdy Hotel, was reoccupied in 1881. Q 

21. Wytheville.-Thc station is in an open gra/o\f< field about 100 yards southeast of Boyd's Hotel. 
and south of the railroad. It is marked h,v a post sunk even with the ground. The geological 
formation is pure limestone. 

22. Marion.-The station is in the grounds of tlw :\lariou :Female College in the lot just west 
of the main building. It is marked by a post sunk even witlt the ground. The soil is composed 
of disintegrated bowlders and gravel. Ijimestone is tlie general formation of the country. 

WASIUNGTON TERRI'l'ORY. 

1. Ca:pe IJi.~a1Jpointmcnt.-In 1851 there were two statiom;; the fin~t was on foe beach where 
the saud co11tained irou. A second was therefore taken 011 the ridge on top of the cape ahout 45 
yards west of the observatory. Tlte first statiou of 187 3 was near the old astronomical station and 
about 4 feet. southeast from the triangulation sigIJal reeently erected. The second, or Rtation A, was 
about 60 feet northward from the northwest comer· of the light-house keeper's house. It is marked 
by a round pine post, about ro incheR in diameter, imhedded in the ground. The station of 1881 
is in the northwest corner of light-keeper's yard, 25% foet from northwest corner of dwelling, and 
is marked by a pine post. The soil is light loam. 

2. 8carb01•oztgh Harbor.-No description filed of station of 1852. The station of 1855 was at 
a point of land unller the lea of Waddah Island, Nee-ah Ba,y. The geological formation cousists 
of sandstone and shales of the coal measures. Tim station of 1881 is about a quarter of a mile 
east of the church in Nee-ah Indian village, aml about, 100 feet back from and 15 feet aboYe higlt 
water. It is marked by a pine post. The soil is sand with a little loam. 

3. Point Hudson.-The station of 1856 was ou the prolongation of the line Admiralty Head to 
Point Hudson, and distant from the latter about 170 yards. The station of 1881 is iclentical with 
the astronomical station established in 1852 and used in various ;1"ears subsequently. 

4. 8eattle.-The station of 187 r was near tlie edge of the bluff bank of Duwamish Bay, to the 
west of the large white house now occupied by ,r. Leary, esq. H was about 90 feet i:;outlt of Jackson 
street, and marked by a spruce log 8 inches in diameter and 3 feet alJove tile surface of the 
ground. The soil appears to be free from magnetic sand., but local attraction is suspected. 

The station of 1881 is 5.82 meters north of triangulation station Seattle 2. The observing 
block was left in position, and a stone with drill-hole was lmriecl 1 Yz foet deep at a point 4.01 meters 
north of Seattle 2. 

5. Ainswortli.-The station is on a sand dune 18 feet high, about 60 meters west of the track 
of the Northern racific Railroad and 50 meters southwest of the southern house of thn town. The 
observing post was left to mark the place. 

6; Sixty-illile Well.-The station is on the first, nearly level portion of the ridge on the west 
side of the coulee, about 125 meters from the railroad track. From the station the pnmping·ro.: 
of the wind-mill is seen over and tt, little east of the west gable of the boarding-hom;e. The dip 
station was distant 16.65 meters in line to azimuth mark. 

7. Sprague.-The station is ahout 125 meters west of railroad tn1.ck, on a nearly level spot 
covered with rank grass. Thirty.two naces eitstwanl in line to the mi<ldle of the 1lepot is a small 
mound. Six paces wm;tward is a small ridge with stony. surface, arnl tJ1e same diRtance north is 
the edge of a small clepressiou 10 meters in cliameter. The observing block was left to mark the 
place. The dip stat.ion was 14.55 meters distant in the direction of azimuth mark. 

8. Spokane FaUa.-The station is on the property of Mr. \V. l\L W olvertou, distant from fence 
corner to southeast 16.46 meters, and from Railroad avenue 6.32 meters. The observing block 
marks the point. The dip station was 15 meters north (magnetic) from declination statiou. 

9. Pomeroy.-The station was on the lot on the northeast corner of l\faiu aud Scc1)nd Rtr~·l'ts, 
S. Ex. 49--28 
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distant from l\Iain·street fence 24.2 meters; from east fence 5.3 meters; from north fence 12.4 
meters. The observing post, sawed oft' within 1 inch of the ground, marks the point. The dip 
station was 7.55 meters south (magnetic) from declination station. 

ro. W"alla "Walla.-The station is the same as that occupied by Mr. Clark, of Lieutenant 
Wheeler's expedition; the brick pier erected b~1 him, on the east side of the court-house block, 
being used. Thr dip station was 15.8 meters south of the pier. 

11. Wallula.-The station is on the north side of the first street north of the old fort, aud 
near an old ice-house. The dip station was distant rn.6 meters, on line to azi mnth mark. 

12. Lower Oa.serule.Y.-'l'he station is on the farm of l\Ir. S. M:. Hamilton, in the second field south
west from his house, distant 23 paces from fence in line to old barn, and the same from east gate 
post. It is marked by a post. 

13. Vanco1wer.-The station is in the garrison pasture lot south of tlie old fort, 40 paces from 
fence in a line to g·arrison flagstaff, and fifty paces from same feuce in line to arsenal flagRtaff. The 
observing block marks tlie point. 

14. Olympia.-The station is in the southern part of the blnck lJctwccu Uuion and Eleventh 
and Columbus and .Main streets. It is 35 meters from the southeast corner of the block, and 16.5 
meters from south fence, measured in line to chimney on house of Capt. T. ,J. Brown. The observ
ing block markR the place. 

WEST VIRGINIA. 

1. Olarki?burg.-The magnetic station of 1864 waR identical with the astronomical Rtation, being 
about 1 oo feet east of the academy. The station of 1880 is in the academy grounds, near the 
same spot, anll i8 marked h:y a locust stub and copper tack. The soil is loam and subsoil is soap
Rtone. 

2. Grafton.-The station is at a point in range with the flagstaff and astronomical station, 
about a thousand feet northwest of the latter. 

3. Cameron.~The station is identical with the astronomical station, being directly north of 
the church, 32.1 feet from northwest corner, and 29.1 feet from northeast corner. 

4. Wheelinr1.-The ;,tation of 1864 was on the island opposite the Sprigg House, about half.way 
between the mean level of the river and the picket fence on the east side of the h;Jand. The station 
of 1881 i;, on the south end of Zane's Island, 225 feet from the Ohio River, aud near the center of 
the propose1l race-track. U is marked hy a post. 

5. Parkersbur!f.-The station is identical with the astronomical station at the foot of Court 
street, on the bluff above the river bank. The station was re-occupied in 1881. 

6. Point Pleaxant.-The station is identical with the astronomical station north of the bank 
httilding, 011 the bank of the Ohio River. 

7. Oharle.~ton.-The station was identical with the astronomical station, in the vacant lot oppo
site Mr. Whitaker's residence, on the road leading from forry. 'fhe station of 1881 is in a large 
vacant lot, 011 the opposite side of the street, one square nearer the Kanawha l{iver. It is marked 
by a post with copper tack. The soil is sandy loam. 

8. Aldn·son.-Tbe station is in the southweRt corner of the town, in an open meadow at the 
foot of a hill on Greenbriar street. It is marked by a post sunk even with the ground. The soil 
is black loam. 

WISCONSIN. 

1 • ..L1tadison.-The station of 1876 was west of the underground magnetic observatory, and was 
marked by a cedar post about 1 meter in length. The station of 1877 was about 250 feet further 
south, near Mr. Dinsdale's house. It WdS marked by a stub, 36 feet from the fence to westward, 
and 27 feet from the fence toward the avenue. 

2. La Oro.~se.-The station is identical with the astronomical statiou of 187 3 in the court-house 
square. 

3. J1fodison, Fm·m.-The station of 1878 is in the center of the meadow of the university farm, 
a.bout 1 mile due west of the uniYersity. It is marked by a post with copper nail. 

4. Superior City.-The station is near the cent.er of Fon1th street, just east of its int.erSl-'ction 
witl1 Uecker avenue. The soil is black prairie loam. 
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WYO:IIING TERRITORY. 

r. Skermnn.-Xo <lescription filed. 
2. GJteyennc.-'I'he station is in the center of a large, open lot, corner of SeYeuteenth and 

Dodge streets. Tltf' soil is sand and gra\'el. 
3. Laramie Cif,lf.-Tlte 8tati011 i8 in a large, open meadow east of the cit~'• between it aml the 

river. The soil is black. moist loam. 
4. Ruck Crne!.:.-Thc 8tation is i11 the \'alle.Y of Rock Creek, southeast of the railroad eating

l1omse. The soil is black loam mixed with gravel. 
5. Fort Fred. Steele.-The station is 60 ~'ards d1w south of t,he United States Arm:y hospital. 

The soil i8 g-ravelly, 8and,v loam. 
6. Creston.-'l'he station is on the open plain, 150 ,yards due southofthepointoccnpied b;vthe 

American obser\'ers of the solar e<~lipse of 1878. The soil iR an alkaline sand. 
7. Point of Jioek.~.-The statinu is ahout 150 yards south of the railroad station. on the bank of 

Hitter Creek. The soil is an alkaline sand. 
8. Green Riiicr.-The station i8 200 yards due soutl1 of the Rtation-honse. The soil is an alka

line, white sand. 
9. Oarter.-The stat:on is on the open bottom, 300 yards due east of the station-house. The 

soil is a sandy loam. 
FOREIGN coeNTRIES. 

1. (,)ueb11e.-The statiou is about 300 feet south and cast of the \Volte mounmeut, and about 
mid way bPtweeu the small honse and fence opposite, 20 feet from the road. The geological forma
tion appears to be slate. 

2. 11fontrea1.-The station of 1859 was within the gl'Omuls of McGill Universit~·. It was 36 feet 
from the southern gate. and to the right of the road. The station of 1879 is on the opposite side 
of the road. The geological formation appears to be black slate. 

3. Ghameook.-The station is near tlte edge of the wood on the east side of the St .. A.ndrew's 
road, aml about half a mile from the geodetic statfou. The soil is loam and loose materials. 

4. Aulezal'ik Islanrl.-The Rtation is in a direction 33° 57 1 west of south from tlie astronomical 
observatory of the eclipse expe<litfon, and 11ista.nt from it 3251 feet. The point was marked by a 
stake and heap of stones. The rocks are stratified granite of rt 8,Yenite character. 

5. i::!t. Pierre de 1lliqudo11.-The station of 1872 was 556.5 feet north of the ai;;tronomical station. 
The station of r88r is marked b,v a st.011c near t.lte middle of the public square, which acljoim; the 
hospital ground8 on the north, and is 8outh of the station occupied for longitude in 1872. 

6. San il!artin hlancl.-The same as astronomical station. 
7. Lagoon Read.-The same as astronomical station. 
8. Oer.ros lsland.-The same as astronomical station. 
9. San Jose del Cabo.-The same as astronomical station. 
10 Jiagdalena !Ja,y.-The same as astronomical station. 
l 1. Ascem;ion Islnnd.-The same as astronomical station. 
12. C/wt11arn Islanil.-The station is at a point southwest by south from the camp of the Transit 

of Venus expedition, and about 200 foet from the shore of Whangaroa Bay, at the foot of a low 
hill, covered with a dense growth of coarse grass and heath. The rocks are b~tsalt aml micaceous 
clay slates, the latter being Ia.rgely Yein(\(l with quartz. 

13. Nrtssau, Neu; Pronidence.-The station is 20 feet west-northwest from the granite post 
marking the son th west corner of the Crown reservation, which extends from tlte harbor side to the 
sea side of Hog lsland. This post is just above high-water mark, and, looking from the town, is 
the post nearest to the magazine. 

14 .. So1itli Beuiini.-The station is on. the south shore of the island, 150 yards east of a path cnt 
through mangrnve trem-1 leading to the ~t,ern one of two brackish ponds. It is 1 o feet from hig-h 
water. Three glass bot.tles sta,uding on eml are buried 2 feet below the surface. The soil is coral 
sand. 

r 5. Water Cay, Salt Key Banks.-The station is on a fiat rook in a valley, about 1 oo yarch' from 
the northwesforn part of a small bay in the southern shore of the key. 
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16. Matanzas.-The station is in the circle which forms the eastern end of the public promenade 
kuow11 as La l\fariua, which extends along the top of the bluff on the northern shore of the harbor 
from the infantry barracks to the castle of San Severino. 

17· Havana.-The station is on the roof of the .Tesuit College of Belen, on the west side of the 
room in wliich the declinometer of the obseryatory is located. 

18. Balda Honda.-The station is on the end of Difuntos Point, ro feet from high water. It 
is marked by three bottles buried 2 feet below the surface. 

r9. <Jape San Antonio.-The station is on the eastern side of a small bay, l mile east of Cajon 
Point. It i8 marked hy a bottle covered by a pile of broken coral. 

20. Belize.-The station is in the grounds of the Government House, a few feet back from the 
sea-wall, ancl mid way between the boat-house and the flagstaff. 

21. Cozumel Islmul.-T!Je station is in the southeast corner of the plaza in the village of Sau 
Miguel. 

22. ]lfuf!cre.~ L~land.-The station is on the northern part of a small, rocky island, the largest 
of the chain which forms the inner harbor of Mugeres. 

23. Halifax.-The statiou is in the center of tlie largf', opEil plot in the southeast end of the 
dock-yard. The station of 1881 is identical, as near as could be ascertained. 

24. T'crcz Island_-The station is iu the center of the island. 
25. Arena!? Cay.-The station is on the east side of the cay, about 70 yards north-northeast 

from the stone beacon on the south end of the island. 
26. Yera Cruz.-The station is on the corner of the northeast bastion of the outer line of forti

fications of the castle of San Juan d'Ulloa. 
27. Goatzacoalcos.-The station is on the bluff on the north side of the town in front of the 

custom-house and half way to the edge of the hluff. 
28. Laguna. de Tcrininos.-Thc station iR half way between the theater and the shore line. 
29. Gampeahe.-The station is about 40 ;yards south of the well in the center of the plaza of 

San Homan, which is outside of the wall on the south side of the city. 
30. Progresso.-'l'he station is on the west side of the small plaza which is formed by the widen

ing of the street, the continuation of which is the road to Merida. It is two blocks from the large 
plaza in front of tlie custom-house. 

3I. rictorifi.-Tlle station is at the southeast corner of Fort and Wharf streets. 
32. Departure Bay.-Tlte statiou of 1880 was near the end of Dunsmoire, Diggle & Co.'s wharf. 

The Ktation of 1881 is a little to the east of the middle of Jesse Island, 10 feet above and 50 feet 
back from high water. It is marked uy a pine post. The soil is black loam and soft sandstone. 

33. Plo11er Bay.-'~flhe station is on the spit, Providence Harbor, near the northern shore of a 
small coYe on the eastern side of the spit. 

34. Big Diomede L~land.-The station is near the bottom of a gully at the southeast end of the 
island. 

35. ]fichipicotcn.-The station is in .a potato ga.rden near the eastern fence of the Hudson 
Bay Compa11y's grounds, and quite near the river. 

36. Foot of Long Portage.-Tbe station is near the foot of I.i0ng Portage, Michipicoten River. 
37. Big f\tony Portnge.-The station is at the upper end of the portage. 
38. Sandy Beach, Dog .Lake.-The station is in front of the camp on the sand heaeh, one

fonrth to one-eighth of a mile north of Pine Point, in Mud Lake. 
39. Fafry Point.-The station is on the east side of the peninsula jutting south int-0 MissinailJi 

Lake. 
40. ,lfissinaibi.-The station is at Hudson Bay Company's post. 
41. Twin Portage.-The station is at the bead of the portage. 
42. Kettle Portage.-No deKcriptfon filed. 
43. Cedar Island.-Tbe station is on a long, dry sand and shingle bar southwlist of Cedar 

Island, separatecl from it by a channel 20 feet wide. 
44· Near small falling brook, Afoose River.-The station is on the left bank of the river near 

a, small falling brook. 
45. Moose Fad.or;IJ.-The station iR at Hudson Bay Company's ]}Ost. 
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46. Camp near Gypsum Beds.-The station ii,; on the left bauk of :Moose Hiver, a mile or a mile 
and a half north of the Gypsum Beds. 

47. Long Gnrnel Bed.-The statiou is ou a loug· gravel ue1l ruuniug parallel to aud a little 
distant from the left l1auk of ~foose River. 

48. Stordwuse Poi'tar1e.-The station is at the 11ead of the portage. 
49. A .. lbany Rapirk-TL.e statiou is on the left liank of }loose HiYcr, about thrce-f'onrthH of 

the way up the Albany rapids, and abont oue-eightL. of a mile north of the Albauy bi,.:anch. 
50. llloose Hirer, ju.~t above a small cascade.-'.fhe station is on the left bank of the river. 
s r. St. Paul'.~ Porta!Je.-The station is at the southwest end of the portage. 
52. Foot of SwwmplJ Ground.~ Porta!)e.-The station is at tile south end of tlie portage. 
53. Clarion Island.-Tlle station is Oil Sulphur Bay, about 250 yards to the left of the landi11g 

and about 3 feet aborn high water. His marked by a bottle 1 foot below t.he surface and a p_yra111ill 
of howldcn; 3 feet high. 

54. Socorro Island.-TL.e station is on the little sand,\'· beach at the lauding at tile extreme end 
of Braithwaite Bay. 

• 55. La C:nion.-Tlie station is on the north one of the three poiuts that tog·et.her make CL.iquiriu 
Point, inside the stockade of the fort and on the northeast end of the parade ground. The point 
is marked by a bottle sunk 2 feet below the imrface. 

56. Acajutla .. -The statio11 is abont. 500 yards nort.11 of the wl1arf and <'nstom-house, and is 
marked by a bottle sunk 2 feet aud a stnb drh·e11 over it flush with the surface. 

57. Clwinperico.-The station is 70 meters from tlie flagstaff in front of the commandant's 
quarters, which bea1 s from the station north 53}f 0 west. It is marked by a bottle sunk 2 feet aml 
a stub driven flush with the surface. 

58. Salina Oru.z.-The station is on the north side of what is called the lagoon; it is 500 or 600 

yards north-northwest from the \'illago iu a circular space free from trees. Two feet below the 
surface is Leavy quicksand. 

59. Port Escondido.-The station is north of the landing-place near tlw well, iu a line bet"eeu 
a coq11illo and a manzauilla tree, 2 2 foet. from the former and 24 foet from the. latter. It is 7 5 yard;:: 
from the nearest point of the beach. Tile soil is sandy, with signs of magnetic iron. 

60. Acapulco.-The station is in the western end of the eastern of rwo cocmumt gro\'e8 at the 
extreme :sou tu end of St. Lucia Hay. .From the station the gate of I<'t. San Diego bears north 8 !-So 
east. There are slight traceH of iron in tile sandy soil. 

61. Isla Grande.-The station is Oil the westernmost of two small sand beaches 011 the nortli 
side of tho island. l.t is near the western end of the beach, about 20 foet aborn high water, and 
opposite some outlying .sunken rocks. The rocks in the Yicinity showed traces of minorali;, and 
probably iron abounds. 

62. Jlfa.nza.nilla .. -The station is on the nortll end of the small plaza next to the custom-hons(', 
a little east of tl1e middle. Iron exi;;ts in all the surrounding hills. 

63. San Blas.-The station is on the sand point, about 100 yards from tile custom.house, :n 
line between that building and the low, rocky point forming the end of the brt:akwater. There is 
some iron in the sand. 

64. Point Ban Igna.oi-0.-The station is 650 feet frotn hig·h-water, between two ridges or saml 
hills. The Farallon bears from the statio11 27 ~o west of south. 'fhe soil contains some iron. 

65. Santa Barbara Bay.-The ;:;tation is on the second ridge from the beach, opposite two huts, 
both in ruins, which lie a quarter of a mile from the heach. 

66. Guaymas.-The station is east of and close to the Morro Ingles, at the high-water mark of 
spring tides. 

67. Tiburon I.~land.-The station is on .Freshwater Bay, at the foot of the first hill, about 300 

yards from the beach, with the middle peak of Cape Tepopa bearing north (magnetic). 
68. Rocky Point~-Tlle station is close under the point, to the eastward about 300 yards from 

high-water mark. A bottle was buried and covered with a pyramid of stones 3 feet high. The 
sand showed very slight traces of iron. 

69. Pkil,ipps' Poi1it.-'fhe station is 25 feet west of the supposed fomier position of the beacon, 
its place being occupied b;y a drift-log, raised part wa~· np and braced. The Roil is the detritus 
of the river, heavy clay, throuih which many slouii:;hs run. 
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70. Point Smi Felipe.-The statiou iR in the extreme bight i11Ride the point, between the high 
hills that form the point and the hig-h, ronud-t<fp hill to ~he southward. It is on the nodhern side 
of a low plain, just inside the beae11. Tlw soil is sancl arnl hroken shells. A pole, ro feet long, 
was planted at tlrn Rtation. 

7 r. San Luis Gon.zales.-Tlle station is on the Horth end of the plain which lies south of the 
first prominent bluff on the mainland after passing· Sau Luis Islaml from the northward. H is 
under the hills forming· the northern blnff, abuut 1 oo yanls from Ute beach arnl i 50 yards from the 
nearest hill. It is markt>cl. hy a polt' 1 o feet long, with a barrel :stave fastened on top. The soil 
is soft loam. 

72. Santa Terew Bn.11.-The station is about 200 yards from the beach, under the last hill in 
sight from the anchorage, and ahont 50 fl'et abrwe the sea-level. A bottle was buried 2 feet deep, 
and a post 11et over it pr~iectiug 5 feet, painted in black aud white stripes, with 20 large granitP 
cobbles piled around the foot. The hills are granite and slate, with 11011rn quartz. 

73. Santa Jlaria. Co1'e.-The station is abont 625 feet. from the beach, in the Caiion de Sta. 
l\Iaria. ft is marketl by a bottle buried 2 y~ feet deep, with a mesquite tree placed over it, and 
three painted strips of wood nailed t-0 the latter. The soil is yellow loam. 

• H· 1lfole,17e.-The station is on the little penimmla formed hy the sea and the river, and between 
Colorado Peak and Sombrerito. The surface 8oil is clay, with coarse, black sand and broken shells 
a foot below the surface. 

75. Loreto.-The station iR about 250 yardR from the beach awl 35 yards from the river, and 
in line hetwee11 Cape Tinterera a111l the sharp peak back of the village. The soil is heavy clay, with 
coarse gravel 3 feet below the surface. 

76. Tsfr San .Tosi:(, Amortajado Ba.11.-The station is at the month of and in the dry bed of the 
"arroya" which runs close under and on tile west side of the first hill ei1st of the point and lagoons. 
A bottle was buried 2 y; feet deep, awl a mesquite pole pr~jecting 5 feet set over it, with strips of 
wood nailed to the top. The soil i;s coarse gravel, washed down from the mountains, and shows 
trace" of iron. 

77. Pichilingne Bay.-Tliie i'ltation is 011 the south end of tlw island of 8an Juan Ncpomcreiuo, 
sonth 4° east aud distant 150 foet from the astronomical station of U.S. S. Narragansett, which 
hi nmrked hy a pile ot' stone,; whitewashe!l. 'rlw soil is coa1·se coral and broken shells. 

78. Ln T'nz.-The station is on Bl :\fogote, opposite the city- of La Pa.z. 1 t i11 011 the neck 
formed by \Varren Lagoon and thP heach toward the city, and is identical with Ute astronomical 
station of the lT. S. S. N armgansett. The soil is sandy. 

79. iliazatlan.-'l'he station is in the corral hack of the house of J. Kelly & Uo., 011 the corner 
of La Plaza and Colle de Oro. It h; north 20° west (magnetic) from tile rournl well in the south 
comer of the corral, aml 30 feet distant. The soil is sandy, with traces of iron. 

80. Cape 8a.n Lucas.-The station is in the plain hack of the beach and in the village. The 
southeast corner of Mr. IIo,·e's house is 80 feet diHtant, and bears (magnetically) north 16Yz0 west. 
The soil is hard, well·packe<l san<l. 

81. Pequefia Bay.-The station is on the saml-beach at the head of the bay, nearly midway 
between the red and white bluffs, and at tile entrance to a deep ravine, the largest on the bay. 
The station is <lista11t from the west bluff of the ra\'iue ahont 100 feet, from the east hlnff 150 teet, 
aud from high water 2 7 5 feet. The soil is sand and wa;;hings from the bluffs. 

82. Point Abl·c1!ios.-The Rtatiou is just nort!J of the inner point of Ballenas Bay, about 250 
feet from high water, and 50 feet Ronth of tile slrnllow, dry bed of a small lagoon. The soil is sand 
aud broken shells, with washings from the hills. 

83. 011adalupe lsland.--The station is on a plain 40 feet high, about 15 cables north of Whaler's 
Bay, about midway between two houses~ oue wooden the other stone, and about 800 feet from the 
water's edge. It is marked by a bottle buried 6 inches deep, and aboYe it a pyramid of broken 
lava 4 feet high. The isl.and is a mass of volcanic rock, cornred with broken lava. 

84. San Geronimo Island.-The station is on the southern end of the island, about loo feet 
west of the astronomical station of the U. S. · S. Narragansett. It is marked by a bottlfl a few 
inches below the surface, aml a monument of stones over it about 3 feet high. The island is of 
sandRt~ne format.ion, eoYered in many pla<1es with sand and guano. 
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85. Toilm; SantoR.-The station is 011 the plaiu near t,J1e la111liug· place, rno yards from hig·h 
water, ahout midway l>1;twePn ti1e small gr:lVC'J:trd and the foot of the hills to the westward. It is 
in line with the white house, .the old adohe house, and th4" new housfC'. The soil is fiue, heaYy, hard 
red 1•la,v. Thi· station is marked h>· a bottle 1 foot hfC'low the surf:H'.<' and a small monument of 
;;tones. 

86. Waddingf1111 Harb1Jr.-TLe station is 011 a prQit'cting point on the north Ride of thr harbor 
about. half-way betwee11 the hlufl'oi 011 the east side of Homalko Val11i~· anll the north side of Pigeon 
Valley. It it1 about 15 feet aboYe aiHl Go feet hack from hig'l1 water and cloRe b.> a deserted hut. 
It is marked by a pine post and buried hottle. . 

87. A1rnh01·age 0111'e.-Tl1e statiou i,; 011 the Rout!Jwe;;t ;;i1k of a ;;mall 1·.ove ahont h<llf a mile 
south we-st of A ud1orage CoYe, on a low poiut making out from tlrn woods. It is marked lt~- a viue 
post and bnrie<l hot.tie. The soil is hlack loa!11 aud ;;mall Atones, with howlders of gTauite fon11a
tion scattered near. 

88. Port MeLa•u_qhlin.-Tl1e station is ou the rising grnn11d back of the Indian Yi!lage, nearly 
iu line betwce11 the H rnlson Bay Co111pa11y',; trading-hom:I' and the resi1lenee of t11e Engli;;h mi,;
siouar_v, aud about 125 feet from the forrner. The soil eonshits of loos1~ loam to a depth of 18 incheH 
over a bed of liiue rock. Tl1e station is marked hy a post arnl huried bottle. 

89. Port 8hnp>mn.-Th1' Rtation is ou tht' ri;;ing gro111Hl i1t the back pa1t of the g·anlPn helOJJ,g"· 
ing to the Hudson Ba,Y Cumpan,Y. It i:s about 200 feet in front of the house of the Engli;;h bishop. 
A small fir treP ,..tands about 25 feet northPmit from the stotion. It i:,; marked h,v a post arnl buried 
bottle. 

90. Jioxe Har/wl'.-The ;;tatio11 is 011 the \rnst side of Hose Harbor. Hou;;ton Stewart Clta1111el, 
about 1 mile aJJoYe Poi11t Catheri11e. rt i;;,iust hack from tlw ro<'k" that line the Rhore a1ul 15 ti·d. 
above high water. A cedar stump, about 3 teer high, hlazed 011 two sides, mark,; the place. 'rite 
1mrrounding rocks are granite a11d Ranclstone. 

91. North llarbor.-'l'he station ii,; 011 the beach of the main laud, .i ust opposite .Ubsenatol'y 
Hock. It is about ro foet from higl1 water alJ(l is rnarkrnl by a piue post. The soil is gra\'el and 

· sand. 
92. F1·iendly l!<we.-The station is on the beach west of \'uquot l'oi11t and 200 yards behind 

Yuquot villag·e. It is ahout 40 feet above arnl 50 yards dishtut from high water. The soil is gTavel 
and loam. The place was marked by a pme post. 

93. E.~quimrtlt.-'fhe station is on the first prqjecti11g· point west of Monrot> Head, closp to a1Hl 
ro feet above high wakw. It is marked b~- a pine post. 'l'he rocks are of trap formation, tlw soil 
is hard clay. 

94. Twilli11ga,te.-The station i;; ou the laud belonging to the Olrnrch of Engfand, about 50 ya.rcls 
west of the fence bounding- the vegetable garden of the rectory and 7 5 yards north of tlie southern 
fenee of the glebe. It is marked hy a 5-foot .innipn post cJrrnd '' Y ., 1881''. '!'he soil is rich meadow 
loam over gravel awl salld. 

95. Turnm,ik.-Tbe station is a Iittlt' east fro111 the center of tlie smallest of' the islands com
posing the group. callerl Oiler 'rnruavik. About 20 yards to the uorth is a remarkable. glacial cut 
running nearly east and west. '!'he point is marked h,v a hole 3 inches deep in tlie hard rock, which 
is entirely bare of soil. A liue from the tlngstaff hl the 11ortheast corner of tlrn honse occupied hy 
Mr. Bartlett and extended 17 paces farther will reach the poiut. 

96. Grady.-The station is on an island situateAl south1•aHt from t.J1P month of Hamilton InlPt. 
It is on a level piece of ground ha.Ying a thin la.yer of soil m·er soli<l rock, 27 pa11es, north 300 west 
from the northwest corner of the agentls honse. 'flie main flagstaff bears north 10 ea.st (trne) and 
the second staff north 86° west. The 1wint i;; marked hy a hole drillt~d ro}~ inches in the solic1 rock. 

97. Nain.-The station is about a quarter of a mile, north 15° east, from the flagstaff in trout 
of the mission-house, and vers near some large bowlders knowu as \lart.in's Stein. lt is on a shelf 
of dry, gravelly soil, bordere(l by a lower marsh~· strip a. fow hundred yards in width, on which is 
a windlass for hauJing up boats. His marked by a juniper post, ean-ed '' V., 1881." 

98. Ba.ttle Harbor.-Tbe statio11 is on that one of the C}tl'ihou Islan1h;; Ising north of Battle 
Harbor, a narrow strait separating· from Great Caribou. Tlw point is 35 l'ace,; from the north· 
west corner of "the shop," ou it lt\Tel l'ltrip of grou11d west of th(~ "root-house," awl 1-louth of the 
hill on the summit of which is the signal-gun and tlagstaff'. It is marked h;r a post carved" V., 1881." 
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99. St. ,fohn'.~.-'fhe station is in a large field in the northwest corner of the groulltls sm·
rounding the Government Honse, 36 feet from the northern and 92 feet from the western fence of 
the inclosure. A piece of Picton sandstone marks the spot, with "Y., 1881," cnt in it. The soil is 
loam, overlyiug gra\·el. 

100. Sydncy.-Tlrn stat.ion is in part of the glebe of the Clmrch of England, adjoining the grounds 
of Mr. King and the cerneter,\· of the Ohnrch of England, and opposite the Roman Catholic ceme
tery and the Ulmrch of the Sacred Heart. The ;;;tatiou i<' ou t11e higlrnst part of the lot, 11ear the 
middle, and marked h,Y a post carYed "Y .. l88I." 

10I. .,4.riclwt.-The station is iu the pri"rnte grounds of Mr. W. R Cutler, nearly midwa.-- be
tween the noman Uatholi<'. and the Episcopal churches, on the high grouml. It is 20 yards uorth 
from a coYerrd well, and is marked by a juniper post f'.arved "Y., 1881 .'' 

io2. rarmouth.-The station is in the yard of the Episcopal cln1rch, in range with the north
east and southeast eorners of the church and with the cross ou the Sumlay-school and southwest 
corner of the church. It is marked hy a post 7 inches in diameter, carYed "V., l88r." 'rhe soil is 
heav,,- clay and loam, with gravel. 

rn3. We,1pnouth.-The station is on the first level gronnd back of the Forbes J·ones Hotel, in 
the private grounds of Capt. A. Le Blanc, q.2 Yz feet from the :,;outh post of the gate entering the 
gr4)m1ds. 'l'he lii1e joining the gate-post and the station would run to the eastward or at right 
angle8 to the direction of the fence. lt is marked by a.9 inch post, carved" V., 1881." 

rn4. Annapolis.-The station is ver,y nearl.r in the center of tlte old fort, l68y; feet from the 
middle of the door of the powder magazine and 120 feet from the sallyport. The station-mark is 
an artificial stone 20 iuclies square, sunk even with the ground and marked "S. "T· V., U. S. C. & 
G. S., 1881.'' 

rn5. Wind8or.-The station is in the northern angle of Fort Edward, near an old well, 78 feet 
from the nearest point of the block house and 16! feet from the officeri,;' barracks. A 9-inch spruce 
post m.arks tlie spot, with "V., 1881," cut in it. The soil is gravel and loam. 
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APPENDIX No. 1 o. 
lVl ET E 0 R 0 L 0 GICA L RES EAR 0 HES. 

PART III.-BAHOMETRIC HYPSO~fETRY A~D REDUCTION OF THE 
BAR01fETER TO SEA-LEVEL. • 

CHAPTER I. 

THE THEORY OF BAROMETRIC HYPSOM:ETRY. 

1. The barometric formula for the determination of altitudes given by Laplace, although a 
great improYement upon all that Lad preceded it, was not entirely pcrfoct. The vapor correction, 
included in the temperature correction by means of a modification of the constant in the latter, is 
only an approximate one, which, in cases of an extremely dry or an extremely moist atmosphere, 
and in all cases wllen the temperatum is near or below zero of the centigrade thermometer, is 
erroneous, and this imperfection may at times gin1, ri:w to considerable error. In the time of 
Laplace, also, the relatiYe ueusities of mercury and of atmospheric air were not sufficiently well 
known to determ~ne the priucipal coustant in the barometrical formula, and it was therefore 
necessary to resort to another method of determini11g- it. This was d01w hy Ramoll(l hy ailopting 
the constant which gave the best agreemeut8 between the altitude~ gi n•1t IJy the formula and 
those obtained hy trigonometry. Bnt the immbcr of obserrntion;;; and of comparisons ~was so 
small, and the temperature correction an<l its annual and <linrual variations were so imperfectly 
understood then, that the constant which he obtained, and which has been mostly used ever 
since, was erroneous, except for the summer season and a Pertain hour of t!Je da~-, and is not cor
rect, as it should be, for mean annual and diurnal temperatures. After the accurate experiments 
of Regnault, by which the relative densities of mercury arnl the atmosphere became better known, 
and numerous comparisons of the altitudes given by the formula with those obtained by mt-ans of 
the spirit level, it is now known that the constant ohtainc1l b~· Ramo11d for Laplace's formula is 
too small. The constant derived from tlle results of Hegnanlt's experiments cannot be much in 
error; but still it would be well to ha Ye its accuracy corroborated by many more compariso11s of 
altitudes given by it with those obtained directly h~· me:tnH of the spirit-leYel. But this cau only 
be done where the differeuee of level of two statfons near to each other arnl'differing considerab!y 
in altitude has been accurately ascertained, and where the neces:'lary meteorological observations 
have been made at the two stations. 

The greatest uncertainty in barometric hypsometry arises from the imperfection of the tem
perature correction. In determining the difference of altitude between two stations from obserYa
tions made at all seasons of the year and hours of the da~-, it is found that the results vary very 
much with the seasons of the year and hours of the day, the differences of altitude obtained being 
generally too great for the wannest season of the year and tl1e warmest part of the day, anti the 
reverse Jor the coldest season of the year and part of the tlay. This was first noted by I{amond, 
and has been confirmed b.v all subseq~tent investigators of the subject. It is now well known that 
these discrepancies arise from the erroneous assumption that the average temperature of the ail' 

S. Ex. 49-29 
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column, upon which the difference of pressure between the two stations depends, is the average of 
the observed temperatures of these stationR. .Much has been done b;v Plantamour and lWhlman• 
in Europe, and hy Williamson t and \Yhitne:vt here, in inYestigating and explaining these discrep
ancies; but much more is still required in this direction. 

Since the time of Laplace the barometric formula has been put into a great Tariet;r of forms, 
without, however, any great improvement in the convenience of its practical applications, but the 
vapor correction has been introduced more accurately, and the principal constant has been improved. 
Since Mie labors of Plantamour and Bauerufiend, and especially of Riihlmau, in this direction, there 
is little room left for any improvement of the mere sha.pe of the formula or of any of the constants 
contained in it. 

The consideration of barometric gradients, in connection with this subject, is somewhat recent, 
and they have never been taken into account in an;y regular treatise on barometric hypsometry. 
It is, howeYer, pretty well under8tood now that allowance must be made in some way for the effect 
of these gradients where there is a considerable horizontal distance het1rnen the lower and upper 
stations. It is this part of the subject which especially needs yet further theoretical consideration 
before corrections for these gradients can be accurately introduced in practical applications of the 
formula. 

2. Barometric hypsometry naturally follows as a regular part of the preceding researches, 
being based upon the same general principles and equations. From the development of the three 
small equations (1), Part I, of these researches, with the subsequent addition of a friction term, 
we have deduced the equations of the general motions of the atmosphere, and of '\Yf\]ones, tornados, 
waterspouts, &c., and from this same development we get the equations showing the relation be
tween the differences of altitudes and barometric pressures of any two stations, so that it is not 
necessary here to go back to first principles to obtain the fundamental equations of barometric 
hypsometry. 

The method adopted at the outset in the preceding researches is completely exhaustive, leaving 
it entirely impossible for any effect to escape consideration, and hence our equations throughout 
contain numerous terms, including those showing the effects of the earth's rotation, which had never 
been taken into account in such investigations. .Accordingly our fundamental equations in this 
branch of the su~ject, being deduced from the same development, contain likewise many terms, 
the effects of which have never been consi<lered, aud the consideration of which im·olves the whole 
subject of barometric gradients. Some of the small terms which, after close examination, were 
omitted in the theory of the general motions of the winds, ancl of cyclones, tornados, &c., as being 
too small to 11ave an;y sensible effect under any circumstances, are retained in the equations of this 
part of the researches, not so much because they are regarded as being of importance, as to show 
hat even here tlreir effects are so small that they mig·ht have been neglected. 

From equations (12), Part I, by supplying the omitted terms D,2h and FA in the first of these 
equations, we get 

(1) 
in which 

(2) 

log P'-log P=j,.ag+J 

o=j,,a(D2,h+FA) 

+/ua(D2,u-cos e (21i+D,cp)D,v+F,,) 

+f. a(IV,v+2 cos B(n+D,<p) D,u+F'.) 

in which the integrations in the second member must be carried from h=h' corresponding to the 
lower station to h belonging t-0 the upper station. · 

--------·------------------------------
•Die Baromctrischcn HohenmeSBungen. Von Dr. Richard Riihlman. Leipzic, 1870. 
t On the Use of the Barometer on Surve~·s and Rcconna..issances; by Maj. R. S. Williamson, Corps of Engineers, 

and brevet lieutenant-colonel U. S. Army. Professional Papers of the Corps of Engineers, U. S. Army, No. 15. New 
York, 1868. 

t Contributions to Barometric Hypsometry: with Tables for Use in California; by Prof. J. D. Whitney, State 
goologist. 
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This is the complete fundamental equation of barometric hypsometry as deduced from the 
developments in the first part of these researches. It differs from the usual equation in contain
ing in addition the term o, whicll, it is seen from its expression, contains the effects of the motions 
and inertia of the atmosphere togetlter with the effects of the earth'R rotation, while the usual 
equation applies only to a state of static equilibrium of the atmospltere. 

From ( 10) and (20), Part I, accenting g in the latter to indicate its Yalue at sea-leYel and on 
the parallel of 4507 and putting a=273°, we get 

(3) 

in which, putting 

we have 

(4) 

1 1 

a=~'l ( 1 ;~~)(l+f(e)) =g'l(f_t:::oo3GGt)(l-t.378c) 

B=tl1e barometric pressure of the atmosphere, 
b=the tension of aqueous Yapor contained in it, 

If in (3) we suppose that t and e have the same yalues at all altitudes as at the earth's surface, 
then a becomes a', and equation (1) abon~ becomes the same as (14), Part I, except the term f(li) 
in the latter, which represent;; the effect of Yariations of t and c with increase of altitude. 

The general expression of the force of gravity g in (13), Part I, expressed in terms of the 
latitude l, and of the height lt above sea-level, is 

(5) ( 
2h ) u=rl 1-r: -0.002606 cos 2A. 

The numerical coefficient of cos 21 introduced here differs considerably from that of (13), Part 
I, wl1ich was co1iied from Laplace and is now known to be t-00 large. From the recent determination 
of the figure of the earth hy Colonel Clarke,* from pendulum observations, if we put g0 for the 
value of g at the equator and sea-level, we haye 

whence 

(6) 

g=go(l+.005226 sin2 A)=g0 (1+.002G13-.002G13 cos 2l) 

g=l.002Gl3f/o ( l-i~i;26t{3 cos 2l)=u'(l-.002606 cos 2l) 

which is the same as (5) above at sea-level, where h=O. From (3) and (5) above we get 

(7) 
2h 

1--- .002606 cos 2A. r 
ag=lTf+.o0366t)(I+.318e) 

in which, it will be remembered, l is the lieight of a homogeneous dry atmosphere on the parallel 
of 45°, with a temperature t=O. 

3. Since the rectangular co-ordinates Ji, u, and v in the last number of (1) are entirely inde
pendent of one another, the differential elements in the integration, say by mechanical quadratures, 
can be so taken as to extend the integration from the lower to the upper station b~' any line what
ever, and since in a fluid the pressure is alwa;rs the same in all directions, we must in every case 
arrive at the same result. But as friction, which enters int() the expression of o (2), is an uncertain 
element of which it is not possible to take account where there are surface currents, it is best to 
take that line which avoids it as much as possible. I~or instance, if it were required t,o dct-0rmine 
the difference of altitude between the two stations A and B, J!'ig. (1), the integration of the second 
member of (1) might be carried from A to B along some line near the surface of the mountain, or 
it might be extended vertically from A to C, on a level with B, and then horizontally from C to B. 

•Clarke's Geodesy, page 345. 



 

228 REPORT OF THE SUPERINTENDENT OF THE 

In the former case it would be necessar~' to take into account the temperature, or value of t, and 
also of e, in the expression of a(:3), and likewise the friction F, all of which enter into the integral 
of the secoud member of (1 ), but in the latter case it would be uecessary to haYe the values oft and 
e in the vertical line AC only, since both these in the line BC could be regarded as being constant 
and having the same value a1< at C, except. very near the station B, where this line comes to the 
surface of the earth. The Yalue of the friction term F in the first term of the expression of o (2), 
which is that in the direction of the nrtieal line AC, would be entirely insensible unless there were 
a local and very rapidly ascendiug or desce1Hling· current, and on the; line CB it would be very 
small, since there is little friction except near the earth's ;mrface. On the part of o arising from the 
integration from C to H wonld d1~pmHl the barometric gradient at the level of the upper station, 
and a woul_d be equal O, where there is uo gradient. 

The temperature along any line near the surface of the mountain would be better known if we 
had obsel'\'atious at a nmnurr of interveni11g- stations than that on the vertical line AC, and even 
the mean of the two extremes would generally give an average which would be more correct for a 

· line from A to B near the surface thau for the vertical line AU. Ilut as the effect of friction cannot 
be taken into account, an<l may be large on the line from A to B near the surface, it is best to obtain 
the temperatnre, as nearly as can he, on the line AC Vl'rtical over the lower station, which ma~- be 
very different from the temperature ou tlrn same level at the surface of the mountain. During the 
warmest part of the day, especially in the summer season and in clear weather, the air near the 
surface of rnou11tai11 sides hecome;; much more heated than it tloes at other places on the same level 
and at a considerable altitude ahoYe the surface, and tlien, it is well known, there are generally 
strong currents of' air along the surface tom~rd aml up the side of the mountain, and the friction 
terms in tlie expression of o become large. In this case the temperature is greater and com;e
qnently the pres;;ure of the air columu less, but this is exactly counteracted by the friction of the 
current up the side of the mountain, for relittivc lightness of the air near the surface gives rise to 
the ascending current. which is· accelerated until the friction exactly counteracts the force which 
produces the current, after which the current remains uniform as long as the temperature and force 
giving rise to the current remain the same. This excess of' temperature, the11, near the surface, 
above that of the air generally at the same level, should not be used unless we could also take 
into account the equal and counteracting effect of the friction arising from the currents produced 
b;y this excess of temperature. 

Early in the morning, espeeially in the winter season and in clear weather, the reverse takes 
place and the currents are down and from the mountain side. In this case we also have the effect 
of the friction terms depe11ding upon this current, but their signs are reversed and their effect 
exactly counteracts that of the increased pressure of the air column arising from dimiuished tem
perature. It is well known to hunters, aud all who Lave encamped at night on mountain sides in 
clear weather, that the current is generall~- downward during the night, and hence it is usual to 
imt the fires on the lower side of the camp so as to avoid the smoke. Of' course, these ascending 
and descending currents of mountain sides are observable mostly in calm weather, when they are 
not interfered with, or completely reversed, by the other more general currents of the atmosphere. 

4. Neglecting for the present tlie first term in the expression of a (2), which in all practical 
applications will be Rhown to he insensible, if we snppos1\ the integrations in the second member 
of (1) to be carried from the lower station A, Fig. (1), up vertically to the height of the upper 
station C, and then horizontally to B, we shall have 

(8) log P'-log P-o=f,.au 
in which the integral must be taken as defined in § 2, and the values of t and e in the expresRion 
of a (3) must be those belonging to the vertical line over the lower station. The value of o may be 
regarded as being independent of h, since we cau neglect the first term in the expression (2), and 
will depend upon the motions, inertia, &c.i of the air at the level of the upper station. It is seen 
that the value of a becomes a small correction to log P, depending upon the gradient, of pressure, 
and if we put 

6 =to the increase of pressure in the direction of the upper station from the lower, arising 
from the gradient depending upon o, 
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we shall have, since 6 and o will have different signs, 

(9) log P'-log (P-6)=/,. ag 

If the true temperntnres in the vertical were known in thi1' case, this expre8sion would still 
contain 6, a quantity which bas different \"alues at diffel'ent altitudes, and hai> 110 accurate and 
known relation to its value at sea-Im-el or the plane of the lower station, so that if even its valne 
were known at sea-level or the lower station, there would still he considerable unccrtaint;y with 
regard to its value above. The various conditions to he safo;fied, both in fhe general motions of 
the atmosphere and in those of c,yelones and tornadoes, often require the horizoutal motions to 
vary considerably in difierent altitudes, and hence the value of o, and the corresponding \·alue of 
6, must be different at different altitudeo;_ 

If we suppose the mountain upon which the nprier station iR placed to be removed and its 
place to be occupied by air, the barometric and temperature gradients whicll would exist iu this 
case could be determined, at least approximatel,Y, l1y those of the air surrounding the mountains. 
This might he done in any special case by means of simultaueous barometric or temperature 
observations at several stations around the mountain, or eYen only two l'tations, if these were in 
the line connecting the two stations, and not so far apart that the gradients would change seusibly 
in the inten-ening space. For annual and rnonthl,r aYeniges of barometric and temperature 
obsen-ations, very accurate charts of barometric and temperature gradients for each month and 
for the year might be prepare1l for any country wher1i the llf'CeRsary ohsen·ations are at hand, and 
tl1en from these chart;;; the differences of presRnre between the two stations at tl1f' lm·el of tlu~ 
lower, and also the differences of tern1lerature, could be obtained wllercnr ohserrntions were made 
for hypsometrical purposes. 

If in the preceding exp1'ession we suppose the inte!-,rrations to lie carried from the lower station 
A, Fig. (1 ), along the horizontal line on the leYel of that station to the Yertical of the upper sLation 
and then along that Yertical to B, we shall have, by putting 6' for the value of 6 at this level, 

(10) log (P' + u ')-log P= J,, ag 

in which the integral in the last member must he taken within the same limits as in the preced
ing case, but the values of' t and e in the expression of a (:{) mn8t he those i11 the vertic!tl DB, 
Fig. (1), of the upper station, in case the mountain were removed. In thiR case the value of 6 1 can 
be more readily obtained than 6 in the former, and the temperature at D can be obtained from the 
observed temperature at A, I~ig. (1), by means of the temperature gradient. There would, l10w· 
ever, be in tl1is case the same uncertainty with regard to the temperature at the upper station 
since we would need tlie temperature which the air woulll have, were the mountain with its abnor· 
mally heated or cooled surface removed. 

For small differences of altitude o may be regarded as constant, and then we shall have, regard· 
ing o as being small, 

(11) 
P' 

/\'-A II -P'S> '--' _.._, p11- u 

distinguishing the quantities of sea-le,·el by two accents. With the value of 6" at sea-level, 
obtained from charts or otherwise, the value of 6 1 at the lernl of the lower station may be obtained 
very nearly. 

5. Where the upper station is verticall~' over the lower one the last two terms in (2) vanish and 
the expression of o is reduced to the first, term, aml we have in this catie 

Its value then depends upon the inertia of the air iu the accelerated or retarded velocities of the 
ascending or descending currents, and upon the friction between these currents and the surround-
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ing undisturbed atmosphere. If we 11eglcct the friction and consider the former merely, we get by 
nu~ans of (3), in the case of dry air and temperature, t, regarded as beiug constant, 

(12) O=IX r Dt'h=- a_ fd1l=__!~_ s"-s'" J,, g'l(a+t), a+t78332 

in which s is the velocity of vertical rnotiou, s' being the value of s at the assumed origin of the in
tegration. If this is the surface of the earth we necessarily haves' =0. 

l<'rom this expression it is seeu that o is positiYe in the case of accelerated ascending currents, 
and hence the differenct• between l" awl P, as is seeu from (1), is increased in such cunents by the 
reaction of the inertia. It must not be supposed, howm'er, that the prmisure at the earth's surface 
urnler imch an aiscending current is greater tlian at surrounding places, for there cannot be an as
cending current unless the air of the current is lighter from some cause than that of the surround
ing parts, and tl1e diminution of pressure from this cause is exactly equal to the reaction of the ac
celerated velocity wbicl1 it gives rise to. In the case of friction the pressure must be a little less at 
the base of the ascemling current, since a part of the force which overcomes the inertia of the ac
celerated ascending current is spent in overcoming the friction of the surface currents below, which 
arc ncceEsary to supplj· the draught of the ascending cnrrent. 

Si11ce the expression of 6 i11 this case depe11ds upon s', tlle result is the same for either ascend
ing or descending currents, sinee i11 botli cases we must have 8 1 =0 at tlie earth's surface. The 
dhect action, therefore, of the retarded descernling current is exactly equal to the reaction of the 
erJlially accelerated Yelocity of tl1e ascending current. But there cauuot be a descending current 
u11Iess from some cause the air of thi;,; current i-; l1ea\·ier than that of tlie surrounding parts, aud 
hence in thi;,; case the pressure on the earth's surface is increatied from both causes. 

The effect of accelerated or retarded ascending or descending currents upon the pressure at the 
earth's surface, or any assumed lm'el at which s=s', is giYen by (9), in which 6 is giYen by (12), and 
the yalue of P must be that of P', corresponding to tlie leYel where S=s'. This effect is in all ordi
nar;y cases exceedingly small. If we suppose the velocity at any height to he s=lOm per second, 
the value of o in (12), supposing tlie lower station to he on the earth's snrface where s' =0 and that 
the temperature i=O, wonld he 7 -:1;,., and multiplying this into 76()mm, supposing tliis to be the baro
metric pressure at the earth's surface, we get hy (11) 6 =0.96mm, or less than one millimeter in this 
extrPnw case. ·with a Yalne s=5m"' at thr upper statiou the effect would be onlj· o.24mro, In aU 
cases, therefore, in which observations are made for hypsometrical purposes the effects of vertical 
currents are insernsible. 

\Vhere a column of air is ascending or descending without any change of velocit;y, or where it is 
first accelerated and then re'tarded, or rice u;rsn, so that we still have S=s', it is seen that it does 
not affect tlie difference of pressure between the two stations, since in such cases we have by (12) 
0=0. 

G. By means of (7) equation (10) becomes 

kJ: l log P"-loo- P= - ~--
"' l hl+x 

in which 

1 
k =1-.002606 cos A. 

a: =(.00366+.00138e)t+.378e+
2
: 

P"=P'+6' 

(14) 

In the integration of the laist member of (13) it is necessary to liave x expressed in such a func
tion ~f h as to make it either completely or approximately integrable. I.et us put 

!l5) { H=h-h' 
· x=x1-(cH+e'H2+&c.) 

in which h' and .r' are the values of h and x at the lower station where t and e liave the values t' 
and e'. This supposes the decrease of temperature and relative proportion of aqueous vapor to be 
expressed by a cmwergent series of the forms 

(16) { t"-t=c1H+e'1H~+&c. 
e' -e=c,H+c'J1H2 +&c. 

in which f!' is the value of t' corrected for the effect of temperature gradient between the two sta
tions. 
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By means of these eqnations the last of (14) becomes the same as the last of (lii), in which we 
shall have 

(17) 

In the expressions of these constants the variable f' in the very small tel'm of the second order 
can be regarded as a coustaut and equal to the mean of its values at the lower and upper stations. 

By means of the last of (15) we get from (13) 

logP"-logP=~·Jh (1-x+x2+&c) 

=~·1· ( l-x1+x'2+c(l-2.r') H +(c2 +c') H 2 +&cJ 
Il , 

=~{(1-x'+.r12 ) II+;\c(l-!:?.r1
) IP+rr (c2+c') IP+&c) 

This gives, neglecting all terms below the thiru order, 

I p11 1 
H= k log ·p i-.1:1 +·x'2+ 2c(1-=2x1) H--H \(;z+<;'fH2 

From the last of (15) we get, by re,·ersing the series, 

(18) r1-1· c' 
H=' ' - . (:r'-x)i+&c c ("l 

With tbis value of Hin the small terms above, of the second and third order, we get 

l p11l -------
H=k- log ··p- 1 1 ( , ) ('1 c' ) ( 1 )' , ' -2. x +x + 3- 802 x-x +xx 

l J P" ( / cl C' ) / z . t .1 t )2) =kogp 1+2(x+x)- 3- 6c2 (x-x)-.:rx+.1(.:r+x 

=~log1;
1 

(1+2(x'+x)+(~-l2)(x1 -x)2) 
neglecting all terms below the third ord.er. This by means of (14}, since when .1· becomes .r1

, t, c, 
and h become t', e', and h', gives, hy changing t' ~ t", for reasons given in§ 4, 

(HI) 
l p11 c 2li'+H 

H=Mlog 1, ~ 1+[.00183+.0003.i(c'+c)] (t"+t)+.189(c'+c)+ r ···· + 

9 ( c' 1 ) (t' - t)z ~ .00 .. 606 cos A+ 6(fl-l2 2732 ~ 

in which CJmmon logarithms are to be used, and M: is the modulus of these logarithms. In the 
last very small term of this expression, only the term depending upon the temperature in the last 
of (14) has been taken into account. 

If we neglect the part of this term depending upon c', we have the expression'of H in the 
caRe in which the t.emperature and value of e decrease in proportion tD the increase of altitude, 
for when thiR is the case c'1 and c'2 in (16) vanish, and hence, from the last of (17), c'=O. If we put 

(20) 

the last term in (19) vanishes, and we then have the usual barometric formula, which is obtained 
QY regarding x, and consequently t and e in the last of (14) as constants, and equal t-0 the mea.ns 
of their values at the lower and upper stations, in the integration of the last number of (rn). B.v 
the preceding more general ancl rigorous method the last term of (19) is added to the usual formula. 
This term, however, is usually very small, and may be neglected unless either c' is very large, or 
the va.lue of t'-t, which may occur in the latter if t_!1e dift'erence of altitude of tl1e two stations is 
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great. Where the value of c' is so great in comparison with that of c that the expression of H in 
(18) is not sufficiently convergent to make the neglected terms below the third order sufficiently 
small to be neglectefl, the last term in (19) does not represent accurately the effect of the term in 
(18) depending upon c', since the neglected terms may be large in comparison with those retained 
of the third order. 

Considering only the term in tlw expression of x in (14) depending upon t, since the others are 
generally very small in comparison, we get from (17) and (20) 

(21) 

If, now, we put in the first of (16) c1=.005°, which is its value if the temperature decreases 
0.5° for each 100 meters of increase of altitude, we get c\ =.0000000458. With this value of c' 1 

the last term of the first of (Hl) gives, if we put II =2000 meters, c1Il2 =00.1s. Hence the usual 
formula requires a decrease of temperature very nearly proportional to the increase of altitude, 
but not strictly so. 

7. Since gravity differs with a change of elevation, the barometer does not give the absolute 
pressure of the air in measures of an invariable unit. It is evident from an inspection of the 
formula ( 19) that this unit may be that of any assumed altitude, and hence it is only necessary to 
reduce tl1e measure at the one station to that of the unit of measure belonging to gravity at the 
other. I1ct R' and B be the observed 11eghts of the barometer at the lower and upper· stations, 
respectively, corresponding to the absolute pressures P' and P measured by a barometer acted 
upon by an nnchauged force of g-ravity. \Ve slrnll then have, since the measures given directly 
by the barometer vary inversel,y, as the force of gravity, 

~~=~" . g'=~~ ( 1 +~I!) 
in which g' is the vahw of g at the lower station, and in which the last form of the second member 
of the equation is deduced from the preceding one by Jlleans of (5), neglecting insensible quanti
ties. Hence, we have 

P" B" 2MH log =log .~+ ·~ P B r 
M heiug the modulus of common logarithms. The last term of the second member b~ing very 
small, we can substitute for H its approximate Yalne 1le1luced from (19), which is 

l P" II= .Jog· __ 
M p 

\Vith this value of H the preceding equation gives 

log P''=log B" (1+ 2l) 
P B r 

By means of this expression (19) becomes 

(:!2) H =;1( l+~)iog :~ {1+ (.00183+.00035(e' +e)](t"+t)+.189(e' +e)+ 'Jh':H +.oo:wo6oos;l+c} 

in which 

(23) • 
is a small correction to the usual formula to make it strictly applicable where the values oft and e 
vary with increase of altitude according to the law of (16). Where these vary as the first power 
of JI we have r:'=O iu the expression of O. 

8. The effect supJ)()Sed t-0 be due to the attraction of the strata of the earth between tbe upper 
station and the level of the lower station, introduced into the formula by Utihlmau, has been 
neglected here. This was introduced by him upon the hypothesis that these strata are so muCh 
additional attracting miittcr coming between the upper station and the earth's center, and that 
consequeutly the attraction at the upper station, as at B (Fig. 1), is greater than at C on the 
2ame level in open space vertically over the lower station. From theoretical considerations alone 
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it is not probable that there has been much increase of rnaUer lietweeu the upper station and tlw 
earth's center from the formatjon of (•ontiuents, table lands, arnl mountain ranges, and 11ence there 
is little increase of attraction at the upper stati011 from this cause~ for the bringing of a part of the 
attracting strata, a little ueart'r tbe attracte<l lJod~· l1a8 a nry little dl'ect, 11nles8 it is hro11gt1t from 
a great distance beneath. 

If the earth was originally flui<l, as we ha\·e good reason to suppose, the amount of matter 
then between any poiut on or a lJoye the eartl.t's 1;urface urn st ha n lieP11 t'\·erywhere the same, 
except so far as it <lt>pended npou the earth's ellipticity, the effect, of which i8 taken into account in 
the formula, and does not enter int,o the question here. 'l'lieorics ma,,· differ with regard to the 
manner in which continents and mountain ra11ges bani hcc11 formed, hnt they most probably orig· 
iuate<l in 80llte way from the gradtrnl cooli11g a11d coutractiug of the i11terior part of the earth, lmw
ing the external strata too large for tlie iuterior, from whid1 cam;e they were forced up to a 
higher level at some partH of tlrn surfam:, with little lateral transfer of matter, lt•a1·i11g the parts 
below Jess dense and the amount of attraction ou :my point ah0\·1' ilicu1 lJut little increasetl. 

The sea origi1mlly, either as vapor or water~ must han· been eijually distrilmted ornr ull pa.rts 
of tlle earth's surface. The eltwatfon of contiueuLs allll mo1mtain masses aho,-e the general lC\-el 
of tltc bottom of the sea, displaced that part oi' the :>ea which orig-iually t'xiste<l where the continents 
now are, aud increased the amonut of matter where the r;ea uow is: and hence from this cause there 
has lJeen a decrease in the amount of attL·actio11 on·r the contium1ts· a111l au iucrease oyer tlie sea. 
There is also mneh plausilJility iu Archdeacon Pratt's theory that the iuequalities of the earth's 
surface, as seen in the ruom1tains, plains, and ocean beds, l.t~ffe aril'>eu from unequal rateR of cooling 
and contraction, they being supposed to he greater in tlw parts covered by the ocean than under 
the continents, and hence the continents so formed would 11ot imply au increase of matter. But 
there is another theoretical consideration which must be l'Pgarlif'd a,.; completely dedsin' of the 
'Jnestion of the inferior density of the earth's errn;t, where the continents are, iu compari8on with , 
that of the part covered b,r the oct>an. Tile whole glolie <'all he so di\'i<lt·d into two ht'misphereR j 
that nearly all the land is contained i11 the one, and 11early all tlie ocean in the otlit-r. If t!Je con- j 
tinents antl the parts of' the earth's crus.t nuder them had the .same density as the umlistnrlled I 
strata nuder tllC' ocean, the center of gra \'it;y of the earth would occupy the center of the mass, and 
the ocean would be <lrawu m-er to the sidti where the coutiuents mo,,tly exist, and lean~ some part,s 
now covered hy the ocean as dry land. There cannot, therefore, he much increase of matter in the 
parts of the earth's crust where the continents exist. 

9. The preceding deductions from merely tbeoretical considerations are complete]~· confirmed by 
numerous pendulum obsen-ations made over nearly all parts of the globe. If we examine the dis
cussiom; of these obsen'ations in tbe determinations of the figurP of the earth by Airy, Bowditch, 
aml quite recently by Clarke,* it is seen that the re8iduals mostly indicate diminished gra,·it~· on the 
continents, especially for elevated Htatious, and increased graYity on small islarnls in tlw ocean. It 
is not to be supposed, however, from this that there is really less matter wl1ere th<' continent:-; are, 
for these residuals arise mostl.r from the reductions of gTa\-i(Y fo sea-lenl upon the hypothesis of '\' 
an increase of matter equal to the mass of the continents aborn sea-len~I. 'l'hc reimlts show that 
if these reductions were omitted, as they should be aceording to the prece•ling view of' the matter, \. 
the residuals would nearly disappear. Tbis is especiall,Y seen in t11e geodetic operations of 
India, in which, as the Himalayas are approached, the penclulnm ohsen-ations of the ele,-ated sta
tions, with the usual reductions to sea-le\-el, indicate a great deficiencs of gravity. ·with regard 
to this Uolonel Clarke says: "Kaliana was fixed on by Sir G. Everest as the nearest approach to 
the base of the Himalayas for reliable geodetic observations, aud in our tables we see that at that 
station and all north of it there is a large defect of graYity, attaiu~11g at l\fore a11 amount of-2:! 
Yibrations. It is very remarkable that this is precisely tl1e amount of the correction tbat had betm 
applied for the attraction of the mountains, so tlrnt the"apparnnt Yertical attraction of the three miles 
of earth crust between Mor~ and sea-level is zero. And, in facti at most of the other high stations 
the residual discrepancy is dimiuished or removed if we omit the corrections for the attraction of 
the table laud lying between the station and the sca-levcl."t 

*Geodesy, by Col. A. R. Clarke, C. B., Royal Engineel's, F. R. S., Hon. F. C. P. G., corresponding member of the 
Imperial Academy of Sciences of St. Petersburg: Oxford, 18~0. 

t Clarke's Geodesy, p. 350. 
S.E:x:.49-30 
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Ir seems, tlteu, 11ot ouly from tlw pn'ccding theoretical considerations, but also from actnal 
olJsenatious, tliat the snppos!'tl effect npon gTavit;\' of table lands ~d of mountain masRcs should 
be negleded, uot 011]~- i11 barometric hypsomctr,r, but also in reductions of pendnlum obsern1tions 
to :;;ea-lPn·L aiHl it hu,.; nccor(li11gl,Y bt>Pn 11eg'lected in formula (22). 

10. It is now uecessary to lrnYe the accurate numerical Yal11es of the com•tauts l, M, aucl r in 
(22). Of these>, tl1P mo,.;t imjlmtaut is I, which is the height of a homogeneom; dry atmosplwre :it 
the ternperatme of o:; nuder a pn·,;snrc t>t]trnl to that of a column of mercury of 76omm at the same 
te111111·ratnn· arising from tl1e foree of graYity at sea-Je,~e1 on the parallel of 45°. This is to tbe 
lwi;.;111 or tlw n1en·11rial t·olttmu iuYer,;ely a,; the densities of air and mercury under t.he8e circum
~ta11t·(•><. H<·g·1ianlt fon11d th!' llP11sity of mercury equal 13.59593"', that of 1mre water at the tem
peratiin· of 4:::: lll'iilg· nuity. At Paris, latitude 48° 501 and altitude 60 meters, he also obtained 
for tlte <k11sity of pnre air. nmler the barometric pressure of 760rum and temperature 0°, the value 
.OOl~!KHKit, ti.Jc uuit of mea.,.;me being· the same as in the case of the mercury. AR the density is 
a,; tlw 1m•,.;,.;nn• :rnd this as gradty, this density at the earth's surface and on the parallel of 450 
wonltl he .0012fl:l!S7 ,r(: g. From (5), putting h=60 meters and .:\=480 501

, and r=6367324 meters 
(:~08!10.">!S frt·t ), a,.: ohtaimtl hy Clarke, we get g': g=.!l!Hl6708, and hence, .001293187 x .!l!l!lli708= 
,OOJ'.!H:.!7fi for tllf' l1e11,.;it.Y of pnre air at serl-leYel on the parallel of 450, and nnrler a prN;Rnre of 
7 CO""" of 11wn•n ry. 

ThP air i11 gt~1wn1l ('011tai11s al>ont .04 percent. ofearbonic acid gaswitlt a density of Li:.!9 corn_ 
pnn·<l "it h that of air. Bt:>iug: heaYirr thau air it increases its density by the .0004 x .52!1=.00021Hi 
part. IkllCI.' tlw \lp11,.;it~· of dry air, snch aH is geuerally met with in barometric l1ypsometry, ma,y 
hP pnt Pq11;1! tn .001:!~1:!7tjx l.0002l!fi=.0012!l:J0:1. ·with this densit)· of air and the preceding 
rkm•ity of 1111·n·nr•. ohtainf'<.l hy H('gnault, we get 

(:.!-L) 1 0 -u"' 1:1.:;0593 -!m ., t = . I J x .ooi2\l:)O;J =I. ·- Ill(' ('l'S. 

11. Thi-; rnltH' of / lkpt•rnls e11tirely upon Regnanlfs determinations of the 1lensiti1~s of mer
cury arnl 111' uir. '\\ it!Jnnt n•ganl to ot!Jer determinations, and differs but little from that used iu the 
Jll'l'l'1·di11g part;-; of tJl(.,~1' n·seartlH·s. The determinations of Regnault are undoubtedly tlle most 
rel ia hie 11·e lia n·. 1101 oil ly llecau,;e they were made with great care, but also because heing for tbe 
most pnrt· 1 ht· nwst n•<·e111, the proc1,sses of the others were carefully examined and measures were 
dc\'iSt'd to <1Yuid :,;omeL'S of error whie11, it was thonght, might haYe affected the preYious determi 
lW t10ns. 

TlH' lllll't'l'tarnty iu the dew;ity of mercury is uot great enough to be of much consequence in 
tltt· d<'lt'l'llli11:1tiou of this constant, anu Hegnanlt\; density seems to be about a mean of all that are 
e11titl1·d to mneh weight. lt ii:; very uearl,r the same a1:1 that of a more recent determination which 
;:lionltl lian- gn'at weight. A<~<~ordiug to Prof. Balfour Stewart,+ "it has been determined at 
tli(.' Ke11· Ol1,.;e1Tatory that the weight hi wcuo at (j;!O Fahr. of a given \'Olume of purified mer-
1·n1·y i,; to that of thl1 Hanie Yolume of water in the prnportion of la590.86 to 1001.62 grains." 
From tht'sP, hy re<i11ciug tl1c former to oo C. and the latter to 4° C., the density 13.594 was deduced, 
whid1 differs but little from l~eg11anlt'8 result. 

In ti.JP tleusits of air tl.ie mwertainty seems to be mnch greater, since the clifferences between 
the results of different experiments are much larger, but Regnault's result is entitled to much 
more weigl1t than the otliers, and l>esides it is now generally adopted, so that it is thought best to 
adopt it here, also, without attempting to determine a more probable density by giving weights 
to other determinations. If it should be tl.wught by some that the principal constant in the 
formula, deduced from this density, sboukl be a little difierent, a proportionate change in the alti
tndes obtained by means of the formula can be readily made. 

1'.!. \Vith the well-known value of Mand that of r already girnn, and the value of l in (24), 
the expressiou of II ;u (2'.!), neglecting the small correetion c, is in meters 

• l'ogg. Annalen <ler l'hy~ik, llallCl 7 ~' p. 213. t Ibid., p. 206. t Trf.'atisc on Heat, Art. 75. 
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('.!5) 
B" . 2li'+II 

H=18446.ll log-1r{1+ [.00183+.00035(e' +e)](t" +t)+.18B(l:' +cl+ ti;Jffj;):.!-! + .OO:!liOGeos 2,1} 

11
11 

( 21i 1+1r) . 
=184JIUi log B [l+.0018:1( t" +t )][l+ .18!l(t'1 +c)J 1 + tiJui:\:.!J 1 +.002GW> em; :!A) 

The lm>t form is se11sihly the same as the first, aIHl is adapted to computatio11s hy lng:nith111s, 
b,r which the computations are more conveniently made. 

The Yalne of Hiihlman's pri11cipal constant, witl1 the formula l'Xlll'i's:-etl in 1111' form al1m·p, ii:; 
1842H.1. The difference affects the results given by the formula le;;s tkm the 01w-thmN111lltll 
part, a11d it arises almost entirely from the neglect here, for rcasom; already ii:iYen, of the suppos('(l 
effect of the attractions of table lands and mountains. The \'alue of Lapla1~e':-; co11sta11t is ]:-;:un, 
or, witlt the formula expressed as above, 18382, which is eonsiderably less thau tlrnt 11f (2.j) ahon'. 
In the time of Laplace the densities of mercury and of air were 11ot :;uilicieutly wdl k110\Yll tn 
1letermine the value of l from (24), and the principal eoustaut in Laplac1·'i:; forrnnla W<I'' dett>nlliHed 
from obsen·ation. This was don~ by Ramond in 180:i from barometric arnl thel'monwtric ohsernl
tio11s ma<le at Tarbes, France, with the instruments 322 lll<'tl'rs abm·c the ll'YPI of tlw ;own. arnl 
from mrrcspoudi11g obse1Tations made on the top of thl' Pie <ln ~lidi arnl other neiglil1ori11g 
peaks, with altitndes ranging from that of the Pie dn ?llidi, 2!1:J:> meters above S(•a-len:l, to that 
of the l'ic dn Bergous, :n1:3 meters. There were oul~- eigl1t oh:,;en·ation~ iu all, lll<l(l\• at 110011. oJH'. 

in ,Jul.r, four ill SPptember, one in October, and two in .Xovernher. The co11.q:rnt (kdue!.•ll from 
these obscn·atiom;, after being reduced to sea-level, "'a8 183~)fi*. \Yitl1 the kJW\Y ledge we 11ow lrn Ye 

of the large anunal and rliurual inequalities in harometrie tktnrniuations of' altitutles made at <lif
ft'reut seasnni; of the ;\·ear and hours of the day, together with all tlw other irn·gularities arn1 
uncel'tainties of results from only one or a few ob:servatious, a <'onstant obtaiJH'll from oul,,- l'i;J1t 
pain; of obsen·ations, made mostly in the summer sea:'lon, and all at tlw same honr of the da~-. 
cannot be accepted as being reliable. Yet this constant has bePn almost ex1·lnsin•l,Y nsed t'H'u 
up to tlie prl'seut tinw. 

13. 'l'he formula('.!.'>) re<p1ires the height of the barometer at both stations to he either that of the 
temperature of 0° C., or some other temperature, as that of tlie lmn•r station, all(l also that it 
shonhl he. rnf'asnrrnl with a scale re!lnced to the standard temperature of tl11' s1·al<· ust>d in the c011-

8trnction of the barometer. It is usnal to apply snch reductions at onee to th<' oh,;ernltions, lmt 
where uure<lnced obserYations are us<•d it is necessary to intro<lnee :mother eo1Teetion into the 
formula, which will have the same effect upon the result as the re(lnetion of tht' ol1serrntioJJs. 

The general formula for this reduction, first given b;r Schnmacl1er. i1' 

in which 
T = the temperature of the attached thermometer, 
T = the temperature to which the observed height is rPdnerd, 
1n = the coefficient of the cubic expansion of mercury, 
I = the coefficient of lineal expansion of brass, 
iJ = the normal temperature of the standard scale. 
In this small reduction the denominator above can be taken as equal to 1111 it.\- "·ithont a uy scn

silJle error. In the Freucb,barometer and scale we ha,-e, fur reduction to the frpezing point, T=O, 
and .9=0, and hence the reduction becomes 

-(m-l)rB 

Uence, witll the barometer unreduced, we shall have, using B1 instead nf I~ i11 this ease, 

B" B"1(1-(m-l)r') B"1 
log -:s=logl{(l-tn-l)i) =log 13~+log f l-(111-l) (71-7)] 

According to Regnault, the value of m at 0° of temperature is .00017\lO,j, and at 31P, .000180.j 1. 
The mean corresponding to an average temperature of 15° is .0001 i!Ji8. The coeflicient of linear 
expansion of brass, according to Lavoisier amlLaplace, is .00001878. Hence, we han~ iu the e:xpres-

•Memoires sur la Formule Barometrique de la Mecaniquc Celeste; par Rumond, 1611. 
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sion above, where the barometer has a brass scale extending dowu to the base of the mercurial col
umn, (m-l)=.000161. The prece<ling equation, therefore, becomes 

('.!G) 
R" B" 

log· B =log-B-1+log[l-.0001Gl(r'-r)] 

For the Englisli barometer, in which tlie standard temperature of the scale is 62° Fahr., the 
reduction to the freezing point becomes 

-[m(T-320)-l(r-620)JB 
iu which r mnst he expressed iu degrees Fahrenheit, and the values of m and l chaugeu to corres
pond by taking llYe-nintbs of tlieir values in the preceding case. Hence, it becomes 

-[.0000!)!)88r-320-.00001043( r-620) JB = - .00008945( r-28°.G)B 

Proceeding as a bow, therefore, we get in this case 

Il" B" 
(27) log lf =log B~~+log[l-.0000893\ r'-r)] 

H. In the expression of H (25) it is necessary to know the value of c for both the lower and 
upper stations, and this <lepends by ( 4) upon that of b. According to Regnault, we have 

'~8) b-b -~SO(t__~-~IJ 
,- - 1 Gl0-t1 ' 

in which t1 is the temperature iudicated by the wet-bulb thermometer, and b1 is the •mpor tension 
of saturated air at the temperature t 1• 

\\hen the wet bnlb hecomes coated with ice the formula becomes 

('..!!J) 

From cornpatisons recentl,r made hy Dr. Carl Koppe, in Zlirich, and also by Herr Billwiller, 
between hair hygromet0rs and the psyclnometer, at temperatures below the freezing point, it is 
evident that this part of the formula. is Ycry erroneous. (Zeit. der Oest. Gesell. fiir Met., B.13, § 49.) 

Eqna.tion ( 4), therefore, becomes, when the wet bulb is free from ice, • 

e- b1 _ OAl){~(!_:-f1) _k1 _ OOOS(t t) 
-B 689-t1 -B · - i 

the last form of the expression beiug correct for t1 =10° is sufficientlJ· correct for all values of t1• 

\.Yben the lfet bulb is coYered with ice the numerical coefficient of (t-t1) is .0007. ·we, therefore, 
have in (25) the factor 

(30) 1+.189 (e'+ e)=( 1+.189 ~o (1+.189t~ )ll-.OOOHil(t'-t'i)] [1-.000151(t-t1)] 

"\\'hen the wet bulb is eo\·ered with ice the numerical coefficient in tlie last two factors becomes 
.000136. 

The formnla of (28) is itnperfect, and entirely fails for very low percentages of humidity. 
'Where t-f1 is wry large the last term becomes the greater, and then the expression of b becomes 
negati\·e, that is, we haYe a negative Yapor tension, which, of course, is an absurdity. If the 
formula entirely fails for ,·er.r low percentages of humidity, it mast begin to be inaccurate where 
the percentage of humidity is not yery small. .As the numerical coefficient, however, int.he formula 
was determined empirically so as to satisfy observation and experiment for ordinary ranges of 
humidity, the formula for these is sufficiently accurate. 

Instead of a formula for giving directly the vapor tension, Mr. Glaisber gives a formula of the 
form -

(31) t2=t-F (t-ti) 

for determining the temperature of the dew-point ti, and then with this he gets from a table giving 
the tension of vapor in saturated air for the different temperatures the Yalue of b. In the expres· 
sion of f2 abon~, the factor F is not a constant for all temperatures, but a function of t, which is 
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determined from observation. These factors, determined from a great number of obsen·ations, are 
giYen in the following table of 

Glaislt('r'ii factorn.* 

1-·-------- ·----~·------~-------

F. I t i F. F. t l F. F. F. F. F. F. 

·-:-- -·-- --- --- ------ - --
JO 8. 78 20 

I 
8. 14 30 4.15 40 2. 29 f)O 2. 06 60 1. 88 70 1. 77 80 ]. 68 9-0 1.6' 

: 
11 8. 78 21 

' 

7. 88 31 3. 70 41 2. 2fi 51 ~. 01 61 
' 

1. 87 71 l. 76 81 J. 68 m 1. 6~ 

12 8. 78 22 
I 

7. 60 32 3. 32 42 
' 

!!. 23 !i2 2. 02 62 1. 86 72 1. 75 82 1. 67 • 92 : 1. 62 

' 
13 8. 7i ! 7. 28 33 

I 
3. 01 43 2. 20 !lil 2. 00 6:1 l. 85 73 l. 74 ' &q I. 67 93 1. 61 23 i 

14 8. 76 24 6. 92 34 2. 77 : 44 2.18 54 J. 98 64 1. 83 74 l. 73 84 1. 66 94 1. 6i) 

15 8. 75 25 6. 53 35 i 2.60 45 2.16 55 J. 96 65 !. 82 : 75 1. 72 85 I. 65 9i) 1.6<1 
i 16 8. 70 2t) 6. 08 36 2. 50 46 2. 14 56 I. 94 66 1. 81 76 1. 71 86 1.6,j 96 1. [iH 

i 17 8. 62 27 : 5. 61 37 2.42 47 2.12 57 1. 92 67 I.SO 77 1. 70 87 !. 64 97 I. 59 
lR 8. 50 28 5.12 38 2. 36 48 2.10 58 1. 90 68 1. 79 78 1. 69 88 1. 64 98 1. 58 

19 8. 34 29 4. 63 39 2. 32 49 2. 08 59 ]. 89 69 1. 78 79 1. 69 89 1. 63 99 L 58. 
I 

--·--- --··--·-- ---·--- -------·------ ----·-- -·-

With regard to these factors .Mr. Glaisher sa,ys: "Tile munbers in the table have been found 
from the combination of many thousands of simultaneous obserrntions of the dry and wet bulb 
.thermometers with Daniell's hygrometer, taken at the Hoyal OusenatoQ·, Greenwich, from the 
year 1844 to 1854, with obserYations taken at high temperatures in India, and others at low and 
medium temperatures at Toronto. The results at the same kmpcraturc were found to he alike at 
these different places; and, therefore, the factors may be considered as of genera.I application.~ 

These factors were also yerified for high altitudes b.Y obsenations made duri11g his balloon 
ascents. ''The result of all the simultaneous determinations of the temperature of the dew-point by 
Daniell's hygrometer and thf'. dry and wet lmlh thermomf'ters are as follows: Thf' tPmpPrature of 
the dew-point, as found by tlte use of the dry and Wf't bulb thermometers: 

''Up to 1,000 feet high, was 0°.15 lower tlmn hy Daniell's hygrometer, from twenty eight. 
experiments. 

"From 1,000 to 2,000 feet higl1, was 0°.10 lower than h;y Daniell's hygrometer, from fort~· 
experiments. 

"l<'rom 2,000 to :~,000 feet. higl1, wa.s OO.();) lower tlrnu liy Daniell's 11ygro111eter, from fifty-niue 
experiments. 

"From 31000 to 4,000 feet l1igh, was the same as by Daniell's hygrometer, from sixty-six 
experiments. 

"From 4,000 to 5,000 feet high, was 0°.(15 lower tpa11 tw Daniell's ltygrometer, from forty 
experiments. 

''From 57000 to 6,000 feet highr was 0°.7 Iower than by Daniell's l1ygrometer, from thirt~--four 
experiments. 

"From 6,000 to 7,000 feet high, was 0°.2 lower than by Daniell's h,Ygrometcr, from thirty.four 
experiments. 

"From 7,000 to R,OOO feet high, was the same as hy Daniell's hygrometer, from eight experi· 
men ts. 

"From 8,000 to o,ooo feet high, was 1°.5 higher than by Daniell's l1ygrometer, from two ex
periments. 

"From 9,000 to 10,000 feet high, was l 0.2 higher than h,y Daniell's hygrometer, from two ex· 
periments. 

"From 10,000 to 11,000 feet high, was oo.:.i higher tlwn by Daniell's h;ygrometer, from 011e ex· 
periment. · 

• "From 12,000 to 13,000 feet high, was 0°.3 higher than by DanieJl's hygrometer, from fh·e 
experiments. 

"From 13,000 to 14,000 feet 11igh, was oo.s lower than by Daniell's 11ygrometer, from seven 
experiments. · 

"From 14,000 to 15,000 feet high, was 1°.0 lower than hy Daniell's hygrometer, from two ex
periment~. 

* Hygrornetric Tabl~s, by James Olaisher; }', R. S., &c, fifth edition: London, 1869. 
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"The number of experiments made up to the height of 7,000 feet, var_yiug from twenty
eight to sixty-six in each step of 1,000 feet, are sufficient to enable us to speak with confidence; 
the results are that the temperatures of the dew-poi11t as found by the use of these tables are 
worthy of full Mnfilleuce up to this point. At heights exceeding 7 ,ooo feet my experiments do 
not yield a sufficient number of simultaneous readings to give satisfactory resulb;;, aull before we 
can speak with certainty at these high elevations more experiments must be made.''* 

But tbe tensions of aqueous yapor obtained hy Glai8her's method by means of foe factors in 
the preceding table, uased upon so many observations made in difiereut parts of the earth anrl at 
nearly all accessible latitudes, difter very much in some cases from those giYen by Hegnault'R for
mula in (:!8). Both Glaisher's formula and Regnault's have been reduced to tables; the former 
by Glaisher himself, the latter by Gu~·ot and others. From a com1larison of these tables the dis· 
crepancies shown in Table XII are obtained. In Gu;rot's tables the computations by the formula 
extend on1~- to the point where the tensions rnnish and change signs, and it is seen that at this 
point the tension gfren b~· Glaisher's table is still considerable. 

It is a <1uestion with meteorologists wh,y these tables, having the high authorities of Regnault 
aud Glashier, should differ so mucl1, and which should haYe the preference; but a little insight 
into the history of Regnault's formula clears up the matter. vYhat i!:! called Regnault's formula 
was, originally, a formula obtained Ly l\1. August from purely theoretical considerations. The 
constants in this formula were somewhat changed by l~egnault after the data upon which they 
depend became better known, aud the results then given by tlle formula were compared with 
those obtained by him from experiment and obserYation. The result of the comparisons was that 
it was necessary to change the theoretical constant 0.429 to 0.480, as gh en in (28), in order to 

ive the best agreement between the results of the formula and those of experiment and observa
tion. 

\VitL regard t-0 the tlwory upon whieh the formula is based, Reguault says: "I do not think 
ti.tat the fundamental hypothesis a.lopted by l\f. Augm1t can be admitted as a basis of the calcula
tion of the psychrometer; namel,r, that all the air which supplies heat to the moist thermometer 
falls to the temperature t' indicate,11 by the Ja.tter, and is c_ompletely saturated with humidity. It 
seems to me probable that the portion of the air which cools does not fall to t', and tliat it is not 
saturated with lmmidity. The relation of the quantity of lwat which the air takes from thn Lulb 
by eYaporation of the water to the quantity of heat whicli it loses in cooling is probably greater in 
proportion as tliat air is more dry, because in this st.ate it is much more susceptible of humidity 
than when it approaches its state of saturation."t 

With regard to his comparisons, he says: ''The coefficient 0.480 gives an almost perfect coin
cidence between the calculated results and those found by direct observation in the fractions of 
saturation which exceed 0.40; but it produces a difference greater than the coefficient 0.4291 and, 
in an inverse direction, for weaker fractions of saturation." He hence infers that the coefficient of 
the formula (28) depends on t-t11 and that this ''results from the fact that the air carries off pro
portionally more vapor when it is very dry than when it approaches saturation." 

Uegnault, then, not only does not consider the theory upon which the formula is based reliable, 
l111t says, al.so, that the formula. with the empirical constant· 0.4-RO does not give results in accord
ance with observation in fractions of saturation below 0.40. :By referring to Table -- it is seen 
that for ordinary ranges of temperature and humidity the two tables agree as well as could be ex
pected, and it is onl~· in the case of extreme temperatures and low percentages of relative humidity 
thttt the differences become large. This is exactly what we shoultl expect from what lwgnault 
sa;ys of the empirical constant, for he says it fails for low percentages of humidity, and for very low 
percentages we know it entirely fails, since it gives negative tensions. Regnault had less than 
100 obsern1tions, in all, for comparison; while, as we have seen, Glaisher bad many thousands, 
so that the results obtained from Glaisher'i:; factors and tal>les are undoubteUly more reliable, 
at least for small altitudes above sea-level, than those obtained from Gnyot's tables computed 
from tlle formula of (28). :But there is really little difference, so far as we can now see, between 
Regnanlt and Glaisher, since the results given by Gnyot's tables differ from those of Glaisher's but 

"Glaisher's Hygrometrical Tables. 
t Regnault's Hygrometrical Reeearches; Taylor's Scientific Memoira, vol. k, p. 652. • 
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little, except for low percentages of lrnmidity, for which, Regnault says, the formtlla from whieh 
On)·ot's tables ham heeH computed is not accurate. That l{eguault not oHly regarded the formula 
as being imperfect, hut also that a uew formula was desirable, is eYidenced from a dosing remark. 
He says: "I shall abstain for the present from establishing a new formula of the psychrorncter: I 
do uot corn;ider the elements at my disposal as sufficient." It does not appear that lw eYer under
took it, but it has been done hy Glaisher with an abundance of material on hand; with what 
success must he judged from comparisons of the results with observation. The trouhlP, them, with 
regard to tl1e flifterenees between the tables, is: not that there it< a ditl'erenc1• behn'en two great 
authorities, but that a formula calle<l Reguault's formula., but confessedly imperfe('t, bas heeu re
duced to tahle8, which carry with them the authority of llegnault whill' they real!~· IUJn no such 
authority. 

Li. Jly a rcfercuce to the forlllnlw (28) and (:ll) it is iseen that the former is a fm1ctioll of thP 
harometric pressure, and tl1at the t<•11sion b should. increase with altHmle or diminution of pressure, 
all the other data remaining the same; while according to the latter the value of 12 , aml couise
quently of b, is th<' same for all altitudeH. Hence, if the two formnhl' gave accordant results at the 
earth's surface g·enerally, thPy would differ for high altitud1•s, especially for low percentages of 
humidit~-, in which the last term of (:!R) becomes large. lJnless the theory of .M. August, upon 
which the formula of (28) is haseri, is entirely erroneous, and the approximat-e aceuracy of the theo
retical coefficient 0.4'.!\l is merely accidental, I cannot seC' how the tension of vapor for the same 
tP111peratnr1\; of tlry arnl wet hulh can he the same at all altitudes. As the presi-mre i;;; diminished 
tlw Pn1porati011, all other circumstaJ1ces being tlle f'ame, must be acceleratetl~ aud the diffore11ce 
between tl1e dry aud wet bulb tem11eratureis dimini8he1l, antl hence the formula (::H) must g'i\'c too 
8Irn1ll a ,·apor tension. Yet the comparisons of the results g'iven by <Hahsher's factors with obserrn
tions at Ligh altitudes:, we Jiave seen, seem to be satisfactory, and there are no imlicafoms that 
the tPnsio11R for the s»me temperatures of dry aud \Wt bulb incr•,ase with altitude ati thr~- 11111:-;t 

h.r the formula of ('..!8). Jfogmmlt had 110 observations of much wcig;ht in testing thr formula in 
this I'l'SJH'('t, arnl remarks that it will he desirable to make experiments in very clenttcd localitfoH 
to ascPrtain whether the second term iu ('.!8) 1~orrects properly the formula for the variations of B. 
If ~t seriPH of Fmclt expPriments: were made on Pike's Peak, or at some other ,·cry eleYated station, 
t!wy would be of great value in settling this quPstion. 

It is seen from Table :XII that, for low altitnd<•s abow sea-level aml small fral'tions of satura
tion, the ntpor temlions gh-eu by (2i') are smaller tlrnn those given hy Glaisher's factors: and tables; 
but these teuisions are the same by the lat l€r for all altitudes, while by the former they must increase 
as ll dirniuishes, that is, as the altitude increases. }?or altitudes from 011e to two miles the differences 
between the results of formula (::l8.) and those of Glaisher's factors are generally s1mtll and of little 
consequence iu barometric h~'psometr.v. For differences of altitude, therefore, of about three mileN. 
where the lower station is near sea-level, if formula (28) is used for obtaining the \'apor t.ensious of 
the air, the results in determining difi'erences of altitude by (25) will differ but littfo from those oh
tainetl with G laisher's vapor tensions, since at the lower station the value of e' with the former is 
smaller and at the upper station the value of e is larger than tlwy would he with the use of 
Glashiel"s vapor tensinns, and consequently the value of (e' +e) in ('..!ii) is: Yer~' nearl,\· the s:tme with 
hoth. I•'or sm:1ll diflerences of altitude the uneertainty in the h,rgrornetrical formula is of little 
consequence. The formnla of (28) will, therefore, be used in obtaining I>, awl with it the ntlne of 
c in (4), in applications ol' the formula (22) or (25), so tllat if Glaisher's factors are correct for high 
altitudes, the resnlts obtainrd with formula (28), instead of Glaisber's factors, must also be nearly 
correct, even in cases in which the differences of the vapor tensions obtained b,y either method 

·are of any consequence, uamel,r, where then' are large differences of altitude and low peroo11tages 
of humidity. 

16. It, must he borne in mind that formula (25) is correct onl~· in tlw case in which the decrease 
of temperature and of the value of e is very nearly as the increase of altitude, and that, eYeu wit.Ji 
the correction C in (22) it is strictly applicable only to the case in which the decrease of these 

·quantities with increase of altitude can be expressed by the first two terms of the expressions ot' 
(16), and in which the second term is small in comparison with the first. In the annual arnl 
diurnal averages of one or more years this is, perhaps, always the case, and it may often be so in 
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individual cases of mean temperatures, wllen; the obserrntions are made in the spring or fall and 
at the hours of the mean temperature of the day. If, in s11d1 a case, A<· (Fig. 1) represPut the SUI'· 

face tempel'atnre t" at D nuder the upper Ktation, the•monntain htiing snppo:-ed to be removed, and 
this temperature to be determined from observatious at A reduced t{> the point }) b,y means of a 
chart of well-determined temperature gradients, or by means of simultaneous observation8 at sev
eral stations around the mountain; ancl if, likewii;e, Ue represent the ol)8erved temperature at the 
upper station at R, theu the iuterveuing temperatures on the nrtical between D and }{ will be 
representetl very nearly hy the lwrizoutal co-ordinates of the straight line ac referred to the line 
AC, making these temperatures decrease in proportiou to the incrmtse of tlm altitmle. ln this case 
1(t"+t) represents the arnrage temperature of the vertical line DB, aud the formula ('.:!5) is Yery 
uearly correct, since c' vanishes a11d the correction C (2a) hecomes very small. 

Ju the summer season, especially dnriug the warmest part of tbe llay, tlie temperatures of all 
the strata are very much iucreaRed, hut the surface temperature at, the lower station, espeCialls if 
situated on a dry plane aud at a considemhle distance from the sea or otl1er large body of water, 
or in 8ome mou!ltain valley, becomes very much greater iu proportion than tl1at of the air at ouly 
a small elevation abo,·e the i,mrface, and the temperature of the upper station at B may also be 
eousiderahly highe.r than that of the air generally around abont B at the same altitude, but at 
1;ome distance from the heated 1;urface of the mountain, or than j.t would be at B if the mountain 
with its superheated surface were removed, and this is especially the case for botll stations in clear 
weather. In thhi case if Ali (f'ig·. 1) represent U1e temperaturn t" at the le\•el of tlJe lower station at 
D, and CD represent tlie temperature ohsened at B, aml Ue that which woultl exist at B if tile 
mountain were awa.r, then the iuterveuiug temperatures of the vertical DB will not be represented 
b,v the co·urdinates of the straight line bd, hut hy those of :some cLlrved line be, which makes the 
temperaturei,; decrease with increa;,w of aJt.itulle iu a much greater ratio near the imrfoce th;w at 
altitudes at some ehwat ion a hove the 8nrface. The va hie of Hll' + t), therefore, ii; in this case greater 
than the a\·erage of tlie tPlllJl<'l'atures which would exist. hetween D awl B if tlte mountain were 
awa,\· iu tht~ ratio of t,Jie area ACda to thnt of AU1:h, .-;o that with this rnlue of 2(t"+t), iustea1l of 
the true a\'erni::·e '>f the temperatures, we get. from (:!ii) a \'alue of H which, in the 1mwrner season, 
is gencralls too great. EYen the formula witli the correction C (:!~)) is not ap11licahle iu this case, 
8ince~ on account of the rapi<l decrease of temperature with increase of altitude near the surface, 
the temperature cannot be represented by the form of (Hi), at least unless the second term becomes 
too large in comparison with t,he first for the formula to be applicable, and even if it were, we 
wouM h:we 110 means of determiniug the constants o and c' iu that expression. 

But if the lower station or stations, from which the temperature t" is determined, are situated 
iwar the sea, or large lake7 where the annual range of temperatures may not be so great as that of the 
temperatmes of the air above, then the va Jue oft" obtained fr01~ the ohser\'ations at those stations 
mas be such aK to make ~(t"+t) less than the true ~weragc~, and then the ,-alue of H from formula 
(:!•i) may he too small. This would especially be the case if the value of t, observed at the upper 
station R, were, for some reasons, also less thau the temperatures generally in the vicinity at that 
altitude. This may he the case often where the stHtion B is located high up on tlie t-0p of a mount· 
ain peak, for, as in warm weather diere are always ascending curreuts up the mountain sides, the. 
rate of decrease of temperature with increase of altitude approxima.tes to that of rapidly.ascending 
currents, which. in the case of dr~' air is about one degree for each 100 meters of ascent. But tltis 
is a much more rapid decrease of temperature than that which exists in the air generally, and 
hence the air of these currents when it arrives at the top of the peak may he colder than that of 
th1~ air generally in the vicinity at that altitude, and than the air at B would be if the mountain 
were away and there were no ascending currents. 

In the winter season, and especially during the coldest part of the day, we have just the re
v~rise of what takes place in the summer season. Then the surface temperatures at both A and B 
(Pig. 1), on account of the greater radiation from the surface than from the air, are much more 
diminished than those of the air generally at some height above the surfaee, so that if in this case 
Ab represent the temperature t", and Cd' that oft observed at B, aud Ce' that of the temperature 
at that elevation unaffected by the cooler mountain surface, then the temperatures of the vertical 
DB are not represented by the co-ordinates of the straight line b'd', but by those of the curved line 
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b'c', and the Yalne of Ht"+t) is less than the mean temperature of tlH' air column DB would be if 
the mountain 1rnre away, in the ratio of tl1e area AC~d'b' to that of ACe'b', ancl the formula (~5) 
therefore gi ms ge11emlly too small a YalnP ftlr H in the winter semwn, espeeiall_\· for tile coldest 
part .of tl1e day. 

l~nt if the lower station, or 1;tations, from 1Yhich t" is determilled, are situated near large 
bodies of water, the temperature of wl1ich may 11\• co11sidcra hi~- high\•r than that of the air ahoYe 
them. tht•n tlw Yalne of' 1(t" + f) in tl1e formula, as (1\'termin<>d from tlH• ohsen-ntions, may he gTcater 
than the mean tl'lllJH'r11tnre req1iirf'd, aA in the ;;11111nH'l' it may sornctirnes he too ;;mall, and then 
the forninla may give Yalues of JI too great i11,.;!Pad of too ,;nrnll in tlw winter ,;caAon a!lll coldest 
part of tht• 11ay. 

17. Tlw corredion in the formula for the eft'pet of tht> aqnPOUR vapor of th<' air is RO small tliat 
the 111t>an of tht> two t>xtn'llH'>'i H<''+e) !'an ahrn,Ys lw 11St'(1 without nny AP1rnihlP t>rrorfor tl;e an .. rag11 
value of c, allCl the value of l" rnay l>P that o1Jst>JT<·<1 at th<> lower stati011 without any rednctiou to the 
voint n (Fig. l), as in the case of the temperatnn•. wl11•11 tit<· 1li,,;tm1c<• lwtwePn the stations is grNtt. 

vVliere hygrornetric oln<<·rntliou,.; are 111a1k at tl1e lo1n•r ,.;tation only, tlw most. prohahle Yalne 
of the ,·apor tension 1J at tlw len•l of the npper Rtation rnn~· he obtained from b', it" Yalue at the 
lower station, hy rneani:; of the formula 

(32) 

The fir8t expression of th<• 1·a.Ine of log l! mnst he mw<l for French measnreR, and the latter for 
Euglish. These are simpJ~· modified forms of thmw <h•cltwP<l ll~· Dr. Hann," for the a,·erage state 
of the atmo,.;phPrc, l>ai:;c<l upo11 h,YgTonwt.ric ohs<>rTatious made by llifferent ohservers at nuious 
places on the Himalayas. J\Ionnt Arra rat, TeneriJfr, au(l ah;;o in tbe balloon as<~e11Rio11s of \Yelsl1 
and Olaisl1er. En·n whPre hygrornetrit~ oli,.;eryatious are made at the upper station this formula 
wonld no doubt giYe a hettl'r nthw for the formula than tlw ohl'crYed Yalue at the upper Rtation, 
especinll~· in the Rummel" season when tlwre arc n,;ccndiug- currents and the air at tlie moun· 
tairi top becomes sM.m·ated from the asct>ndiug moi,.;t and gTadnally (~ooling ClllT('llt of the monn
ta5u side, whilt> the ~Lir at the l<wel of the npper station ge11Prall,r is comparatin·l~· dr,y. · 

vVher<e no h~·grometric ohs<~rn1Jio11s are made at either 1'tation it is nAnal to use Laplace's 
modified temperature coefficient in the formula a,; a partial, though Yer,y imperfect, eorr<'ction for 
the effect of the !H]UPons Yapor. For low tPmperatnres this <'orrection i8 known to be Yery erro· 
neous, aud for temperatnres below the frc>ezing poiut thl' correction e\'en ha,,; the wrong sign and 
makes the filml re1mlt more erroneous. In th is. cas(' also it is better to use a Yapor tension for each 
degree of temperature, which is an aYerage 80me1':lrnt of tcn8ions obserYecl at that temperature at 
yarious places and different sea,;onR of the year. This ma~· be done hy substituting in (3) for f (e), 
itR yaJne give11 h~· the cxprt~8sion in § s, Pa.rt l, whiel1 has lH•eu obtained h~· Dr. H aim from ohserY
ations made at ,·arions times and places, a111l may be• reganled as au empirical approximatt• expreR· 
i:;ion for the a\'erage state of the atmosplwn•. \Vi th this expres,;ion off ( 1') we g-c>t instPail of 
.18!1(e'+e) in ('.!fl) the c•xpressiou O.O(IJ;jJ+.000:1-tlt. Thi,; makes the correction for the bJ·grometric 
state of the at!Ilosphere a function of the temperature, as tile correction introduced hy I,a11lace h~" 
means of his moditled trmperatnre coefficient, hnt. the httter make8 this correction Yani8h and 
ehange signs at 0° c, while in the forme.r this takes place at -4°.r;. Both are therefore imperfect 
for low temperatures, since the Yapor tension most probabl,Y lleYer Yanishes at any tPmperature, 
or at least it cannot bpcome i1eg-atiYc. The cxprrs,.;ion ahoYe can he mwd witl1out au~· ~t·u:silile 
error where a series of obscrYationsi made at diffc>rent times, is used, as those of monthly or yearly 
averages; but of courne, in 8pecial cases, where 011ly one or a Yery few sets of observations are 
used, it will generally he less accurate. 

18. By putting Jll, .dB, and ~.d (t"+t) for small finite Yariations of the altitude, barometric 
pressure, and of mean temperature of the two stations, we get from the differentiation of (2fl), neg
le.cting insensible quantities aml using the approximate mean correction given ahoYe for the effoct 
of aqueous vapor, 

"Zeit11chrift cler Oesterr. Gesell. fiir Meteorologie, ix Band, Seite 198. 
S. Ex. 49--31 
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(33) .:1H=184471\I(~~;'- .:1J)r1+.00183(t'1 +t)] [1+.0015! +.000170(t' + t)] +.00183H.:1 (t" +t) 

= 8024( JB" - .:1B) [1 + .002( t11 + t) J+ .001~3H.:1 ( t11 + t) 
B11 B 

By means of this expression, the effect upon H, in formula (25), resulting from small errors in 
barometric pressure and in temperature, may be conveniently computed. 

If in (25) we put oH for the change of altitude corresponding to n wrJT small cha11ge of 
pre81-mre oR in ascending, letting H' and B represent the barometric pressures at the bao:e and top 
of this short column, in which t' may be pat equal to t, we shall ha,,e, for the mean hygrometr1c 
state of the atm:>sphere and the parallel of 4fP, 

(34) 

Putting oB=lmm, we get 

(35) 

oH = -80~:!4°: (1+.004 t) 

orr =-~~4c1+.004t) 

for computing the value of oH f:ir a change of 1mm in the value of the barometric pressure at any 
given temperature t. In these expressions the values of B and t, 8trictly, should be the means of 
the srna'.l column oH, and B must be expressed in millimeters. 

CHAPTER II. 

PRACTICAL APPLICATIONS OF THE THEORY. 

1 fJ. By means of the formulm in the preceding chapter, with the necessary barometric, temper
ature and hygrometric observations, the difference of altitude between an,y two stations can be 
computed, with results more or less accurate, according to the accuracy of the observations and 
the conformity of the temperature and hygrometric state of the atmm;phere with that assumed in 
tl1e formulm. Small, unavoidable errors in observations may affect thrse results considerablJT' 
bnt the greateRt errors arise, as explaine'l in § 16, from assuming tl1at the average temperature aud 
hygrornetrie state of the air column is the mean of the observations at the lower and upper stations. 
'fhese errors affect the results, not only in.the case of one or a few sets of observations, made at 
any time of the day or season of the year, bnt likewise in the case of monthly averages. With a 
great muu her of obHervations, however, made at different seasons of the year and hours of the 
day, and especially if these observations an~ made regularly throughout the year, and at such hours 
of the day as g·ive the mean temperature nearly of the day, these errors are in a great measure 
eliminated from tl1e result. But even in this case there is considerable nucertaint.r where we do 
not lwve tlie means of determining the permanent barometric gradient of the place, if the two 
stations are a considerable distance apart. 

The practical application of the preceding forurnlm can be very much facilitat~d by means of 
computed tables, adapted to the several rnriables in the.formul:e used as arguments. Such tables 
have been computed with the improved and most recent constants given in the preceding formul~, 
and much study has been gfren to this part of the subject, in order to have these tables as concise 
and convenient as possible. Such tables are much needed in this country, since the tables in use 
here mostly are based upon the old constant, determined by l~amond nearly eighty years ago, which 
is now knowu to be erroneous. This constant bas been used in seven of tlw eight different formula~ 
aud sets of tables ginm in the Smithsonian Miscellaneous Collections, the eighth being Bessel's 
formula with the constants correcU,>d by Plantamour in accordance with Regnattlt's (letermination 
of the densities of mercury and air, but with corresponding tables adapted only to French measures. 
Besides, neither the formulre nor the tables are in the most convenient form for practicable appli
cation. 'Williamson has reduced these formulm to tables in English measures, adapted to compu
tation without logarithms, but such tables require great expansion a.nil are inconvenient, both on 
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account of their great bulk aud because they must necessarily be tables with two arguments; for 
every computer knows how iucouvenicnt it is to obtain numbers accurately by interpolation from 
a table with two argnments. 

The tables liere given are ~rranged more after the concise and admirable forms giYcn h~' Wihl
man, hut are giYen in English insteall of J?reuch measures. 'rhey are, however, so arranged that 
they can be tisedwith almost the same convenience in the latter as in the former measures. \Yith 
one exception they are all tables with a single argument, and the quantities to he taken from the 
table with two arguments are generally so small that they can be obtained with sufficient accuraC,\' 
with very little trollhle. These tables are adapted to computations with tlie mm of logarithms, ' 
which is most conv1111ie11t where a table of logarithms is at, hand, bnt it, may sometime:s be desira
ble to ha\·e tables hr which the computations can be. made without the use of logarithrn:s. For 
this purpose a modi; of computation without logarithms has been devised iu which the 8amc tablc8, 
with oue exception; can be used, and therefore re(1uiri11g only one additiomtl table, instead of a 
complete and separate set of tables. 

'..JO. The principal constant in (:?5), redncetl to feet, is (l05:!1.5, and the term .00183 (t" +t)1 for 
degrees Fahrenheit becomes .001017 (t"+t-G40). \Yith these changt~s the formula ('..l.I), hy means 
of (30), can be put, into the following form adapted to English measures and computation by loga
rithms: 

log H=log (log B" -log B) 
+log (i0,j;!l,5 [l+.001017 (f11 + f-{iJO)J 

( 
b'' 

+log· ,1+.189 B;) 
+log{1+.1s9 ~1 ) 
+log [ 1-.000084 (t'-1',)] 
+log [l-.000084 (t-ti)j 

(, "It') +log 1+-r 
'- , 

+ 1~1g( 1+ 
1
;) 

+log (1+.00'..lGJ/G cos :Lt) 

Table I, arg. (t"+t) 

Table II, arg. lJ' 1 and B1 

Table II, arg. b1 and B 

1'able III, arg. t' -t'1 

Table III, arg. (l-t1) 

1'allle V, arg. h' 

Table VI, arg. log H 

Table VII, arg. A. 

If the barometer ha<> not been reduced to the temperature of 3:!° Fahr., tlw :seeontl member of 
\27) must be used instead of log B"-Jog- B, that is, we must deduct from this the niJue of log 
[1-.00008!)1) (r'-r)J when r is expressed iu degrees of Fahrenheit. This logarithm is contained in 
Table YIII. 

The following are the definitions of the quantities entering into the terms and arguments, g!veu 
here again by way of recapitulation and for the sake of convenience of reference: 

H=the ilifforence of altitude of the two stations, 
B=the barometric pressure at the upper station, 
B'=the barometric pressure at the lower station unreduced for barometric gradient. 
B" =B' reduced to the latitude and longitude of the upper station by applying a correction for 

tl.Je barometric gradient, 
t=the temperature of the air at the upper station, 
t' =the same at the lower station, 
t"=t' reduced to the latitude and longitude of the upper stat.ion by applying a correction for 

the temperature gradient, . 
b1=the vapor tension of saturation at the temperature of the wet bulb at the upper station, 
bi'=the same for the lower station, 
t1 =the temperature of the wet bulb at the upper station, 
ti'=the same for the lower station, 
/i'=the altitude of the lower station above sea-level, 
il=the latitude of the upper station, 
•=the temperature of attached thermometer at the upper station, 
.-'=the same for the lower station. 
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The logarithm of the first term in the preceding formula cau be ohtained from any table or 
logarithms of Jive or six places, and that of each of the other terms can lw very conveniently 
obtained from tho tables de;;ignltted with the argmueuts col'l'espon<liug to each. 'fable II can be 
use1l where b1 and B are gfren iu millimeters by multipl~·ing each h~· .OJ or a11y other number 
which will bring the products within tlte limits of the range of the arguments given i11 the table· 
Table III uet>ds oulJ· to be entere1l once if the sum of the argnmeuts of the terms is used, that is, 
(t' -t'r )+(t-t1). 

It is usual to reduce barometric readings to the temperature of fret•zing, but where ohserva
tiom; are made solely for the purpose of determining differences of altitude it is best to not correct 
teem for temperature, if the barometer, a:s mmal, lta8 a bras8 scale exteu1li11g down to the ci:stern; 
for iu Ruch m18e the effect of the correction is more cmn-e11ie11tly applit•tl to the result by mea118 of 
Table VIII, which is very small, aud the argument readily obtaine1l. In rednciug each of the 
rea<liugs to the temperature of frcezi11g, a cornpamti\·ely lnrge tal1lc has to be entered twice and 
two corectioH8 have to he applied. 

\Vhere the vapor tension,; are given instead of the temperature of the wet bullJ, t1, of the psy
ehrometer, as frequently liappeus, Table III must be omitted aml Table Il usetl with the argu
ments b' and /J i11st1~arl of b'1 and b1• In this case Ii' am! bare obtai1wd from Table IX (Table X for 
French measure8) with t' and t as arguments. But wl1ere h~·gTouwtric ol1sPr\·atio11s are made 
especially for determining differences of altitude, it is most con \-e11ie11t to urn Table II I and TalJle 
II with li' 1 aml b1 as arguments, since this saves the labor of obtaiuiug from formula (:!1') the values 
of b' aml I>, for this, e\·e11 where the last term iu the fornmla is rednce1l to a tal1le, require:s consitl
erable time, while the use of Table III is YeQ- conYenient, the table beiJJg Yery 8mall, and having 
only one argnrnent, which is very readily obtained. 

It often ltappeus that 110 h~·gTometl'ic obsel'\'ations are maae at either station. \Yhen tl1is is 
the case Table IV mm;t be used inl'ltead of Tables II and III. This table is computed from the 
expression ofj(e), gi\·e11 iu §17: reduced to Engli:sh mea8ures for tlw l1igl11·1· te1uperat11n~s, but for the 
lower temperaturei'l tlw IJUlllbers <lre incrnased a little to remedy tlie <lefh~t of tltis expression for 
low temperatures aml to make the numbers for these temperatures positiYe. In all eaRei! iu which 
yearly averages are used this table can he usell without any sem;ihle error, arnl <\Yell with monthly 
averag-.-,s, or average8 of a11y series of observations exteudiug over a considerable period of time, 
the error is ver,Y small. 

31. The preceding exprm1sio11 of log II cau be llllt into the following form: 

in which 

log Il=log G0521.5 (1og ~~ - ~~)(1+.001017 x3HO)+S.log(l+N.) 

N 1=.001017 (t" + t-1000) 

N2 =.18!! r~: 
N b1 

3=.189 B 

&c., &c. 
Thiis arrangement makes N1 vanish at the mean temperature of 500 Fahr., and hence makes it 

small for either extreme; and as all tlie other Yalues of N0 are geueralls small, the value of' the 
last term in the expression above is small. \Ve can therefore put 

in which 
H=(A-A') (l+c) 

A=60521.5 log~ (l+.001017 X 3GO) 

30 
A' =G0ri2l.5 log B" (1+ .001017 X 3GO) 

c-s. Iog (l+N.) " .. log (l+N. 
- M(l-~c) =2.3-. 1:.:..:..:1:15 _r~-lo-g (l:+N.)' very nearly. 

The values of A and A' are taken from table XI with the arguments B and B". The value of 
log ( l+N1) is obtained from Table I, with the argument (t" +t), by subtracting the logarithm oppo· 
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site 100°, namely, 4.797:>3, and so it is negatfre when t"+t is less than 10o:i. The other logarithms 
of (l+N.) are obtained from Tabler; H to Vll, indu,;i\TC, as iu the compu.tation by the formula 
with logarithms. As the valne of c i,:; alwa,n; small, the ouly multiplication required is readily 
made, and the preceqiug formula, therefore, becomes \'cry conyenicut for the computation of differ
ences of altitndc without the use of logarithms. Tl1e denominator in tlie expression of c generally 
differs so little from unity that it may he negleeted, and then the expression of c becomes so simple 
that the value of c can he readily obtained. 

~2. As a first example of the application of the formula and tabler;, let us assume the follow
ing data, in whieh Il' and B are supposed to he n•(lucrnl to the temperature of 3~° Falu-., aml in 
which tlwre it> no sensible effect from a gradient, r;o that 13' can be used instead of B": 

Inches. 

Il'=28.07.'i t'=57.3 t'1=-1'\.:3 h=2000 feet 
II =22.47G t =38.5 t 1 =;~'.!.-! A=38o 

.. With t' and t as arguments, Table IX gi\·es li'1=0.470 and b 1 =0.~;3;;. 'VitlJ these data the 
oomputatiou is ars follows: 

With logarithms. "Without log-arithms. 

log B'=l.44832 
log B =l.35172 

Diff. =0.096§0 log diff. 0.98498 

Table. XI, arg. B 
Table Xr, arg. B' 

Table I, with arg. t'+t=950.S, 4.7!J573 Table l-4.79753,-.00180 
Table H, with arg. lV and b' 1 aborn, 1:18 'l'ahle 11, 138 
Table Ir, with arg. n and 1>1 ahon~, 85 Table II, 85 
Table 111, with arg. t'-t' 1=!)0.J -3;; 1 'l'able 111, ;);; 
'l'ahle. III, with arg. t-t1=ti0 .1 -~~ Tahk Ill, 2:.! 
Table \.', with arg. lt' 8 

1 
Tallie Y, 8 

Table YI, with ai·g. log ll=3.i8 12 Table YI. 1~ 

Table VII, with arg. it :!8 Table Yll, !!8 

A =7867 
A'=1807 

A-A'=6060 

log H = a. '8:287 . .ooo~~fi x 2.;1 x GOGO = 5.8 
H=60G5.5 feet • 

If we suppose Ute tempemturm; of the attached thermometer to liave been r'=:>5° and r=36°, 
then the uncorrected values of B' and B would lrn,·e been 28.141, and 22.491, i~espectiwly, and we 
should have had 

log ll'=l.44934 
log B = 1.:35200 

Dift. =0.0!1734 
Table IX, with arg. (r'-r)=rn°, .00074 

Diff. = .096GO • 

This is the same as the difference in the preceding computation obtained from the reduced 
values of B' and B. 

23. As a secoml example, we shall take the averages of the observations made at Geneva and 
St. Bernard, given in § 26. These give 

B"=726.5 t"= 10.6 C · W=70 it =45° 12' 
B =564.1 t =-1.3 C l{ =i8 h'=40Sm 
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From Table X we get, with t" and t as arguments, f' =8.98 and f =4.18. Hence b' =8.98 x. 76 
=6.84 and b=4.18 x 78=:t27. "With these data the computation is as follows: 

log B" =2.SG 124 
log B =2.i51:16 

Diff. 0.10988 
Table I, with ~(f"+t)+G40=800.7 as au argument, 

log diff. !).04002 
4.78923 

Table II, with 721j x .04=29.0 and G.84 x .04=27.4 as arguments, 
'!'able II, with 564 x .04=22.6 and 3.27 x .04=13.l as arguments, 
Table V, with h' as an argument, 
Table VI, witl1 ;1.s;; as an argument, 
Table YII, with A as au argument, 
I~og of factor reducing to meters 

78 
48 
·5 
14 

3 
9.48101 ... 

log H=3.3151i8 
Il=2068.2111 

If in this exam1Jle we had used T;1ble IV instead of Table II, we should have had the logarithm 
.00141 instead or .OOO'i8+.0004B=.0012G. This would have given log H=3.31543 and H=20!i7.4 
instead of 20fiS.2. 

'Vit11 the preceding valmi;.; of b' and H we get from (32) 

1 b ( 83 ~ 20<>s 0 "18 d h '· 3 30 og = ), a-0r;17= .u , au ence u= . . 

This agrees almost exactly with the value of b above from observations. 
24. As another example let us take the means of the obstrn1tious made by Professor Whitney 

at Sacramento aml Summit on the top of the Sierra NeYaua, a case in which no h_ygrometric ob .. 
servatious were made, aud 1:ousl'quently a caise in which Table IV must be used inistead of Tables 
II and IIL The annual means of theise observations, given in§ 25, are 

lncht:.Y. 

R'=30.01'1 t'=."i!J.!J h'=:n feet 
B =23.288 t =42.1 i\. =39o 20' 

'Ve have no means or determining· in this case the effect of barometric and temperature gradi· 
ents, and hence we can do nu better than tu use ll' and t' instead of B" and t". The computation 
in this e<tse is as follows: 

log B'=l.47732 
log B =1.3G71:3 

With Jogaritllms. 1 < Witllout log<iritbms.· 
i Table XI, with arg. B1 A =6901.0 
·Table XI, with arg. B'1 A'=-12.7 

Diff. 0.11019 log difi'. 9.04215 A-A'=H913.7 
Table I, with arg. t' + t=102°.o, 4.79838 Table I-4.79753, .0008i:i 
Table IV, with arg. t'+t=lo20.o, 223 Table IV, 22;3 
Table VI, with arg. log R=3°.84, 15 : Table VI, 15 
Table VIII, with arg. i\.,- 21 ' Table VII, 21 

log H= 3.84312 
H=6068.1 feet 

Sum .00344x6914x2.3=54.7 

R=6968.4 feet 

2;'i. Having given several examples of the application of the formula aud tables to annual 
averages, we shall now giye the results obtainell in the same manner from the monthly averages. 
When the differences of altitude have been obtained from actual leveling, the result obtained from 
the formula should be the same, and when the true difference of altitudes iB not.known, the formula 
should give the same difierence of altitude from each of the monthly averages. 

From the monthly averages of barometric and temperature observations piade by Professor 
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Whitney at Sacramento and Summit, California, from Oetober, 1870, to Octoher, 187::, gi,·en in his 
Barometric Ilypsometry (pp. 32-34), the following ayerages of the tllree years are obtained: 

ObRerYations. 

ll!onth. 
B' n 

In. i Jn. 
: Jn.num·y _. _ ..••••. 30.1;,1 I 23. 288 

Ft~bruary ......... , :JO. 079 2~1. 15:J 

·March .....••..... , 30.117 2:1. ~62 
1 

April .....•..••••. 30.051 23.216 

May ...•.......... ! 20. 03ii 23. 23:i 

• June .............. : 29.932 23.333 
.July ....... __ ..... , 29. ~n2 23. 87:.? 

Augast ..••....... ! 29. 910 , 23. 356 

Rt·pterulwr ..•..... : 2!).911 '2:1.338: 

: (.><Jtobcr ..••••••••. W. 984 23. 350 I 

N ovcm be.r . . ..... : 30. 099 23. :rn7 i 
I Dt•r.embrr ·····-·· aO.lU9: 23.253: 

t' 

47. l 

48. 8 

54. 8 

59. :1 
65. 5 

70. g 
73. 7 
71. :J 

67. 4 

60. 2 
50. B 

48. 7 

H 

J.-..ef'f. 

29. 2 69(1(1 -
27. 3 6ti8H -! 
31. 6 0075 

: 3:1. 8 7020 

44. 6 'iO:n 
: . 54. 11 70Hi 

61. 0 69fJ.) 

59. 1 700() + 
[•3. G 6954- -

: 46. :I 6901 

34. 3 6R96 

29.1 6914 -

A' t'-t 

'.)F. "('. 

(jf) - 46 17. 9 a. ~6 0.47 

24 - 16 
I 

21. fi 0. 31 0. 5() 
1 

JI) -· JS 23. 2 
' 

0. 3:l 0. 61 
: 

Mi 48 2fi. !i 0. 36 0.67 

JG 64 20. 9 ' 0. 30 0. i>.1 

;,1 : G3 JG. 0 i 0. 2:! 0.42 

so 4tt 12. 7 ' 0. JK 0.3:J 

3Ci + 16 12. 2 0. 17 0. 32 

11 - 18 rn. 8 0, 20 0, 36 

tj4 48 J:<. 9 0. 20 0. 36 

69 G4 10.;; 0. 24 0.43 

51 - G:l rn. 6 0. :?R 0. 51 

----1-- ----------------

Year ......•.... 1 30. 014 23. 288 ' 59. 9 ' 42. 1 6965 . . . . . . . . . . . . . . . 17. 8 0. 255 0. 4GG 

Tlie approximate latitude of Sacramento is :~so ;;:"V, and that of Summit ;:no 20'. The altitude 
of Sacramento is onl.r al.Jout. 30 feet above sea-level. 'l'he distance of Summit from Sacramento in 
a straight line is 77 miles, in a dfrection a little north of east. The exact difference of altit.ude be
tween the barometers of the two stations, as ascertained from the railroad levelings, is 6,!.189 feet. 

lJy computing the values of lI from eitch set of monthly iweragt'S, as in the example of § 25, 
we get the values above. It is Reen from the column hea!led J, which gi1·e;.; tit£• excess of each 
monthly value of H above the yearly meau, that there is a large annual iueqnality in these values 
of H, the values being too great in summer and too small in wi111",er. These arise in part from ab
normal irregularities in the averages, but mostly from assuming that the nlue of ~(t' + t) iu the 
formula expresses the true average temperature of t11c air column between t.he levels of the two 
stations, as has been already explained in § rn. 

If we suppose the monthly values of H, as gi\·en by the formula, to be reprcsentell by 

H=A+B cos (it-c) 

in case all abnormal irregularities were eliminated, then tlw most probable Yalue;.; of the coustantR 
Band E in this expression, a;; gi;ren br (26), (30), arnl (31), Part I, are H=<iiJ.H foet aud E=l47o.s. 
With these constants this expression gives the most probable ,-alnes of J, denoted hy J' above, 
and such a8 would be obtained from a st·ries· of ol1sern1tio11s continued through so long a period 
of time that all abnormal irregularities would be eliminated. It al;.;o makes the maximum and 
minimum of this annual inequality occur about the first of June aud December respecti\'el,y, and 
the vanishing nodes a.bout the first of March and September. The maximum of the inequality, 
therefore, does 11ot occur in the middle of summer in this c~n•e, and the re1-\Ult. indicates that t.he 
value of -~(t' +t) difl:ersm10st. from the true 1wcrage temperature of the air column het.wPen the lc\·els 
of the two stations, a li1.1ut 'the fir8t of June and Deccrn ber. This arises from the 1mrface tempera
tures, especially in the valley of the Sacramento, being incrmt8ed more rapidly from t.he sun's 
radiations <luring the spring than the air i;.; at some distance ab(we the Rnrface, and from being 
decreased more rapidly during the fall h.r the ra.dia.tion from the s11rface. 

The average of the monthly values of H aborn, G,9H5 feet, ditlers 3 feet from the value of H 
obtained from the yearly means of the Qhserrn tions. Since the expression of H (2.3) is not strictly 
a linear function of the observation, the principle of using averages of oh;.;erntt.ions is not strictly 
correct, especially in the case of the yearly meaus, in wl1ich the ra11ge of the observed values is 
\'ery great. In the case of the monthly averages this range is less, and hence the mean of all the 
monthly values of H must be rega,rded as being more nea.rly correct tLau the value of H from tile 
yearly means of the obsel'vations. 
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Tbe mean of the rn011thl,v Yalne8 of' H, li,%5 fi'et, is 24 feet kss than tlie true valne obtained 
hy Je,'elinµ;. This; i:s probalil,v due to the effect8 of barometric and temperature gradients in the 
mean annual 1n·es,.;m·e8 :tll(l tt•.mperatureo;:, which ha,,e heeu necPssarily llt'.glected in the computa
tions, since there were no means of 1letcrmini11g tl1Pm, so that ihe Yalnes of H' aud t' were nsPd in
stead of B 11 and t11

, which tlle formula reqnireo;:. That th1~re is an increase of mean annual tempera
ture in a direction from Sacramento to Summit would seem to he indicated h,r the simultaneous 
temperature observations made h~- Profo1<1'or \Yl1ituey at Colfax, an il1te1Tening statiolJ betwem1 
Sacramento aud Summit.. The mean of th•' three years at Sacramento, as seen aho\-e, is 590.H, 
while at Colfax, which has au altitn1le 2,±00 foet greater, the mean telllperatuw for tile 1'ame time 
is ()(JO.G, and henc(' gn1ater. This reduee<l to the len'l of Sacranwnto wit.it a11.Y ordinary rate of 
1lec:rP.ase of temperature with increao;:e of altitrnfo wonld give a great i11crPase of mean temperatnre 
from Sacramento to Colfax, n, !lista11ce of only ·i•i miles. Of conrse tht>re cannot he auy hut a Yery 
small general gradient ext~·n'1iug a c011sii!Prahlp llistauce in that dir<>etion, and the abowi re.suit 
shows the great m1eertai11t,\· in tcmperatnrP ohsern1tions at the earth's surface, ari,.;ing from great 
local \-ariatiuns, or from 1lilforeuce,_ of positions of the thermometers with reg·ard to elevations abo\'e 
the surface, and from other causes. lle11ce the observations of snrface te.mperatures at the two 
stationH, even in the caf\e of ammal rnt:aus, camiot be relied upon to giYe the :wenq.!·e temperatnre 
of the air column betwPen the lm·cl of the two statiorns. The ditforeuce above of 24 feet between 
the true and computed difference of altitude corresponds to an error in the mean temperature of 
the air colnmu of ahont !!0 • J~nt a co11Hid1•ral1lo part of the nrO!' in the compntcd ntlne of H may 
he due to a gradient of increasing- rneau barometric ]H'Pi'Htl!'e in the direction of Summit from 
Sacranwnto. A graclient which wonl<l (•anse the harornetric ]Jl'(•ssnre at Summit to he ouly 0.02 
inches higher tlrnn at 8acrn111tmto, up at tlw same len~l, would account for the difference. of 24 
feet. It is not. improbable that there iR a g-radient of that magnitude dne to loeal causes of no 
great extent, hut that tlrerc is Huch a gradient extc11tli11g to a considcra!Jle distance is not prob
able. 

Wl1ere there hi a har0metric p;rad1e11t i11 the mean annual pr<>ssur<>, there iR also au annual 
inequality in thiR gradient, ttnd hence a Rmnll part of the mrnnal iIH•qnality in tl!e value of II, as 
given h~· the formula, may be <111e to tliis m11rne, but it is mostly dne, 110 1lonbt, to errors in tl1e 
averag-e temperature of tlw air column, obtained from the mean of the two stationR. 

vVith tbe yalnes or (t' -t) in the pre<"eeding table of resultR we gPt the last two columns, show
ing tlie rate of decrease of temperature with increase of altitude. The aunnal ineqnality in the 
monthly rateR is YerJ large, this rate being nearly twice aR large iu April as in October. This 
arises from the more rnpiu iucreas1• of temperature in the Sacramento Valley in tlrn spring, tl1an at 
Summit, where the increase of temperature in tlrn spring iR retarde1l by the J!lelting of the Rn ow on 
the mountains. The annual mean of this rate of decreaRe of tcmpcratun• iR less than 'usual, hut 
if it had been determined hy comparing the observations of t.emperatnres at Colfax, instead of 
Sacramm1to, with those at Snmmit, tlw rat(l of 1lecrcase wo11Jd l1ave heen found to Ge nearly twice 
as great. ']'hiR shows the uncertainty in the rates of decrease of ti:mperature with increase of 
altitude as tletPrminrnl from surface observations on the slopes of mountain siues. 

2;"i. 'raking the aYerage of ollfier\'ationR made by Professor 1-Vhitney at Sacramento and 
Summit for the hours of 7 a. m., 2 p. rn., awl !) p. m., we get the following U\'erageR: 

Obsenation•. Results. 

! 
' I Rate of <lecreasf-

n I· t' 

. l---
lne1te8. Tnd1eil.. o 
au. u:J:J 2a. ~01 j 52. 4 as. 2 

30. 002 i 2~. ~Hl i 69. 0 49. 4 

ao. oo; ' 2-~~~3L57~: _ __,__3_s_. 7----

H :. f'---t I .. I 
:per 10-0 ft.· Ji<r ioom. 

l 
-i 

- 69 i 
i OF. oc. i 6897 l4. 2 0.20 0.37 I 

+123 l I 
7089 

I 
19. 6 o. 28 o. 51 I 

6911 -55 18.6 o._~:._J~ 

These observations slww a large range in the diurnal inequality of temperature at both 
stations, while there is scarcely any corresponcling change in the barometric pressures. Between 
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7 ii. m. arnl 2 p. m. the meani" of the temperatures at the two stations differ rno,9 while the differ· 
ences f_!f the pressures, B'-Il, differ only 0.0:.Jl ineh, showing tlmt the de111'lity of the air eolnmu, 
and consequently the true average temperatt11'('' is \re1·,\· littlf~ affi~ctetl hy the diurnal ineqaalit,Y of 
temperature. This inN11rnlity of temperature, therefore, must take place in the strata only ,·ery 
near the earth's surface, where the obsen·ations are made, aud only in a comparati\·el_y small 
degree iu the strata a iittle above the earth's surface. The perirnl of the inequality ii> too r;hort for 
the npper strata to beco11w atf1•efod mnch, since in clear weather they ahsorh a111l radiate hut little 
heat, and in cloud,\· weather the obsen·ed diurnal rauge of temperature at tl1e surface is very 
small. 

By nsing the val11e>1 of ~(t' + t) in the formula; ohtaiued from surface ohHmTatio1rn, itrntea<l of 
the tnw tP.mperatnrl' of tlw air column, we get the values of II in the preceding tahll', wlticli are 
too small from the moming a11d evening ohserYati011s and m1wh too large from thP ob1'l'n·ations 
of'.! Jl. m., because t.J1c Yalue of ~(t'+t) is less than the aYeragP temperatnrp of tlw air-colnum 
morni11g and enming, and mud1 greater at 2 p. m. If the mean temperature of tl1e day had 
beeu Utied througlwut, instead of the obsen·ed te111pPrat11ms at 7 a. Ill., '..! p. m., aud !l p. rn., the 
vitlues of H for each of the hours of observation would have differed hut lit Lfo. I u barometric 
h,rpsornetry, therefore, ob1;c1·\'atiow; should be nrnde at such 11ourR of the day a1; will g·ive t.lw 
mean temperature of the 1lay. 

From the :werages of the pr1•ct•ding ta.hle we have-

Hour. B' .Jl W'i I) Jr .:.l't 
I 

: 
Jod1N~. 

7 a. lIL .. 6, 'i.t:.! 4:1, :: !i. 5 -0.9 
I 

2p.m. f,,';':!l ;)U. '.! i ~.4 (I.~ 

!J p. BL •. u. 7H 40. 0 ---2. fi -0. 7 
I 

----------~ 

6. 7:W 50. 8 I . . . . I 

In this lahlc 6' represents the excess of ~(t1 +I) ahO\Te tl!e mean, and t::. '-:- represf'nts the 
excess of the true aYerage tempernture of the air-coln11111 at the s1•yeral hours of obsornition above 
tlie mean of the three, upon the hnlotliesis that the dn1sit.,v of the air-coln11m is affected only by 
temperature. The last two columns aboYe indicate that the latter is >er.r small iu comparison with 
the former. 

Tlte sanw is shown from the hi-hourly obse1Tations at GeneYa al!(l St. Bernard. From the 
averages for tl1e mouth of September, obtaine1l from six .rears' observations, we get from IWhlman, 
p. 61, the following results: 

Ilonr. n'-~ II ~(l'·tl) .:1 .J'r 

mm. oc. 
Noon ... 1011. a:l 1 !. 7 ·1 :!. :~ ---0. 1 I 

~ li. J;\!J. H5 12. 3 3.1 +o.6 
4 11. l3U. 08 ! 11. 9 !!. 7 1.1 

i 611. 139. 69 10. 5 ·f 1. 3 1.0 

8 h ....... Hi '.04 fl. 2 0. 0 0. 4 

! 
10 h ....... 1611. 17 8.:J --0.9 

' 

! 0. 2 

I 
Mi<luig-ht. 160. ao 7. 7 J.5 i o. 0 

2 IJ. .••.. mo.~ I 6. 9 2.3 -0.2 

4 h ..•..• 160. li2 6. ~ 3.0 o. 6 

6 It ... ~. - mo. AA 6. !i - 2. 7 1.0 
j 811 .... · .. 160. 80 8. 7 ~ 0.5 o. 9 

i 1011. .•.... l(J0.6;j JQ,5 +1.3 I -0.6 1 

1-----· -------1 
, Mean ..•.. 160.29. 9.2 :...... • ••. ! 

The numbers in this table for the l10urs of the latter part of the niglit cannot be regarded as 
being very exact, since they were obtained b,y Professor Plrmtamour by interpolation and not from 
a.ctnal observati1,m. They are sufficiently accurate however to show, as is,seen from tlie last two 
columns in tl1e table abl)ve, that the diurnal inequality in the true a.yerage temperature of the air-

S. Ex. 49-32 
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column is only about one-third of that of the mean of the surface observations at Geneva and 
St. Bernard. They also show that the vanishing nodes and epochs of maxima and miniJna do 
not exactly coincide. 

26. The following twelve year averages (1864-1875) of barometric pressure, temperature, 
and relative humidity R, for the seYeral place,; in Switzerland contained in the first column of the 
following table, are taken from the Zeit. der Oest. Gesell. fiir Metcorologie, B. 12, S. 116: 

Place. 

·mm. 
St. Bernard . . . . 5ti4. 1 
Sils ............. 612 9 

Grachen .... 626.4 
Chaumont .. . • .. 61i4. 6 

~:;:~. ~ ~ ~~ ~::: > 
Neuchatel ...... ; 

Allstiiten ....... , 
Zi.irich .•••.•.•.. I 

Gen~va ..... 
Basel ........... ! 
Castesegna .... . 
Lugano ....... . 

683.6 

712.5 

719. 7 

720. 6 
721. ;') 

726. 8 : 

738. 2 

701. l 

737. 4 

77 i 

76 ! 

78 

8. 7 81 

9. 1 I 76 
9.3 / 76 

9. 7 66 

11.6 74 

1810 

163~ 

1150 

924 

574 

488 

478 

470 

408 

278 

700 

275 

f _____ w:..· ..... ·-----
i------·-···-,,---·-···-·· 

7~6. 5 
72G. 8 

726. 7 

726. 7 ! 
726. 9 

726. 8 
726. 8 i 

726. 1 

726. 0 

9. 2 
9.1 

9.4 

9. 0 

9. 0 

9. j 

B.6 

11. 3 

10. 9 

Compute•\ 
altitude. 

1n. 
2476 
1800 

1633 

1149 

9'25 
573 

492 

479 

469 

281 

690 

271 

B.r reducing tlie barometer and temperature of all the stations haviug an altitude tess than 
1,000 meters to tlJe level of Gene,,a, the former by the metlwd given in §33 and the latter by the 
rate of 00.57 per 100 meters of difference of altitude, we can determine very uearly the barometric 
and temperature gradients at the level of Geneva. The uncertainties ii~ the reductions for the 
differences between tlie altitude of Geneva and the rest of these stations are very large. :K eglecting 
very small irregularitieis, which may be supposed to be due to local causes, we get from these 
reduced pressures and temperatures the small clmrt, J<'ig. 2, islwwing the mean annual press1m1s 
aud temperatures for all places at the level of Geneva. This chart gives for St. Beruard, at tile 
level of Geneva, B"=726'"ru,5 and t"=10°.ll, which ltave been used in the computation of the 
altitude of St. Bernard in § 23. The chart shows a small gradient of barometric pressure 
increasing in tbe direction of .N5W., which indicates that Switzcrlancl is a little south of the 
maximum of the ridge of mean annual pressure extending from the latitude of 30° or 35° in the 
Atlantic Ocean over Spain and :France into the interior of Asia. 

It is not stated in what way the altitudes gh·en in the preceding table luive been determined, 
but it has been supposed here that those at least of a less altitude t11an 1,000 meters have been 
determined from actual leYeling. If, however, some of them have been determined barometrieally, 
it has no doubt been done hy a comparison with some near station of which the true altitude was 
known, so that even in this case the gradient would not be much affected. But if all the altitudes 
liad been determined in this way by a comparison of all the observations in all cases with those of 
the same place, as Geneva for instance, then in reducing the observatious to this level with the 
altitndei: thus obtained, we, of course, would not get any gradient. · 

The altitudes in the last column of the preceding table have been computed from the barom
etric, temperature, and hygrometric observations of each place and those of Geneva, the baro
metric and temperature observations of the latter place beiug in each case corrected for the eftect 
of the barometric aml temperature gradients, or, in other words, the values of B" and ti' required 
in the. formula were taken from the chart, Fig. 2, for the latitnde and longitude of St. Bernard. 
There is mostly a satisfactory agreement between the given and computed altitudes, except in the 
case of Sils. Perhaps the given altitude was determined barometrically by a comparison of paro
metric observations with those of Geneva, without taking into account the effect of barometric and 
temperature gradients, for in this way we would obtain an altitude too great. 

If all the altitudes were computed in the same way with reference to each of the other stations 
as has been done with reference to Heueva, of course we should in each case obtain somewhat dif-
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ferent results, owing to the small, unavoidable inaccurades in the observations and other data, but 
the errors arising from the effects of the barometric and temperature gradients woultl be eliminated. 

27 . .From the same place in tlie Zeit. der Oes. Gesell. fiil Meteorologie, from wliich the preced
ing averages have been co1iied, we likewise extract the following monthly a>erages from twelve 
years' observatio11s: 

·- ---------- --· -----------------~---

I 8t. lkrnard. Gern·-va. 1lasil. Lu~ano. 
I 

:Month. 

I 
I 

----- ----------

II I: H R ]l H 

·----~---~------ -

I i mm. mm. mm. mm. 
I 

J nnuary .............. 1 i 561. l -Kl 82 7'27. 5 0.6 ~5 738. 8 0. 4 73K7 1. 3 
I 

February ....... ······I 5Gl. 7 -7. 8 80 n1.u ~. 3 81 i 739. 3 2. 2 738. 7 5. 6 I 
).farch ___ . _ ... _ ... _. 558. 7 -7.4 80 723.H 

I 
4. 6 75 735. 6 4. 5 

i 
734. 5 6. 7 

April .......•.•....... 5UJ. u ........ i. 5 7:) no.I \l. 7 68 7:17. 6 I 9. !} 7:lfi.fl 12. I 
I I 

}fay ...... 564. 8 1. 4 73 725. 9 13. ~ 69 737. 4 I rn. n 736. 7 : 15. 8 
: : 

June ..•.•............. ' 567. 4 4.1 74 727.6 16. 9 68 738. 9 16. 6 737.3 19. ~ 

July ........... ·----- 5G9. lJ 7. fi 74 727. 5 l9. 6 68 i:J8. 5 19. 3 7:37.3 22. 0 

~\ ugu~t. 50~. 5 G. 3 77 727. 7 18. 0 : 71 : 738. 7 17. 4 737. 4 2U. 4 ····-····· .. 
SPpt.emlJel' ......... !\6~. 7 fi. 0 79 728. 4 15. g 75 739. 5 15. 0 'i3R3 17. 8 

October ............... : 564. 0 -0.8 : 83 726.1 9. 7 81 737. 3 8. 9 7il7. 3 11. 7 

~ovember .......... ;>61. 4 -5.4 8;{ 726. 1 4. G 82 737. 5 4.1 : 736.8 6.4 

I Decem her .... ....... 560. 9 _,_ 7 81 727. 2 0. 5 86 738. 7 - 0. 2 l 737. 7 2. 9 ; 
! ___ i ------- ----- -----· ----·-- --

Tbe values of R for St. Bernard n.re 11ot gi,·en, antl the ones here given, to be used in the com
pntatio11s, are the averages of Si ls and Chaumo11t. 

By comparing the values of P, and t for Ilasil and I,ugnuo, which are on opposite sides of the 
chart, Fig. 2, it is seen that the barometric au<l temperature gradients ha,·e only a very small 
annual inequality, the changes from mouth to month being mostly due to small uneliminated 
errors in the monthly averages. 'Ve may tberefore assume, without material error, that the gra
dients are the same for all mouths of the year, and shall, therefore, as in the com1mtations from 
tile yearly averages in § ~3, deduct the constant on•rn.3 from the barometer at Geneva to get the 
pressure at St. nernard reduced to the lenl of Genern, and add oo.s to the monthly values oft at 
Geneva to get the >alne of the temperature at St. Bernard reduced to the level of Geneva. This 
is supposed to give the temperature t" required in the formula much more accurately tha11 it could 
be obtained from reduci11g the obserrnd temperature at St. Bernard, through so great a difference 
of altitude, to the level of Geneva by any observed rate of increase of temperature with decrease 
of altitude. 

With the preceding reductions for the effects of the barometric and temperature gratlients, we 
get the followi11g data for computing tl1e difference of the altitude between Geneva and St. Bernard 
from each of the monthly averages of the observations: 

-----·--·-------------------
! :Monthly averages. Results. 
i-------~---"-"" __ : __________________ _ 

Month. 1 , · ' I ' 1 

I 
! 1· . I j Change 

B" i ll t" , H I .iJ · J' I t"-t 'lofti;.er; e 

I I , I , loo . : . ' 
··---------·----·-1·-·-·---i '·-··--,-- --,--l·----:·---:--1 

I 0 • . ' . 0 I 0 I I I , mm. 1 mm. m. ! m. m. ; j m. ! m. 
January ............. · [ 727. 2 : 561. l . 1. 4 --8. 1 2056. o ' -11. 6 i -9. 7 : 9. 5 , o. 46 o. o : -6. o i 
Febmi>ry ............. : 727. 6 i 561. 7 I 3.1 -7. ~ 2060. 0 - 7. 6 f 7. 1 j 10. 9 j o. 53 ' 0. O · 5. 6 ' 

Mar~h ........•••..... 
1
1 723.5': 558.7j 5.4 -7.4

1
;2068.1 +0.5[ -2.6\ 12.8! 0.62 +0.1: 5.o: 

Apnl. ..••• , .......... 
1 

725.8 I 563.0 10.5 -2.5 ! 2070.7 3.1 f +2.6 ! 13.0 i 0.63. 0.9 2.6; 

May ..........•.•.• : . -1 727. 6 504. 8 14. 6 1. 4 i 2073. 8 , 6. 2 1 7. l 13. 2 f O. 64 [ 2. 2 2 8 : 
June ................... , 727.3 567.4 17.7 4.1, 2077.8' 1i.2 [ 9.7 13.6 1 0.66 i 1.5 1: l [ 

July,_ ............... "' 727. 2 569. o 20. 4 7. 5 j 2077. 1 . 9. 5 I 9. 7 12. 9 . o. 621 2. a o. o [ 

A up:ust .•• - .•......... j 727. 4 568. 5 18. 8 6. 3 I 2076. 0 ! 8. 4 j 7. 1 12. 5 O. 60 I 1. 8 , 1. 3 : 

September ............ : 728.1 f>68.7: 16.6 5.0 1"2067.8' + 0.2. +2.6 11.6 0.56 [ +l.3' 1.81 
October .............. ·1! 725. 8 5~4. O : 10. 5 -0. s I 2063. 8 ! -- 3. 8 ! -2. 6 , 11. 3 

1 
O. 551 0. O ! 3. 4 , 

November .••...•...•. 725.8; 561.4: 5.4 -5.4 i 2003.2 i 4.4 [ 7.1: 10.8: 0.53

1 

0.0 4.6 i 
December .....••. ··-·[ 726. 9 : 560. 9 ! !. 3 -7. 7 i 2057. O : --10.6 ( --9. 7 i 9.0 \ 0.44 -0. 3 -6. 3 ! 

Yeu ... - .. ······1'726.s :""M4-:I
1
:----w:Gi-=1.3i 2061.6 ~~c:-:-:~1--U:S1----o:5'71'+0.S ~.s j 

' : ' 1 i I ' I 
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The relative humidities R' and R of the lower and upper stations, respectively, to he used in 
the compntatiom; of H are contaiued in the preceding table. By computing witll tlwse data, as in 
the example in f.l3, from the yearly averages, we get the several values of H ahorn from each set 
of monthly averages of the observations. The average of the monthly values, 20G7m.6, differs from 
the true differeuec of altitude, :!070'", determined by leYeling, oul~ 2.4 m!'ters, and from t11e value 
in § 23, eomputed from the yearly ayerages, it differs 0 1".ti. The reason of this latter (liftere11ce has 
bt~en given in the case of Sacramento and ::5nmrnit in § ~5. 

'l'he values of J ahoYe show tliat there is an annual inequality in the \'nlues of H computed from 
the monthl,v aYerages of ohsen'atinns, just a8 in the case of Sacramento and Summit, which is to be 
explained in the same wa.r. If we suppose the most. probable values of H given hy the formula, 
independent of all ahnorurnl irregularities, to be represented hy the expression of II gfren in§ 25, we 
get B=lOm.o, and E=l780.1. 'l'hi8 value of E indicates that the maxima and minima of H occur 
about the l8t of cTul,Y and ,January, rm;pcctivcl,Y, antl the vanishing epochs of J about the 1st of 
April and October. These t:>pochs, therefore, are a month later than in the case of Sncramento arnl 
Summit. ·with tlwse ,~a]ues of B and E in the expression of IT, § 25, we get the most probable 
Yalnes of H, 10 which correspond the valueR of J', whieh are the true monthly values of the aunual 
inequality with tile eftects of the abnormal irregularities eliminated. 

'l'he mean rate of decrease of temperature with increase of altitmfo is considerably greater in this 
case than in that of Sacramento and Surnmit, and the ammal inequality in this rate is also greater. 
The epochs of maximum and minimum also occur later, as in the case of the values of H. 

If no hygrometric obsenations bad been made, and Table IV had been used im;tead of Tables 
Il and III, the value" of U iu the preceding table would have been increased by the amonnt;; con
tained in the column e. These are all 1iositive with one exeeptiou, and indicate that the va11or cor
rection ginm by Table lY is a little too large for the higher temperatures. Tl1is is, 110 doubt, tile 
case for high altitudt'!'\ in rnouutaiuons regions, hut not so generally, for, the ti•mperature being the 
same, the amount of vapor in the air near the ocean is greatt'r than in the interior of coutiuents. 
Table IV, based upon Dr_ Hann's empirical expressinn of the most probable or average value of tbe 
amount of vapor in the atmm;phere, except for the lower temperatures, is, no doubt, as correct for 
general applicat.ion under all ciretunstances as it can be made where the amount of vapor is 
regarded as a function of the temperature simply. 

The last column in the preceding table, headed c', gives the errors which would have resulted 
if the effect of the aqueous vapor in the air had been taken -into aceouut hy means of Laplace's 
modified temperature coefficient in tile formula (25), .002 instead of .00183. It is seen that the errors 
throughout are negatfre autl quite large for the low temperaturm1 of the winter season, but small 
for the higher temperatures of the summer season. 

28. From the reports of the Chief Signal Officer, United States Army, the following monthly and 
~yearly averages of the n1lues of B", B, and t", tare obtainrnl from the monthly aYerages of observa
tions made at, Portland, Burlington, and the top of ~fount "\Yashingtou. The latitude of Mount 
·washington is 440 16', and the relatiYeposition8 of the three places are shown b~- Fig. 3. The baro
metric pressures g·iveu are reduced to sea-level. These show tl1at there is a small gradient of 
pressure iucrea:sing in the direction from Portlaml toward Burlington in the winter, and the reverse 
in Rummer. As l\Iount W asbington is nearly on a right line from Portland to Burlington, and at 
about two-fifths of the distanee, two-fifths of the difference between the pressure at Burlington aud 
Portland have been added to that of the latter in order fu eliminate the effect of the gradient, and 
thus the values of B" have been obtained. The pressures on the top of Mount "\Vashiugton were 
reduced to sea-leYel by means of the constant 6.31 inches from OctAiber, 1871, to March, 1874, and 
after that by the constm1t 6.:36 inches. These constants have been deducted in order to get the 
values of B in the following table. The temperatures were reduced to sea-l~el and tile eftect of a 
t:emperature grad.ient eliminated in the same way as in the case of the barometric pressures. In 
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this way the following monthly averages were obtaine(l as data for computing the heiµ;ht of Monut 
"\Vashington: 

Muuth. 

ll t" II .d ; .d' I h·<·1·1·a."'" of 
I f }H'l' ] OOm. 
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I .January-·-··-----------
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, XoYember .•..••••....... ----- . __ .' 29. !!67 2:t 4ffi' :14_ 1 15. :""1 Ii:{]:! -14 Hi II. fi~ 
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As the l1ygrometric ohsen·atious are uot, gh·en, the computations mrn;t be made, as in the case 
of Sacramento and Summit, by m;ing Table IV instead of 'l'ables II and III. \Ve thus obtain the 
mouthl_y values of II above. 'l'hc mean of tbt'se is n,:~:.W.l'i fret. Two linct-< haYe hceu run with the 
t-<pirit-level from the railroa1l Rtatio11 at Gorham to tLe top of Monnt '1Yashingto11, the first by \V. 
A. Goo1lwin, ciYil engiueer, iu August, 185:!, and tlte 1weo1Hl h_y ('apt. T. ,J. <'ram, of the Topo
graphieal Eng·inep1·s, fo1· tlw Coa"t Surn\y, i11 SPptemher, 18.13. Frnm the tin;t the top of l\Ionnt 
vYashington was dt'ter111i11e1l to l)(\ (i,285.li feet a hove 8l'H-level, arnl from the latter n,2n:1 fePt. The 
mean of tl1<>se is G,289 fePt. Tile preceding re,.,ult, tl1en'fore, ohtai11ed harometl'ieall_y, seems to he 
about 37 feet, too great. lly the same fornrnla we llan' t-<een tlrnt the altitrnl(· obtairn•d for Summit 
above Sacramento was 2-1 foct less tlmn that obtained from the railroatl s11n1·y. 

:From t11e Yalnes of .d, or the most probal>le values .J', in the pl'ecediug results, it is seen that 
liere also we haYe an annual inequality in the valne8 of H g·in•1t by the formula, lmt we liavc 
the umrnual result of the maximum of H occurring in the wi11ter instead of summer. This indi
cates that the values of 2(1"+t) are great(•r than tlie arnrag·e temperature of the air 1,olurn11 in 
winter and smaller in Rummer, jni-:t the reYerse of what is reqnirP(l to explain the tliscrepancies in 
all tlrn other cases we havP. examined. 'J'his is prohahl~· dne to the fact that at hoth of tlie, lower 
stations, Portland on the sea-coast and Burlington 011 the t>a8t side of Lake Cl1amplai11, the tlier
mometer was near a large body of water, which lowered the temperature iu its \"il'iuity in tlie 
summer and increased it in U1e winter, and thus made foe value of ~(I"+ t) too small in summer 
and too great in -winter to represent the average temperature of the air aboYe the earth's surface. 
The same would have occurred in the case of Summit, iu California, if the barometric obseiTations 
ha-11 been compared with those of Sttn Pmucisco instead of Sttcramento. At the former place the 
range of temperature is less than so Fahr., while at the latter if, is about 21:-i. Hence the summer 
temperatures of San Francisco are nearly 100 lesR, and the wi11ter temperatures as much greater 
than at Sacr:tmcnto, while the diii'erence in the pressures of the two pl<tces at the same level is 
very small. "\Vi th the temperature observations, therPfom, of San l•'rancisco i11stea<l of Saerameuto, 
we should have had the value of n(t' +t) nearly 50 greater in winter aud the same amouut less in 
summer. This would ham completely reversed the signs of the values of.din§ 25, and gfreu values 
of H having a very ltrge annual inequality with its maximum in the winter instead of the summer, 
as in the case of Mount vVashington. 

Treating the values of LI as in the preceding cases, we get 1~=2Ci0 and H=60.4. The latter 
indicates that the maximum of H, with abnormal irregularities eliminated, occurs about the 6th of 
January, and the mean values, or vanishing epochs of A, :ihout the 6th of April and October. 
These epochs are nearly the same as in the case of GeneYa and St. Bernard, but the whole ine-
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quality is rewrsed. The rate of decrease of temperature with increase of altitude is Yery nearly 
the same as in Swijzerland, both in the annual mean and for the seYeral months of the year. 

29. Finally, we have in the Boktiu de la Socicdad l\frxicana de Geographia y Estadistica, 
Torno iv, p. 216, 1878, the followiug monthly averages of observations made three times a day for 
one year at Vera Cruz, latitude mo 11', an<l the citJ' of Mexico, latitude 19° 25', and longitude 
990 5' W.: 

~----~~-------
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The monthly valneR of II here are a little more irregular than in the preceding cases, on 
account of there beiug 011ly oue yt'ar'R obsen·ations from which to get the averages. The range 
of temperature being small, the annual inequality in the values of H is also small, and scarcely 
perceptible amidst the abnormal irregularities. The city of Mexico is about :J[i() miles west of 
Vera Cruz, but notwithstanding the disbrnee there is perhaps ,-ery little barom(~tric or temperature 
gradient between the two places, so that B' and t' can be used for B" and t" witlwut much error. 

The barometer at Vera. Cruz was 7 .8 m.-ters above sea-level. This, added to the mean valne 
of H aboYe, gives 2,287.4 meters for the altitude of the barometer at the city of Mexico above sea
level. The true altitude from railroad surveys is 2,282.5 meters, being nearly fh·e meter:::; less than 
the computed altitude. The rate of decrease of ternpemture with increase of altitude is yery 
nearly the same as in California. The maximum rate it1 in the fall and the minimum in tlie spring, 
and the range of inequality large. 

30. From the preceding comparisons it is seen that the excess of altitude given by the formula 
over that obtained from actual leveling is, for 

Sacra111ento and Summit, 3 years' observations, 
Geneva and St. Bernard, 12 years' observations, 
Portland and Mount "\Vashington, 6 years' observations, 
Vera Cruz and city of Mexico, 1 year's obserrntions, 

-24 feet. 
-2.6 meters. 
+37 feet. 
+ D meters. 

These results do not indicate that high degree of accuracy in barometric hypsometr.r, even 
where a long series of obsermtions is used, which was formerly supposed to be attainable by this 
means. In these comparisons that of Geneva and St. Bernard should have the most weight, both 
on account of the long-continued series of observations upon which the reailt is based, and also 
the great care with which the observations have been made. The observations havn been regu
larly made for about forty years, and the result obtained from the whole series differs very little 
from that of the twelve years here used. The signs, however, of the differences between the alti
tudes given by the formula and those obtained by leveling, one half being plus and the other half 
minus, do not indicate any t\rror in the principal constant of the formula, considering the greater 
weight which the comparison for Geneva and St. Bernard should have. 
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In the comparisons of the results from monthly averages, we have seen that the differences 
between the true altitude and those gi,·en hy tile formula are still greater, CiJlecially at certain 
seasons of the ,vear, since there is an annual inequality in the results giYen by the formula, due to 
errors in obtaining the trne temperature of the air eolumn. \Ve hiwe also seen that there is a 
diurnal iw1q1;ality of the same sort, even greater than the annual. These inequalities do not only 
differ in range at diffenmt places, and, in the case of .tlw annual inequality at least, become entirely 
revenied, but tlw epochs of maxima and minima and of the Yanishing nodes of the inequalities 
also differ cousilkrahly at different places. For Sacramento and Summit the latter occur the 1st of 
March and September, but for Geneva and St. Bernard 011 the 1st of April and September, and 
for Portland and Mount "'Washiugton still a few <la.vs later. It is probable that these epochs are 
nearly the same for the same country as for California or Switzerland, and if so, arnl these epochs 
have beeu determined, where only a fow or a short series of obseffations are ma(}e for hypsometric 
purposes in an)' couutr~', they should be made at or near the times of these epoi;hs, or at least so 
taken that the effect of the annual inequality will be eliminated from the result. 1''rom what we 
have seen it would he useless to attempt to gi\'e tables of corrections for this inequality, as has 
been done iu a few instances, which would he applicable even within a very limited range of coun· 
try, for we have seen that the rauge of this inequalit~· nrny not onl;y change very much, but that 
in Califomia it may become entirely reversed by referring Summit t-0 Sau Fi:ancisco instead of 
Sacramento. • 

The effect of the diurnal inequality can be very nearl.v eliminated by taking the observations 
at such hour or hours of the day as will give the mean temperature of the da~·, but if these obser
vations should he taken 1war either of the extremes of temperature, as the early morning or the 
afternoo11, the results cannot be relied on, as is seen from the results give11 in the table of § 25 in 
the case of 8acrament<' and Summit. In fact, at whatever hour of the day the barometric ob11er
vations may he made it h; much better to US(' the mean temveratnre of the day with them than the 
extreme temperatures. vniere only a tew ohsPrvations are used those are best wliich are made at 
times when there is little dinma.l change in the temperature, aml when the diurual aYerage differs 
but littfo from the rno11t.J1ly :ffernge or normal temperature of the time of year. Sneh observations 
should not be taken when the air is foggy or rnist,y, since the weight of the air is increased by the 
particles of fog or rniRt in it. 

31. Tl1e variation of the trne from the obseiTed temperatures in the monthly averages arises 
from the fact that the annual range of temperature is less in the open air at some distance from 
the earth's surface than it is at the RUrface. The longer the period of the inequalit,~ .. the more 
nearly the temperatures should agre(.'. While in the annual inequalities the v~triatious of the true 
from the o\)served is generally only from about one-fiftl1 to one.tenth of the whole amplitude of the• 
inequalities, in the diurnal inequality it amounts to the greater part of it, the temper~iture of the 
upper strata undergoing but little change in comparison with that of the observed temperatures 
at the earth's surface. 

In the numerous abnormal changes o{ temperature with periods of one to two weeks, the 
amplitudes of the changes in the air at some altitude aboYe tlw surface must he less than those of 
the observed temperatures at, the surface, but the differences mnst be less in proportfon to the 
wbole change than in the case of the diurnal changes, and greater tlurn in the cast~ of the annual 
changes of temperature. In barometric hypsometry, therefore, where the observed temperatures 
di:ller very much from the average normal temperature of the time of year at which they are made 
we will get bett~r resnlts, where only a few observations are used, by uot using the extrPme tern· 
peratnre, but some one jntermediate between the obsern•d antl the normal temperature, just as in 
the case of monthly averages we get better rc>snlts for the months of extreme temperatures by 
using temperatures which deviate a little less from the mean temperature of the year than tlie 
monthly averages of temperatures observed at the earth's surface. 

In order to avohl the errors arising from using the extremes of the almormal irregularities of 
temperature it is best to use the normal temperatnre for the lower station, obtained from n~outhly 
isothermal charts, where such are at hand, or from a table of month l;y normais for the vicinity, which 
will be equivalent to supposing that the range of the true temperature of the air colunm in these 
abnormal irregularities of short period is onl~ .. half as much as that of th"e observed surfaee tem· 
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perntures, or eveu lei,;s, since the rauge of the.se abnormal inequalities is generally less at the upper 
than at the lower station. 

32. The principal part of the difference betwr<'n tlie true and observed temperature of the air 
column where only a few ohseryati011s are nsed, arises from assuming that, there is a regular 
decrease of temperature with incrca,,;e of altitude. This may be nearly so in yeitrl~< and even in 
monthly, aYerages, but we know tliat, for var~ons reasons, the variation8 from this law are, at any 
gh'en time, so great that the temperature may increase instea!l of decrnase as you ascend, and, 
where the difference of altitude is considerable, the true mean tempemturf\ of the air colnmu may 
1lifter from the mean of the ohsmTed tP,mperatnres of the two Rtations several degrees of Fahren· 
lrnit. Each one of t.hese would affrct the computl~d difference of altitude the 4 ,\ 1 part, an<l lteuce 
would giye ris!• to large errors. 

A large part 9f the !'ITors iu barouwtric hypsometry, wliere only a few ohservatious are used, 
aml the true statio1111 are a considerable distance apart, arises from the local and ternpora1:y baro
metric gradie11tH, de1wndiug nvon the ,-arious c;rclo11ic disturbances of the atmos11here. 1f tlie 
stations were se,·eral hundred mileH apal't, au onliuary gradient, 1·mch as occurs frequently with
out ~1 grPat stor111, might affect the rmmlt a hundred feet or more. 

The differe11"•'·S of altitrnle, therefore, from one or even sevu·al days' observations cannot be 
relietl upon as h11ing more tha11 a rough approximation to the true diffl>rence. This has been shown 
by William:o;o11, who lrnH computed the diff1•rence of altitrnle hetweerr Gene,'a and St. Beruard from 
the obsen·atiom; for every day of the year Hi62. These differ from the true difference of altitude, 
in sorue extreme ca;,;es, morn tlmn 60 meters. In tliese extreme case.s, wliich occur mostly in tile 
winter, tl11• rrsults were 110 1louht affocted liy the barometer gradients. 

a:1. The la8t 1111•mher of (:Vi), taken positiYel~·, expresses the height of a column of air in meters 
1•orrN1pon<li11g to oue milliuwter in the barometer on the parallel of 45°. Red11ci11g thi8 to Bngfo;h 
meaRt1l"e8 we g1·t for tlie exprc,;sion in feet of such a column correRpondiug to one-tenth of an iuch 
of the haromct<'r, 

, 2632.rJ <N')• CJ ,,JT= B (1+.0<L~~2 (t-3~0)] 

This exprnssio11 is adapted to the aYerage 11~-gTometric state of the atmosphere, and for this 
purpose it ea11 he marle ~1 little more accmate hy introclnci11g tl1c n1lue of l+/(f'), of whi1:h t11e 
logarithm is giveu in Table 1 V, instead of that g-h'en in § 17. \\'ith this change we get 

'.W28.4 
<'lH= B [l+.002034 (t-32°)) [l+f(e)] 

As the last factor of this expression, as ginm in Table IV, is a function of the temperature, it 
•has 0111.v the variabl<~s J; and t. From this expression, with the use of this table, the values of r)H 

have beeu com1mted for short iuten'als within certain limits of the two arguments B and t, and 
givPn in Table XHL 'fhe <1ifferenee8 between this table and Gnyot's arise from its having been 
computed with the improwd constants in the barometric formula, baRed upon the more recent and 
accurate determination by Hegnanlt, of the constants of 11ature upon which they depend, instead of 
tile co11sta11ts of Laplace'.s formula. 

This table may be used in computiug differences of altitudes witltout the nse of logarithms, as 
follows: 'l'ake fir:st the munber from the tahle correspouding to the argument:,; B'' and t", then the 
number corresponding to the arguments Il aud t, and finall~' the number correspoudiug to the ar
guments MB"+ B) amf 2(t" +t). Then take one-fifth of the :sum of the first two and three times the 
latter and multiply tl1is iuto (H" -B), ex1ircssed iu tenths of an inch, for the value of Hin foet. Let 
us apply it to the example of Sacramento and Summit, given in § 24-. The tahlc gives for the argu
ments, using from neces8ity ha8<\ B' and t' for Il" and t', 

Inche8. 

Il' =30.014 and t' =5H.9, 93.19 
115.56 B =2:t288 and t =42.1, 

~(B'+B)=2H.G5l and Mf'+t)=olo, 102.95 x 3=308.85 
5)1JI7:oo 

l(i3:ri2 
. ll =(U'-B)x103.52=67.26xl03.52=6963 feet. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 257 

This value of H is only 3 foet less than that obtained in § 24. For much smaller differences of 
altitude it is only necesKary to take out the number corresponding to the last two arguments, and 
to use this instead of the mean of the five. In the example above tliis would giYe H=67.26x10'.!,!)5 
=6925, but the error diminishes Yery rapidly with <lecrease of difference of altitude, and for a 
thousand feet or more is of no consequence. 

In Table XII the effect of the last two factors in the formula (2;)) is not faken into accouut, so 
that it is strictly correct for the parallel of ±50 and sea-len~l. But the effect of tliese two terms in the 
middle latitudes is \-ery small. Tlteir effect n1ion the diffon•nce of altitude between Sacramento 
and Summit, nearly 7,000 feet, is only about Ii feet, and proportionally in the same latitude for 
smaller differences of altitude. Tlie extreme effect of the factor depending upon the latitude, which 
is at tlie equator and the pole ouly ,,+. of the whole difference of altitude. At the equator the 
values in Table XII are too small, and at the pole too large, in that proportion. 

In order to Imm all tl1e tables necessary in barometrie hypsometry, Table XIII is added, which 
is reduced to English measures from J>elcros's table. 

CHAPTER III. 

REDUCTIO:X OF nm lLUW)1ETEH TO SEA-LE'n~L. 

33. ln order to form a clrnrt of isobars, showing the l1arometric gradients aud the general 
distribution of pressure from barometril' obserYatious at different altitmles, it is necessary to reduce 
all these obsen-ations to sonw assumed lf'vel, which is ge11erally that of sea-level. This is a prob· 
!em somewhat tile reYerse of that of determi11ing the difference of altitude of two stations from 
ohsenatious made at the two lewls. Tbe same equation ('.!5) must be satisfied in both cases, but 
in the one H is the unknown qmwlity to be determined, and i11 the other B 11

, eitlier of which can 
be determined when all the otJier quautities in the eq nation are known. 

lu the uncertainties of reduction to sea-level both of the last factors in (25), at least in the 
middle latitudes, may be neglected, and the whole effect of the factor for the vapor correction is so 
small that it is only necessar,y to use its average or most probable ntlue, taken o>er the earth gen
erall.y, for any gi,·eu temperature, neglecting its variations at different times and localities. By so 
doing we have seen, § 27, that in tl1e case of St. Bernard the greatest error in computing the alti
tude from the monthly anwages of observations amounted to only 2.3 meters, or 7 .5 feet, which at 
ordinary temperatures, as is seen from Table XII, correspond to onl;y about 0.008 inch of baro
metric pressure. 

V\T e, therefore, get from (25), reduced to English measures, 

lo.,. W'-Joo·· B+------------- ____ :11 _ -----· .. - -----
b - b 605'.!l.5 [l+.001017 (t"+f-fi±D)] [l+f(c)j 

in which [1+ f ( e) ], represents, as in § a2, the aYemge Yalue of this factor regarded as a function of 
t, the logarithm of which is contained in Table IV. This expression may be put into the following 
form: 

(a) log B"=log B+R 
in which 

(b) log R =log H-(Table l+Table IV) 

Where it is thought necessary, all the other tables can he used in this expression, just as in the 
computation of differences of altitude. For French measures the constant logarithm 0.51599 must be 

added to the expression of log R, and the tables must be entered with~ (t"+t)+64,0 as an argument. 
i) 

.As an example of the application of these formulre, let it he required to reduce the mean 
barometric pressure on the top of Mount Washington to sea-level. In this example we have, from 
the table of§ 28, B=23.609 inches, t" +t=690.9, and the value of H=6289 feet. 

S. Ex. 49--33 
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HPJWt', we luH'e 

Log II =3. 79858 R =0.10303 

Table I, with arg-. H!IOJl,=4. 78451 log B =1.37308 

Tahle 1\-, with arg. r,go.9,=0. 00110 log B 1'=1.47Gll 
B 11 =29. 930 inches. 

4.78561 

J,og R =9. Ol2!l7 
As an example of applicatiou in the ca:-ie of French mea;;;ures, let it lw rt~quirnd to reduce the 

mean presi-iure at St. Bernard to the level of Cenev1i. "'e luwe in this case, from § 23, B=5ti+mrn.1, 
fll+f=!l 0 .3, and Il=20i0"'. Hence we htffe 

Log H =3. 3lii!~i R dl, 10992 

T 11 I rr 
9 9::> 3+f40 soo - J -s9'>3 a> e , ar,.,. 
5 

x .. > =• .•,= . 1 .... 

!l 
Table IY, arg. 5 x!P,:~+fJ4G=80o.7,=0. 00164 

Constant log 

Log R 

4.79087 

8. 52510 
0.51599 

=9. 04109 . 

log B =2. 75136 

log B" =2. 8())28 
Bll=72Gmm,{i 

:H. \Yhere ~(t' 1 + t), as is nsually the case, does not represent the true average temperature of 
tlie air column, of conr8e we do not get the true reduction to sea-level, as in the computation of 
altitudes we get an erroneont1 re:.;ult when this is the case. V.There the correction oft" +tis known, 
it can be applied to the ar.g·nment, or where the errors in the values of R, m; computed from yearly 
and monthly averages of obseiTations are known, as in the case of Mount Washingtou and St. 
Bernard, these can be added to the true Yalue of H, and then the formula will giYe the true reduc
tiou to Hea-level, with t" + t used as the true temperature. Puttiug 

.dR=thc excess of the true over the computed value of H 
we r,;hall have in place of (b) 

(c) Log R=log (R+L1H)-('fahle I+Table IV) 
The Yalue oft" at sea-lernl for yearly and monthly averages may be determined for any given 

station, as has been done in § 27 in the case of St. Bernard for the yearly average at the l~wel of 
Geneva, by means of temperature charts of which the small chart, Fig. 2, is a specimen. But for 
individual ohser\"ations or ·short series of observations, made at any time of year or hour of the 
day, the Yalue oft" cannot he determined in this way. In such cases it is usual to put 

t"=t+cH 
in which c represents the rate of increase of temperature with decrease of elevation. But c is by 
no means a constant, as we hiffc seen, for it is different for different localities and seasons, and 
als > at different altitudes, even where we have the average rate for a large number of observations 
In individual cases not only is c in the preceuing expression entirely unknown, but so great are 
the anomalimi in the Yertical distribution of temperature that the law of the expression eutirely 
ails. The value of c is sometimes assumed to be a constant for all places and seasons, but this 
leads to great errors in reductions to sea-level at the seasons of extreme temperature. Take, for 
instance, the case of Salt Lake City, about 4,400 feet above the sea-level. The average tempera
ture of .Jnly here is greater than that of the plateau between the Missouri River and the Rocky Moun. 
tains, with an average elevation about 3,000 feet le8s. We have seen that· tbe value oft required 
in barometric hypsometry, and the same is the case here, is the temperature of the air generally 
around the mountain at the same elevation, and not tl1e temperature observed at the he$ted surface 
of a mountain or in some elevated mountain valley. The observed value of t, then, is too great in 
such a case to represent the temperature of the air generally at the altitude of the observation, 
and it is readily seen that if this temperature is reduced to sea-level according to the preceding 
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formula, with any average Yalue of c for all seasons and places~ we get a value oft" which makes 
i(t'' + t) much too large in this case to repre,;ent the true temperature of the air generally away from 
the superheated surface of the earth or mountain; for both t" and tare mucll greater than the tem 
perature of the air generally at the respective lewls of the sea and of the upper statiou. 

3f>. The mean annual iuequality of the error in the reductions to sea-level arising from these 
erroneous temperatures is corrected in (c) by means of .J H, wht>re the monthly values of J H Lave 
been determiued, as at St. Bernard and :'.\louut \Yai:;hiugton, from com1mtations of altitudes with 
the monthly averages of R 11 au<l t11 deterrnine(l from observations made at two or a uumber of 
surroundiug- stations. The meau diurnal inequality iu the error of reduction to sea-leYel might 
he corrected in the same way if we had honrl,v obser\·ations to determine the diurnal inequalit,\· i11 
the ,-alues of J H. · \Ye have ;;een iu the case of Sn111111it, i11 California,§ :!;), that this inequality is 
very large, and consequently the nrors in reduction to sea-le\·el must he w~ry great where the rx
tnm1e t(~mperatnres of the day are used. In faet it is seen from the comparisons of J T with J' r, in 
the tables of~ :!<I, that the range of the 1liurna.I ineqrnlity in t Lte true temperature of the air column 
is very small iu comparison with that of the obsen·e1l temperature15 of the two station~. and hence 
tlle temperature which shonltl be used in the c isr of the extreme temperatnrc:-; of tlie da.r 8hould 
deviate verJ· little from the mean ~emperature tif the da,Y, aiHl thi8 is especially the case for Rum
mit. ·where the obsen·ed temperatures dC\·iate from the mean of the day, so far as we now kuow 
from the innstigation of oul,y two cases, it would he best to add only oue-fourth of this lleviation 
to the mean temperature of the da~·, excluding the effect of tlte other three-fourths, whl"'re there are 
a11,y means of determining thi8 wean temperature. At an,Y rate the extreme temperatnres of the 
day, especially when the diurnal range is great, must not be used~ if we even han~ to rely simply 
upon a11 exf\rcise of good judgment in determiuing what temperature sboald he used. 

In order to avoid the errors from using the extremes of the abnormal inequalities, it will be 
best iu reductionR to sea-level, as iu barometric hypsometry, to use for t11 its normal value for the 
season of the year, obtained from the monthly normals, as explained in § 31. This will <limiuish 
the effect of these obsern:d deviations from the normal temperature one-half or more, and make it 
generally correspond very nearly with what would be gi\·en b,\· the true aYeragP temperature of the 
air column. 

:l6. Since B11, i11 the expression of (a), h; a functio11 of three varialJles, B, H. aud (t 11 +t), it it<> 

11ot convenient to gh·e tables for obtaining its value under all circumstances, unles1<> the tables arc 
,-ery much expanded. ""Where, howeYer, reduction" to sea-level are required to be eontiuually 
ma<le for the same station, as in tile \Veather Bureau of the Signal SPrTice, R, with reganl to this· 
statinn, becomes a constant,, aud the expression of B" t:au he reduced to a linear funl'tion of only 
two variables, arnl hence requiring only t\"rn tables with a single argument Pach. These are in
creased to three where we use (c) instead of (b), in order to corr·ect for the aunual inequalit;y of tht
error from using ~(t"+t) for the true t~mperature. 

For the same station we can put 

(d) 

iu which Bo is a value of B, in round numbers for convenience, which is nearly an average value of 
B in its abnormal fluctuations from various causes. \Ve can then put 

(e) 
in which 

(/) 

B 11 =B" o+ JB" 

{
log R"0=log B0 +R 
log R =log H-(Tab1e !+Table IV) 

We get from the differentiation of (a)i or its equivalent preceding, where JB and .;Jfl are quan. 
tities of a second order so small that quant~ties of lower orders may he neglected, 

in which Mis the modulus of common logarithms. 
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'fhis expression of .dB" in (e) gives 

(g) B"=B" +B"o.dB+ . . .JH ... -0 
Il0 G0521.5 :Mfl+.001017(t"+t-u±0 )J [l+f(e)] 

The last term of this expression comes in where a rnlue of II a little different from the true 
value is required, in order to correct for error in assuming tlrnt ~(t" +t) is t,he true temperature to 
be used in the formula. 

The first term of this expression is girnn by (/),from which it is seeu that it is a function of 
only one variable (t" + t) entPri11g into the a,rguments of the tables, H 0 aud H being known con
stant quantities for any given Rtation. Hence, R"11 is readily given tw a table with t11 + t as an 
argument. 

The coefficient of .dB i11 tlie 1<(•coml term of (g) is not strictl.r a constant, since the value of B"o 
in (.f) depend8 upon the temperature; but liy using the mean value of B"0 it may be regarded as a 
cont:ltant without material error exeept in 80me extreme cases in which the variations of both B 
aud the temperature from their rnea11 values are very great. This term, then, can be reduced to a 
small table with JB as an argument. Or, if thought necessary, the variahlc Yalne of B"0 can be 
nsed, and a small tahle can lw formed having JB m11l (t' 1+t) as arg·nmeuts. 

'l'he last term in (g) is also a fnnctio11 of the temperature, hnt this term is so small that tlie 
mean n1J11e of (t" +t) in thr• dPnominator may be used without sensible error. \Vhen JH is known 
this can be re1luced to a small table, with JH as an argument. In general on]~· the mean monthly 
\·alm~s of .:HI are known for a11y stati011, <leterminerl as in the precmling secti011s for Hummit, l\lount 
\Ya,;hi11gfa111, aml St. B('rnanl. Jn such ca~ms only the meau aunual inequality in the Yalue of B''o, 
arising from errors of temperature, can he take11 into ac1'.onut, and all the remaining part depeudi11g 
upon tltt> int>p:nlar ab11orrnal rlistnrbances must necessarily he neglected. C" sing the monthly values 
of JH, a ,;mall table ca11 be formed with tl1t· time of the year a,c; an argument. \Vhere the value of' 
.JH has not heen dett>rmined for auy station, of course this inequality can be determined in a more 
direct wa:• h~· reducing by means of (a) and (b) the monthly Yalue,.; of B to sea-le.-el, and then 
comparing them with tlie trne montlily values of H", determined, as in the case of St. Bernard for 
the le\·el of Geneva, hy means of monthly charts of barometric pressure similar to that of Fig. 2. 

37. The following is a specimen of 1-mch a set of tables, made in the case of St. Bernard t,o re
duce barometric observations to the le,·el of Geneva. The values of .JH, used in the last term of 
(!l), are the differences between the computed values in the table of § 27 and the true ntlue, 2,070 
meter8. In order to get rid of the ~thnormal irregularities in these value:-;, 2067.G+LJ' have been 
used for the most probable valtws of H. The valne of B 0 in (d) has been assnme<l to be 560n11

", 

which iR nearly its mean Yaltw. 

TABLE I. TABLE I I. TABLE III. 

,, J; 
Correc- Correc· l"-jt B11 .. Dift'. tion. ~louth. tion. 

mm. ou, 
oc. mm. 711/fl. ni. 1. 4 

- 20 732.0 - ]. 8 1. H January ...... : - 1. 5 3. l 
15 731. 2 1.!J 

2 2. 6 1''eb111ary .•••. 1. 2 

10 728.3 3 :J. 9 Mru·ch --- ..••. ! - o. 6 
5.4 

I. 8 
- 5 726. ;, 4 5. 2 April ......... 0. 0 iO. 5 

1.8 
0 i24. 7 5 6. 6 May: ....... _. + 0. 6 H.6 

1. 8 

+ 5 72'J. 9 1. 8 
6 'i. 9 ,' Jnne ............ ! 0.9 17. 7 

10 721.1 1. 8 7 9. 2 
::u:;~~~: :: :: J 0. 9 20.4 

15 719.3 l. 7 
8 10. f> + 0.(1 18. 8 

20 717. 6 ' 1. 7 
9 11. 9 Septen1ber .. ··i 8. 0 16. 6 

25 715. 9 1. 6 
10 13. 2 October ....... ! - 0.6 10. s I 

30 714.3 1. 7 11 14. 5 November. ... i 1. 2 , 5. 4 I 
:!5 712. 6 

1. 6 
12 15. 8 December ..... j - 1.5' 1.3 ! 

40 711. 0 ]. 6 l:l 17.1 

--~ea~-~J _ 0. a , ~~ ~ I 45 709.4 1.r. 14 18. 4 

50 ' 707. 9 1. ;j 15 19. 8 
55' 706.4 1.5 16 21.1 

+001 704. 9 17 22. 4 
---~-

; 
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When JR in Table II is negative, the correction is also negative. 
In connection with Table III the mean monthly values oft" are given, to lie used in obtaining 

t.he argument in t.he first ta.ble, as proposed in § 35. When t is observed at a time of day which 
does not give a mean temperature, a value oft which does not differ much from the mean must be 
used, as already explained. Of course this leaYes some uncertainty with regard to the proper 
value of t to be used generally, but this cannot be arnided, since it is impossible to take into 
account, in all special cases, the abnormal variations of }(t" +t) from the trne temperature of the 
air column. 

As an example of the application of the preceding tables, let us suppose that we ha,·e observed 
on the 1st of May at St. Bernard, at a timt~ of day which gives the mean temperature of the clay, 
or nearly, the value of B=5731m 11 .5 and t=oo.:;. From (d) we get, in this case, L1H=i"i73.5-560= 
13mm.5; and from Table III, t"=l:.!0 .5. Hence t"+t=l'.?,O,;)+o0 .:l=12°.8. We therefore have 

Table I, argument Ul0 .s, 
Table II, argument 13rnm,5, 
Table III, argument Ma~· 1, 

mm. 
i20.1 
li.7 
0.3 

B"=738.1 
If the time of the maximum of the correction in Table III coincides with that of the great(lst 

temperature of the year, the correction might be included in Table I without sensible error. For 
St. Bernard the times of these maxima do not differ very much, but in many places, as Summit in 
California, the difference is nearly two months, RO that in such caRes tl1e correction of 'l'ahlt> Ill 
cannot he regarded as a function simpl~· of the temperatnre. 
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IIYPSOMETRICAT~ TABT~E8. 

TABLE I. 

Containing log 60521.5 [1+.001017 W'+l-640)): Jll'gument, (t"+t). 

t"+t Log. t 11-t · Log. 

,·, 

4. 75:!70 

4. ;5:m 
4. 75364 

4. i5411 

4. 75458 

30 : 4, 76665 60 4. 78014 90 4. 793'.!4 

31 4. 71i7ll 61 4. 7~059 91 4. 79367 

:~3 1. 76756 6:! 4. 7t!10!~ 92 4. 79410 

a:i 4. 76802 63 4. 78147 93 4. 79453 

34 4, 76847 : 64 4. 78191 !14 4. 79496 

4. 75505 3;-1 

4-. 7f1i>52 36 

4. 75599 :r1 

4. 75646 38 

4. 7.56ll3 39 

10 ' 4. 75739 :' 40 

11 l 4. 75786 41 

12 4. 758:13 42 

i:: •. 7 5880 i3 

14 4. 75926 44 

4. 76893 

4. 769:l8 

4. 76984 

4. 770:!9 

:!:,77174 ' 

4. 77119 

4. 77164 

4. 77209 

4. 77254 

4. 77299 

65 4. 7i'1235 95 

66 4. 78279 gr, 

61 4. 78323 9'i 

68 4. 78367 ' 9fi 

69 4. 78411 ' 99 

70 4. 711.4f);) I 100 

71 4. 78499 ' 101 

7~ 4. 70:;43 102 
n 4. 78587 : 103 

74 4. 78630 ! 104 

4. 79539 

4. 79582 

4. 79025 

4. 796f,8 

4. 7~711 

4. 79753 

4. 79796 

4. 7983~ 
4. 79881 

4. 79923 

t11 t. Log. 

120 4. H059fi 

121 4. 80638 

122 4. 80680 

123 4. 80722 

124 4. 80763 

125 

126 

127 

12R 

129 

HO 
131 

132 

133 

134 

4. l:-080ti 

4. 80841j 

4. 80888 

4. 809;!0 

4. 89972 

4. 81013 

4. 81054 

4. 8Hl95 

4. 81137 

4. 8117!1 

150 4. 81832 

151 4. 818ia 

153 4. 81!113 
1:-.a 4. 1-119;,4 

154 4. 81994 

155 

156 

157 

158 

159 

160 

161 

16~ 

lG:l 

164 

4. 8~0::1;) 

4. 8207[) 

4.82116 

4, 8~156 

4. 8:!1H7 

4. 82237 

4. 82277 

4. 82317 

4. s2a57 

4. 82397 

liJ 4. 75973 45 4. 77iH4 i:J 4. 78674 105 4. 79966 135 4. 81219 165 4. 82437 : 

16 4. 76{)19 

17 4. 76066 

18 : 4. 76112 

19 4. 76151) 

20 

21 

24 

4. 76205 ' 

4. 762.'H 

4. 76297 

4. 76343 

4. 76389 . 

25 ' 4. 76435 

26 4. 76481 

27 4. 76527 
28 4. 76573 
29 4. 76619 

30 4. 7tl665 

46 4. 77:189 76 4. 78717 106 4. 80008 136 4. 81260 166 ' 4. 82477 

47 4. 77434 77 4. 78761 107 4. 80050 137 4. s :ao1 167 4. 82517 

48 I 4. 77479 I 

49 : 4. 77524 ' 

78 4. 78t!04 108 4. 8009'2 138 4. 8l:J42 : lfj8 ' 4. 82557 

79 4. 78848 109 4. 80135 139 4. 81383 169 4, 82597 

50 ' 4. 77569 

:;1 ' 4. 77614 

52 4. 77658 

53 4. 77703 ' 

54 ! 4. 77748 

55 

56 

57 
58 
59 

60 

4. 77793 

4. 77837 

4. 77882 ; 

4. 77926 ; 

4. 77970 : 

4. 78014 ! 

80 
81 

82 

83 

84 

4. 78892 
4. 78936 

4. 78979 

4. 79022 

4. 7906.<; 

4. 79109 : 

4, 7915~ 

4. 79195 

4. 79238 
4. 79281 

4. 79324 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

4. 80177 

4. 80'219 

4. 80261 

4. 80303 

4. 80345 

4. 80387 

140 
141 

H2 

143 

144 

H5 

4. 81424 

4. 81465 ' 

4. 81500 

4. 81547 

4. 81.588 

4. 81629 

4. 81669 

4. 80710 

4. 81751 

4. 81792 

4. 81832 

:MULTIPLES OF THE DIFFERE'.NCES. 

Mi 0 G ~ 40' n 
88 i 86 ' 84 82 80 ! 78 ' 2 ' 

132 l 129 ; 126 123 ' 120 ' 117 3 

46 
92 

138 

184 

230 

45 
90 

135 

100 

225 i 
I 

176 I' 112 , 168 164 160 I' 156 4 : 

220 215 i 210 205 ' 200 I 195 ! 5 I 

6 282 276 270 : 264 I 258 I 252 246 I 240 i 2341 6 : 

7 329 32"2 315 308 I 3-01 ! 294 287 280 i 273 I 7 i 

3 

4 

5 

47 
94 

141 

188 

235 

8 376 368 360 ' 3521 3« : 336 328 320 i 312 i 8 i 
___ 4_23 __ 41_4-'--•-o_s _' _a_96-'-387-~l _a_1_s __ 369_1 aoo L~1-~\ 

170 4. ~2637 

171 4. 82677 

172 ' 4. 82717 
173 ' 4. 82757 

174 4. 82796 

17fi 4. 8283fi 

176 4, 82871\ 

177 : 4. 82915 

178 4. 82955 ! 

179 4. 8299.5 ' 

180 4. !!3034 
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TABLE II. 

Containing log ( l+<l.189 ~) in uuits of the fifth decimal place: Argument,s, B and b1• 

B 

In. 
11 

12 
13 . 

14 

15 

.05 

36 ' 

34 

32 

30 

28 

16 26 

17 : 24 

18 ! 23 

19 21 

20 20 

21 ' 19 
22 18 

23 ' 18 
24 i 17 

25 : 17 

26 16 

27 15 

28 15 
29 14 
30 ; 14 

31 . 13 
I 

.10 

73 

68 

f>4 

59 

55 

51 

48 

46 

43 

41 

39 
37 

36 

34 

33 

32 

HO 

29 
28 
27 

26 

V1 in inches. 

. 20 . 25 • 30 . 40 • 4;:} • :)(} • 55 

109 

102 
9fi 

88 

H2 

146 i 183 : 220 

136 170 ! 204 

257 

238 

126 158 . 189 221 

117 : 14i : 176 ' 205 
109 ' J:l7 164 . 191 

296 

27~ 

2S2 

33l' 

301 

283 

263 

246 

372 

341 

314 

292 

273 

77 

72 

69 

6i1 

61 

102 : 12~ : 10;; 179 

lfl!I 

160 

151 

143 

205 2.11 256 
96 . 121 145 19:1 217 241 

91 ' 114 137 182 205 227 

86 10~ 129 172 . 194 21.; 

82 102 123 164 184 20;. 

58 

56 

5! 

78 97 117 136 . 156 li5 

7;. 94 112 131 149 168 

71 , 89 107 125 14:! 161 

51 68 . 85 103 120 137 1:>4 

50 6U . 8'' i 98 115 131 148 

48 6;J 79 95 111 126 142 

46 61 : 76 91 106 121 1:17 

44 59' 74' 8~ 10a 117 1n 
42 56 71 85 99 ll:J 1~7 

41. 55 69 82 96 lOH l:!~J 

40 53: G6 79 93 106 l rn 

40~ 

314 

:l45 

32) 

300 

~82 

250 

237 

225 

. 60 

445 

408 

:li6 

350 

307 

289 

273 

2DR 

24(l 

• 6;) • 70 . 75 

481 G18 , 550 

H2 476 510 

40R 439 i 471 

3/U ! 408 437 

354 ! 381 . 408 

333 '. 358 383 
3l!l i 337 . 361 

: 
296 i 318 341 

280 : 301 ' 323 

266 I 286 , 307 

2'..!3 ' 242 260 279 

:! 14 232 249 267 

20;; > ~22 : 239 256 

197 ~ 213 229 ' 246 

lb'H ' 2or, 220 ; 236 

182 i 197 : 212 ' 227 

176 : 191 I 205 , 220 

169 : 184 198 212 

164 : 178 ' 191 205 

158 i 172 . 185 198 
_____ _j _____ ·~-- -

. 80 . 85 

595 631 

544 578 

502 53:J 

466 495 
4:i;, . 463 

408 434 

384 ' 408 

363 . 386 

344 366 

;i27 348 

. 90 .95 

€69 705 

612 646 

564 . 596 

524 5.53 
4~~o r,17 

459 485 

432 456 

408 . 431 

387 : 409 

368 388 

297 316 334 353 

285 303 320 338 

273 : 290 307 324 

261 . 278 294 311 

252 

242 

234-

226 

218 

211 

268 

2;.s 

249 

240 

232 

225 

283 

273 

263 

254 

245 

238 

299 

288 

278 

268 

259 

251 

B 
1. 00 

In. 
741 11 

G78 12 

626 13 

:i82 H 
r>4t : 1;:; 

510 
48\J 

454 

430 

408 

371 

353 

341 

328 

16 
17 I 

18 : 

19 

20 

21 

23 

24 
25 

ali> 26 

303 27 

292 28 

282 29 

27~~ ao 
264 : 31 

NOTR.-When B and b1 are gilrn in millimeters umlti11l_y l1oth hy .04 or m1,\~ other number tlrnt will bring them within the rang{' of the 
arguments in the table. 

TABI.E Ill. 

Containing log [1-.000084 
(t-t1)J: Argument, 

(t-ti). 

t-t1 

OF. 

Comp. of 
log. 

16 -0. 00059 . 

17 62 ! 

18 66 i 

19 69 i 
20 ' 73 : 

77 : 
80 ' 
84 

88 : 
25 92 

26 96. 

27 99 : 
28 103 : 

29 106 

30 -0. 00110 

NoTll.-When ti is le88 than 320 F., 
deduct t from the logarithm. 

TABLE IV. 

To be used in place of Ta
bles II and III where 
no h.lfgrometrie ol>Nerva
tions are made. 

t'+t 

o F. 
0 

10 

20 
30 

40 
50 
60 

70 

80 

90 
100 

110 

120 

130 

140 
150 

160 

170 

180 

Log. 

0. 00030 
37 

45 

53 

62 

7:I 

88 

110 

138 

175 

' 215 

256 

297 
338 

379 
420 

460 
501 

0. 00542 

TABLE Y. 

Containing log 

( 1+ 2:i'): 
Argumetit, '1 1

• 

h' 

Feet. 
100 

200 

300 ! 

400 

500 
600 

700 

800 

900 

1,000 

2,000 

3, 000 

4, ouo 
5,000 

6,000 
7,000 

8,000 

9,000 

10, 000 

Log. h 1 

Meters. 
0. 00000 30 

61 

91 

122 

152 
2 183 

213 

3 244 

4 ' 274 

.4 305 ' 
610 . 

12 914 

16 1, 219 . 
21 : 1, 524 ! 

25 1, 829 ' 
29 2, 134 

33 2,438 

37 2, 743 . 

0. 00041 3, 048 : 

TABLE VI. 

Containing log 

( 1+~): 
Argument, fo[t H. 

Loi:H. 

2.5 
3.0 

3.1 
3.2 

3. 3 

3.4 

3.5 

3.6 

3. 7 

3. 8 

3. 9 
4. 0 

4.1 

4.2 

4.3 

0. 00001 

5 

7 

8 
10 

13 

17 

21 

26 
aa 

0.000.11 
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TABLE YII. 

Containing log (1 + .002606 cos 2.l): 
Argument, A. 

i ;.. . + 

0 

3 

4 
5 

6 

10 

I 11 
12 

13 

14 

15 

102 

101 

99 

16 97 

17 fM 

18 92 

19 89 

! 20 87 
21 84 

; • 22 0. 00082 

77 

76 

75 

74 

73 

72 

71 

70 

69 

68 

Log . 

o. 00079 67 

76 66 

73 65 

70 64 

6i 63 
6S 62 

60 61 

57 60 

54 59 

50 58 

48 57 

43 56 

39 55 

36 35 54 

a1 :n r,,1 

38 28 52 

39 24 

40 20 

41 16 

42 12 

43 8 

44 4 

45 . o. 00000 

~1 

511 

49 

48 

47 

46 

4ii 

TABLE VIII. 

C011taining log [ 1-Jl00089G 
(r'-r)]: Argument, (r'-r). 

15 58 

16 62 
17 66 

18 70 

19 74 
20 -0.00078 

35 136 

36 140 

37 144 
147 

151 
-0. 00155 

TABLE IX. 

Containing tke tension of aqueous vapor in sat
urated air, f, according to Regnault, expressed 
in inches of mereury, with t in degrees Fahren
lwit as an argument. 

1 t Tension. 

.Inches. 
0 o. 043 

1 0. 045 
., o. 048 

3 ! 0.050 

4 0.052 

5 o. 054 

6 o. 057 

7 o. 060 
8 0. 062 

9 o. 065 

10 o. 068 

11 o. 072 

12 o. 075 

rn o. 078 

14 0.082 

! 15 o. 086 

l6 

17 
·, 18 

19 

20 

21 

i 22 

23 

24 

o. 090 

o. 094 
o. 098 

o. 103 

0.108 

o.u:i 
0.118 

0.123 

O.lW 

Tens.ion. t i Tension. , 

.Inchea. 0 Inch ea. 
25 0.135 50 0. 361 

26 0.141 51 ! 0. 374 

27 0.147 52 0. 388 

28 0. 15.1 5.~ o. 403 

29 o. 160 :ii 0.418 

30 0.167 55 . 0. 4.13 

31 0.174 Gil 0. 449 

32 0.181 57 0.465 
33 0.188 "8 0. 482 

34 0.100 59 0. 500 

35 o. 204 60 0. 518 

36 0.212 61 o. 536 

37 o. 220 62 0. 556 

38 0. 229 63 0. 576 
39 0. 238 64 o. 596 

40 o. ~48 65 0. 617 

41 

42 
43 

44 

o. 257 i 66 o. 639 

o. 662 
o. 685 

o. 708 

0. 733 

o. 758 

0. 784 

o. 811 

o. 839 

45 

46 

47 

48 

49 

o. 267 67 
0. 277 68 

0.288 69 

0. 299 70 

0. 311 71 
0. :323 J 72 

0. 335 73 

o. 348 74 

TABLE X. 

Tension. 

0 bichea. 
75 o. 868 

76 o. 897 

77 o. 927 

78 o. 958 

79 o. 990 
80 1. 023 

81 1. 057 

S2 1. 092 
83 1. 128 

84 1.165 

85 J. 203 

86 1. 242 
87 1. 283 

88 1. 33'2 

89 1. 366 

90 1. 410 

91 

92 
93 

!14 
95 

96 

97 

98 
1)9 

1. 455 

1. 501 
1. 548 

1. 597 

1. 647 

I. 698 

I. 751 

1. 805 

1. 861 

Contain'ing the tension of aqueous vapor in satu
rated air, .f, e.rpressed in millimeters of mercury, 
u:ith tin degrees Centigrade as an argument. 

-----~---.-~i- I i1 I . 11 1 • i 
t , Tension. l t Tension. 1 t , Tension. '· t , Tension. ) 

-~1~:,_~;--::-Ji-o-1i-:.-:-!l-o- 1 --:nm I 
.-18 . 1.08 4 3.39 1+10 9.17 :

1
+24 22.18 

: 11 / 1.11 a a. oo I! 11 1 9. 19 · Ii 2;:; 23. oo I 

~ 1 t~ ,: l rn , 11 
1 ~~ 1 E ~~ I 

12 1.77 2 5.30 16 13.54 I 30 31.55 

11 1. 92 a 5. 69 : 17 uA2 )

1 

a1 aa. io 

IO 2. 08 4 8. 10 18 I 15. 36 : 35. 36 

1 ~~ I 1 g I ~ EE I = ;~ 
- 5 3.13 Ii+ t 8. 57 1:+23 20. 89 I +37 411. 77 I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE XI. 

Containing A=G0521J; (l+.001017x31JO) log~:): Argument, R. 

Jl 

: birhl'ff. 
11. 0 

11. l 

ll. 2 

11.:l 

11. 4 

ll. ,; 

11. 6 

11. 7 
11. 8 
11. 9 ' 

12.11 

12. I 

12. 2 

]~. 3 

12. 4-

12.;) 

11.6 

12. i 

12. 8 

12. 9 

A 

Peel. 
27, 3.16 

ZI, 090 
26, 846 

26, 604 

'26, 364 

26, 126 

25, 890 

25, 6f'6 

25, 424 

25, 194 

24, 966 

24. 740 
!N, 516 

24, ~94 

24, on 
2:,, 854 

2:J, 6:17 

23, 42J 

2:1, 207 

22, 995 

2:!, 7M!i 

Dift: for 
. 01 

Feel. 

-24.6 

24.4 

~4. 2 

24.0 

23. R 

23.6 

23. 4 

23. 2 

~3. 0 

22.~ 

2'2. 6 

2'.!.4 

22. 2 

2~.1 

21. 9 

21. 7 

21. (; 

21. 4 

21. 2 

11 

111cl1u. 
16. (I 

16. I 

16. 2 
lti. :J 

lU. 4 

16 . .!) 

16 () 

16. 7 
16. 8 

HUI 

17. 0 

17. 1 

17. 2 

A 

Fur. 
17, 127 

16, 958 

16, 789 

16, 621 

J!i.4,-A 

16, 288 

16.124 

15, 961 
i:-1, 79t! 

Vitt for 
. 01 

Feet. 

-lG. !I 

16. 9 

16." 
16. 7 

](i. 6 

16. 4 

16. a 
rn. :! 

Hi.~ 
15, 636 16. 0 
1;., 476 Hi.() 

]ii, 316 
15. ij 

Jfl, 157 
};i.1' 

14, !199 l•\. 7 
14, H4~ 

fl 

lnclies. 
21. (I 

:!I.I 

21. ~ 

:!1. 4 

:n.:; 
21. jj 

~l. i 

~l." 

21. !I 

~2. 0 

2!!. 1 

Peel. 
9, 71i; 

!l, :i89 

u. 4Ul.J 

H. :13:! 

n, 204 

9. 07i 

8. fJ:JJ 

l-1, 82?"1 
8, 700 

Iliff. for 
. 01 

Feet. 

--12. 9 

12. 9 

12. ~ 1 

12. 8 ' 

12. i 
12. 6 

1~. 6 

12. 5 

1:!. 5 

12. 4 

1:!. 4 

12. :J 

12. ~ 

12. 2 
1•1 •) 15. li 

14, 68(i 
15.:; 12. I 

14,:i:U l<'i.4- 2:!.G "i1 i1':' 12_
0 

~- 451 
R 327 

8, 2114 

R. O!l2 

7, !l60 

7, 8:1~ 

1.i, 3Ti 22. 7 7, ;j97 
l:J.4- l:!.(l 

H. 2:!:1 2:!. ~ 7. 4i7 
1:..:1 ll.!I 

14, U71J 2:!. H I, :~;;r: 
21. 0 1:;. ::! 11. 9 

17. :1 
17. 4 

17 .. -. 

17. 6 

17. 7 

Ji. 8 

17. n 

20
. 

9 
18. ll J::, 91>' 1". I ~:!.II 7. 2'.!H ll. ~ 

22, 576 
20

_ 
8 

18. J 1:1, 767 i:;, 
0 

2:!. 1 7, 121 ll " 
22, 368 18. 2 13, 61' ~3. 2 7. 004 . ' 

13. 3 22, 162 2(), 
6 18. :J l;J, 468 !4. !I 2:J. :J 6. 887 I 1. / 

13. 4 21. 9,;s 
20

· 
4 

l>'- 4 1a. :irn 
14

' 
9 

n. 4 6. 110 
11

· 
7 

13. 0 

13.1 
13. 2 

13. 5 21, 757 
211

' 1 18.;; l:l.172 H. 
7 

2:l. ~ 6. 654 ll. (i 

13. 6 21, 557 
20

· O 18. 6 13. 02.'; H. 
7 

2:1. Ii 6. :;:1~ l 1. 
6 

13. 7 21, 358 !9. 9 18. 7 12, 8711 H. (i 23. 7 6. 42;1 ll. ;, 
19. 8 14. (i u." 

rn. s 21, 160 1 R. 8 12, i3:1 n. 8 6, 3oR 
13. 9 20, 962 l!I. 

8 
18. 9 12, 589 l4. 

4 ~3. 9 6. 194 l l. 
4 

19. 7 14. 4 11. 4 
14.0 2.0,76fJ 19.5 19.0 12,44f> 14.:i 24.0 6,080 11.~ 
14.1 20, .wo rn. 1 t:!, ao2 24. l ;J. 967 ll. 

3 
14. 2 20, 377 ID. 

3 
. J 9. 2 12, 160 

14
' ~ 24. 2 5, 854 

J4, 3 .· 8-0 19. 1 14. 2 11. :i 
20, 1 I lS. 9 19.'3 12, 018 l4. l 24. ;J 5, 741 I I. 2 

14.4: 19,997' 19.4 Jl,877 24.4 ,;,629 
14. 5 ' 19, 809 : 

18
' 
8 

19. 5 11, 737 l4. 
0 

24. 5 5. 518 ll. 
1 

14. 6 19, 1123 lB. 6. 19. 6 IL 598 l:t 9 , 24. fi 5, 407 . ll. l 
14. 7 19, 437 ]8, 

6 ' 19. 7 11. 4:;9 l:l. 9 
;l4. 7 :;, 2116 ll. 

1 

14. 8 19, 252 lS. 5 19. H 11. 321 !3. b 24. 8 5, 186 ll. O 
18.4 13.1 10.9 

14. 9 19, 068 18. 2 19. 9 u, 184 .J:J. 7 24. 9 5, 077 10. (I 

15. 0 18, 886 lS. l 20. 0 I I. 047 la. 0 25. 0 4, 968 IO. II 
15.1 18, 705 20. 1 10, 911 2f>. 1 4, Sf>9 

~o u5 ms 
15. 2 18, 525 

17
_ 
9 

20. 2 10, 776 rn. 
4 

2.'U 4, 751 IO.~ 
15. 3 18, M6 

17
. 
8 

20. a 10, 612 
13

. 
4 

2~. :1 , 4, 64.1 to.~ 

15. 4 18, 168 l" 
6 

20. 4 JO, 508 l:t 
3 

25. 4 4, 535 IO _ 

15. 5 17, 992 l;~ fi 20. 5 101 37.J 
13

_ :! 25. 5 4-, 42A 10:; 

15.6 17,817 20.6 10,242 Ia.
2 

25.6 l 4,321 
15. 7 17, 643 , l7. 4 20. 7 JO, 110 2,'j, 7 : 4, 21!\ IO. 

6 

17. :1 13. 1 ' 10. 6 
15. 8 17, 470 17. 2 20, 8 9, 9i9 13. l 2;;. 8 i 4, 109 10. 5 

15. 9 17, 298 -17.1 : 20. 9 9, 848 -la. 0 ' 25. 9 ! 4, 0-04 . -10. 5 

~-16_._0 __ 1_1_. 1_2_1~• _ _L_~~~-~~~:~ _____ 26_. 0~1 _a._899_. 

S. Ex. 49--34 

htchP&. 
20. 0 

26.1 

26.2 

26.:I 

26.4 

26.5 

26. 6 

~'6. 7 
26.8 

26. 9 

27. 0 

27.1 

27. 2 
~7.3 

~7. 4 

27.5 

27.6 

27. 7 

::!7.8 

11. 0 

28.0 

2K J 

2K2 

28. a 
28. 4 

28.;) 

28. 6 

28. 7 

2R8 

28.9 

29.0 

~'9.1 ' 

29.2 

29. 3 

29.4 : 

29. 5 lj 

29. 6 

29. 7 

29 8 
29. 9 

3().0 

30. l 

:10.2 

oo. a 
30. 4 
30. 5 

30. 6 

30. 7 

30. 8 

30. 9 

31. 0 

A 

Peet. 
:!, 899 

:I, 794 

:1,69{1 

3. 586 
a. 4g:; 

3, :!811 

3, 277 

3, li5 
!I, 073 

2, 871 

:!, 770 
2, 670 

2, 570 

2, 470 

2,371 

21 272 
2, 173 

1. 977 

1.880 

1, 783 

1,686 

1, 589 

1.49:1 

1,397 

l, 302 

1,207 

1, 112 

1, 018 

ll'H 

830 

736 
64.1 
55-0 

458 

:166 
27-l 

18'J 
91 

()() 

-91 

181 

271 
361 

451 

540 
629 

717 

805 

-893 

Diff. fol' 
. 01 

Feet. 

-10. ,; 

10. 4 

10 4 

JO. :l 

111.:1 

10. J 

rn. 2 

IO. 2 

.10. 1 

10. l 

10. l 

HI o 
JO. 0 

10. ll 

RH 
9. H 

9. !I 

9. ~ 

Rf! 

9. 7 

!I. 7 

!J. 7 

9. 7 
9.6 

9.6 
9.5 

9 .. ~ 

9. 5 

9.4 

9.4 

9. 4 

9. 4 

9.:1 

9.3 

9.2 

11. 2 
9.2 

9. 2 

9.1 

9. I 

9.1 
9.0 

9.0 

9.0 

9.0 

8.9 

8.9 

R8 

8.8 
-8.8 



 

266 REPORT OF THE SUPERINTENDENT OF THE 

TABLE XII. 

Giving the tensions of aqueous 1·apor, G, by Glaisher's tables, and the d(fferences, G-R, betu·een 
Gla,isher's tables (tnd Regnault's formula: Arguments, t and f-'-t1• 

t-h 

4 

9 

10 

11 

G G-R G G-R G G-R G 

Inches, Inche8. Inclic1. Inches . 
. 068 . 000 .108 . 000 .167 . 000 . 247 

. 046 -. 008 . 07~ -. 019 .140 -. 009 '226 

. 031 . 000 . 051 . 025 . 116 . 014 '207 

. 021 -. 006 ' 03-1 '026 ' 096 • 017 ' 189 

. 012 ' (}()<) ' 024 . 020 . 080 . 015 . 172 

' 016 . 013 ' 066 ' 012 ' 156 
. 010 -. 004 . 055 -. 005 . 142 

. 006 '04;; +. 002 '129 

. 003 ' 037 ' 010 ' 111 

' 031 +. 021 . 106 

. 025 '096 

. 02 

12 '· ........ .. . 016 

. 01;; 

. 010 

. 007 

. 087 

'078 

'068 
'058 

'048 

13 

14 

15 

G-R 

.000 

+.001 

. 004 

G 
I 

: G-R 
i 

---i-~-

lnchea. ! 

. 361 . 000 
I 

. 334 i -. 001 

. 309 . 000 

• 008 • 286 +. 003 

.012 .205 .007 

• 017 . 245 . 011 

. 024 : . 226 . 017 

.'032 . 208 '022 

.040 .191 .029 

.049 .176 .037 

, Of>S • 162 • 045 

.067 

+.075 

. 149 • 05.'; 

'136 . 064 
.124 • 073 

.113 . 084 

.103 : +.096 

t 90° !=1000 

G G-R 

, Inches. 
. 518 • 000 

.485 '-. 002 

G 

lnchis. 
. 73.~ 

'691 
. 45:J . 003 . 651 

:i . 422 . 004 ' 613 

4 . 395 -. 001 . 576 

5 .369 +.002 .541 

6 

8 

9 
10 

11 

. 344 

.321 

.299 

.278 

. 259 

.241 
12 .224 
Ia . 2()8 

.193 

'179 
.166 

. 006 . 508 

. 011 . 476 

'017 . 446 

'023 '418 
.030' .392 

• 038 • 368 
• 047 . • 345 

. 056 • 323 

. 066 

. 077 

. 088 

• Oll9 
. lll 

.122 

·302 

• 283 

• 265 

14 

15 

16 

17 
18 

19 

20 

'154 
.142 

.131 

.120 I········ 

• 247 
. 230 

'214 
.199 

. ]85 

.172 

. 159 

• 147 

21 ............. .. 

22 ' ' ................. 
23 ............... . 

I 

G-R G 

lnchllll. 
. 000 ]. 023 

-, 004 0,968 

'007 . 916 

'009 . 867 

'010 '820 

'009 '77;. 
'008 . 732 

'006 .690 
-, 003 .650 

+· 002 .613 

'007 '578 
.014 .545 

'022 • 513 

.030, .483 

'039 

'049 

.455 

.421! 

.0591 .404 

.069 1 .380 

. 080 

. 091 

'102 

'114 
.127 
.Ia9 

24 

25 

26 
27 

,-------- ·--·-·-· 

.357 

.3:15 

.315 

.296 

.278 

.261 

.245 

.229 

.214 

.201 

28 

29 ............. .. 

30 

... .188 

'176 
.165 

G-R G G-R G G-R 

Inches. Inehllll . 
. 000 1. 411 , 000 I J, 918 . 000 

-. 009 I J. 342 -, 010 I 1. 828 -. 019 

. 015 ' 1. 276 ' 

. 0'20 1. 2121 
• 023 l.151 ' 

• 025 

. 026 

. 027 

. 027 

.024 

. 020 

'016 
. 011 : 

-.004 
+. 003 

. 012 

.022 

.031 

.on 
052 

.OM f 

.076; 
'088 ' 

.101 

.115 

.127 

.141 

.155 

.168 

1. 092 

1. 036 

o. 982 

.930 

.880 : 

.833 

. 788 

. 745: 

.704 

.665 

.629 

.595 

• 5112 
. 5.~l 

.501 

. 473 

.WI, 

.421: 

.397 

.374,' 

.351' 

.329 

.808 

. 290 

.278 

.258 

. 020 i 1. 742 

.030 1 1.660 

. 036 l. 582 

, 043 I 1. 508 

.047 ! 1.437 ! 

• 051 I 1. 368 I 

.053; 1. 301 I 

. 055 : l. 237 

. 054 1. 175 

.Oli3 1.110 l 

. 051 ' 1. 060 ; 
, 048 I }, 006• 

. 043 0. 955 ' 

'036 . 907 

.028: 

.020 I 

. 011 i 
-.001: 

+.0-09 i 

.020 i 

.032 i 

.o« I 

.056 I 

.068 j 

.081 i 

.09( ! 

.108 \ 

.121 I 

.13' I 

.861 

.818' 

'777 

'738 

. 700 

. 063 

.828 

.594 

.562 

.532 

.503 

.476 

.449 
• "24 

.401 

.• 035 I 

. 049 ' 

. 061 ' 

. 070 

. 077 

.084 

.090 

.004 

::·1: 
.0119 
. 099 ' 

.000 

.091 

.086 ! 

• 079 
.070 

. 061 

::~ \; 

.032 

.022 ,. 

-.010 . 

+·002 / 

::\· 
.043 
.088 

+.0351 
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TABLE XIII. 

Height of <t colitmn of air corresponding to a tenth of an inch in the barometer. 

Bar. 
20° 30° 350 

'Inches.: Feet. Feet. Feet. Fee!. Feet. 
22. 0 1116. 72 117. 97 119. 23 120. 50 121.llO 

. 2 , 11a. 67 116. 91 · 11s.15 · ll9. 42 120. 70 

.4: 114.64 115.86 117.10: 118.35 119.63 

. 6 ' 113. 62 114. 84 116. 06 117. 30 118. 57 

.8 112.6.1 113.S:l 115.04 116.28 117.:i:; 

23. 0 lll. 65 112. 84 114. 04 ' 115. 27 116. [JO 

. 2 ! 110. 68 111. 87 I 113. 06 • 114. 27 115. 50 

Temperature. 

500 60° 

Feet. Feet. Feet. Feet. 
123. 12 124. 45 125. 80 127. 14 

122. 02 123. 34 124. 67 123. 99 

120. 92 ' 122. 23 123. ;;5 124. 87 

119. 85 121.15 122. 46 lz:J. 76 

118. 80 , 120. OX 121. 39 122. 6~ 

117. 77 119. 04 120. :;3 1n m 

116. 76 118. 02 

Feet .. 
12K 49 

12i. 33 

126. 19 

125. 07 

12!1. 98 

7oc 8()0 

Feet. Feet. Feet. Feet. Feet. 
129. s:i 131. t8 rn2. :i:i 133. BB 135. 24 

128. 66 130. oo mt. 34 rn2. 6S 134. 02 

;27. 51 128. 84 130. 16 . J31. 49 132. 82 

126. 38 127. 69 129. 01 130. 33 131. 64 

125. 28 126. 57 J27. 88 : 129. 19 130. 50 

. 4 ' 109. 74 110. 91 

.6. 108.81: 109.97 

• 8 : 107. 89 ' 109. 05 

ll2. 09 ' 113. 29 114. 51 115. 76 117. 01 

111.15 ' 112. 33 113. 54 114. 78 116. 02 

119. 29 

llR 2i 

117. 27 
116. 29 

120. 5(l 
119. ;;:i 

11~. 52 
117. 32 

J22. 90 lt-1. HI 125. 47 120. 77 128. 06 129. 36 

121. 84 123. 12 124. 40 125. 6S 126. 96 128. 25 

120. 80 U!. 06 12:J. 33 124. 60 : 125. 87 127. 15 

119. 77 121. o~ 12'l. 29 123.:;;; 124. s1 126. 07 
118. 77 120. 01 121. 26 122. 51 123. 76 J25. 01 110. 21 ' 111. 38 112. 59 113. 81 115. 05 

24. o 107. oo . 10s.14 109. 29 110. 46 111. 65 112. 87 . 114. 09 115. a2 116. 5;; 111. 78 119. 01 120. 25 121. 49 122. 73 123. 97 

. 2 106. 11 107. 2s , 108. 39 : 109. 55 ; no. n 111. 9:J · 113. 1s 114. a< 115. 51< · 116. 8J 11s. o:.i 119. 25 120. 49 121. n t22. 95 

• 4 105. 24 106. 37 107. 50 108. 65 109. 82 111. 02 ' 112. 22 113. 4;3 ll4. 6:1 115. 85 117. 06 118. 28 119. 50 120. 72 121. 94 

.6 104.39: lOJ.50 J00.6:1 107.77 108.93 110.11 111.31 112.Zil ll:l.70 114.91 116.11 117.32 118.53 119.N 120.95 

. 8 103. 55 104. 65 105. 77 106. 90 108 05 109. 23 ' 110. 41 111. 60 ll2. 79 113. 98 lJ;;, lb 116. 37 117. 57 118. 77 ll9. 97 

25. O 102. 72 103. 81 104. 92 106. 04 107. 19 108. 35 109. 5:1 110. 71 lll. Sil 113. 07 114. 25 115. H 116. 63 117. 82 119. 01 

. 2 101. 90 102. 99 104. 09 105. 20 106. 34 107. 49 108. 66 109. ~:! 111. 00 112. 17 113. 35 114. 32 115. 71 ll6. !!9 118. 07 

. 4 101. 10 102.18 103. 27 104. ~8 105. 50 106. 64 J07. 80 108. 9!i 110.12 lll. 29 112. 45 Ji3. 62 114. 79 115. 97 117. 14 

. 6 JOO. 31 101. 38 102. 46 : 103. 56 . 104. 67 105. 81 106. 96 108.11 JOH. 2!i 110. 42 111. 58 112. 74 113. 90 115. 06 116. 22 

• 8 99. 53 100. 60 101. 67 102. 76 103. 86 104. OU 106. 13 107. ~7 108. 41 109. 5H 110. 71 111. 86 113. 01 114.17 115. 32 

26. 0 98. 77 

. 2 98. 01 

99. 82 100. 89 1 101. 97 : 103. 07 104. 19 105. 31 106. 45 107. Z\8 108. n 1011. ~6 111. 00 112.14 113. 29 114. 44 

99. 06 i 100.12 ' 101.19 : 102. 28 103. 39 JO!. 51 105. 04 106. 76 107. 811 109. 02 110. J5 111. 29 112. 42 113. 56 

.4 97.27 98. 31 99. 36 100. 42 101. 50 102. el l03. 72 104. 84 JO:>. 95 107. 07 108. 19 J09. 32 110. 45 111. 57 112. 70 

.6 96.54 

.8 95.62 
97. 57 98. 61 , 99. 67 100. 74 101. 83 102. 94 104. 05 105. J6 116. 27 lOi. 38 108. 50 109. 61 110. 73 111. 86 

oo. 84 97. 87 98. 92 oo. 99 , loi. os 102.11 103. 21 104. 31 loa. 48 io6. as 101. 69 los. so 109. 91 ni. 02 I 

~'7. 0 

. 2 
• 4 
.6 

. 8 

95. 11 ' 96. 12 : 97.15 . 98.19 ' 119. 25 

94. 41 95. 42 96. 43 97. 47 118. 52 

100. 33 101. H 102. 51 , 103. 60 ·104_ 70 

99. 60 100. 67 101. 75 : 102. 84 10:1. 9'2 

105 79 106. 89 107. OU 109. 09 110. 20 

J05. 01 106. LO ' 107. 20 ' 108. 29 109. 39 

10-l. 25 105. 33 J06. 42 107. 50 108. 59 

103. -19 104. ii7 10;;. 64 106. 1i 107. 80 

102. 75 10~- 81 104. 88 105. 95 107. 03 

93. 72 91. 72 95. 73 96. 76" 97. 80 98. 86 99. 93 101. OJ 102. 09 103. li 

93. 04 94. Oil 95. 04 96. 06 97. 09 98. 14 99. 21 100. 28 : 101. 35 102. 42 

92. 37 93. 36 94. 35 95. 37 96. 39 97. 44 98. 50 99. 56 I 100. 62 101. 68 

28. 0 

.2 

.4 

. 6 

91. 71 92. 69 
9J. 06 I 9'!. 03 

00. 42 ! 91.39 

89. 79 90. 75 

93. 68 94. 68 : 95. 70 

93. 02 . 94. 01 95. 02 

92. a6 ' 93. 35 94. as 

91. 71 92. 70 93. 611 

96. 74 

96.06 

95. 38 

114. 71 

97. 79 98. 84 

97.10 98.14 

96. 41 97. 45 

95. 74 ' 96. 7~ 

99. 90 100. 95 10:?. 01 J03. 07 104. 13 105. 20 ' 106. 26 

99. 19 100. 24 : 101. 29 . 102. :14 10:1.40 : 104. 45 105. 51 

9". 49 9<J. 53 100. :;8 lOl. 62 , 102. 67 ' 103. il J04. 77 

97. RO 98. 84 . 99. 87 100. 91 
1 

101. 95 102. 99 104. 03 

. 8 89.17 i 90. 12 91. ~B 92. 06 93. 05 94. 06 ' 95. 08 96. 10 97. 12 98. 15 i 99. 18 100. 21 101. 24 102. 28 103. 31 

29.0 i 88.55: 89.49 

• 2 87. 94 : 88. 88 

. 4 87. 35 88. 28 

6 ' 86. 76 "'· 68 
.8 86.17 87.09 

30. 0 85. 60 

.2.85.03 

.4 84.47 

. 6' 83.11'2 

.8 83.38 

86. 51 

85. 94 

85. 38 

8-l.83 

84. 28 

90.45 91.42 
89. 83 : 90. 79 

89. 2'2 I 90. 18 

88. 62 i 89. 57 
88. 02 : 88. 96 

92. 40 93. 41 Pt 42 : 95. 4-4 
91. 77 ' 92. 77 : 93. 77 94. 78 

91.15 

90. 53 

R9. 92 

92.14 93. 14 

91. 51 : 92. 51 

90. 90 ; 91. R9 

94.14 

93. 50 

92.87 

~~ •n •• oo.~ nn •~ 
•85 nTu •n, •oo ·90.66 n~ 

a28 K~ 86.IB: ~IO 90.00 RM 

~n -~- n$ •• an' oo.u 
•U. 86.U ~- ~M 8890: am 

96.4S 

95. 79 

95.H 

94. 50 

93. 86 

93. 24 

92. 6.1 

9:?. O:l 

91. 43 

90.83 

97. 47 ' 98. 49 !l!l. 52 100. 54 101. 57 10"2. 60 
90. 81 97. 8! . 98. 84 !l9. 86 ' 100. 88 . 101. 90 : 

96. 15 : 97. 15 98. 16 1 99. 18 100. 19 JOI. 20 

95. 50 : 96. 50 ' 97. f>{J i 98. 51 

94. 86 95. &5 ' 96. 85 ' 97. 84 
i 

94. 22 

o:i. oo 
92. 99 

9'2. 38 

91. 78 

I 
95. tl 1 96. 20 

114. 58 115. 56 

9:1. 96 ' 94. 9:l 

93. 35 I 94. 31 
92. 75 ' 93. 70 

97. HI 

96.55 

95. Ill 

95. 28 

94.66 

99. 51 100. 52 

98. 84 99. 84 

98.18 

97. 53 

96.88 

96.t5 
95. 62 

99.18 

98. 52 
97. 87 

97. 22 

96.58 
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TABLE XIV. 

Oorrect,ion .for capilla.ry depr&isfon. 

- - - ------~------- -- - --- --- -------

i 
Heigltt of meniscus iu incheti. 

Diame'ter 
I of tnbe. 

. 005 . 010 '015 . 020 . 025 . 030 .035 040 . 045 '050 '055 .060 .065 '070 

hwl1. Inch. Inch. Inch. lw~h. Inch. Inch. Inch. Inch. Inch. Inch. Inch. Inch. Inch, Inch. 
o. 2-0 .009 .018 '027 . 03.5 '043 '050 .056 . 061 . 066 . 070 ........ -·-····· 
. ~l 8 15 22 29 3,; 41 46 51 55 59 . 063 ........................ 
.:!! 12 18 24 :.!D 34 30 43 46 49 52 . 055 ---·--·· ---···· 
. 26 10 J;j 20 24 28 33 36 39 42 4i 46 ........ ········ 
. 28 l!! tu 20 24 27 30 :J2 35 37 39 

.:m lU 13 17 20 23 25 27 30 32 33 . 035 . 030 
3'' 6 9 11 14 17 20 22 24 26 28 29 31 32 

.:J.! ;) 8 9 11 14 17 19 20 22 24 25 26 28 

.36 10 12 14 16 17 18 20 21 22 23 

. a8 ti 11 l~ 14 15 16 18 19 20 20 

.40 10 ll 12 14 15 16 17 18 18 

4" JO 11 12 13- 14 15 16 16 

'44 :i 4 10 12 12 13 14 14 

. 4ti 2 8 10 10 11 12 12 

'4~ 4 6 8 9 10 10 

'5() 3 6 8 9 

. 52 2 3 6 7 s 

.5l 3 4 5 5 6 6 6 7 

0.56 . 001 . 001 .002 .002 .003 '003 .004 . OO·i .005 .005 .006 ,006 .006 .006 

----~------·-- - ---

[END OF THIRD PART.] 

ERRATA IN PART II. 

The followiug errors have been detected and communicafod by Dr. A. Sprung, of Hamburg, Germany; 
112, eq. (1), for 2(ncos1,b+v), read (211c1lS1/i+v). This makes the small term depending upon e, in§ 11, eq. 

(11!) vanish. 
§ 3, eq. (Ii), for cos <p, read 11 cos <p. 

~ 91, eq. (a), for 2uv, read uv. 
§ 96, fifth line from bottom of page. for gdli, read gD.h. 
§ 100, eq. (v), supply first member h1• 

§ 100, eq. (w), for 1796, read 1996. 
§ 10'..l, table, for the numbers in the second column, road ... , 180, 275, 2!J7, 302. 
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ImRATA TO APPENDIX No. 11-COAST AND GEODETTC RTTRVEY REPORT 
J<'OR 1881. 

Page 27.J, line 43 from t-0p, for "Moelius" read "Mobius." 
Page 280, line 8 from top, for" up" read "rip.'' 
Page 290, line 34 from top, for "Fog" read "Fox." 
Page 29:l, line 44 from t.op, for "600,000" rea.<l "630,000.'' 
Page 300, line 23 from top, for "light" read "bight.": 
Page 312, line 7 from fop, for "welks" read "whelks." 
Page 312, line 10 from top, for" welks" read "whelks.'' 
Page 330, line 3 from top, for "sncctll!Ri ve" read "Ruccessful." 
Page 331, line 2 from top, for "in" read "the." 
Page 336, line 28 from top, for "welks" read "whelks." 
Page 336, line 28 from top, for "ci11ert1U1" reacl "cinerea.'' 
Page 336, line 36 from top, for "cinere11,<i" read "cinerf'.a." 
Page 336, line :r; from top, for "welk" read "whelk." 
Page 336, line 38 from top, for "welk" read "whelk." 

'Page 336, line 40 from top, for "welks" read "w helkN." 
Page 345, Appendix A, area Clnmp Point., for "382,000'' read ":l82,500." 
Page 345, Appendix A, area. Horeey's Bar, fer "20'.t,OOO" read "202,500." 
Page 345, Appendix A, area of Cow and Calf, for "29'..l,000" read "292,500." 
Page 345, Appendix A, area Cedar, for "337,000" read ";):l7,l>OO." 
Pages 362 and 363, Appendi:s; E, for "Monroe" read "Mmnoe," and for "analysis" 

read ''analyses" wherever ooonrring. 
Page 362, .Appendix E, line 6, for '' furnish88" read '' ftu'nish." 
Page !52, Appendix E, insert at head of table "parts in 1,000,000 of water." 
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APPENDIX No. 11. 

REPOKf 0:\ THE OYSTEH BED:-; OF THE .lAMEI" RIYE:tl. YIRHINIA, A!\fl OF 'L\Xf:IEH .\i\'l> POCOMOKE 
,._o~:NDS, MARYLA!\1> AKD \'TIWIKIA. 

Hy FHAN< 'I~ 'VlX:-.31AO"'\.V, ~I.aster \.J. ~. NnY.v:o> A~si~taut c~oast :tucl (-:i--po(l(--~tic S111•vey .. 
Co1-nn:1andi 114!' Schooner :J:)alin uru:o-;. 

PIU<Jt'.ACE. 

l u editing thf• following reports, it has bee11 my enrleavor, while 1n'eser\'i11g· the origfoit l form 
aud design, to omit such matters as wouhl be of no interest to tlle puhlit:, hnt wltid1 were properly 
commnnicated to tl1e Superi11tt•1Hle11t of the Suney. Of snch a character I ha Ye c011l'iiderPd the 
history of the work, in so mucll as it related to the diftienltie,,; e11couutered in it" prost•<:11tio11, and 
the variont\ reco111111e11dations as to special matters conncctetl willi futnre operation:-;. 1 ln1n• also 
considered that the same minutcuesi:; of dc:,;cription, either of metlH11ls 01· results. whieh was mani. 
festly proper iu a report tom~· superior, would be unnceessur.r in a papei· intended for general cir
culation. I bani, therefore, in some parts, condensed the reports consitler11bl,r, thong-\1 al\\"ays with 
ca1·e that the reader sltonld experienet> no difficulty in following the stP]lR b~· whicl1 I reached au.\· 
conclusion. 

In the inanuscript report;; autl i11 let.ters to tlw Jat-0 Sui~riutendeut, I ha\·e frequently testified 
to the kindness a.ud assistance rendered me by tlm inhabitants of Crisfield, Md., aud of the shores 
of the sounds, and I wish to again express, in a more public manner, my appreciation 'of their efforts, 
and especially my indebtedness to M:r. T. S. Hodson, the collector of the port. M~· thanks are also 
due to the members of the .Tohns Hopkins Zoological School, to Prof. B. V. l>.ainl. Uuited State;;; 
Fish Commissioner, to Mr. T. B. Ferguson, Ma1·~·Iaud Fish Comnm;sioneri to ~ll'. H .. T. llietc>, and 
Mr. W. H. Dall, and especially to Dr. W. K. Brooks for assistance rendered mt>. 

As such success as has attended m;y labors in tllis field is largely <lne to the zealous and pffi. 
cient co-operation of my brother officers and eompanions on board the Palinurus, [ lrnw felt it their 
due that their contrihutious t.o the results should be known. I haw accm<lin~ly pre.fixed to e~wh 
report the names of my assiRtanti;; and ha Ye specified those portions of tlle work for whieh tbes are 
in a measure responsible. 

I regret tbat it is not iu my power to more aclequately expre:ss my appreciation of tile zeitl arnl 
miergy tbey displayed, the arduous nature of their labors in the field, and the good jndgment they 
showed in the compilations assigned them in t11e offiee, a,ud while it is difficult to make a distinction, 
I teel my indebtedness to Master H. H. Barron, U. S. N .. , to be greater tha11 to irn;r other one con
nected with the investigation. 

INSTRCCTIONS. 

FRANUlS WINSLOW, 
Lieutenant, U. S. K. 

Tbll instructions of the Superintendent, <late<l August 2, 18781 directed that tlw iuvestigatiou 
of the oyster beds should include the following: 

· 1. The determination of the positions and areas of the oyster beds of the Chesapeake and its 
adjacent wat.ers and the depth of water over them both at high and low water. 

2. The determination of the character of the heds ; whether natural or artificial ; whether the 
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o,ysters were spread all over a giYeu area, or grew in clusters of large or small size, or were scat-
tered singly or in small groups. · 

:t Tht· !leterruiHatfon of the temperatures of the surfitce and bottom water at each locality 
and th!.' v1·locities of the currents. 

4. '1'11e preservation of specimeus of oyster8 of different age8, from each locality! and speci
mens of the bottom arnl bottom water. 

;;, The th"tNmination of the existence of any deposit of mud or other earthy or vegetable 
material a!l(l the deter1uiuatio11 of tht> character of the bottom beneath the oyster beds. 

(i. Tlic tletermi11atio11 of the source of tli_e sediment if any was deposited and the means of 
diretti11g· it, if i11jnnon1', away from the lieds. Also to determine whether ice ever rested on the 
be!fa and so dt».;troyetl them. 

7. The determirwtiou of tlu• !leu:sity of the water, with special reference to the quest.ion of dis
placement of t lll' salt water by tht> fresh water from adjacent streams and rivers. 

'l'ne Superiutemlent also desirml that the examination should, at first, be confined to a limited 
area all(i wa<lr, PXlrnnstiw. Snbseqnently the investigation was to be extended as far as the means 
at the !lio-;JH>sal of the SmTe.Y mmld permit. 

Tlte i11:-;tnwtiom; \H~IT receirnd on tlw 3<1 August, 1878. On the 7th of that month the vessel 
s~ile<l frou1 Baltimore, '.\Id .. to ext><:nte them, aud the party remained actively in the field until the 
Litl1 Octol1<>r, "·lieu the season dosed. As the im·estigation was novel in design and execution, 
aud as tlw ditfa;nltfos Cll(\Onutere1l h,v the party were nu\inly due to the absence of all experience 
awl preYions exertiom; iu the same field, I have thought it best to preface the account of the results 
of onr labor,.; b~· a ,.;lwrt 1lcscriptio11 of tlw method,,; employed in making the several determinations 
1·i~q uir<~!l by my i nstrnetious. 

METHOD OF CONJH'CTING THE INYJ<.:;STIGA.TION. 

Tl1e exarninatioll of tlie different beds was carried on in the following manner: 

1,-DELI:XEATION OF THE BEDS. 

Tl1e senices of au oysterman of experience, and who was well acquainted with the localities 
of tile ditfrre11t l1ecls, was first obtained; the Yessel was then anchored in such a position as to 
enable h1•r 11:-;e as 011c of the points fo1· angling upon, and her position carefully fixen by sextant 
auglP>:< upon all points i·pcoguiz;~ble upm1 the chart. At the same time angles were taken upon any 
ohjPd that might he m:pfn] snbseqnentl~· in fixing positions, either of the boats or schooner. By 
cHT'l',Ying fonrnrd our owu points in that manner it was possiule t-0 dispense with signals, the 
erl·ctio11 of' whi1,J1 wrrnld harn oee;tsioned much delay and the sacrifice of time and Ia,bor, to procure 
an n1111ecessary <legree of aeenracy. The boats then ran traYerse lines, more or le~s open, over 
t ht> adjacent lw!is, t Jin :-;i:--:e of the interior angle and the length of the fine tlependiug upon the 
s11 Jl!HlSP!l size <I llfl character of the bed; our general method was to work with the tide and endeavor 
to crnss the lim·s m; we retnnwd oYer the ground. The "oyster pilot" was sent in one boat and 
one of the ship' . ., com pan,\·, who was an {)Id oysterman, was sent in the other. They were provided 
witl1 poles, whid1 ~n·1·e marke<l to feet, and continually probed aud examined the'bottom a.s the 
hoat passed on•r the luw. The depth of water and character of the bottom were recorded as in 
ordinary hy<lrogTaphic /'\111'\'P,\'S. Tim position of the boat was frequently e.scertained by sextant 
angle", but as the "points" were not always well defined, two angles were not considered sufficient, 
arnl angles on :tll prominent ol:\jects were taken. Occasionally, when in proximity to the schooner, 
mast-head angleH and bearings were used for ascertaining the position of the boat, and in a few 
cases the bearing and uistance of some well-<lefi1ted point of land was estimated • 

.At intervals the boat was auchored, her position fixed, and ~pecimens of oysters, bottom, and 
water obtained, and the temperature of the air, and surface and bottom water, observed; the 
character of the 1-;nbstrat um of the bottom was also noted, and the set and velocity of the current 
recortled. 'fhe obHcrvations fo1· at<certaining the character of the bottom beneath the surface and 
those for romperature were more frequently made than the others, and the current was measured 
only at such points as would give a fair idea of the genera.I ~t of the flood and ebb tides; but 
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whenever an oyster specimen was taken, all the obser\'ations, with the exception of thosl' for 
strength and direction of current, were made. Only geue.ral instructions <'ould be gin?ll as to tiH• 
points on the beds where it was desirable to obtain spP.cimeus of any ki11d, or ob,;errntion,; for 
temperature or character of bottom, and much waK necessarily left. to tlte <liscrntion of thi~ offict>r 
of the boat, not only with regard to those poiuts but also a:-1 to the general 1leli11eatio11 of the herh;. 

So far as it went the work was satisfactory, but there were thl'ee g-reat 1lmwliaek.s to tl:e lit"><; 
of the boats, viz: The time and labor necessary to effect an~·thiug with them, th1· i11aliili!y to Ui'iP 

the pole with any accuracy in depths over three fathoms, and the failure of the pole to dis<'m·er au.'· 
thing but the solid beds. We attempted to use with the boats a snrnll an!l lii-dit dredg«· made 
especially for us, but fonud it impracticable, the largest boat, when under oar:-:, foll,Y 11nm11ell, or 
when under sail in a stiff b!'eeze, being unable to tow the dredge or eYen to moYe it: (~onseqtwntly tlw 
boats were useless for collecting any information, except o\·er solid beds in le8s th:rn thrt>P fathom:-: 
of water. 

To define the limits of those beds lying in deeper water and of tl10se not Pntirel~- sotid, or 
where the oysters were scattered either in groups or singly, recourse was had to dn;!lging with the 
schooner, using an ordinary oyster dredge of 36 inches width aud with twelrn tet•tlt. This method 
was found to be so much more satisfactory in all respects, that all the boat. work, wlleneYer it was 
possible, was supplemented by dredging lines run by the schooner. TraYerses "-em made as wiU1 
the boats, and observations for ascertaining the character of tlic bottom, both of the surface and 
substrata, observations of temperature, and the selection of the Yarious specimen1', wen• carried on. 
The position of the vessel, however, was more frequently ascertained thau had bPen enstornary 
in the boat work. The lowest possible rate of speed was maintained that was co11.~istent with safo 
and ready manoeuvering (a matter of some difficulty), and the dredge put OYer at iuterrnls Yarying
from two to ten minutes, aud depending upon the character and extent of the hl'cl, depth of water~ 
and ability of the crew to get the drellge in, it being at times necessary to hean· the Vl't">sel to ill 
order t.o recover it. The dredge was put over from the weather side~ aud, after haYiug· dragged a 
sufficient distance to insure its bringing up a specimen, should there he auy o_yster:-1, was ltanled in 
by band. The presence of oysters on the bottom was readily detected by placing the hand ou the 
clredging rope, the uneveu, jumping motion of the dredge as it g·athere<l the o~·stt•r:; a111l :-;!Jells 
being distiuctly perceptible. The dredge was usually ou the bottom from thirty to forty.fin 
seconds, which length of time was sufficient for our purpose and sometimes eno11g·h to Jill tlie 
dredge, a catastrophe which was not desirable. Soundings were taken along- the li11e1' 1 and, with 
the character of the .bott.om, recorded. 

The following form for keeping the record was used and found to he of great Yalue: 

RECORD. 

[Date, September 5, 1878. Day-mark, 8. l:econler, S. E. Stevens.] 

Time. D<'pth. St.ation. Bottom. Dred~·. Amount in Gmund 
~- dredge. log·. Right ol~iect. 

: h. m. sec .. 
' 7 10 20 I 15 fe•t. 3 Hartl. . . Over ... 

30 ·-·-···· .. '·--····-·· ·······-·· T.aking 
11 oo !--·····-··!········· Otfbot. 

~full .....• 134t'ms. 
168 .•.....•. 

oysters. !··· ...... . 
I 

Clay lslaud ]4ight-Iltm1St- . . .. ~ Red t1'1>es,. 

Red trt·es... : Tall trt•(·:-.. 

1'1111 trees..... . . . . . .....••..... j Soloum11 's Lump Light-Uo11~P. 
--=--·....:::::::....-=...::.:-=-_·. 

1 
Specimens. i 

i Angles. j-- · -- 'l'ide. 

Tempuatnres. 

Rf':matks on o~·stenL H1•ucn1l rf•rnarks. I-:--: ':Oysteni., Bottom. Wat:~ A:r. ' Surface. Bott-0m. 

,. I Young growth and..clusters...... hard. 100 sail drt•dging t.o 

I
:!: 3 '·-·-······'····!···· ~-~~· . ... [~··· .... ~ ........ 6~·-· IAngt\ single .............. _ Prohcd: 2frct oystnH, tb»11 

28 00 .. -·~-~-.:~-~~ ~----~ j· ...................... ····:~ ~-·--_· ~-~-~---· .. , Many ~·oungantl drills; no spongt1 ~onthwartl. \\
1
iud1 S\\ ... --:t 

The number of oysters iu the dredge, the portion of the dredge filled, the character of tbe 
oysters, whether old or young, single or in clusters, large or small, the character of the parasites 
attoohed to the shells, the a.mount of grass, seaweed, and sponge in the dredge, the estimated 
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number of young smaller than the marketable size, and other pertinent remarks, were noted after 
each bani. At intervals during the day the number of dredging vessels in sight was recorded for 
reference, arnl snbsequentl,v an attempt was made to collect data for the estimation of the number 
of oysters taken in a day by Pach sail. At each anchorage the current was measured. 

Frnm the results giren h,\· m;ing the pole in the boats and the dredge in the schooner, the 
outline8 of the bells Jun-e been traced on the clrnrt, the lines defining their limits including nearl~
a 11 stations wheu the 11tnn ber of oysters was greitter than one-tenth to the square yard, and though 
in some portions of the beds, as shown on the charts, the number was less than one-tenth, ~-et 
other ciri·umstauces, such as th!• character of the bottom, the amouut of shell brought up by the 
dredg(', &c., ban~ caused then~ to he included as part of the beds. 

'l'lrn limit of scattered o,vsters can on!~· be considered as approximate, as the lines were drawn 
Yrom information recl•i\·ed from local oystermen and from such observations as we were enabled to 
make 01mmln~s. As has been already stated, the boats were unable to ascertain the positions of 
~ms I.mt the solid beds or large clm:>ters, and the schooner not being able to work in less than 8 
feet of water, onr abilit~· to determine the area covered hy the scattered oysters was necessarily 
limite1l. As that area, and indeed that of the solid beds also, is variable, changing from year to 
year, the line indosing· the 8Cattered oysters may be considered as accurate as it is necessary to 
ham it. 

'rhe mean rise and fall of the tides in the soun<ls is 80 slight (amounting t-0 2.8 foet in 'l'angie.r 
and 2.4 feet in Pocomoke)~ and generally the depth of water over the beds so great, that it was not 
eonsidere<l nec(•ssary to establish tide gauges except in one case; such tidal corrections as l1a,·e 
been applied to the sotrndiug·s IHn-e been obtaiued from the Uoai;;t Surrey Tidt> Tables. A com
pari1wn of the ril'\e a111l fall of 11H~ tides. as givei1 h_y those tables, with tltat given by a tid(' staff 
erectPtl at Clay lshrnd J,ight Hou8e, showed tl1at during tl1e months of October and No\·ernber t11e 
gre;Atest diffH·pn1:P waf.\ nine-tenths of a foot. Owing to the vernal and autumnal gale>1 the most 
considera hie departure from the usual height of the tidal water occurs at those seasons; and it is 
therefore probable that one foot will represent the maximum erro1: of the Coast Survey Tide Tables, 
and 3~ fret the maximum rise of the tide in either sound. Uonsidering the great depth of water 
O\'er the majority of the lwds, it was concluded that the slight variation in those depths caused hy 
the tides could ham lmt little influence on the oysters, arnl consequently the correction of sonnd
ing>1 excPpt in depths less than three fathoms has been neglected. 

SPECIMENS. 

The oyster specimens, 754 in number, were selected from large quantittes brought up by the 
dredge anll tongs, the endeavor beiug to take three specimens of different ages from each locality. 
One specimen of' an adnlt oyster of two years' growth or more, one of from one to two years' growth, 
and one less than a year old, were usually selected. Shells, either old or new, and especially those 
having a large number of young clinging to them, were also occasionally preserved, and though a 
tew specimerns of oysters that had been transplanted were secured in order to show the· effect of 
change of water, bottom, and depth, yet no examination of the planted beds was undertaken. In 
the selection of specimens we attempted to reser'"e such as would indicate the effect of clifiereut 
natnral cornlit.ions. At the close of the day'8 work the oyster specimens were washed in salt 
water, opened carefully with a sharp-pointed, thin-bladed knife, and the upper valve detached from 
tlie mu>1cle, and then replaced. A small wooden peg was then placed between the bills of the 
i,ihell. tlw ml ,-es tied tightly together with twiue, and the oyster wrap pell in cotton cloth of a very 
open texture. The whole was placed in alcohol. The wooden peg kept the shell open sufficiently 
to allow the alcohol access to the· ho1l_y of the animal, a.nd the cloth wrapper preventoo the destruc
tion or loss of anything of interest which might be attached t-0 the shell. Six parts of alcohol to 
four of water were lised, and to each specimen wa.<J attached a wooden label showing from when'ce 
tbe oyster came. 
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BOTTOM AND WATER SPEODfENS • 

.. The specimens of bottom were obtaiued from large amounts of sand, mud, and gravel, brought 
up hy the dredge or tongs. 'Yhen the bottom was hard, an ordinary bottom specimen cup screwed 
into a 25-pound lead was use,1, but m'er the solid beds, or where the bottom was of hard sand, it 
was n•ry difficult to obtain anything, either wit11 dredge, tongs, or lead. 

Tht> specimens of bottom water were secured h~- using the drop-water cylinders, which are 
fully described by Lieut. Frederick Collirn.;, U. S. N., Assistant Coast and Geodetic Snrrn,\-. in bis 
report on the "Densities of the \Yatero; of Chesapeake Bay aud Tri\mtaril's," publislwd by the 
S1u,·ey in tile RPport for 1817, Appendix No. 14. The cylinders worked as successfully as dnrfog 
the predous summer, and there can be no doubt that the water lirought up by them was a speci · 
men of that at the bottom. All the Hpecimens were teste<l with a hydrometer, and the rrnulings 
reduced t-0 those at the standard, temperature of 60° I~. 

SFBSTRATPJ\I OF HOTTOJ\l. 

The character of the bottom beneath the surface was roughly ascertained by means of au iron 
probe, •i feet in length, attaclled to a long wooden staff. The probe was thrust a." far as po;;si.ble 
into the bottom, and the composition and character of the substratum estimated, the di1forcnt 
constitueuts, whether sanu, 1;hell, mud, day, or gra,·el, being· easiIJ· recognized. Owing· to tlw 
velocity of the currents, the speed of the vessel, and the difficulty of handling a long staff, hnt few 
determinations of the character of the snhstratum were made when the depth of water was gTeater 
U11m ~1 fathoms. 

Cl'RREN'l'f;. 

The currents were measured hy a current meter. or by an ordinary chip log, though the latter 
was not used frequently. The position of the stations for measuring tl1e current was left to tlw 
discretfon of the officer of the ooat, bnt a sufficient number have been occupied to show the 1'et aml 
strength of the main ctirrent, arn1 the effect 011 them of the prevailing winds. 

N-Cl\rnER OF OYS'l'ERS '.l'O THE SQrARE YARD. 

The number of oj·sten; to the l-llJUare yard was found by using a ground log in connection with 
the dredge. From the informiition derived from experieneed oystermen, and from our own cxam
inatiou of those bed1; that had heeu dredged, l was of the opinion that a dredge, when of consid
eral>le size, and dragged slow l,v, 11s1rnll.v eollected ever_vthing mt\t l>y it in its course. Cousideriug 
that, at the suggestion of Mr. Rice, 1 used a"'Small ground log to measnre the distance traveled by 
the dredge. As that instrument was exactly one yard in width, it was concluded that it swept 
approximately clean one square .)-ar'l for eYery lin~ar ;yard it passed oYer. The ground log consisted 
of a small lead, a few ounces in weight, attached to a, light line. 1,000 foet long; between the lead 
and line was a length of cop[>er wire of 20 feet; t.he line was marke(l every 5 fathoms and kept i11 
a tub or on a reel ready for use; the lead was conical in shape to prevent its catching on sbdl 
clusters. When the dredge was thrown oYer the lead was dropped to the bottom and allowed to 
remain there, tlle liue running out freelJ until tl1e dredge was lifted off the bottom, when the line 
was stopped and the number of fathoms run off with the uumber of o~·sters in tbe <lredge recor(led. 
The dredge was not allowed to remain on t.l1e bottom long enongh t.o be filled, consequeutl;v none 
of the oysters were lo~t from its inability to rccefr(' them. 

Though the foregoing method was imperfect it was the best ti.tat could be devh;ed nude!' llw 
circumstances, and a similar methotl was used oy l\loelius in ascertaining the number of oysteri-; 011 

the Schleswig-Holstein bed. :From the ,-ery small number of oysters to the square yar1l, as showu 
by the metlwd, from the small number of oysters it assigns t{) the beds, and from comparison of 
the latter number with the number known to have been takeu otf t.11e beds daring our stas i11 the 
sounds, it is e"\'ideut that the ''number to the square yard" given in the recordis of the work are 
useful for comparison only; for in almost all cases the number uf o~·sters given to the squarl.' p.td 
must be considered as far below the real number. For instance, the number of oysteri-; on tbe 
beds in Tangier Sound, sout"b of Jane's Island Light-House, was estimated from the <lata of the 

S.Ex.49-35 
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recor<l given by the dredge and log to be 7,994,692, while from other observations I am positi\·e 
that at least 2,0001000 OJ·sters were taken from those beds in six da~·s at the comme11cenu"1t of 
the o.vster season. Such could hardly have been the ease Jiad there bem1 hut 8,000,000 oysters 
on the beds, allll conseqnentl,) we must regard the "number of o.n1ter8 to the square yard," as 
shown by the rnetlioc1 used, only Yaluable as establisliing an initial number aud standard hy which 
the increase or decrease of OJSters on the beds may be a8certaiued, and by wl1ich oue bed or 
locality cau lw compared with ituother. Alone, the results of the dredge and log are Yalneless. 

TEMPERATURE OF THE WA.TEH. 

It was originally intended that the temperature of the bottom water should be obtained by 
means of thermometers attached to the "drop cylinders" nsed for obtaining the speciuw11s of water 
from the bottom, ~111d six of those cylinders were fitted at the office with mercurial thermometers, 
inclosed within the spin11le upon which thr cylinder mo\·es, the bulb of the thermometer ·being a 
little a born the center of the cylinder when closed on the lower disk, aud the gradnated stem beiug 
exposed abo\re the top, thus allowing the temperature to be read within any limits that would 
probabl_y occur. 

Under the direction of the assistant in charge of the office, a series of experiments were ma<le 
by Mr. H. W. Blair, in order to ascertain the correction to be applied to the thermometers wheu 
moved through strata of water of different temperatures, aml from water of one temperature into 
the air at another. \Yith tables of correction8 derh·ed from those experiments, and with care in 
using the apparatus, we hoped to arrive at results that would be very nearly correct, but .I regret 
to say that upon the fir~t occasion when the cylinders were tried the t.Jiermometers were showu to 
he useless. 

The cylinder is closed upon the lower metal disk by means of a spiral brass spring, which also 
holds the cylinder down firmly, thus pre\'enting the escape of the specimen. The spring acts with 
considerable force, and we fouml thitt invariably the shock of the closure of the <.;up was sufficient, 
tu break the mercurial column and •prevent any reading of the thermometer. Attemvts were made 
on board the Yessel to remedy the evil b,y dimiuishing the strength of the spring, and by placing a 
rubber buffer ou the lower disk, but we were unable to prevent leakage, and subsequently the 
same difficulty was experieuced at the office. 

Owing to the failure of tbe thermometers in the water cylinaers, and the inability to obtain 
an~· a1)paratmi, at so short a notice, in time to be available for the season's work, we were forced to 
use ordinary unprotected thermometers, furnished by the Coast Survey Office, with corrections 
e11tahlished by experiments ma,de previously aud subsequently to the work of the party. The 
thermometers were fastened to a lead, lowered to the bottom, and kept there a sufficient time to 
acqnire the temperature of the surrounding water. They were then hauled up as rapidly as possi
ble a1Hl the temperature read; at the same time the temperatures of the air and surfaee water was 
noted. 

Owing to the rapid change of reading when the thermometers were moved through strata of 
different tempefature, the observations are only reliable when the temperatures of the air, surface, 
and bottom water were identical. 

As the investigation extended over so short a period of time, and .as the spawning season had 
closed before we arrh·ed on the ground, the recorded temperatures are of little interest, and have 
been omitted in the following papers. 

NA.MES AND AREAS. 

In naming aml describing the beds I have used the local names gi"·en them by the oyst.ermen. 
Tile form "rock" is with tilem isynon.vmous with "bed," as t,bey regard only the solid porlious of 
the area co\·ered by the oysters. In the following pages the term" rock" indicates the solid, or 
approximate!.'' solid, portions of the bed. Areas are given in feet and miles. When the latter unit 
is used it is the nautical mile of 67080 feet, and not the statute mile-. 
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REPORT OF THE INVESTIGATION CONDUCTED DURING THE SUl\IMER OF 1878. 

My subordinates and assistants during the season were l\fostcr H. H. Ilarroll, G.- S. N., and 
Mr. S. E. Stlwens. Mr. Barroll tested the water specimens, 475 in number, and corrected the 
hydrometer readings for temperature; and compiled and arranged the record bookis and the -various 
tables appended and referred to in the report. l\Ir. Sternns assisted in plottiug the work, calcu
lated the areas of the be<ls and of the bottom covered by scatteretl oysters, and developed the pro
files of the bottom. 

OYSTER REDS OF THE .JA~IES RIVER, VIRGINIA. 

The examination of these beds was a very hurried one, and the delineation must be regarded 
as merely approximate, being the rcfiult of a hasty recouuaissance. On tl1nt account no attBmpt 
has been made to produce a chart similar to that of Tangier and Pocomoke Sounds, but the ont-
1ines of the beds, as shown hy a few traverses run by the boats and as indicated h~· the local 
oysterrnen, have been sketched in roughly. 

According to such iuforma.tion as it was possible for us to obtain, tbe beds do not extend aboYe 
lleP-p W atf'r Light, with the exception of a few small ones that are seldom fisheu on the account of 
the inferiority of the animals. We had not time to detei·mine ourselves whether the information 
was correct, but I presnme it to be so. 

Below Deep 'Vater Light the beds of any consequence are tweh~e in number, and of a total 
area (approximate) of 10.4 :o;quare miles. Taki11g them in order from Deep 'Water Light to Hamp
ton Roatls tl1ey are the Mulberry Point Bed, Point of Sl1oals Bed, Jail Island Bed, Blunt Point 
Bed, White Shoal Bed, Thomm\s Point Beel, Kettle Bole Bed, Brown Shoal Bed, Bally Smash Bed, 
Nasmvay Shoal Bed, Cruiser's Beu, and the N ansemond Ridge Bed. The beds are "natural,'7 and 
the following rt•urnrks apply to all. 

Cm·re11ts.-Nineteen obser.,,·ations were made of the currents, and established that, over the 
Mulberry Point, Jail Island, aud Point of Shoals Beds, the general set of the flood is NW., with a 
maximum velocity of OJi mile per hour, and the general set of the ebb SE., with a maximum 
velocity of 1.7 miles per hour. Tl1ese \'elocities were measure1l after or <luring· moderate to stiff 
N"·· breezes and spring· tiues, which conditions woulll increase the velocity of the ebb current 
cornsiderabl~·; it is probable that that velocity does not exceed one knot per hour under ordinary 
circumstances. The set both 011 flood and ebb is directly acrm;s t.IJe bed, but the main bod~· of 
water follows the deep ehannel to th~ southward, the ebb striking the shore in Burwell's Bay, and 
at times washiug a good deal of it away. 

Over the Blunt Point, Wl1ite Shoal, Thoma;;;'s Point, Kettle Hole, and Brown'R Shoal Beds the cur
rent sets NW. aud SE., with a maximum velocity of 0.8 mile per hour on tile llood. The ebb on 
the firist quarter showed a velocit.r of 0.8 mile per hour, and inobahly the maximum nlocity is but 
little O\Ter one knot per hour, as the great bouy of witter iiasses to the soutlnvard of the be.ds. 

On the southern side of the rh·er, over the Bally Smash, Nasewa.y Shoal, Nansemond Ridge, 
and Oruiser's Beds, the general set of the currents is NW. and SE., except where the Yery shoal 
spots are met, wbeu the current, becomes variable in direction thongh not diminis!Jed in force. 
Wlrnu the shoal ledge lies in the general direction of the river the effect do s not appear to be so 
great, but where the shoal extends across the main eurrent it is deflected from its usual course, 
and forms strong counter curreubs and e1ldies. Thus over the Bally Smasl1 Beu the ebb was found 
to set to the Sl<.J., with a maximum velocity of 1.1 miles; over the Nal'leway Shoal on oue side of 
the shoal ridge tl.Je set of the ebh was 8 W., with a velocit,y of 0.4 mile per hour; while on the otlrnr 
sic.le of the ridge an observation made at about t!Je same time sho~ed a set of O.'.! mile NE. When 
clear of tbeohstructing shoals the cnrrent sets to t,be north ward and westward ou the tlood, and t-0 
the southward and eastward on the ebb, with an a\•erage >elocity of 0.5 mile ver hour. 

Over the Nansemoml Ridge beds and inside of them the flood sets in towanls Ragged Creek, 
a11d the ebb probably in the opposite direction. · 

In order to tletermine whether the salt water over the beds in the rfrer, and especially over 
the Mulberry Point, Point of Shoals, auu Jail faland Beds was displaced by the fresh water of the 
spring ebbs, specimens of water were obtained at every two fathoms of dept.b, on a section across 
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the river just above Deep Water Light, at low water, spring tide. The density of tbe water at that 
point and time is shown in the following table: 

Section acros.~ James Rh•er. 

Location. Station, Depth. Title. Specific i:ra.-ity. Remarks. 

---·---

Feel. 
Near Deep Water Light-House .............................. .. A Surface. I.ow wat.cr .. 1. 008:1 

A . ... do.---· .. I. 0084 lfottum. soft mutl. 
Jl Surfa<'e. .... do .••.•.. 1. 0088 

ll 12 .... do ...•... 1. 0082 

B 24 . . .. do ....... 1. 0088 Bottom, soft mu<l . 

c Smface .... <lo ....... 1. 0077 

c 6 ... do ······ UJ078 Bottom, soft mud. 

Comparing the specific graYity of the water obtained in the sections with that of two stations 
below Deep "rater Light, which was obtained at nearly high water, a difference of density of 0.0037 
is ,.;hown-1.0000 representing· distilled water. So slight a change.of density can hardly have any 
material f'lfoct upon the o~·ster,.;, and, except during long· conti11ued freshets, wltich occur sometimes 
(lnri11g the spring, the animals i11 all probability do not suffer therefrom. 

Aceording to the oysterme11, during the winter ice frequently grounds on the slwal ispots on 
tlw Berls, but m·,·er remainR there long, unless the weather iR of nnnsnal severity, the strength of 
the cn1T1>nt and the ntria hilit,Y of the climate heing sufficient to re morn the ice in a short space of 
tinw. As to the amount of damage donf' the oysters hy the ice, opinions Yaried a good deal; the 
general imprc8sio11 wns tliat, thongh the oysters were poorer in quality and flavor, the ice did not 
remain long enough to kill many of them. Ouly a few persons could be interrogated, and they were 
not very intelligent; hut, in the absence of an~y opportunity to inveRtigate the matter onrsel \'es, their 
opinio11 is given. 

All the beds in the .James Hinw are subject to the deposit of mud and vegetable matter brought 
down hy t.l1e freshets that occur in t,he spring. The l\fnlberry Point, Point of Shoals, and Jail 
Island Bmls, owing to tl1eir position, arP particnla.rly unfortunate in this respect. The set of the 
current beillg directly acrmis these beds, they are the first to recei\'e whatever is held by the 
water. From the charncter and appearance of the river, it is probable: that a large amount of 
earthJ· matter is brought down by every ebb tide; but the velocity of the current is so great, and 
the sboal rises so abruptly between the Point of Shoals Light and Deep Water Hght, forming a wall 
and barrier, that the principal imrt of the sediment seems to be carried into Burwell's Bay, where 
it has gradually covered and deistroyed a large number of small beds. The springft'eshets always 
cover the .Mulberry Point, Point of Shoals, and Jail Island Beds, but not always for a sufficient 
time to very seriously (lamage the oysters, the current managing to sweep off the deposit in time 
to expose the cultch to the spat. Occasionally the damage is great; for instance, we were informed 
that during 1871 aud 1872 there were a succession of heavy freshets, which destroyed the fishing 
for several years. In 1876, tlle mud having hP.en washed away and the cultch exposed, a growth 
of young oysters was uoticed in all the beds about and above Jail Island .. In 1877 the oysters 
about Deep Water I1ight were good, and probably during the coming seasons (1878-'79), the catch 
on all the beds will be large, as at the time of our observations the oysters were numerous, with 
the young growth predominating. Apparently, then, it requires from three to five years for the 
beds to reco,·er from the effects of heavy freshets, and as the oyster becomes marketable iu about 
two years, from five to seven years must elapse from the date of the freshet before the beds can 
be profit.ably worked. 

Happily, the other beds are atfocted to a much less extent, though about the shoals on the 
southern side of the river the oysters are gradually deteriorating, presumably from deposit of dele
terious matter. The variability of the currents about these shoal places, and the fact that the 
depth of wat<'r about them is decreasing and the shoals increasing in size, a.ppears to support the 
inference. Ou top of the Naseway Shoal, which is completely dry at low water, quantities of sheUs 
were found, and in its immediate neighborhood, especially to the northward and westward, the 
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-oysters wer\-' of a very poor quality, having deteriorated much of late years. In addition to the 
deposit l1y the .James Hi\·er, the Nrmsemond Hidge and beds off Pig Point receive a, portion of 
the, sediment brought down by the ~ansemoud m,·er, but. other causes not operati11g, that deposit 
would not lw imtlicieut to seriously injure the beds. Below Jail Island, on tlH• northern sille of 
tl1e river. U1e heds arc uot so rnucb aftected h~· the deposit, and the oysters found on them are of 
a better qualit~· than those on the opposite side of tl1e channel. 

'Without incurring an expense uot justified by the end sought, there is uo practicable means 
of protecting the hed1-; from this evil. Natural efforts appear to have sufticientl~· protected them 
in the past, and, if the~· are guarded iu other respects, the loss on accouut of the depr>sit of matter 
brought down h.v the current) which is but occasional, will not interfert=>, to an~- great exteut, \l·ith 
the industry. 

,lfollil'>T.1f Point Beds.-These beds eomprisfl au a1·ea (approximate) of 3,fi;)6,00ll square yards. 
'rhey lie to the ;;outhward, and westward of Mnlherr.Y Poi11t, on the north sirle of the Rwash chan
nel, and northeastnn Ride of the main channel. 

l'oint <!( Shoals and ,fail Island Beds.-The l'oiut of Shoals beds lie to tl1e northward and 
eastward of the l'oint of Shoals Light, and comprise au area of 14,941,000 square yards, approxi
mately. Tlwy are hounded 011 thi~ southward-and-eastward, southward, aml southward-and-west
ward, by the main ehannel, the one-fathom cmn:· of which clearly defines the limit of the bed, 
except for a mile and a half to the Routh ward of the light. Tltc northern boundary follows nearly 
the edge of thr swash cham1el, which l:leparates this bed from the ,fail hland Bed; the latter lies 
to the eastward of tlrn swash and northward of the mai11 channel, and has an area. approximately, 
of fi, 730,000 squart' yardi;;. 

Both the 1\fnlhe.rry Point and .Jail Island He<ls extPud inshore as far as tl1e sands which are 
fonntl ahont at thr one.fathom cun·e. The hydrography of the accompanying ehart of the riYer 
was execute.I in 187 4, a ml Ed nee that time rnry slight changes of depth of watt•r can ha ,-e occurred. 
It may therefore lle aecf'pted as giving the correct depth at the time of our examination. It shows 
that oYer the l\lnlberry Point beds the depth of water is from 1 or 2 feet in some places to 24 iu 
others; 011 the Point of Shoals he<ls the same irregular bottom exist8, the depth heing from 2 feet 
to 30; and on the .Tail Island beds from 3 to 16 feet are found. The soundingi:; are gh·en for mean 
low-water, Uw plane of reference; the mean rise and fall of the tides it; 2.6 feet, aud the maximum 
rise and fall 3.4 feet. The spring tides: howen•r, fall 0.4 feet below the plane of referenee, and 
consequently all the beds are sn~ject to the grounding of ice of more than 16 inches thickness. 
As, howm·er, tlte shoalest parts of th!cl bedi:; are situated on the boundary lines, they afford a 
certain amount of protection to the interior port.ions, tbe ice piling along the borders instead of 
lying in heayy masses upon the entire bed. 

On the shoalest parts of the beds tbe bottom was found to he a stratum of shells with a light 
etweriug of mud and a snbstratnm of hard sand. On these shoal places tlte o,vsteri:; and shells were 
most abnndant. Thi' oysters were not evenly distributed over the entire bed, but grew in detached 
patches and ridges on and in the Yicinity of the shoals, with numerous narrow mud sloughs inter
secting and scparat,ing them. The deep wat,er was found over these sloughs, and, generally speak
ing, the shallower the water the larger the number of oysters and the thicker and more solid the 
bed, thi:; being especially true about the.boundaries, where the beds rise abruptly from the main 
channel, and where great difficulty was found in attempting t-0 penetrate them with the probe, 
while in the interior portions and in deeper water the surface stratum was of shells aud mud, with 
6 feet, or more of soft mud underneath. 

On the ;Tail Island beds the bott-0m was of shells and light, yellow mud, the stratum being 
about 4 feet thick; below it the botfom was mud. From the appearance of the shelh; 1 judged 
that they had beeu ccwered for some time; and that, combined with the unusual thickness of the 
shell stratum, leads to the opi11ion that, thii:; bed was receiving a larger amount of the sediment 
brought down by the rh·er than either the neighboring oyster areaR. 

The oJ·sters on the three beds are of the class known among the dealers ai:; "snaps." Ther 
are small a.ml poor, single or in small clusters of two or three, and when not transplanted are used 
for canning. There was no sponge or grass attached to the "'hells, and but very few of the usual 
inhabitants of a bed other than the oysters appearell to be present. Young oysters, of about one 
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year'8 growth and under, predominated, and the proportion of young to mature o:fsters wa:s greater 
on the shoal spots aud ridges at the e(lge of the bC(l than eloiewhere, owing, probably, to the fact 
that ,-;u!]Jt portions of the bed being· shoalest, hardest, and cleanest, they oftered superior points 
for the attachment of tlie driftiug &pat. 

'l'he oysters from the Jail Island Beu were considered superior to an;y in the river for planting 
purposes. though no reason was assigned for the preference. The oysters from all these lieds are 
generall,v trausplantecl uefore beiug sent to mal'ket. No oysters were found in the main channel, 
and iu the swash channel only a fow, aml those widely separated. 

Along tlrn southwestern side of the river aml main chauuel, iu Burwell's Bay, and oft' Day's 
Poiu.t, are a few small hedH, separated by large mud sloughs and mauy old "rocks" buried in the 
m1u1. Tue bottom is of red mud, wit.11 a substrat.mn of mud or sand. The adjacent bank:,; of the 
rin•r are of red clay, and appear to l>e gradually washing away with the swift current of the river. 
The ossters found were older than those on the opposite beds ou the Point of Shoals, but were of a 
poorer qnality, aud the bedi'i are seldom worked on account of the scarcity and inferiority of the 
anirna\8 upon them. 

Blunt Point Berl.-'l'his bed consists of a number of small rock8 of a few hundred yards area, 
with mtHl sloughs between them. The area of the bed is about 1,125,000 square yards, lmt al'\ the 
bed does not 1'i8e abruptly from the channel, like those already described, thus allowing a ready 
and uenrl,r (•.orrect definition of its outlines, the .nrea given for it must not be considered as more 
than a rough approximation. 111 the case of the Point of Shoal:s and Mulberry Point Beds the 
cl1an1rnls and sands defined the limit of the oyster areas. Iu the c.i,seofthe Blunt Point Beds the 
oysters are scattered in decreasing munbers from the center of the bed to the shores and channels, 
aud the accurate or even approximatel_y accurate delineation of the area covered by them would 
have required far more time than was at our disposal. 

The hed is subject to a deposit of 1m1d from the James Hiver, but to a less extent than those 
beds already dt~scribcd; it also receives some sediment from the WarI'ick Ri\rer. The bottom was 
found to be mntl and shells 011 the surface, with a substratum of mnd, except about the shoal places, 
where the substratum is luud, probably of iomnd. The contour of the bottom is more reguiar than 
that of the otLier beds, the depth of water as shown by the chart being from 7 to 8 feet. 

The o,vsttm; were more numerous about the shoals aud were distributed in a manner similar to 
tlto:se 011 tl1e hells previously 11·>ticed, beiug collected in groups aud patches separated by mud 
sloughs. They grew singls and iu small clusters with no sponges attacl1ed aud are of poor 
(1 nali ty. 

Thouuu1 Point, Kettle H<>le, and lVhit.e Shoat Bed8;-These beds are similar in character to the 
Blunt Point beds. The shm1l portions embraced by the one-fathom curve show the original forma
t ion of the heel iu the past, and mark what may be termed the ba~kbone of the bed in the present. 

The area.s (approximau-1) are Thomas Point, 949,000 square yards; Kett.Jc Hole,.1,792,000 
square yards; and \Vbite Shoal, 1,300,000 square yards. The bottom on the Kettle Hole and Thomas 
l'oiut Bells was found to be of mud aud shells on tl1e surface, the substratum 011 the Kettle Hole 
lwing- of shell aud sand, and on the· Thomas Point Beel of mud, except when near the shoal spots. 
011 both betls llO o,vstert>. were fonud on the shoals when the falling tide expo:;ed them, but, great 
qnautitie., of broken >\hells were mixed with the saml; on ~11 contiguous parts the oysters were very 
thick. Away from the sancl shoals the beds commence to be broken up by mud sloughs, aud the 
oysters are found in g-roup:s, the 8ize and nnmher of the groups being inrnrsely 1m1portional to 
the distance from the shoal. The Kettle Hole Bed is nearer solid and uniform than the others, the 
rocki;i beiug larg1~r anrl closer together. The depth of w;tt~r over tlie be1ls is shown hy the chart, 
and the same g-eneral conditions with regard to it that were noticed on those heds already described 
exi8t on those now under consideration. The covering of mud over the animals was quite light, 
and the beds appear to receive less of the sediment in the river than those above or on the opposite 
side of the channel. The o,vsters were single and in small clusters. Those from the Thomas. Point 
Bell wne small aud of an inferior quality; those from the Kettle Hole were larger, of good quality, 
and with a moderate amount of wl1ite,and gray 8po:1.,;c· duging to them, and on both beds the pro
portion of young oyster8 of less than a year's growth to those mature was very large. 

UtiUy Smash 1tnd Naseway Shoal Beds.-The Bally Smash Bed lies between Goodwin Point and 
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Fishing Point, and about one mile off the southern shore of the river. Its.area is (approximately) 
98t,OOO square yards. The Naseway Shoal Beds lie NE. of Fishing Poi11t, about the :Xaseway 
Shoals, and comprise an area (approximate) of 2,988,000 square yards. Hoth of these beds appear 
to h~tve been originally formed about the shoals, those parts of the latter that are nncm·ered at low 
water showing a mass of shellr; brnken and mixed with sand, and in their proximity the oystPrs 
are in greater uumhers than near the marg'in of the bed. The depth of water on the Ball~· Smash 
Bed is about 4 feet; on the Naseway Beds it is the same, except in the mml RloughR, where the 
depth is from (j to 8 feet. The Bally Smash appears to be an unbroken "rock,'' the hottom con
sisting of shells and oysters with a light covering of mud. The oysters were small arnl of the infe
rior quality known as "snaps." The strong current setting past aud about the bed shoulil haYP 
the effect of cleaning it, but the shoal, being dry at certain stages of the tide, appears to offer a 
barrier to the current in sucll a way as to cam1e a growth of the shoal to the nortll ward and. west
ward, where we found t,be largest amount of mud. 

TIJ.e Naseway Shoal Bed consists of a number of detaclled "rocks" separate\] h~· mml slough", 
except in the vicinity of the sl1oal, where the o;ysters were found in the largest 1111111 uers, au<l where 
the bed is comparatively unbroken. The "rocks" appear to follow the general direction of tlw 
shoals, and are in ridg-es and groups, scattering and becoming smaller in size as the distance from 
the shoal increases. The oysters were single, of all ages, and generally of poor quality, hnt iBsllore 

.• from the bed, where a number of small detached "rocks" known as mud and sand rocks are found, 
the oysters were larger and older in appearance, and the young growth was missing. The hottom 
on the Naseway Shoal was a thin stratum of mud and shells on tile surface, with a snhstrittnm of 
mud, very thick in the sloughs, alHl of hard sand alHl shell in the ''icinity of the shoals. The 
~aseway Shoal Bed is supposed to recei,·e a larger amount of the sediment brought down b,v the 
ebb-tide than any other bed on tl1e southern side of the river. As will be seen by the chart, the 
Eastern Shoal runs across the direction of the current, and the water aeepens q nickl;1· to the 
eastwar1l of the shoal. The "rocks" lie closer to t,he shoal on the eastern side than 011 the "es tern, 
while the niud sloughs are more frequent on the western side than on the eastern. From the ablwe 
it would ap1lear that the western part of the bed recefred the larger amount of <l<'posit, and that 
deposit was injurious to the oysters. 

Brown'.~ Shoaf Red.-The rocks composing this bed lie to the northwarcl and eastward of the 
Nasewa:> Shoals on the northern side of the river, and are situated, as their names indica:te, on and 
about Brown's Shoal. The approximate area of the bed is 1,828,000 squa11e yards. The depth of 
water is from 3 to 18 feet, the average depth about 8 feet, and the dPep water is fomHl as 011 th.e 
other beds, over the mud sloughs. The bed follows the general direction of the shoal, and is not 
so extensively cut up as those previously described. Tl1e bottom was of shell witb a little mud, 
resting on a snbstrntum of shell or hard sand. The oysters were single, and in small clusterl'.l, and 
were not evenly distributed, being thicker on the edge of the channel, where also was found the 
largest number of young. The oysters hrought np ha Ying bnt little mml 011 them, and the sound
ings and probe discovering but a light, covering of mml, it is presm1rn!l that there is !'om1mrati vely 
but little deposit on the bed. The principal part of the sediment brought down on tliis side of the 
river is probably recei\·ed by the Thomas Point and Kettle Hole Beds, and aR we were informed 
that ice seldom grounded on Brown's Shoal, it, is perhaps protected by the beds from that soil 
also. 

CRUISER'S ROCK AND NANSEMOND RIDGE. 

Cruiser's Uock and the beds of the Nausemoud Ridge are situated off RaA"ged Island, on the 
southern side of the channel, and about the shoals extending from Barrel Point. Their approxi
mate area is 6,925,000 square yards. The beds are similar in character to those already described, 
being intersecte<l b;y mud sloughs, and the oysters growing in groups and patches, but the mud 
sloughs are smaller and the area of the groups larger than on the other beds. The deptll of water 
over the rocks is from 7 to 8 feet, and the surface stratum of the bottom consisted of shells and a 
small amount of mud. The substratum was, on the shoal 11arts of Cruiser':.; Rock, hard and of 8and 
or shell; on the Nansemoud Ridge of soft mud and shell for about 5 feet. The oysters found 
grew in sma.11 clusters or singly, and were of inferior quality. They were not found to the north-
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ward and eastward of the beds in greater <lepths than 15 feet, but exist to the eastward, :,;cattered 
either in small groups or singly, as far as the channel into the Nausemond mvPr. Irnshore from 
the maiu bt>ds are a number of small rocks an<l groups of oysters. From the character of the 
bottom on the Nausemoud Ridge, it is inferred that there is a tlcposit of sediment accumulating 
on those beds, and from which Crnisel''s Rock is free. The fact is that the position of the Nascway 
Shoals is :,melt· that they protect the uppel' portion of the ridge (Cruiser's Rock), while nothing 
interferes with tlte lower and mi1l1lle portions, antl the current out of the Nansemoud Hi 1-er sup
ports the iuference. In a•l<lition there is a strong tide up along the Nansemond Ridge which 
wonhl probabl,v cause a deposit of any matter held in suspension. I was informed th:ctt these Jast
named beds were less ex1insed to the grounding of ice aud its sulJsequent piling than any in tile 
riYer. Attached to the OJSters t<tken from the Nan:,iemond Ridge was a variety of sponge, red in 
eolor, that was subsequently fonn•l on the Craney Islaud fiats, and in large quantities iu Tangier 
and Poeomoke Sounds. It is not often found where there is mnch mud or sand 011 the bottom, 
or where the o~·sters are sea tteretl singly, and its presence is a good indication of a, solid ''rock," 
though its absence is not conclusi \'e as to the non-exit:;tence of the same. 

l~etween the Nansemond River and the channel into the Elizabeth River, aud along Craney 
Island flats, are numerous small bed8 of nnimportant area. They extend from the one-fathom 
cnrrn out to about 2~ fathoms, growing in ridges and group8 with wide spaces of mnd between 
them .. Tile oysters found were single and larger than any in the James RiYer. There wa8 also 
more red and gray sponge clinging to them than had been noticed before. The bottom was g·euer· 
ally of mnd and shells on the surface with, in the vicinity of the Elizabet.It River, a hard stratum 
of san<l and shell8 underneath, and in the vicinit,y of the Nansemond a substratum of mud. None 
of the beds are important and arc only fished for the local market. 'l'he practice of depositing on 
the Crane~· Island fiats the matter dredged out of the Elizabeth River and ~ol'folk Harbor is 
gradually de8troying the beds inshore, and especially those near Craney Island. 

THE FISHERY AND ITS EFFECT::>. 

The oysters are removed from the beds in the ,fames Hiver with the tongs alone,, no dretlgi11g 
being permitted, and this may accouat to some extent for the beds being ma.de up of patches and 
ridges of oysters. This formation is only advantageous in so much as it assists the rapidity of 
the current, and in all other respects it is an eYil. Beds such as CrnisP.r's Rock, Nausemoml Ridge, 
and Point of Sboals,~vherc the oysters in places are too thick, would be much improved liy using 
a light scrape or dredge instead of the tongs in the fishery. If used with moderation, the surface 
of the hed would be cleaned, its area extended, the animals would be more evenly distrilJute•l aud 
allowed more room for deYelopmeut, and the spat, having a larger and cleaner amount of" eultch" 
exposed, would probalily attach in greater nnrnbers. As, howernr, without stringent laws, rigidly 
executed, it wonld be impossible to keep the 1kedging within prow~r limits, and ai,; there is but 
little prospect of such a thing occurring it is perhaps better, on the whole, that dredging is pro
hibited. The mud 8turounding the bed8 is of too soft a character to permit a n.r great extension of 
the pre8ent area, and thus one of the principal advantages of using the dredge would be lost 
while all its Hils would be retained. Even as it is, the fishery is carried to excess, and all the beds, 
especially those in the neighborhood of Hampton Roads, are deteriorating. 

TANGIER AND POCOMOKE SOUNDS. 

The charts showing the oyster beds and limits of oysters in these sounds have heen constructed 
from the data collected during the progress of the work. 

Only the natural beds are shown on them, and no attempt was made to carry the investlgation 
beyond the sounds, except in the cases of the Manokin antl Big Annemessex Rfrers, where the 
beds were large enough to make their delineation and study advisable. 

The bells have been uamed from the solid '' rockR" which they surround, and are indicated on 
the charts by the darker shades. In many cases it was a matter of some difficulty to determine 
the outlines of the beds proper, ou account of their pecnliar formation. It would ha\'e given an 
erroneous impression to have considered either the solid unbroken portions as the beds, or to have 
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taken the entire area upon which oysterR are fouud, and I have therefore adopted the number of 
0.1 oysters to the square yard a8 the standard by which to determine the outlines, all positions 
where the number foll below that standard heing exelnded from the beds, unless other circmn
l'ltances have led me to a different decision. 

The light shades on the charts show the arna oecnpieil by sca.ttered oysters, and, as already 
explained, must be considered only approximate. The broken lines show areas where the oysters 
are wry widely separated. 'l'he dark lines hav1~ he1m tlra wn thrnug:h those positioni-; wlH're tlw 
numlmr of oysters to the square yard was abon' tlrn aYerag:e. 

In designating the oysters, tJie term ''young growth" has lJet>n applied to the small oysters 
that wer1· evidently but one year or one and a half years old. The term" young'" has heen applied 
to small oysters of the last brood that were fonuil clini.dng to the mature oysters and ol<l shells. 
and were, on an average, about one-half or three-qua~ters of an inch in length, or under. 

Tangier Sound extends north nml south, in i·onnd munbers, :{6 mile1', from \Yatts' fala111l to 
the head of Fishing Bay, and each side of the chauuel for 3:? milt's is lined with oyMer heds of 
greater or less extent. 'J'hese bt•<li-; are conti11ned, thong!t the ossters are genernlly Sl'attert>d, 
through Kedge's, Hooper's, and Hollarnl Straits, and 011 tlw shoal betweeu Smitl1"s a111l Tangier 
Island:-\. On each side of the channels into the Xanticoke, :Jianokin, aml Big' AnnemPssex Hin•1·s, 
beds are found, and to a less extent in the \Yicomico and Little .A.unernessex Hh-en;. 

By reference to the chart. it will be seen that the only parts of the 80tm1l unoccupied by o,Ysteri-; 
are a short space, one mile in length, off J)eil's falarnl, a space of two milei-; north of Jane':-: h:la111l 
Light and !Jetween the Big aud Little A.mwmessex Hfrers, and a stretch of 21 miles on tlie western 
side of the souud off !~each Hammock arni the nortl1er11 part of Tangier Islautl. 

\Yith these exceptions, the o.rsters are to all intent,.; <·ontinnons, and the total area 1'on•1·etl h,\ 
them amounts to 6!1.12 square nantieal miles. 

The area of the beds proper, or tlrnt part of the total area 011 which tlte 1111111her of oystt~ri-; to 
the square yard was at least 0.1, is 1 i .ffi' square nantic~il miles. 

Whenever t,he uames of the !Jeds could IJe ascertained they have !Jeen gi rnn to thew, but i11 
some cases they could not be, and I have inclmled them under general heads. 

Taking them from the head of Fishing Bay iu regnlar order, the~- are twe11t.~·-eight in number. 

l'ISIIING BA\' BEDS. 

Uuder this head I have i11clnde1l all the beds lying iu Fishing Bay, north of Clay bla11d Light
House, as tlrny arc sn!Jjected to similar influe11ce;o: of <'nrreut, bottom, water, and temperature, and 
present similar characteristics. Most of the bedi-; art• of st~rnll exte11t, a111l ma.11~' ha\'!' special na11Jes: 
but the printing of the latter would encumber the chart. and consequently the~- haw been omitted. 
Almost U1e entire bay, as far as Fishing Point, may lw <·011t1i1lcn'd au o~'8ter bed, oysters existing·, 
though very irregularly distrilmtetl in groups of µ;reater or Jei-;i-; extent, oYer the whole area, exce11t 
in the cha1111el and clo11e inshore. The groups, or'' rncks." arc represented on the chart by the 
1lark shades, and are forty-three in unmber, comprising: a total area of :3,GOO,OQ,O square yardi-;. 
The remainder of the space, 2:5,()05,000 square J·ar'il;o:, is occuph~d h~- small groups a1ul patches of 
oysters, separatecl hy large mud areas. 

The beds or "rocks'' uecomc smaller as the hl:',ad of tlw hay is approached; the~ grow about 
any marked shoal, and all are somewhat broken by small mud Hloughs, especially about the edge:>. 
Tb.e center of each ''rock," and notfoeabl~· Oil thmw in tlw middle and wider part of the bay, art> 
comparatively solid, and a!Jont snch places the o;niterl'i were found in greater numbers than near 
the mud sloughs and channel. In the northern part of the !Jay the depth of water over the hnb 
is from 4 to 10 feet; over tbP i,;ontlte1·11 part from 8 to 12 feet; the g'Pneral 1lepth, except in the 
channel, is about 11 feet. 

The bottom in the northern part of t.lrn lmy il'l hard, of Rhell mixed with mud, the stratu111 
being from 4 to 6 feet, thick, over a stratum of 8a11rl on cla,Y. The bottom surrounding the heels 
was of mud. Soft, sandy bottoms were fonud along the shores, especially about I~i!'>hing- Point 
and about the mouths of creek;o:. On the western, northern, 1u11l northeasteru shores, marked 
''Planting Grounds" on the chart, the bottom· was of clay with a light covering of mml OH the 
surface. On the southern beds the bottom is a stratum of oysters and shells mixed with mud, 1 

S. Ex. 49--36 
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to 3 feet in thickness, over a stratum of mnrl, except iu the southwestern part and on a small rock 
on tlie eastern side of the channel, near Cl:iy Islanrl Light-Honse, where the substratum is of sand. 
The rocks are smTonmlt>d, like thost• to the 11ortllwanl, by soft muddy bottoms, except in t,Iie case 
of those in the southwestern part of tlie bay, where the surrounding bottom is of sand; those beds 
having Rand as a substratum were less broken than the others. In the channel the bottom was 
inrnriably of soft, dark mud. 

On the northem beds of the bay the o~·stcrs were sing'le and of small size, with many of recent 
growth and probably about one ,rear old. Xo Rponges and but few of the usual molluscan inhab
itants of an o,n;;ter hed were discO\'ered. On the extreme northern beds above Fishiug Point, where 
the water is shoal, the beds oltl arnl much worked, the oyst,ers are scarce, but on the other beds a 
very fair number were found. Tlle.v were round and tllin shelled a~Hl gave promise of developing 
into those of good qualits, but Ute majorit.}: were too young at the time of our obserrntions to be 
removed from the beds. 

On the southern beds the o~-sters were larger aud of a better quality than those to the north
ward, though the ;rouug gTo\vth 8till predominated. Some clusters were found, but generally the 
oyster;; were sing'le and more pkntiful thau iu the northern part of the bay, but the same sparse· 
11ess of the fauna. was noticP<l. 111 the southern portions, where tlie bottom is sandy, a moderate 
number of .roung and many asf.1Jris wen~ <li;;co,·cred, aud in tlte same part of the bay many oysters 
were fouml hurietl in the sanll 3 or 4 iuche;;. l was not able to ai;;certain whether th;i,t was their 
uormal conditiou or not, bnt am inclined to think the sand was moved over them hy a gale which 
occurred during tlie day llredous to oul' examiuation. 

A remal'kable absence of youug of les;,; thau a year's growth, and nearly a total absence of the 
drill, seem peculiar fo the Fi1'hiug Bay beds. 

Were Point Bed.-South of the Fishing Bay beds and north of Hooper':s Strait Channel lies the 
\Vere Point Bed, eornprising au area of I ,1'45,000 square ;yards. It is <li\-ided about the middle by 
a narrow strip of sand arnl mud iuto two irregularly-shaped portions, the upper one of which hs 
similar in character to the Fishiug Hay bed;:, though more broken. On both portions the o,ysters 
grow in groups and patchc», separate1l h,Y mud and sand sloughs, the separation being more marked 
about the edges of the hed. < >~·i;;ters art> fouud oYer the eutire sul'face, but are not eYeul~· distrib
utrnl, the largest 11umher Oil the southern portion bring found along its northern and eastern 
border. The depth of water is from !I to 15 feet, the general depth being about 11 feet. The 
hot tom is of oysters and :-;hells mixed with sand and mud, for ahout 2 feet, with a, substratum of 
soft sand or mud. \Vhere the gronps occHr the sltell stratum is \"ery tltick, but is thin over and 
about, the rnnd and sand spaees. Along the dark line on the chart, indicating the largest number 
to the square yard, the bottom i;; harder thau elsewhere. The mt11hly bottoms were fuuml princi
pally ou the eastern awl Ronthern portious of the bed, and the bed is bouu(led in those directions 
b~- bottoms of a similar character, while to the we;;tward the contiguous bottom is of sand. The 
o_yistl•rs were single, of mo<leratc size antl fair quality; very few young and no drills were found, 
either on the nrnd1ly or sandy bottoms; there was no sponge or grass among the oysters, and 
young growth of at least 011e ~-ear pre1lominated. 'l'h~ scattered oysters near the bed were similar 
to those ou it, though a few small clm;ters were found to the westwa,rd. 

The nnmber of oysters to the square yard, as gi\·en by the meau of fourteen measurements, is 
l.'.!5. Ou account of the slwaluess of the water and softness of the bottom, the number is more 
11early correct, than usual, but it must be remembered that iu this, and in all otbercases, wlrnre the 
11mnher to the square J·arcl is gi\·en, that number 0111.r expresses" marketable" oysten1, and does 
not include those which would not be accepted by a dredger, or which on account of want of age 
are practically incapable of rt'production. 

Shark's Fin Bed.-Directly south of tlie Were Point Bed on the western side of the main channel 
alHI south of Hooper's Strait Channel, lies a lied of moderate size, but celebrated for the quality 
of it:s o~-ster:s, cal!Pd the Slnu·k's Fin Ifock. It is regular in shape, extelllling ESE. and ·wNW. 
about one mile, an<l being about one-half mile broad. Its area is about 1,867,000 square yards. 
Prac1 ically, it joins the Were Point Bed at the southern extremity of the latter, the space separating 
the beds being very small. In tile cotmie vf time through the action of natural causes and the 
dredges thiR space will he obliterated and the union of the beds made compleM. 
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The Shark's Fiu is a more compact bed than its neighbm·, though ahont the edges, especially 
those bordering on the main channel, tl1e oysters exist in groups, as on tht• beds alrea<ly upscribed. 
'l'he animals are spread over the entire area~ but are found iu largei· 11u111lwrs about the central and 
more solid portions of tlle bed, and are scattered more aJ1tl more widely a8 the borders are 
approached. The southern limit is not Yer,Y well. deiine1l, i<cattered o~·r>ters extending farthe1· iu 
that direction than iu the others. 'rhe depth of water is from 8 to rn feet, thf•, gP1wral depth being 
about 1~ fret. The bottom is llard, consisting of o~·ster,; and shells with mrnl and sand for ahont 
:1 feet, and then a stratnm of soft sand or 111ud. 011 the we,.;tern part of the bed the shell stratum is 
mucl1 thinner and tlw substratum is hard saud. Ea,.;t of the bed the hottom, being that of the 
main channel, is of mud, and to the west"·ard :tll(l southward of sand. !':oft uear the hed, but 
growiug harder as the distance from tlw bed i11creasPs. 

'rl1e oysters were single, of a moderate size and fine quality. Very few yonug and 110 drills or 
other euemies were diseo,·ered, but the young gnmth of leiss than a year were found in large 
num hers, and also a little of the red sponge ou the northern part of the bed. Tbe scattere1l oysters 
were similar in character to those ou tht> bed, though a larger proportion of young µ:rowth was 
found to the southwar<l, and the same absence of "yonng" and drills mis noticed both 011 mndd,Y 
and sandy bottoms. On the bed the number of oysters to the S(JUare ,vard was l.OL The number 
to the square yard 011 the area covered by 8cattered o~·sters west of the bet! was 0.04, east 0.03, 
and south 0.03. 

Nanticoke Jfiddle Ground Bed.-On the micldle gron11tl between the channels into the Nanti
coke and ·wicomico Ri'\·ers therP is a large lwd of an area of :~,1!15,000 square yards, called the 
"Middle Hronnd H,ock." It extends along the cliam1el i11to the Nanticoke abou1 2;j; miles, aud its 
greate,st hrPadtil is three-quarters of a mile. The bed i;.: lmiken in rnaJJy places, as w-ill he st>eR on 
the chart, where only tbe larger di,·isions are slw\'rn, arnl the oysters grow in groups and patches 
of different, areas with mud sloughs separati11g- and interseeti11g tl1em in all 1lirectio11s. The 
whole bed is broken up in this manner, but it iR less noticeable on tlw northern and southern 
portions than on tlw central. The depth of water is from 8 to 21 feet, the deeper water being 
found alo11g the weRtern edge of the brnl, where it borders on the cham1el, bnt, as the shoal 
rises abruptly, the parts of the bed covered by deep water are of small extent, an<l the general 
depth may he considered as about 11 feet.. The he1l i:o; clearl,y llt"fi11ed h,v the chaunel of the 
Nanticoke on the west and the sands 011 the eaRt. 'l'lw bottom is a t11i11 layer of mud m·er a 
stratum of shells antl oysters from one-half foot to 5 feet in tllieknesP.. A bout the middle an<l 
western portions Df the bed the substratt1m waR soft mnd, wbile on the northern, eastern, and 
southern portions hard sand was found nndernmith the shell stratum. The hottom mi the 
central part of the bed in mans· places appeared to consist, of alternate, strata of slwlls and mud, 
aml ou tlw northern and southern parts the general character of the bottom was much harder 
thau on the central portio11. To the uort,hward and ea:otward of the hed the bottom was of 
bard sand or fine gravel, arnl probably the lowest stratum of the bell bottom, could it be 
reached, would be found of similar nature. South aml west of the he<l and in the channels the 
bottom is soft mud. Only a few oysters were found iu the chanuel into the 'Vicomico, and none 
in that into the Nanticoke. , 

The oysters were generally of an iuforior quality and small r;:ize, and gTPW sing·I,r and in small 
clusters, though the number of the former was comparatively small. No young were found, but 
many young growth, probably about one yeilr old, aml uo sponge, grass, or drills. Along· the edge 
of the Nanticoke Channel the shells were blackened, probabl~· by the mud. On tlie west, side of 
the Nanticoke Channel, north and east of the one.fathom sand shoal, there nre a few small he<ls, 
comprising a total area of 270,000 square yards. 'l'he depth of water oYer them is from 4 to 8 feet, 
and they are unbroken but separated from eaeh other by spaees of mml or snnd. On>r these 
spaces the depth of water increases. The bottom is a stTatum of shells, aliout one foot in thick· 
uess, over a stratum of sand and clay. A liglit eovering of mud lies 011 t{JP of the shells. The 
oysters were single, with many of a young growtl1. Many shells, hut 110 ~·onng or drills, were 
touud. West of these be.ds and southeast of Clay Island light thr, o~·st<•rs are Yery thinly scat
tered, in small groups or singly, The three-fathom curve approximatel~~ defitws tlwir limit to the 
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southward aud westward, and the one-fathom em·n' the northern limit. The bottom is of mud or 
saud, the latter being found inshore. 

071111111 l'oiut Roch.-These are small lwds lying 011 each side of the channel into the \Vicomico 
Hi Yer arnl between Long and Clump Points. They are of small area, comprising collectively but 
:IH2,ti00 squar1· yar1ls, arnl lie in from fi to 10 foet of water; they are separated from each other b.r 
the muddy bottoms of thP cha1111el or slongh8. All the rocks are broken in many places, the 
oyster groups separated by spaces of mud all(} :-;arnl. the latter species of bottom being found 
principally m~ar J,oug Point. 011 the roch the hottom is of' shells and mud, with a snb~tratum 
of mud. Yery few oy1.ters were found 011 the hottorn8 surrounding the rocks, and those discovered 
grew in ,;mall gToups, the num her and size of which decreased very mueh to the eastward of Long 
Point. The oysters Wl'rc Yer~· sc;trcc arnl resembled those of the :Nanticoke Middle Ground in 
ge.neral character, though a larger unmber of single ones were found than on that bed. 

Hol's1w'.~ Bar mu11);ler's Rock.-These are comparati\·ely small beds, lying on the southern side 
of tlw SanticokP Chamwl, southwest of tlte ::\liddle. Ground and north of Haine's Point. The first 
hell Pxte111ls north alHl sontl1 thre1'-Pighths of a mile and east and west one-eighth of a mile. Its 
area is :!0:!,.100 square .rnr1ls. The secoml bed lies southwest of Horsey's Bar, and is one-half 
mile in length and breadth, a111l comprises an area, of 4175,000 square yards. Both beds are 
mi brokt•11, except about the edgl~I>, aml 011 the major portion of each lJed the oystei::s are eYenl~· 
1listribntc11. Along the 11ortltern and southern boundaries, where the beds border on the channels, 
the o~·ster,; are found i11 group,;, ;;eparate<l hy mnd sloughs. The depth of water oYer Horsey's 
Bar is l:J feet, over Tyler's l:Ock from 14 to 16 feet. The bottom consists·of a stratum of shells 
from l to 2 foet i11 thiclrnesfl, 011 a stratum of hard sand; ou top of the shells was a light layer of 
mud. 'J'he oyster" were small. ;;inglt>, and of poor quality, and those of one year's growth pre
rlomiuatt•(l. Xo young, drills, sponges, or grass were found on the beds. 

J >nr mining Shoal Bnl.-This herl lips 011 and about. the shoal off Haine's Point, from which it 
deriws its uauw. It is 011e lllile arnl three-quarters loug and three-eighths of a mile wide, and 
1•xteJl(ls in :t 11ortheasterly aud southweMerly direction along the eastern edge of the main channel 
of tlw sound. ItH area is :!,4:10,000 square yards. The bed is unbroken, the central arnl southern 
portio11s being remarkably hard and solid. About the edges, as with the other beds, it is inter
sected by mud sloughs, and the oysters grow in the usual groups and 'detached patches, but gen· 
erall~· they are evenly distributed, a slight differmtce existing in favor of the shoaler and central 
part of the bed l_ying 011 the Drumming Shoal. 

The depth of water is from 10 to 30 feet, the deeper water being found on the northeru part 
and along the western border. The major portion.of the bed bas but 11 feet over it. On nearly 
the whole hetl the bottom consists of a stratum of shells with a light covering of mud over a 
stratum of luml Rand. On the extreme northern part the substratum was mud, and the surface 
stratum of shells not so thick as elsewhere. The oysters were single and in small clusters; a 
moderate numlier of shljlls and a little of the red sponge was found. Inside of Drumming Shoal 
is a small bed called Haine's Point Uock, which has been included in the description and area 
given for the Drumming Shoal Bed, with which it is closely connected. 

Cedar Rock.-This bed lies about one-half mile south of the Drumming Shoal and comprises 
an area of 387,500 square yards. The depth of water ornr it is from 12 to 17 feet and in all 
respects it is similar in character to the Drumming Shoal Bed. 

On the westf'rn side of the sound, along the edge of the channel, the beds are nearly continu
ous from the Shark's Fin to the Terrapin Sa111ls, a distance of about 11 miles. This space was 
orig'inall,y divided into tliree portions, each locality having a particular designation, but at present 
it is difficult to define their limits, the spaces separating the beds having gradually diminished 
until they practically have ceased to exist. The dark lines on the chart indicate the positions 
where the largest numbers of o.rstArs are found, and will show approximat~ly the situation of the 
original unbroken "rock" from which the locality derives its name. The oysters taken from this 
region are known in the market as "Grass Tangiers" and have a good reputation, both for size 
and flavor. 

Tlte Cow and Calf Beds.-'l'hese are two small beds lying on the edge of the channel and south 
of the Shark's Fin. This area is 2927500 square yards. The smaller bed, called the Calf~ has from 
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H to 16 feet of water over it; and the larger bed, the Cow, ha1S from H to 11 ti•et. 'l'l1e lie(h; cunr;ist 
of large group8 of oysters separated by rn1ul slough!'>; the "rock" it;,;elf ii-; a \·ery l1ard all(! thick 
1>tmtum of oysters and l'lhells, inio wllich we eou](l nut forct• the probt: rnon· tha 11 :!1 iet't. The 
oysters were ,.;mall, with about two·thinh• of you11~ g;rowth; 11either young: 11or drill,.; Wl'l'I' folllHl. 

The number of oysters to the i;quare yard wa8 LH, which is prohabl~· mon· 1u·arly con1·et tlia11 
usual, the lrnuls of the tll'cdge being made nrnler exceptionally faTomhle eireu111sta11Ct'li. 

Ou tile western side of the channel aml Sound and tluP east of the Hontl1em part of Bloods· 
worth Islaml is a large hed, the 11awe of whid1 we were unable to ascertain. It i;; two mile;; long. 
extends north a!Hl south, and is from tw1H•ighth,.; to five eighths of a 111ilP "·idle'. I ts ar(•a iR 
4,027,000 square .nuds. The easteru part of the bed is nnhrokm1, hut th1~ westl'l'll portion aud the 
extreme eaRtern border are cut up by mud slougfo;, which sepa,rate the oy;-;ter:-; arnl !Pan~ them iu 
groups of different sizes. Aloug the eastern part, almost imrne<liatt>ly after Mrikiug· th1• 111•1!, WP 

di1>co\'ered a shoal ridge about 200 ,Yards wide, wl1icl1 \nts unbroken and had a depth of water OYer 
it. of 10 or 11 feet. 'l'o the we8tward of this ridgt~ the water <leepe11P<l <p1il'kly ;1 01· 4 fppt, hnt tin· 
general depth of wat1•1· o\·er the bed is from 10 to 14 feet., The oy;;ters are tlistrilrnted OH'1' tile 
Pntire area, hut uneYenl,Y, the largest numher being found 011 the ccntml anti southt>I'll portions 
of the hell. 'l'he bottom was fonnd to he generallr a stratnm of shells, oystPr::;, and 11111tl, of about 
one foot in thicknf'SR, OYer a stratum of mud. Along the shoal ridg·e o~·sters auol suellH were found 
as far as the probe could llPlletrate. To the westward of the be<l thf' botto111 i.~ soft sa111l or mud, 
the sand predominati11g and becoming harder as the shores of th1• islallll an~ approaclte<l. To the 
eastward the bottom iH soft mud. The o.rnters were single au<l of mrnlerate sizt., LargP 11111uhers 
of young growth, but neither soung nor 1lrills, were dil'>covered. A little red spong·e was found on 
the eastern edge of the bed. 'l'o the i;outh wanl of the bed the oysters were larg·t·r, !mt 11ot i,;o mauy 
of recent gt·owth were found, while to the westward the scattered op;terH 1m"st•1Jktl Himilar char. 
acteristics to those Oil the bed, and tLe same absence of young· and tlrillr-; wa:,; al1So uoticed. Tue 
number of oysters to the squaw\ yard, the mean of te11 obsern1tions, was LOU. 

11urtle Rgg Isfa,nd Betl.-This bed is situated on the western side of the cham1PL off the small 
island from which it deriyes its 11ame. It is irregular iu shape, extelllling along t lie e1lge of the 
channel in a NXB. aud SS\V. direction about l! miles, and ii; from one.quarter to oue.Jrnlf mile 
broad. Its area is 1,620,000 square yards. The he1l is unbroken about the center, lmt narrow mud 
sloughs intersect the northern, eastern, and southern port.ions; to the westward tht> oysters are 
scattered; ou the eastern border of the bt1d they are more numerous thau else\\'here. Tl11• deplh 
of water over the bed is from 10 to 23 feet. A ridge Rimilar to the oue 011 the lwd iurnu•diately to 
the southward was found along the eastern edge with a llepth of wate1· on~r it of about l:! feet; 
to the westward of the ridge 14 and 16 feet were found, and to the eastward urneh tlet•per 'Yater. 
The surface stratum of the bottom geuerally consisted of shells and o~·sters mix,·d with mud or 
sand; on the paste1:11 portion of the bed the substratum was mud, while ou the western aud uorth· 
ern portions it was sand. Eu.st. of the bed the bottom was Hoft mud; wel'lt of it ,.;oft. Hand ou top 
of hard sand. The oysters were single, a few of large, but mo;.;t of moderat(• size, of good quahty, 
and many of recent growth. Seither young nor drills were found. A little red spong·t~ was brought 
oy the dredge on the SE. border, and a good deal of grass was found 011 t lit> HaJHlH to tlw southward 
and westward of the bed. Yery few oysters were found to the westward. East of the bed, on 
the small rock in deep water, many young growth, but no young, were 1lisconwed. Tlw nnmher 
of oysters to the square yard on the bed, as given by the meau of thirteen obser\'Htim1R, wa8 0.3H. 
On the small roek referred to above, the number to the square yard was 1.ao. 

Mud Rock.-This heel lies on the western side of the channel, south of the Turtle Egg Island 
Bed, and east of South Marsh Island. It extend;;; north and south about 1~ miles, and is from one· 
quarter to one·lutlf mile broad. Its area is l ,845,000 sqna.re yards. The bottom i;;; \'ery irregular, 
the depth of water being from 12 to 34 feet. 'l'he ridg·e along· tlte edg(' of Oie chau1wl war< 11ot as 
prominent as ou the two beds previously descrihed. The bed ii< broken in many p1Hc1•s h,\' mud 
sloughs, and about the eastem portion especiall~·, where the oysters are in groups awl patches. 
In the vicinity of the line showing where the larg·est number of oysters exii-;t, the hf'll ii': morn solid 
and the bottom harder than elsewhere. As this line crosses tlie be<l three times, and from other 
circumstances, it is couclnded that t,be distribution of the oysters is irregular, and the conclusion 
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is supported h,Y tlH• eddence of the sounding pole and probe. East of the northern part of the 
betl, in the eh<llllll'.l, are two small isho<tls with 1:! feet of water on them. Ou and around them 
!'\mall oystt>I' lwds han• formed, and ht>tWPPn the shoals and the main brnl oysters are found scat· 
tPre<l i11 gron11s it1' watn as deqi as 8 fathoms. On the main bed the bottom is a thin stratum of 
o.rsters and sltl•lls n•8ti11g Oil llllHl or saml. Bast of the heel soft blue mud was found, and to the 
\H'8tmml un11l, shells, awl sallll. Tht• oysters were large, single, and in small clusters, and of good 
qnalit~: tlte largest oyster:s were found on the soft muddy bottoms; the number of ron1tg groixth 
was 81t1all~·r thau 01t thl• beds Jll'eYionsly described, while the number of young was larger; a few 
tlrill11 wen· fou1ul abont the edgetl of the bed aHd a moderate amount of red S{JOnge, On the small 
lwdK in the clrn1111el tll(\ o~·sters were principally of recent growth. Bast of t·hose beds a good deal 
of gTa:s8 watl fouud, all(l al,;o in the deep water between the shoals and main bed. 

('Jurin Slum/ Bed.-This bed lie,; on. the eastern side of the channel, abreast the Lower Thor
ongltfarp arnl Little I slaud. It extemh1 north and south lJt miles, is from one-eighth to three-eightl1s 
of a mile wiilt>, an1l c~omprii-;es a11 arPa of 1,192,000 square yards. It is unbroken, except about its 
wPstrrn horder, where the o~·sters are fo.nrnl in groups; to the eastward the sands, on which are 
i--cattered a few 8ini;lr 0_1;,;ters, clearl.r define the limit of the bed in that direction. The bott-0m is 
irrPgular, tl1t• 1leptll of watpr being from 12 to 19 feet, all!l the upper stratum cousisted of shells, 
o~·ster~, aml mml; tlw snbstratu111 1nis of hard sand. Tile surface stratum was from 1 foot to 4 
frd thick, aud, with a di111i11ished amount of sand, increased in thickness on the sontllern part of 
thP bed. The surrou1Hli11g hottom:,; are of sand, though on the western side the mud of the chan 
11el approad1es the bed clo:>ely. The o.n~terH were of moderate size and fair quality. The mature 
oysters wen\ sing·}('; those of l'ecent growth, a large number of which were found, were single 
and ill duskrs~ the latter predominating. \r ery few ~roung were discovered, and very few drills 
(11sl.'fri.~); the lattl'l' we1·~ loeatecl prineipally Oil the southern part of the bed. A larg·e amount of 
rt>(l a!Hl p;l'a~· sp011gt\ was fonnd on all parts of the bed. The oysters on the contiguous bottoms 
w1•n• similar to thosr described on the bed. 

Tlt1> Jlu111'f1! Hole Berl.-This bed lies 011 the western side of the channel, south of the Mud 
H,ol'k. It t>xte1ul:s uo!'th and 1-;011th about 3 miles, is from one-half to one-quarter of a mile wide, 
HJl(l compriseH an area of a,mi0,000 square sards. It is very irregular in shape, and at about two
thir<l:-1 of its le11gth to the south ward it is eut ill two b.r a mud slough. Tue depth of water is 
from l'.! to :H foet, and the bottom YerJ<· irregular, especially about the northern portion, which is 
ent np into ;;lwal:,; of shells and oysters separated and intersected by narrow mud sloughs, oYer 
wl1id1 the o,vsters are thinly spread. Ahout the central portion the middle of the bed is cornpam
tin'l,Y solid, hnt tlw ea1Stern aml western portions are similar to the northern. The southern part 
is also hrol;:eu up eousiderahly, hut the 11ottom is not as irregular as elsewhere. The bottom con
sist:< of a stratum of oysters and shells mixed with mud and sand, from one-half foot t-0 2 feet in 
thidrness, resti11g- Oil a stratum of hard sand. The shell stratum was thicker along the western 
part of u;c lwll, where the 11<1;.rk lirw is drawn on the chart, and decreased in thickness as the 
t·aisfrru edge was approaclwtl, where it, was hardly obsen'able, and wlrnre a substratum of mncl 
was frequently fonntl. Ea;,;t of the bed the bottom is soft mud; to the westward soft sand or 
,.,tiek,\· mml, with mmally a hard sub11tratum. The mature OJsters were large and single an<l of 
µ;ood qnality .. A YerJ large proportion of young growth was noticed, at least oue-half the oysters 
bpi11g· of that description. A large number of young, but few drills (astyris), were funnd on the 
hard bott011111 of tlw eeutral part of the northern 1mrtion. On the central and southern portions of 
th(• he(l tlw 1rn111bPr hoth of ~'otrng and drills decreasE>d, while they increased greatly ou the west
ern portion. A large amomn of re(l sponge was found, a,nd in greater quantities about the edges 
of the hed, c•specially the western, than elsewhere, but its presence appeared to have no effect 
upo11 the ;rou11g or drills. Bast of the l>e<l the oysters were of the same general character as those 
on it; the same proportion of young growth was also noticed, but there was almost an entire 
abseuce of you11g and drills. To the we1-;tward, a8 a rule, the oysters were somewhat larger than 
thoHe on tlw hetl, hut as many ;\·ouug growth Wl'l'e presPnt as elsewhere. The number of young and 
drills was, howen~r, much 1liminished, as was also the amount of red sponge. The nnmber'of oysters 
to the :square yartl, the mean of thirty-Rix observations, was 0.70. The number to the square yard 
on the area. occupied by scatfored oysters, the mean of seventeen observations, was 0.07. 
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Piney Island Bar.-This bed lies south of Little Island, 011 the eastern side of the cllaunel aud 
on the western side of the shoal lying between the main ehanuel of the Snnud arnl thP chanuel i11to 
the Manokin Hiver. It extends NN,V. aud SSE. 3 milet1, arnl it1' greateHt breadth, wliich is near 
its southern extremity, is about one mile. The bed gradnall~- dimiuiiilH"S in size to the 11orthwar1L 
and at that extremity is but one~eighth of a mile wide. Its area is 6,!l75,000 square yarcls, a111l it 
is unbroken, with the exception of a few sand spaces in tlw southern portion a11d a >:mall er nnm ber 
of mud areas in the northern. About tlie extreme western border the orstPr" are ill detac11ed 
groups, with mud sloughs between them, and to the eastward and southward the o~·stPr" are morP 
widely scatteretl and scarce, until they reach the HanJ8 or soft mudcly bottoms of the eha11nel, when 
they eutirely disappear. The depth of water is from 12 ro 3G feet, and, general!,\· "Jlt•aking, tlie 
deeper water will be found on the western and the shoaler on the eastern part" of the hetl; there 
are seYeral holes and sloughs, howeYer, about the middle of the bed. The o.\·;;ters are uot nry 
evenly distributed, as will be seeu by the lines on the chart, whieh indieate !lie positiou8 of the 
greatest mnuber, and in the vicinity of the sa11<l and mud areas a smaller 11m11 lwr of o.\·sters were 
found than elsewhere. The bottom is hard, except about tlie extreme western Pdg!'~ in det•p water, 
and about the mud holes and sloughs situated in the northern portion. Owing to tlw depth of 
water the observations of the clrnracter of the hottom werP not as numerous as 011 other ht>ds, hut 
those that were made showed the existence of a strntum of shells and oysters of from 011e-half foot. 
to 4 feet in thickness, and mixed with mud and sand, m·er a stratum of hanl or soft sand, the 
former predominating. West and south of the bed the bottom is mud or stieky sand, the latter 
being found more freqnentl,y to tlie southward than westward. To the east,rnnl tht> hnttorn is 
hard sand. The oysters were single, of moderate size and ordinary quality. A Yery hirg(; propor
tion-fully one-half-were young growth. Few drills and not mauy yonug 'ven' fonnd,.and both 
young and drills were in greatest number8 abont the extreme southern part1 and in lea,,:t numbers 
about the northern. A moderate amount of red aud gray Rponge was fomHl 011 all parts of tlw 
bed, and some of the sponge on the saud~· bottom8 south of it; wl1ere thP yonng· o,Ysters "·ere in 
greatest numbers tlte amount of sponge was least. \Vest of tht> bed Yery fe\\· oyster" wen· found, 
the "rock" rising abruptl:.Y from the chaunel. South aml east of the bed the o.rntPrs w1•re 8<~arce, 
and the amount of sponge and grass much increased. The number of os,>ters to tlw sq nan• .v:mL 
the mean of forty-nine ouservations, was 0.69. The number to the square yard on the area oc('npied 
by the scattered bysters was 0.01. 

Beds o.f the Manokin Ritier.-These beds lie on each si<le of the channel of the :\la11okiu Hiver 
and extend about 42 miles from its month. The inrnstigation extended as far as :::faint J>ierre 
Island, above which point only a few small "rocks," of inconsiderable area, WPre found. The bed8 
are fifteen in number and comprise a total area of G,142,000 square ~·ards. Uenerally s1waking, the 
larger beds are on the nortliern side of the channel. By reference to the chart it will he see11 that 
beds of more or less area are distributed over the cut.ire rh·er bottom, beinp; SPparatl'd and intPr
sected by numerous mud sloughs. The character of the indi,·idnal beds is similar, eaeh being <~nt 
up by mud slouglis and divided into small groups and areas of oysters, thus on a small scale rl'pro
ducing the whole rivt>r bottom. The depth of water is from S aml IO fret 011 tlu· upper beds to 27 
feet on those off Hazzard's Point. In the channel tlie depth is :!;i and 80 feet off Hazzard'" Point, 
shoaling graduaIIy to Saint Pierre Island, where there is about la fret, thong-11 there are many 
deep holes and sloughs where the dept,h exceeds the aYerage. On the lieds the bottom is nr.v 
irregular, and the change from shoal to deep water sudden arnl frequent. GPnerally n thick 
stratum of oysters aud shells were found on the shoals, and where th<> water dt•t•peuc<l a large 
amount of mud. The oysten1 appear to be in larger numhers on the beds about the mouth of the 
river than elsewhere, are very thilll~- scattered in groups in the channel, and 011 the extl'eme 
upper beds are very scarce. The bottom .consists of a, stratum of shells allll o~·sters, from one-haif 
foot t.o 2 feet in thickness. On the northern side of the channel, near the sands, a stratum of hard 
sand is found directly underneath the shells, but nearer the channel and on its southern Ride there 
is an intervening stratum of mud from 1 to 4 feet thick. On the greater part of the beds the 
oysters and shells am mixed with mud, but in the extreme southwestern portion soft sand is found 
instead. Many of the bed111 in the upper part of the river are CO\'ere<l by a, stratum of mud <thout 
1 foot thick, and near the southwestern border the oysters and shells were covered bJ· 3 to G inches 



 

288 REPORT OF THE SUPERINTENDENT OF THE 

of sand. In rnnning lines across the river a similarity was frequently noticed in the character of 
the succeeding surface Rtrata to those of the bottom, as shown by the probe. For instance, in t11e 
channel soft mud wa" fonn<l; proceeding inRl1ore a surface of shells and mud, then one of mud or 
soft saud, a11tl, finally, hanl sand was encounterPCl; the bottom on the major portion of the bed is 
built of similar strata, arranged in re\·erse order, the hard sand being the lowest. The oysters iu 
the upper part of the river were siugle and in small clusters; most were young growth, and all 
were of inferior •1nality. But. frw youug and fow drills were found, and no sponge or grass. On 
the southern heds the animals increased in size and numbers and improved in quality; a large 
proportion of young growth was still present, and a larger number of young and drills; a small 
amount of spo11ge. aml grass was fonnd. The scattered oysters in the channel and on the sands 
were of the same drnracter as thost• on the lJeds, but no young, drills, or sponge were. discovered. 

On thP extensirn sand shoal south of Piney Island there are no oysters, but much sponge and 
grass. 

The obserrntions for ascertaining the number to the square yard were made only on the 
southern bed;;, and consequently must not be considered as giving a just average for the whole 
area. On the lwds, the uurnher to the square yard, the mean of twenty.five observations, was O.!JO; 
on the area ocenpietl hy scattered oysters, 0.13. 

BEDS OF 'l'HE RIG ANNEMESSEX RIVER. 

lu this river and about its mouth, aud on both sides of the channel, are ten beds. The largest 
are the western one:s, 11ituated off Flat Cap Point, and from thence to the eastward the beds 
gradualJ.r denease i11 size. They comprise a t.otal area of _2,835,000 square yards. 

Though the heds are distributed O\"er the riYer bottom in a manner similar to those in the 
:Vla11oki11, there is little or 110 similarity in other respects, except between the western parts of the 
bedt' i11 the month of the river and where those farther to the eastward are in proximitJ' to muddy 
bottoms. Iu these eases the be•ls are broken up ~.Y slough8 aud the oysters piled up about the 
shoal spots much in the same manuer as in the Manokin. The beds in the month of the river, 
especiall.r when\ the,Y come in contact with muddy bottoms, are also broken by sloughs and the 
oysters separated into gTonps. Most of the beds, including nearly all in the river, are compara
ti n:!ly m11Jroke11. They are surrounded by sandy bottoms, and, except near the channel where 
there ii-; mud, s11d1 few isloughs HIS ruu iuto them are of sand. 

The westeru beds have from l G to 33 feet of water oYer them, and the eastern beds from 7 to 
1:1 feet. Uenerally speakiug, the depth of water may be couisidered as about 14 feet. The bottom 
consists of a stratum, about 6 inches thick, of OJ'Sters, shells, and soft sand or mud oYer a stratum 
of hal'(l sand. The surrom1ding bottomi'l consist of strata of soft sand on hard sand, except in the 
cltamwl where the surface stratum is mud. More mud on the surface was found on the western 
beds than the eastern. The oysters were small, single, and in small clusters, of poor quality, and 
with .fow _young, aml no drills (asf,IJrifs). A small amount of sponge was found, and the oysters 
taken in the vicinity of the mud sloughs ha(l blackened shells. The number of oysters to the 
square _yard on the western beds, the mean of seven observations, was 0.56. 

Harri.~ Bed.-This is a large bed lyiug off :Flat Cap Point, on the eastern side of the main 
cl.Jannel of the Son11d, aml across the channel into the Big Annemessex l~iver. It extends north 
arnl south 2!! llliles, and its greatest width is a little more than one mile. Its area is 3,420,000 
square J'ards. The bed is broken in many places, and is separated into four distinct portions by 
broad spaces of sand that intersect it. All of these portions are more or less cut up by mud or 
sand sloughs, and especialls the middle and larger portion, which contains within its limits several 
large areas that a.re occupied by scattered oysters only. The northern portion of the bed is broken 
by man;r mud sloughs, and the oysters grow in patches" of small area. The other portions are as 
represented ou the chart, the groups of oysters heing large and comparatively solid, and the 
se1mratiug s<t1Hl >1paces of more e-0nsiderable area than where they were of mud. As will be seen 
by referring to the dark lines on the chart, the oysters are nor evenly distributed, but they are 
found in larger or smaller numbers on the entire area. The bottom is irregular in contour, as will 
be noticed by reference to the depths of water plotted on the charts. Ou the northern portion the 
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1lepHj is from 17 to 33 feet, on the eeutr:1l portiou from 16 to '.!4 fret, and 011 tlre sontlwrn portiou 
19 t-0 28 feet. On acconnt of tltt' depth of water O\'CI' tlw bed, 011ly a fow ohsnrntions of tlw 
character of the bottom could he made, hut a suffieie11t Humller we1·p ohtained to ,;how that it 
collsistell, generally, of a stratum of shells, oy8ters, aud 8and, of about :! feet in thicknt·.~::i, over a 
8tratum of t'!Oft Sctlld. The oottom of t!JP northern portion arn! iu the Am1e111essex ( 'ban11el waR 
softer, and mud was fouud ou the snrface iu tile place of 8lllld. Exct•pt Oil its northern bonier, the 
bed ill .surrounded by sandy bottoms, tJiougl1 t!ie mull of the eharrnel j..,. 11ot far diMant from the 
western edge of the bed. 'l'be o;rnter.; were of all .sizp;; and qualitit•s; thost~ on the nort!H'l'll 
portiou were in small elusterR and of ;1mall siz1.. A few ~·om1g and a few drills, witl1 a rnodPratP 
a1110Jrnt of sponge, were fonn<l. On tlw caster11 part of the bed the oysters "·em siuµ;le, large, an1l 
of good 11na.lity. V Pry few young. lmt few 11rills, au<l a mo1lerate amount of spo11gl' a111l grass 
were found. On the central parts of the I.Jed the o~·sters were of moderate size and fair quality. 
Ahout the middle of tlw larger portio11 were a.n irnuH~llsP uumber of ''yomig'' aud a moderate 
number of' drills. Many of the yonug wne iujun~tl hy thfl dre1lgc amt a large 1m111llt>1· h~· drills. 
A good deal of red, gray, aml white :,;pongc was found. but its presence did not appareutly 
intlueuce the uumber of young ou the extreme "outhem part of the bed, though an nunsnally 
large amon11t of grass and sponge was di;.;cm·ererl, aiul a fc"· tlrilli;, yet the numher of ~·01111g was 
ah;o large. On thP wester11 portio11 of the hed fewer oyster>' wert> found, and a ;;mailer 11nm lwr of 
,young and drills. There was 110 i1wrease of sp011ge or grass. The scatteretl oystt•rr; •·ast of t hi' 
bed were large, siugfo, and in small clusters, with a 111oderate a111ou11t of sponge aud grass, a frw 
young, arnl a few drills. To the \\'est.\\'artl \·ery fow o,Ysten; werl' fomul. lmt a good 111a11y ;.lielb 
and red a)l(l gra,Y sponge Wl:'re brought up h.v the dredg1•. It will be 1wticed that the '·strikl~·· rn· 
"set'' of "young" 011 thh; l>ed was confi11ed to the center of the largest portion, and that ,·ery few 
"yonug· growth" were found 011 or about ti.Jc lJe(l, though they were in large 11t11ubers a fow miles 
to the 1101"thwanl in the :!\ianokin RiYer. The numllei· of o~·8tk'rK to the square ;rnrd, the mean of 
forty obsen·ations, was 0.28. Th<' rn1mber 011 tlte art>a occnpied by scattered oysters~ the mean of 
twenty ohserrntions, was 0.06. 

'Terrapin Sand8 Bed.-Tbis is a long narrow bed l.' iug 011 the shoal from whielJ it 1l11ri\'t'S it . .; 
name. It is on the western side of the cbannt'l, south of the Muscle Hole· Bed and Hedge'r; Strait 
and opposite Harris' Bed. It extend8 uorthwel'lt and 80nthea"t :it milt>s, and is, on au an•.raµ:e, from 
one-tenth to one.quarter milt' wide. It comprises au an•a of 1.±17,000 squarP yanb. It is diddt d 
by space;; of mud and sand occupied by scattered oysters into four distinct portious, the southe1 u 
one of which is separated from tile 111ai11 lied 1>3: a saw! space of om" half milt•. The 11ortlwrn por
tion is similar iu character to the sontheru part of the Mnscll' Hole Ht>d, tlit> oystf'l·s growi11g i11 
groups a111l patches, separated h,r soft hottoms. The l'Plllaiuder of the bed is h'ss hrokeu than a11.r 
iu the Souud, beiug entire!)· free from mml a11<l saud sloughs, exc1•pt ahont t!w bor(lel's. The 
oysters are distributed oyet· the entire a1ea, hnt are in larg·er 1111111ht'TI'! on tl1P 111ai11 and eentral 
portion and in smaller numbers 011 the northern portion than elsl'Whe1 ('. Tlw bottom is irregnfar, 
the depth of water ranging from 12 to 2~~ fed. 011 tlw IHHTow pa1t of the bed tlw shoal ridgt' alrn1g 
the eastem t'dge is \'ery in·o111iuent. Except 011 t11e extr1•rn1· northern port.iou, ·the l1ottor11 i,,; ,·n.1· 
hard1 coni;isting of shells for m·ei· 3 feet, which wa;; ai; far a" tlw probe eouhl penetrntl'. .Au inrn11-

1-1i1lera.ble ammmt of sand and mud wa1< found oil tlw s111face. U11 tbP 11orthern portiou tl1t· bot tom 
is softH and the shell stratum thinner; llllld sloughs are fre1pw11t, but where the grouvs of o~·st1Ts 
were found tl1e substratum was hard. The surronrnliug hottom;.; were-to tlw Pastward mull ailll 
to the westward principally sand, though unrny mud holei-; :ind slough" exist1 especially 011 tlirnw 
parts coutiguons to the he<l. In tl1i8 directio11 the oysters are scattered iu groups and patclH'"' a;; 
well as singly, aud the muddy bottoms were nsualls found in the viciuilJ' of those groups. Bt•tm·eu 
this bed and the Muscle Bole Bed the bottom is soft mnil, and l>et\H'Pll tlw l1etl mul Paul'.s Hl·d to 
the southward the bottom is hard sand. 

The mature o;piters were large, of good quality, aull "i11gle; 0111,Y a fi.•.\\ cluster8 were fo11111!. 
On the northern portion were very fow soung, ~·01mg growth, or drills, hut a moderate. Hlllotrnt of 
red and gray sponge. On the ceutr~l portiou, about oue-thircl of the oysters were yonug growth, 
and a ,·ery fair number of ;rouug, with a few drills (t1.~tyri.1·) 1 and a small amount of red spw1~e were 
found. · 

S. Ex. 49--37 
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• No oysters were found on the soft bottoms east of the beds. Those scattered to the westwitrd 
were large and of good quality. Very few yonng and fewf\r drills were !Onnd; where the groups 
were encountered in a frw <.'a Res, a modern te nrun her of the oysters were "young growth," !mt gener
ally there was a marke(l ahst>nce of that class. Spouges were found ou the sand iu moderate 
quaut.it,y. The uumber of oysters to thP square yard, tlie mean of fourteeu obsernttions, was 0.27. 
The number ou the area occupied by scattered o,ysters, the mean of twelve ohse1Tatio11is, wais 0.03. 

Paul's Bed.-Thi;; bed lies on the western side of the channel, opposite the month of the ],ittle 
Annemessex HinJr. It is south of the Terrapin Sands and north of a bed called the ''' oman's 
l\larsb, with which it is eonnectell. It is similar to the latter bed, being broken in rnau_y places by 
mud aml sand slouglls, and with tlie oysters growiug in groups and patches. Its area is 7(i5,000 
square yards. The depth of water O\'er·the bed iH from 14 torn feet. The bottom iH g·enerall,\' of 
sand, but many mml sloughs \Yere found. :Xo specimens were outainerl from this bed, hnt the 
oysters are probably similar to tltmm found on the Woman's Marsli Bed, which will snbse11nently 
be de8cribed. · 

Between I>anl'8 Bed and the Terrapin Sands, on the area covered by tile broken lines, very few 
oysters are found, a1Hl on the eastern 8ide of tile channel, between Harris' Beel awl the bed oft 
Jane's Island Light-Honse, none at all, presumably ou account of the character of the bottom, 
which i8 soft, shifting sand. 

Btd o:{f Jant?'s bland Light-Houst?._!fo the northwanl of the channel into the Little Anne
messex Rh·er, aud to the ea11twanl of th"' chanuel of the Sonnd, there is a bed extending from the 
chauuels to aud o\·er the shoal ahont the light-house off Jane's Island. It comprises an area of 
1,.'lOO,OUO square yardis, au<l is unbrokeu except al)()nt its southern and wi>stern bou11darie,;, where it 
joius the channels. The dl·ptl1 of water is from 17 to 47 feet, the deep water being found on the 
wcstcm edge and the shoal water in the viciuit.r of the light-house and shoal exteudiug from it to 
the Wet>tward. 'flte oysters were lUJCYeuly distribnte<l and were in hrgest numbers about the ceu
tr.11 portion of the bed in 3~ au<l 4 fathoms wate!'. Along the edges of the bed where it is l1roke11 the 
oysters are scattered in groups and are i11 smaller numlters. '£he bottom is hard and of sand and 
slwlls, except near the chauuels, when• some mnd was found over the hard stratum. \Vest of the 
Led there i8 soft mud and e:1st of it Ji;1.l'd sa1HI. Tl1e oysters were single or in clustern of two or 
three, the single oyster of moderate size pre<io111i11ating. The young were no more eYeuly distrib
ull'll than the nmture oysters, Lirge uu111ber8 exiiltiug on some parts of the bed, and ver,y few on 
others. Those parts farthest from the drn1111el appt'ared to ha\'e the largest proportion of J·o1mg 
to u1atnre OJ8ters. A few spong·es aU<l sotne gr::u.;s were found 011 the northern part. of the bed. 

'l'lte Great Rod.:.-On tlie eastern side of the Somal off Great Fog faland, aud south of the 
cba11uel into the Little A1111emessex Hfrer, lies the largest oyster bed in either Tangier or Poco
moke Sound. It is called the ''Great Rock,'' and comprises au area of 8,505,000 square yards. Its 
greatest le11gth is :J~ miles, and it:; greatest wi<lth, 1 ! miles. It is irregular in shape, and about two
th irds of its length to the southward it is (lidded into two portious. Originally the8e portions 
1rP1e widely separated, ht1t, thrcrngh the action of 11atmal causes a11d the dredges, each portion has 
hee11 extended until wLere tlie bottom wa;; har<l the~· have becouie united, and probably iu the 
eour~e of time tile union will be more complete. The depth of the water over the bed can be seen 
by referring to the chart. The iuucr limit of the northern and la.rger bed is approximatels indi
cated by the 3-fatlwm euffe, aud as uo oysters were fouud in deeper water than 8 fathoms, the 
tll'pth of water orer the heil is, therefore, within those limits. Generally speaking, the <leeve;;t 
water is over tile lower part of the larger portion. The inner limit of the smaller IJOrtion of the bed 
i.s not as well definetl as that of the other, and sollle of the oysters on this area are found in 2 
fat horns of water, aml on aud about the 2-fatbom shoal off G1·eat Fog Island. The muddy bottoms 
of th<> main cbnuud I.ring iu from .5 to 9 fathoms of water define the western limit of the bed, and 
a {foep mu<l slough which separates it from the hed off Jane's Island Light forms the northern 
houn1lary. 

The northern and western portions of tbe bed are somewhat broken, the oyste1•s growing in 
groups, which d.ecrna~e ill size and uum ber as the edge of the bed is approached. Similarly towards 
the nistern and southern limits the oyst~rs begin to scatter in groups and singly, 1:mt the main bed 
ma~· he considered solid, only a few mud sloughs and sand spaces of inconsiderable area. existing in 
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the interior. 'l'he oysters are <iistributed oYer the entire bed, but uot enmly, tile largest number 
beiug fouml in the Yieiuity of the dark line marked on tlu~ eh art. Tbe bottolll is lrnrd, of shells and 
sand;' the oyster,.; on the imrfaee had a small amount or mud with tht>m, the thickness of which 
was not uniform, but did not exceed a few inciles. As the cbannel and uorti1ern homular,\· are 
approached t11e bottom becomes softer and more mud is fouud; on tlie ea:,;tem and southern portious 
of the bed the sand increased; north of the bed the bottom is mud, to the east wanl a]](l southward, 
hard sand, aml to the westward, soft mml. Ou the bed itself the 1mbstratnm of tile bottom is prob· 
ably hard saud, lmt. owing to the great deptll of water it was impossible detiuitel,\· to ascertaiu the 
cilaracter of the substratum, except in a few iiwlated easeR. The o;yister8 foirnd were single, of 
moderate size, and good quali1y; occa,.,ioually small dusters of two or three were di:,;covert•d. 
Many young were found, but the,\' were not eYenly distributed, being in larger numbers about the 
central portion of tbe bed and decreasing as tlw P11g·es "·ere approached. On the southern and 
smaller portion the young were comparati,-ely scarce. A moderate 11nmher of young had eddentl~· 
been deRtroyed by the dredges, and large uumbers were injured by drills; m:rny drills were found 
attached to the oysters, and where the bottom was clean the drills were g·e11erally in direct pro
portion to the young, hut where the red or graJ· sponge l!r grass existed there was a marked 
diminution of the num her of ,votrng and a moderate diminution of the number of a st yr is. Tile ,;:ponge 
and grass Wt're found in conisitlerable quantities about the western and 1muthwestern e1lgt~s of the 
smaller portion, and to a less extent 011 the main ht>d. As the bottom became soft or nmddy, both 
yomig oysters and ost11ris cfomppeared. Thougl1 tlu· bed is so larg1\ aud so favorably situated for 
production the oysters are not very plm1tifu1, tbe number to the sq uarn yard, the mean of thirty·six 
obserrntions made at different points, being but O.Hi. The scattered oysters to the eastward arc 
much larger and fim~r than tlmse 011 the bedl'l. Tlies are siugly on the sands, the distauces sepa
rating them being proportiouul to tlH' distance of tlle oysters from tbe mai11 lwd. 'l'o the south
ward aud eastward tht' o,vstens are not so ti11e, especially those• iu the latter locali(\', where tliey 
grow on the edge of the mud, and Lan· discolored shells aml au unhealthy appearaucP. The num
ber to the 8qnare _yard, 011 the area occupied hy scattered o~·sters, wai:; 0.04. 

1'he Wonwn'~ Jforsh Red.-'l'his bed lies ou the westem side of the Sound, opposite tile Great 
ltock, and is next to it in size, comprising au area of G,11751000 square ;rnrds. It is irregular in 
shape, exteuds north aud south itlong the edge of the ('hann ... J for 4¥ miles, Hml ii; a little less than 
one.half mile uroad. All parts of the bed are broken iu nrnny places, a11d tliis is (·specially the 
case about the middle portion. I. .. arge spaet~s of sand arnl smaller ones of mud are frequentls met, 
and the oyster8 grow iu groups of considerable size, separated br these spaces, except about the 
localit,Y of the dark line dmwn on the chart, where the bed is nearly unbroken. 

The depth of water is from 13 to 2'.:! feet; O\Ter the southern arnl middle parts of the bed the 
usual depth was about rn feet, and on the northern portiou ahout ti feet \nts found. Grnerall.r 
speaking, the deeper water is near the channel, lmt 011 the extreme eastern edge ot' the hed the 
water suddenl_y shoals, usually torn or 17 feet: and sonwtimes to as little it~ 2 fotboms. Immediately 
to the westward the water deepens rapidly. The ri1Ig·c is very narrow a111l 011 or near it the 
largest number of oysters were found; hence the dark line 011 the chart shows, approximately, its 
position. The shoal water is found on the western part of the bed, and the 11Pep water oYer thf' 
soft bottoms a1Hl mud sloughs. 

The oysters are spread O\'Cl' tile entire area, with the largest number along the eastern edge 
of the bed, where the bottom is bard, though they are scattered on~r allll about the mnd and sand 
spaces. The bottom was hard, of shells and sand, except where the mnd islougl1s occnrreu, when 
the covering of shells was very light, and the mml underneath of considernhle thiclmess. A little 
mud was found on the solid parts of the bed, the amouut depending upon tile distance from the 
channel or interior mud s1mees. Yery fow obsen'ation8 wt•re made of the suhstratnm, but it is 
probably of sand, the bottom to the westward being of that description. East, of the bed the 
bottom was soft mud. The oyst~rs were large aml singll', o<;casioually of s111all clusters and of 
very good quality. l\f any ~·mmg and many drills were attacl11~d to them and the old shells. The 
young were \Tery une\'enlJ distributed, the largest 11umber bei11g fouud ahnut the localit;y indicated 
by the dark line on the chart and on the bard bottoms. The drills were similarly diRtributed, being 
usually in proportion to the young, though exceptions t,o this rule w~re more frequent than on the 



 

292 REPORT OF THE SUPERINTENDENT OF THE 

fireat Rock. Hoth yonug· antl a.~t.iJriN were fonnd in greater uumbers on tlle soutllern portion of the 
bed than 011 the northern. ~-\long the eastern edi,:·e of the bed on the hard bottoms the red sponge 
was fou111l, and a smaller a111ouut ou the central part; very little was found where the bottom was 
soft, aJlll the 11t11n her of yon11g dimi11ished where tl1e amount of spouge was excessive. The number 
of o.ystl'rs to the i:;qnare yartl, the mean of tl1irty-two observatiollS made on different parts of the 
ht~d, is 0.:!4, which is so111ewhat larger than on the Great Hock, probably on aceount of shoaler water 
in which the dredging was tlmH>. The o,,·ster8 :-icattere<l around the bed are similar to those on it, 
though they grow somewhat larger ~11111 have eleaner shells. To the we;;:tward the young were 
present in 111oderate uum hers awl with tlw nsnal pmportion of astyri.~. Rut little sponge or grass 
was fo11111l i11 thi8 direction, hut to tlw south wa1·d both increased, and _young and <L~tyris disap
peared. The number to tile square yard, on the area occupied by scattered oysters, the mean of 
Hlirtet'll 11bsen·atio11s, was 0.00. 

Tlwrn11!fltf11 re Bed.~.-011 the ems tern side of the 8onnd, opposite lAttle Fox lsla1{d and·south of 
the On·at Hock. are two beds of moderate size, called the Little Thoroughfare and Great Thorough
fan.. Tl11• an•a of tlw forml'r is 7:m,ooo R<prnre Janls, aud the area of the latter, l,fi97 ,ooo square 
yards. 

The depth of water m·er the Little Thoroughfare is from 15 to 34 ft>et, the deep water being 
fon11cl on>r the westem and southwestern portion and shoaling from thence gradually to the north
ward aud eastwai·d. (her the Great Thoroughfare the depth is from rn to ;j4 feet, the deep watt•r 
hl'i11g fo11111l orr tire WPHtem and northwestern edge of nm bed and o;hoaling to the southward and 
eastward. Tlw space SP[HU'ating· tile be<ls i8 about one-fourth of a mih~ wide, and has o\'er it a 
tlt'11tb of watt'!' from 20 to 40 fed. The hed8 are uubroken except about the edges, where the 
o_ysters i1rP SL\arteretl. On the "estPrn side of the Great Thoroughfare, where the hed extends to 
the .1-mft muddy bottoms, tl1e mmal detacl11nP11t of the 0;1·8ters into groups is noticeable, but about 
the other boundarie..;, wlwre th(• bottom is hard sand, the oy:-;ters are distributed more thinly and 
the breakage 11ot <lii:;linguitdmble. The distribution of oyKters was more even on the Great Thor
oughfarp than 011 the Littl•' Thoroughfon· bed, the largest number on the latter bed being found 
ou the W(•8tern part, while 011 the fornwr the largest number was about the central portion. The 
hottolll 011 hoth bmls is hard, cousistiug of a :-itratum of shells aud oysters 1 or 2 feet thick, over a 
stratum of saml. Very fe\v obsen'ation:-; of the character of the substratum were made, the depth 
of water being too great to permit it, but as the bottom as far as the channel was hard, and large 
uumhers of shells and oyster8 were bro.;ght nv from the westflrn border, it is probable that the 
shell stratum continue8 a8 far a8 the muddy bottoms. 

'l'lre OJSters were of moderate size, usually single, but occasional1;1· in small clusters. Large 
nnmhert' of ~-oung were f'omul 011 the extreme northern part of the Little Thoroughfare and on the 
central and western portions of the Great 'fhoroughfare bed, while very few young were found on 
the eaHtern part of the latter. Some of the young had been destroyed by dredges and a few hy 
drill8, though not many "f the latter (tisty~·i8) were discovered. A small amount of sponge and 
grass was found about the t>dges of the beds. The number of oysters to the square yard, on the 
Little Thoroughfare, the mean of nine observations, was 0.14. On the Great Thoroughfare, the 
nwan of t.en observat.ions was 0.11. On the area occupied by sca.ttered oysters, the number to the 
square yard, the mean of seven observations, was O.OJ. 

The Cnl~fornia Bed.-This bed lit~s on t.be eastern side of the channel, opposite the thorough· 
fare into Pocomoke Sound, aml south of the Great Thoroughfare bed. It extends in a north and 
sontlr direction ahont 3 miles, and is Yery irregular in shape. About the center it is divided by a 
rnnd 8lough 01w-eightb of a mile wi<le. The area of the bed is 3,915,000 square yards. Along the 
wt>stern part of the bed ruus a narrow ridge, which iR comparatively unbroken and appears to be 
the origi11al of the bed defined on the. chart. To the eastwrtrd of this ridge the stratum of oysters 
and shells is thinner, though the shells and oysters are spread quite e\·enly, diminishing in numbers 
as the t'dge of the lwd is approached. West of the ridge and also in the vicinity of the dividing 
mud slough, the bed h~ Lroken into detached groups of oysters and shells. 'l'he depth of water is 
from 17 to :m feet, the deepe1>t water being tound on the northwestern and western parts of the 
bed. Except about the western border, the bottom is bard. Only a few obser\'ations of the cbar
act,er of the bottom could be roade, either on the bed or in its vicinity, the depth of wat.er being 
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too g-reat. Snch as were obtained showed a substratum of ltard ::<and, arnl it is wohable that the 
substratum is similar ou all parts of the bed. 

On tlw central portion of tlw bed the o,n.;ters were ;;iugle, of 11to<IPratt:> .~ize, ;11111 fair qua lit.'< 
but not numerous. Very few :young, Yery fow a8f.1JYi.~, an!l hnt little n''l or gra.'· sponge were dis
covered. On the westeru part of the bed tht:> oysters, though similar ill cliar;wtL•r, \H'I'e in greater 
numbers, _young and old, and where the nurnlwr of young increased, a proportio11al i11(·n•as(' iu the 
number of astyris was noticed. On the eastern part of tht:' ht:'d the number of oysters, young awl 
astyris, cousiderably diminished. About the edges of tl1e bed tlw g-ra~:;, J";ptlllgP, <111<1 sea-weed 
increa.sed, and wher<' this occurred a decrea:se iu the number of ~'01111g- was noticed, Th(' uumher 
of oyst~rs t-0 tlie :sq nan; yard, the mean of thirt,y-six ohst:>tTation:s. was 0.:!1. 011 tlw m·pa occu1Jit>d 
by scattered o.vsters, the number to the square yard, the mean of eightee11 ol•>wrnitious, was O.OU. 
011 account of the depth of water, and other unfaYorable ci1·eumsta11ees, both n•sult;; must lw 
regarded as a much rougher approximation to tlw real immbvr titan iu the ease" of the hed:s pre
viomdy <lescribed. 

Johnson's Bt!d.-This bed lies on the eastern :sitle of tl1e 8ouml. imrnP,liateJ_,. to the west\\'ard 
of the 3-fathom shoal off V{att's Isla.ml Li~ht-Hm1st:'. Tlie bed is separate1l iuto two portio11s, of 
nearly equal area, b.v a diddiug Rpaee of sand which extends north arnl south, following tilt:> 
general direction of the bed. Ba.ch portion ii> auout 011e-ei1.d1th of a mill\ and the 11ortlteru arnl 
southern extremes are septtrate!l one mile antl a (jnarter. The area of the bed is l,:l!l.J,000 sqnare 
yards. The bed is uubroken, exc(•pt about the edges, and the oyster . .., exist 011 the (•utire area, 
though unevenly distributed, the largpr unmbei· ueiug fonwl about tht• l'enter of the bed. 'l'he
bottom is comparatfrely regular, the depth of water !wing from :.!4 to 3() feet~ the greater (lepths 
being on the western part and the least on the eastt•m part of tlJe bed. 011 act~onut. of the <kpth 
of water and unfavorable nature of the weatl1er during the examination of thi:-: hed no oh,,;er\·a
tions of the character of the bottom were matle. The lt•ad showed a har<l snrfacl~ ;;tratnm, except 
about the western edge,· where mud wm; fonrHl. The oyster:; W<'l'e large and singlt· witli man,y 
young aud drills (a.styris). Yery little Rpouge wa~ found on tlw bed, 'but. on tlw shoal to tlie weRt
ward and l>etwccn Johnson's antl the California Bed8 there wa8 a largP amouut of it. \-er,v few 
oysters were found in this area. The number of o,vsters to the square yanl, thP mean of' four 
observations, was 0.19. 

East of Johnson's Bed i8 a small rock, called '' l'arker'::i Hill,'' whicl1 for \\'illlt of tinll' was 
neither surve_yed nor examined. It is of little importa11c(' and seldom worked. 

Oak Hammock Rocks.-These he<ls are situated on the \ve;;;teru side of the Souwl at the t~utrance 
to and in a large mud slough, which extends a;;; far as Queen's Heaelt into the sarnl shoal surround
ing Tangier Island. Each of the beds has a distinguishing namP aml i~ separated b~- mud 
sloughs from the others, but aR the area.s tire small and the outlines of tlu' rol'ks n•ry imlefinitc I 
have included all of them under the name by which the assemblage is gmwrally clt->signatetl. The 
beds extend northwest and southeast auout three-fourths of a mile, and the an•a is irregular in 
shape. The depth of water is from II to 24 feet, and the bottom iR a io;trat.11111 of shell, mud, and 
sand, over a stratum of tnud. Undernea.tli thi1:1 mud, where it was not t.oo thick for 1w11etratiou, 
we found a bard stratum. The majoritr of the OJSters were old, of smail size~ single, and iu small 
clusters. Neither young nor drills (a.~tyri11) were found, and hut a ffi()(lerate a111on11t of sponge. 
To the northward and westward of the 'beds the oysters are scatterP<l in the mnd in groups and 
patches. The total area of the bed is 600,000 square yar1ls. 

On the sand shoal between the Oak Hammock beds a111l the \Vomau's l\lal'sh 110 o.'·sten; haYe 
ever been found. ' 

D:ENSI TIES. 

Specimens of the bottom water taken on eacb bed. at all stages of the tide, lrnve been teste<l 
with the hydromett'r and its readings reducerl to a standard tempera.ture of 600 Fahr. These 
results show a maximum density of the waters of Tangier Sonntl of 1.016!, which wa.q foutul in 
tbe lower part, about the California Rock, at haJf flood-tide. The minimum density of 1.11111 wa.s 
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found iu the upper part of Fii,;hiug Bay, with the tide tlITee-quarters ebb. The following table 
sltows the maximum and minimum dentiity on each bed, with state of tide and remarks; 

Oomparfaon of densities-Tangier. 

[Tbt-> tigur(•s repl'el'\ent tlle cxceK:-; ot' llt.10~it.'· on·r that of dh;tilled water, wLiclt il':I represented at"; 1.000.) 

Bed. 

Fishing Bay 
\Ver('! Point .. . 

Hhnrk'l'l Fiu, .. . 

Xauticoke M. U. 

Cl11m11 Point 
Jlorsey's Bar __ ..... } 

Max. 
density. 

1. 01:m 

]. 0139 

1. 0143 

1. 0136 

l. 011~ 

'l'itk. Remarks. 

Hiµ:h watel' S\outhern pat't . 

~ tlood ...... In drnnnul to Roope.r's Straits .. 

Hiµ:h watt>r. Edge of main channel .... 
Ili~h wat(Jr. \Vest Qf channel ........ 

l ftood .. Ouly one specimen ---

Tyler's Rock ........ f· 1. OU2 l ebb .. . Only out s11edmeu .... 

Urummiu.!.{ Slwal .. } 

Grass Tangier 

·Turtle Eg:.: Rock ... 
Chain Shoal. .. __ 

~Iuu Rock .•... 

~fo•clP Hole .. __ 

Piue.v Island Bar. 

'Alanokin Rin·t· .. 
Big .Anricmes~cx ..... . 

Hanis Hock. 
Tt>rrapin Saw18 
Roek off .Jane's Island . 

J. 0144 {flood .. 

1. 0120 1 f!oo<l 

1. 014.5 i flood ... 

1. 0144 .'i flood 

1. 015i ~ thb 
1. ol.=iO ~ ehh 

In the channel. .... _ ..... . 

8outh of beds ...... . 

l.015:! ±ebb I .. O\Yer beds .................... . 

1. olfil IIi~h ·water. 1Vestern bed~ _ •......•. 

l.0153,iebh ... Southembtlds. ---------··· 
1. 015!> ~ ebb. .. . . . Strong· ~ontherly winds ..... 

1.0156 ~ebb ............ ····--···--··-······--
Hreat Hock 1. 0159 1 flood 

'Y-onrnn1s lhu·~Jt ...... 1.0160 :! ehU 

Litt!<' Thoroug:hfar• .. 
Great Thorou:,!hfart> .. 

Califurnia ...... . 
,John.son's Rock ..... . 

Oak Hammock ... . 

]. 015d 
1. 0157 

1. 0164 

]. 0161 

1. 0160 

i cul> 
~flood,! ehU 

~ rtootl 
} tiood. 

i t-lth 

Opposite opening betw·een Tau· 
git.'I' and ~mith 's lt:1.la11<t 

• 00-L5 

.0022 

.0025 

. 0017 

Min. 
density. ~ride. Remarks. 

1. 01 ll t and 1 ebl> . Extreme northern part.. 
1. 0117 Low water .. 

1. 0118 l ebb .•. - . . Middle of bed. 
l. 0119 ~ebb ..... - Middle of bed. 

No specimen. 

. 0012 1. 0120 J, tlood ...... Only one specinmu. 

. 0024 1. 0120 Low water.. Mid<lle of be<!. 

. 0022 1. 0123 '! fiood -·- ... ~ 

. 0008 1. 0136 J ehb ..•..•. 

.0012 1.0145 Low water..: 

.0()10 1. 01:n •ebb . ···--· j Middle of bed. 
• 0014 1. 0128 i ebb ·····-·i Upper beds. 
.0007 1. 0144 •ebb -··---·1 Eastern beds. 
. 0007 1. 0146 High water .. 
. 0015 1. Ol4l ! tlood ... - - . : Light Houtherly breezes. 
• 0013 1.0143 jj tlood ...... :, 
. 0011 l. 0141< 

.0016 1.0144 ~flood ..... 

. ooou 1. 0151 t tlood ...... 

.0005_' 1. 0152 i flood ... 

.0012 
I 

). 0152 i fiood 

.0010' 1. 0148 ! ebb.·-----

. 0002 '; 1. 0158 ! ebb. 

* ~-\.11 KJwcinwus takc·n on flood. This iM minimum df'm~ity. 

By consulting the table it will be seen that the state of the tide has but little influence upon 
the dem;ity, though the depth of tlie water has, arlll tlie pre\'alence of strong wiuds may increase 
or diminish it. There is shown a giadual and constant increase of density as the southern portion 
of the 80111111, whrre it opens upou the Che.-;apeake, is approached. There is also an increase of 
1leusity when in the viciuity of tlw openings into the bay, a1Hl a decrease in the rnrious rivers and 
off their months. 

Though the demiity of the water iucrea~;es, yet the difference between the maximum and 
llli11im11m de111:1ity steadily decreases to the Ronthward, s11owiug that the o~·stel'S on the northern 
heds are exposed to greater fluctuations of density, and probably salinity, than those. on the beds 
to the southward. 

There were 110 heavy rains during my stay in the Sounds, aud the densities given therefore 
show onl~- the eouditiou of the water in that respect during dry weather. I was informed that 
there wa.- it noticeable change in its character about the moutbs of the tributaries of the Sounds 
after a beay~· rainfall, and the effect upon the oysters was also perceivllble. 

The ditl:el'ence hetwee.n the maximum and minimum density of the Sound amounts to 0.0053; 
but the difference between the maximum and minimum density on each bed will give a more 
correct idea of the changes to which the oysters are exposed. '.l'he greatest difference is 0.0025, 
which occuril on the Shark's Fin an<l Fishing Bay Beds, and the least difference on an_y of tile 
main beds is 0.000!1 011 the Little Thoroughfare. 

It would he perhaps still more correct to divide the Sound into several parts and consider the 
fluctuation of densit,y O\'er them, thereby assembling a larger number of observations. Throwing 
out the Fishing Bay beds, which by their position a.re removed to a great extent from the oondi· 
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tions affecting the other beds, and inclu<liug all those south of Clay Island as far a::1 Piney Island 
bar, where the influence of the Manokin au<l Aunernesscx Rivers woul<l be folt1 the dift'c1·ence of 
density amounts to 0.0028. 

The difference of densit,,von\r the heels son th of Little Islaml and north of Little AnnemessPx 
River is 0.0031. 

'fhe difference of the beffa south of .lane's hland Light is 0.00'.!0. 
These differences show that the greatest fluctuation is OYer the beds in the middle of the 

Sound, and is probablJ· due to the iutluence of the Hig Aunemessex and .Manokin 'Ri\·ers and the 
waters entering b,v Ke<lge's St.rait. 

Throughout the Sound there is a marked difterence between the densities of the water taken 
about the latter part of August autl the first part of September and those takeu iu October. This 
differeuce is given in the following table: 

:Ued. 

Flushing llay .. __ .. _ . _ ....... _ .... _ . . . _ 

Were Point .••. 
Aug. 24 

Ang. 24 
Nanticoke Middle Ground .•...... __ ..... An/.!. 26 
Bed north of Turtle Egg hlantl. .. _....... Aug. 26 
Cbaiu Shonl ... . . . . . . . . . . . . . .. . . . . . .A11g. ~i 

Piney Island Bar .. __ .... 
llanokin Bed _ ..... _ . _ ... __ .. _ ....... . 

Ang, 28 

Aug-. 2i 

'g :=: 
oO 

~~ 
'¥-;.... 

a:~ 
~'§ 

Oct. 

Oct. 

Oct. 
OC'!. 

Oct. 
Oct. 
Sept. 

.E 

ti· 
f"~ 
~~ 
~ 

.. . 0018 

. 0014 

. 0014 

4 . 0016 

8 '0011 

4 . 0010 

:m . 0017 

Bed. 

Harrii:o's Rock ...•.•...••... 

Great Rock -.............. _ 
\\'orua11'15Marto<ob •.•••......••.......•.... 

Ang. ~n 
Ang. :lO 

Aug. 30 

Great Thoroughfare . . . . . . . . . . . . Sept. 

California....... . . . . . . . . . . . Sept. ti 

John?-on's'Rork ........................... RPpt. 6 

The earlier observations show the least. density. 

.5 

Oct. 1 . OOV5 

Sept. 28 . 0007 
St•pt. 2:1 . 0008 

Sept. 28 . 0007 

Sept. 26 , OOO~l 

Sept. 20 . OOIO 

It will he seen by the table tliat the observations wert' made at from two weeks to six weeks 
apart; that, genera.llj' speaking, tl1e amonnt of difference in the densities increases with the inter
val between the observations, and that the northern be1h; and those in the riYers are exposed to 
greater fluct.nations of density thau thic' neighboring ones iu the Sonml. If the change of density 
o\·er tl.te beds, as shown hy these tables, represents with approximatl' accuracr the change of 
salinity of the water, the fluctuation is too slight to seriousl,r affect the bells or oy~ters; but if the 
slightness of the change is due to organic matter held in solution b,\· tbe waters of the ebb tide, 
which would replace the salt of the tlood, there may be a much greater difference in the salinity 
of the flood and ehb tfom lms l>een indicated by the hydrometer. 

CURRI<:NTR. 

The general set of the currents iu the Souutl is north and sonth, following the 111ai11 cha nnt>l 
and diverging slightly ahont. the mouths of the tributaries and straits. 

In the following statements regarding the currents tlw iutltwnce of the wind has uot been 
eliminated, and accouuts for many irreg·nlarities, both of velocity and direction, a11tl ahont slack
water, especially of the wind ward tides, this intlnence was most apparent. 

In l<'i8hing Bay the currents follow the general beud of the shores and dia1111el, setting· o\·er 
the lower portion, on the flood, to the northward; over tl.te middle portion to the northward and 
westward, as far as Fishing Point, aud above that point and on•r the Ullper part of tl.ie bay, set
ting to the north ward and eastward. The maximum observed vdocits of the flood. current was 
0.38 of a mile per hour. The ebb in each portion li*f the hay sets in au opposite direction to the 
flood. 

The currents about the northern part of the "\Vere Point bed were measured .during and after 
strong northeast winds, which accounts for the set to tlie southw(lrd nud westward, and also for 
the slight velocity of the ebb, which was only 0.15 of a mile per hour, the uortheast wind haviug 
lasted for twc days and having driven a good ueal of the wa.ter out of Fishing Bay. 

" Over the Shark's Fin tile flood. current sets to the northward and the ebb to the southward 
and eastward, most of tibe latter app;i.rently comin1.r from Hooper's Straits. Its maximum \'elocity 
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was 0.4 of a mile per hour. The observations of the strength of the flood current made on this 
bed wern too rnucl1 influenced by the wind to he conRidered reliable, but the \'elocity imme<liately 
south of the hed was O.;> of a mile 1wr hour. 

'l'he cnrreuts of the Nanticoke Channel awl over the adjacent beds set to the northward and 
eastward on tlw flood, following· the bend of the channel, with a maximum velocity of 0.6 of a mile 
per lwur. The d>h o\·1·r the major portion of the l\fo.ldle Ground sets to the sout.hward, with a 
Yelocit.y of 0.3 to OA of a mile per hom· on the first quarter, uutil it meets the current of the Wicom
ieo, when it turns to tlrn ''e,;tward. A strong current sets in and out of Rock Oreek; over the 
Drumming Shoal arnl Cedar Rocks the current sets NNE. on the flood, with a velocity of 0.4 of a 
mile per hour, arnl SS \Y. on the ebb tide, with a velocitr of 0.6 of a mile per hour. 

Over the lwds south of the Slrnrk's Fiu and Ce1lar Rock, arnl north of l'iuey Island bar and 
Kellgc's Straits, the g·eueral set of the flootl is to the northward, with an inclinahon towards 
Holland's Straits wheu about Turtle Egg falaud, and tending to the northward and westward oft 
the Little Thorou~hfare. T!Je geueral set. of the ebb while in the channel i,; to the southward, but 
on the Turtle }Jgg J;;laud, :\Jud aIHl J\Iusele Hole Beds ,the set is to tlrn southward aml eastward. 
The strength of these and all currents in the Sound is mqch influenced by the winds that ha\'C 
prevailed during the immediatcl,v preceding days, and which it was impossible to eliminate in the 
space of time con~n·1l by this investig;ition. Ornr the westem beds, above Kedge's Straits, tlie 
maximum obsern•.l n~locity of the flood was 0.8 of a mile per hour, and a mean of all the veloci
til's of the ttood <mrTe11t wm; 0.4 of a mile pPr hour. '.l'he maximum observed velocity of the ebb 
current was 1.0 mile ver honr, and the mean of all velocities of the ebh was 0.3 of a mile per hour. 

01·(•r the Chain Shoal t.lw maximum velocity of the flood was 0.37 and the mean velocity was 
<U~ of a mile pN hour. The rnaximnrn velocity of the ebb was 1.0 mile and the mean velocity 0.5 
of a mile per honr. 

Tlie flood cnrrcnt over Pi11c~- Island bar sets NNW., or about in general line with the Sound 
at that point. It" ,·e)oeit,\· 011 the third quarter, during aU<l after northerly breezes, wa11 0.1 of a 
mile au hom, aml probably it is seldom less than that. The ebh current over the northern part of 
tlie lwd sl'ts ~SE., but tends to the southward o\•er the southern part. The maximum velocit,Y of 
the ebb duriug am! afkr u01therl~· breezes was 1 mile per hour and the mean of all observations, 
taken under similar circnmstauces, p;i1·es a velocit~' of OA of a mile per hour. 

Ill the )[anoki11 River the curreut follows the general trend of' the channel, the flood setting 
to the nortl11nml until above Hazzard's Point, and then to the northward and eastward. The ebb 
sets southwest, arnl, wlieu it strikes the shoal oft' Piney Island, currns somewhat to the southwar1l. 
The curre11ts wern measnn~!l dnriug- light or gentle northeasterly breezes. The maximum velocity 
of the flood was 0.4 of a mile per hour and the mean of all the ''eloeities of the flood 0.2 of' a mile 
per hour. The maximum velocity of tile ebb was 0.5 of a mile per hour and the mean veloeit,v 0.2 
of a mile per hour. 

In the Big Auueuie.ssex RiYer the current sets to the eastward on the flood tide aud to the 
westwar1l 011 tlw ehb, curving to the southward on the latter as it approaches the mouth of the 
rin•r. 'fhe maxinrnm velocity of the flood current was 0.4 and the mean velocity 0.25 of a. mile 
per hour. Of the ehh the maximum nilocit~' was 0.5 :ind the meau velocity 0.33 of a mile per bonr. 

The tlornl current sets ornr Harris Hock to the northward with a maximum velocity of 0.33 
ai11l a meau velocity of 0.2 of a mile per hour. Tlie ebb, being somewhat influenced hy the cur· 
rent out of the A1111emessex and the sweep of the main current of the Sound, sets to the southward 
and westwarll, with a mean velocity of 0.2 of a mile per hour. The maximum velocity observed 
wall but a slight increase of the mean. 

Ove1· the 'ferrapin Sands the flood set8 nol'thwest, with a maximum velocity of 0.9 and a mean 
velocity uf 0.7 of a mile per 4our. The ebb sets southeast until near the buoy marking the shoal, 
where it turns to the southward. Its maximum velocity was 1 mile and its mean \'elocity 0.9 
of a mile per hour. Tbe currents over the Terrapin Sands were measnretl during spring tides, 
and after Iip;ht breezes and calms had prevailed for several days. · 

Over the Woman's M:arsh Hm1ks the flood sets about NNW. until in the vicinity of HQrse 
Hammock, where it turns to the northward and eastward. The ebb sets SSW. over the upper 
part of the bed, and to the southward and eastward over the lower. There is a strong set in and 
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out of the ope11ing between Tangier ancl Smith's Islands. The maximum \'elocity of the tlood wais 
0.7 and the mean velocity 0.6 of a mile per hour. The Yelocity of tlte ebb was, maximum 0.8 ancl 
mean 0.4 of a mile per hour. These currents were also measured during spring tides. Along the 
eastern side of the Sound, below Jane's Island Light and over the several bells located on the 
eastern e{lge of the channel, the general set of the cul'rent is to the northward 011 the flood and to 
the southward on the ebb. The flood sets a little to the eastward or westward of north as the 
channel changes in direction, and about the northern part of the Great H.oek sets strongly to the 
northward and eastward into the Little Annemessex. The ebb current out of that rfrer forms a 
strong tide rip where it joins the main current due east of ,Jane's Island Light aud on the northern 
part of the bed off that light. The general set of the ebb is the re\'erse of that of the flood, and 
both currents follow tbe trend of the channel. 

Througl1 the Thoroughfare, opposite the Ca.lifornia Rock, the flood sets east iuto Pocomoke on 
the fir8t three quarters, and we8t 011 the last quarter. On the ebb the set is we8tward on tbe first 
tl:rree and eastward on the last quarter, and this irregularity is communicated to some exteut to 
the waters over the California Rock. 

The maximum rnlocity of the flood current on the eastern side of the Sound, below the Little 
Annemessex~ was 0.3 and the mean velocity was 0.2 of a mile per hour. The maximum of the ebb 
was 0.8 and the mean 0.7 of a mile per hour. Most of these currents were measured during 
northerly wimls, which would increase the ebb and diminish the flood currents, and probably t.hey 
are more equal than the obser\'ations slww tht>m to be. 

Over the Oak Hammock Rocks the flood sets to the northward and westward, and the ebb to 
the southward and eastward, with a rnlocit,v of from 0.1 to 0.2 of a mile per hour. 

Reviewing the cnrreuts, it will be seen that the strongest on both tides were those over Terra
pin Sands during the spring tides, their velocity beiug about oue mile per hour. As the observa
tions over the Sound were made during various states of the weather and of tide, the highest velocity 
01 •tained is probably as great as evn sets oyer any uf the beds. 

The veJocit.v, except within wide limits, however, is not so importaut to the oysters as the 
direction of' the current, and that has been ascertained with, I hoRe, sufficient exactness to assist, 
so far as it can: in the study of the beds. 

DEPOSIT. 

It would require a much longer period of observation than was at onr dil;posal, and a much 
more extensive and careful investigation of the character of the water and bottom of the Sound 
than I was enabled to make, to allow me to speak with authority or exactness upon this subject; 
but from the information collected from the most intelligent of the osstermeu whose experience 
ou the beds was considerable, I am of the opinion that there is little or no s~·stematic df1posit going 
on upon an.Y of' the beds of the main Sonnd. There must be some sediment containl:'d in the 
waters of the riYert> and creeks, but it appears to be depositell on those beds near their months. 
In the upper t.lart of Fishing Bay, ou the Clump Point Rocks, l\liddle Ground of the N:rnticoke, 
in the Manokiu and Big .Auuemessex ){ivers, there is a larger amount of rnnd in the surface and 
underneath than elsewhere in the Sound. Those beds lying in deep water are particularly free 
from an undue proportion of mud on the hottom, the shoalest beds having the thickest mud 
covering. 

If there was a constant and increasing deposit upon the beds they would long ago haYe dis· 
appeared, 01· at least have become of much smaller area, but the reverse is the case, the beds in
creasing in area constantly. 

They are, howe,·er, exposed to one species of deposit which is ''ery injurious. Heaxy gales 
ocourring in winter and summer fre1Jueut.ly tear up the large quantities of grass, sea-weed, and 
sponge on the sand shoals about the ~onn<l and deposit it upon the beds. If this occurs in sum
mer, when there are a smaller number of dredgers at work, the effect is very injurious, the "cultch" 
being covered, and the young, if spawned, smothered by the grass, weeds, sand, and mud which 
it oolloots. The California Rook, Piney Island bar, and Manokin beds are those most su~jeet to 
this evil. 

The gales also have the eftect of covering the scattered oysters on the leeward sands, which 
s. Ex. 49--38 
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process is called "sanding," and, from wbat I could leant, appears to 'be a very injurious one. The 
oysters are buried, anrl the bottom becomes smooth and hard. "Where at least thirty bushels of 
oysters could be taken previous to a gale, not one oyRter eoul<l he fournl subsequent to it. 'l'he 
winter gales have the greatest effect, owiug probably to their greater se\'erity, and direction, which 
iis from the northward aucl westward. The "isar1d'' oysteris are found in largest numbers on the 
eastern shore8 of the Sound, and about Kedge's and Hooper's Straits; consequently they would feel 
a 11orth westerly gale much more tilan 011e from the opposite direction. They are said not to re· 
~mver from the "sanding" for i"lenral months, a,nd upon their reappearance are noticeable 011 account 
of the whiteness of their shells. Though there were several Yery heav~- blows while we were i11 
the Sound, they were not of sufficient severity to produce tile eflect spoken of, and if they had been 
1 should not have been able to detect it, on account of the :;hallowness of the water iu which the 
i-;cattered oysters lie, which 11revented the schooner's dredging for them. 

FJPFECT OJ;' GALE8 ANH ICE. • 

As there was no opportunity for me to investigate this question in person, the examination of 
the heels having been accomplished during- the summer and autumn months, the following infor-
111atio11 iii derirnd from the queriei-; put to the oystermen and persons inhabiting the shores of the 
Sound. The heaviest galel'l duriug the winter season are from the northward and westward; during 
tlw summer st•ason, from the southward, and southward and eastward. 'L'he gales from the east
ward, sonthwar<l and eastward, au<l southward, cause au increase of depth over all the beds, 
amounting Hometimes to 2 feet, and the northerly and westerly gales a contrary effect, hut"not suf
ficient to leave any of tile natural beds uncovered, except one or two small patcheA in FiAhing Ba,t. 
!Tales from any direction cut away considerably the leeward sbores and points, especially when 
the~: are of a sand~- nature. 'l'hose parts of the Sound suflering most in this respect are Bishop's 
Head, Haiues' Point, and Diel's Island, fattle Island, the shores about and near .Jane's Island 
Great Fox Island, the shores about Horse Hammock, and the southern part of Watts anrt Tangier 
Islands. Coll Harbor, in Tangier Island, is said to be filling up with the washings of the sand
spit to the southward. 

Though it is said the amount washed away from these poi.9tS is considerable, no additional 
deposit was ever noticed on the beds, nor did the gales appear to afle.ct them in any way other 
t.Iian has already heen described, except in conjunction with the ice in the winter. 

Ice ne,-er rests upon the main beds except in a few isolated cases where there happens to be a 
very shoal spot on the bed; as, for instance, occasionally the ice will ground on some of the small 
rocks in Fishing Bay and once in a while on the Woman's l\farsh, but not often. The injury done 
the o,ysters by the grounding depends upon the length of time the oysters are in contact with the 
ice. If it only touches in a few places not much harm is done; indeed, it is supposed to protf>_.ct 
the majority on the bed by covering them, but where there is a contact all over the "rock," the 
oysrers are killed in a short space of time. The number "Of points iu the Sound where it is possible 
for the ice to rest is inconsiderable, and not many of the animall! are destroyed by tbe grounding 
of the ice, though they are affected seriously by its long cont.inned presence. 

The winter gales break up the ice fields and pile them up in immense masses on the leeward 
Hhores and over the adjacent beds. The Shark's Fin Bed sufferi,; particularly in this respect. A 
good deal of damage is doue to the 8hores by the ice, and the o;ysters feel the effect, showing it by 
becoming what is called "winter-killed," or poor and weak, having a slimy, sickly appearance when 
opened. Many die on the beds from this cause, and after the disappearance of the ice ten days or 
two weeks must elapse before they are tit for marketable purposes. Ordinary cold weather and a 
moderate amount of ice is said to improve the fishing, the oysters ap11earing to be drawn more to 
the surface of the bed and the shells to sink more toward the bottom. My informants said this 
effect was quite noticeable. 

No one that I was able to interrogate had ever seen an oyster frozen in the water, and the 
impression was that so long as the oysters WP.re covered they would recover from any ill effects of 
ice or ordinary cold weather. 
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l>OCOMOKE SOUND. 

Pocomoke Sound extends from \Yatts' falaml in a north-northeasterly direction 12~ miles. 
Tlie main channel is narrow with a var_ying depth of water, the main body of the Sound being· 

covered by shoals with from 7 to 18 feet of water OYer them. r.ong sand-spits make off from most 
of the poiuts and islands and separate the channels into the different crf'eks from each other. The 
Sonnd iR about 9~ miles broa!l from Rhore to shore abont its middlf1, but the channel occupie,; only 
ll miles of this space. 

The change of depth is gradual, except bet\rnen \Ya.tts' and Beach Islands, miar thP son thern 
extremity of the Sound, where the elrnnge from deep to shoal water is sudden. About the upper 
and 11ortheastern portion the 1lepth is more uniform, the deep channel shoaling to about 12 feet, 
and that tlepth being bnt slightly diminii;hed close to the snores. 

Tlle beds do not, as in Tangier Sonntl, cover tile shoal;,; ou each side of the channel, the majority 
being fouud 011 the eastern side, and only two beds to the westward of that part of the cha1111el 
where the water is deeper than three or four fathoms. 

The total area covered h~· oysters, to a greater or lesser exk.nt, in this Sound is :~4.1:! 8tJIUU't• 

nautical miles. This ltrea it> that inclosed on tile chart by the boundaries of scattereu oystPrs, and 
is bnt approximate, as previonsl;y explai1H1d. The solid beds, comprising all parts of the 8ountl 
where oysters were. found in a greater unmber than 0.1 to the. square yard, or where tlw hed was 
found to be to all i11te11ts i,;:olid '•oyster-rock,'' or comparati\·ely unbroken, embrace a total area of 
4.52 square nautical miles. The groups or rocks are not always contiguous, being: frequently sepa
rated b,v the channels into tlie different creeks aud rh'ers arnl by mud sloughs and spaCl'S, aud in 
only oue case ham the heds extended acros:-; a channel, and peculiar circumstances account for that 
exception. (l-enerally speaking, they will 'be found to lie on each sitle of the main channel in tlw 
Sound and on ea.ch side of the chanuelis into the ri,·ers. Taking them in order from the mouth of 
the Pocomoke HiYer to the entrance of the Sound, there are seventeen of a sufficient size to jnsti(Y 
a separate comdderation and name; and I have called tltem bj' the names given b~· the local oystC'l'
rnen to the solid "o.yster-rock," which was probably the origi11 of the bed. 

The,y are: 'l'he Old Hocks and New Plantation Rocks, Buoy Rock, Potter·s Rock, Slatestoue 
Flat Rock, Dog Fish Bed, Drum Bay Point Bed, Trevise'i; Bed, Shell Bed, Buoy Spit Bed. l\fo<lcly 
"Marsh Bed, Bird Bed, Hern Island Bed, Heach lslantl Hed, Parker's Bed, and Brig Bed. 

In considering and describing the beds I shall separate the first ten from the othets, and, a!'< 
they ar·e subjected to very similar comlitious of bottom, current. and density of wat(lr. shall treat 
them under one head, as t.he Pocomoke beds. 

HCATTERED OYS'l'ER8 rn POC01IOKE 80nrn. 

The area covered b;v scattered oysters is det.ermiued onl~· approximately, it being Yery difficult 
to accurately define the limits. (}enerall,Y speaking, the one-fathom cnrve will nearly mark thP 
inshore limit, while the soft. muddy bottom of the maiu chanuel will define the outer oue. The 
depth of wat.er over the scattered oysters and the character of the bottom can be ascertained b;\
reference to the chart. No oysters were found iu the deep clnurnels nor on the shoal sand-spits. 

Tile oysters are scattered singly awl iu groups, but usually grow singlr, though unmbers 
of small heds of a few hundred yartls arm1 are included within the limits of scattered oysters. 
In the vicinit~- of the i'\f essongo and Guilford Creeks the oysters seem to be scattered in that 
manner, the spaces between the group:; being proportional to their sizes. Ver~· few oysters were 
found along the edge of the shoal on the western side of the channel south of the :Muddy Marsh. 
In the ehann6l itself no oysters were found. Opposite Beach Island~ in from thil'teen to fourte.en 
fathoms, a few clams and shetl6 were brought up. In this case, bowever, the bottom was of hard 
sand. The area covered, to a greater or less extent, by the scat,tered oysters comprises 122,117,000 
square yards, or 29.60 square nautical miles. The numher of o;n;;ters O\'er this area, as nearly a;;: I 
could ascertain, was about 0.12 to the square yard. 

Pocom<>ke Beds.-Across the mouth of the Pocomoke River lie the "Old Rocks," comprising 
an area of 1,057,000 square yards, and marking the limit to which the oysters of the Sound extend, 
only few small rocks being fouml in the river. Below the "Old Rocks,"1)11 the western side of the 
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channel, are the Buoy Bed, comprising three "rocks" and 967,000 square yards; Potter's Bed, of 
seven ''rocks" and 900,000 square yards; Dog Fit-ih Bed, of 720,000 square yards; Flat Bed, of 
742,000 square yards, and Trevise's Bed, of 6\n,ooo square yards. 

On the southern side of the channel, and extending from it to the sands, are the Old Planta
tion Berl, of 180,000 stpiare ;yardR; the Slatestone Red, of HG7,000 square yards; the Drum Bay 
Point Bed, of 337,000 square sards, aud the Shell Bed, eomprisiug five "rocks" and an area of 
1,102,000 square yanls. 

The depth of water over the beds can be seen and studied by referring to the chart. The 
average depth is from 8 to 12 feet at low and from 11 to 11'.i feet at, high water, the deeper water 
being found near the channel anrl O\'er the murl slonghs. Of the diffnent beds the "Old Hocks,'' 
New Plantation, and Buoy are iu the shoal<>st water, and the Shell Bed in the deepest. The channel 
has 27 feet off the Shell Bed, and shoals gradually to 10 and 11 feet off the Buoy Bed. None of 
the beds are solid or unbroken; those approximating to that condition are the "Old Rocks," New 
Plantation, Bno)·, and Slatestone Beds. The ID<ljority of the beds h:we been cut up by the dredges 
or mud sloughs into small groups and ridges, with O,\ sters scattered between them. The divisions, 
howe,rer, are too small to be shown on the chart. 

The bottom generall.r consists of mud, and the stratum is both softer and thicker in the 
vicinity of the channel than elsewhere. On the beds remote from the channel bard bottom was 
occasionally found, and near the one-fathom curve sand and gravel; the last character of bottom 
was sometimes found in deep water, but not frequently, exct'pt about Trevi:m's Bed and near the 
sand shoal, to the southward and weAtward of Ape's Hole Creek. Between that creek and Merem· 
scot Creek, to the eastward, the bottom is a mixture of 1:m11d and clay, and the locality is therefore 
a f:worite planting ground, as is .A.p1,'s Hole Creek and the light above the "Old Rocks." On the 
Oltl Hocks we found the surface stratum of shells, oysters, and mutl to he about one foot thick, 
and the substratum of soft sarnl or mud. In the vicinity of the bed the hottorn is similar, except 
that the substratum is of shell. On the New Plantation Bed the surfaee stratum was of sand 
and shell, 3 foet iu thickness, and the substratum hard sand. The Buoy Bed has a light covering 
of mud and tine sand on the shells and oysters, and a substratnm of hard sautl a11d shell. In the 
vicinity of the bed the bottom is soft murl. On Pottel''s Bed the surface stratum was of sand and 
shell, 1 foot thick, m'er a stratum of soft mud. In one case ou the "rock" most remote from the 
channel the substratum was hard sand. Within the area north of Potter's Bed, occupied by scat
tere(l oyster11, the bottom, with one exeeptiou, was of mud over a stratum of hard sand. On the 
8latestoue Be(J the surface stratum is of mud and shells, from 1 to 5 feet in thickness, over a stratum 
of sand, or sand aud clay. Ou the Dog Fish and Flat Beds we found a surface stratum of sand, 
mud, shells, and oysters 2 or ;3 feet thick, and underneath that a hard stratum. About these two 
beds there are several places where the substratum was a mixture of sand and clay, similar to the 
bottom of the 11lauring grounds. .A.bout and inshore of the Drum Bay Point Bed the bottom was 
of saml anll gravel on the surface, with clay or sand aud gravel underneath. 'l'he probe was uot 
used on this bed nor 011 Tre,-ise's Bed, but about the latter the bottom is of soft sand for a few feet 
aud then hard sand. South of TreYise'11 Bed, uear the channel~ the bottom is of mud. The Shell 
Bed tleriYes its name from the character of its bottom, which cou11ists of a stratum of shells about 
11 feet thick, over a st.·aturn of mud of from 1to4 feet in thickness, after which the bottom appears 
to be hard. In the vicinity of the bed the bottom is of saml, which becomes harder as the distance 
from the bed increases aud the water shoals. In the chanuel the bottom is soft mud, and no oysters 
were fmmd iu it. 

Within the lines defining the limits of the scattered oysters the animals are distributed, but 
very une\'enly so. E\·en on the heds the distribution is by no meaus regular, or likely to become 
so, the production aud growth of the oysters varying with the locality, aud the size, coutour, and 
chamct~r of each bed continually changing from the action of' uatuml causes and the constant 
fishing .. Throughout the area a~signed to sca.ttered oysters, many small lumps and pafuhes may 
be found; but gt>neraJly the OJ'Sters are Scattered in small C}USOOrll Of singly, and those 00 the beds 
are of the same geueral clia.racter, being small, single, or in clusters of two or three, and without 
parasites or parasitic attachments. There was a remarkable abst'nce of young oysters of less than 
six mouths' growth, even, rui in the case of t,be Shell Bed, where the bottom was clean and shelly, 
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and apparently in good condition for attachment. Generally the mature oysters were scarce, 
though many shells were found, and on the Shell Bed the number to the square :vard was as small 
as 0.015, though great quantit.ies of broken shells were brought up. The ~latcstone and Drum 
Bay Point Beds appeared to be in best condition, so far as to the number of oysters. 

Buoy Bp-it Bed.-This heel lies on the eastern sicle of the chanuel, soutl1 west of the Shell Bed 
aml opposite the Muddy Marsh Bed. Its area is 427,000 square yards. lt extends NNvY. and 
SSE. five-eighths of a mile, and has an average breadth of one-quarter mile. The depth of 
water over it is froin 14 to 19 feet~ the shoal wat,(',r being found 011 tlie Routhern part of the hetl and 
the deep water on the northern part, and near the channel. The bed is com11aratively unbroken, 
except about the edges, where the oysters grow iu groups separated by mnd sloughs. Appareutl_v 
the bed is very old, the stratum of shells beiug very thick. The OJster1' are eveul.Y dhltribute1l 
over the eutire area. The bottom consists of a stratum of shells, o.ysters, aud mud. about 3 feet 
thick, over a stratum of hard sand and shell; on t.he southern part of the bed the snhstratum is 
mud. In the vicini1y of the bed the bottom is soft saml or mml, the latter being found in the 
channel. The oysters were single, with very fow young att<tched; a moder11te amount of red sponge 
was found. No oysters existed in the channel. Those scattered near the bed were to the east
ward. They were similar in character to those on the bed, but a larger number of ,roung· were 
found, and about one-third of them had been injured by the drills . 

. Muddy Jfan1h Bed.-This bed is on the western side of the channel, opposite the Buoy Spit 
Bed, and compriRes an area of 1,912,00.l square yards. The main bed is loug and narrow, exteud
ing 2z miles alw1g the ed~e of the channel, and being on au aYerage about one-quart.er of a mile 
broad. Une-half mile to the northward of the main bed are two detached "rocks," whose area 
has been included in that just girnn. The dPpth of water ornr the bed, as will be seen uy the 
chart, is from 11 to 17 feet; the small "rocks" have from rn to H feet o\·er them. The shoalest 
water found was about the central portion of the principal bed, and the ridge marks, approxi
mately, the original o_yster "rock." From this ridge the water deepens s1ightly to the westward 
and consitlerabty to the eastward. 'fhe bed is comparatively soliil, ha,-ing few mud or sand sloughs 
in it; about the shoal ridge it is entirely unbroken. The oyster8 are spread nneYenly m-er the 
entire area, tile smallest numlJer being found on the shoal, unbroken, central part~ and the largest 
uumbn about the extreme ends of the bed, where the water was deeper and the bottom softer. 
On the small beds to the northwt>.rd the oyste~s were scarce, an!l many clams were found. The 
bottom on the two detached "rocks" consists of a stratum of shells and mud ornr a stratnrn of 
mud. To the southward, and between them and the main bed, the bottom is of hard sand and 
broken shells. Where the beJ.s approach the channel tbe bottom is softer, and in the chanuel only 
soft mud is found. A few mud sloughs and mud patches were discovered at some distance from 
the channel, but generally the surrounding bottoms are hard. Ou the main bed a w~ry th~ck and 
hard stratum of shells, with a little sand on the surface, composes the bottom. \Ve could drive 
the prohe dowu 1;ome 2 or 3 feet, but did not in any case penetrate the shell stratum, except on the 
southern portion, where the bottom is neither so bard nor so shelly as about the c~nter of tile bed. 
South aud west of the bed the bottom is sandy, and hardens as the water shoals. A ft.ow mud 
sloughs were found along the western edge of the bed, but it. is noticeable that on the principal 
part of the bed there was little or no mud, and that the bottom was fairly cle m. The oy8tet·s on 
the bed and from its vicinity were of II\.edium size and fair quality, single, a11d yery scarce. Ver.r 
few young, no young growth nor drills, and no sponge, grass, or parasitic attachments of any kind 
were found, but an immense amount of broken shell and other dibri.~ was brought up by each ha.ul 
of the dredge. On one occasion the dredge filled in three minutes; sliells and one o.vst.er resulted. 
A similar haul produced a dredge full of shells and five oysters. As the dredge hel!l about two 
bushels, the percentage of debris is thus shown to be enormous. The haul:; were ma.de Olil the 
shoal, solid portion of the bed, where, according to most experience, the ossters shOllld have been 
mOl:lt numerous. The number of oysters to the square yard, from obsen'ations in the1<e places, 
was 0.40. 

- Tlie Bird Bed.-This bed lies on the eastern side of the main channel and across the channel 
into Messongo Creek. It is irregular in shilpe, and is the largest betl in Pocomoke Sound, having 
an area of 3,285,000 square yards. The southern extremity joins the Hern Islancl Bed, thus 
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practically making the two beds one; but as the oyRters were not very thick in the channel int-0 
Guilford Creek, the original dividing Bpace, and as the two beds still retain M1eir original names, I 
have considere(l them separately. The depth ot w:tt,er over the Bird Bed is from 14 to 24 foot, 
tlw deep water beiug. fonnd uear the charuwl and the shoal near the Sftnd spits. The bed is 
unhroken, except about the edgrs; that portion indicated on the chart by the dark line iR less 
brol•en thau the remainder, and probably in that ,·iciuits was located the original "rock" from 
which the be<l has exten1led. Abont the westeru edge tl1e bed is broken by mud sloughs, and 
immediately to tl1P eastward of the bed numerous small, 1letached gronps of o~·sters are found ancl 
a fow small beds, wlrn;,e area has been included in that given for the Bird Bed. The oysters, 
though fonml over the entire area, are not evenly distrihuted, but exist in larger numbers on the 
northPrn and more solid portion ,of the bed than elsewhere. The bottom is hard, of shells, with a 
light covering of mud. On the Wt>Rtern portionthe substratum was of mud, but elsewhere it was 
gennall~- hard, probab1,,- of sarnl. To the north ward of the bed the bottom was of sand, soft ou 
top aud hard undemeath; to the south and west soft mud was found. The oysters were single, 
of medium size, and goorl quality. No sponge or grass was found, but mans old and broken shells. 
In the vicinity of t.lie rnucl!ly bottoms the shells were blnck and uo yoimg were discovered, but on 
the central Ilart of the main hell, where the shells were of ordinary color and moderately clean, 
large nnmber8 of _young were found. It was noticed that man~· of the young had been destroyed 
by the drills, afl(l especially about the solid portion of the bed, whne as many as 152 out of 156 
on one shell had suffered. A8 the channel was approached the drills (a.~tyris) di<l not appear to 
be as uumerou:o; nor to have done as much damage, ouly about one-fourth of the young having 
been de;,troye<l. The number of oysters to the square yard, the mean of four observatfons on 
different parts of the bc,l, was 0.36. 

Hern Itdftnd Berl.-Originall_y this bed was sonth of the channel into Guilford Creek, but by 
the action of natural causes and by dredging it has been extended across that chanuel and con
neded with the Hird BP11. It lies due south of that hetl and extends in an east and west direction 
one mile, a111l has a width of ahout one-half mile. Its area is 2,09:!,000 square yards, and it is 
next in size to the Birtl Bed. Tile depth of wat.er is from 14 to 22 feet, the shoal water l,ying a 
little to the westward of the central portion of the bed, and the deep water being found in the 
Guilford Channel. The be1l is hroke11 about the edges, especially the northwestern one, ancl where 
it borders on the Guilford Ulmnnel, but elsewhere and in the center it is comparati\'ely solid. A 
few mnd or soft sand spaces were found in the east:ern part. The oyster8 are distrilmted very 
eYcnly o\·cr the entire area. The bottom generally is hard, of shells aud sand, though oul.r a small 
amollnt of the latter was found. In the Guilfor<l Channel awiits vicinity the bottom is softer aud 
the 8nbstratum of mud. To the southward of the bed hard sand is found, and in the channel to 
the westwanl the usual soft mud. The oysters were single, small, and principally of a young 
growth. Those adnlt oysters taken by us were of fair quality. Many old broken shells were 
brought up by the dredge but no Rponge or grass. M.any young were discovered and a large 
number, ow~r 2;) per cent., had been destroyed by drills. J,arge numbers of asty1·is were present 
with the .Yoirng. 'rhe number of o_ysters to the square yard, the mean of six observations, was 0.29. 

Bed.~ f!( the (foiljorrl C/umne/.-Sonth of the Guilforil Flats, on each Aide of the channel into 
Guilford Creek, are two 11arrow ledges of o_ysters, extending east and west. and following the trend 
of the channel. The northern bed is 1 mile in length, aurl.has its greatest width, of one-third of 
a mile, at itR eastern extremity, and its least, of one-tenth of a mile, at its western. Its area is 
585,000 square J·anls. The southern bed is 1~ miles long, one·quarter of a mile broad at its western 
a.ml one-tenth of a mile at its eastern extremity. Its area is 630,000 square yards. The northern 
hed ha~ a.n a.verage depth of water over it of 11 feet. The southern bas from~ to 21 feet, the deeper 
water heiug on the extreme western part of the becl. Both beds, though narrow, are solid, being 
but little broken lWen about tile edges. They are old and not freqt1ently worked. The bottom is 
of mud and Rhells for several feet. and underneath that a hard, stratum. The oysters were scarce, 
and no youug were found. 

Beach I.~land Bed.-This is a small Bed, lying about 1 mile NNE. of Beach Island, and south 
of the narrow channel into Deep Creek. It is irr1 gular in shape and com9rises an area of 225,000 
square yal'<ls. The depth of water over it is from 12 to 17 feet. 'Ibe bottom is of mud and shells, 
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the stratum being about 3 foet thick ou the. southern bonier and it11~reasiug in tliickuess as th1· 
channel is approached. \Vhere it could be a80ertained the substratum was fou111l to he hard, and 
is, prohably, of Raud, a,.; tlw bottom contig·uons iR of that de:scription. It is proba hle that narrow 
ledges of oysters exist ou both sides of the Deep Creek Chaimel, nho\'e Beach hlan<1~ hut lack of 
time prevenfod our verit\iug the supposition. The bed is unbrokeu, awl tlie oysters si11gle and 
presenting thl' same g(•11eral characteristie8 as on the beds already d1•seribe<l. A 111otlerate number 
of young was fonrnl, and the presmwe arnl destrudiYe effects of tile drills WPl'l' uotiee<l. 

Parker's Bed.-This is a small bed l~·jng east of \VattR' Island, aud on tlw \WS!ern sitlP of tltt• 
channel int.o Pocomoke Sonud. It is long :u1<l uano\\-, extends north and Routh fin'-eighths of a 
mile, aml ha" a11 lfferng-e width of oue·fiftu of a mile. The uepth of wakr is frnrn l:? to :!-l foet, 
the shoal water being· found abont the middle of tl1e hed aml the tlePpest water on the 1'011tilea11tern 
portion. 'rite bed is nuhroken except about. the edg·e", a111l the oysters are spread n11iformJ~· cffer 
the area, which comprises 4!35,000 sqnare yards. The bottom is hard aud co1111ists of a stratum, ;; 
feet thick, of shells ltn<l mud, O\'er a stratum of har<l sand or cla;r. Tlw contigwms bottoms are 
of soft sand or mml, \Yith a hard substratum. The oysters were ;;ingle~ of mo1lernte size, and 
similar in qualitr to those 011 the other beds of thP Sound. They were not nm11erous, the nnmber 
to the square yard beiug 0.57, jmt. that nnmher is larger thau on ai.1~· of the otller hedli in Poco· 
moke. Some of the red sponge wa11 found, but nothing ehw. Large numhers of young- aud drills 
(astyris) were discornretl, but for some reason the drills appeared to Irnn· been less destructive 
than elsewhere. Those oysters found nea,r the bed werp larger than those on it, but had 110 young 
attached to them. 

The Brirt Bcd.-This bed lies to the northward a]J(l westward and oft' th mouth of Chescou
uessex Creek. It is small, nearl,Y onil iu sl1ape, and comprises an area of ."Jl i ,ooo square yards. 
Hs extent east alJ(l WN\t is ffre-eighths of a mile and its greatest width, north alJ(l south, iR three
tentbs of a mile. The cfopth of watt>r is from 19 feet ou the ea:;tern edg!' to 48 feet on the western. 
The btod is unbroken, except about the edges, \d1ere tile oysters are sornewlrnt scattPrl'd; on tlrn 
80lid portions they are not very e\·enly di:strilmte<l, being more numerous ahont tlw center of the 
bed than elsewhert~. The bottom is hard, autl probahl,Y of sand and :sliPlls, but, owiHg to the depth 
of water, it was impossible to use the probe sueeessfnllr; tile contiguous bottoms are, howen:\r, of 
the character deseribetl, awl it is probable that there is uo difference on tht> lwd. The o.ysters 
were large and single aud of suvl'rior quality to auy ou the other beds. ,\.. mu1lerate number of 
young and a few drills were found, bnt no sponge or grass, thoui.:-11 some of tlie latter was discov. 
ered among the scattered oy:1ters. The number to the square yard was 0.2i. 

DENSITIES. 

The density of the water on the different beds was obtained in thP samt• manner as iu Tang·ier 
Sound. 

The least density founti, that of 1.0113, wa8 across the mouth of tl1e Pocomoke Uiver at low 
water of the spring tide. The water of the greatest density, that of 1.0174, was taken from abont 
the middle of the Sound, over the Bird, Bnoy Spit, l\lndd~· Ma1·sh, and Hem fa.land Rocks. The 
density over the beds, therefore, would be withiu ,those limits, the variatiou amounting to O.OOtil, 

The effect of the tide does not appear to bt\ i11v111fable, as tbe greater densities were found as 
frequently on the ebb tide as on the tlootl. The 1le1lth of water and the pre,·ailiug winds ha,'e 
probably a greater effect than anything else, as the density increases with the depth, and the 
prevalence of easterly or southeasterly winds, hacking the waters of the bay up into tlJe ~ound, 
would have a like effect. As the variation noticeable during the space of ele'ie11 days, under 
various conditions of weather, was so small, it can hardly be much gl·eater at any ti11w, and unless 
much greater than shown by the records, aucl if representing the change iu salinity, it can ha,·p 
but very little, if any, efft>ct upon the o;vsters on the beds. By the following tables of comparison 
it will be seen that the fluctuation of density is, as in Tangier Souud, greittest at the head of the 
Soun<l and least at its eutrance, with au iucreased fluctuation where the intlueuc(• of the Mesongo 
and Guilford Creeks is folt. 

On the beds above the Bird Rock the ditlerence of density noticed was O.OH61. On tl1e 
remainder of the beds the difference was 0.0015, showing that there is a much smaller change in 

te density over the southern beds than over the northern. 
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Compctris01i of densites-Pocomoke. 

!Tlw tigures show the exc.-eM of Uensit.v over that of distilled water, which is 1·epresented by 1,000.] 

Bed. Tid". Htm1arks. Remarks. 

On and above Potter's : 1. 0160 , lligh 'yaterandol!f:"· .. _ ... ---- .•........ -- .. • 0047 1. 0113 Low water .......••. Section. 

and Slatestone. quarter ebb. 
Shell Berl and ahon: .••. 1. 0170 01m-quartertlood .. 14 feet; cahusand light 

breezes several days. 
. 0014 1. 0156 

1 
Three-quart.irstlood. 5 feet . 

Mu.<l<ly .llarah .......... 1.0174 'l'hrt't'-tprnrttirs ~hb:,l8feeta11dijamN.1~above . 0014 I. 0160 One-quarter tlood . _. Strong easterly br~ezes . 
.Buoy Spit ....... _..... 1. 017~ Om--balf flood ..... 15feetanusnmeasabove . 0004 1. 0168 One-half ebb. - - ... - . lG feeti light breezes. 

Bird arnl Ht>tn Island I. (1Ji5 One-ltalf ebU ....•. , 4 fathoms and same as • OOl!i 1. 0160 Three-quart.ire ebb _ 18 feet' mouth of Gull-
Beds. above. ford Cre•k. 

Mesongo Creek .. -·-· ••. 1. 017a Orn-·-half f'hli. ___ .. : 17fectandsameasabove .0007 1.0164 Low water ...... ... Eastward •tation, 7 feet. 
Gnilfonl Creek .... , __ . 1. 016i Hig:h water._ ... __ ' 9 feet; !i)!:ht breezes .. . 0007 1.0160 One-half tlood. ------ Head of crook . 
Parker·s ....... _. _. _.... I. 017:! One-qnllrter t·b1J ••. 12 feet; light breezes . • 0009 ]. 0163 One-half tlood _. _. _ - . Li11;ht breezes. 
Brig .................... l.Olfl9 Three-<1uarters 11 feet; light breezes .. . 0005 1. 0164 I..ow water --··----- 17 feet; light breezes. 

tlooil. 

CURRENTS. 

Over the Pocomoke beds tltl:' general Ret of the ebb current is westerly until it reaches the 
sl1oal between and south of Broad and Ape's Hole Creeks, where it turns to the southward into 
the main cha1111el. The majority of the ohservations of the ebtl current were made during moder
ate 11ortheast.erl.r breezes, but the direction seems to have been but little influenced by them, 
though the strength probahly was; as at high and low water lly the tide tables, when there should 
have been no perceptible current, oue was observed of from 0.1 to 0.2 of a mile an hour. The max
imum strength observed was 0.5 of a mile per hour. The flood current sets northeast over the 
beds, and has a maximum strength of 0.5 of a mile per hour, and is but very slightly influenced in 
direction by the wind. 

Tn the main channel of the Sound, below the Shell Rocks and over the Muddy Marsh Rocks 
the flood current sets to the northward, following the general direction of the channel. The max
imum strengtll of this current, when uninfluenced by the wind, was 0.45 of a mile per hour. No 
observations of the strength of the ebb current were made in the main channel; but it is probably 
equal, or of slightly greater strength, than the flood, and sets to the southward. 

Over the Bird and Hern Island Rucks the flood current sets to ti.le northward aud eastward 
into Mesongo and Guilfonl Creeks, with a maximum velocity, when uninOuenced IJy the wind, of 
0.24 of a mile per hour. The ebb sets to the southward and westward, curving to the southward 
as it becomes influenced by the main current, with a maximum velocity of 0.4 of a mile per hour. 

Xorth of tl1e Guilford !<'lats the flood sets northeasterly toward Muddy Creek. The maximum 
velocity obserrnd during light northerly breezes was 0.3 of a mile per hour. South of the Gmlford 
Fla.ts the current follows the general direction of the channel, the flood having a tendency towards 
Hunting Creek, where the channel int.o Guilford Creek joins the latter. The maximum velocity 
obserYed during light northerly breezes was 0.5 of a mile per hour. 

The ebb out of .Mesongo and Guilford Creeks setl! t-0 the southward and westward, following 
the channel until it reaches the Bini and Hern Island Beds, where it curves to the southward. Its 
maximum rnlocity was 0.4 of a mile per hour. The current over the Brig and Parker's Beds sets 
to the northward a11dto the 80uthward; the maximum strength of the tlood, when unintluencecl by 
the wiud, was 0.24 of a mile per hour, but a· moderate breeze appears to be sufficient to cause a 
marked increase of strength and change of direction. Off the mouth of the Chesoonessex, where 
the wind, though light, hall the width of Chesapeake Bay and both Tangier and Pocomoke Sounds 
to sweep over, the Hood tide on the third quarter had a set to the northward and eastward of U.4, 
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of a mile per hour. North of Parker's Bed the flood, on the first quarter, during a moderate south
westerly breeze, was founu to set to the uort!Jeast at a rate of 0.6 of a mile per hour. 

T!Je oystermeu greatly overrate t!Je strength of the currents ill the Sonll<1:-;, putting the maxi
mum velocity at about four knots on the ebb anti somew!Jat less on the flood; but I could find no 
reason that would explain so great an increase over the velocities as establii:;hed by oursdnls, and 
consequently doubt the value of' the estimate. 

DEPOSITS. 

The fact that on nearly all the beds, and especially those in the vidnity of the creeks and 
rivers and iu the upper part of the Sound, there is a Jig·ht coYeriug ol' mud, more or le~8 thick, 
over the oysters, would lead to an inference that there must he a deposit of that l:haracter going on. 
Ou most of the beds the st1bstratum of the bottom was lrnnl aud tlw tltickue::;,; of th(• surface-(:o,-er
ing gradually decreased as the entrance to the Soml(l was approaclied. In the np1wr part of the 
Sound shells were found with the mud for seYcral feet, and of such a number aml character, being 
old and discolored, as to forbid the Rnpposition that they had recently sunk iu tlw mud or been 
covered by it. 

The Pocomoke River, draining au extensiYe tract of the Penin:-;nla, would bri11g· down a large 
amount of sediment, which the strong ebb current would (•an~- directly oyet' tlw lwds in tlw upper 
part of the Sound. The set of the ebb is eaRt, and, as will be 1'een hy the chart, the dee1wr water 
lies neMest the southern shore of the upper Sound, aud those beds lying to fop sonthwar<l of the 
channel are the hardest and least broken. Tlle sllorns are low and marsh~-, and probably add 
somewhat, to any sediment held by the main <·-nrre11t lwfore it t>nh'r8 the Sournl. 

I infer that there is a deposit goiug ou of maximum amount oyer tl1e Old Hock,,: and those to 
the northward of the channel, and decreasing as the entra,uee. to the Sound is npproaclted. The 
amount in any given period of time would be difficult to ascertain, but the character will he shown 
to some extent by au examination of the specimens of bottom. \Yhetl1er tlw nmonut of matter 
deposited is sufficient in quantity to seriotli'lly affect the beds is a matter of r'.011jeeture; I sllould 
judge that it was not, and my opinion coincides with that of all the oysteruwn I was allle to inter
rogate. That it must ha,·e 8ome effect cannot be doullted, and the m·ident deterioration of tlle 
beds in Pocomoke Sound may be accounted for, to some extent, by the supposition that the effect 
is injurious; but so many other ancl more dhect can11es exi11t for tlrn deterioration that it is difficult 
to diminatl\ their influence. The fact that the hells ha\'e existed aud han• lwen \rnrked since the 
first, setth>n1ent of the country would lead to au inference that the effect, if prejt1dicial, was very 
slightly so. 

Tlle scattered oysters lying on the sand.s and those beds in the vicinity of sand-shoals and iu 
shallow water, the Muddy Marsh aucl Beach Island Rocks particularly, are exposed to damage by 
"sanding" in a manner similar to certain beds in Tangier Sound, a1Hl whit-11 has already lwen 
tlescribed. The large amount of grass, sponge, and sea-weed growing on the saud shoals, especial!,:. 
the one to the east of Hern Island and south of the Ouilford Channel, is frpque11tly torn up by the 
heavy gales and deposited on the beds with the same iujurious effect that it hatl in Tan~ier Sound. 
Ht>avy southerly gales will sometimes cover the beds above the Buoy Spit and Shell Beds with 
mud for a short time, !:mt not sufficiently long, it is said, to affect tlle oysters seriou11ly. 

EF.FEC'l' OF ICE AND GALES. 

Tlle heavy gales that occ.ur in winter and summer, though principally durinp; the former 
season, increase or diminish the depth of water on the beds 11ometimes as much as three feet. 
Strong northerly and northwesterly gales have the effect of diminishing the depth of water, piling 
up any floating ice upon the leeward sllores, and cutting away parts of those shores. Hea...-y south 
easterly and southerly gales will increase the depth of water on the beds, stir up the soft mmldy 
bottom of the channels and beds above Shell Rock; and, during the winter, iu addition to piling 
the ice on the leeward shores and planted beds near Ape's Hole Creek~ will pile it up on the Old 
Rocks, Buoy Rock, and Shell Rocks. Generally speaking, tbe beds in this, as in Tangier Sound, 
are in too much water to permit their being uncovered by even the heaviest, gales, or to allow the 

S. Ex. 49-39 
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ice to ground upon them at any time; but those beds in shoal water (of about one fathom), and 
the planted beds, which are generally in 1esR, are subjected to both evils. The effect of gales and 
ice in Pocomoke Sound seems to be less than that in Tangier Sound, in consequence of its less 
extent and smaller area. 

GENERAL INFORMA'l'ION GIVEN lff OYS'l'ERMEN. 

The following information is that derived from the answers to tbe questions propounded to 
the fishermen and others. 

All the oystermen and dealers that were encountered during the Reason, so tar as was possible, 
were interrogated. That which wa8 not pertinent to the sul~ject, or cvident,Jy influenced by self
interest or other considerations, has been excluded. 

There haR been no material change of the channel within the men10Q· of the oldest fish~rmen, 
nor have they eYer found oysters in the deep water of the maiu channels of either Sound. With 
regard to the improvement or <leteriorntion of the beds, it was the general opinion that the beds 
had been much extended in size, that the qualit~· of the oysters had improved, both as to size and 
flavor, but that the uumber ou the beds had been very materially diminislied, so much so, that it 
was hardly profitable to work on some of the beds. About thirty years back, the large beds in 
the Sound were not known to the fislwrmcn and when first discovered and worked, the oysters 
were in clusters, long and tl1in valved and of poor quality, thougli ver~· numerous and easily taken. 
Sim~e their discover;)', and especiallJ during the last ten years, tlie heds haye been greatly over
worked and the number of oysters mncl1 lessened. 

Former]~', t,Jie hest op;tprs were found on the 'I't>rrapiu Ha11dl'>, all(l tl1e1·e wt'r<' nmw on the sarnls 
i11sl10re of tlie beds; uow tl1e finest o~·sters i11 tl1t~ ::iournls arc found on the sands bordcriug on the 
bedr; and are considered better than any ill the g·e11eml market. All the beds have been much 
extended b~- dredging, especiallj- the Bird Hock in 1>ocornok!~ Sound and the Great Rock in Tangie1· 
Sound, the former being two-thirds larger thau when first discovered, and the three rocks, of which 
Great Rock was originally composed, having been dragged iuto one continuous bed. Though thus 
extended, it was the opinion that there were not as many oysters on the beds at present as were 
found on the smaller areas. Jn Fishing Bay, at the northern extreme of Tangier Sound, though 
the beds as a whole had deteriorated, during the last four years there had been some improvement 
on account of a more rigid observance of "dose time." 

The ca11se assigned for the deterion.1tiu1J, and P\'Cll the admittance of the fact, depended very 
much upon the occupation of the iuformant. The tongers, or those who pursued the fishery with 
tm1gs alone,, were unanimous in laying the deterioration to excessiYe (lredging, while the dredgers, 
or those owning pungies or other vessels employed exclusively with the dredge, while they admit
ted the decrease in the number of oysters, laid such decrease to the action of natural and unex. 
plained causes, arguing that the evident extension of the beds and improvement of the oysters, due 
to dredging, was sufficient to prove its good rather than ill effects. 

'Vith regard to the effect of ice i11 cold weather, every one coincided in the opinion that the 
oysters in deep water were most affected and those i11 sl1oal or brackish water were least so. In 
the same depths an<l character of water, those oysters.about ti.le e1lges of "muddy rocks" and 
close to muddy channels or sloughs were most attected IJy the cold or a severe freeze. After the 
latter event the packers distiuguish the deep- water oyster b;y its dark, slimy appearance, aud decline 
it, though at the same time shoal-water oysters are in good order aud arc accepted. With regard 
t,o the quality of the auim<tls, those in the Souuds were considered finer than those in the creeks 
and ri>ers, and of the different beds those lrom the Shark's Fin, Terrapin Sands, and Bird Beds 
were considered superior. Regarcling flavor alone, those from the salt water were the best, and 
generally the salter the water the better the flavor. 

·with regard to an increased freshness of water, due t<l freshets and heavy rains, it was the 
general opinion that during the winter season it was not of much consequence, but that in spring 
or summer heavy rains or freshets were ver~' beneficial, especially in the spawning season, hasten
ing its advent and shortening its duration. An increased freshness of water always fattened the 
oysters. 0,vsters in salt water were always poor, and oyst.ers were generally })OOrer after a dry 
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season. Planted oysters above Pig Point aud the Old Rocks, iu Pocomoke Sound, have been 
known to die from absorbing too much fresh water, and those on the Old Rocks have sometimes 
suffered from the same cause; but this only occurs during heavy freshets. 

With regard to the depth of water aud character of bottom, shallow water was preferred, and 
sticky mud or mud and sand, about six inches in thickness over a. hard substratum, was considered 
the best, though a larger a.mount of mud did not matter, provided it was not so soft as to allow 
the oysters to sink in it and bad a strong current over it. 

The oysters were said to feed on the flood tide, having their bills open then and at no other 
time. No one bad noticed any enemies or animals that pre.ved upon the oysters, and all seemed 
to be ignorant of the drills and their destructive effects. 

The oysters are "culled," that is, they are separated from the old shells and other debris, while 
. the boat or vessel iR on or near the bed. Everything except the oysters is thrown back, sometimes 

striking the bed and as often the mud. The young oyster" under a year and a half in growth aml 
less than two inches long are also thrown back. 

All persons interrogated were of the opinion that at least 713 per cent. of the o;rsters on a bed 
are taken off each year, and that no more than 50 per cent. should be removed. Off the beds near 
Raine's Point, at least 100,000 bushels, or about !!0,000,000 oysters, were taken in the season of 
1878. Off the Great Roek, about 1001000 bushels, were taken by one hundred boats in October and 
November of 1877. The oysters on the rock at the end of November were so scarce that but a very 
small number of boats eould find profitable work on the bed. In the spring about 75,000 bushelt> 
more were taken up anrl sent north, and aR the oyRters were small, they amounted to probably 
15,000,000 at least. Exclusive, then, of the fishiug done <luring the winter months, in one season it 
is estimated that 30,000,000 of oysters were removed from one bed alone. 

Nearly all the oystermen advocated a "close time," either from April 1 or May 1 to October 
1; many considered a p1·olongatiou until November 1, ancl an entire rest every other year, would 
be beneficial. 

With regard to transplanting the oyster and its transportation, all experienced persons were 
of the opinion that delicacy of handling, and freedom from jars, concussions, and shocks of any 
kind were desirable. Oysters when under hatches have very frequently been killed by heavy 
thunder storms and firing of gtms. Any concussion or sudden shock will prove llestrnctivt~ if the 
animals are in a confined space. O,rnters taken up during the summer are much more susceptible 
to injury from this cause tha.n those obtained during the winter. 

Oysters are transplanted at any and all seasons, but generally in the spring and autumn. 
Oysters obtained by the use of the "tongs" are preferred to those dredged, and generally those 
taken either before or after the spawning season are most desirable. The dredged oysters are apt 
to be broken about the bills and will <lie on the planting grounds sooner and iu larger numbers 
than the "t-0nged" ones. Those oysters planted about the Sounds are generally obtained from 
''tongers," but those sent to the north, being in such large numbers, are usually dredged. The 
size and age of the oysters to be transplanted depend on whether they are for em-ly consumption 
or not. If the former, the larger and older the better, but in the latter case ~·oung oysters, from 
one to two years old, are preferred. Generally any and all oysters are taken, without regard to 
age or size. The oysters for the northern planting grounds are usually taken up as soon as ice 
clears away and are used during the spring. Those transplanted in the Sound are taken up later 
in the spring, or during the early summer or autumn months, and used during the following winter. 
Blunt-nosed oysters, with thick shells; do not thrive on the planting grounds. A change of bottom 
in transplanting oysters is not considered of so mucl1 importance as a chang·e of water. The 
planted beds should be laid at the mouths of creeks and rivers having a rapid current. 'fhe bottom 
best for natural beds was considered best for planted ones. 

The spawning season was said to he from May until August, inclusive, though most of the 
spawning was done in June and July. All opinions coincided that the oyster in shoal water 
spawned first, but differed as to whether, the depth being the same, all oysters on the sa111e bed 
spawned at or about the same time, as many being for as against the theory. Currents were said 
to have no effect upon the spawning. Oysters of one year's growth, three· fourths of an inch long, 
have been seen with the spawn in them, and oysters on natural beds were thought by the majority 
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to spawn sooner than the planted ones, though there was not much difl:erence. Oysters trans
planted with the spawn in them, however, will cease spawning. A wet or warm spring would 
hasten the time of spawning, but would not shorteu its duration. Heavy freshets were very 
destrnctfre to the ''spat" in Pocomoke Sound, driving it out into the bay, and large schools of fish, 
especially trout and tailori-;, clevoured a gooll many every spring and summer. The young were 
suppm;ed to "strike" m·ery three years, though there was but little regularity about it, a bed 
sometimes running for ten years with a young growth on it every year and then failing to produce 
anything for two or three years. Sometimes one part of the bed will be co,·ered by young, and 
another part totally bal'I'e11. 

No s~stematic attempt had ever been made to increase the amount of" cultch" in the Sounds, 
though a few pur1'ons had placed old shells, ballast, boards, and boughs about their planting 
ground and f\ncceede1l i11 making a good catch. It was the general opinion that the oyster 
increased in size from oue to two inches in the first year of growth and a little more than that 
during the f\ecoud; afterwards the increase was much less. Oysters from two to four years old 
were com;idered as bef\t for the market, and are then from 3 to 4 inches long. 

Ten buslu'l;; of oyRters were consillered a profitable day's work for a tonger. For a dredger 
the nnrn ber of bushels varied on account of their diftereut sizes. About 60 bushels were considered 
a profitable day's work for the larger vessels and from 20 to 30 for smaller craft. The dredging ves
sels employ from four tu nine men, and the ''tonging" canoes one man and a boy. Tonging could 
not be carried on profitably in depth1' greater than 4 fathoms in the Sound, and dredging in not 
more than (i. The dredge,, var,r in si%e, from 2 to 4 feet across the mouth, with from eight to sixteen 
teeth. Ceuernll,v the,v ar·i· made about 3 feet \ride, with tweh·e or fot1rteen teeth, but Yary a good 
deal in weight. ::\Iy informant fo1rnd that, generally speaking, it was more profitable to :fish with 
the tongs exelusinlly, for tlw large oysters used for barreling hy the dealers, an(l to dredge for 
packing and canning establishments. The tongs are worked at srna1l expense and the "barrel" 
oysters bring a mudt larger price, though tliey are necessarily selected oysters and more difficult 
to obtain. 'fhe prices paid during the season of 1877-'78 were about $1 per barrel for "barrel" 
oysters and from J to 40 cents for the ordinary oysters from the beds; the "snaps," or most infe
rior quality, liringing tlie lowe1't price, and 40 cents being paid only for "extra culled" oysters. 
About 20 centH per bushel wouhl allow a small profit. The flavor is not generally take11 into 
account, aml the <leg-ree of l'atnesR a111l the size settle the price. Salt-water oysters sometimes 
commaud lwttrr prices whrn intended for a special market or to supply some unusual demand. 

"Tith the irnproYed appfou1ces in use, as at present, the general opinion wa1:1 that about twenty 
or tm'nt.1-five years ago 011c-tl1ird more oyster;; could have been taken in the northern part of Tan
gier Sound thau at present, from t"o to five times as many about Crisfield, and in Pocomoke Sound 
neai:ly seven times as many aiS at the present day; that without any of the modern contrivances it 
was possi.hle then for either tongers or dredgers to take many more in a day than at present. The 
general opinion of all persons in and about the Sounds, with a very few exceptions, was that the beds 
were being wm;ked much beyond their capacity, and the majority were in favor of extending the 
"close tin:e" as a remedy for the deterioration. Many thought that a resting time of a year or 
more would be beneficial. All were in favor of enforcing the law prohibiting the dredging and 
working of the beds during the "close time," and all testified that there was no attempt toward 
tlte enforcement of the law at present, either by the oyster police or any one else. 

CONCLUSIONS. 

The foregoing llages, with the record and charts, contain all the data collected during the season 
for the study of the bedis and the conditions affecting the animals upon them. Not regarding it as 
within my province and not possessing sufficient knowledge of the subject, I have not attempted 
any study of the biology of the oyster, but have confined my report to as concise a description as 
pos1:1ihle of the beils and conditions surrounding the various forms of life upon them. The foIJow
ing remarks are sim}ll,\· the conclusions drawn from certain peculiar features and facts established 
by the im·estigation and testimony and an att~mpt to account for them. 

In reviewing the remarks upon the different beds, it will be seen that there is a marked absence 
of oysters classed as "young," or those supposed to be of the last brood, on all beds above Kedge's 
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Strait in Tangier Sound, and above the Bird Rock in Pocomoke Sound. In Tangier, the young 
first appeared in considerable quantities on the middle of Muscle Hole Bed and Piney Island Bar. 
There were none in either the Manokin or Big AnnemesRex Rivers or on the northern part of 
Harris' Rock, though large numbers were found on the central and southern portions of the latt~r. 
The southern beds of both Sounds were plentifully supplied. Again, on the southern beds there 
was an absence of the class termed by us "young growth," or oysters a1Jparently spawned during 
the previous season, while 011 the northern beds of both Sounds the proportion of this class was 
very large. Over these different beds the change of density is too slight to enter into the question 
and the currents too nearly similar, both in direction and strength, to have influenced the difference 
in production. On nearly all of the northern beds in both Sounds the bottom ii;; muddy or the beds 
in close proximity to muddy bottoms. 'l'o the southward, however, the bottom is hard arnl the 
beds surrounded by sand or gravel, except on tlie edges nearest the channels. Again~ all the 
northern beds in both Sounds are in comparatively shoal water and those in the southern parts 
in deep water. 

There are, then, two similar facts noticed in both Sounds with regard to the presence and 
absence of the young and "young growth"; the former have been found in deep water and on hard 
bottoms, the latter in shoal water, on or near soft bottoms. 1'he character of the bottom can 
hardly be of much importance in this case, for though a hard, clean bottom is necessary for a suc
cessful attachment of the "spat," yet the bottoms on the northern part of the Sounds must be suf. 
ficiently so to obtain a large quantit,v, as is shown by the large number of ,young growth on those 
beds; and that the absence of the young is not due entirely to that cause i;; ;;hown b,v thefr scarc
ity on the Ubain Shoal and Drummiug Shoal ne<ls in Tm1gier, and Shell and ~Inddy l\farish Beds 
in Pocomoke Soun<l, where the bottom is bard and moderately clean. Remaining, then, as the 
only probable cause known to us, is the difference of depth of water. 

It will be found upon re\Tiewing the remarks and record that almost invariabl.r the young are 
found in deep water and the young growth in shoal. It was the opinion of the oystermen that 
the oysters in the Sounds increased from one to three inches in length in the first j'ear of their 
existence. The class termed "young growth" by us were from three-fourths of an inch to one and 

.a half inches long; and supposing the o;vstcrmen to be correct in their estimation of increase in size, 
the class termed "young growth" wonl<l then be of the same season's brood, spawned much earlier 
than those termed youug. The iuvestigatiou of the beds was carried 011 iu September, and iu 
Tangier Sound the principal amount of information was collected during the latter part of that 
month and the first part of October. If, then, the oysters on the shoal-water beds ha<l spawned 
in the early part of June, they would have had about four months growth when our observations 
were made. In searching for spawn in the oysters during the latter part of August and first part 
of September, Mr. Rice was unable to discover any except in those from deep water, an<l that fact, 
together with the inference drawn from the preceding paragraphs, leads me to belie,·e the oyster
men correct in stating that there is a difference in the time of spawning of the shoal and deep 
water oysters. There is but one other .way of accounting for the absence of young on the northern 
beds, and that is by accepting the supposition that the "spatting" not only does uot occur every 
year, but that it occurs only on parts of the Sounds during each, season. Such is the opinion of 
many people of experience, but I am inclined, from the results already given, to prefer the other 
solution of the problem, not having found any reason that would support, the opposite theory or 
lead to its entertainment.• The difference in time of spawning in shoal and deep water ii:; proba
bly due to difference in temperature, the deeper water naturally being of the lowest. The estab
lishment or the refutation of this supposition, as also of that of the difference of the_times of 
spawning, is very necessary, especially of the latter, as it would afford a sure hasis for such legis
lation for the protection of the beds as will soon be necessary. 

Aside from the general absence or presence of young on particular beds, it was noticed that 
a. much smaller number were found on or adjacent to the muddy bottoms, or on the sands where 
there was much grass or sponge. On the beds a large number of young were sel<lom found where 
there was much of the red sponge, though. there was not always a. diminution of the former when 
the latter was present. The absence of the young may be very readily accounted for if the sponge 

• NoTE.-Reference is made to this statement in Report of 1879. 
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had formed previom; to the "spatting," as it would prevent the exposure of the "cultch." The 
sponge is of very rapid growth, and I was informed that on an unworked bed it had been known 
to become three or four feet thick in a few months. If, then, it had formed and commenced grow
ing after the "spatting" season, the young would not he as much disturbed b,v it as they woul<l 
if the growth had been pre\·ious to their adYent. This is another reason in fa•or of the theory 
that the depth of the water influences the time of spawning, as the effect of the sponge on the 
numbers of ~·mmg was greater in deep than in shallow water. 

The number of drills (astyris) was, generally speaking, in direct proportion to the munher of 
young, and the Pocomoke beds, especially the Bird and Hern Island Beds, appeared to have suf
fered most from their ravages. A description and sketch of thi:s animal, taken from :specimeus 
preserved by me, has been made hy ::\:fr. W. H. Dall, Assistant Coast and Geodetic Survey, who 
has kind]~- furnished me with copies. Very few 8tar fish and welks and no other enemies were 
discovered in the Sound8, and the drills iire probabl~- the only ones that do any considerable damage. 

With regard to the beneficial effect, or the reYerse, of fresh water, there can be no doubt that 
the oysters at least appear fatter and are superior after absorbing it, though they become poorer 
in flavor. In order to test the e1foct of fresh water upon them and to detsrmine if the low spring 
tides had any share in causing the decrease in the number:-; on the beds, a dozen oysters were 
selected from the same bed and haul of tbe dredge. Six of them were opened immediate!~- and 
inspected and found to be rather poor, of small size and dark color, but of the ordinary flavor. 
The remaining six OJ:ster:s were placed in perfectls fresh water for twenty-four hours, the water 
being changed several tinws (lurillg that interYal. Thes· were then opened and inspected. The.) 
were alive and iu gootl order, ,-er.)· fat, or apparentl~- so, and of a creamy white color and much 
swollen, but of very insipid taste. As the oysters were alive at the end of a day's immersion in fresh 
water, they cannot well be destroyed by the brackish water of low spring ehh1', to wl1ich they 
would not be exposed for more than six hour.s, though a continuance of heavy freshets might very 
seriously affect them. As there is but one river in both Sounds (the Pocomoke) likely to subject 
the oysters to this eYil. for the nrnin lwrli;; thne iR nothing to fear. 

'l'he evil eflects of sudden jars and concussions are probably due to the breakage of the delicate 
pedal muscle, which affor the spawning season, in common with all other parts of the animal, is in 
a more or less weakened condition. 

I u explaining tlte fact, that the oysters in deep wakr arc Ill ore attectml bJ cold water and ice 
than those on the shoals, it is nece:ssars to remember that the lower the temperature of sea water 
the greater its density, and tlrnK as the surface water becomes cooler it would sink. The freezing 
point of salt water is below that of fre8h. Therefore the oysters in the deep water, or, generally 
speaking, thoRe remote from the mouths of the streams, may hrwe surrounding them water of a 
slightly lower temperature, depending upon tlie amount of salinity, than those o;ysters near the 
creeks and rivers that are surrounded by ice. Again, the deep water would be much slower to 
lose or acquire heat thau that on the ;;nrface or in Jes;; depth>;, which would necessarily he affected 
quickly by all changes of weather. 

The statement tl1at thi~ oysters recover and reappear after the "sanding'' process, must be 
received with great caution, opposed as it is to most experience. That some few may survive is 
11ossibly the case, hut that the majority recm'er after being cow!'l'd with sand for any length of 
time is very doubtful. 

The testimony of all penmns in the neighborhood of the Sounds was tM the effect that the beds 
were deteriorating. In the absence of any reliable observations, extending over any length of time, 
their opiuious mnst be taken as correct, at least as t-0 the fact, although perhaps only approximately 
iso as to the degree. Accepting, theu, the statement, it is necessary to account for the deteriora
tion if possible. 

After the original formatiou and growth of the he.ds they would at some time, the same con· 
ditions continuing, cease their development, neither increasing in size, or in number of oysters, 
there being a natural liruit to expansion in either direction. Supposing, then, a bed to have 
extended itself as far as the conditions of bottom and water or other natural limit would allow, a.ll 
future expansion could be only in the number of oysters on the bed; this is limited principally by 
the amount of food and tlie room for development (t,be question of enemies not being considered, 
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as, there beiug uo increase., if they were not in sufficient uumbers to preveut the growth of tlie 
bed and number of oysters, the;y would not br sufficient to cause its destruction or deterioration). 

The numher ot oysters would then, Oil a limited bed, steadily increase as loug as. there was 
sufficient room and fo()(l supplied them until they had reached their limit, a rather indefinable 
one, in that direction, the quality of the oysters not being taken into cousideration. Having 
reached that point, the number of oysters to all intents remain the same as lung as the conditions 
under which they had previously lived were not changed. 'fo cause, then, either an increasP or 
diminution of tlie uumber of oysters or size of the ht:>d, a new factor must he brought in, when, 
aill conditionH beiug· changed, tbt:> life of the animali'i begins anew and prog-resses differentl,v. As 
there can be 110 doubt that both the beds arnl o,vsten; of Tangier and I)ocomokc Sound;,; have 
changed greatl,r in cliaracter since their first dist~(ffery, i11 accounting for that chaug·e it is ue<•essary 
to discoYer the uew factor or factors that han' been i11trod1wetl and that luwe been instrumental 
in effecting it. Brietly, the change in the be<li-; hai-; bee11 a material expansion of their limits and 
a material diminution of the numlier of oystt,rs uvon them, and therefore tht• cam1es for sucl1 changes 
mu~t be sought amoug such as it is known would produce like effect:s. 

Disregarding for the present the age1w~· of man rn the matter, the qnei'ition is, What natural 
cause or cam;es would both expand the he<ls aml diminish the number of oysters! A bed is 
extended rn1turally by the drifting spat or" youug brood·~ attaching the1111selves to auy clean, hard, 
and moderate!~· rough substance coutig·uous to tl1t' bed. The locomotive powers of the ''spat" 
exist for but a short time, aud, except when assisted by the current, they can only moYe a short 
distance, and unless ,;ome suitable object soou prt>seuts itself for their attachment they will sink 
into the soft bottoms and die. 

The principal PXJ1<rnsio11 of the lH·<li-i 80 far as <·oulil l1P dl:i·ct<~d hy 11aturP 11111...;t, lw\H'\'er, haYP 
been accomplished long ago, the beds being .<;urrouuded originally, aml indeed at present, by iioft 
bottoms of a character which would be most <1estructive to the "brood" unless some Ruhst.ance 
was interposeLl between it and them for their reception. Natural expansion can only be achieYed 
to aiiy extent in the manner described, and though probably there is and has been a slow extension 
of the beds due to na.tural unassisted causes, their great increase in area duriug the last thirty 
years must be assigned to other agents. · 

The diminution of the number of oysters may be etlected by several natural causes. An 
increased deposit. of earthy or yegetable matter upon the beds would, if in sufficient quantities to 
bur,\- the oyster, pffect tl1e llt>stmctiou of hoth 01'1 aud youug; but uo sueh depo:;it ltas h~wu 
noticed, 11or could it well occur withont 8howing its pre,;euce iu otht~r ways, principally by ebangiug 
the channels and causing shoals, aml Ho such changes have occurred, 111~· inve-sti~ation showing 
but slight deviations in either channels, shoals, or character of the bott-01n from that established 
b,y the first h,vdrograpllic snrn'y of the loca1it.,v. A change iu the character of the water and 
bottom which would probably follow a change of cha1111el, a11tl might occur without ~uch chauge, 
might, hy depriving tlrn animalR of their proper food, cause their dPterioration and destruction: 
but such a. change, though it would certainly diminish tlie number on the beds, would do :-;o sud
denly all(l the evil ettects would be noticed in the uysters remitiniug, their qnalitJ' aml flavor, 
indt,>ed their vitality, being very much impaired. No such impairment has been obsene<l, how
ever, the oysters being larger and finer tlian when the beds were firilt tliscovere<l. 'l'hat fact 
alone will elimiuat,e mauy quantities from the equatiou, for any natuml cause injurious to all the 
oysters on the beds would be evident at once by an examination of those found at present. If', 
however, the destruction or non-production of the necessary number of young is accomplished by 
means that are uot harmful to the mature o~'ster, a canst> is tliscoyered for the diminution of all, in 
harmony with the existing facts. 

Considering first the destruction ofyonug; large numbers, immense when compared with the 
production of other animals, are without doubt naturally destroyed by the falling of the "spat" 
upon unfavorable grounds, the prevalence of heavy freshets which would drive the "brood" into 
the bay and probably cause its loss, antl the ravages of various enemies. But all these causes 
l1ave been in operation continually since th@ first formation of the beds, and the animals han• 
survived and increased while contending with them. Therefore an increase of power for injury 
roust be assigned to one or all of these to account for the diminished number of oysters. Probabl~· 

the "spat" falls on more favorable ground since the beds were discovered than was formerly the 
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case, owing to the increased amount of '' cultch" due to the fishing of the beds, and aside frolll 
that the conditions surrounding and operating upon the heds are so similar to those in the past 
that the loss of the young could not be much greater from tl1e wa.nt of atJ,acllment. 

The freshets and other natural causes for uiminh;hed numbers of young have also beeu long 
in operation and the deterioration cannot be justly assigned to them. Remaining then to be 
accounted for are the ravages of enemies. 1'hose found by us during the season were aityris in large 
numbers, a few welks, and a wry few star-fish, hut as the oysterme11 were ignorant of both their 
presence and destructive effects I am unable to decide whether they have increased or diminished 
in numbers. There is no douht that ,·ery large uumbers of young are dei;troyed by the drills or 
welks; fully ilfty per cent. on some beds in Pocomoke Sonnd, aud if these small enemies have 
only within late years entered the Souuds we have one of the principal causes for the deterioration 
of the beds. But as there is also a marked detflrioration upon those beds upon which no drills 
were found, still another cause must be at work aud must be sought in the non-production. of the 
young. 

Thiis iis caused b;y the failure of the "brood" oyster8, they having been removed or become 
extinct, thus causing a failure of impregnation. lf the theory is correct that there is a muttial 
fecundation, partaken of b;v all o~·sters on the beds, tbe spermatozoa being formed and milted 
somewhat prior to the formation of ova, then it can easily be underst,ood that if tlie oysters are 
so much separated that e\·en the tides and curreuts cannot bring the spermatozoa witliin reach 
of the adjacent animals, there could be no production of young. Taking for instance the most 
Haggerated case in both Sounds, that of the Muddy Marsh Bed, it will bt> seen that the 8et of the 
current over it is not geiwrally from any ot,her ·adjacent bed, the uearest. mw being Parker's Rock, 
which is o\'l'l' ;~ mill's 11istant: the oystns ou the J\Iuddy :'.\farsh B1\d were \'ery fow, aud tlie mas.s 
of shells immense, affording ample 1:1urface for the attachment of the drifting" spat," should there 
he any. But supposing the oysters on the beds to have been so much diminished that they were 
11ot sufficient for mutual fecundation, the distance and situation of other beds is s1rnb as to prevent 
the current from bringing the products of generation voided on them to the Muddy Marsh rocks, 
and there would be, as was not.iced, an almost entire failure of young. In the same, though less 
degree, would the other beds suffer, the amount of spawn voided depending not only upon the 
number of mature "brood" oysters, but upon their distance from each other and the spaces sepa
rating the beds. This theory is supported b;v tlie inve1>tigations that have been made in England, 
Frauc1•: and Prns8ia, a11d al moM a 11 opiuio118 coiucille that the 11um ber of young in any spatting
season is dependent UlJOll the number of "brood" o;p;ters upon the beds. Indeed, it seems so 
self.evident a propol:lition that it is hardly worth while to experimentally establish it. It is neces
sary, then, having- accepted the theory, to detenniue what prO})Ortion of the oysters should be 
taken off thf' beds, anrl what proportion is actuall.Y removed. As there is no data to my knowl
edge derived from obserrntions made in this country to determine the first of these two desired 
points, it is necessary to turn to the experience of foreign oyster fisheries for guidance, ftnd though 
the animals and the conditions under which they Jiye are not entirely similar, yet some information 
ma;v be ohtain1>,d ai1d a line of im"estigation marked out for the future. 

The following is a synopsis of the deductions of Professor Karl Mobiu.s, professor of zoology in 
the University of Kiel, whose work, in manuscript, on the oyster was kindlr lent me by Professor 
Hairrl. The observatio11s were made over the Schleswig-Holstein oyster beds by government officials 
from 17~l0 to 185:!, and were carried on in, practically, the following manner: Each bell was dredged 
over in three or six plac~;s, according to its size, and the oysters tuk<'n were divided into three 
classes an<l carefully counted. The elMses were denominated" market.able,"" medium," and'' young 
growth." The "marketable" oysters were full grown and mature, from 7 to 9 centimeters in length 
and breadth, and 18 millimeters thick. The "medium" were half-grown oysters, from 16 tQ 18 mil
limeters thick and of less than 9 centimeters in breadth. The "young growth" were those one or 
two years old. From these observations Professor l\IOhius discovers that there was an average of 
421 medium ossters to 1,000 full-grown ones. The average of all the observationi:1 dift:'ers very 
little from the number given by each, and consequently shows that there was but slight fluctuation 
in the proportion iu one hundred and twenty-two years. The medium oysters are considered by 
Professor Mobius to be those descendan1:8 of the marketable ones that have survived their most 
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precarious years of existence and escaped their principal euemimi, and are consequently likel~· to 
reach their full growtlJ. They thus represent the total number of embr,vos spawned which have 
survived iu the struggle for existence. 

From his (Mobius') experiments he decides that an oyster spawns about 1,000,000 embryos iu 
a season, and that 44 per cent. of the mature oysters give forth "spat." [Otller authorities are of' 
the opiuion that onl,y abont 10 per cent. spaw11; Professor l\Iobius' data appear hardly 1mfil<'i1mt 
to justi(y his conclusion.] 

From the above it h; evident that in an assemblag·e uf a thousand oysters, 440,000,000 embryos 
will be voided every season, and of them 4:H would sur,·i,·e, or 1,045,000 embr,vos would he destroyed 
where one was preserved. But the medium sized o,ysters also spawn, though they i'.end forth a 
much smaller number of embryos. J\lobins estimate,; that the 421 in th!' community would pro
tluce about 60,000,000 of" spat." It would therefr1re require about 500,000,000 embryos to produce 
421 medium oyst,ers, or l, 185,000 to produce one. Regarding thes(' results, Professor Mo bins is 
of the opiuioh that no more than 40 per cent. shonhl be removed each year, but, in my opinion, in 
order to maintain the oysters at a constant number in the abore case, no more tlrnn 2;; per cent. 
sl1ould be taken, as the one oyste.r in four would be replaced each year. No compariso11 between 
the Schleswig Holstein beds and tl10>1e on our coast can well be instituted, but as the beds in 
Tangier and Pocomoke Sounds are of greater ext€nt, and as the more exteush'e the bed the 
greater the hr('C(ling power, I shonld consider that. until the annual number of' mature oysters 
produced is known, it would he safe to take a!Jout 50 per cent. from the beds, supposing them to 
be in good condition. That is but an estimate, and ma~· be au erroneous one, but certainly it is 
not too small. It now remains to be seen what number of o~·sters are actu:illy removed from the 
beds. I regret that statistics of .the oyster trade in the Sounds are not at haud for reference, aud 
also that the pressure of other work while I was in that locality prevented me from obtaining 
them. Such obi:;en·ations as we wern able to make, howeyer, will furnish a basii:; for a somewhat 
rude estimate of the number of oy11ters and young take11 off the beds during the season. 

While in Crisfield Harbor, about the 11th October, we counted fifty-seven sail oyster llredgers. 
The number of bushels carried b~· them was estimated, and the estimat;e subsequently verified by 
the statements of the masters of the seyeral vessels in each class. The following· table shows the 
result for one day: 

Cla81'. Number. 

Schooners 
Sloops ..... - ........ . 

Total ............ . 

37 
12 

NumbArof 
bushel•. 

:!, 075 

256 

2, B31 
77 

Grand total ----- .••... .... .. .. .. 2,40~ 

'l'ABLE I. 

A vera~e num. 
ber of bush· 
els to Pach 
!\ail. 

56; Buckeyes ......... . 

21 • Canoes .... _ - - .. ----. 

Namber. 

4 ! 

4j 
Total ........................ _ ... _. 

Number of 
bushels. 

45 

32 

.A verag-e uuw· 
ber of bush· 
els to each 
sail. 

11 

77 ------ ·--- -- ·--· 
I 

The day had been a bad one tor dredging, aml but a small i111111be1· of dredgers had been at 
work, and they had come into port much earlier than usual; consequently the average and total 
number of oysters are below tile usual figures. On the same day, in order to ascertain the nmnber 
of young attached to the mature oysters that were taken off the beds, I had three samples, of a 
peck each, selected from different ,·essels entering the harbor and the number of :young on the 

S. Ex.49-40 
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shells counted. The vessels were of different sizes and from differimt localities. The results are 
shown in the table following: 

TABLE II. 

-- ---------------------------------,----

Vessel. 

Sloop ................................ . 
SchOOllfr ............................. . 

Buckeye .............................. . 
Sloop ................................. . 
Schooner.-·- ......................... . 
Schoouer .• , •..•.••.•.••..•....• -..... . 
Schooner .••..••••.......... - . --- ..... -
Bucke;yc .............................. . 

Buchye ................. , ..... . 
Schooner . . • . . . . . . . . . . • • . .. - ......... . 

Schooner ............ ------ ... - ---- ... . 

Total ........................... . 

13 

ao 

15 
23 : 

90 

65 

80 
10 

25 
50 

150 

Number of young to the 
peck. 

162 ' 

33 , ______ ---- ······--··' 

73 88 

76 78 

32 67 : ........ I 
5.5 89 ', 57, 40 

1 
49: 

64 
G7 

39 
35 

23 

,. 
Localities from which obtained. 

72 ' 
SOS ' The •mall proportion from Great Rock, the large 

i from Terrapin Sanda. 
132 \ Deep Water Rock,Kedge's Straits. 
322 . Paul's Rock. 
308 . Great Rock. 

192 
221 : Great Rock and Thoroughfare. 

4 Paurs Rock (Sands). 

196 Great Rock (northern part). 
168 ' Gieat. Rock. 
205 California Rock. 

2, 228 Average 202 per bushel. 

-----------~-~------'--------'-------- ----·-~-~------------- -------,~-~·-

The total number of bushels brought into Crisfiehl, as seen by Table I, amounted in one day 
to 2,408, and estimating the number of oysters to a bu<Shel to be between 150 or 200, we ba\'e for tbe 
results of one day's fishing from 361,200 to 481,600 oysters and about 486,000 young. During the 
progress of the work in the Sounds, there were twentJ·-four counts made of the dredgers in sight 
from the vessel. In ordPr that some idea may be formed of the uumher of OJ·sters taken by tlicse 
dredgers, an estimate bas been made, based upon Table II, of the rmmber of bushels a11d youug 
carried off the heds. In forming the estimate, all the, vei,;sels in the Sound were divided into three 
classes-the first being an assemblage of all the different craft, the second only the smaller classes, 
aud the third, where al>out two-thirds were small, and the remainder large craft. The number of 
sail counted was then placed in one of these classes, we having observed when among the dredg
ers the particular class and size of vessel usually working o\·er a particular ground. In order to 
ascertain the number of bushels to each vessel, the total number of bushels brought in (2,408) was 
divided bJ· the number of sails (57), which would. give 42 bushels as the average to a sail. A closer 
estimate is obtained from Table II, where the number of bushels assigned to each craft is that 
given h,r their master. The total number of bushels (-551 ), di \'ide.d by the number of sail (12), giv-es 
45 and a fraction as the number of bushels to each sail. I have dfrided by 12 instead of 11, be
cause the last number in Table II was the result of two days' dredging. 

The average number of bushels per sail for the second class, by Table I, is 16.6 bushels; by 
Table II, 17 bnshels. The average for the third class is, by Table I, 29 bushels; by Table II, 33 
buHhels. In all cases the smaller numbers have lleen used in calculating the number of bushels 
of oysters. The total number of bm;hels taken from the beds in both Sournls in thirteen days was 
47,842, and allowing from 150 to 200 OJSters to a bushel (though the number is probably larger), 
there would be rt' moved from the Sounds in the very first of the season from 7, 176,300 to 9,568,400 
oysters. This, however, is far below the real number, as the entire area and number of sail were 
not visible at the same time. 

Iu order to f'lltimate the number of oysters removed from the beds in each day, I have divided 
the Sounds into four sections. The first section comprist>S all of Tangier Sound 11orth of Little 
Island and the Mussel Hole Bed. The second section comprit-1es all of that part of the Sound, in
cluding the Manokiu and Big Annemessex Rivers, between Little hi1and and Jane's Island. The 
third section comprises all of Tangier Sound south of Jane's Island. The fourth secti-On all of 
Pocomoke Sound. 
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Assembling the number of dredgers known to have been dredging on these different sections 
and the number of bushels taken by them, I have deduced the following results: 

Locality. . ---· ------------ -----------------· ------- --

Total number bushels taken* .... __ ....•.... _ ..... ___ ------ ___ .. ___ ... ____ ... 

Numer of days·--·-· ...... - ............. ··--· ....................•......... 
Average per day ............................••.................. _ .......••.. 
Averago number oyster~ per day ................ _ ... ____ .. __ .... _____ . ____ . 

First sectiou Seconil sect.ion Third sectioIJ Fourth Sf"Ction 
Upper Tan- Middle Tan- Lower 1'an- Pocomoke. 
gier. gi-er. gie1·. 

- -·----

15, 135 10, 115 18, 060 

4 4 6 

3, 783 2,523 3, 060 

567, 450 378, 450 459, 000 

2,673 

3 
891 

133, 650 

Grand total taken o.ffin one day ............ _ . _ ..... __ .. ____ . ·----. ------ ... _ .. ________ -) .... __ 1, 538, 550 

* 150 OIS!ers are given to the bushel. 

Though there were dredgers in large numbers at work early in September arnl also many dur· 
iag the entire 1mm111er, ~·et iu order that an;v error may be under, rather than over estimation, I 
will consider the working season to be-from the 1st of October to the 1st of l\Ia.r and allow three 
days in each week for bad weather which would prevent dredging. That allowance will leave 120 
working days, and in that time, by the preceding table, over 184,600,000 o;n•ters woultl lw removetl 
from the beds in the Sounds, snpposing them to supply the same number dt1ring the entire season. 

By Table Il it will he seen that the average number of young to a bnshel was 202. That num
ber represents the number of young oysters attached to the shells of the full-grown ones that were 
removed from tlie beds. That the estimate is not a born what is actually the case I am certain from 
the immense unmbers of .rnuug brought up by our own dredgiug operations. Iu making up the 
estimate 20 and 30 young were frequently found on one shell, aucl in one case 54 were counted. In 
estimating the tota,l r.umber remove<l from the beds in one day, oul~· those Yessels dredging 011 

such beds as were known to have a large proportion of young upou them ha\·e been considered, 
and e\·en then the estimate reachC'S the astonishing figure of 1,238, 790. These oysters are those of 
from two to five mouths' growth, and may be said to have survived the most prt>carious portion of 
their existe111·e, their shells having hecomP hard enough to resist the drills to a c(•1-tain extent, and 
they being firmly attached t-0 the mature oyster, and in no danger of destruction _from anJ· cause to 
which it would not be equally expm1etl. Still, many of them would doubtless perish e\·en if un1lis
turbed, for though all oysters on the beds, mature or others, would sutler if exposed to unfavomhle 
condit.ious, yet many of those co11ditio11s would affect the young autl young growth to a greater 
degree than the mature and more hardy oysters. I will therefore suppose that 50 per cent. of tlw 
young taken up would never ham reached maturity, aud will also make another aud ,·ery liberal 
supposition, that by the 1st of April the young would ltave reached such a size as wonld make it 
prolitable t-0 open them. That woulcl make the working season, so far as the young were co11ccmc<l, 
10! days, and the. number of young remov~d would amount in that time to 128,8:~4,000, of which 
about 64,417,000 would probably have attained their full growth. These ~·onug are a total sacrifice, 
never seeing the water again after their removal and generally perishing on distant or adjacent shell 
heaps. 

Many more are probably destroyed by carelessness in disposing of the old shells brought up 
by the dredge. The dredging is usua,lly across the bed, and the shoal hard ridges noticed aloog 
the edges of the beds on the western side of Tangier Souutl and ou all edges at~jacent to rnmllly 
bottoms are no <louht caused by the dredgers, who, as they approach the edge of the bed, haYing 
dragged across it, haul in their dredges ju-;t before getting O\'er the muddy bottoms. They then 
stand on, tack or" wea_r," and as soon as ou the bed drop the dredges again. fo the mean time 
the crews have been busily "culling" the oysters, aud, as likely as not, have thrown over on the 
soft mud a far larger number of young attached to the shells than tlle~· have taken off on the 
oysters. No account bas been taken of the number of mature or young oysrers removed by the 
tongers, and the estimates a.re rnts~l upon observations made at the oommencement of the fishing 
se11son, when, the prices being low, a smaller Jmmher of tlroogers would be at work; therefore, there 
is every reason to believe that the f'.stimnte of both classes of oysters is under rather tha.u above 
the real number removed. We have, thea, e.Nide from the ra.rnges of the drills, a Je.arly destruction 
of oT'er 64,ooo,ooo young ,.n4 tbe removal of 184,000,000 mature oysters to account for the detPrk-
ration of the beds, ~ 



 

316 REPORT OF THE SUPERINTENDENT OF THE 

Whether this extensive fishing is beyond the capacity of the beds or not, cannot be accurately 
stated; the only information on the sul1ject obtainable being the statements of the oystermen that 
the beds are deteriorating from that cause. But an estimation of tbc effect of excessive fishing 
may be formed by examining its results upon such beds in England and France as have records 
upon the subject. The most iustrudive of these are the records or the production of tbe beds of 
Can<;ale Bay, 011 the northwest coast of I<rance, which exte11d m·er a period of sixty-eight .v~rs
from 1800 to 1868. The beds in the lmy comprise an area of about rno acres, and from 1~00to1816 
produced from 400,000 to 2,400,000 a year. This, however, was the period of the Napoleonic wars 
and the fishing was much disturbed by the presence of the English cruisers. During this time 
the beds became so thickly stocked that the oysters were in some place:s a yard thick. After the 
close of the war the fishing improved aud the o;r:sters were removed in larger and increasing 
numbers until 1843. From 182:3 to 1818 it is supposed that the dredgers were living upon the 
o:n1ters accumulated during the period of enforced rest, from 1800 to 1816. In 1817 the number 
of o~· sters produced was i'i,(i00,000, and nut.ii 1843 there was a constant increase, the number taken 
iu the latter year bciug 70,000,UOO. In 1848 it was 60,000,000; tht"nceforward there was a constant 
decrease. From 1850 to 1856 the decrease was from 50,000,000 to 18,000,000, supposed to be the 
effect of overdredgfog. From 1859 to 1868 the decrease was from rn,000,000 to 1,079,000; the 
oysters having almost entirely disa1Jpeared from the beds, though on account of the sufiering con
dition of the inhabitants of the shores it was alnm~t impossible to prevent it. In 1870 there was 
a complete wreck of the bottom which could only be remedied b,y a total }Jrohibition of the fisheries 
for several years. 

From the beds of the district:; of Rochefort, Marenncs, and island of Oleron, on the west coast 
of I•'rance, there were takeu in 1853-'54 10,000,000 oysters, and in 1854-'55 15,000,000. On ac
count of exhaustive fishing, in 18G3-'64 only 400,000 could be obtained. 

According to the testimou~- of Mr. 'Vebber, mayor of Falmouth, England, about 700 meu, 
working 300 boat:s, were ern11loyed in a profitable oyster fishery in the neighborhood of Falmouth 
until 1866, when the old laws euforciug a "close time" were repealed, under an impression that, 
owing to the great productive powers of the oyster, it would be impossible to remove a sufficient 
11umber to prevent the re-stocking of the beds. Since 1866 the beds have become so impoverished 
from excessive and-continual fishing that in 1876 only 40 men and 40 boats could find employment, 
and small as the number is, they could not take more than 60 or 100 oysters a day, while formerly, 
in the :same time, a boat could take from 10,000 to 12,000. 

According to the statement of Mr. Messum, an oyster dealer and secretary of an oyster com
pauy at Emsworth, England, made before the Commission for the Investigation of Oyster Fish. 
eries, in l\Iay, 1876, there were in the harbor of Emsworth, between the years of 1840 and 1850, so 
mauy oyst~rs that one man in ffre hours could take from 24,000 to 32,000. In consequence of over
fishing·, iu 1858 scarcely teu vessels could find loads, and in 1868 a dredger in five hours could not 
find more than twenty oysters. 

The oyster fisheries of Jer:sey, in the English Channel, afforded employment to 400 vessels. 
In six or seven years the dredging became so extenshre and the beds so exhausted that only three 
or four vessels could find employment, and the crews of even that small number had to do addi
tional work ou shore in order to support themselves. 

The foregoing are a few of, though by no means all, the instances that may be quoted in order 
to show the disastrous eftects of overworking the beds, and in concluding the 'remarks under that 
head it will be instructive to extract from Professor Mobius' work his prophecy with regard to our 
own beds, which is here introduced: 

"In North America the oysters are so fine and so cheap that they are eaten daily by all classes. 
Hence they are now, and have been for a long time, a real means of subsistence for the people. 
This e1n-iablf: fact is 110 argument against the injuriousness of a continuous and severe fishing of 
the bedi,;. • • • But as the number of consumers increases iu America the price will also surely 
advance aud then there will arise a desire to fish the banks more se\·erely than hitherto, and if they 
do not accept in time the unfortunate experience of the oyster cultnrist.s of Europe, they will surely 
find their oyster beds impoverished for having defied the biooonotic laws." 

The question now ro be deeided is how the :proteetlon of the beds aJld their improvement ts to 
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be brought about. The protection laws of the State of .Maryland, which govern the larger part of 
the Sounds, are, hrietly, as follows: Dredging is allowed from October l to J\:lay 1. Taking of 
oysters in otller ways from September 1 to Mar 1. Dredging is not allowed iu the ri,·ers and creeks 
of the Sounds or in their mouths. No steam dredges are allowed. All dredgn1-1 ancl "tongers'' nmst 
be licensed. Violations of the law are punished by not more than two years imprisonment nor 
$200.Jine. For the enforcement of these regulations there is established a State Fishery Force, 
cousisting of oue steamer and seYeral small sloops; one of the latt1T ltm·iug jnrisdidiou on'r Tan
gier and Pocomoke Sounds. The officers of this Fisher;\· Force and the sheriffs and coustables of 
the different connties are empowered to make arrests and enforce the law. 

'l'he a hove is the amount of protectiou ammle<l by the law if carried out. In the Sonuds, in 
reality, there is no11e. ~either the State Fishe.t:y Force, sheriffs, constables, or any other persorn; 
make arrests or enforce the law, the public opinion of the community being against such a pro
ceeding, though every one recognizecl the necPssity when considered in the abstract. I ha\·e seen 
nurnl>ers of dredgers at work and the police boat cruising among them, a!l(l this was during the 
latter part of Augw;t, when, if at an.Y time, the oysters should ham been free from disturbance. 

Before deciding upou the measure of protection to be giveu to the beds, it ma.r be well again 
t-0 see what bas been accorded by foreign gonrnments and with what success. On tile Scllleswig
Holstein banks the "close time" is from tlle 9th of May to the 1st of October; no oysters less tlian 
2~ inches in length are removed at any time. The law is enforced, and 1-till the beds are deterio
rating. 

In Ireland, the "close time" is from May 1 to September 1, ail.din some lomtlities of the coast 
from the 1st of April and the h;t of Uarch until the ht of October and the !st of Xm"em&er. It is 
unlawful to dredge or have in possession any oysters or oyster brood during the "close time.'1 The 
inspector of fisheries can call a meeting of interested persou:;; to decide npon a change of ''close 
time." Inspectors are empowered to permit the planting of oysters and. t-0 prohibit the presence 
of dredges on board an.v boat during the "close time.'' The coast guard and constabulary are 
empowered to enforce the laws, and violators arc suitably pnnhshed. 

The deep-sea fisheries for oysters ia the English Channel are governed by rules adopted by 
England and France. The "close time'' is from the 16th of June to the :nst of August. An.r 
boat having a dredge, or other implement used for taking o.rsters, duriug that tinw, is considered 
as having violated the law. Competent courts of each country have power to punish oft'ender8 
and the cruisers of each nation power to enforce the law, which is strict!;\- ohsern~d by t.he F1·ench 
fishermen and f'reqoontly violated by the English. 

In France the oyster beds are protected hy stringent and effective laws, which ma~- be briefl.Y 
stated as follows: The government assumes control over all oyster banks a11<l fore shores. As 
occasion may seem t-0 req~ire, an entire bank, or part of it, may be reserYed fnun dredging for a 
certain time, decided by the local commission. The general practice seems to be to lmoy off a 
third or fourth of a bank each ;year, which portion is onl~· sufficiently dreclg·ed to remo,·e weeds, 
mud, vermin, &c.; the remainder of tl1e bed is opened to all licensed pen1ous for a ct'rtaiu specifiecl 
time; the following year another part, of the bank is reserved, and -0ccasiom1lly parts are resen·ed 
for a longer period. The local commission decides all matters pertaining to thl• bed1' and their 
vicinit~·, and is composed of the following officers: The im•pect-0r of the fisheries, tlie commander of 
the fishery guard, two "Gardes-Jlaritimes," one fisherman, master of a boat. , The following are the 
most important regulations made for the gui<lance of the commissions b,v the minister of the 
marine: The heds should not be opened for fishing nntil the spat has acquired strength to resist 
the action of the dredge; until the eud of January, for example. When a bed has well establislled 
breeding capacities, a fourth or fifth part of its total area shouhl be set apart as a reserve, and 
dredging over such part entirely prohibited. A fi8hery-guard boat should, whene\·er practicable, 
take part in the working of each bed. When a bed is foul or .encumbered with "·eeds or other 
matter noxious to the development or adherence of spat, it shoultl be open for dredging until 
cleaned. Beds on wliich there is neYer any production of spat shall be opened all through the 
season. After the working of any bed is over, it should be carefully inspected and, if necessary, 
the cult.ch replenished. 'l'he "close time" is between the 1st of May and the 31st of August, and 
is strictly observed. The foregoing regulations bave caused a great improvement in the ~ds on 
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the French coast, aud the regulations of other nations have been made and enforced in time to 
prevent the depletion of their beds. 

As an mstaIJ(~e of the effect of this protectini policy, when understandingly conceived and 
rigidly enforced, the beds in the Hay of Arcachon are a good example. In 1870, through over
fishing, they bad become entire]~- exlrnusted; but, by the strict protection afforded them, their 
fecundity has once more become so great (in 1876) that the waters of the bay from June until 
August are filled with the yotmg swarm. Ou a bed when dry, at low spring ebbs, comprising 26. 7 
acres, there were taken by fort.Y or fifty persons, in about two and a half hours, tiO,OUO OJ·sters. 
That part of the bed was immediatel,y buoJ-ed, and 110 more fislling allowed during the season. 

Having seen what is coni'lidered necessary for the protection of the beds hy European uations, 
and why it is necessary, the question is, how we can best use their experience. The best remed,y 
for an~· evil is the removal of the cause, and we hM-e concluded that the cause of the evil in Tan
gier and Pocomoke Sounds is O\'er dredging aud the destruction of the young brood. Therefore, 
until the rate of production aud the proportion between the number spawned and the munber 
reaclling maturity is decided, only a specified number should he taken off of each bed in the 
Sountls. If obser,·ations, both as to the number rernove,1 arul the increase or decrease of the 
number to tlie square )'artl wt>re coutiuued, a basis might be found for the establishment of the 
maximum number to he remowd; but until that number is established no working of the beds 
should be permitted betweeu the middle of April aml the h;t of November, and none of the beds in 
Pocomoke Souud should be dredged over at all, except so much as it is necessary to clean them. 

There should be a sufficient number of oyster guiird-hoats to superintend the dredging, both 
in general and w~1en for cleansing purposes, to eollect statistics as to the number of young and 
mature o,ysters remove1l, and to make all observations as to tlie number to the square ,yard. They 
might also collect a good deal of other useful iuformation while on the beds. Duri11g September 
and October they should examine the beds, in ordn to ascertain the number of young, and those 
beds haYing a large proportion shonld be rest>rved from dredging operations until the young are 
ahlc to rPsii;t, the action of the dredge. No oy~ters below a certaiu size should be take11 off the 
beds, a11d it should he puuii,;hahle to have those under the specified size in possession. Wllenever 
it is jtidged that any bed open to general fishing is being worked beyond its capacity, the oyster 
guard should h1we power to prevent any further dredging on it. When any I.Jed with a large 
uumlX'r of -;. oung upon it is open, either the paekers or fishermen should be compelled, as far as 
JlOSsible, to return the shells to the beds, or the hard bottoms surrounding them, within a certain 
specified time, provided that the o;rsters were opened in their immediate vicinity. J,arge numbers 
of ~-onng would thus be saved, and the areas of the beds increased. No one should be allowed to 
take or to possess au oyi;ter having more than a speeified number of young attached to it. During 
the time when not otherwise em1ll0Jed, the o~·ster guard-boats coul'1 be usef'nll,y engaged in 
rernoYing Urn weeds alHl grass from the sand shoals aud tlle mo11s from the elosed beds. It must 
be remembered that dredging is not an unmixed evil. au1l that the impro\·ement of the oysters and 
the exteuded areas of the beds are mainlJ· due to it; but it should be condueted under suitable 
restrictions, and in this connection may he addsed the use of the scrape where it is now prohibited, 
and the prohibition of the heaYy dredges in shoal water aud on the sofr. bottoms. 

If there is au,y animal known to natlmilists that is an e11emy of the drill and uot harmful to 
the oyster, its introdnetion into the Sounds would he a great benefit; and, finally, if in the spring 
either the State or the fishermen would colleet the shells from the 11ilPs about the packing-houses 
and deposit them on the hard bottoms contiguous to the beds, thf'y would furnh~h an excellent 
"cultch '' for the ''spat," and probahl,y make a good catch and a permanent extension of the oyster 
ground., 

I ha,·e made the above suggestions with the hope that they ma.y in some way bear fruit for 
the benefit of those engaged in .i1e oyster fishery in the Sounds and Bay. Some more adequate 
protection than that now ottered must soou be afforded, or loss and distress among the la.nre 
number of f'eople in M:arJlaud arnl Yirginia engaged. in the fishery win soon follow from the failure 
(and that mo1·e or less suddm1) of the oyster industry. Iu conelmling this part.of my report, I 
cannot do better than to again quote l'rofesaor Mollins, whose remarks on the prei<ervation of 
natural banks of oysters are well worthy of attention: 
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"In conclusion, I hereby give as the foundatiou for all oyster culture the most important rules 
for the improYement of the natural oyster banks. 

"First. An oyster bank will yield permanently the greatest profit if it possesses such a stock 
of full-grown oysterR as will be sutlici!lnt to maintain the foeumlit~· of the bank in aceordance with 
its lJioconotic conditions. 

"Secoud. When the natural cowlitions will admit of it, the yielding capaeit~· of an oyster bed 
may be increased IJy improYiug and enlarging the ground for the reception of the young brood. 
The natural banks should be improved by remo,·ing the weeds and plants with dredges and 
properly c01rntructed harrows, and by scattering the slrnlls of oysters and other mussels o\·er the 
bottom. \Vlien circumstances will Ilermit, all the animal:s which are t.aken in the dredge, and 
which kill the oysters or use up their food, should be destroyed. It would be much more judicious 
and much better for those who eat oysters if the 'close time' could be extended until the 15th of 
Se1itember or the 1st of October, so as to allow the osst.ers some time after the eximlsion of the 
contents of the generative organs to become fat before being brought to the table. If it is desired 
that the oyster banks should remain of general ad rnntage to the public and a permanent source of 
profit to the iuhabitauts of the coast, the nulllber of oysters takeu from the beds ;yearly must not 
depend upon the demands of the consumers or be governed hy high price, but must he regulated 
sole!y and entirely by the amount of increase upo11 the ueds. The preserYation of the osster beds 
is as much a queistion of statesmanship as the preserYation of forests." 

INVESTIGATION CONDUC'l'ED DURING 'IHE Sl:MMER AND AUTCUN OF 1879. 

My assistants during this season were Master H. H. Barroll, U. S. N.; Ensign W. H. Allen, 
U.S. N.; .Mr. W. E.W. Hall. 

l\ir. Barron had charge of the eompilation and arrangement of the statistics collect~~d, and, 
in the field, general charge of the work during the ahseuce of the chief of the party. 

l\ir. Allen calculated the number of oyisters to the squarf'. yard, and the ratios between the 
classes; he also tested the water specimens and developed the cunes illustrating the changes and 
rouge of density. 

Mr. Ifall was charged with the care and arrangement of the records so as to facilitate their 
study by myself and others. 

INSTRUCTIONS. 

'l'be instructions of the Superintendent, issued J uue 30, 1879, dt~sired that the Yessel and party 
should proceed, as soon as possi!Jle, to the lower Oliesapeake Bay, and coutiuue the irffestigation 
begun and prosecuted during the previous season. The instructions were. concise, and, being sup
plemented by Yerual ones, were expressed in general terms. It was inteurle!l that the !icope of the 
investigation should include as much of that called for in the instructions for the previom; season 
and such additional matter as the judgment and experience of the chief of the party should dictate. 
The Yessel sailed from Baltimore, Md., for Tangier Sound on .July a, 1879, and the field work was 
completed Oil the 30th of October, when she arrived at Phila~lelphia, Pa. 

PLAN OF WORK. 

In devising the original plan for the work of the season it wm; expected that, not only would 
the party be much larger than it actually was, but that it would be in the field much earlier in the 
season. This original plan was, briefly, as follows: One division of the part~·, in a small stea:mer, 
was to continue the delineation of the beds aucl the search for Rtich new ones as might exist. The 
extension of the survey was to be from Tangier Sound along the eastem shores of the bay. 

The other division of the party was, in the Palinurus, to continue the study of the beds already 
surveyed, the conditions affecting the oysters, and determine, if possible, the effoot of changes of 
temperllture and density upon the [lroduction and subsequent life of the spat aml mature oyster. 
They ·were also .to ascertain what was the increase in size of the oyster in a given time, and deter· 
mine the number of oysters surviving in each successive period of life, or establish the natural 
ratios between the different classes. It w1.1.s also intended that this branch of the party should 
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obtain, if possible, satisfactory information in regard to the sex of the oyster, the method of prop
agation, the number of embryos spawned, and the habits of the animal during the early stages of 
life; or, in general terms, it was intended t,o ma.ke the study of the embryology of the oyster part 
of the work of the party. . 

It was proposed to continue this branch of the inquiry throughout the year, and to make, by 
means of self:registering thermometers and careful series of density obsen'ations and chemical 
analyses, au exhaustive studj- of the character and changes of character of tlu~ water surrounding 
the animals on the beds. 

Another division of the party was to undertake the collection of statistics, and was to visit 
and inspect all tlie dredging vessels and packing houses, that some >alue might he assigned the 
dred~ing factor, to wliich most of the evils affecting the beds appeared to be due. 

The smallness of the annual' appropriation made it impossible to carr.r out the original plan, 
which was accordingly modified; and the want of fuutls, which reduced the size of the part,y and 
scope of the work, also prevented our getting into the field before July 1. Thus the opportunity 
for studying the embryology of the osster and many other matters of interest relating to the 
reproductive processes was unavoidably lost. It was decided, however, to attempt the execution 
of the origiual design so far as was possible with the diminished force and time at our disposal, 
but upon our arrival at Crisfield, Md., it was found necessary to again modify and change our plan, 
or else. duplicate au iuYestigation that had already beeu undertaken and ably executed. 

Members of the .Johns Hopkins Zoological Laborator~· ha(l been established at Crisfield for 
some months prior to ms arri>al, a11d Dr. W. K. Brooks bad begun the stud;r of the emur~'ology 
of the oyster, had ma1le experiments in impregnating the ova with the spermatozoa, nnd liad suc
ceeded t-0 some exteut iu raising the oyster from the egg. The study of the emhr,yolgy of the 
oyster was thus not only uudertaken but concluded, so far as was possible, duriug· that season. 
The results were alike surpnsiug, interesting, and Yaluable, aml, l1M'ing been accomplished by so 
able a worker, did not need auy confirmation at our hands, and as it was his intention to continue 
his experimeuts iu tlrn future and trace the development of the oyster up to tl1e point of attach
ment, I wrote to the Superiutendent proposing a new scheme for the season, which met with his 
approYal, and which contemplated the abandonment of all investigation of the embryological life 
of the o~·ster. 

The work of the party during this season was, properly, the collection of such information as 
would conduce to correct answers to the following questions: 

1st. \Vere the oyster beds improving or deteriorating? 
2d. ·what were the causes for such improvement or deterioration~ 
3d. How is the <foterioration, if existing, to lJe prevented and the beds improved? 
Ju the endeavor to answer these questions it was necessary to investigate many problems and 

to collect much informarton having apparentls but little bearing upon the rnaiu question, but it 
was my ende:1vor to limit the extent of the inquiry as much as possible an<l to direct all tlie ener· 
gies of the party to the decision of the three points mentioned. 

Though. the biolog,y of' the o~·ster should be studied, yet only so much of it was essential to the 
work be had undertaken as would ai;sist in tlie solution of the problem presented, and consequently 
it was desirable to leave an extended investigation in that line to others and to settle ourselves 
only .such points as would, as far as we could see, directly assist us in arriving at correct con
clusions. 

The investigation conducted during the summer and autumn of 1878 had shown that the beds 
were deteriorating rapidly, aml so far as could be seen the principal cause for this deterioration 
was the over-fi;;hing of the beds. Tb.e remaining question to be answered was, then, bow thedete· 
rioration was to be prevented. 

The main cause was decided to be excessive fishery, ";hich, by removing too large a number of 
mature brootl oysters, diminished in a constantly increasing ratio the fecundity of the bed. Other 
causes operated also to some extent, but their effects were inconsiderable. 

There is but one method of maintaining the fecundity of the beds, and that is by protection, 
but this protection can be afforded in several ways: Either by restrict.ing the fishery, by enlarging 
the field for the dredgers, or by insuring the maturity of a larger number of oysters, by artificially 
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impregnating the ova of the female and protecting the resultant embryos during those periods when 
they are unable to protect themselves. 

To afford protection and maintain the fecundity of the bed in the last-mentioned manuer has 
been attemped by Dr. W. K. Brooks, and his efforts have been in a measure successful. The ova 
has been impregnated, and the life of the resultant embryos has been maintained for ntr~·iug 
periods, the maximum being six days. Whether this success will l>e of practical benefit remains a 
matter of conjecture, but should it prove practicable to thus assist nature in maintaining the beds 
at their greatest productiveness, it will require extended experiments before we can feel assured 
that the protection afforded in this manner will be sufficient. To confirm the opinion a;; to the 
deterioration of the beds; and to show the best method of protecting them in the two remaining 
ways, has been the endea\'Or of the party under my command, and to that result ha Ye our efforts 
been directed. 

In the absence of positive and correct information as to the life and habits of the o~·ster, all 
legislation rdatiug to their protection must be to a great extent iuoperafrrn and uon-produ"ctive of 
the desired results, and uutil such information has been obtained the best and easiest remedy for 
the deterioration would be an extension of the known fishing gronu(l; in other words, the discm·
ery of new and well-stocked beds; as, the number of dredgers being, at least for a few years, 
constant, they will naturally seek the most profitable field for labor, and leave the ornrworked 
beds for the newly-discovered ones, thus giving the former a chance for recuperation. That tilis 
is the case is e\7 ident by the record of statistics, most of the dredging vessels working on the uew 
beds outside the Sound and on those in the Potomac Hiver on account of the poor returni,; gi,·en 
by the beds iu Tangier and Pocomoke Souuds. 

The protection afford. d in this manner would, however, be but temporar~·, the demaud for 
oysters constantly increasing, and the number of vessels working liable to increase with it; conse
quently it may soon he necessary to legislate for the direct protection of the beds and to limit the 
supply by law before it is stopped entirel,y !Jy nature. It is well, therefore, for the best iuterests 
of all clasi>es, that such an amount of information should be collt'cted, as to the character of the 
beds and oysters and the general conditions under which they advantageousl,\· live, as woul!l direct 
protective laws into a chaunel productive of most good. 

The first necessary information t-0 he obtained, and that of greatest moment, would be a knowl
edge of the positions and areas of the beds. No law could be passed which would protect a bed 
wbOde position and boundary was not at least approximately known, nor could any stud~- of separate 
beds or comparisons of many be undertaken without such knowledge. Again, since nature has 
already selected these areas as those most favorable to the growth and life of the oyst._.r, they 
eYideutly are the best grounds upon which to deposit the young brood, should the experiments of 
Dr. Brooks prove successful and of practical importance. Indeed, it is hardl~· possi!Jle to enumerate 
all the ad,;antages of knowing the positions and areas of the natural beds, and it may safe!,\· be 
said that a thorough study of the oyister question would be impossible without it. 

Of next importance is the knowledge when the bed is in the condition of greatest fecundity. 
In the attempt to attain this knowledge the number of oysters to the square yard of the sur

face was ascertained during the season of 1878, as described by me in my previous report. The 
reimlts were of comparative value, and subsequent operations in each ,year were to show whether 
the oysters on the bed were increasing or diminishing; or, in other words, the fecundity of the bed, 
as compared with previous seasons, was to be ascertained. 

During the last season these numbers have been again calculated in a similar manner; but, 
working with a greater knowledge of the subject generally, and a more correct estimate of the desired 
results, I have devised another method for ascertaining whether the bed is in its most productive 
condition. 

It is evident that in any large community there must he a certain ratio between the individ
uals of difterent ages, and that any change in this ratio will indicate an increased or decreased 
fecundity. It was not, and probably will not be for some time, possi!Jle to separate the oysters 
into clasi1es by ages, except in a very rude manner. The only iudicatiou of the age is the size of 

S. Ex. 49--41 
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the animal, and the o;rsters were, therefore, separated into four classes, according to size, in the 
following manner: 

The first class contained aH tliose over three inches in length, and embraced all full-grown, 
mature oysters. 

The second class contained o.vsters between 2 and 3 inches in length, and these were supposed 
to be mature and fit for market, and between two and three years of age. 

The third class contained oysters between three-quarters of an inch and 2 inches long, and 
represented the yonng growth of tlie preceding seasons, being thus oysters from six months to two 
years of age. 

The fourth class contained all oy1:1ters under three-quarters of an inch in length, embracing the 
most minute that could be recognized, and represented the young growth of the last spawning 
season, or those of less than a year's growth. 

B.'· obtaining a sufficient number of each class from each bed it was intended to establish 
ratios bf'tween ench class, whicl1, compared with ratios 011 new and comparatively unworked beds, 
would show whether t11e particular locality under examination was in a state of greatest productive
ness or not, and by comparing the ratios of successive seasons, the increase or decrease, constant 
or otherwise, could be ascertained, and the yield of the bed in ensuing seasons predicted. 

In order to have another aml more correct standard for comparison and to arrive at certain 
conclusions as to whether the spatting in any season was general and extending to all beds, or 
confined to particular localities, and in order to know accurately the number of oysters surviving 
each period of their perceptive existence, numbers of spat collectors were deposited upon the 
ditforcnt beds. It was tbe intention to frequently inspect these tiles, and by counting tbe number 
of o~-sters on each tile at each examination the number of oysters surviving woul(l be ascertained 
and the age of the previously-established classes would be decided. Thus the life of a community 
of 03·sters, free from the dredging influence and protectecl from all but natural enemies, would be 
before us from the time of tlw finit attachment until they reached maturity. 

The study of their embryo life properly belongs to the zoological student, and the method of 
propagation and the successiYe stages of that life must he left to him to determine. It is valuable 
to the inquiry under consicleration, but not essential; as it is evident that we may neglect the 
early stages of life and yet arrive at correct conclusions as to the number of mature oysters neces. 
sary to support the beds in their best condition. 

~ext iu importance to the knowledge of the absolute fecundity of the bed is a knowledg~ of 
tlwse conditions which would influence it, and in order that no cause for the deterioration should 
be neglected, and that all information bearing in any way upon the propagation and growth of the 
oyster miglit be collected, se\"eral matters of secondary importance have been subjected to investi
gation and tl1e results embodied in either this or my previous report. 

Included under this head are-
Im·estigations into the temperatures and the intluence of increased or diminished temperature 

upon the mature oyster and embryo. 
Investigations into the character of the water, especially a1; regards its increased or dimin

i1-1hed density. 
Investigatiomi into the character of the bottom and its influence upon the oyster. 
A dewrmination of the direction and velocity of the currents and such collection of statistics 

of the o;yster trade and fishery as would tthow its present condition and give a value to the <lreug
iug factor; and, lastly: 

A collection and stud_y of the famnr1 of the beds, particularly of those animals supposed to 
affect the oyster. 

An attempt has also been made to collect tile experience of the oystermen. and dealers as to 
the habits of the oyster!I, and as to the effect of the various changes of environment. 

HaYing shown what, in my opinion, were the objects to be obtained and the direction which 
the investigation should pursue, it remains now to describe in detail the work of the party in each 
branch of the inqnil"j· and to <lecide upon the value of the results. 
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CLUSTER OF OYSTERS AND SPONGE. 
From cm:work:ed beds . Chesapeake Bay: 
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DELINRA'l'ION OF '.l'HE :BEDS. 

Tl1e beds in Tangier and l'ocomoke Sounds were 1:mrveyed during the sea8on of 1878 aud 
described in m.r report of the operations of the partJ' during that ~·ear. During the last season 
the survey of the bells has been but an incidental part of the work, only such haviug been deline
ated as time and circum'stances would permit, thougl1 those I.Ying inside the Sounds han~ lweu 
su~jecte<l to an examina,tiou an<l survey similar to that of the 11revious season. 

llEDf' IN THE XANTICOKE RIVER. 

These are small and inconsiderable, embracing a total area of 827,000 square yards. 
Most of tht1m lie on the east-0ru side of the channel and extend a short distance a boYe Raggml 

Point, though detached groups may be found mnch farther up the river. The oysters and shells 
are uniformly spread over eacli snrfaf•e. Each bed is Yery hard, and in most cases the probe would 
not penetrate IJeyond six inches, bnt when it was possible to push through the surface stratum a 
substratum was found of sand. The main part of the ri\er bottom is of mud, a11d bottom of that 
description surrounds the beds. Aloug both shores tlw mud is firmer and of greater consistency 
than iu t!Je channel, and abm·e Roaring Point on tliose bottoms are placed lari.re numheri-1 of o~·sters 
transplan•ed from the Middle Ground Bed a11d from other localities. 

The river seems to be a fan>rite planting grouud, and number:s of boats and canrn"s werP 
working the Middle Ground Bed during the summer in or<lcr to obtain the "plants.'' 

The oysters are small, single and in small clusters, and not of ''ery good quality. 
The water being shoal, from 5 to 10 feet, uo dredging could be done 011 tl1est> heds~ am1 eonse

quently tl!e number to the square yard has not been calculated. 

BEDS IN '.l'HE LI'.l'TLE ANNE::lfESSEX. 

There are only a few small beds in this river, and the,y are very seldom worked. Their total 
area is 464,000 square yards. The o~·sters are in detached groups, separated by spaces of mud and 
sand, and are small, single and in small clusters. The depth of water varies from 6 to 12 feet. 

BEDS IN KEDGE's STRAI'.l'. 

The bottom of Kedge's Strait, from the sands on one shore to those on the other, is covered 
with scattered oysters to greater or less extent, but they are found in greater numbers in the 
channel on the soft bottoms than elsewhere. The total area of the beds is 2,894,000 square yards, 
and three of the beds are of considerable size. 

The first lies on the northward side of the Strait, north of Solomon's J,nmp Light· House, south 
and southwest of the Western Islands. It extendi-1 in a \VNW. and ESE. direction (that of th1~ 
channel), and is 1! miles long and from one-eighth to one-half mile broad, aud is irregular in out
line. Its area is 1,244,000 square yards. 

Due west of this bed, south of Oyster Creek and NNW. of Fog Point, is the second bed. It 
extends north and south five-eighths of a mile, and t>ast aud west one-third of a mile. Its area is 
646,000 square yards. 

Southwest and west from this bed, aud northwest from Fog Point,, in the middle of t!Je Strait 
and west of the shoals, is the third bed. Its area is 550,000 square ,yards, and its greatest length 
NNW. and SSE. is three-fourths of a mile, with an average breadth of one.fourth of a mile. 

The depth of water on the inner bed is from 12 to 16 feet, and on the two outer 1mes from 14 
to 19 feet. 

The oyst-Ors are spread i!l groups of different areas, separated by spaces of mud and sarnl, 
generally the latter, except close to the channel.wa~., where there is more mud. The beds arc in 
almost all cases very hard; when the probe would penetrate, soft sand was found. The inner be1l 
is much softer than the other two, and bas a larger amount of mud. The oyster8 were small and 
dark, single aud in small clusters of three or four, with no red sponge or grass. Un the outer bed" 
the shells were larger and cleaner than on tlie inner, and generally the oysters in the Strait are 
larger and with sharper bills than those inside. 



 

324 REPORT OF THE SUPERINTENDENT OF THE 

INVES'l'IGATIOX OF '.l'HE CHESAPEAKE BAY WEST OF TANGIER .A.ND SMITH'S IHLANDS. 

The only information tbat could be obtained with regard to the ground outside the Sounds 
was that there were a number of bed<> of differ.,nt areas l~·ing in the Bay, on the eastern side of the 
ship chaunt'l, especially about a11d on the shoals off Smith's Island and Kedge's Strait. 

The ground bt:'ing so little known, and the accurate delineation of tbe beds being so difficult 
wbeu attempted with a sailing yessel, 1 considered it bettt•r to employ the limited time at my 
disposal in running tentatirn lines, off and on shore, and other lines crossing them, with a \·iew 
to discover the location ot' the beds and to mark these localities for a more thorough and ex
bansti,·e investigation in the future. 

In accordance with this plan I dredged over the bottom of the Bay, from Tangier Island 
northward, running the lines sufficiently close to detect any beds of importance or the pret'lence of 
scattered oysters. The distance over which the dredge was dragged was alwa.}·s measured-; and, 
when the depth of water was not too great, the bottom was probed with a view of determining 
whether it was suitable for the oystt:'rs. 

By rpfereuce to tbe projections it will be seen tbat these areas occur quite frequently on the 
shoal ground making off in lt southwesterly direction from Tangier Island; that between Tangier 
Island and Cbeesman's lslamls there are, in tbe deep water, no oysters; and that from abreast 
Cheesman's fala11ds as far north as the investigation extended were found large areas upon which 
oy:sters were liYing, and in some cases iu great numbers. The depth of water does not appear to 
inflnence the formatiou or growth of these beds, some of them l_yiug on the shoals and others iQ. 
deeper water. Geueralls speaking, here as in the Sounds, the origi11al becls were formed on the 
side of the shoals, and wherever there was a sudtlen change of bottom. 

\Vherever the solid beds or "Rocks" were encountered, they were found to be long and narrow 
ridges, extendi11g generally in a northerly and souther!~- directiou, excPpt when near Kedge's 
Strait, where they ran more to tile eastward and westward; and we could, in standing across the 
beds, hut rarely obtain more than one or two hauls of ti.le dredge lwforc we were off tlie ''Hock." 
The major axis appears here, as elsewhere, to lie in tbe direction of the current, and probably all 
natural extension and growth of any bed are in that direction, the 8pat being carried backward and 
forward by the ebb and flow of the tides. The large number of beds near and off Kedge's Strait 
is probably dne to the large number of spat brought ont from the Sounds through the Strait. 

The bottom is generally of hard sand covered with sponge a11d grass. Near Kedge's Strait 
some mud sloughs were found, and in some cases the substratum of the beds was of clay; but in 
most of them the stratum of oysters and shells was too thick and hard to be penetrated. 

The beds outside the Sounds ha>e been comparativel;y free from dredging, and thus present 
marked differences from those inside. 

'l'hey are comparatively longer and narrower, and much more sharply defined. Very few 
scattered oysters are found near them, and the beds are much more solid, unbroken, and muvh 
llarder, requiring heavier dredges than tltose used in the Sounds. The most remarkable difference 
is, howeYer, in the shape and growth of the o.rsters. 

On the undredged beds the,Y are long and narrow, with the lower shells rnry deep, and bills 
Yer.r thin aml sharp. In no case did we find any single oysters of any class, but all grew in 
clusters of from three and four to twelve and fifteen. The shells were clean and white, and free 
from mud aud sand. Generally there was found a tuft of red or white sponge attached to the 
clusters, and the mature first and second class oysters were covered and the inter:stices between 
them filled with those of the third and fourth classes; numbers of barnacles were also found, antl 
some crl'pidula, but t1,bicola. were present only in small numbers. 

The oysters found upon beds that have been much worked differ materially, being single and 
broader in comparison to their length, round and with blunt bills. They are usuall.r dark in color, 
and have a con~iderable amount of mud and saud 011 the shells. The sponges do uot appear to be 
as abundant, awl the amount of dredging on any bed may always be known by the appearance of 
the oysters brought up. Upon an overdredged and almost exhausted bed the oysters will be 
large and single, blunt-hilled, with dirty shells, and with an almost entire absence of sponges, 
barnacles, and crepidula ; but the shells will be covered with tubioola and bored in many places 
by the boring pholad. 
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Late in the last spring the dredgers begau working on the beds immediately off Kedge'" Strait 
and the one off Hog Neck, ancl during the present season the returns show that the heds in the 
Sound1:1 haYe been, to some extent, abandoned for those outside in the hay. As so little dre1lging 
was done before my examination, I tliink the n'snlts of the dredging operatio11s of the part~ may 
be considerrd as outaiued from unworked bed1:;. Th!'se rp1mlts will lJP alluded to subsequeutlr. 

Probab!J' small beds will be found aloug the shores of the islamls from Kedge's Strait to the 
entrance of Tangier Sound, but as the water wa~ :.;l1oal we could not dredge Yery dose in. As far 
as can he seen at present there is no reasou why the existinj,!· beds should not be extemled very 
couside.ral.Jly, and such ext.eusiou will probably take plaee now that tlw dredgers are beginning to 
work apon ·them. If suitable "cultch" is exposed, probably \'ery large areas will soon be covered 
with oysters. 

Table showing number of 0!/15ters to i;quarc yard. 

Localit,·. 

Sect.ion 1, we•t of Kedge's Stra,it ..................... ,. .......... . 
Section 21 we~t of Re-d House ........................................... . 

Section 3, weRt· of "i-hite Hon!ie ................................................. . 

Section 4, weRt of Hog Nt<ck ..............•......... 

Mean of ohsen·at.iou1S _ ......... ------·----- ....... _ ........ _ .•... __ .. . 

411 

7 

11 

2!-1 

0. 37 

0. 44 

u. 30 

u. 40 

0. 38 

The above table of the number of oysters to the square ~·anl has been compilerl from all 
observations made in the bay where there was any e\·idence of a bed exhiting, sudi evidence being 
given by the probe, soundings, and character of the matter brought up by the dredge. 

Tile numbers to the square .:yard harn been calculated in a manner similar to that described in 
my previous report, and are, as was pointed out iu that, report, only of valtie as forming a standard 
for comparison. It must be borne in mind, howe\•er, in making such comparison, that the liard· 
ness of the nnworked beds aud the closeness of the growth of the oysters would preYent as many 
being taken by the dredge as on the softer and more ope11 he<ls in the Sounds. 

By referriug to the table, it will he seen that the number calculated for each locality is verJ 
nearly the same as that arrived at by comuining all the obser,·ations, and that this nmn her is about 
0.4 to the square yard. Accepting that as tlw standard, the number to the square yard upon a 
bed which has heeu dredged for some time should certaiul.r not fall below 0.4, and considering the 
difforent characters of the bottom, the nnm ber, as shown by the dredgP, u1ion an old bed, should 
he much larger, unless the bed has been oYerworhed. 

The following table shows the number of o,ysters of each class examined, and also the number 
of bushPls brought up and the percentage of shells and debris to the whole amouut. As will be 
seen by the table, the number of the fourth class of this year's growth is ver.1 large, showing that 
however bad the season may have been inside the. Smrnds it has not influenced the re.production 
in the bay. 

TABLE I.-Dredging result:s-Clie:sapeake Bay. 

Number of lmshels 
dre<lgt><l. ; ~coml el~s. Third e hts8. 

,; 
i. . .,.; ~ ~ 
-~ 

-~ = '"' ~ 0 "' "' ,2; c:; c "' E ~ "' ~ 
.. .! 

~ "' ] 
~ e 

E "E ;J :;: 
e " ~ 

ri: .... ;::; 
"" ~ 

,;, ~ ,;, ,;, $ ... ... 
" $ 1 .= ~ 'i1 g, -:. .... ~ 

p:i ... 0· "' -~----- -- -- -

1 
1 

West of Kcdge's Strait.. 52 j 1, 018 8. 8 1. 49 1, 622 4. 'i O. li 1, 150 2. 6 7. 6 ' O. 32 
2 ' West of R~d H<>n&e. ... • . 12 : 359 a. o , 1. 00 360 1:0 o. 88 :JI~ 0. 7 2. 5 i 0. 34 

2.3:! 2, 674 23. 7 16. l 

l. 41 447 7. 2 4. 7 
3 West of White Honse . . . 15 ' 135 ' !. I 1. 07 . U5 j o. 4 o. 16 23 1. 511 

O. 50 
4 Hog Neok Rook........ 106 ! 1,997 17.3 1.29. 2,579 7.5 1.08 2,779 6.4 ll.O 0.26 

5 West of T11Dgi11r Ialand.. 15 i 37 o. 3 Ulil ' 48 o. I 1. 00 51 0.1 a. 74 191 2. 2 o. 5 I. 7 I o. 77 

2001:_~:30:5 !6.'iSI '· 1s. J.,1. 1 .3:814,3219.8 il.49 8, w2 18. a bZ0,24.31·o:31 
' ·--· 

Mean of ratios . .. .. i 1. 23 l o. 78 2. 29 

2.15 50 a. o 1. 5 
!. 87 5, 200 42. 2 ' 31.2 

*75 per cent ofthie yea.r's growth. 

115 

115 
115 

115 

115 

• 
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In the foregoing table tht:' ground dredged over has been divided into parallel sections, and 
all oysters from the beds in thost:' sections lm>e been assembled togetht>r. 

Section l includes all the beds west of Kcdge's Strait. 
Section 2 the beds west of that position on the ch::irt marked Red House. 
SPction 3 the beds west of that position marked White House. 
Section 4 t.be heds west of Hog Neck and Cheesman's Island, and section 5 the beds west of 

Tangier Island. 
In compiling the tables I have entered only those hauls of dredge that have been taken on the 

befls or wbere the 03sters were in considerable numbers. The scattered and detached groups and 
single oysters ha\ce not, been considered. Section 5 is not an important one, owing to the very 
small areas of all the beds encountered on it. 

By examining tl1is table it will be seen that a total of 54 bushels, amounting to 21,183 oysters, 
were examined; that from 200 hauls of the dredge we obtained 78.3 bushels of oysters and' shells, 
and that 31 per cent. or 21.3 bushels of this matter consiste:l of shells or other (Mbris, and this per
centage does not differ materially from that found on each section. 

Section 5 is not considered, as tbe percentage there does not entirely represent shells and other 
debris of the bed, but rather the sponge and grass of the sand shoals. 

Regarding these beds as in their natural condition of healthy life, it is inferred from the 
deduced table that, other things being equal, a larger percentage of debris would indicate that the 
bed was not gi vi11g, for the same amount of labor, its natural retnru; or, iu other words, that the 
mass of old shells brought up by the dredge was out of proportion to the number of oysters. This 
percentage is of value as indicating the most profitable working grounds, and also as indicating, 

• when very large, that the bed bas been overworked and its population destroyed, as the percent
age of shells bears the same relation to the oysters as the unoccupied dwellings in a city do to its 
inhabitants; au increased percentage means a decreased population. 

It is evident that there should be a certain ratio between the oysters of different ages, and in 
general terms the number of young should exceed the mature, thus allowing for the natural deple
tion in each period of growth. Our present knowledge, however, is not sufficient to allow the assign
ment of exact values to this ratio, and the ratios between the different classes are too irregular, 
owing to the variations in tlle spawnings in the several seasons, to allow their acceptance as a 
standard. One thing, however, may he astmmed as au axiom, and that is, that the number of 
young growth on a bed i;hould always exceed the mature oysters, for if there are no young oysters 
in the community there will soon be no old ones, and as there is a constant depletion of each class, 
the young must sufficiently outnumber the old to allow those ravages and still adequately supply 
the denrn.nd and fill up tbe vacant places in the higher classes. 

An inspeetion of Table I will show-
lst. That 75 per cent. of the fourth class were of this year's growth. 
2d. That the ratio between the third and fourth classes is th~ largest, and between the second 

and tbir1l classes the smallest. 
As the second class represents oysters of between two and three years of age, and as the ratio 

between the sec011d and first classes is large, I judge that there was a successful spatting on these 
beds in 1876; aud as the third class represents, on tbe whole, oysters of the season of 1877 and 1878, 
and as the ratios between those of that class and those of the second is small, I infer that tbe seasons 
of 1877-'78 were bad spawning ones. Again, the fourth class is principally of this year's growth, 
and the ratio of fourth to third class is large, from which I infer-what was the ease-that the 
spatting of the la:,;t season on these beds was successful. 

As already explained, the third and fourth classes practically represent the offspring of three 
successive spatting seasons, and thus contain the young growth on the bed, while the tirst and 
second classes represent the mature oysters. lf, then, we compare the mature with the young, we 
ba\e at once a sure indicat,ion of the stare of the bed so far as its fecundity is concerned. 

In order that the areas under consideration might be as similar as possible to the extensive 
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beds inside the Sounds, I have only used for the following table the largest three sections-Nos. I, 
2, and 4: 

TABLE IL-Dredging results-Chesapeake Bay. 

---------- ---··-----
Oy}'<tt·ri-.. 

Firr-t aml 
Becond 
classf's. 

Third ant! 
fourth 
1_·la-R~f'". 

Ra1.io1<. 

1 ,west of Kedge's Strait 
West of llild Hou.,, ......... . 

4 'Hog Neck lled ..... ., ..................................... . 

Meau of ruticn~ _. _ 

~, 640 

i19 

4,576 

'.l, 824 

765 

7, 979 

7, g3~, 12, 568 

1. (Jfi 

I. 06 

1. 70 

1. 51< 

Acci>ptfog this meau ratio of all young growth to mature oysters, upon comparatively 
unworked beds, as the standard, it iis infeITed that the ratio on any bed shonlrl not fall below 1.5 
or 1.6. 

FECUNDITY OF THE BEDS IN THE SOUNDS. 

In order to ascertain whether the fecundity of the beds in the Sounds was the same as that of 
those outsi(le in the ba.v, a very thorongh dredging was coutinued during the summer au«l anttimu, 
;trul the oysters classified accorJiug to the plan already described, and the results are ass em bled 
iu the following table: 

TABLE J.-Dredging results-Tangier Sound. 

~ First (']ass. Secoml cla8s. Third ela5s, Fourth 
class. IluRl1e]t'! <lrtt11Z:etl. 

Locality. 

:Middle Ground Nanticoke. 

Shark s Fin .............. } 
Were Point. ............ . 

Tyler's Bed .............. } 
Horsey'e Bar ............. . 

Drumming Shoal. .... .. 

Cow and Calf ............ r 
Gra88 Tan11tier .....••••.. 

'l'urtle Egg Island ..•...... 
MudBed ......... ., 
Chain Shoal ................ , 
Piney Islanil Bar ......... .. 
Muscle Hole ............... , 

Mano kin Ri'rer ............ ' 

0 

57 

54 : 

0 ' 
" I 

39 ! 

6' 

65 

17 5. 18 

382 \ I 1. 28 
340 5 2

· 
9 

( 0. 91 

722 

102 t 5 
15 5 °· 5 

l 

117 

1. 45 

1. 06 

666 3. 0 2. 16 1, 439 

51 { 2. s 5 : o. 66 34 { 
417 5 ( 1. 25 : 520 5 , __ _ 
468 

54 375 

53 521 
47 ' 330 

211 1, 28~ 
97 ' 1, 17~ 
93 I 881 

2.3 2.40: 900 

3. 2 I 3. 03 : 1, 580 
1. 6 1. 09 I 359 
6.2 3.00 i 3,850 
7. 2 ! 2. 34 j 2, 752 

4.6 '1.41: 1,282 
BigAnnemeesexRiver ..... : 41' 392 2.0 3.88 i 1,521 

Harris' Bed ................ : 108 559 ; 2. 7 : 3.11 : 1, 740 
Terrapin Sande ............ , 54 : 426 

1 
2. 8 1 2. 26 ) 996 

Jane'sleland .............. 1 17 1 150 0.8 ;<1.MI 784 

Woman'• Marsh .. .. .. .. . .. 127 
1 

852 7 4 I 1. 191 968 
Great.Bed .................. , 152 i 1,408 ' 8. 0 ! 1. 89 , 2, 865 

Little Thoronithfare .... { j 35 : 82 t f 2. 2 5 2. 32 I 190 J , 
Great Thoroughfare .... , ) 33 , 230 5 1 l 1. 00 ~~ 

!3i2, I 1128 , 
o.utorma Bed .. . .. .. •• • • • • 82 l 883 I a.a I 0.113 I 820 

1.06 

q 31 0,9~ 
•. ( o. 77 

9;> o. 43 40 

418 
142 

453l I 0.92 
241 1.

6 1 0.59 
10.25 ( f>.E 

6. 0 j 
9,4 0.58 

o. '.l9 

1. 37 

4. 2 0. 91 

1 Gl 0.68 
. I' l, 06 

694 

59 ( f 
2z5 0.2, 

81 

1, aoa a. o 

5~l 1. 3 

577 

2.6 J.57 l,U9 3.2 

4.6 1.34 2,121 4.9 

),0 3.55 1,374 3.1 

11. 3 2. 56 ' 9, 8fi7 22. 8 

8. 0 l. 68 3, 876 9. 0 

'3. 7 0. 48 2, 158 5. 0 

4.4 1.21 1,846 4.2 

5.1 2. 97 5. 174 ill, 9 
2.8 2.18 2,110 14.8 

2.3 3.53 2,771 i 6.4 

2.s 2.ao 2,220 I ~.1 
7. 8 3. 02 8, 056 118. 6 

l 3.69 702~ i 
1. 8 9_ 1

51
, :: :: 5J1lO. gt 

1.8 '1.75 1,085 3.5 

o. 49 

L 14 

fi60 

25 

16, 25 

~' 50 l 
0, 50 l 

54 4, 0 

Ll 2. !J 0. 72 

o. 47 f.07 12. 5 10. 2 2. :1 0. 18 

1. 00 LO ( 5. 7 
14. 25 5 n . .1 o. 6:! 

15. 25 

0. 54 770 16. 0 

0.52 1,115 21.0 

o. 70 961i 21. u 
o. 41 4, 070 75. 2 

o. 48 1, 876 45. 0 

0, 49 ], 169 26, 2 

1.03 I, 905 2!J. ~ 

o. 62 d, 204 21. 0 
o. 61 ' l, 292 26. () 

0, 43 1, 209 14. 5 

0.42 ' 947 65.0 
0. 51 4, 153 116, 5 

0.49 34j) 6.5 i 
0.36 1,48.~ 16.0 l 

:l.829,225 
0.11 I 767 ! u.o 

8. l i. 9 0. 50 

12. 7 8. :1 0. 40 

i. 7 15. 3 0, 72 
40. 3 34, 9 0. 45 

!!4. 2 20. f.: 0. 46 

rn. :i 12. 9 o. 4!1 

10, o lK 6 0. 63 

10, 7 ]. ll 0. 06 

6. 4 19. 6 0. 75 

9.5 s.o o.a4 

15. a 49. 7 o. 76 

34. 4 82. 1 o. 70 

14.9 7.6 o.aa 

7.6 16.4 0.68.' 

246 

220 

162 

!!04 

18fi 

196 

ll!\ 
176 

140 

196 
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TABLE T .-J >redr1inu results-Tangier Smtnd.-Oontinued. 

- ---- -·---~------~--- ---~-----------~----------------... Fourth', .. 
0 First clal"A. Second dass. Third class. r!Ma. Bushel• dredged. ~-;5 

,!!l --·; ~.; 
~ x ] .; ~ " ~ ,;, .; .; "'= ..:: ~ "' :>. ;..., i = >. .,; ... ·;:: J::-" 

"' 0 e .z 0 0 " ~ ii 
J,ocalit~·. ~~ 

,c 
! "' 

,.. .. ... ... "' .... ! ... ... = ·;:: 
" "' "' 0 .s ,_ 0,;, :.! 0 i. 0 • o,;, ~ rt3 £ " "" "' "" t ;£ 

;...;.... ~.z ~t z~ 8 
~ "' '" ""' .§ ~ 

1 .E~ ,; _go .. "' "''"' ~- .::. .o~ ~ .::.~ "il .0"' 
§ ~ :: 0 s s 

~ 
s ';; .., .., .;J : 

=~ ~ ~ "O "' "' 1" ,;, ~ ~ ~ "' = " " = = >. z ~ :;..: : z z '"' 
;,;; ;,;; I':: zo 

·----
j ! 

,Jobnson·s Bed ............. 11' :J"H 0.:? 1. :11< 54 0.1 1. 20 65 0.1 0. 92 60 2. u o. 4 1.6 0. 80 

Dog }'ioh Bed ............ r :!:! ~1:11 I 0. 68 14S l . r 1.12 163 l r 0. 65 107 l 11. 5 ----· ·----- ··-··· 152 
Trevi•e lled . . . . . . . ..... I H; ., .,I 2. H 30 ! 

iO -~ 
I. 10 

~: J 
i 0. 91 30' 1.0 ....... ···--· -·-··· ·-·---

~I ' 0 0.41 2:J : ; Shell Bed ................ 1 :n 
~4 J 

-· -1 · 0. 42 37 I l 
0. 3R 1. 78 31. 0 3. 3 33. 7 0. 91 1······ 

J<'lat Beel. .............. lti l' 0. 81 36j 0. 50 18 0. 44 5.0 ...... ·----- •• ,. ••• ! ______ 
---- ---- -----

~59 0. 09. u~ 0. 91 228 o. 74 170 
Mudd~· :!.lar•h ll<'<L ........ 22 59 o. a 0. 20 12 0. 03 o. 75 9 1. 67 1:; 14.2 : 0. 3 13.9 0.97 
Bird Bed ....... .. I 60 231( 1. ~I 0. ]\} 46 I 0.10 { (l. 37 17 ( ... ·I 3. 23 5· 1 50.0 1. 3 48.7 : o. 97 

Hern I.land lle1l ..... .. i 30 !KO j 1. 0 ( 0. 34 Hi l O.:!O :J.62 221} 0. 5 ( 0. 16 a: 23. 0 1. 7 
' 

21.3 0. 92 
---- ---- -----

417 0. 2ii 107 2. 22 23fi 0. B9 91 

Parker's Beil :!2 154 l.:! 0. 9!1 15~ tl.40 5. 85 895 2. 0 0.33 296 14. 2 3. 6 10.6 0. 74 ' l'.!O 
llriit Bed 23 166 ]. 3 0. 5i 1'9 u. 20 1. Oi 9.~ 'o. 2 0. 52 50 77.0 7. 7 6.9 0. 77 i 120 

------ -----~---- ,_._ 

By reforring to Tabie I it will be seen that on all the beds in Tang'ier Sound, from Fishing Bay 
down to the Ureat Rock, with oue exceptiou, that of Chain Shoal, the maximum ratio is that of the 
second class to the first. The inforeuce is that then· was a successful spatting season on all the 
upper beds in l8ifi or 1877, prohahly the former. 

Again, the minimum ratio, a;; far clown the Sound as the Mud Bed, is tbatof the third class to 
the second, showing that on the beds aboye the Mud Bed there was not a successful attachment 
in 1878, wliich was tlie case as attested by onrseh-es. The remaining· ratios on these beds show 
that there has betm some attachment during the present season. 

LeaYiug the Chain Shoal Bed for the present, the minimum ratio on all the remaining beds is 
that of tlw fourth class to the tllir1l, showi11g that there has been but little attachment of young 
llurin~ the season of 1879. 

The remai11ing ratios show that tllere was a partial attachment of young on the beds between 
Turtle Egg Islaud Bed and the Great Hock during 1878, aw.1 a partial attachment on the remaining 
be(h> north of Jaue's Island dnl'ing 1876 or 1877, while there was a successful spatting on those 
lower beds dnriug 187.-;, which conclusion wa8 fonml to be correct by our observations during t.hat 
season. 

Arranging these deductions in 1abular form, we have the following: 

1~76 or IR77 .... 

1878 ... 

1870 ···••· 

Table sho1dnr1 tlte 1mcce.~s of spatting in d(fferent sewwns-Tangier So1tnd. 

Section X o. 1. Section No. 2. Section No. 3. 

T~pptll' Tangier bedH dowu ! Middle Tangier, Turtle Egg Lower Tangier. below 

to Mud Rock. ' Island, to GTl'.at Rock, .Tant"• I•land. 

~UCCtJRR-f'U]. sm~cessful ...... - . - . - . - -- . -

rnsucces.fnl ............. ' Mo<lerat<"1y SUllOO!lsful .... . 

. .... j lioderatols sncc€'fssfn1. ...... j Unsuccessful .. -- ---- ... . 

Moderate!.'· •ncces•fnl. 

Successful. 
Unsuccel!8fnl. 

'.l.'he Chain Shoal ditters from the hedis of it.s section, the upper, in having its successful spat
ting season in 1878, and its moderately Sl;ccessful one in 1876 or 1877, while during the last season 
thf'I'e bas been but a small attachment; it. thus assimilates itself to Section 3. 

If Ta,ble I is again referred to for the Pocomoke beds, it will be found by a.seem bling the upper 
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beds under oue head and consideriug the Bird and Hem Island Beds to he, wbat they practical!,\· 
are, one bed, we IJaye a table for Pocomoke, as follow!': 

Table 11/towing the s1wces.~ of spattin{I 'iu tli;(lerent seaJions-Pocomoke Sound. 

Year. 

1876 or '77 __ -- ........ . 

1878 .. - ---- ------

1879 .... -- ---- -- -

rppf'l' PoromokP. Yuddy M•r•h-

t:'"nsucces~fnl . Unsuccessful .. _ ...... Un~ucce$sfu1 .. ::Moderatt1ly Hnf·eessfn]. 

Sm'C"\'K~fnl . _ _ Moderate1y succf'~fifnl. Successful __ .. __ .. ~ - 8ncePssful. 

Moderately i;ucc·e.~~ful. 8uccessful .• ~- .. _ ..... Moderat-Ply suc<"es!!!.ful. finsm'('Cs~fuJ. 

Witb regard to these tables, it must be remembered that tile success or want of it is only b~· 
comparison with previous years, nor does it necessarily mean that there ha1< bf\en even a moderate 
attachment, but onl~· that one ~·ear was better than another. 

1!,Y combining the first and second classes and third and fourth on each bed, and combining 
1mch beds as are similarly situated and contiguous, I ha\•e arranged tile following table for com 
parison with tile similar one of the dredging results ou the beds in tlte bay: 

TABLE IL-Dredging resultH-1'angier and Poconwke Sounds. 

Name ofhe11. 

---------- ---- -- -- -
Shark's Fin, ... 

Were Point. 

Tyler's Bed .................... - ....... -
Horsey'" Bar ................... . 

Drumming Shoal ____ ... ___ _ 

Cow and Calf ____ _ 

Grass Ta-ngier . . . . . ............. _ .... . 

Turtle Egg Island .. 
Mud lled ................. . 
Muscle Hole 

Chain Shoal . 
Piney Island Bar-.. _ .· ........ . 

Manokin River ..................... . 

Big Anneme"81lx .... . 

Hartlt!lled ....... . 

Tel'l'3pin Sands •. 

Oyeter". 

"" ~ ~ 
0 " " - ~115 
rF. ~ 

"'~ -g i ~,. 

d,! ="2 
"'" ~ .!:: 

"' ... r-

871 871 

651 383 _ _....._, ...... __ 
I, 522 I, 254 

250 88 

31 '7 
----

281 135 

2, 105 l, 909 

85 23 

937 l, 140 

I, 275 2, 189 

2,101 3,236 

3, 928 5, 752 
------

8, 326 12, 340 

689 2, 340 

5, 132 13, 927 ----
5,821 : 16, 267 

2,163 3,327 

1,913 ' 3, 751 

2,299 8, 378 

l, 392 ;;, 402 

Ratio. :Name of lied. 

LO Jane'•lsland ... . 
o. 58 Great Bed .......... -.... . 

o. 82 

o. 35 

l. 51 

0. 48 

o. 90 

0.25 

l. 21 

Woman's Marsh ........ . 
Little Thoron)lhfare. 
Gres,t Thoroughfare .... 
California Bed .. . 
Johnson's Bed_ ...... _ 

1_ 71 Dog Fish Bed....... . . . . . • . . ........... . 

1
_53 FlatBed .... . 

1_ 46 Trevlse Bed ...... . 

], 48 

3. 41 

Shell Bed ----- ..... . 

2
_ 
71 

Muddy Marob. __ .. . 

2. 79 ·Bird Red ........... . 

]. 51 ' 

], 96 

Bern Island lle<I ....... . 

Parker's lled ............ . 
3- 64 Brill: Boo .. 

2. 44 

- ------

Oy•ters. 

"" "" " t; c 
Q ec Ratio. ~ . 
"'::! ""~ ..... = ::l i:i" c:..:! "~ 
" ..-;:-:;.. 

'«'. ~ 

~ :0 

"" 
934 3, 980 ' 4. 26 

4, 073 12, 209 3.00 -----
5, 007 16, 189 3. 23 

1, 820 ;;, 176 I. ~4 

2i2 1, 048 3. 85 

668 ''· 493 
8. 22 

1, 283 l, 852 1.44 

93 125 I. 34 
-----

2, 316 8, 518 3. 67 

358 270 0. 7fJ 

80 26 ' 0. 32 

44 63 ], 43 

125 ;19 o. :n 
·----

607 398 0. 65 

602 ~4 0. 04 

28:l 72 0. 25 

241 257 L 07 
-·-----

fi24 329 o. 62 

307 l, 191 3. 87 
2!)7 145 o. 56 

The ratios underlined t.hn• ( -) nl'e t11e only ones considereil, and •how the ratio of' yonug i:rowth to mature oysters in <>,a('h locality. 

I find the ratio of young growth t-0 mature oysters to be, generally speaking, a constantly 
increasing one from the head of Taugier &mnd to the last section. 

In my report of the investigation carried ou in 1878, I called attention t-0 the noticeable 
absence of ''young" on the beds above Piney Island Bar and Kedge's Strait, and to tlte large 
attachment on the southern beds, and the ratios in Table II begin increasing materially 011 thol'le 
beds whe1·e there was a successful attachment of young 9uring the previous season. 

Rief erring to the "Spatting Table," it will be seen that on the upper soot ion there has not b(Wll 

a successful attachment since 1876-'77; hence, the mature oysters from two to three years old, tl1e 
S. Ex. 49-40 
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growth of those seasons, shoul!l be iu the ascendant naturally, and hence the small ratios on the 
upper section. 

Apparently the ratios should be about the same on the middle section, as its successive spat
ting season was afao in 187fi-'77; but the moderately succt-ssful season was in 1878, while on the 
upper sActiou it was in 1879; and as brood oysters are constantly taken from the beds in constantly 
increasing nurn hers it follows that the yield of each succeeding year will be less. As an a1ldi
tio11al cause, mure of the beds in the upper section are worked dmfog the summer than in the 
others. 

During the .season of 1878 there was an extraordinary growth of young on Harris' bed, which 
accounts for its large ratio, and the increasp, of the other ratios over those of the first section is 
due tn some extent to the attachment of the season of 1878. 

On the lower section the ratios are very Ltrge by reasou of the successful attachment in 1878, 
aud the hnt moderate success of the seasons of 1876-'i7. 

The ntriatio11s in the ratios can thus be accounted for hy the success or failure of different 
spatting seasons, a11d 110 doubt this success or failure has its intluence, but that its effects are not 
iurnriable c~w be seeu b.r reference to the ratios of Po11omoke :Sound. 

\Yith the exct'ption of Parker's Bed, a small bed lyii1g near Watt's Island and which bas not 
been dredged as extensively as the others in Pocom1Jke Sound, we find the ratio of young growth 
to mature oysters exceedingly small. In no case do the former predominate. From this, accord
ing to the deductions from the Tangier beds, it wollld be inferred that the seasons of 1876 or 1877 
were unusually succP>'sful ones for the attachment of the spat, and that subsequently there has 
been no successful season. 

By referring to the spatting table we find, however, that the spatting season of 1876 or 1877 
was 011 the whole uusuccessfnl, and the seasom; subsequent ham either been successful or moder
ately so, and this conclllsio11 is supported by our ohservations during 1878. But as the success or 
non-success as shown by the spatting table is comparat,ive only, we can only assume .that whether 
successful or uot the attachment was uot sufficieut as one exi>lauatfon of tile small ratios fountl in 
Pocomoke. 

Consequently the variation in the success of different spatting seasons is not sufficient to 
explain unusual and abnormal changes in the ratios of the young growth to the m~1ture oyster. 

It is evident that tile removal of a large num her of mature oysters from a bed would show 
apparently an increased fecun•lity, by increasing the ratio of yonug growth to mature oysters, and 
this appllreut incre~tse would be observable for at least two years, or until the young growth 
becaa1e in turn mature, when, as the reproduction would naturally be diminished by the remo\•al 
of the l>ruod oysters and com1equently there would be a smaller numher of young growth, and as 
the young growth of the previous year would be in that time mature, the ratio would sucldeuly 
turn in the opposite way, and be as abnormally small as it had been almormally large. Once 
having takeu this turn, and the fishing still cont.iuuing, the ratios would. constantly 1lecrease. A 
few titictuatio1rn might occur now and then, but the general tendency would be a diminishiug oue. 

Nature arranges her own laws of supvly and demand, and the ratios she establishes between 
the differt-.11t ch1sse>1 iu any community are most likely to be the necessary oues, and such are the 
only ones that can he accepted as stamlar<ls. We 11a\'e established that upon the auworked beds 
i11 the Bay the ratio of ;rouug growth to mature .oysters is about 1.5, but as this is the result of 
but one season's observ.ttions, and those °''er a somewhat limited area, it would be rash to accept 
that staudard exactly or to draw rigid inferences from comparison with it. Therefore, in order to 
allow a sufficient margin for the variations of different seasons and localities, it will .be better to 
cousider the uormal ratio as betwe1·n I and .:!, aud consequently 1wy increase or decrease of that 
ratio will be au indication of diwiuisbed fecundit,y, and, all things remaining the same, the eventual 
destructmn of the lwds. 

Uompariug the ratios of the beds in the Sounds with that established as a standard, we find 
that-

lst. All beds abo\"e the Grass Tangier fall below the minimum ratio. 
!!d. That tlle gronps iuclu<ling Tangier Grass aud Muacle Hole are within the limit, as are the 

beds in the Manokin and Big Annemessex Rivers and the Woman's .Manh Bed. 
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3d. That all other groups exceed the maximum ratio. 
4th. That all beds in Pocomoke, with the exception of Parker's Bed, are below in minimum. 
Instituting another comparison, that of the percentage of debris to the total a111ou11t brought 

up, w.e find that, with the exce11tion of Drumming 8hoal, Harris' and Jane's Island Beds, the per· 
centage constantly increases to the southward, and that, in Pocomoke it is larger than ehsewhere, 
and larger on the Mu11tly Marsh and Bird Beds than on any others. 

A coincidence will here be noticed in the inereased ratios in lower Tangier and the increased 
percentage of dCbr·i.~, and in Pocomoke in the small ratios and very largl~ percentage of debris. 

Table showing number of oysters to the square yard. 

TANGIER SOUND. 

Name of bed. 

I 
'Number of hauls 

of dr~dge. 

---,-.--
1878. 1879. 

1878. 1879. Differences. 

··~- - ----- ---- -----~ 

Horsey's Bar ................... : ........................... _ ....................................... : ...... . 6 o. 254 ............ 
Tyler'sBed .................................................................................... : ....... . 12 0. 529 

Were Point. .. .. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. . .. . • . . . • .. . .. .. .. . . .. .. . .. .. .. .. .. .. .. 14 50 l. 254 0.840 -.414 

Shark's Fin .................................................................................... , ..... .. 80 1. 014 0.328 -.686 

Dru111ming Shoal . --·--· ........................•................................................... 57 0.994 ····-······· 
Tangier Grass. . . . . .. .. .. .. • .. .. .. .. .. .. . .. .. .. .. .. . . .. . . . .. .. .. . . . .. . . . . . . . .. .. .. .. .. .. .. .. . • .. 10 100 I. 064 o.372 -.692 
Turtle Egg Island .. .. .. .. . .. • .. .. . .. .. .. .. .. .. .. . . .. .. . . . .. .. .. .. . .. .. .. .. • .. .. .. • .. .. .. .. .. .. 13 55 0. 382 0.295 -.087 
Mud llt·d ...................................................................................... . 52 o. 642 0. 515 -.121 

Chain Shoal. .................................................. : ...................... . 41 l. 5:!9 0. 242 -.29il 

Piney I.land Bar .............................................................................. · 49 198 . 0. 687 0.544 -.1(3 
MuMCle Hole .. .. .. ... .. • .. .. .. .. .. .. . .. .. . .. .. .. .. .. .. . .. .. .. . .. . . .. .. .. .. .. .. . .. . .. .. .. .. .. .. 36 87 0. 826 0. 746 -.080 

Mano kin River. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. . .. .. . . . .. .. . .. .. .. .. .. .. . .. . .. .. .. .. .. .. .. .. .. .. 25 90 ' 0.134 0. 320 +.186 
Big.Annt-messex l{iver ......................................................................... ; 41 0. 560 o. 665 +,!OS 

Hanis' B .. d.................................................................................... 40 j 109 0. 281 0. 423 +.142 

Terrapin Sands . .. . .. .... .. ... .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 12 ! 51 o. 271 0. 423 +.152 

::::::~~:,~~·:::: :: : ::::::: :: :::::::::::: ·.::.: :: : : : : : : : : : : : : : : : :: : : : : :::: :::: :: : ::: :: :::: ::1· -···;;·I 
Great. Bed ............................................. .-.. .. • .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 36 ! 
Little Thoroughfare . • .. .. .. .. .. . .. .. .. .. .. . .. .. .. • .. .. .. . . . .. .. . .. .. . .. • .. .. .. . . . . . . .. . . .. .. . . 9 ! 
Great Thoroughfare .. .. . .. .. . .. .. .. .. .. • .. .. .. .. .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 10 i 

14 0.670 
110 0. 240 0.125 -.115 

151 0.165 0. :?65 +, 100 

35 0.145 0. 104 -.040 

32 o. 115 0. 236 +.121 

California ...................................................................................... ' 36 i 79 0. 212 0.261 +.049 

Jehnson'e...................................................................................... 4 i 17 0.187 0.074 -.113 

POCOMOKE SOUND. 
_____ , _____ -

I 
Upper Pocomoke Beds ........................................................................ · 79 I ~ 0.139 
Muddy Marsh .. .. .. .. .. .. • .. .. .. . . .. .. .. .. . .. . .. .. .. .. • . ..................................... ' 20 0.405 0. 070 ' -.335 

BirdBed ....................................................................................... · 58: o. 360 0.124 -.236 

Hern Island Bed ............................................................................... ' 39 ' 0. 294 0. 110 -.184 

Park.r's Bed ............................................................................. . 21 
·, 

0. 573 o.au3 -.270 

Brig Bed ............................................................................... .. 23 0. 269 0.154 -.116 

The number of oysters t-0 the square yard ascertained, as described in my report of the inves
tigation of 1878, has been calculatecl for each bf•d, ancl the results tabulated, togt:'ther with those 
of the previous sea..'lon, for convenience of comparison. Though a standard has been established 
by the number found on the unworked beds in the bay, no comparison, except in one wa,\', is just, 
the conditions of bottom aud difference of growth upon the worked and unworked beds differing 
so materially. The number on any bed, ol>tained by the method we haYe used, will always be 
mucll less than what is really the catie, but they will be much less true on an uuworketl bed than 
u1>0n one which has been for some time snhjt>cted to dredging influences, and whl're the bottom is 
soft and yielding, and the oysters gro\\ sin,:rly or in small cln.iters itu;tead of being cemented 
together ancl to the surface stratum, as they are on the undre1lged beds. Th1:1reforl', any 11u1111Jer 
obta.inOO. from a bed which bas been worked should be larger than that obtained from an unworked 
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one. How much so it is impossible to say, but it is evident that a smaller number would indicate 
a failure of the mature oysters. 

ln calculating therm numbers only first and second class oysters have been considered. 
It will be seen by the table that on all the beds above Kedge's Strait there has been a IDl!-rked 

decrease in the number of oysters to the square yard. That on the remaining beds, with the excep
tion of "\Voman's Marsh and .Johnson's beds, and considering the Thoroughfare beds as one, there 
has been an increase in the number of oysters. That on all the beds in Pocomoke Sound there 
has been a marked decrease. 

It will also be seen that 011 many of the beds the number falls below the standard of 0.4, that 
on none of them is it very much greater, and that, generall.v speaking, the numbers are less than 
the Htandard on those beds that show a gain upon the number established during 1878. 

It would appear, then, by oue comparison, that most of the beds have not a sufficient number 
of mature oysters upon them; and by the other, that however many were taken off, yet, nature 
could more than supply the demand. These inconsistent results may be the result of several 
caui,;es. The standard may be too high; but, as has been explained, if the beds are in equally good 
condition, the probability is that the dredge would bring up a larger number from the old than 
from the new beds. The smallnei,;s of the numbers on the lower beds may be due to the greater 
depth of water and ha.rdness of the bottom, though they do not difter greatly in that respect from 
the beds in the bay, however much fron1 those in the northern part of the Sound. 

It would not be wise to decide hastily, upon the evidence of the numbers to the square yard, 
that the beds are either deteriomtiug or the reverse, especially as the comparison has been of but, 
t,wo seasons. If, after they have been continued for some time, there should be au increased 
number shown, it may be considered differently; but, as all experience testifies to the deterioration 
of' the beds, the inconsistency of the results shown by the table can probably be explained in 
another way than by assuming the standard number to be too great, and this explanation will be 
subsequently attempted. 

INFOR~lA.TION OBTAINED FROM "SP A.'l' COLLECTORS." 

In order to ascertain when the first attachment of young took plaee on each bed, the compara
tive extent of such attachment, the influence of bottom and depth of water upon the attachment, 
and, finally, the increase in size of the oyster and the number surviviug each period of their exist
ence, I placed early in .July twenty-four spat collectors on the beds in the Sounds; b11t I regret to 
say that the collectors were removed b_y some ill-disposed persons almost as soon as placed. 

The last hurdle, as the buudle of tiles was called, was in position on July 14, aud on July 15 
only four remained in position, and after the 1st of August there was but one left (No. 7, in the 
Big Annemessex River). 

The hurdles were compostid of eight or sixteen half-round tiles, lashed on a wooden frame, and 
su arranged tha,t the frame rested on the bottom, the tiles being thus raised about six inches above 
the bottom. The tiles were ordinary earthenware ones, unglazed, and were always placed so as to 
have their concave side un<lerueatb. .As long as the hurdles remained in position they were fre
quently examined in order to ascertain' the advent of the young brood, and from those examina
tions I am of the opinion that the first attachment of oysters took place about July 17, as on that 
day we disco,·ered, with the aid of the microscope, oysters on Hurdle No. 12, ou Chain Shoal, and 
011 the 19th, iu the same way, found them on No. 7, in the Big Annemessex. On July ~a they were 
observable on the hurdles on the Great Rock, both in shoal and deep water. Though the attach
ment probably began abont the middle of ,July, yet it was only evident on the tiles, as our dredging 
operations did not discover any attachment before the 12th of August, when the young brood were 
found in moderate numbers on all the beds in both the Sounds. 

The number found in Pocomoke Sonnd was much smaller t.han in Tangier, and the number on 
the Upper Pocomoke beds and ou the Muddy Marsh bed was smaller than on the lower ones. 
The attacl1ment appears to be proportional to the number of oysters, such beds as the Muddy 
Marsh, for instance, having very few young; b11t as the bed is badly broken up, this may be owing 
to tbe absence of proper cultch. The young appear to select the cleanest and smoothest shells for 
attachment, and we always found that tbe •'boxes," or those shells which bad not been separated 
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completely, contained the largest number of young brood. We alsu found tliat the size of the 
yonng de.pended, to a great extent, upon the depth of water. Those first detected by us were from 
two millimeters to one centimeter in length, and as the shoal-water oysters spawn first, a11d as we 
found the young of the largest size in shoal water, I i11fer that the attachment of the oyster occurs 
very near the location of the parent. 

The hurdle in the Big Annemessex was suluected to four examinations. It was placed in 
JlOSition on July 9, and on J aly l!J, when the first examination Wa8 made, there were a few oysters 
on the tiles, but so small that a microscope was necessary in orde1· to recog11ize them. 

The secoml examination was on August 2, and tl1e oysters were then quite percepti l>le and 
easily counted. The total number of oysters ou the tiles was then 1,501); tletluetiug those on tile 
No. 7, which tile was removed, there were 1,177. The number on a tile varied g-reatly, the max
imum being 348 and the mrnimum 26. 

'l'be third examination was on the 23d of August. The oysters bad increased wr.r much iu 
size and in numbers. The total number on the tiles was now 1,334, showing an increase of 0.13 
per cent. of the numbe1' at the second examiuat.ioo. The number on the lower side of the tiles 
was much larger than on the upper. A tile (~o. 2) was removed, and, deducting the number of 
oysters on it from the sum, there were 1,~02 still on the hurdle. A few oysters were injured, prob. 
ably by raising or lowering the hurdle from and to the bottom. 

Tl.Je fourth examination was on the 10th of October. The total umnher of oysters was then 
539, showi11g a decrease of 55 per cent. At this examination ahout two.thir<ls of t!Je o_p;ters were 
of the thir'1 class, or owr three·quarters of an inch in length, and two of them were owr two 
inches l011g, being thus of the second class. All, howe\'er, could be distingnished as of \'er.r receut 
growth, being ver.v long and thin, with thin, delicate shells, easilr brokeu with the thumb-nail or 
point of a penknife. The largest 1rnmbers were still found on the lower sideR of the tiles. A 
moderate 11nmller of oysters had been iujure<l by rough handling. 

I infet· from the four inspections made of this hurdle, and from the one or two made of utheris 
IJefore they were removed, that the first attachment of young began, as I han~ said, about the 
middle of July, aud continued until abotlt the 20th of Ang11st, as on the 2:M of ti.mt month there 
was no indication of any recent. attachment. rrobahly it reaches its maximum 1wmber about the 
eud of July, aud decreai,;es aftt>rwards. 'l'he mortality after the 23tl of August was rnr,\- grPat, 
fully 50 per cent. perishing from some unknown cause, which, though unknown, is certainly nat
ural. We did not 11otice any evidence of the destructiYe effects of drills or other animals, though 
their agency would only be discovered by the evidence of the boles in the upper •alves, but as 
those valves were never present, it cannot be said with certainty that the destruction was not due 
to them. . What.ever the cause, the fact is that .50 per cent. perislied in tl1e first six weeks of their 
existence. 

The tiles ha\'e shown that the increase iu size is much greater than was snppoged, and are the 
first and only authentic evidence upon that point wltich has been produc(-'d with rt>g•n'd to the 
American oyster. Again, it is conclusively shown by these tiles and some others that were dredged 
up from the Woman's Marsh beds (Hurdle No. 24), that the greatest attachment is ou the lower con
cave side, and consequently that whatever may be the movements of the embryo oyster before 
attachment, during the period just prior to it they are near, if not on the bottom, and iu seeking· 
their place of attachment .they must rise. Iu this they are similar to the European rnriet.v. The 
selection of t!Je lower sides of the tiles and the interior of the "boxes'' may be an pJfort ot' nature 
to provide some protection for the young brood, by, to a certain extent, inducing tlwm to ·seek 
dark and secluded point~ for attachment, or tile large number found in such places may be due to 
the inability of the various eqemies of the spat to get at them when thus protected. 

It is a matter of very great regret ti.tat we have not a large number of specimens and obser
vations for comparison, as all the future investigations in this field would be greatly assisted by an 
accurate knowledge of the rate of decrease in number and increase ju size of the oyster~, an<l it is 
to be hoped that the lturdle in the Big Annemessex will be allowe<l to remain in i)osition long 
enough to permit the meager, yet valuable, information it can produce t-0 be made public. 
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INVESTIGATION OF T:l!~MPERATURES. 

It was intended that a :self.reg·istering thermometer should be placed ou each hurdle, aud th~t 
the temperature to which the young were exposed should be noted at each examination. Fortu
nately, co11sidt>ring the fate of the hurdles, the therm(lmt>ters were not received in time to be ui:;ed 
as was intended, and after the disappearance of the svat collectors it was not considered advisable 
to expose the thermomett•r1o; to the same risks. About the last of Jul>·, however, I had the tem
perature of the 811rface water recor1lell eyery two hours, an1l considering that there is probably 
hut little variation in the limits of the Sound:,;, I ham plotted the acl'.omp:u1:ying curve of maxi
mum and minimum temperatures from J nly :w to October 1. It will be seen that these curves are 
,-ery irregular, aml that the greatest irregularities occur during the month of August, and that 
the greatest difference is between the 6th and 10th of August, one of 15° in four days. On the 
i;,th there is a change of 8°, and on the 28th of 120. 

About the 4th of Angnst I determiued to utilize the chanuel buoy~ as marks for the positions 
of thermometers, hoping that they might thus eRcape the observation of those who were iuclined 
to remo\'e them. Accor1li111.~l.r, we placed lour sdf-registerin~ tl1er111ometers on the bells; one at the 
foot of the buoy oil the Shark's Fin, one ou the lmo.v on Pim'.Y lslarnl Bar, one Oil the buoy off 
Watts' lsla1.d light-houst>, awl mw on the lrno.r off S,vke's Island, ahout the middle of Pocomoke 
Sound. 'Ye were enabled to make several examinations of these thermometers; but about the 
1st of September, fiutliug that one had been stolen, l concluded to remove the others before they 
shared the same fate. 

The curves of maximum and minimum temperature given hy the;;:,e thermometerR, and also the 
range of Yariation, are shown on the same sheet with the curves of surface temperature. 

The tluwmometcrs 'wrc in place too late, and for too short a period, to allow any safe conclu
sio11s to bt> bai:.w<l npon the i11 formation gfren hy them; but it is noticeable, as an intert•sting coinci
dence, that the emTe8 of both surface and 1Jotto111 temperatures show the greatest variations ahout 
the time wlwn the ;1·01rng were what is known as ";;:,pat,'' or during the period of and just bP.fore 
attachment; tlw, yon11g on the Rl1oal he1ls pre8umahl,y :tttaching by early August, aud U1ose on the 
deep water or· sontlwru bedH somewhat later. I regret that it was impo8sihle for me to more thor
oughly study the effects of the change of temperature, as I think tue failure or 8uccess of the 
spattiug, other tbiug1S heiug equal, will be found to depernl maiul.Y upon the temperature to which 
the mature oy1Ster and embr,Yos are exposed during the S}Jawniug season. 

INVE:>'l'IHATlON OF THE CHANGES IN DENSITY OF THE WATER. 

In order to haw, definite information as to the change of density of the water surrounding the 
o;p•ter,., and regarding such changes dm ing the spattmg season as of most importance, and as the 
maximum change would he most likely to occur ahout the time of the spring title8, I determined 
to obtain Hpecimens of water 011 a certain nu111her of seetious across each Sound at hig·h and low 
water of thP spring tides. The 11ections were located a11 follows, and are shown on the sketches 
accompan,ying this report: 

Section No. 1 was just abovt' Hooper's Strait and at the mouths of the Nanticoke and Wicom
ico lti\'ers1 in ortler that the influence of hoth the strait arnl rivers might be shown. 

Section No. 2, f<ir the same reason, was north of Kedge's Strait anll across the mouths of the 
l\Ianokiu aud Big Anneme8sex Rfrer,;. 

Secrion Ko. 3 was across the eutrance ot' both Souuds, south of Watts' Island. 
Section No. 4 wa8 a~ross the mi<l<lle of Pocomoke Sound, that the influence of Guilford and 

Mesongo Creeks might he known. , 
Section No. 5 was a hove the natural beds of Pocomoke Sound and across the mouth of Poco

moke Hfrer. 
Stations were selected on theHe isections in such a manner as to obtain specimens of the watl'r 

that passt•d ornr the beds, aud the specimeus were taken uy means of the drop-water cslinders at 
every two fathoms of depth. As soon as possible after securing them they were tested with the 
hydrometer. The results are tabnlate!l in the "recortl of dl'n.sities," and curves showing the various 
changes accompany this report. All densities are reduced to a standard temperature of 600 Fa.hr., 
and 1,000 represents the density of distilled water. 
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In studying these curYes, it must be remembered that only their Yariatiom; are of particular 
importance. The absolute densit~- is not tso much so: except for comparison with that of other 
localitiets; but, the variations are importaut if by them we cau account for the failure either of the 
propagation or attachmt•ut of the youug o~·sters. The curYes will show certain irrq;:·ulnritie.,;, d1ie 
to either the variations in depth, or to the tides hn Ying chauged from tlood to ebb, or the reYerse, 
on oue. sicle of the Sound at a time dift'Pring from that on the other. 

As will be seen, howen:>r, the greatest ntriations in each mouth are in Tangier Sound, on the 
eastern si1le, where the influence of the ri rnrs is ti-It to great.est 1•xtent. ln Pocomnke ::3nnml the 
gTeatest nuiations appear to be ou the western tsidP, and I ai-;sign as a reasnu for this that the 
influence of' Guilford and l\Iesongo Creeks is of small importance compare(l with that of the Poco
moke Rh·er, the current from which sweeps along; the 11ortl1eru aml western parts of the Sound. 
The cnrn•s sl1ow that the Yariation is ,·ery ;;light, except on the t:;eptemher <sectio11s. 

The tsecoml series of curve8, tho8e showing the mo11thl~· change of mean densities, indicate that 
the maximum change on each section was ahont the 1st of Scpte111lwr; that the variatiom; in Po(·o
rnoke Sound were much greater than in Ta11gier Sou11d; and that the maximum change8 were at 
tlrn head of Pach Sound, and the variations 1limi11ished toward;; the entrances. 

The third series of curves !'!hows the same wht>n all the ollservatious in each Sound are assem
bled, but with this 1lifference-whilt' th<~ density in Tangier Sound was greater on Octoher 1st than 
at any other till1e, in Pocomoke Sound the iutluence of the 1frer was still felt; awl uotwitllstau<ling 
the di111inisl1ed temperature the density 011 tl1P 1st of OctohPr was lPss than ou the 1st of .Angnst. 

Tue fourth series of curves shows the difterence in deusit.r bt:>tween the upper and lower sec
tions in Tangier and Pocomoke Sounds in each mouth, aud indicates that the deusit~· of the water 
is considerabl.r greater over the lower beds than 011 tlie upper. 

The maximum density found during the summer was on section 3, ill October, arnl was 1 OlnG. 
The miuimu111 deusits was found in section 5, iu September, al)(l was 1.000:1. 

By referring to the curves showiug mouth ls changes of mean densities, it will be seen th»t in 
only one ca>:e, that of section 5, does tlie density llecome less than 1.0100, aud that en•n on this 
section it is eYi<le11t tllat this was 11ot the norma.l eo111lition of the water. There were lle:w_y freshets 
in tlte Pocomoke J{frer during the latter part of .August a111l dnring Sept{'mher, which accon11ts 
for the slight llensity as shown by tht> CUITes. l\fr. Barroll waH iuformP<l by the i11habita11t:-< of the 
vicinity of the month of Pocomoke Hiver that these freslwts had ldlkd larg·l' nnm hers of oysters, 
both ou the natural aud pla1Jt1·d beds. Au i11Rpt'ctio11 of the other c1u·n's show~ tlmt the rnriatiou 
of density 011 successive tides was uot much greater 011 this section tlrnu 011 tl1e otliers, and as the 
oysters elsewhere iu tlle Sounds clid not appear to suffer from the effects of these rnriations, I am 
of the opi11ion that the fluctuation was not sufficient to affect the mature animal, bnt that iu this 
case the water continued fresh, or practically so, for too long a periml, tlrns killmg the o_ysters h~· 
endosmose. 

From tbe observations of densit_y, then, it may be assnnwd that the dP11~it~· of the water, in 
these localities at least, cannot fall below 1.01 for an,y protracted period without destroyi11g the 
oysterl!. \Vlwther the changes in deu8it~· affect the spatting can onl~· be aseertained by eontinn
ing the observations for a number of ~easous, or by direct experiment witl1 tht• ;.;pat artifieially 
raised. 

INCIDENTAL INFOR:l>IATION. 

During the summer I have examined, under the microscope, 37 4 oysters, of which 212 were 
femalee and 1G2 males, or t.he percentage of females was 0.5u. 'l'he o.rnters were not all examined 
at the same time, nor were they all from the same bed, hut the perct:>ntage in each of the lots 
examined, tweh·e in number, dot's not vary great!,\ from the iwrceutage given abo\·e. I am of the 
opinion, tl1erefore, that about 60 per cent. of the oy1;ters in a commuuit.v are females. A larger 
number of obsen·atious is, however, desirable. 

In making these examinations I have never seen both ova and Rpermatozoa in tlrn same animal, 
though I ham made mauy careful observations in order to (letect t.he presence of eitller. I ha\'e 
alJSo carefully examined the gills and mantles of a large number, and have uernr found an embryo 
oyster within the shell; and as these observations were made during the spawning season, I do 
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not think it po;;sible that the spat, if they are at any time contained within the gills or mantle, 
could have escaped my notice. 

The ohsernttions as to the sex of the oy;iter were continued late in the season, and though the 
ova and spermatozoa i11 a llU111ber of o;vsters were in apparently good condition as late as the 1st of 
Octouer, ~vet those products of generation appeared in best condition in the largest number of 
animals during July, a11d a collsiderable disintegration of the eggs wa;i noticed by the end of that 
mouth. As fat as I could ascertain, the condition of both ova and spermatozoa depended upon the 
depth of water, though the rule was not invariable. The generative products of the deep-water 
o;-;sters reached a state most fayorable for reproduetion several weeks after the same had occurred in 
the shoal water; and, in general terms, ueitlter ova nor spermatozoa in most of tlte oyst,ers, in either 
deep or shoal water, after the middle of August, was in a state favoraule for fertilization. Large 
numbers of oysters iu all depths passed through the spawning season without expelling the con
tents of the generative organs. I found tltis the case espeeially on the beds on the western si .. le 
of Tangier Sotwd, aborn Ke<lge';i Strait, where, on the 8th and 9th of October, we found many 
oysters fattening with tlie generative matter unexpelled. I was informed that this was not unu
sual, and that it injured the oyster for marketable irnrposes. As late as the 8th I found oysters 
witll the generative matter in good condition, and on the 7th of October I succeeded in securing 
from oysters taken from Kedge's Strait a sufficient amount of ova and spermatozoa to make experi
ments in artifieial impregnation, and was successful in producing one embryo oyster. Probably 
bad I used greater care a larger number would ha\'e resulted. 

During the sp,a;ion of 1878 we observed large numbers of astyris in the shells of the mature 
oysttlrs and atttwhed to those of the young. In many cases they were found in the holes which 
had been bored in the 8ltells of the latter. As we could not find any known enemy of the oyster 
in sufficient uumuers to account for the eddent damage done, and as so many circumstances 
pointed to ctJ5fyris as the cause, I concluded that the boring must he done by that animal, and 
alluded to it in m,y prc\'ious report. The specimens preser\'ed were described by J\ir. W. H. Dall, 
and the description appended to that report. During the past summer we hiwe found a much 
larger number of the rough welks (urosalpinx cinereus) than during tlie previons season, and 
though the~' were uot found in as large numbers as the astyris, yet their presence inclined ml:'. to 
question the conclusions arrived at during the season of 1878. I accordingly collected a large 
numb ... r of astyris and placed them in an aquarium jar with a number of young oysters, changing 
the water noustantly and inspecting the animals frequently. The observations were continued for 
over a week, aml at tlte end of that time both oysters and astyris were alive, but there was no 
evidence of a11y boring, uor did any inspection show an inclination in that direction upon the part 
of the ast.11ris; on the contrary, they soon left the shells aud went to the bottom of the jar. I 
then collected a number of urosalpinx cinere1&.~ and subjected them to the same test. At the end 
of four da.ys one oyster had been bored and one welk was found at work on the shell of another. 
The rough welk is known to do great injury to the oyster in Long Island Sound, and the destruc· 
tion of the yout!g, ttlluded to ill' my previous report as due to the drills, may be effected hy this 
animal. That large numbers are destroyed by the welks cannot be doubted; but as it is possible 
that the ltstyris may also assist in this destruction, a more extended investigation of this question 
than I was enabled to make is desirable. 

An analysis of several specimens of the water of the Sound and bay, by Prof. C. E. Monroe, 
of the Naval Academy, is appended to this report for use in comparing the localities innstigated 
with others whose iIH'estigation may be subsequently attempted. The specimens have bet' n selected 
from those taken on different stages of the tide and from different sections. 

The only noticeahle change on the beds this season was that the amount of red sponge appeared 
to be much lt:>ss than in 1878. In other respects they are, to outward appearances, in a similar state, 
though the dredgers report them as much broken up and with au increased amount of debr,is. 

INFORMATION OBTAINED FIWM "RECORD OF STATISTICS." 

The member of the party ot1 duty at Crisfield inspected, during the season, 496 vessels directly 
engaged in the oyster fi,.;hery, and the results of these inspections have been recorded in the record 
of statistics, which record, to a great extent, explains itself. 



 

UNITED ST.ATES 00.AST .AND GEODETIC SURVEY. 337 

Owing to the large number .. of vessels dredging, it was frequently impossible to \'isit and inspeet 
all that entered during the day. 'When such was the case, those inspected were selected from dif
ferent classes and from different dredging ~rounds that a fair idea might be obtained of the rrnm
ber of oysters removed each day from each bed. 

The method of examination was as follows: 
The total number of bushels in the load giveu by the master of the vessel was recorded, w.ith 

the number of hours of labor necessary to obtain that quantity, and other matters of statistical 
interest. Several samples of one-(1narter or one-half bushel each were tlten selected froru different 
parts of the load and the number of oysters of each class iu each sample counted and recorded. 
The number of samples examined depended upon tlte nnm her of hushels i11 the load and upon foe 
character of the oysters, a large number being taken when the oysters appeared dissimilar, arnl 
when the quantity was great. At least three samples were usually examined. In most cases the 
average number of each class per sample was nearly the same a1:1 that given by each examination, 
and, conseqnentl,Y, it is assumed that a close estimate of the number of each class iu the entire 
load was obtained by multiplying the number of each elass ill a bushel, as shown b,y the samples, 
by the total number of bushels in the load. From the record of these inspections I have been able 
to determine with practical accuracy the number of oysters of' the several classes removed front 
the various beds b.v each deRcriptiou of dredging vessel. 

After Septemher 1, when the dredging begau, we counted each UU,\' all the ,-essels in sight from 
the '' Palinurus," specifying the size and the gronn'l upon which they were working, and tlw 
11mster1:1 of the dredging vessels were also requested to note the 1mrnber of dredgers working i11 
their Yicinity, which they in mauy cases Yery obligingly did. .As eYen with these data, the number 
of working days given on each bed is very small, and because no bed is dredged continuously dur
ing the season, but at interrnls, I have divided the sections in a similar manner to that described 
in my previous report. 

'rhe first section includes the Led,; uorth of Piney Island Bar and the }luscle Hole; the sec
otHl SPctiou, those from the Mnscle Hofo and Piney Island Bar to the Great Rock; the third sec
tion, tlw remuiniug beds iu Ta11gier t\onnd; and the fourth section, all the Jlocomoke beds. By thrn 
arrangement duplication of the vessels couuted is prenmted and the average number of vessels 
working eact1 day is more nea,rly a correct estimate. 

The ,-essels dredging on these seYeral sections, as counted by ourselves a1Hl by their masters, 
have been assembled; the number of oysters assigned to each class of vessel working iu the ::;ecti011 
has then been multiplied by the uurnber of vessels of each class, and tlw total number of oysters 
taken oft' the beds in each section thus obtained. The number of oysters taken by any yessel iu 
a day ntries greatI.r, owing to the weather principall,y, but in assigning the quantity on each day, 
the number brought in by vessels of the same class, as shown by "record of statistics," has been 
used, m,; a more correct estimate is thus assured than would be givcu hy usiug the average for the 
whole season. The following table has been compiled from the calenlatious, aud shows the num
ber of o~sters taken from each section in a specified number of days; supposing the observations 
to ha,\'e extended over a sufficient period, the number of oysters has been di\'ided b~' the number 
of days, and the average numbrn· removed in each day thns obtained. 

T(tble showing estimated mtmber of oysters removed in 1879. 

S!!cnox L-UPPER TANGIER SOUl\D. 

i i 

~ ~ ~ ~ 
Sum bet· of saiL " ~ " Q "" ~ = ~ -~ 

0 

" "' 0 ;.. .J! ~ "" 
TotaJ number of oysters re.mo>ed in 12 days.,_ .. _ .... ,, .. ,! By 521 saiL _, _, _,.,... 2, 322, 200 ' 1, 934, 200 I, 382, 500 :!71, uoo 8, 100 
A..-erage per day .. ., .... " ....... ,, ............... _,, ...... _ ........ _.............. 192. 683 ; _ 16L 183 u.;, ~00 30, 916 

Total first and oecond classes per rlay .••• , • , , , . . . . . 

S. Ex. 49--43 
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Table showing estimMed niwiber of oysters removed ·in 1.879-0ontinued. 

SECTION 2.-:MIDDLE TANGIER SOTINll. 

Total na.m.ber of oysters reruovetl in 17 <fays ..... . 

Average per day.... . . . . . . . . . . . ................... . 

Number uf sail. 

... ! 1ly634sail ......... . 

··-··1---····--------· 
21 463, 800 

144, 929 

"' "' " "' "' .;: 
g:; 

1, 623, 860 l, 132, 060 

95, 521 66, 591 

Total first and second classr~ peir day .. . 240, 450 

~E<'TIOli 3.-LOWER TANGIER sorND . 

Total number of oysters t·emoved in :1.t ila;)·~ .By 951 sail. .......... . 2, ~29, 600 1, 413, 610 I, 40i, 230 

Average per day.. . . . . . ............ . 68,2n 41, 576 41, 389 

Total first arnl :iUCoud dm;st·s p<·r da~ 109, 799 

tiECTIOX 4.-POCOMOKE SO'LND. 

~ 
~ 

~ 
~ 

384, 220 
22, 600 

508, 900 

16, 438 

Total number of oysters remond in 9 <lap. .. .• .. . . •. . • •. lly 169 sail ..... . 256! 809 

28, 534 

121, 103 

13, 567 

88, 800 :!O, 108 

A. verage per day .......................................................... . 9, 866 2, 234 

Total first and second clasRes. per day ............ _.. . ........ . 42, 1111 

Tot.al nmuher of oystcr8 fir~t aml ~t'('.outl classcl'l removed in on<• fla~,. .............. . '• ...... · ..•....... 746,2'26 

o,400 

:1, 900 

2, :!00 

It will l.Je uoticml tlrnt the uuml.Jer of uredging vesselH increases on each succeeding section iu 
Tangier Sound, l.Jut that the munl.Jer taken by each sail, and the yield per day, decrease. Also, 
that the number of Hail iu l'oeomoke Sou ml is much sma.ller than in any other section, an<l that the 
yield per da~· is also much smaller. The character of the bottom and the depth of the water mate
rially influence the yield of the heds, those iu shoal water with soft bottoms allowing more frequent 
hauls of the 4lredges than those in deep water ot on hard bottoms. lint as the dredges used iu 
deep water and on hard bottoms an~ usuall~· much l1eavier, this inequality is overcome to some 
extent. Again, tlle large vessels take a greater proportion of the o.rsters than the small ones, 
aud those huge vessels usuall.v work on the deep-water beds. Considering the difforent sizes of 
the vessels an~ the superiority of the crews of the larger ones, and the heavier dredges used by 
them, I am of the opinion that the disparit;\· between t.he yields of the Upper and Lower Tangier 
Beds is greater than it should bt•. The beds of the Middle Section are, with the exception of Piney 
Island Bar, similar to those of tl1e upper section; yet, with a larger number of vessels working, the 
~-ield of that section is less than the upper. These facts, I think, show that the bed8 1n Lower 
Ta.ngier Sound are Jess productfre than those in the upper. 

The dredging in Pocomoke Sound waH principally on the upper beds, and none was done as far 
as we could ascertain on either the Brig or Parker's Beds. As the middle and upper beds in this 
Sound are very similar iu character of bottom and depth of water to the middle and upper beds 
in Tangier Sound, it would be inferred that the yield per day in l)ocomoke would b 1 about the 
same. On the contrary, as shown by the table, it is absurdly small; and, considering its size, it 
is not astonislling that the beds have been to a great extent abandoned. 

Taking the munber of ossters removed each day, and considering, for the reasons given in my 
previous report, the working season to be of 120 days, I have compiled the following table, in which 
is given tl1e number of oysters removed from eacll section and from the Sounds in one day and in 
the sea.son. I have also given the same estimatt•d in 1878 for comparison. 
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Table show,ing the number of oysters re111Me<1. 

ln ont_• da,.,-. ]11 OJH' ~HK(Jn. 

Sf•ctirm. 

l~i~. JR'i!J., 1878. 1R7U. 

No.l. .................................................... . 567, 450 3.53, 876 68. 094, 000 42, 465. 120 

No.2 ..................................................... . :178, 450 240, 450 45, 414, 000 2K 854. 0011 
No.3 ................................. . 459, 000 109, 799 55, Ofi-01 000 ]:~.175, 880 

No.4 ............ . 138. 65(1 4-:t, 101 16, O:l8, 000 [1: 052. l2(r 

NnmhProf v01111ggrowth. 
1879. 

Perd:ty. Iu the iieRS~lli. 

146, too 
89, 2011 

57, 800 

12, 100 

17, 53Z Jou 

l 0, 704, 001 I 

6, 936. ()O<I 

1, 452, ()(JO 

All sectfonR ..... _ ... __ . . . - . I. 53~, 550 746, 2:-!6 184, 626, 000 r-;,.., 547. 1~0 32,5. 200 :l6, 624. tXXI 

BusheL• .................. . 7. 6fl2 3, 232 92B, 230 4-47, 7'.~.'i 

Two hundrerl osRWrs are allowf'd to a lm~hel. 

The estimated number of young rem<ffe<l from all seetiom; in OJW cla,,·, in 11'71', was about 
1 ,240,000, or 148,800,000 in the course of the "easou. 

It will be seen hy t11e table that about one hn111lred million more oysters were remon~cl in 1871' 
than would be in 1879, and that about the same <>xce8s existR with regarrl to the young-. Of tlw 
two estimates, that of 1879 is much more accurate, beiug· based upon a larger unmber of observa
tions, more carefolly and systematically made than was possible in 18 ::;;, but t.he disparity between 
the two is so great that the estimate of 1878 would appear \7aluelPHs, conltl not some cause bP 
assl'gned for a decrease in the numher of o~'St{~rs taken from thP lwtls. 'l'his dpcrease. as may be 
easily seeu, must ht' due to one or both of the following causes: 

1st. The fertility of the beds remaining the same, the dretlgers may not be as numerous. 
2d. The number of dredgers remaining the same, the be<ls may be exhaust€d; or, becoming so, 

there would be a smaller number of oysters produced; or, 
3d. The nnmher of tlretlgers may have decreased and the fertility of thP lrnds may be great.J~

impaire<l. 
There are 110 statistics of the oyster fishery in the localities under consideration except those 

collected by m~·self, and f am consequently obliged to put a greater depeudencc upon them tha11 
they intrinsically ml'rit. They are necessarily so mew hat rude, but., in the abse11ce of other iuforma
tion, they can be used as giYing soniP indication nf the prnbal)lf' progres>i of the fi.,hery in the two 
seasons under consideration. 

Byexamiuing my preYious report it will he see11 tl1at in thitt.eeu day" we counted l,fi!-)5 vessels 
working on the various beds in both Sou11ds. From mu records of the past season I find that the 
number observed by all persons was, in thirty-seYeu 1lays, 2,275, or in 1878 the a''erage number 
working on each day was 1~2, while in 1879 it wa8 61, or one-half as mauy. Therefore, the sma.11 
yield of the beds during the autnmn months of 187!l, allll the small estimate of the yield for the 
year, may be accounted for by tlrn smaller number of vessels at work, and as in round numbers 
the number of oysters estimated as taken in 1879 was about one-half that in 1878. I think that tlw 
prt>,ious estimate may he accepted as practically correct. 

My last ad vices from Crisfield inform me that there is but rnr.v little dredging goiug on in the 
Sounds, most of the vessels working in the bay and in the Potomac Uiver. Tue principal cam•<.> 
assignt>.Al for this is the presence of you.ng growth on the bed8, by which is meant immaturt> 
oysters under two years of age. The presence of this class in large nnmbers prevents th(' O.YRt.ers 
from fattening rapidly. Another reason given is that the beds are much broken up, a11d that tile 
returns are very poor for the usual amount of labor. 

CONCLUSIONS. 

My additional experience iu the investigation and the information collected dming the pa:.~t 

season has proved that a few of the conclusions at which I arrived in 1878, aud which are contained 
iu my report of the operations of that season, are erroneous. Some of them lrn,ve heen alreadr 
alluded to, and the allusions to the remaining ones here find their most appropl'iate place. 

. I find my supposition that there is a general attachment of spat on all the beds in any 
season, to be, to a certain extent, incorrect. The spatting may be general, and a majority of the 
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oysters may spawn each year, hut the attachment of the young is a very difft·reut thing, aud 
as the most precarious period in the lifo of the oyster is that just anterior to its attachment, a 
series of causes detrimental to tlie life of the embryo, while it is in its free swimming state, may 
readily occur, and thus pre,·ent such attachment. My investigation of the past season hm.; proved 
conclusively that the class of oysters termed ''young growth" in my previous report were not of 
the brood of 1878 but of 1877 01"1876. The character of the young found in both seasons, tlu· 
determination of the time of earliest attachment, and the growtl1 and appearance of the oysterR 
011 the tiles, han' led me to this conclusion. As thr: young do not attach before the milJ.dle of 
Augm;t, they could hardly reach such a size and shape by October as would prevent their recog
nition as of the same season's growth. From the inspection of tlie o~'stens taken during- the laist 
season, many being fou11d with the generati,·e matter unexpeJled, I am of the opinion that a com
bination of natnral causes may preYent the expulsion of both the male and female cells, and theri> 
'\\ould consequently be no impregnation during that season. As I mentioned in the report of 1878, 
many persons of experience are of that opinion, and I now concur with them in thinking that uot 
only the attachment of young may not he general nor occur each year, but that the emission of the 
products of generation may also be frequently confined to partial areas, ancl that by a combinatio11 
of circumstances there can be a total failure of impregnation on all beds of auy locality. 

I also find by additional experience, that the young oyster is not fit for marketable pnrposei'i 
nntil at least a year and a half or two years old, awl cousequently the total number of young 
removed, as estimated in my previous report, would be a total sacrifice, and, as will be seen by 
the table showing the number of oysters removed, this sacrifice probably amounted in 1878 t,o 
148,800,000 oysters. 

By refereuce to the tables showing the success or failure of the several spatting seasons, it will 
be seen that there is little or no regularity of either success or failure, but, as we have only hecu 
able to investigate the spatting of three seasons, it ma,y be found by snbseque11t observations that 
two similar seasons of success, moderate success, or failure, will follow each other; but so far this 
bas not been the case arnl in the period of three years we have, comparativel.v to the other seasons. 
one at least of snccessfnl attachmeut. I can see po reason for supposing that there is any regular 
recurrence of the spatting seasons, and am inclined to believe that the success or failure is due to 
two causes: variations of temperature and variations of density; but I bad no means of ascer, 
taining the changes either of temperature or density in the years preceding those in which I have 
heen engaged upon this investigation, wd in both seasons I arrived in the Sounds too late for tlw 
temperatures or determinat,ions of·density obtained hy the part,y to be, with reference to the spat
ting, of practical Yalue. 

0;5sters will and do live in very dissimilar temperatures and in waters of very different densi
ties, as is shown by their existence in the waters of North America from Nova Scotia to the Gulf, 
and on both Atlantic and Pacific coasts. That the mature oyster is a hardy animal, readily adapt· 
ing itself to new conditions and environment, is shown by the ease with which it i8 transplanted 
from the warm waters of the Chesapeake to the colder ones of New England; from the dense and 
salt waters of tlie ocean and bay to the brackish waters of the creeks and rivers or vice versa, 
and from soft bottoms to hard or the reverse; hut, naturally, this hardiness is not a quality of the 
immature oysters or the swimming embryos. 

The influence of increased or <liminished temperature upon the formation of the oYa and sperma
tozoa must be verJ serious, and, judging by analogy, it would seem probable that the formation 
would be more rapid during a warm spring than during a cold ofie. Whether the fo1 mation bas 
been late or early when once formed, a sudden change of density or of temperature ma.y so affect the 
oyster or the generative matter that the latter would not he expelled. Only upon this hypothesi!~ 
can be explained the retention of the products of generation noticed in so many oysters, and whicl1 
is said to be so common, for none of the other conditions are subject to violent changes, such being 
peculiar to the density and temperature alone. 

Professor Brooks states that he found both ova and spermatozoa ripe and fit for fertilization 
about the middle of May, and a.s the oysters were taken from shoal water, probably one fathom 
deep, the shoal-water oysters were probably spawning throughout June. Both Professor B~ks 
and myself found the ripeness of' the oysters to depend upon the depth of water from wbicl1 they 
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were taken, and this is without doubt caused by the •difforeuce of temperature. Professor Brooks 
also states that there was a great deal of cold, rainy weather during June, and two hail storm:;.. 
The rainy weather would affect the density of the water by increasing the rnlumes of the various 
creeks and r_ivers, and the changes of density would probably affect the production and emhision 
of the generative matter. It is an interesting coincidence at least, that the oysters found to be 
fattening wit11 the products of generation unexpelled were either from beds m comparatively shoal 
water, or from the shoal parts of deep.water beds, and that those oysters shoulcl have been ripe 
and spawniii'g during the month of .Tune. Again, it may be that the lowness of the temperature 
prevented the deep-water oysters from ripening as soon as usual, and the mildness of the succeed
ing autumn may have pre,,ented the destruction of the 01'a and spermatozoa, thus rendering 
possible the fertilization achieYed hy me in Octoht'l'. as the oy:;.ters from which l procured the oya 
and spermatozoa were taken from deep watBr. 

Probably the influence of ehanges of enYironment, especial!J· of density aud temperature of 
the water, is most severely felt by the embryo whe.n in their free swimming state, and, in connec
tion with the want of success of the spatting Reason in the Sounds, it is noticed that the tempera
ture curves show a maximum change about the time when it is 8Upposed that the young would 
attach in largest numbers, or when they were swimming al>out in the water. It is also worthy of 
notice that Professor Brooks, about this time, met with _the minimum amouut of success in bis 
efi>rts to artificially raise the embryo. 

In consideration of the foregoing, J am of the opinion that the success or failure of any spatting 
8eason is dependent upon the equability of the temperature; that the higher the temperatun· 
during the spring months the earlier will lw the advent of the spawning season, and that an 
increased temperature will a.Jso liasten the development of the spat, and of the J·oung oysters after 
they have become attached. I also infer that sudden and extensive changes of density will like
wise affect tlie advent, dnra.tion, and success of the spawning: though to a less extent. Subsequent 
to the attachment of the animal, changes of the conditions surrounding it are not of so mnel1 
importance, though naturally such changes will more severely affect tlle delicate organism of the 
young oyster than that of the older and mort~ hardened adult. 

During the fin•t six monthis of its existe11ce the oy8ter is expoised to tile greatest danger from 
the numerous enemies which surround it. The thiu, delicate shells~ from one-sixteenth of an incl1 
to one inch in diameter, are readily bornd by tbe drills or t-0rn off hy the crabs, and the immense 
number of both leayes no room to doubt their destrncti1·e effects. As an instance, the inspection 
of the spat collect-0rs in the Rig Aunernessex l{iyer shows that during the early months of their 
existence about 50 per cent. of the young oysters were destroyed. Naturally, as the animal pro
gresses, it becomes more hardy and better able to resist the attacks of enemies and changes of 
environment, and thus we find on the unworked beds, where the oysters are practically in a 
natural state, that the decrease in passing from young growth t-0 mature oysters is about 30 per 
cent., or about one-thir<l of a gi\'en numher perish in passing from tlw first. to the fourth year of 
their existence. 

Here our information ceases, but euoug·h has beeu gathered to indicate the ratio which natnn' 
has assigned as necessary between the young and the mature oysters. For e\'ery 1,000 of tlle 
latter there should be 1,500 of the former, if the number of brood oysters necessary to maintain the 
fecundity of the beds is t.o be kept up, and though this ratio is based upon data which are not quit<' 
sufficient, yet, as I have said, it is all that has been afforded as yet, and may be accepted withi11 
certain limits. Certainly, whatever it shoultl be, the number of the rising generation of the ani
mals should never be less than that of the older, or there should alwa,ys he as many young as 
mature on any bed, and a greatly increased ratio of .roung to mature o.rsters would sliow either 
one of two things-either the mortality in passing from youth to mat,urity was much greater tha11 
shown by the dredging results in the bay, or that a very large nnmher of mature oysters had bee11 
removed by other than natural causes. 

In considering these several beds the question of food and other necessar.r supplies lias uot 
been considered, as it is evident that wliere an oyster bed is formed and exists naturally, all the 
conditions for its successful life are probably present, and any failure of an important supply would 
be followed by a speedy extinction of a11 the oyst.ers on the bed. Such determinations of tlu~ quality 
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and quantity of the food, character of lmttofn aml water, and other matters, are only of interest 
and desirable for the purpose of comparing one locality with another. Such was not the purpost' 
of this invesitigation, and consequentl~--the. fleterminatiou of those points has been but incidental 
to the work. 

Probably the fecundity of a bed ii-; increased, to a certain exteut, by workiug· upon it. Tlw 
dredges or other implements nsetl opcu the bed arnl spread it, thus giving more room for develop· 
ment, and allowing a greater amount of food to reach the animals, aml as the mortality is great in 
all thickly-populated tracts and in any closely-united commnnit~-, it is evident that no removal 
of brood oystern could be effected without destroying t.Iw fecundity of the bed, did not this ver~· 
removal inflneuce the mortality among· the yonng so as to allo\Y a larger number t-0 come to matur
ity. But tl1e rernoYal of brood oystt>rs may become so great that the most violent exertions of 
nature to supply others arP un~qual to the demand, and it must be e\'ident that as soon as the 
number of brood oysters is thus diminished, the fecundity of the hell is impaired. 

This impairment constant!.\- iucreai;es, int!uencing, as it does, hoth old and young. As t,he 
number of the latter decreas!', so will the number of the fonner, and as that number is again and 
again <}iminished, the number of youug produced hy them must co11stantly diminisl1. Thus the 
cause for the destruction of the foc11adity of the be(l all(l the grndual extinction of the animal;; 
upon it can be readily urnlcrstood a1Hl as easily comprehemled as the fact that the fecundity or 
productive power of a be(l tkpcnds upon the nnm her of mature i4paw11-beariug o~·sters upon it. lt 
is not meant by this that none but the matul'e o~·steri-; ar\• capable of reproduction, as such is not 
the case, oysters of emu six or nine m1mths~ growth ha,·ing heen obsen·ed by me with ripe ova 
and spermatozoa iu them, but the mai11 dependence 1111u;t be placed 11pon the adults in the com
munity, as the spawn of tlw yo11ng growth is not eo11si(forahle when compared with that of the 
ot11er class. 

\Vithont a k1wwledg·e of the 1m1111Jer of oysters 011 a hed it is impossible to say what number 
shoultl be removed, a111l a1-1 au attainment of the knowledge of tl1e llllrn':wr on the bed is almost 
impossible, all that can he dom' j,; to keep tlLe ratios lwtwe1•11 th(' ,vonng aml U1e mat1ue as uearl,Y 
the same as on the natnrnl lwd.s: ti tis should he the aim a.nd re1mlt of all laws having the protection 
of the beds in view. 

Referring to that portion of this re1lort relating· to the focuudity of the beds in the Sounds, 
it is seen that in some cases the ratio of .voung to mature oysters is greater, and in ot.her cases less, 
than it shonhl he, and that in a few cases the ratio seems to be within the prescribed limits. Ao; 
has been shown, the decreased ratios must be the result of a w;~nt of reproduction, while the 
increase may be due to the removal of the matLire oysters. 

If we take the total number of the oysters examined in the Sounds we will have a ratio express
iug the general fecundity of tile beds, and this ratio between 70,866 mature oysters and 36,824 
young ones is O.u. Assembling all the oysters counted on the beds in the bay we would have as a 
ratio 1.5. 

Practically, none of the nmture oysters had been removed from the beds in the bay, while 
large numbers had hcen taken from those in the Sounds. Tl1e estimates for eaeh show, approxi
mately, how many ham been taken, and if by examination we find that the number of young 
oysters takeu off the beds in the ~ounds greatl~- exceeds the number of mature removed, it may 
be assumed that the restoration of both classes to the beds would be immediately shown by a 
change in the ratio of .roung growth to mature oysters. By the estimate of 1878 we find that 
184,600,000 mature aud 148,800,000 young were removed, but ns the number of youug removed 
would be less and less during the season on account of the mortality among them, and as we have 
found that mortality t-0 be about 50 per cent., I will consider that the removal of the young during 
the season of 1878 and 1879 probably did not exceed 7 414-00,000. Therefore the total number 
removed was 25!!,000,000, of which 71 per cent. were mature, spawn-bearing oysters, and as 65 
per cent. of the oysters at present on the beds are mature, the add it.ion of the 260,000,000 removed 
would raise this percentage to 68, which would make the ratio of young to old even smaller. 
Consequently the small percentage of youug is not due t-0 the removal of that class during the 
previous season. 

The two beds of wbicl1 we have the most exact and complete statistiool records in this season 
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are the Woman's l\farsh and the Great Hock, arnJ, by means of the record of statistics, I estimate 
that the following m1mber of oysters have heen remoYed from them: 

Table shouying number of oysters ve111m1edfrom Great Roek mid ll'oinan'N .llarxh. 

Remon•d in a yt-.ar. 

::\ame of btd. -·~------ ___________ Total both Pt•n't-nt.a1;n-
classPs. of rnatun•. 

Mature. Younµ:. 

-- -- ---- - --

Great Rock ........................................ .. lU, l7U, 000 5, 640, ouo 15. 816, uoo <H 

'V()man's :Marsh ___ ._._ ................. . L 740, 000 768. 000 2. 5'l8, uoo 69 

From Table II, dredging results in the Sound:;, l find the j,ercentage of mature oJ·st(>rs to the 
total number on the two beds mentioned is on the Great Rock U, and on the vVoman's Marsh 3(). 
Hence, if there had been no fishing, we would ha,·e on the Great Rock 44 per cent. of the oysters 
mature and full grown, and on the Woman's l\Iarsh 52 per cent. mature. ·"ve find hy making a 
similar calculation for Piney Island Bar tliat the }lercentage of mature oysters remoYed is 70, and 
that by the dredging results :W per cent. of those on the bed were mature; hence, 45 per cent. 
would represent the percentage on l'i11ey Island Bar hatl there Lee11 no fishing. The ratio~ on 
these beds would then, were the oysteroi removed still present, lie 1.2 on thP GrPat Roek, O.!) 011 

the "T oman's "Marsh, and l.:? on Pine.'· Island Bai" 
lt will be seen hy the above that there has beeu a se,·ere fishing of rnau,\· of the be<ls in the 

Sounds during the last four or fh-e years-that is, exhansti,,e of mature hrood oysters-and that 
consequently the large ratioi,; of youug to mature oysters is not the re1rnlr of a JargP attachment of 
young, but rather of the removal or the older oystt•rs, a111l he11ce the chauge from a large ratio t-0 
a very small one, or riee rersa, may be regarded as a safe indication of the deterioration of the 
bed; for, as explained in the preYious part of this report, the ratio will remain abnormally large 
until the young growth reach maturity, when it will become ahnorrnally small, and will so remain 
for a few years, when it will again become very large, and this process will contiune for some time 
until the beds are practically unfit for dredging, as is the case iu Pocomoke Sound. Thus not 
even the ratios are sure indicatiom; of the increase or decreai,;e in the muHher of oyster,;, hut they 
must be considered together with other facts before we can arrive at ,inst conclusions. 

By reference to the closing paragraphs of that part of the report relating to the fecundity of 
the beds, it will be noticed that the amoaut of debris increases on the sontl1ern 'l'angier beds, aml 
that on most of the beds of the Sonnds it is much greater than it was iu the ba,\·. An increase of 
the percentage of debris, as already pointed out, is an indicatiou of the deterioration of the bed, 
and is due to the destructive effects of the dredging, which not ouly removes many oysters, but 
so disturbs many others .that their destruction is an almost assured fact. 'ro a certain extent this 
is a necessary incident of the fishers, aml cannot be helped; but overworking the beds increases 
this evil as well as others, as is evident by the percentage on many of the Pocomoke beds. 

Referring to the table showing the number of o;ysters removed in 18i8, and comparing it with 
the table of number of oysters to the square J·ard, the following may be noticed: 

1st. In the upper pai;t of Tangier Sound the numbers to the square yard are very large, which 
is probably due to the shoalness of' the water and the soft bottom, which allowed a larger number 
of oysters to be taken. In addition, the mature oysters are smaller than on the southern beds, as 
shown in Table I, dredging results; thus a greater number would be taken in the dredge, and the 
number to the square yard increased. 

2d. Though the numbers to the square yard are very large, yet there is a serious <lecrease from 
that established in 1878. 

By reference to the ''Table showing number of oysters removed," I find that the largest num
ber of oysters were removed from this section in both seasons, and, supposing the number of 
dredging vessels to have been constant, instead of diminishing one-half, the number of oysters 
removed in 1879 would be greater by 14,000,000 than the number removed in 1878, or, in other 
words, the fishing is prop-0rtionally increasing. As this fishing is confined principally to the 
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mature oysters, it can lJe readily understood why the unmher of these o:n1ter1:1 to the square yard 
should be mucl1 decrease,1. 

In the second section we find the uumuers to be nearly the same as those outsiue; that there 
i8 a gain in the ri>ers where there i8 the minimum amount of dredging, a11d also ou two beds 
which were worked Yer.r little in 1878-'79, on account of the young growth which had attached to 
them. '£he proportional increase of dredging, as shown b;r tbe numberR remon~d in each season, 
and supposing the number of dredgi11g vessels to ha\'e beeu the sanw, wonld be, 011 th i.~ section, 
111000,000; these were taken 1wincipa.lly from the western beds a11d Piney Island Bar, awl 011 tho;;e 
beds tbere is a uitninished uumber to the square yard. 

Again, we find by reference to the tallies, that on the southern belli\ iu Tangier Sound the 
uumber to the square yard is mucl1 smaller tllau on the bedH in the bay. This is due probably to 
two causes-the conditio11 of the lied, or the depth of the water, hanlness of bottom aml size of 
the oysters, and to the reuHffal of too large a nuuiber of mature o_ysters duriug preYiou:s years· 
As I have pointed out, when· th(• uumber 011 a worked bed falls much helow that on au unworked 
one, it must, other thiugs beiug equal, be accepted as an indication of a decrease in the producch-
it~- of the bed. That much is assured; but ou this section there appears to be au increase in tbe 
unmber of oyst,~r.s to the square ~-:ml oyer the nmn her found i11 J 878, and that increaHe must be 
aecounted for in some way. 

The table showing the uumhel' of oyster,.; re1110Yed proves the u11111ber taken from this section 
to be a constantly decrea;;in~· one, for in 1878 there were takeu b~· twice aH many ,-eRsels four times 
a,; mauy oysters as were renHffed in 187!J. This may be tluc to t1Yo canseH, and probably is due, 
to some extent, to both. 'l'he pro,luctfrity of the heds may be irupaire,l, or tbe fishery may be lesis 
earnest and exhaustive than in the past. \Ve can oul.r account for the increased number to the 
square yard b.r :issuming th« latter to he the caRe, t.he hed8 haYing probably enforced a resting 
period by the material failure. of the uyc;ters. 

'.rhe numbers to the s'1uare ;vard and yield iu Pocomoke Somal need 110 commtmt. X ot 011ly 

are the numbers below the standard aud decreasing, !Jut the ;yield is also decreasing, as it. natu
rally would under such (\ireumstances. 

Naturally, as soon as any bell ceases to gi,·e au adequate returu for the labor expended npo11 
it, the dredging rn:,;sels will snek other illld more profitable fields for exertion, and the desertion of 
any bed ma.r lie aceeptcd as au indication of it:,; decreased producth'e power. As has been men
tioned under the head of statistirntl information, <hedging vessel.s have, to a great extent, left the 
~ounds for the waters of the bay and Potomac River. .,. 

Considering the abnormal ratios between the mature and young oysters, the iucrea:,;ed per
centage of deln·is on the beds, the smallness of the number to the sqnare yanl, and the decrease 
of those numbers ou most of the beds, together with the large number of oysters, young and old, 
annually removed, I am of the opinion that though the fecnudity of the beds in Tangier Sound is 
uot yet destroyed, it i,.; very much impaired, and that not only are the beds rapidly and surely 
de.terioratiug from the excessirn fishery, bnt th:tt thelr total failure, like unto that iu Pocomoke 
Sound, is but a question of time. 

So far as it is possible to make any more exaiet prediction than the above, l am of the opinion 
that, the fishery still continuing, thiL failure will occur first on the beds at the entrances of the 
Sonnd or those in sections 1 and a, arnl of the two the failnrn of the lower beds is most likely to 
fir11t occur, awl of all the beds the Woman's Mar.sh will be the first to give out. 

At1 stated at the beginning of this report, the beds may be protected either indirectly by enlarg
i ug the areas for the dredgers or insuring by artificial means the maturity of a larger number of 
8pat; or directly, by limiting and restricting the fishery. I alluded in my previous report to the 
manner iu which this latter form of protection wag afforded abroad, and suggested a manner for 
afforcting it at home. The necessit~- for the adoption of some such measures seems so urgent that I 
earnestly hop1~ they will shortly be undertake11. • 

The ext0i11sion of the dredging ground can be easil;y a ttaiue1l b,r depositing the shells from the 
,.;bell heaps about the packing houses 011 tlle lmtto1111; co11tiguous to the natural beds; hut such 
deposit should always be made in the direction of the ebb nnd flow of the tide, in order that the 
drifting spat may be carrie<l over the newly-ex-pQ8ed cnltch. The bottom is of minor importance 
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so long a,i;; it is of sufficient consi8tt~1iey to pre\·ent the oysters from sinking into the mud. A sticky 
clay bottom is preferable, though the beds may be extended oYer sand 11hm1ls. 

Jn searching for new beds they will probably be found about the mouths of estuaries and 
riYers, and where t.liere are suddPn chauges of bottom. In the Chesapeake, depths of from two to 
four fathoms will he most likely to reward a search, and wl1ere there are largp beds iu the creeks 
and riYers it is like!~' that there has been a natural expans1011 through their mouths, aud beds will 
probably be found off of them. The search must be carefully conducted, or the beds, which appear 
to be long, narrow ridges, will be mii;se<l. The dredge should lJ~ drag·ged across the tide, as the 
beds usually extend in the directiou of the current. A sudden change of depth of two or thre.e 
feet, and from soft to bard hot.tom wlien 011 an orster groulld, is au unfailillg sign of the presence 
of a patch or hed. 

Considering the success which has attended the in\·estigation of Professor Brooks, and the 
new light which it has thrown upon the embryo life of the oyster, I t!Jiuk t!Jat perhaps the 
most efficacious means of maiutaiuiug the productiYe power of the beds would be in hringiug, if 
such be possible, the artificial impregnation of the eggs aud subsequent care of the young to 
such a state of perfection as would be of practical utility. Professor Brooks is, of course, the 
best person to deYise the method of suecessfully continuing his experiment, awl I hope that he may 
he able to do so and that he will meet with eom1Jlete success. As pertinent to his work, which 
is mainly conducted hy means of aquaria, I would suggest that the stud~~ of the effect of changes 
of tempflrature, so far as the;y affect the embryo, can he best and most easily done while engaged 
upon tlie attempt to artificially raise them; or, in order to arrirn at certain conclusions with regard 
to the effect of changes of density or of temperature, the inYestigation, if conduct.el! 011 the natural 
beds, must be extended onw many seasons iu Q,nler t.o insure, hy a coincidence of temperatures or 
densities aud results, the elimiimtion of other affecting conditions. The study of the temperature 
seems so important that an~- suggestion with regard to it is of Yalue and should claim attention. 

I would also recommend that some person inspect and count, at intervals, the oysters on the 
spat collector in the Big Annemesscx R·iYcr. It is securely moored and buoyed with a spar buoy, 
and probably will remain in place. 

With regard to the direct proteetio11 of the beds in the Sounds, I can onJ)~ renew my prcYious 
recommendations. 

The deterioration of au;y bed will he 1wident b;y an abnormal ratio of young growth to mature 
oysters; by a small and decreasing num her to the S<Juare yard; by large and increasing percentage. 
of brokeu shells and other debris, and by the appearance of the oysters, as has been descrilwd. 

When all these indications are present, if the dredging is not totally prohibited it should at 
least be so limited as to insure the number of young growth remaining at least one third greater 
than the number of mature, and great changes from this ratio are to be avoided and gmudetl against. 

AI'I'ENDIX A. 

A1·eas of oysf,er bed~. 

Fishing Bay Beds (solid) . . . . . . . . . . . . . . . . . ................ . 
Fishing Bay Beds (scattered) .............................. . 
Were Point (solid) ...................................... . 
Shark's Fin (solid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
Nanticoke (solid) .................... ., ................. . 
Clump Point (solid) ..................................... . 
Horsey's Bar (solid) . . . . . . . . . . . . . . . . . . . . ... . ............. . 
Tyler's (solid) ... _ .........................•................. 
Drumming Shoal (solid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Cow and Calf (solid) ..................................... . 
Bed east of Bloodsworth Island (solid) . . • . . . . . . . . . ........ . 
Cedar (solid) ......•........................................ 
Turtle Egg Island (solid) ....•..•........•............•.... 
Mud (solid) ....•..•.....•.......•.......••.•....... , ...... . 

S.Ex. 49-44 

Square )fards. 

3,600,000 
25,605,000 
1,845,000 
1,867,000 
3,465,000 

382,000 
202,000 
675,000 

2,430,000 
292,000 

4,027,000 
337,000 

1,620,000 
1,845 000 
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Area8 of oyster beds-Continued. 

Chain Shoal (solid) . . . . . . . • . . . . . . . . . . . . . . . . . . . . ........ . 
Muscle Hole (solid)...... . . . . . . . . . . . . . . . . . . . . . • ......... .. 
Piney Island Bar (solid) ................................... . 
Manokin River bed (solid) ................ , ............... . 
Big Annemessex (solid) ................................... . 
Harris' (solid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Terrapin Sands (solid).... . . . . . . . . . . . . . . . . . . . . . . ......... . 
Paul's (solid) .. . . . . . . . . . . . . . . . . ........................ . 
Woman's Marsh (solid) ..................•.............. 
Bed off ,Jane's Island Light (solid) . . . .. . .. . . . ............. . 
Great Rock (solid) . . . . . . . ................................ . 
Little Thoroughfare (1mlid) ...............................• 
Great Thoroughfare (solid) ...............•................•. 
Oak Hammock (solid) ..................................... . 
California (solid) ........ _. . . . . . . . . . . . . . . . . . . . . . . ......... . 
Johnson's (solid) . . . . . . . .......•.•.•.........•.......... - . -
Brig (solid) .....................................•.. · ...... . 
Parker's (solid) ... __ .... . . . . . . . . . . ....................... . 
Beach Island (solid) ......................................•. 
Hern Island (solid) ............•.....................••.... 
Bird (solid).... . _ . . . . . . . . . . . . . . ......................... . 
Guilford Creek (solid) .................................... . 
Messongo (solid) ..........•............................... 
Muddy Marsh (solid) .......................•.............. 
Buoy Spit (solid) ... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Small bed south of Shell Bed (solid) . . . . . . . . . . . . . . . . . . . . . .. . 
Shell (solid) . . . . . . . . .................................. _ .. 
Trevise (solid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 
Drum Bay Point (solid) ........ _ ...... _ .................. . 
Dog-Fish (solid)...... . .................. _.. . . . . . ...... . 
Flat (solid) ................................. _ ............. . 
Small bed north of Trevise (solid) _.. .. . . . . . . . .......•...... 
Slate Stone (solid) . . . . . . . . . . . . . . . ..................... . 
Potter's (solid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 
Kew Plantation (solid)..... . . . . . . ....................•..... 
Buoy (solid) ............................................. . 
Old Rocks (solid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 

TANGIER AND POCOMOKE-SUMMARY. 

Total area in both Sounds occupied by o,Ysters .............. . 
Total area in both Sounds occupied by solid oyster beds ...... . 
Ordinarily scattered...... . . . . . . . ......•............ 
Thinly scattered.... . . . . . . . .. . . . . . . . .................... . 

Square yards. 
1,192,000 
3,060,000 
6,975,000 
6,142,000 
2,835,000 
3,420,000 
1, 417, 000 

765,000 
6,975,000 
1,soo,000 
8,505,000 

720,000 
1,597,000 

630,000 
3,915,000 
1, 39.5, 000 

517,000 
495,000 
225,000 

2,092,000 
3,285,000 
1,642,000 

180,000 
1,912,000 

427,000 
225,000 
877,000 
697,000 
337,000 
720,000 
742,000 
135,000 
967,000 
900,000 
180,000 
967,000 

1,057,000 

425,012,000 
92,520,000 

313,345,000 
19,147,000 

Natttioal square mile.a. 

Tangier Sound (solid) . . . .. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.101 
Tangier Sound (scattered) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44. 926 
Pocomoke Sound (solid) . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . 4. 519 
Pocomoke Sound (scattered) . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 29. 599 
·Fishing Bay (solid)...... . . . . .. . . . . • . . • . . .. . . • . . . . . . . . . . . . . O. 875 
Fislling Bay (scattered)...... . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 6. 225 
Total area. both Sounds cover~ by oysters, or scattered oysters, 

in square miles (nautical)... . . . . . . . . . . . . . . . . . • • • • . . . . • . . 103. 255 -------
NoTE.-T4ose arell.8 designated as ''solid" are those where the number to th~ sqaare yard wlll! above 0.1, or 

more than one oyster to ten square yards. 
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APPENDIX B. 

DESCUIPTION OF THE "DRILL" REFERRED TO TN THE REPORT OF THE OPERATIONS DURING! 
THE SEASON OF 1878. 

By W. H. DALL, AsoT. C. & G. St:RYEY. 

Only a few specimens were preserved, and hence it is impossil.Jle to speak positi,·ely in regard 
to its distinctness from tlw allied forms ,4.Ytyris spizantlia (Rar.) and A. lunata Dall (Ex. Say). 

It differs from the former, so far as the s11ecimrns go, in color, pattrrn, and solidity1 having 
also more whorls and a more slender form. · 

It differs in form very much from southern specimens of A. lunata, but more specimens ot' each 
are needed to determine the limits of variation in these small shells. The;r belong to a group 
known to be extremely variable. 

It mar for the present ue denominated by the varietal name Astyrls var. lfinslovii in com
memoration of its discoYerer. 

Tllougb known to be carnivorous, no species of the genus Astyris bas been recorded until now 
as an injurious animal. 

AI'PEKDIX C. 

Tabl6 showing number and class of dredging i•essels seen from the Palinuru:s during the season of 1878. 

" ~ -j " ... ., .. .. ... c Ground on which at work . 
c ... ... " c "' .. 
~ s .. 

" s A :z; 
---~ ----~ 

1878. 

Sept. 18 57 Z Pommol<e Sound ...... 946 ··-····-···· 
19 . 43 ...... do-----·····--···--··----·····-- .......... . 714 . ........... 
20 51 I ', Southern part Tangier Sound .................. . 2, 142 432, 684 

20 61 2 ' Pocomoke Sound ............................... . 1,013 --·----·-··· 
23 123 I . Southern part Tangier Sound ................... ' 5,l6ti 1, 043, 532 

25 85 1: ..... do ........................................ . 3, 570 721, 140 

26 104 
29 65 

1 / ....•. do--------------·--- .................•.•.. 

1 i Middle part Tangier Sound .................... . 

4, 368 882,336 

2, 730 551, 460 

30 20 2 Manokin River ................................ . 332 ··········-· 
Oct. I 81 1 On the "Great Rock" ......................... . 1, 554 313, 008 

3 26 1 On Barris' Bed ................................. . 1, 092 220,584 

3 20 1 On Terrapin Sands. . . . . . . . .. . . . . . .. . . . . . . . .. . 84() 169, 680 

3 16 2 OnMn•cleHnle...... . ................... . 266 53, 732 
a 14 On Piney Island Bar ............. . 588 118, 776 

3 25 Manokin River_.. _ ................... . 415 ------······ 
8 61! 2 On and above Chain Shoal ...................... /. 1, 046 .............. 
4 115 2 .A.hove Diel's I.land .. - . - ..... - - . - - · - · · · - . -· · · · ·l 1, !JOtJ ............. 
4 17 2 On Muscle Hole Bed ........................... i 282 56, 964 
4- 6 1' On TerrapinSands ............... . 252 50, iJ-04 

', 

4 30 l Southern part. Tangier Sound_ ................. . 1, 26-0 254. 520 

4 79 1 Harris' Bed nn<l :Manokin River ............... . 3, 318 670, 2.'-lG I 

112 2 NorthofLittlelsland ....................... .. 1, 859 ···-········ 
210 3 Upper Tangier Sound ............... . 6, 090 ···- ·--·-·· 
210 3 ...... do ....................... . 6, 09() ------------

---- ----·------

The classification of the dredging vessels is the result of, and dependent upon, actual obser 
vations. It was noticed that those vessels usually at work in a particular locality were generally 
of a certain rig and tonnage, and where there was a dissimilarity in that respect, we recorded, 
when in the locality, the proportion of large and small vessels and of different rigs. In compiling 
the table the dredging vessels have been separate<! into three classes. 

The first class represents large.and small vessels; the average" take" of this class was 42 
bushels per vessel. 
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The second class represents small vessels; the average "take'' of this class was 16.G bushels 
per vessel. 

In the third class, two-thirds of the vessels were small and one-third large; the average 
"take" of this class was 2~J hush els to the vessel. 

By actual count, we found the average number of young to a bushel to be'!02. 

APPENDIX D. 

With the assistance of Mr. H. J. Rice, the following intenogatories were prepared and used 
during the season. The information obtained from the oystermen, which has been incorporated in 
the previous pages, is the result of the answers to the questions. 

NAME AND LOCALITY OF OYSTERMAN. 

1. Please state your name and your P. 0. address. 
2. In what place or places do yon take oysters'~ 
3. How long have yon been engaged in the business 1 

'l'IIE BEDS: THEIR LOCALITY, CONDI'l'ION1 &c. 

4. Plca11e give the location and the names of the beds in your neighl'°rhood with which you 
are acquainted. 

5. ·what is about the size of each bed~ 
6. On what kind of llottorn are these oyster-beds generally formed 1 
7. Is this bottom subject to change in any manner~ 
8. Wl1at are the causes of such change or cha11ges 1 
9. Does mud or sediment ever accumulate npon the bedsf 

10. Is it injnriouR in any manner to the oysters 'I 
11. From whence does it come~ 
12. Can such deposit be prevented f 
13. State average depth of water where these beds are found. 
14. State the greatest and least depths. 
15. Are the largest and best beds found near by, or distant from, the channels? 
16. Does a change of channel affect them in any manned 
17. Has there been any change in any of the channels in ,your vieinity'I 
18. Haw, such changes, if any, affected the heds; aud, if so, how 'I 
19. What is the direction and amount of current over these beds 'I 
20. Do you know of any beds that are "running out;"' if so, how and from what causes'/ 
21. 'Vhere are these beds~ 
22. Do you know of bedH which are improving in auy manner; if so, in what does this im-

pro\•ement consist f What is the cam1e of this improvement T 
23. What is the general direction of the gales which are prevalent here in winter! 
24. vYhat in summed 
25. Which of these gales increase, and which decrease, the depth of the water over the beds Y 
26. Do the gales in winter affect the ice-fields in any manner; and, if so, how¥ 
27. Do the~' ever seriously affect the beds, or change the neighboring shores; if so, in what 

manner, and to what extentf 
28. If the water should be blown off from any of the beds during such gales would it injure 

themt 
29. How long can the beds remain uncovered without injury t 
30. How long have yon ever known any to remain uncovered! 
31. Is this a common occurrence Y 
32. Is ice ever piled up on the beds during such times, and on what beds' 
33. For how long T 
34. Has this piling up of ice any injurious effect upon them; and if so, what elfoot! 
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35. What thickness of ice do you generally find over the bedR ! 
36. Does an increased thickness of ice affect the beds either in deep or shallow watt>r; an<l. if 

so, what is the effect! 
37. ls it greater or less in deep than in shallow wated 
38. Does long continued cold weather affect them~ 
39. Is the effect greater in shoal or deep waterY 
40. Haring sncb cold spells doe8 the ice ever rest upon the beds; and, if so, what is the PffPct? 

THE OYSTEH ON THE llEDS. 

41. Are the oysters iu your locality found mostly in largl:' or small compact beds, or scattere<l 
over a great extent of surface and J~·ing for npart Y 

42. How does their quali(v compare, as far a:o; you know, with those of other localities! 
43. Are they with ;you better fta,·ored inside or outside of the Sounds and ri\·ers? 
44. Are they affected in any manner by long con tinned dr~· or wet weatht•r! 
45. 'What is the effect, if any, of long continued dry weather~ 
46. "That is tl1e effect of a large amount of fresh water pouri11g oYer the bed:,;·~ 
47. Do the oysters grow better in deep or shallow wated 
48. Are the;v found iu the channel;,;, or where there i,; muc1? 
4!J. Ha Ye the oysters in your locality an,\· particular enemies 'I 
50. What are their enemies~ 
51. How destrncth·e are these enemies to the oysters, and in what wa,\· '? 
52. Are there an.r means of deRtroying these enewies without incurring too great ('Xpense, or 

injuring the oysters, and what are such means~ 
53. Do yon know the nature of the oyster's food, and what is such food! 
54. Does it· feed at any particular time, and what is such time f 
55. What is the length of time it is occupied in feeding~ 
56. Will freezing kill the oyster:s of a bed'! 
57. If so, how long must they be frozen before the~· arc dc!'ltro~·ed ! 
58. Which of the beds in your locality produce the finesUhwored oysters! 
.59. How large do the oysters grow in your locality? 
60. Do some of the bed8 produce larger oysters than others f 
61. If so, which ones~ 
62. What causes this f 
63. As far as you are aware, wbat is the gTeatest size which oysters will attain under natural 

conditions T 
64. Are oysters attached to any objects, or to each other, or do tbe,\· grow up separately and 

fiat 011 the bottom t 
65. At wliat time ot the year do oysters spawn in ~-our neighborhood! 
66. ls there any difference in the sex of oysters, or are the~· hermaphrodites Y 
67. \Vhat are your reasons for thinking sot 
68. If they are of different sexes, can you distinguish the male from the female before being 

taken from the 8hell, and how T 
69. ls there au~· change in Rlmpe or color in either Rex during the breeding season; if so, what 

is such change 1 
70. Is thel'e any change at any other time! 
71. At what age does the female commence to breed? 
72. At what age doos the male T 
73. ls there any age after which oysters do not breed't 
74. At what age do oysters produce the most young? 
75. How do you know this! • 
76. Does the act of spawning seem to affect oysters injuriously in any manner; if so. how 1 
77. Do all the oysters of a bed spawn at or near the same time~ 
78. Have you ever seen young oysters tloating or moving about in the waterT 
79. If so, were they in considerable numbers 1 
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80. Is there any marked difference in the time of appearance of the young in different years? 
81. Are the young especially liable to be destroyed' 
82. If so, by what ? 
83. Can this destruction, if a11y, be pre~·ented; and, if so, by what means J 
84. "\Vhat is the average growth of an oyster during the first year'! 
85. Have you ernr knowu au.> disease to attack the oyster whereby great numbers were 

destroyed or remlered unfit for use? 
80. If so, is SUI.lb disease commo11, and at what time1> does it attack the oysters? What is the 

common local name of the disea8e ¥ 
87. \Vhat are the supposed causes of such disease! 
88. Are about the same number of young found each year upon each bed~ 
8!1. Do some beds produce youug some years and not others; and during these resting yean; 

do other beds produce youug, and then rest in their tum·~ 
HO. Do all the beds rm•t periodically and at tl1e same time? 
91. Do currents or nu usual conditions of the water appear to llave any effect upon the time of 

spawning·? 
THE "WORKING- AND CrL'l'IVATWN OF TIU~ OYS'I'ER. 

92. In your neighhorhood how ari> the oysters taken from the beds-with dredges or tongs! 
\.13. Does it improve or i11j1m· a !Jed to work it over with tongs or dredge~ 
94. Which of these two implements should he m;ed for the hest interests of the beds! 
95. Are an~- beds improved by the use of one and not of the other; if so, of which! 
96. Does the depth of water make any difference? 
97. What kind of boats do you use in oysteriug1 
!18. After the oysters ham been taken from the bed are they immediately culled, or do you 

wait uutil the fishing is over; and are they culled on their beds¥ 
!l!l. Are the small oysters thrown back or not T 

100. What is the size of the smallest which are kept~ 
101. For tlw best interests of the heds, what proportion of oysters should be taken off each 

year? 
102. So far as you know, or can judge, what proportions are taken from the different beds in 

your localit,y? 
103. Is there a limit to the thickness of the layer of living oysters upon a bed; if so, what is 

such limit? 
104. About what is the average thickneRs 't 
105. Should a bed be allowed to rest for certain definite periods T 
JOH. If so, bow longf 
107. "\Vill oysters fatten best upon the same beds upon which they are produced T 
Hl8. If uot, what is the character of the bottom upon which they will fatten besU 
10!1. Are oysters planted to any great extent in ~·our vicinity! 
110. ·what kind of oysters are hest to use as plants, or does it make any difference which arc 

used f 
111. At what time are they taken up to plant 1 
112. At what age~ 
11:~. llow are they taken-with 1lred;1;e or tongs-and which is preferred Y 
1 U. Are they iujured at all by rough handling, either for market or for planting f 
lLi. What kirnl of places are most suitable for planting beds Y 
11 G. Do o~·sters hreed 011 planted beds! 
117. lf so, do the ymrng oyster8 thrive as well as on the natural beds! 
111'. If not, why'? 
1 HJ. Are oyster" taken fro.·our locality t-0 other places to plantf 
1:!0. If so, where: 
l:!l. About how small are the oysters in your neighborhood when they first spawn! 
l:!'~. ls there any difference in this respect, or in the time of year when they spawn, between 

those on the natural and those on the plant~d beds T 
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123. Does a wet or dry season affect the time of spawning, or the coming to maturity of thP 
spawn? 

124. 18 there an;r difference as to the amount of young growth found 011 Uie beds i11 differeut 
years? 

125. What is the reason for this 1 
126. Have any means ever been tried in ~·our localit~' to propagate the o.vstcr by artificial 

means other than by planting; if so, what means T 
127. Do you ever attempt to increase the amount of" cultch," or o~jects upon which the :roung 

can become attached, b~· placing old shells or other rougl1 substances iu tlw water upon the beds"! 
128. IR there any law for the protection of oysters in your localit~-; if Ro, please give ref'ereucr 

to date oflaw i 
129. If so, is it carried out? 
130. Are there any means 1.Jy wllich protection is afforded to th .. oyster, to allow them t,o 

increase upon the beds, other than such law, if this exist 1 
131. Do the. o;rstermen try to uphold all laws and all method1:-1 for tbe protection mid increase 

of the o_ysters Y 

132. What is your method of fishing for oysters-with tongs or dredge? 

OYSTER ECONO:IIY. 

133. At what age are the oysters upon the beds in your locality best for market purposes'/ 
134. ·what size are they at that age ? 
135. Do tl1e oystermen try and select only such oysters from tlw hetfa, or do they takP PYery-

~hing that will sell 1 
136. '\Vhat is the size of the smallest marketable oysters? 
137. How old are the;v Y 
138. Are oysters diYided into cla!'se!I according to their market \'alne '? 

139. If so, what are these classes, and how recognized? 
140. Do oysters from particular bedi; command better pricei; tha11 tliose from otller bedi; 

near by~ 
141. If so, what are the names of the preferred beds? 
142. '\Yhat is considered a profitable day's work with a dredgef 
143. Can you catch that·numher now1 
144. '\Yhat kind of a boat, and bow many men are employed with a dredge~ 
145. vYhat is the size of the dredge~ 
146. In what depth of water can it be used most profitahls 1 
147. Do all the men on board a dredging.boat share in what is taken, or art• the~· paid regular 

wagesf 
148. If paid regular wages, how much per day f 
149. What is com.;idered a profitable day's work with the tongs! 

•150. Can you catch· that nu1I11Jer now~ 
151. In what depth of water can the tongs be used most profitably? 
152. Do oysterrnen fish exclusively for any one grade of O,'\Sters, sucb as those which will do 

for barreling, or for canning, or do they catch promiscuous!~· all and ernr~·thing ~ 
153. What kind of a boat is used in tonging, and how man,y men in each boat! 
154. Which is most profitable, to tong or dredge exclusively 1 
155. If dredging is injurious to the beds, is it more or less so in deep than in sliallow water T 
156. Why! 
157. Would it not be most profitable to catch one grade of oysters exclmiivel.v, anrl that the 

first gradef 
158. Is a very fat oyster more profitable for barreling, or for canning, than one not very fat'? 
159. Are oysters sold by the load or by measure T 
160. What is the price paid at present time? 
161. What is the highest price you ha>e ever received for oysters t 
162. What is the lowest! 
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163. When was this f 
Hi4. "'hat do "ou consider a profitable price for oysters f 
Hiii. Uan an oysterman catch as many to-day, in the same number of hours fishing·, as he could 

wlien you first began to fish 1 
H>G. \Vhat is the reason for the difference in the catch? 
Hi7. How many could one catch at that time! 
1G8. What was the price then? 
Hi!). Does the price Yaf.\- on account of flavor or fatnes;; J 
liO. If so, which comrrrnnds the better price i 
lil. To what market do your o.n;ters go~ 
17~. Do the oystermeu dispose of their catch to tbe (lealers or to traders f 
173. How long· can o~-sters be carried in au oyster vessel without injury 1 
17 4. Iu what shape can the;r be carried best t 
17ii. Must auy pttrticular care be taken when transporting them 1 
1 it>. About how many persons are engaged in o~'Stering in your neighborhood¥ 
1 <7. How man.r vessels do they employ? 
1 <8. From ,yonr experim1ce, what do yon consider would be the hest means of irnpro>ing the 

ue(h: and the quality of the oysters in your vicinity, for the best interests of the oysterrnen and of 
the general publid 

l!'OR THE OYSTER PACKERS. 

179. In what shape do yon put up oysters? 
180. ·w1iat is your process? 
181. About 11ow many do you put up in a season? 
182. ·F'rorn what part of the country do you proeure your oysters! 
183. \\'"hat do ;you pay per measure or load? 
184. How many o;ysten; are there in a load? 
185. \\'here are most of your oysters sent? 
186. \Vi th barrel oysters is there any particular manner of packing them in a barrel f 
187. Can you gin.i any information from your books as to tlw number of bushels purchased 

a111l tl1e numher of gallons obtained from them each yead · 

.Jl'l'EXDIX E. 

The following analysis of the water of the Sounds and Ba,y was made at m;y request by Mr. 
Charles E. Monroe, Professor of Chemistry at tlie U11iterl States ]fayal Academy. As in all prob
ability the chemical character of the water in the locality under consideration is not subject to 
fre(1ue11t or .great changes the constituents of the water as determined by Professor Monroe may 
be accepted as the normal ones. 

The aualysis furnishes data for comparison, and in transplanting o_ys_ters from this locality it 
will be of a1h-autage to the o,yster culturist to consult the table and avoid the transference of the 
oysteri,; to conditiorn; of marked dissimilarity. 

ANALYSIS OF WATER FROM TANGIER AND POCOMOKE SOUNDS AND CHESAPEAJ-:E BAY. 

Ry C. E. 'MONR.OE, Projessoi· of Chemisti·y, U.S. Xaval Academy. 

Lo<'ality. 

Sect.ion 1. Station C-

lligh water--···············-···············-·-·······--···.· ..... ···----·· { 

J.ow water ........... , ...................................................... { 

Total solids at 120°. , 

tt,~~ ~ Mean. 
nation. 1 

18, 000 
18, 000 

17, 3t0 

17, 338 

18, 000 

17, 1139 

Chlorine. Sulphuric acid. 

: I 
Separate I Separate : 
det-ermi· Mean. determi· f' Mean. 
nation. I natloD. ' 

i--1·-- -·-·i ·-
9, 370 
9,400 

9,080 

'· 100 

9, aoo j 1· 5a2. e / l, 525. • 
1,618.0 ' 

9, 090 I: i, 507. s 1 1, '82.' 
1,.07.0 
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A11al,118i8 of wale>' from Ta119ie1· aud J'oconiokt· So1111dx aud Cht'sapmke Ba,11-Coutinue<l. 

Total solidR at 120'--. Chlorint:'. 

Locality. Separat'' !'-\eparat~· St·11~ratt· 
determi- 1'1eau. detf'Tllll- ~le<-lll. tlt>h•rmi- :1\[t·a11. 
nation. nation. natiML 

~----- - -- -

8ection 21 Statlon E-
High wat~r \ ~o. 904 ::w, E!l::! 

lll, 8~0 1. ;ue. 4 
I. 7tl] ·----·-·---· ............ --·-···-····· '''/ JU. 8:11J " 20, 800 JO, 8411 1, HH4. f' 

JU, 850 JO, 41111 1. (iti:!. ~ 
Low water._ ............ ··············· li!,MG IP. ii-iii L tJ,"14. 

19, f'3U 10, WO J. 643. (j 

8f'rtion 3, Station B-
23. llR 11, 880 1. H48. :.• 

High water ............................................. 23. 120 11, !HlO J, 94~. ~ 
~:>! 12:? i1.no Lo~t. 

Low water ············ ·······-·---
2:i, 568 

-----······ 2:1, 51"1 
2;J, 454 

I~. 020 
l:!. Oitll 

I~. JOO 

1. !)9&. 6 

1.994.fi 
l.fl!}."1. l 

fiection 3, Htation },-

Iliirh wat<>r. A ................................ I 23, 200 
23. ~6:.! 

1~1 l~O L'., 100 
l, H6H. 0 

1. !•fill. 0 "") :!a, 324 l::?. ORO Lor;t. 

High wah•r, H. ------ ·-·--· ·----· ....... 
:::;>, 670 

~:J, ti74 
l~. ]{;{) 

1::, lt'O 
:.!, {l(J:!. 0 

:',I 0~ " ·····--·-···· 
~3, 67'8 1'.!, 2VO :.!. 000. 0 

S('ction 4, Station C-

High wa.ter l ~:~, 200 2a, mo 1~, 080 1.!l:->:?.i" 
·-----···· ··-··············-··· . l 1'..'., O:!O L !l ... ,L l 

23, 180 11. 9tiU t n:-1;,,4 

Low water ......•.... 
:!21 ~10 

:!:!, :!'.!4 
11, 680 

11. [Oil 
l, 9:.?:!, ~ 

I. 1-:i:!. .. .... ·········--·· 
~:!, '.238 11, 120 l. 8:!:!. 4 

Che~apea.k~ Bay-

Stations 18arnl 19. hot1 om wa l·er I l~. 306 
18. :13~ 

n. soo 
!l,if'll 

1,.-1/f'.() 

··-·····-····· l 
I. ;,!J.J. ~ 

Hl,410 9, 760 L.· •. .n.1; 
Atlantir Ocean-

Latit11d11 41.18 X. 1 lougitude 36.28 'V ... ········-········ 38,400 ~O,i-1:19 ~\. ll~~l. r: 
-- ---------------------- -

~oTttBY PROPESSOR MoNROE.-No determinations of organic matter were made, as it wa" 
fornul that tht• a111onnt was so small that it could not be re.arlil,v determined in the small sample 
fornil'l.ted. 

:No dct.er111iuatio11s of Ca. were made, the time gi\'Cu for the aualytical work not Jlt'!'lllitting- it. 
It will lw :-wen from the aual,vsis that the water consists of ocem1 water more or lt>ss 4lilutt•1l with 
fresh water, a111l that the prnportion of f"rt•sh water is greater at low tilk thau at high. t•xct'pt in 
the case of station B, section ;;, 

Another feature to be no~iced is that t.he proportion of snlplmtes in the watn anal,Yze1l lot hat 
in the Atlantic water is greater than that of the chlorides; thiR point is importaut. 

As ho th samples of water from section 3, station F, "Tere takL•11 at high water l ha n.> de.sig
nated them as .A and B. 

S. Ex. 40--4ti 
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APPENDIX No. 12. 

ON THE LENGTH OF A NAUTICAL MILE. 

BY J. E. HILGA.RD. 

The length of a nautical mile is define1l as Urn one-sixtieth part of tliat of a degree of a great 
circle of the earth. ff the earth were a perfect sphere of known dimensions, the lengths of a 
nautical mile, according to the abon definition, would be a definite and invariable quantity. 

Owing, however, to the eartli's compression, aml the consequent difference in the lengths of 
tlie radii of cnryature at different points of its surface, much diversit.Y has arisen, in usage and in 
books of reference, in assigning the length of a nautical mile. 

Thus it i8 variomily given as equal to-
The mean leugth of a minute of latitude on the meridian. 
Tlle length of a minute of the meridian corresponding to the radius of curvature of the par

ticular Iatitnd~'. 
TlJe length of a rnirrnttJ of longitude on the equator, tlie latter definition being p"ooably due 

to the common use among mariuers of Mercator's pr<~jection, in which the degrees of the successive 
parallel" of latitude arc equal to those on the eqnat-0r. 

In order to remove all uncertainty and to introduce uniformity this office adopted, several 
years ago, the value which results from considering the nautical mile a:s equa,l to tlie one-sixtieth 
part of the length of a degree on the great eircle of a sphere whose surface is equal to the BIJ!face of the 
eartlt. 'l'his rnlue, computed on Clarke's splieroid, is: One nautical mile o . .-48iMte~6080.27 
feet, a \'alue which corresponds to the adopted lengtli of the Admiralty knot=6080 foet 

In the following tables are gh'en the numerical results of the discussion relatin to this 
subject: 

and 

Pigure of the eartltfrom Clarke's combination of geo<lesic measures. ( 

:Equatorial radius, Polar radius, 
a=63i8206"' [6.8046!J85] b=6356584m [6.8032238J ::: ~ H 

b 293.98 
1i=294.98 

1. Length qf 11 <m tlte equator: 

log a {i.8046985 
log 1' 6.4637261 

3.2684246 

1 
C=2<.)4~98 

111, feel. 

Length of 1'=1855.345=6087.15 

2. Ltmgtli of 1' of la,titu<le at the eq1u1t-0r: 

Radius of curvature=;::;~ 
a 

~ tf;Jt~ 
'$;' fO ~o~ 

~ ,f',/I 'if- I- D2_ 
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log fit ::UJOG447fi 

log a 6.80-Hl!J8ii 
lP ~--

1 og ti.-'iO 17 4 !II a 
log 11 li.4G3i2Gl 

111. f«el. 

Le11gth of 1'=1842.787=6<Wi.H.;o 

3. Length of l' of latitude at the pnleN: 

a' Radius of curniture= b 

log a" ~l.GO!l:3!J70 
log b (j.80322:1.'-\ 

(/ 2 --- ------- -

log l G.SOGI 7a:! . I 

log 1' ti.46:J72Gl 

:l.'.W!18!HIJ 

m. fN·I. 
Length ot" 1' = 18{i 1.(i5:)=(i107.S;'i 

4. LMgth of l' m1 the meridian in latitude 450: 

Radius of currntnrr = Ha+/J) - ~ fll·2 

log z (a+ b) ti.8039618 
log l' G.4G:l721il 

3.267G87!J 

log a 6.8047 
log i.2 5.0604 
log 1' 6.4H37 

1852.200 
- ~ x 0.0213 = - 0.019 

m. feet. 
8.3288 

ac2 x l' = 0.0213 
Length of 1'= 1852.181 =ti07G.76 

5. Length of a qumlrant of the meridian: 

Length of qua<lrant=t r.(a+b) { l+t(:+~)\6~ c:+t)4+ .... } 
i (i+: :)2= i (iJ~.96)2 =0.000()007, log! (a+ b) 6.5029318 

log -rr 0.49714mJ 
log 1.0000007 0.0000003 

7.0000820 

Length of a quadrant of the meridian= 10001888"' 

6. Length of l' on the surface of a sphere whose t·adius = z (a+ b): 

R=1 (a+ b) =6367395"' log= 6.8039618 
log 1' 6.4637261 

3.2676879 

m. feet. 

Lt~ugth of 1' = 1852.200 = 6076.82 
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7. Length of 1' on a sphere, the rndius of which is equal to tlte average ra1/.iu .. ~ 1!( curMture of the 
meritlfon, tlte radii <f curvature being at equal angular interrafa: 

m. 
R = 2(a + b) +-i1.Jac2 1852.200 

+ r., x o.02rn + 0.001 
---- ffef. 

Length of 1' = 1852.201 = 6076.82 

This is identical with the length of a quadrant of the meridian di\·ided by 5400. 

S. Length of l' un the snrface of a sp}tere, the ar.ea '!la great circle of whieh is equal to the area 
of' tlie plane of the nw·idian of tlte .Yplteroi<l: 

111. 

R = ./ab=~ (a+ b) - ~ ac2 1852.200 
- ~ x (l.0213 = - 0.003 

feet. 

Le11gtL.of 1' ~ 1852.197 = G076.82 

9. Length of 1' on a sphere, the surface of 1chiclt i11 equal to the .rnrface of tlte earth: 

U = ! (2a+ b) - ;1;; a1 2, ~ (2a + b) = fi:'l70!1!Jfl lo~-~--~~~~;;~ 
Jog· l 1 fi.4G3726~ \ 

3.2679;1;Jfi '\ I/, + x 0.0213 = o.o004] 
ni. feet. 

Length of 11 = 18ii8.248 = GOS~t.27 

10. Lenr,tlt of 11 on a .~pltere, the i 1olume <!t' 1clticlt iH equ"l to the t'olume of the eartlt : 
II/. 

1853.248 
- ?.- x 0.0'.:!l:l - 0.00~ 

---- feet. 
lieugth of 1' = 1853.246 = 6080.2G 

REC.APITULATION. 

Meters. }i'eet. 

1 L~u~t11 ofl 1 on tlif' equatm· ................ ·······-····-············-·····-- 185!'>. 345 ! 6087.15 

i Len:.rth of 11 of l::i.titude at the N)U:ltor ............................... . 1842.7F:7 6045. 9!'i 

' Length uf l' of latitude at the pole ....... ___ ..... - ........................... ' 1861. 655 6107. Sfi 
I ... l'U~th of l' of Ja1itude for latitudt1 45° ...................................... . 1852.181 6076. 76 

LE!\fTTH OF 11 ON THK SlJUFACE OJ." A Hl'HEIC&. 

Radius equal to the mean of the semi-axes of the earth ..... _._ .............. . 1852. 200 6076. 82 

.Area of a great circle equal to area of plane of meridian oftheea.rth ........ . 1852.197 6076. 82 

Ila!liuR equal to average radius of curvature l)f meridian of the earth. __ .... . 1852.201 6076. 82 

8nrface equal to the surface of the earth . _:. \. ___ .. ___ ....................... ' 1853. 348 0080.27 
Volume equal to <.he volume oftbe earth .................................... . 1853.246 6080. 26 

\ 
IC\. t'/;, .. K,~ 

11,~.._ 
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APPENDIX No. 13. 

ON A .METHOD OF REAl>JLY TRANSFERRING THE _l'.l\DERGHOUID TERMINAL :\1ARKS OF A BASE LII\E. 

By 0. H. 'rIT'I'::YIAKX, A>"l-'i,.,t.ant. 

As a base line monument wliose foundation ii': near the surface of tile grnurnl is liable to <lis
tur!Jance by frost, the ultimate 1mint of reference is usna!J.r an UIHlergronml mark. The cm;tomar~
Q-rrangcment of the surface marks, forming a superstructure to the underground mark, makl•s it 
difficult to refer to the latter. The usual method of referring one to tl1e other is to ex<'.antte trenches 
in line between the lower marks and a theodolit<> mouutetl at souw distancl' from it, rso that it is 
Yisible in the telescope of the theodolite, whic11 is adjusted to describe it vertkal plane at right 
anwes to the line of measurement. 

When it was desired to place. t.Le permanent marks at the termi11i of the Trial Base at Fort 
!llyer, Virginia, suggestions as to the best met110d of accomplishing the desired cud were iiffited 
uy Mr. Hilgard, the assistant in charge of the office, under whose direction the operntions of tile 
measuring and marking were execnted. The following pl:w, snbmittl'<l by the writer, waio; approve1l 
and adopted. 

The essential features of the plan are as follows: A sta hle um]e1"gro1111'1 mark is pl:Jcpd he low 
the frost line.• On~r tl1is mark is r;et all eartlrn11warn pipl', which l'Xte11ds upwanl:-; iuto aud 
through a hollow surface pier, from whicli, howm·er, it is entirely disconnected. Tlw foundatiou 
of the surface pier is separated from the underground mark by a depth of 8e,·eral feet. of earth, hy 
w!Jieh the earthenware tnbe is held firmly iu vositiou. The tube is protected agaiu8t the weatlJer 
hy means of a capstone, removable at pleasure. Terrnina 1 snrfaee marks are made on tlrn pier, 
below the capstone, in the line of the base and at known distances from the vertical plane, passing 
through the underground mark at right angleH to t!Je line of t!Je has<\. 

To refer the lower mark to the surface a vertieal collimator is used. Tuis consists of a tele
scope, having an eye·piece filar micrometer and carrsiug a delicate level, and which re,·olves about 
a vert.ical axis passing through a small tripod stand furnished with lm·eling screws. The under. 
ground mark is rendered visible by means of natural or artificial light reflected downwards by a 
mirror. 

The line of collimation of the telescope, being placed in the vertical of the undergrouud mark, 
i;;en·es a.s the initial point in the measurement of the base. 

Under the direction of .M:r. Hilgard the details of the collimator were arranged by Mr. Saeg
muller, chief mechanician. As constructed, it consists of a brass plate about 14 centimeters in 
diameter, supported on three leveling screws. The upper surface is turned out so as to leaw a 
rim about 5 millimeters deep and 10 ~illimeters thick, through which four counter screws pass. 
The counter screws press against the beveled edge of the circular plate which forms the base of 
a hollow column in which the t.elesoope revolves about its vertical axis. Attached to the telescope 
is a delicate level with a scale, 1 millimeter of which has an angular value of about 2". The 
ocular can be adjusted to different foci by the usual rack and pinion movement, and has a filar 
micrometer. The telescope has a collar, concentric with itB axis, carrying, at opposite ends of that 

•At Greenwich the lowest temperature marked by a thermometer 6.4 feet below the surface of the ground is 
abont 9~ Fa.hr. above the tneu.n temperatnre of the coldest month in the year. If the same difference holds at \Va$h_ 
i11gt~11, a cor.reapondiug depth would gi Vil a minimum temperature of about 43° Fahr. 

\ 
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diamet<~r \Yltich is at right angles to the micrometer thread, two polished steel surfaces, against 
which the contact slide of the base bars is intended to abut at the beginning of or during the 
measurement when it is desired to refer tlte end of a base bar to a temporary mark in the ground. 
Its construction haYiug beeu sufilcieutly explained, it remains to point out the mauuer in which it 
is to be used 

In transferring an underr11·011nd mark to the surface.-By means of a small mirror light is reflected 
upon the underground mark. 'l'he collimator is mountell as nearly as may be O\'er the mark, with 
one of tlrn leYeliug screws in the direction of the line of measurement. The micrometer thread is 
set to the reading of the line of collimation. The telescope is made Yertical by means of the 
leveling scrnws, and the intersection of the cross threads is brought oYer the underground mark, 
as 11early as ma.v be, by moYing the telescope by means of the counter screws, the rnrticality of 
the tele1;cope being carefully presernd. Sewral pointing·s ou tlle m111ergrouwl mark are then 
rnade by rneaus ol' the filar micrometer, aud its readiug and that of the Je,·el are recorded. The 
telescope is theu revolYed 1130°, and the operation of pointing on the mark and reading the level 
is repeated. From these readings the horizontal distance of the line of collimation from the under-
grournl mark becomes known in terms of the micromet-er. If, as originally contemplated, the 
undergromHl mark is a line rule<l between- two others at known distances from it, a measurement 
of the:,;e 1fo;tauce;.; will at once give the value of the micrometer in absolute measure. 1t is, how
en•r, praeticahle to determine the Ya Ines of the micrometer for different distances lletween a mark• 
and tlie ohjPd.iH, and these ha\·ing bren tabulated will furnish by interpolation the Yalue for any 
distance between the det~rmi11e1l li111its, and to this or some otltcr method recourse nrnst be had if 
tht.'re is hnt one terminal line. 

One-ha] t' of the diameter of the collar between the almttiug surfaces will be the horizontal 
distance of the latter from the line of collimation. 'rhe distance between the line of collimation 
a111l the mark having become known b,y the observations above descrilwd, we ha,·e an abutting 
i-mrface at a knowu distance from the mark, from which the measurement may proceed. 

To transfer the end (~j' a bar to a surface-mark durin,q the me~mrement of a base line.-The colli
mator is mounted on an adjustable tripod in front of the base bar at nearly the requisite height, 
and within a few millimeters in horizontal 1listanee. By means of the lewling screws the heigl1t 
of the abutting surfaces of the collar is made to correspond to that of the bar, the telescope is 
made vertical, and by using the counter screws contact between the respective abutting surfaces, 
of the bar and telescope is effected. 

The micrometer thread having been put in the line of collimation aud the telescope focused, 
a mark is made in the line of sight on the reference steel. The position of the mark with reference 
to the collimation may be tested by sighting upon it after the telescope has bPen revolved 180°. 

In resuming the measurement the collimator is establisltcd over the reference mark. The rear 
bar is put up in position in contact with the collimator. The latter is taken away, and the meas
urement continued by usiug the forward end of the rear bar ai;: the initial poiut. 
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APPENDIX No. 14. 

ON THE FLEXCRE OF PEKDCLuM FWPPOHT1'. 

By C. S. PEIRCE, Assii;tant. 

HISTORICAL. 

The fact that the rate of a pemlulnm might be Ltrgely inttueneetl b,\· the ela..;tie yi<•lding of its 
support was first point~d ont by Dr. Thomas Young in his artide rn1 Tides i11 tlw E111:,n~lopa'<lia 
Britannica, 11·here he g·aye a eorrect matllematical anal.rsis of tl1e prohlem. Kater 111a1k use of thP 
noddy, or irfferted pernlnlnm of Hard~-, t.o assure himself that its support was snfticie11tl,\· i;;teady. 

Hard.Y's no1ldy is a peudnlnrn turni11;.;· witl1 a reed spri11g arnl 1n·o\·i1led with an ad.instahl.- hob. 
It differs from an ordinary pendulum, first, in bei11g upside <low11, that is, h:wiug its 1:e11ter of mass 
abo\·e its point of support; and secoud, in baYiug a spring i;o strm1g as to act a little more strongly 
than gravity. The force knding to bring the pendulum to the vertical ill then tlie exccfiil of the 
force of the spring O\'er the moment of gra.yit~·. In this wa~· tlw noddy io; easil~· adju,.;tell 80 as to 
haYe the same period of oscillatiou as the pendulum use<l to deter111i1w grndty. while its 11w111ent 
ofi1wrtia ii; Yer_y small. In a note at them1d of this papPr I gi,·e the ma.thmnatical arialysis of this 
:state of tltiug:s, from whieh it will bes ·1~11 that Kater 111ig·l1t ha1·e ('Olliltl'lleted hill Hrnldy in 1mch a 
manner as to detect au;r amount of flexure sufficient to ha ye a serious eftect upon the period of his 
pendulum. 

Bessel, at the end of §3 of his great memoir ou the length of the seco111b' pt•rnlulnm at 
Kouigsberg, states that he also nsed Hard~·'" noddy, and tllat he swung his p1•11dnlum again after 
stiffening the >iupport. He adds that the eflect 011 the period would probabl,Y be the sam<' for his 
long pendulum as for bis short one-a n•ry just remark,--which rna1le it lel:'s 11ee<>ssar.v for him to 
attend to the rigidity of the stand. 

The construction of English pendulum supports, that of Hassevi, for example, shows that in 
that country this source of error was ne,·er overlooked. It is noticed eYe11 in brirf aecounts in 
English of the process of measuring gTadt_y. Tlms, a \Hiter in the Encyclop;·p1lia Hritanufr»a pro
posed to make nse of two difforent reversible pentlulnms of tlw same form hut of different weights, 
in order t-0 take account of the flexure, an idea latel_y borrowe1l b,r l\L Ccllerier. 

"\Vhe11 the reversible pendulum came into use the study of the writingR of the older observers 
seems to have been neglected,• aml the grave errors due to fiexnrP were nt•\·er suspcctml until 
Albrecl1t found a value of gravity at Berlin difforiug by nearly 2 millimeters from that of Bessel. 
So little was the true cause of this discrepancy at first suspected that it was para1loxically attrib
uted to the neglect of a buoyancy correction. 

In 1875, however, General Baeyer gravelj· tmspected that the period of a pemlulum swi11giug 
upon a Repsold tripod was affecttid by the oscillation of the latter, aud in a circular addressed to 
the members of the committee on the pendulum of the International Gllodetic Congress, he wrote : 
''The necessity of suspending the pendulum from a stand is a source of error, since it pendulu 111 

swinging on a stand sets the latter into oscillation and so influences the rate of the former. 'fhe 
effect could be diminished by the use of a shorter pendulum and smaller stand; but whether 
it would be 'rendernd entire!.)' insensible. is open to question." 

"ThUB, Bessel's idea of directly measuring the position of the center of mass was supposed by the Swiss 8avan8 to 
belong to M. Cellerier. 
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It was at this ti.me that I first. received the Repsold apparatus from the makers, of whom it 
had been ordered two years before, on the occasion of my first beiug charged with the pendnlnm 
operations of the Coast Suryey. Becoming aequainted with General Bae;yer's doubts, I determined 
to settle the question by measuring the flexibility of the Repsold tripod at the earli(\St opportunity. 
This I did at Geneva, where, though I only made a rough measurement, I found that the flexnre 
was fully sufficient to aecount for the discrepancy between the tleterminatious of Bessel and of 
Albrecht. 

On September :l5 of the same year I comnmuieated my re~mlt to the standiHg committee of 
the Geodetical Cougre.ss. At the same sitting the reporl:; of the different mcmuen; of the pendnlnm 
commiltt'O were read. Dr. Bruhns said: "The quet<tion whether the stand is set into oseillatio11, 
arnl whether the rate of the pendulum is influenced thereby is, iu rn;1· opiniou: 1n~1l worth inYesti
gation. But I should suppose that the stand could he made so stiff as to elirnina te this source of 
error for a pendulum used only as a relatiYe rnstrument." The \·iews of l\L Hirsch, who is so much 
occupied with tbe going of time-keepers, are interesting. He said: ''The fear that the tripod of 
;;;nspeusion may al::<o enter into oscillation, unless it be a fad. eRtahlisl1ed hy llireet observatioi1s, 
seems to me unfounded. Indeed, it cannot he supposed that there are auy trne oscillation:; of a 
bod~- of such a form resting on three points. Besides, the movemeut of the pemlulum whose 
mechanical moment (moment mecaniqucj is slight on account of its small \·elocity, could 0111,y be 
comm1111icated to the tripod by the friction of the knife oa the supporting plane. Xow, this frietio11 
is insignificant, as the slowness of the decrement of the amplitude shows, this being almost entire!~· 
due tD tb.e rt>sistancc of the air.'' It may he observed that the rolling frictim1 of' the knife e<lge iH, 
in trnth, \·ery slight, but the amount of the sliding frietiou is sufficient to hold the knife in place 
on tlw supporting plane. Dr. von Oppolzer, the de!iigner of the lfopsold tripod i11 its detinit,i\·e 
form, said that the eorn;truction of th(' stand reudNe<l any seriout< flexure a priori improbable; 
hut. lw did uot support this opinion hy an~- ealculations. 

During the spring of 18'ifi, lun-i11g already measuretl the tlexihilit_y Df the triprnl in Paris, I 
!'erneasureil it ill Bt>rlin, wlw1·1· 111.Y ('X]H'ri1ne11ts \\'t'l'(' witll('SSed hy Om1eral n~ieyer a1i.l a party of 
gPntlmne11 attad1ed to the Prussian Sm\·ey. 

In October, 18/H, at the lllt'Pting; of' tlw stamling; committee of the International Geodetical 
U111ou at BrnHst•ls, tlie ret<ult of my l'XJ>l'I'iments was a1mom1cetl hy General Hmiyer. M. Hirsch 
describ(•d Ct'rtai11 t·xperimental researcl1es 1111ckrtake11 hy hi111 to ascertain whether there was an,Y 

t<nch flexure in the case of the Swi,;:,; tripod. He had, iu the first place, e111plo,ved an extremely 
t<ensith'e 1e,·el, which had not t>ntered iuto oscillation while the pendulum wa>: swinging upon it. 
It j,. not cll'itl' why M. Hirseh empio~·ed a Yer;1· sensitive leYel, the uatnral time of o;;cillation of 
which wo11ld diifor mu•\h more from the period of the pendulum than that of a less sensitive le\·d 
woul(l do. He also used au artifkial horizon iu the same way. M. Hirsch's conclnsiou ii; that 
"tbert· remains 1111 douht that the Swiss staml is free from every trace of such oscillations." Dr. 
rnn Uppolzer entirely agreed with the views of M. Hirsch. 

111 the following· summer I addressed to l\J. Plantamour a paper upon the sul\ject, to he snh
mitt.ed to the next meeting of the Geodetical Oougress. In this note, which it< reprinted at the ('D!l 
of the pre1:1e11t report, I :first give a mathematical analysis of the prohh•111. I next show experi
mental\~- that tht· motion of the knife.edge support is not a translation, hnt is a rotation, so that 
diff~·rcnt partt< of tht• head of the tripod, onl,Y a few centimeters di"tant from oue a11otlwr1 move 
through Ycry difl't~rent 'listauces. Consequently, nH'afitues of the flexure rn:tde anywht·r~ !'xcept at. 
the center of the knife-edge plane require an important correetion before they can be used to eorreeL 
tlw periods. This is confirmed by experiments with a mirror while the pentlulmn is in motion. 
I next gin• a brief rh$u.11d of rn)' statical measures of the flexure. I thm1 giYe measures of the 
actnal flexure. nuder the oscillation of the pendnlum, au<l show that the statical and dynamical 
tlexibilities are approximately equal. Finally, I swing the same pendulum upon the Repsohl 
support and npon another having sereu times the rigi<lity of that. one, arnl I show that the differ
cuce of the periods of oscillation agrees with the tlieory. 

Immediately upon the reception of my manuscript, MM. Hirsch and Pla.utamour commenced 
new researches, designell to form an "Ctnde approfondie de ce pheuomene." These were embodied 
in a paper by M. Plantamonr, which was read to the Oeodetical CongresR, and which has since been 
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expanded into a memoir entitled "Recherches experimentales sur le mouvement simultane d'un 
pendule et de ses supports." M. Plantamour finds fault with me, first, for having- measured the 
flexure with a force five or ten times that of the deflecting- force of the pendulum; and second, 
for measuring the elasticity statically instead of dynamically. The reply to the first objection is 
that the properties of metals are known to a great extent, that elasticit;y is uot "une force capri
cieuse,'' and that no fact is better established thau that an elastic strain is proportional to tlie 
stress up to near the limit of elasticity, which limit was not approached in the author's experi
ments. As to the second objection, I had shown by experiment that the statical and dynamical 
flexures are nearly equal; and I am willing to leave it to time to show whether this will not be 
assumed in future measures of the flexure of future pendulum supports. M. Plantamour caused 
a fine point fixed into the head of the tripod to press against a little mirror, mounted on an axis; 
and then observed the reflection of a scale in a telescope. The length of the path of light from 
the scale to the telescope divided by the distance of the beariug point from the axis of the mirror 
he calls the grossissement; so that liad he used a fixed star in place of his scale, the grossissement 
would have been virtually infinite. From the given length of the lever it would appear that a 
movement of 011-.03 in the point would turn the mirror 4''· The aperture of the mirror is not stated, 
but it eannot be supposed that the error of obser\·ation would be less than this. It does not seem 
to me that the use of this mode of measurement, which magnifies the motion but little more thau 
my method, is conducive to accuracy, especially in investigating the difference betweeu statical 
and dynamical fiexure. A certain finite force presses toget.l1er the point and the lever. Dividing 
this force by the minute area of pressure, we find the pressure upon the metal is very great, 
approaching the crushing pressure. Now, the beliavior of metals under great pressure is greatl_y 
influenced by the time. But my objection is not merely theoretical; I have myself made experi
ments upon this method, and, making them as skillfully as I could, I still found great uncertainty 
in the results. 

The following table exhibits M. Plantamour's results: 

M. PT,antamour's jfoxure experiments. 

Flexure under Flexure whea : 
swinizingpen- rwa1~8ieghatnids' Statical fiex-
dulum. lowe:ed. urB. 

------. -----

p. µ. .. 
Support on floor, comparator removed 3. 26 ~ • Of. 3.17 ~ • 09 3. :27 ± . 04 

On Geneva pier
1 

comparator removed ... __ .. _...................... .. _ .............. . 3. l7 ± • 03 3. 29 "' . 08 3. 48 ~ .04 

On Geneva pfor, comparator in place ..... _ .•.•... - . - ........................ -- . _. _ .. 2. 41 ± . 06 2. 50 J. . 05 2. 76 ± . 04 

On Berlin pier, comparator in place ...•..................................... - ................. . 2.51 ± .05 2. 90 ± .04 a. 24 ± . 03 

On wooden table, comparator in place ................. _. -......... -..... -.. -... - .. 3.19 ::!.. . 03 3. 26 - . 04 3. 6'7 ± . o~ 
On wooden table, comparat.or rt"moved .... _ ... -· ........................... -- ............ . 4.42 :!: .13 4. ;,3 J . 04 4. 98 -· . 05 

ExcPs~: 

Geneva pier over :door .... _ ..... _ ... _ ........... . - . 09 ,_ . 06 + .12 ± .12 + . 21 ~ .06 

Berlin over Geneva pier ....•........................................... -------- ......... . + . 10 ,. . 08 + . 40 ± • 06 + .48 j_ . 05 

Table over Ueneva pier, comparator in place.·-·_ ..... _ ............. ·--- -- ·- .. ·- ·----- + . 78 . . 07 + . 76 ~ • OG . 91 ± . 04 

Table over Genev-a pier, comparat,or removed ......... . +1.16 -· .14 +1.36 ± .10 +1. 71 L . 06 

EJ!'ect of comparator: 
l.J·eneva pier ....... _ .............. _._. __ •.. _ ............. _ ..... _ ... __ .. ____ . _ ......... _ ..... . - . 76 .07 - . 79 .. • (19 - . 7:! J. .06 

Table-···-··········-···-·-·-···-········--·······-····-····--······--···········--------·· -1.23 :r~ .14 -1.27 ± .06 -1. 31 ± . 05 

Excess tal>I~ ove.r pier ............. _._._ ............. ___ -··--- ...... ·-·-·--··-·- ...... . - .4i - .16 - . 48 ± . 11 - . 59 . 08 

The table used is the same one shown in Fig. 26 of the Coast Survey Report for 1877. The 
nmnbers in the last line above should show the eft"ect of the weight of;{ kilogrammes in dimiuish 
ing the flexure of this table under a horizontal force of 100 grammes. The weights used iu obtai11-
ing the first two numbers were about 100 grammes; but the last column is one-tenth the deflection 
produced hy 1,000 grammes. It seems quite incredible that 3 kilogrammes, laid on the table, shoulfl 
really have an effect of this magnitude, so closely proportionate, too, to the deflecting force. It is 
highly desirable that this result should be confirmed by imrely optical experiments; and until this 

S.Ex.49-46 
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is <lone, we must suspect that these large numbers indicate some error to which the method of 
obserYation is liable. It is certain that the comparator did not act as a brace to stiffen the instrtf
rnent, and equally so that its weight is not sufficient to alter the modules of elasticity of the brass 
of the support. It would seem, however, that the effect might be due to a film of some semi
elastic substance under the feet of the tripod. When the tripml is on the floor, no such eftect is 
oh:;;errnd; when it rests 011 the Geneva pier t.he dynamical flexure is the same as when it is on the 
floor, hut the statical flexure if' much larger. On the Berlin pier the excess of the statical flexure 
over that on the GeneYa pier is fh:e times the dynamical excess. On the other hand, the excess. of 
the dynamical flexure ou the table m·er t.hat at Berlin is half ai,; great again as the statical excess. 

MEASURES OF FLEXURE. 

l\ly own 1rn~asurm; form two series, those made preVions tA1, aud thm;e made :mbsequent to the 
publication of M. Plant.amour's memoir. 

In the first series, I was simply occupied in measuring· tlte tlexure of the Repsold tripod, as well 
when properly puL 11p as wheu the nuts of the bolts were not tightened, of' the Geueva support as 
mounted at Hoboken, and of my ''stiffest" support. All the precise measures are statical, and, 
being made with a filar micrometer, are superior in accuracy to the subsequent ones. 

In the second series, the tlexures are alwa_ys measured dynamically as well as statically, and 
the statical flexure is always found to be the greatest. On the excessively flexible Repsold tripod 
the difforenee is sufficient to affect the length of the second's pendulum by 10µ. Nevertheless, ai,; 
the axis of motion is different for the two kinds of flexure, there are points at which the motion is 
less for dynamical thau for statical flexure. And in point of fact, when the Geneva support rests 
011 the GeneYa tripod, thti dynamical flexure of the center of t11e knife-edge is [treater than the 
statical tlexure. 

Experimeuts were also made upon the effect of lea Ying the nuts of the Repsold tripod entirely 
loose, of tightening them as much as possible by the hand, and of tightening them by a wrench. 
It is found that there is little difference between leaving them loose and tightening them by hand, 
but the effect of the wrench is to produce a stiffening equivalent to a sliortening of the pendulum 
by 20 microns. 

Experiments were also made upon the effect of placing a weight of 13 pounds, and afterward" 
of 25 pounds, upon the head of the Repsold support. The first weight produced absolutely no 
effect; the second moved thf' a.xis of motion a little, and t.hns caused a slight difference of flexure 
at some pointi,;. 

Experiments were also ma<le upon the effect of resting tlte Rc11sold support nvou blotting
paper, upon blocks of oak, aud upon blocks of india-ruhber. In ever,\· cast~ the difference between 
the statical and dynamical flexure was much increased. 

The pendulum hail also been su·ung on all these different support:s arnl the period of oscillation 
determined with a view of ascertaining whether the statical or dynamical flexure should be used 
in calculating the corrections t-0 the periods. The result, as might have been predicted from the 
mathematical theory, shows that a value intermediate between the two is to be taken. But the 
best way is to make the support so solid that the difference of the two kinds of flexure must bt\ 
inconsiderable. 

EXPERIMEN'l'S TO DETERMINE THE FLEXURE·CORREC'l'ION. 

A.-Flexure of the Repsold stand. 

To determine the flexure, a known force was applied statically t.o the stand, and t}je resulting 
deflection was measured. The principal experiments were made in the cellar of the Stevens Insti
tute at Hoboken. The floor of the cellar is of brick laid down in cement directly on the solid 
ledge. The tloor having been carefully cleaned, the three brass pieces which support the screw
foet of the Repsold tripod were laid down upon it, and the tripod itself was set up. The binding
screws of the feet were screwed up very tight. The pendulum, comparator, and meter were not 
placed on the tripod, but a mass of iron about equal to them in weight was placed on blocks on the 
lower part of the tripod in order to ballast it. To apply the force, a si1ken cord was wound round 
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the tongue upon which the pendulum usually rests, just in the slot over which is tlie miudle of the 
knife-edge, in such a manner that the cord when stretched horizontally was exactly at the level of 
the knife-edge. The cord passed horizontally and perpendicular to the knife-edge to a pnlle~·-wbeel 
over which it passed, and frow which it hung down vertically; and to its extrewit~- was attached 
a kilogramme. The pulley-wheel was one which belonged to an Atwood's machine; it turned with 
very little friction and itR rim was accurately plane and perpendicular to the axi>;. This 'vheel 
rested on a stout wooden tripod; its axis was carefully adjusted to be parallel to the knife-edge 
and the upper part of the rim was brought to the le,·el of the knife-edge. The mmal position of 
the knife-edge is here referred to; but the pendulum was not actually iu position. Iu the measure
ments of flexure, one person gentl_y raised and lowered this weight alternately. The measurement 
of the deflection was made b;r another person, as follows : A micrometer scale on glass was fixed, 
either to the tongue or to an arm solidly fixed to the tongue, in such a wa:r that the direction of 
measurement was parallel to the force applied to the tripod. This micrometer scale was obser•ed 
by a microscope magnif.ring about fifty diameters and provided with a filar miel'omctel'. This 
microseope was mounted on a separate, Yery stiff, iron stand resting on the floor, aud carrying at 
its head a brass apparatus for holding the microscope. The optical axis of the microscope was 
made exactly parallel to tlw knife-edge and the filar micrometer serew was made parallel to the 
force applied t-0 the stand, and the microscopf' was focused ou the micrometer scale. Each division 
of the scale usually employed was about 1'..l". The filar micrometer wire (which was Yertical) waR 
made to bisect one division of the scale and the micrometer was read; it was then made to bisect 
another dhision, by turning the screw tl1rough about one revolution, arnl the micrometer was read 
again. Thus, the \"aluc of the revolution was obtained. The weight was then put on, and point
ings were made upon the same two divisions. Then, the whole process was repeated until the 
weight had been put on five times. This made one set of experiments. 

The following experiments were made to determine the position of the axifl of r11tatiou of the 
knife-edge support during flexure. 

HOBOKEN, Jlfarch IO, 1877. Ther. 1;10 C.-The micrometer scale, attached to an arm, waR 
placed on the line of the knife-edge 53mm in front of the anterior extremity of the tongue. The 
following- were the readings of the filar micrometer on one of the lines of the scale with tbr weight 
alternately on and off (p throug"liout signifies a rernlntfon of the micrometer screw): 

W1·ight off. 
p 

10.955 
. 968 
. 978 

Means .... 10. !167 

Difference, +OP.356. 

\\"eight on. 
I' 

11. 324 
.. 120 

. 32~ 

11. 32:: 

The arm was now lengthened so that the scale was 31Smm in front of the end of the tongne. 
The following readings of the filar micrometer were now made: 

Weight off. 
r 

10.344 
. :350 
. 341 
. 335 
.330 

:M:eans •••• 10.340 

Difference, +OP.436. 

\Yeight on. 
p 

10. 762 
. 776 
. 703 
. 778 
. 772 

10.776 
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The micrometer-scale was next carried over to the other side of the instrument so as to he 
496mm behind the front end of the tongue. The following readings were now made: 

Weight off. 
p 

10. IOU 
. 120 
.141 
. 124 
. 136 

Weight on. 
p 

10.324 
. 334 
.334 
. 34H 
. 340 

Means. . . . 10. 12ii 10. 3:{(l 
Difference, +OP,211. 

It will be understood that in all these experiments the arm to which the scale was fixed was 
attached to the tongue on which the pendulum rests, and that this arm was su~jected to no force. 

The above results are satisfied by supposing that the axis of rotation cuts the level of' the 
knife-edge pn,258 behiml.the end of the tongue. The following table shows the agreement of tl1e 
observations with this supposition. 

Distance forward of Plexure. 
end of tongue. Obs. Cale. 

m p p 

+0.318 0.436 0.433 
+0.053 0.356 0.361 
-0.496 0.211 0.212 

The scale was next ()larch 12, 1877, observer, Edwin Smith) fixed at 395mm vertically below 
the end of the tongue. The following measures were then made: 

w.,ight off. 
f! 

rn. 739 
. 700 
. 710 
. 700 
. 702 
. 710 

Means ..•. 13. 710 
Flexure, +OP.446. 

W<>ight 011. 

µ 

13.2fi0 

. 247 

. 261 

. 260 

.243 

13.254 

The filar micrometer was here in the reverse position from its usual one, and hence the reading 
with weight off is greater than with weight on. 

The scale was next placed 44cm above the point of support and the following measures were 
made: 

Deflection, -OP .196. 

Weight off. 
p 

10.523 
.453 
.400 

10.459 

Weight OH, 
p 

10. 737 
.645 
. 578 

10.653 

The filar micrometer was so shaky in this position that accurate measures could not be obtained, 
but the abo,·e answers the purpose. · 

The scalA was next fixed on the end of the tongue and the three measures givt>n below (series 
18, 19, 20) were made. The mean of the..se gives a flexure of OP.340. These measures show that 
the axis of rotation cuts a vertical from the end of the tongue at a height of 1.07 meters above 
the level of the knife-edge. Thus we have on this hypothesis: 
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Distance below Flexure. 
knife-edge. Ohs. Cale. 

m p fJ 
-0.44 0. HW 0. 19(i 

0.00 0.340 0.332 
+o. 395 0.44G 0. 452 

A large series of experiments. were made at Hoboken to determine the amount of flexure. 
Of these, the following are chiefly relied upon : 

HOBOKEN, March 7, 1877. Ther., 590,15 F. ;111 12lll l'. M:. 

Mi.iller'8 glas8 scale of hundredths of millimeters was fixed 3 millimeters almrn the end of the 
tongne. The filar micrometer wires remained fixed, aml readings of tlrn mierornetPl' s<~afo were 
made on the two wires, alternatel;v witll weight off and on. 

F1Rf;T SE!Uf:~. 

Weight. off. \Yf'ig:ht Oil. 

µ µ " " 844 89:3 878 !!31 
84:~ 894 srn 930 
844 894 87!) !131 
845 895 879 mo 
844 S9ti 879 ~l31 

Meaus, 844.0 894. 2 878.8 9;{(). 4 

µ "' Distance of wires, 50. 2 .'i]. H 
µ " Flexure, ::11. 4 36.2 

" Mean, 35.3 

The following readings were then taken with the filar micrometer (temperature 5~P.24 F.). 
The wire was set between lines 80 and 81, and between lines 90 and !H of the seale. 

SECONP ~ERIES. 

Weight off. Weight 01i. 

~l0-!11 80-81 90-Dl 1'0-81 

p p p p 

9. :147 10.312 !l.694 10.655 
344 .309 . (j!);1 • (j(j() 

348 .:_-n5 . 69~ . (;fi4 

348 3nn . ,..,,.., . (;9fl • (;(j;) 

352 . :l~{li . 71:i • G84 

Means, 9.344 10.319 !l.698 HI. fiG5 

-1\- millimeter, 
p 

0.975 
p 

0.967 
p p 

Flexure, o.~54 0. 34() 
p " Mean, 0.350::::36.1 

This last set was considered of inferior aecuracy. 

HOBOKEN, 11farch 10, 1877. Oh J5m P. M. Temp., 110.!l C. 

A scale on glass by Rogers was observed in the same position as above. Each division is 
...duo of an inch ( ::::l271L). The micrometer wire was placed between the first a.nd second and 
between the tenth and eleventh lines. The obserrntions were made alternately with the weight 
off and on. 
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THIRD SERIES. 

WPight off. Wei.gilt 011. 
1-2 10--11 1-2 10-11 

p p p p 

!), 715 rn. 84\l 10.060 i 1. rn:: 
. 720 . 85;) . 0;)8 . 185 
. 72;3 . 845 . 0411 .18(i 
. 71ii . 84(i . 05.i . ] 8ii 
. 7H . 841 . 050 . 17G 

}feans. ~I. 71H 10. 847 10.054 11. 1 Sii 

-,,- 0+,0 inch, 
p 

1. 128 
p 

1.131 
p 

.·. -to mm. =0.9H8 
p p 

Flexure, 0. 335 0. 3;33 
p µ. 

Mean, 0. 336=34. 1 

This series occnpietl seren minutes. The whole apparatus was reaujnsted and a new set was 
made, as followi<: 

. 

Means, 

2~'uo inch, 

Flexure, 

Mean, 

FOURTH l'ERIES. 

\VPigJit off. W1'ig-l1t on. 
1-2 10--11 1-2 10-11 
p p p p 

!1.117 10.239 !i. 459 10.580 
.122 . 236 .449 .586 
.125 . 241 .464 . 581 
.120 .244 .456 . 584 
.128 . 234 . 456 . 57!) 

!l.122 10.230 9.457 10. !)82 
p p p 

1.117 1. l2fi • " 1
1
0 mm. =0. !l82 

p p 

0.335 0.343 
p .. 

0. 339=34. ii 

At 2" 55rn P. l\L another set of experiments were made, giving the following results (temper
ature, 120.2 C.): 

Means, 

Flexurt~, 

Mean, 

FIFTH SF.Rm~. 

W Aig-ht off. 
1-2 10--11 

p p 

9.641 10. 745 
. 619 . 748 
. 612 . 745 
.616 . 735 
.626 . 7!'14 

9.623 10. 74'"> 
p 

1.122 
p 

0.347 

\\' "ight on. 
1-2 10-11 

p p 

9.980 11.082 
.968 .084 
. 962 . 075 
. 963 . 08!) 
. 976 .104 

!J. !170 11.087 
p 

l.117 
p 

•• 1+,mm.=0.980 
p 

0.342 
p .. 

0. :J44=3ti. I 
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After this set the focus was readjusted and two more sets were taken, as follow8 (temper
ature, 130 .3) : 

Weight off. Weight on. 
1-i 10-11 1-2 10-11 

p p p p 

9.600 10.730 !I. 953 11.083 
. 602· .742 • 95G . 080 
. 605 . 736 . 94.i . 075 
.5!:14 . 740 . !J,');) . 07G 
. 602 .734 . !l,')l . Oil 

Means, 9. l)Ol 10. j3(j U.952 11. 077 
p p p 

1. U;i 1.12.'i • •• }-6 mm.=(l. 989 
p p 

:Flexure, 0.351 0.341 
p µ. 

Mean, 0. 346=35. 0 

Sl-:\'ENTH SEJUF:~. 

Temp., 1:3c C. 

Weight off. Weight 011. 

1-2. 10-11. l-2. Hl-11. 
p p p p 

9.582 10.711 !I. 929 11. 041i 
. 57.) . 706 .9:n .040 
.570 . 703 . !)22 .04:.! 
. 575 . 700 . 918 . 038 
. 561 . 697 . 912 .033 

Mean8, 9.573 10.703 9.920 11. 040 
p p p 

2 0"0 li in ch, 1.130 1.120 .. t,, llllll.=0. 984 
p 

Flexure, 0.347 
p /L • 

)lean, 0. 34-2=34. 8 

Three set8 were theu taken, placing· the micrometer wire between the second awl third lines, 
instead of the first and second. 'l'he light had now heeome fainter. Temp.~ 1~)0 .1 C. 

l\leans, 

Flexure, 

EIGHTH sm:rns. 

Weight off. 
2-:l. 10-11. 

p 

H.710 
• 712 
• 719 
. 713 
• 725 

9.716 
p 

p 

10.724 
. 721 
. 711 
. 721 
. 727 

10. 7!.n 

1. 005 
p 

0.340 

Weight 011. 

2-:l. 10-lL 
p ,. 

10.061 11. 061 
. 057 .059 
. 052 .053 
. 0.52 .058 
• OGO .om; 

10.05() 11. 057 
p 

]. 001 
p 

0. 3;)(j 
,. /L 

Mean, 0. 338=34. :.! 

After this set the focus was changed. Thermometer still 1~0.1 C. 

p 

.. 1\, 111111.=0. !IS'; 
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.Means, 

J<'lexure, 

)lean, 

WPight off. 

'"-:l. 10-11. 
p 

!). ()()9 

• (;H(i 

• 6!)() 

. ti94 

. uS5 

9.688 
p 

p 

10. (}77 
• (}\)6 

. 693 

. 695 

. 693 

10.691 

1. ()()~) 

\\"eight Oll. 

2-3. 10-11. 
p p 

10.027 11. 02:! 
. 030 . oa;; 
. 03\) . 04.i 
. 032 . 038 
. o:t? .035 

10.o:m 11. 035 
p " 1.003 •• 11<> llllll.=0. ~187 

lt wa:-i 11otetl tliat thi:-i :-iet ought to han~ double weight. The t'ollowi11g l'et wa:,; tlteu take11 tem
perature, 130.l C.: 

Weight oil. \\"llig-Jit Oil. 
'2-:l. 10-11. :! ., -,,, 111-11. 

p p p p 

!l.1>88 10. mm 10. om 11. 02!1 
. 675 . 674 . 02t> . 031 
. 674 . 676 . 014 . 020 
. 670 . ti7.'i . 014 . 020 
. 662 . tiliO . OHi . om 

)leans, 9. ti74 10.675 10.018 11. 02~~ 
p p I' 

:Jri"uiT inch, 1.001 1. 005 .·.it. mm.=0. !)87 
p 

Flexure, 0.344 0.348 
p µ. 

Mean, 0. 346=35. l 

Thi:-; set wa:-; ah;o assig-ned double weight at the time. 
Collecting the foregoing results, we hav(1 for tlte detlectio11 of the end of the tongue under oue 

kilogramrue's weight-

.'.\lean 

µ. 

lst set, :March 7, 1817.... . . ;-;5, ;) 
«2nd set, March 7, 1877 ............ :~6. 1 
3d set, .March 10, 1877. . . . . .34. l 
4th set, 1\iarch 10, 1877 ............ 34. 5 
.1th set, :March 10, 1877.. . . . . . . . . . . 3ii. 1 
(ith set, ::\'larch 10, 1877... . . . . . . . . . 35. O 
7th set, March HJ, 1877...... . . . . . ;;4, 8 
8tl1 set, Mnrch 10, 1877 . . . . . . . . . . 34. 2 
!ltli set, ~I arch 10, 1877. . . . . . . . . . . . 34. !I 

10th set, March 10, 1877 _ . . . . . . . . 35. t 

34.9 

Vilt". fro111 
tHean. 

+o.4 
+ 1. :.! 
-0.8 
-0.4 
+o. 2 
+0.1 
-0. l 
-0.7 
+o. t 
+0.2 

±0.1 

'l'he middle of the knife-edge bdug ;mm1n behind the end of the tongue, which is im.258 forward 
of the point where the axis of rotatiou crosses the knif'e-edge produced, it. follows that THs of the 
flexure obsened at the end of the tongue, or 0,,. .8, l1as to be subtracted from that quantity to get 
t.he flexure of tht• middle of the edge. The latter is, therefore, 34,,. .1. 
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Measures of the flexure were also made 011 the 8th arnl 1~th of March, b~· Sub-assiRtant Edwin 
Smith. The following· are hi8 results: 

Means, 

~inch, 

Flexure, 

Mean, 

Means, 

T!oo inch, 

Flexure, 

Mean, 

Means, 

Flexure, 

Mean, 
S. Ex. 49--47 

llLF.YENTH 8ER1Eti. 

lll 1:>m p. rn. Temp., 60°.41 F. 

Weight off. 'V"ight on. 
2-:l. 7-!l. 2-:1. 7-9. 
p 

fl. 970 
. 956 
. 963 
. 950 

6.960 
p 

o. 621 

p 

7. ,599 
. 571 
. 581 
. 573 

7. 581 

p 

7.305 
.298 
. 295 
. 281 

7.295 
p 

o. 631i 
p p 

0.335 0.350 
p µ. 

0.342=34.5 

TWELFTH SERIES. 

Jh 45m p. m. Temp., 6()0,;J7 ]<', 

p 

7.940 
. 940 
. 930 
. 915 

7.931 

Weight off, Weight on. 
2-3. 10-1 l. 2-3. 10-11. 
p 

6.921 
• 911 
.915 
.906 
. 902 

6.911 
p 

1. 005 

p 

7.930 
. 915 
. 917 
. 913 
. 907 

7.916 

p 

7.245 
• 248 
. 248 
• 248 
. 247 

7.247 
p 

1.002 
p p 

0.336 0.333 
p µ. 

o. 334=33. 9 

THJRTEENTII SERIES. 

21t Of>m p. m. Temp., 600.52 F. 

p 

8.256 
. 249• 
. 253 
.248 
.240 

8.249 

Weight oft-, Weight on. 
l!-3. 10-1 l. 
p 

6.943 
.945 
.941 
. 932 
. 938 

6.940 
p 

l. 002 

p 

7.949 
. 946 
• 941 
. 934 
. 939 

7, 942 

p 

0.332 

2-:t 10-11. 
p 

7. 271 
. 279 
.271 
.270 
.271 

7.272 
p 

1. 004 
p 

0.334 
p I' 

p 

8.282 
. 278 
. 275 
. 273 
. 273 

8.276 

0.333=33.7 
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FOURTEENTH SERIE/:\, 

l!h 25no p. m. Temp., 60°.27 }'. 

Weight off. Weight 011. 

2-3. 10-11. z-a. 10-11. 
p p p p 

6.942 7.943 7.280 8.288 
. 939 .945 .• 277 . 287 
. 942 .949 . 281 . 281 
.944 .950 . 279 . 280 
.940 . 941 . 279 .283 

Means, 6.941 7. 946 7.279 8.284 
p p 

,/00 inch, l.005 1. 005 
p p 

Flexure, 0.338 0.338 
p ,. 

Mean, 0.338=34.2 

FIFTI!ENTJI SERIES. 

l!h40m p. m. Temp., 600.23 F. 

Weight off. Weight ou. 
. 1-2. 9-10 . 1-2. 9-10. 

p " p p 

6.825 7.825 7.159 8.159 

"* 
.823 .826 . 15!! .161 
.822 . 82!! .158 .158 
. 819 .820 .157 .160 
. 821 .823 .157 .160 

Means, 6.822 7.825 7.158 8.160 
p p 

"!1-1.nr inch, 1.003 1. 002 ,. p 

Flexure, 0.336 0.335 
p ,. 

Mean, 0.336=34.0 

SIXTEENTH SERIES. 

2h 55JD p. m. Temp., 600.18. 

Weight off. Weight on. 
1-2. 9-10. 1-2. 9-10. 

p p p p 

6.822 7.822 7.153 8.160 
.824 .826 .158 .156 
.826 .827 .157 .158 
.821 .823 .160 .161 
.820 .823 .161 .161 

Means, 6.823 7.824 7. 158 8.159 
p , 

~inch, 1.001 1.001 
.. p 

Flexure, 0.335 0.335 ,. 
"' Mean, 0. 33!>=34. 0 
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Means, 

2fu- inch, 

Flexure, 

Mean, 

Means, 

~inch, 

Flexure, 

81<,VJ<:NTEJ<,NTH SERIES. 

;JL JOm Jl• Ill. Temp., 60°.04 !<'. 

Weight off. Weight on. 
Hl 9-10 1-2 9-10 

p p p p 

6.850 7. 847 7.172 8.175 
.849 .848 .179 .183 
. 849 .852 .186 .183 
.84!1 . 851 .189 .190 
.850 .850 .180 .181 

6.849 7. 8.50 7. 181 8. 182 
p p 

1. 001 1. 001 
p p 

0.332 0.332 
p ,. 

0.332=33.7 

1877, MARCH 12. 

EIGHTEENTH SERIES. 

Ther., 14°.1 C. 

Weight off. Weight on. 
12-13 20-21 12-1:{ 20-21 

p p p p 

8.432 9.452 8.807 9.805 
. 453 .467 .807 .805 
. 448 . 457 . 797 • 801 
.445 .462 . 792 . 800 
.440 .450 • 780 . 779 

8.444 9.458 8.797 9. 798 
p p 

1.014 1.001 
p p 

0.353 0.340 

p "" 
Mean, 0.346::34.9 

Aft.er this the apparatus was readjusted. 

NINETEENTH SERIES. 

Tber., 14°.2 C. 

Wei11:ht off. Weight on. 
12-13 20-21 12-13 20-21 

p p p p 

9.421 10.431 9.755 10.758 
.419 .435 • 753 .750 
.421 . 428 . 763 . 770 
• 428 .428 . 757 . 770 
.419 .423 • 763 .763 

Means, 9. 422 10. 429 9. 758 10. 762 
p p 

~ inch, 1. 007 1. 004 
p p 

Flexure, 0. 336 o. 333 
p I' 

Mean 0.334=34.0 
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TWE.l'ITIETH 8EHIE8. 

Ther., 140.2 C. 

Weight off. Weight on. 
12--13 20-21 12-l:J 20-21 

p p p p 

9.383 10.390 9.726 10.744 
. 400 . 402 . 730 . 738 
. 395 . 399 . 728 . 725 
. 396 .405 . 735 . 743 
. 398 .405 . 735 . 730 

~leans, 9.394 10.400 9. 731 10. 736 
p p 

~r?o0 incb, 1.006 1.005 
, p 

Flexure, 0. 337 0. 336 
p /L 

Mean, 0. 337 =34. 1 
Oming the last two sets the illumination was very poor. 

Mr. Smith'R results, being collected, are as follows: 
}'lexm·e. 

/L 

11th set, 1877, March 8... . . . . . . .. . 34. 5 
12th set, 1877, March 8. . . . . . . . . . . 33. 9 
13th set, 1877, March 8 ........... 33. 7 
14th set, 1877, March 8 ..... _ .. __ . 34. 2 
15th set, 1877, March 8 .... _. . . . . . 34. O 

16th set, 1877, Mar<fu 8. . . . . . . . . . .. . 34. 0 
17th set, 1877, March 8 .......... 33. 7 
18th set, 1877, March 12 . . . . . . . . . . . 34. 9 
19th set, 1877, March 12. . . . . . . . . . . 34. 0 
20th set, 1877, March 12 ..........•. 34:. 1 

Dilforeuce from 
tho moan. 

/L 

+o.4 
-0.2 
-0.4 
+0.1 
-0.l 
-0.1 
-0.4 
+o.s 
-0.1 
±0.0 

Mean ...................... 34.1 ±0. 1 
1t will be seen that there is a rather large difference between the results of the two observers, 

It wilJ, of course, be understood that the discordances of single readings are due mainly to rela
tive moYements of the micrometer and the pe11dulum-snpport. A1> most of the sources of constant 
error tend to make the observed values too small, the larger result has been preferred. When the 
binding-screws of the feet were not perfectly tight the flexure was still greater, as iR shown hy tue 
following means of sets of ohsel'\'a.tions made under those circumstances: 

FlAxnrn. 

,.. 
21st set, 1877, .February 17 . . . . . . . . . . . :J6. 5 
22d set, 1877, February 17 ............ 37. 9 
23d set, 1877, February 17 . . . . . . . . . . . . 36. 1 
24th set, 1877, February 17 ........•... 37. 8 
2fith set, 1877, Febrnary 17 . . . . . . . . . . . 36. 9 
26th set, 1877, February 19 ....•....... 35.:1 
:!7th Ret, 1877, February rn ........... 37. 6 

1\Iean . . . . . . . . . . . . . • . . . . . . . . • . . 36. 9 

Diffe111~e from 
tho mean. . ,. 

-0.4 
+I.O 
-0.8 
+O.H 

0.0 
-1.6 
+o.; 

±0.3 
The flexure of the Repsold st,and was also measured. in Geneva, Paris, anrl Berlin. In Berlin 

the microseope was mounted on a wood~n stand, which restoo on the same pier as the tripod. This 
was to avoid including tbe tlexure of the pier, which is best measured separately. The micrometer 
scale was simply fixed to a Jliece of wood, which was laid on the brass pieces at the ends of·the 
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tongue. This wooden piece prt~jeeted 35""" he;vornl the tongnf', and co11seqUtmt.Jy I .i hais tu he 
subtracted from tlie ohsen·ed r<isults t-0 get the tiexnre at the middle of the k11ife·edge. Tht 
tollowing are the means of sets of t~n measures: 

Fli>xm·e. 

µ 

1876, May 24, a. m . . . . . . . . . . . 35. :'! 
1876, May 24, p. m .......•.... 35. i 
1876, May 2!, p. m. . . . . . . . . . . . 35. 8 
1876, May 2±, p. 111...... . . . . . ;hl. H 
IH76, May 2'3, a. m. . . . . . . . . . . 35. 5 
1876, May 25, a. m. . . . . . . . . . . 35. 4 

Ditforenc1• 
from meau. 

µ 

Mean................... 35. 7 

'J'hiH reimlt agrees well with rhat obt.aiued at Hol1oke11. Thus: 

+0.1 
o.o 

+0.1 
+0.2 
-0.2 
-0.:3 

±0.1 

Flexnre of rni•l
tlle of knife· 
mlge n nder l 
kilol{ramme 

,II 

f.,, 

I' 
Hoboken (U. 8. P., ohsm·v1~r) ............ ;~4. 1 :!15. :: 
Berlin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :H. 0 !H4.5 

The same value was found in a. rough measure made at UeueYa, Sept.ember 13, lt\75. 
Much larger Yalues were obtained in Paris, which agree with those found at Hoboken when 

the bintling-screws were not tight. Thus we hiwe 
Flexure with hiud
iu~-screws loose. 

µ 

Hoboken . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36. 1 
Paris, 1876, ,January 18. . . . . . . . . . . . . . . . 36. 3 
Paris, 1876, March 7 .................... 37.1 

B.-F/e;f!11.re of tlte sti,tfest s1t11port. 

:!t7. l'I 
~29. 1 
2:~4.1 

This 1mpport. was constructed in order to test the ealculated effo<'t of the tlexure of the stand. 
Tl.te following table shows the results of measures of its tlexnrP: 

Uistanc~ of suale 
forward of center 
of knife. 

111-111,, 

+:w 
+ 30 

+ ao 
+:1.'!5 

Distance of scale 
lielow len•I of 
knifo. 

nm1. 

- as 
- 33 

+100:1 

+rnoa 

Dd~::;,~):n+o~1 !~: 
fort:>e, - in the op· 
}lOeit~ dirtwtio11. 

" +fi.:! 

+ 5.2 

-42.fi 

-36.7 

It follows from this that the a.xis of rotation cuts the line of the knife-edge J66m"1 bebintl tl.Je 
center of the edge, and cuts tlie vertical from that center 68m"' below the edge. Also, that tilt' 
deflection of the middle of the edge under a force of I kilogramme's w1•ight is 3". t. This i11f•.J111les 
the flexure of the pier. 

C.-Ple;r11re of the Oenera. support and pier. 

In measuring this tlexure, instead of a low· power microscope and filar micrometer a high-powm· 
microscope aud eye-piece micrometer were used. A stage micrometer WaR always obRerYed, and 
the value of the diviisions of the e~'e-piece micrometer determined by it. In ~be following expt!ri
ment.s the scale was 254'""' above the level of tlie knife-edge and 25mw forward of the middle. 
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.M:eaus, 
Flexure, 

1878, OCTOBER 1. 

FIRBT 8111'. 

Weight oft'. 

10.4 
10.2 
10.3 
10.2 
10.0 

Weight 01i. 

10.2 
-l. 7 

5.8 
5.6 
5.4 
5.5 
5.4 

5.5 

It was observed that 18.5 of eye-piece lllicl'ometer equals ~ of stage micrometer. 1 divisiou 
of latter= 7,.,34, . ·. observe<l flexure= 161',8, 

Weight oft'. 

12.4 39.2 
12.3 39.2 
12. 3 39.3 
12.4 :39. 8 
12.2 39.4 

t!ECO~D 5KT. 

Weight o!J. 

18. 7 45.1:! 
19.0 ~5.9 

18.8 4G.O 
18.8 46.1 
18.7 46.2 

.Means, 12. 3 39. 3 
66,.,l = 27. 0 

18.8 46.0 
27. 2 . ·. 1 div.= 2,.,44 

Flexure, 
Mean, 

Means, 
Flex:ul'e, 

6.5 6. 7 
6. 6=16".1 

THIRD BET. 

Weight oft'. 
39.8 
39.8 
3U.H 
40.0 
40.1 

39.9 
6,6 

Weight ou. 
46.4 
46.5 
40.5 
46.6 
46.7 

46.5 

Ni11e spaces of stage micrometer were equal w 27. 1 of eye-piece micrometer. Hence, ob· 
111erved flexure= 16".l. 

Means, 
Flexure, 

FOl.'RTH SET. 

Weight ott: 
39.9 
40.0 
40.1 
40.0 
40.2 

40.0 

Weight oo. 

46.4 
46.6 
46.6 
46.8 
46.8 

46.6 
6.6 = 16'&.l 
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1878, OCTOBER 19. 

The scale was fixed l J Jcrn below the knife-edge, and three sets of 10 g-a,-e fo1· the deflection 

I'• 

-48.8 
-47.5 
-48.1 

Mea.n, -48. 1 

1878. OCTOBER 21. 

The scale was fixed 244 millimeters abon:\ the knifo-edge, and 3.'5fi millimeters forward of the 
middle. Two sets gave as the deflection 

,: 
+13. fi 
+12.2 

+12.8 

From these measures we find the flexure at tbemiddle of the knife-edge to be 41',0Pi. 

EXPERIJIENTS AT PEN1\'SrtYANIA <UlAf'ITATION S'l'ATIO.VS. 

ALLEGHENY. 

Statical flexure of'Ge11e\·a snpport on iro11 bars. "'pight, aud pulle_y employed. Weight=2k; 
.fn clenotefi flexure procfoce<l hj- a horizontal forcp Pq11al to thP Wi•ight of pt•n<lnlnm (Hk.308). 

Scale i-inch (=2°m) above, and 12 .. 'i inches ( =32°rn) fonrn.rd of middlt> of knife-t>dg·p: '.:2.4 clh'. 
of scale= 100". 0. S. P., observer. 

Wt. oft'. 

Sm!e rradingo. 

Wt. 01i. Dift'. 

l. 2 
1.2 
1.1 

div. 
1.17 

fo 

,. 
lli.] 

The following measures were made under a higher power of microscope; 

37.0 ;)4.0 
36.7 

2.85 16 

35.7 33.1 
2. fi 15 

36.0 33.4 

37. 7 35.0 
37.9 35.0 :t 0 16 
38.0 :{.'i. 2 

38.6 

Mean, 16 

.'i8 div. of scah-·=10011_ 

In the following mea.sures, 37 div. of scale=l0011; otherwise same as preceding. 

24.1 22.2 1.9 lG• 4 



 

376 REPORT OF THE SUPERINTENDENT OF THE 

1879, FEBRUARY 20. 

Scale ~ inch ( = l"n1
) abo,·e, and 12~ inches ( =32°m) beLi11d middle of kuife.ellge; 23.5 db'. ot 

scale=1001'. 
SMI<> l"e(tdiHyB. 

Wt. off. 'Vt. on. Iliff. /n• 
6.3 11. 4 11.iv. µ 

6 . .'j 11. 2 t. 7 6.) 

G.6 11. 2 
7.0 

In the following, 28.3 div. of scale=lOOi-<; otherwise the same. 

:Mean, 

35. 4 40 .. 5 

35. 6 40. 4 L 8 .54 
35. 7 40.4 
il5. 7 

G3.4 
f.i3. 0 
64.0 
64. () 

68.4 
68.9 
68.9 

5. () 56 

5.5 

I tt t.lw following, 41.1 diY. of 1;cale= 1001'; otherwise 1;ame. 

20.s 25.0 J.. '1 l'f;j. 
30.5 :;o. o 

il. 5 78.0 
71. 6 78. I 6.5 64 
il. Ii 78.0 
71. 4 78.8 

1879, MARCH 4. 

Reale 1 inch (=2~m.5) ahon~, and la! inche.>1 (~{4,rm.ii) behind middle of knifo-edge; 26.7 div. 
of i<cale= 100~. H. FariJnhar, observer. 

5.4 64 

Seale uext pnt 2•111 almve and H incheH ( =35"n') forwa1·d of middle of knife-edge.; 26.7 div. of 
scale= 100". 

1. 0 1!.l 

1879, MARCH 6. 

Scale on levd of knifo-edge awl 15 inches ( =38c 111
) forward; 38.5 div. of scale=lOl}IL. 

1. !) 16 

Scale 11ext put 55 ind1eH (=140'~") below middle of knife-edge; 33.3 div. ofscale=2001L, 

I. fl :i02 

'rhe following is a summai·;v of the above. F 0 here and elsewhere de11otes the flexure at the 
middle of the knifo-edge under n horizontal fol'ce e.qun.t to tbe weight of the pendulum. A=dis· 
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tance from middle point of knife-edge to its intersection with axis; B=distauce from middl_e point 
of knife-edge to the internection of axis with vertical line. 

:t inch above, 32°m forward of knife-edge,./~= 16.1 
:\ iuch above, 3~0111 behind, fo=5fJ,.,; 

.·.Flexure at i""' above=35,,.!l 
A=58°lll, 

2ew,o above, 35cm forward of knife-edge, / 0 =1:!14 

2°m.[> above, :H0 '".5 behiud,fo=U4" 
.·. Flexure at 2°m abo\·e=:1814.18 
~\=51°ru. 

140°n' dirootl~- below middle of knifo-cdgc,_fi1= HiG. 
"· F 0 =40,,.,6u; A (nwau)=54om, 
B=29""'. 

EBENSBCRG. 

At tbis station tl1e J{epsold tripod stoml on a hard floor of cla.y. Statical flexure rnea1mred h~· 
means of weigllt of 1.08181<, C. S. P., observer. 

1879, SEPTEMBER :!6. 

The two screw-taps binding the front legs of tlle tripod to top of the stand were first tight.e11Pd 
by hand. Scale on the level of' the point of 8Uspensiuu, 50°m to the right, and lfo!cw.-± forward of 
middle of k11ife-edge. 2u; div. of scale=.001 inch. 

Wt. off. 

8.4 
9.4 
9.6 

Wt. 011. 

61. 3 
61.3 
61. {i 

Scali- readings. 

52.3 

fo· 

"' 35~ 

P. M.-Taps wrench-tightened; scale 18<m.4 directly forward of kuife-edge; 20. 7 di,·. of 
scale=.001 inch. 

35.0 82.3 
35.0 81. 8 
34.5 82.0 

47.2 337 

34.6 81. 6 

Taps next loosened. 
25.5 82.0 
28.0 82.3 54. 7 3!n 
28.3 82.1 
28.3 82.5 

Taps next hand-tightened. 
16.0 67.6 
16.0 67.5 
16.2 67.u 51. 5 368 
16.0 67.7 
16.7 

S.Ex.49-48 
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1879, SEPTEMBER 27. 

Scale 18cm.4 forward of middle of knife-edge, as before; 21.8 div. of scale=.001 inch. Taps 
tightened b~· Mr. F_ about as tight as during last four days of pendulum swiuging. (Note.-It 
had been discovered that during these days the taps had only been tightened by hand.) 

Wt. oft'. 
19.0 
18-4 
18.2 

Wt. on. Mean ditr. 
47. 8 rej. 
69.0 50.5 
69.0 

Scale readings. 

fo. 

µ. 

343 

In the following measures, 21.6 div. of scale=.001 inch. Microscope refocussed. 

21. 0 71. 5 
20.9 71.5 50.4 346 
21. 0 71. 0 
20.5 71. 0 

Position of lines of stage micrometer, 
read on eye-piece micrometer. 

21. 8 72.8 
22.0 72.9 
22.0 73.0 
22.0 

50.9 349 
0.1 0.5 

21. 8 21. 9 
43.3 43.4 
64.7 
86.5 

64.9 
86.8 

Mean interval. ..... __ . _ .. ___ .. _ _ 21. 55 21. 55 

Screws now somewhat loosened by Mr. 1!~. 

2. 5 55. 5 
2.5 
2.3 

55.5 
.55. 4 

53.0 363 
13.2 
34.7 
77. 7 
99.5 

Mean interval ... _ ............. 21. 55 

12.5 
34.5 
77.4 
99.1 

21. 58 

Screw-taps now tightened as tight as possible with fingers; 21.6 div. of scale=.001 inch. 
18.5 69.6 7.0 4.6 
18.6 69.6 50.8 348 28.5 26.3 
18.6 69.0 49.8 47.6 

71.5 69.5 
93.2 91.0 

.Mean interval. - - _ . . - . - _ . . . . . . . . 21. 53 21. 6 

Screw-taps now tightened with wrench by Mr. P.; 21.2 div. of scale=.001 inch. 
20. 0 67. 4 16. 5 20. 0 
20.0 67.3 47.4 331 37.7 40.9 
19. fi 67. 2 59. 0 

81.6 

Mean interval.._._ .. _____ - . _ .. _ 21. 2.5 

New set,, Screws entirely loose; 21.6 div. of scale=.001 inch. 

21.5 75.8 16.6 
22.0 76.0 54.0 370 38.5 
21.8 75.7 59.7 
21. 7 

81. 7 

Mean interval. . • . . .. . . . . • . • . . . . 21. 58 

62. 2 
83.5 

21.2 

11.2 
33.2 
54.8 
76.6 
97.9 

21.68 

10.8 
32.7 
54.6 
76.1 
97.4 

21.67 
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Screws now tightened b;y hand of Mr. F. "about right"; 21.6 div. of scale=.001 inch. 
Scale readingB. 

Wt.on. Wt. off. Mean fiiff. Jo. Position of lines of stage micrometer. 
read on eyP-pic<ic tllicrometer. 

17. () 
17.l 
17. 0 
17.2 

67. fi 
67.3 
67.0 

3.4 
U.9 
46.4 
68. 1 
89.5 

Mean interval . . . .......... _ . . . 21. 55 

Screwi; again hand tightened 11 about right"; scale as above. 
20.4 70.0 8.5 
20.4 70.0 49.8 341 30.6 
20.0 69.9 57.8 
20. 1 

Mean interval. _ ... _ .. 

73.3 
94.9 

21.52 

1. 8 
24.0 
4.). :; 
67. '.! 
88.6 

21. 6() 

5.0 
26.8 
48.5 
69. !I 
\H. 4 

21. 58 
Screwi; again tightened by hand" about right"; 21.5 div. of iscale=.001 inch. 

11. 5 61. 5 0. 7 
11.4 
11. 2 

61.2 50.0 344 22.9 
43.9 
H5. 7 
87.0 

Mean interval . . . . . . . . . . . . . . . . . . . 21. 52 
The last set of measnrei; were not regarded as being so satisfactor)· as the preceding. 

379 

Head of staml taken oft; put on again, and tightened with wrench. Scale 1gcm.6 forw:trcl of 
middle of knife-edge; 21.4 diY. of scale=.001 inch. 

36.4 83.4 2.6 "i.H 
36. 4 s:t 1 46. s 324 13. 4 1s. 7 
~4 ~1 ~o ~2 

3fi. 4 34. 5 40. 0 
45 .. 5 50. 8 
56.1 61.6 
66.9 72.1 
77.4 82.6 
87.8 

Mean interval . . . . . . . . . . . . . . . . . . 21. 47 21. 41 

Another set; 21.4 div. of scale=.001 iucb. N. B.-In this anti following sets the positions of 
several, generally three, lines of the stage micrometer are read off on the eye-piece micrometer, 
between all the changes of the weight. Thi:s explains the separation of the numbers in the first 
two columns into groups. 

;J7.4 84.2 4.0 5.3 
32.3 79.4 13.5 10. 7 
26.6 74.1 47.1 3•r ...,, 34.;) 16.0 

35.0 21. :1 
36.9 84.2 46.2 26.4 
31. 8 79.3 56.6 31. 9 
26.4 74. 1 47. ;J tl7. 7 ~~H. n 

78.0 
88.8 

Mean interval. .....•••.••.... __ . 21. 43 21.07 
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Another set; 21.5 div. of scale=.001 inch. 

Wt.OIL '\Vt. otl'. }'foa.11 ditr. l'oi-oition uf1ine8 of st.agt• miuromett>l'. 
n~ad on <\V'f»·pie~ micr<nn6ter. 

2S. :~ 74.5 
:m. 2 80.0 
3)-;. 4 8G.3 

~~. () 74.5 
:t:i, 0 80.0 
38.2 85. ;) 

27. (j 74. (j 

:m. o so. 0 
;~~. ~ 8·J. !I 

2.-;, 0 74. ti 
;~~. H 80.0 

:\8. 0 84.9 

28.0 7.i. I 
32. !I 79.9 
:is. o :-15. 1 

~;.~ ';4. 1 
3.3. () 79. 9 
:38. 0 8.'i. 1 

4ti. Ii 

• 

47.0 

41i. !~ 

.32. 1 :H. l 
:n. 9 37. I 
43.3 42.3 
47.9 47.0 
i)4. 0 .53. () 
59.2 ;)8. 6 
64. 8 ();!, 9 
70. () fi8. 9 
7i). 1 

80.8 
74.5 
79.8 
85.0 

:\leau interval. 21. ;')1 

47. l 

41i. 8 

:::ltalHI rm·erse<l. 8cale 4:,?crnJj he bind middle of knife-edge; 21.G diL of scal!i=.001 inch. 

\\" (. off. 

3.0 
24.4 

,'). 7 
2i), () 

4-(i, 5 

. ,Vt. Oii. 

28.8 
;;o. u 

:m.1 
50. ~· 
72.0 

~[Pall djt[ 

2ti. () 

2;i. 6 

/o . 

,. 
177 

.i. () 
2G.8 

47. 9 

Mean interval. 21. Ii 
}licmscopc refocussed. Scalt' 21. H iliv.=.001 .inch. 

5. " :JL o 25. 7 rn. o 
26. 7 52. 7 

7.4 32.4 
28.4 i'i4. 0 !ltJ. 
48.8 75.4 

Agaiu, 21.4 diY. of scale=.001 iucli. 

12.fi 38.H 
.33. 4 60. 2 
54. 0 81. 4 

j 

:34.0 
51). 0 

1rn· 77. 2 

Mean interval. 21. 55 

17.0 
38.6 
60.0 

Lines of scale. 

18.4 
;)9. 5 
Hl. 5 
83.0 

21. I) 

18.6 
40.2 
61.6 

81. 5 82. 9 
14.0 :~9. 5 :.W. 8 181 r~j. 
;;;;, 0 fil. 2 )lean interval. 21. 47 21. 4 
5ti. 0 82.5 3ti. 1 

14.4 39.'fl 
35. fi 61. 2 
1i6. ii 82.5 25. 6 

G. Ii 
27. ~~ 
48.8 
70.6 
92.6 

21. 5 
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Screws next entirely loose; 21.5 div. of scale=.001 iucb 

\Vt. ou. Wt. off. 

:12.0 68.6 
62.7 79. (; 
73.2 90.4 

T>3. 5 68. 4 
62.9 79.3 
73.2 no. o 

Mean diff. 

µ 

HUI llii 

Hi.4 

Liiu•s of Nl'alt·. 

5. 0 
Hi.1 
28.8 

48.0 
!>!I. 1 
69.G 
80. fl 
lll. 1. 

:!1.;, 

Screws now harnl-tighteued "rtbout right," h;- II. F.; 2Ui 1liY. uf scale=.001 iuclL 
]. ;; 21. :~ ti. 0 

1. 3 21. 4 :w.o 
1 'J 

A.gain, 21.G diY. of scale=.001 inch. 

8. 7 29.0 
8. fj :!8.H 20.2 
9.0 28. 8 

-137 

138 

21. 55 

18.U 
!14. :.! 

:!l. Ii 

381 

'l'hree hrick:s wen· next put on the bottom of tl1P stand; weight, 4 pouIJd:s .'J1 omJe('S, 4 
}lOunds 6J ounces, 4 pounds 112 ounces, respectively. The following 111easures WCff takcu at 41 ""'.4 
behind the midtlle of kuife-edge, and ocm.i above leYel of support. Scn•ws ha11rl-tig-ht<•11f'11. af' ill 
last ohservatious; 21.4 diY. of scale=.001 inch. 

16. 5 :~4. 4 
16.5 

Refocussed. Scali' as above. 

20.2 
20.2 

38.5 
38.6 

17.9 

18.4 

l:.!4 

127 

8i.8 

:n:4 

!).ii 

73. i 

21. 4 

Screws uext tightened "'itb wrench; 21.7 div. of seale=.001 iw:h. 
len~l of support. 

67.3 
67.4 
67.3 
67.8 • 

93.0 
92.4 
92.6 
92. 7 

;), (i 

25.2 
21. 6 21. 7 

Measure ta.ken 4cru.1 below level of sup1)()rt; 21 .Ii div. of scale=.001 ineh. Stage micrometer 
fixed to the top of the tripod, but not to the tongue ou which tlw pendulum rests. 

10. 8 41. 0 18. Ii 
12.2 
13.6 

40.6 
42.8 

A.gain, 21.7 diY. of scale=.001 inclt. 
16.0 45.0 
16.9 46.0 29,0 
18.0 46,8 

201 

197 

~3. 5 

:.!1, (i 

11. 8 
98.5 

21. 7 
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Again, 2Ui div. of scale=.001 inch. 
Scafo 1·eadingH. 

Wt. off. ·wt. on. :Mean Iliff. fo. Lines of B<'<tle. 

20. 7 
21. () 

.)0. 0 

50.2 

Agaiu, :scale 21Ji div.=.001 iuch. 
51.7 
52.5 

2!:1. I 

201 

200 

7.0 
!J3. 4 

::n.6 

22.2 
86.8 

21. 5 
Tlte bricks were uow removed fr0111 ba:se of support, awl pendulum sm;pended hea ,.Y eutl down; 

'.!1.4 tliY. ofscaJe=.001 inch. Screws wrench-tightened. 
8.0 37.4 

29.2 

Again, 21.o div. of scale--.001 inch. "Good." 
7.5 37. ;j 

Hi.O 
80. ;) 

21. 4 

7. 9 
7. r, 36. 8 29. !l 20fi 94. ;~ 

38.0 
21. 0 

'l'he followiug is a s1111111mry of the observations with weight arul pulley at Ebensburg, 011 

1<.epsolrl st.aiul. F 0 =flexnrP a.t middle poillt of knife edge, under a horizontal fo1·ce equal t.o the 
weight. of the pendulum; A =distance from middle point of knife-edge to intersection of axis with 
knife-eclgP. 

A n·angt~m.e11t. 
fo. 

181."111 .4 forward, 
(}<:m.7 above. 

µ 

Front tHps WTf'nched 1111 ...... : •••.. 337 

331 

324 

327 

a23 

328 

FTont t.itps hmul-tighWul~tl. ___ .. 343 
349 

344 
341 

344 

342 

1.'ap8 somewhat looHc 36') 

Front taps loo•e .......... . 391 

Tripod load1•1! with brit:k•; taps baud-tightened ......................... . 
I 

Tap.!' wreuchefl -···········--·-·-···-··········1·-··········-··-

Flexm•' of tripotl without ti.tut of tongue; taps wrenched.: ••••••••••••••• 

fo. fo. 
42nu.fi hack, }()cm from axii:i 
O•'m. j aboYt~. ofrotati011. 

µ. µ 

177 

176 

··-······-·· 

···-····-···-· 

176. 5 ~4.9 

137 

138 

·············· 
, .............. 

137. 5 :J:J.6 
................ 

115 45.a 

Calculated 
4l'm,4 back. from above 

without briAi:s. 

fJ. 

124 

127 

·125. 5 141 

172 179 

Wilh /Jrie.b. W'lho1tl bricks. 

201 

197 

201 

200 

200 

202 

206 

; ............... 1 

, ........ :.:..::··---1 
204 i 

~~~~--~~~~~~~~~-

. \. t'o . 

Om,. µ 

113. 5 :!&~ 

83. 4 281 
............ : ............ 

67. 9 :109 
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It will be seen that the effect of loosening the front taps is to increase the angular flexure 
about the instantaneous axis. But this axis is at the same. time brought forward, and the conse
quence is tha.t the flexure at the middle point of the knife-edge is not much changed. 'l'llat tlle 
flexure of the tripod alone, witllout that of the tongue supportiug the pendulum, appears, when 
measured, 4ocm hehind the middle point, to be greater than the combiued flexure of the two, is uo 
doubt due to the axis of flexure of the tongue cutting the leYel of the knife-edge only a short 
distance behind the middle point. The effect of loading the base of the tripod with brick;,; witR to 
make it slightly stiffer when wrench-tightened, and considerably stiffer when baud-tightened. All 
of these measures of flexure seem, however, to be in error, and it seem;; likely that the position of 
the scale, when in front of the stand, was not really 184""" as recorded, but perhaps iik4"""- \Vitli 
that change~ these measures would agree with others, which they do not now clo. 

The following are dyuarnical measurements. The pendulum swung heavy end down; 21.4 
div. of scale=.001 inch. Arc expressed in ten.thousandths of tile radius. t:;crews wnmch-tight
ened; scale 41cm.4 behind, ocni.7 above knife-edge. 

1879, SEPTEMBER 2·7. 

Are. Scale readingH. Diff. ;;,. 
I' 

292 7.6 13. 7 6.1 178 
291 9.0 14.8 5.8 169 
290 6. 7 12.8 6. 1 1W 

Another swing. 
381 6.6 14.7 8.1 179 
379 7.8 16.0 8.2 183 
;177 6. 6 13.8 7.2 162 
373 6.9 14.4 ';. 5 171 
370 0.0 7.8 7.8 179 

.Mean ........ _ .•.......... , __ 175.0 

187!1, S'BP'l'J~MBEU 28. 

Scale 1.0 to 87.!i=.004 inch. Other conditions same as lwfore. 

Arc. SealP rNtrling8. Uiff. .fo. 
µ 

520 5.0 15.9 10.H ] 75 
512 4.0 14.8 10.8 178 
506 o.o 10. 7 10. 7 178 

-~03 0.5 11. ;{ 10.8 181 
496 7.7 ,17. 8 10. 1 170 
492 .3. 8 14.3 10. ii ] ,..,.. 

11 

487 2.3 12.0 9. 7 166 

479 2.6 12.8 10.2 177 
465 8. 7 17.8 H.1 16.) 

459 5.1 14.8 9. 7 178 
455 2.2 11.4 9.2 1()8 

290 3._9 IO. 0 6. 1 17ti 

Mean .. -----·---- - - - .. --- . -. 173.8 

Stopped, and started again. 

392 3.6 11.7 8.1 173 
383 0.3 8.2 7.9 173 

Mean ...... ______ 173. 0 
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'l'he following at•e statical memmres of the flexure produced by drawing the pendulum to one 
i,;ide on~r a meaurrd arc; steel tongue nsed instead of wooden strip before employed. Scale 44cm.4 
belti11d 111id1lle of k11ifo-edg-e, aml 2rn• .. i below its le\'el; 1.0 to 87.G diY. of scale=.004 inch. 

Scalt· reatiing1'; pcutl. t'cale readings; pPnd. Ar!'. Mean dill. fo. 
Yt>rtjeal. iudiue<l. 

µ 

\I. 7 74.5 Hi. G 81.1 474 6. 75 233 
10 ..... 'j4. i'i l(i. 0 80. !I 41iii 5. 8!i :W'j 

Agai11. 
10. 7 7ii. :~ rn. 9 81. Ii 474 fi. 25 217 
11. ;{ 71i. ;1 Hl. 1 80. 7 4-7!i 4.60 159 
11. Ii 7fi. 5 15.8 80.4 438 4. 05 151 
10.8 7;). lj Hi. 1 80.8 48() .i.25 177 
11. 1 76. 0 16.2 80. 7 48H '1. 90 164 
10. 8 75. 8 rn. 2 80.1 42!1 4.85 186 
!). (j 74.3 liUl 80.8 450 6.40 233 
- " .. '"-, 71. !) 12. !l 77. 7 501 ;), 70 187 
1:l. 5 74.5 15.0 79. 7 :100 ;). 35 175 

10. 1 74.8 16.0 80.G .'115 5.85 187 
!l. (i 74.2 15. 0 79.7 490 5.4f> 182 

189 
Dynamical measurements; 21.6 di,~. of 8Cale=.001 inch. 

Ar!'. Scale reiidings. Dift'. fo. 
µ 

49ti 8.8 19.7 10.9 185 
493 1. 6 11.;) 9. 7 166 
490 12.3 22. f) 10.3 177 
488 13.6 23. !l 10.3 178 
485 8.7 19.4 10.7 186 
482 0.9 11.0 10.1 177 
480 12.6 22.7 10.1. 177 
477 13.7 23.8 10.1 179 
474 9. 0 19.3 10.3 182 
472 0.9 10.8 !}. 9 177 
469. 12.5 22.7 10.2 183 
466 13.8 23.7 9.9 17!:1 
463 3.8 13.7 9.9 180 
460 0.7 10.6 9.9 181 
458 2.4 11. 9 9.5 174 
455 3.5 13.3 9.8 181 

178.8 

Tongue. readjusted. Scale 44°111.6 behind middle of knife-edge, and same height as before. 
Screws !mud-tightened by H. F.; 3.3 to 89.2 div. of scale=.004 inch. 

I' 

466 10.6 18.9 8.3 150 
463 11.6 19.9 8.3 150 
461 3.6 12.2 8.6 157 
460 5.4 13.7 8.3 151 
457 0.4 8.8 8.4 155 
450 1. 7 9.9 8.2 154 
447 4.9 13.3 8.4 158 
445 .rJ. 7 13.9 8.2 155 

153.8 
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Statical flexure with same arrangement. 

Rcak readings; pend. Scale readings; ·pend. Ar<'. Mean diff. f1· 
n•rtical". inclined. 

µ 

2.a 89.6 8 ') . - 94.3 464 4.80 174 
3.6 89.8 7.8 93.9 471 4.15 149 
2.3 88.6 7.9 94. 1 482 5.55 195 
'> -..,,D 88.2 5.9 93.2 475 4.70 167 
:!. 3 88.4 6.9 93.0 488 4.60 159 
0. 8 87.8 G. 1 91. !l 494 4.20 144 
1.4 87. (j fj •• 

• ..J 9~.o 488 4. (j() 159 

158.7 
Screws now loosened, and again tightened IJy hand. 

µ 

4.6 78. 9 8. 8 83.4 482 4.35 151 
4.6 79.0 9.4 83.8 507 4.80 160 
4.6 79.l 8. 9 83.5 473 4.35 155 
4. 7 79. !! 8.9 8::3. 8 482 4.45 155 

155.3 

Dynamical measures with last arrangement.; 21.3 dfr. of scale=.001 inch. 

An. t\cale readings. Di ff. fo. 
µ 

512 0.3 9.4 9. 1 151 
508 1. 3 10.5 9 '> 154 
506 1.6 10.8 n.2 155 
504 2.7 11.7 9.0 152 
503 3. 7 12.4 8.7 147 
500 4.8 13.6 8. 8 150 
498 0.2 8.9 8. 7 140 
496 1.1 9.8 8.8 150 
495 1. 8 10.7 8.9 153 

1.51. 2 
Screws retightened by H. F. 

p. 

520 5.6 15.3 9.7 159 
516 1. 7 16. 3 H.6 158 
513 8. 7 13.1 9.4 156 
512 0.4 9.7 9.3 155 
509 6.0 15.7 9.7 162 
507 7.3 16.6 9.3 l[j(j 

504 9.0 18.4 9.4 159 
501 0.7 !UI 9.2 156 

157.6 

Statical fiexure. Same arrc:tngement; 21.6 div. of scale=.001 inch. 

Pend. vertical. Pend. inclined. Arc. Mean diff. J •. 
I' 

18.6 83.3 23.1 87.7 464 4.45 16:! 
19.6 83.5 23.4 88.1 514 4. 70 153 
18.6 83.5 23.3 87.8 488 4.50 155 
18.4 83.4 23.3 87.9 467 4. 70 170 
18.6 83.5 23.6 88.3 513 4.90 162 

160.4 
S.Ex.49-49 
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Focussed. Same arrangement. 

Pend. vertical. Pend. inclined. Arc. Mean diff. f.,. ,, 
20.0 84. 7 24.4 89.3 483 4.50 157 
20.1 84.8 24.9 89.3 504 4.65 155 
20.6 85. 1 25.1 89.2 506 4.30 143 
21.1 85.6 25.1 88.9 509 
20.6 85.4 25.5 89.9 478 4.70 165 

155. 

The stand turned around; tongue now projects in front of middle of knife-edge 33em.9; height 
approximately as before; nuts wrenched up; dynamical. 

Arc. Scale readings. Diff. fo· 
I' 

472 7.3 23.4 16.1 287 
470 5.6 21.3 15.7 281 
467 4.0 20.3 16.3 293 
465 7.6 22.9 15.3 277 
462 5. 7 20.9 15.2 277 
460 7. 7 22.9 15.2 278 
457 5.8 21. 0 15.2 280 

281. 9 

Statical flexure. Same arrangement; 21.4 div. of scale=.001 inch. 

Scale readings: pend. Scale readings; pernl. Arc. Mean diff. fo· 
vertical. inclined. 

"' 5.7 80.2 rn.o 87.1 398 7.20 307 
15.4 79. 6 23.8 88.1 460 8.45 312 
15.4 79.7 23. 7 87.9 476 8.25 294 
15.4 79. 6 23.7 87. 7 485 8.20 287 
14.8 79.3 23.6 87.9 496 8.70 297 
14.9 W.3 23.7 88.0 480 8. 75 309 
14. (j 79.1 23.4 87.6 488 8.65 300 
14.7 79.2 23.5 87.5 491 8.55 353 
14.7 78.9 23.5 87.6 500 8. 75 297 
14. 6 78.7 2:1. 5 87. 7 504 8.95 302 

300.5 

D;rnamical flexure; 21.4 div. of scale=.001 inch; nuts tightened by hand of H.F. 

Arc. Scale readings. Diff. Joo 
IL 

426 6. 1 22.6 16.5 328 
422 2.2 18.6 16.4 330 
420 6.3 22.6 16.3 329 
417 4. 7 21. 2 16.5 336 
414 5.5 21. 7 16.2 332 
412 3.8 19.8 16.0 329 
410 6.3 22.2 15.9 329 

330.4 
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Statical flexure; last arrangement. 
Scale readings; pend. Scale readingR; pcud. Ar". :\leau dift'. f". 

vertical. iucline\l. " 13.9 78.3 23.9 87.8 490 !l. 75 ;340 
14.0 78.1 24. l 88. 3 502 10. 15 ::a5 
14.l 78. ;) 24.3 SK 4- ;;11 I0.15 ;};-;s 

14.5 78. fi 24.4 88. 4 503 !J. 90 :};)4 

H. fi 78.4 24.0 87.9 480 9. ;)0 336 
14.5 78.6 24.8 88.7 521 10. 2.1 333 
14.2 78.2 23.5 87. 7 470 10. 40 370 
14.0 78.4 23. (j s~ ,.. 

'· j 
485 !I. 4;1 331 

14.0 77.9 23.9 87. !I .504 9. 4;) 3HI 
14.5 78. ll 23. !I 88. () 4!10 !J. 40 ;}2(i 

;{33. ti 
Nuts readjusted by hand. Same arratlgernent as before. 

24.l 88.2 32.9 !l'i". 0 437 8. 80 :Hl 
24.2 88. ;3 34. ;) ~l8. 5 504 10.15 341 
23.fJ 88.3 33.8 97. 8 475 10.!0 372 
23.8 87. 7 33.1 97.4 466 9.50 346 
23.5 87.5 32.5 96.7 4i:i5 U.10 ;{40 

23.5 87.6 ~~3. 4 97. 7 -!96 HI. 00 343 
23.G 87.6 34.4 98.6 ti42 10. 90 341 
23.4 87. 5 :l3. 2 n1.1 4i5 9. 70 34() 
23.4 87.6 32.3 96.5 43;j 8.90 350 
23.a 87. ti 33.9 H7.0 414 H.40 336 

Dynamical flexure. Sarne arrangement. :~42.' 
Arc. Scale reading~. Di ff. fu. 

µ. 

384 0. 7 15.7 lJ.O 331 
382 6.6 21. 7 15.1 334 
380 8.3 23.0 14.7 329 
379 10.3 24.7 14.4 '")9 .:>-'-

484 8. 5 27. 7 19.2 336 
479 6.1 24.7 18.6 ~~'.W 

474 6.6 24.S 18.2 32fl 
471 8 ., 

•-' 26. (j 18. 4 3.'.H 

329.8 
Screws again tightened by baml of H. F. 

412 3.0 ·rn.4 Hi.4 337 
410 4.1 20.6 16.5 341 
408 2.6 19.3 16. 7 M7 
407 4.2 20.4 16.2 3~)7 

405 a.2 1!). ;) 16. 1 ;)37 
404 4.4 20.2 rn. s :132 

523 0. 5 21. 5 21. u 340 
520 0.6 21. 6 21. 0 342 
518 5.5 25. !l 20.4 334 
514 3.8 24.3 20.5 338 
511 1. 0 21. 3 20.3 336 
506 5. 5 2.5. 7 20.2 338 
504 5. 4 24.8 rn. 4 328 

337.4 
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Staticitl flexure; same arrangement; 21.5 div. of sca.le=.001 inch. 

Seale reatlings; pP11d. fi<·a.lP r1>ndingH; pend. Are. Mean !liff. ,t;,. 
vertical. inclincll. 

10. (i 75.4 20.U 85. 1 4!12 10.00 ;;41; 

10. !l i.5. 1 :JO. 1 84. 4 457 n.25 ;;44 
10. (; 74. !l 20. ;1 84. 7 485 9. 7:1 ;341 

10.4 74. !l 20.8 82. () 50fl 10.25 ;)42 

l 0 .. 'i 74. ~l ~1.2 85.9 505 
10.0 75. ;~ 21. 0 84.2 4H4 
10. Ii 75.3 21. 0 84.8 ;;01 !l. !)5 :137 
JO. 4 75.0 21. :l S5. 7 ;;J 7 l 0 . .'\(I .355 
10. 4 74. (j 20.4 84.9 4!lfi 10. lii :w1 
HJ.::~ 74. 7 20.5 84. !I r;oo 10.20 346 

----
l()div. ()3 344.7 

Summary of observations with pendulum, dynamical and 1>tatical, made at Ebensburg on Rep. 
sold Rtaml. 

N11t.~ l{'renche<l. 

Dyua111. 
44cm,4 hehiud knife-(•c\gp, ;;,=178 P-, 8 
;1;icrn,9 forward. J0=281 P-, H 

"· F 0=237 ,,_, 2 
A=182<m, !I 

Xuf.8 hand-tightened. 

44cm.6 behind knife-edge, 
:~.)~m.!) forward, 

/~=154 µ.. 2 
/ 0=332 "· 4 

. ·. .F0= 2fi.5 µ.. 4 
A=ll2cm. ii 

YORK. 

Stat. 
189 P-,0 
:{OO IL, !l 
:J52 µ.. 7 
] rncm.fi 

158 µ.. 6 
3:m "'.4 
261"'·3 
113°"', 4 

H. F., observer. All observa,tionR at this station, made in two positions, cart'Jull;r hrought to 
tht> len>l oftbe knife-edge plane. Bbenslmrg weight=lk.0818. 

1879, NoVE)IBER 8. 

Scale 47•·m in front of middle agate; 76.2 diY. of scale=.003 i11ch; Geueva support. 

Sea.le »eading•. 

'\Vt.. on. Wt. olf. Di ff. .fu. 
28.5 37.0 
28.0 40.0 µ. 

28.0 38. () 10.3 58. 7 
28.0 38.5 
~8.5 39.0 
29.0 39.0 

2:-S.!i 34.0 
24.0 35.0 
24.0 35.0 10. ti t)O. 4 

24.0 34.0 
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22.5 33.5 6.0 18.0 
23.9 :33. 0 6.0 16. fj 
23.0 <i. 5 17. 0 10. 4i @ •. 1 

7.0 18.0 
7.0 1 7. 5 
7. /j 18.0 
7.5 18. 0 
8.0 

Scale imt on 4J)cm behind middle of agate; 8;"\.5 di\', of sea.le= .003 inch. l\iea.snres not \·er~· good, 
on account of jarring of machinery. 

Reale reudi11y•. 

\Yt. on. Wt. off. l>iff. /,.. 

31. 0 49.5 
::n. () 49.5 
30. ;) 49.Q p 

30.0 48.0 18. 4 !);;, 5 
29.;; 48.0 
29.5 .1-j. 0 

29.0 47.0 
28 .•• 

13.5 ~)~. 5 
12.0 31.5 
13.0 ;31. ii 
14.0 32.0 18. 7 !15. 0 
14~0 ::>2.5 
14.0 33.0 
14.0 32. {) 
12.5 

1879, NOVEMBER fl. 

Sunday. Shops all still. Scale 46cm.fi bchin1J the middle of the kuife-edgt>; !ll.87 di,·. of 
scale=.003 inch. 

&ale readi11g.~. 

0. 003 iuclt. Wt. uu. Wt. ott: 
91. 8 91.8 29.5 11. 2 
92.0 91. 7 29. 7 11. 1 
92.1 92.0 29.H U.l 
92.1 lH. 9 31. :) 13.0 
92.1 91.8 30. fl 13.0 

IL 

92.0 31. 7 14.0 18.1 85.4 
32.7 14.2 
33.R 14. 9 
32.9 15.1 
33.8 16.1 
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Again. 93.47 div. of scale=.003 inch. 
Scale readings . 

. oo:~ inch. Wt. on. Wt. off. Diff. fo. 
!)3. !) 41. 7 22.8 
!13. ii 41. !) !:!2. 7 ,. 
93.3 41. 7 ~2. !) 18.85 87.4 
9:-1. 4 41. 3 ~2.5 

93.3 41. 5 22.H 
!~3. 4 41. 8 

Agaiu. !l~-1.51 div. of scale= .003 inch. 
!13. 4 37.3 18. 7 
93.3 3"' '> '· ~ 18.1 
93.8 36.9 18.0 
93.7 36.6 18.1 18.8 87.2 
93.4 36.6 17.7 
!13.3 36. 7 18.0 
!13. 7 37.5 18.3 

:1ti. !I 18.1 
36.9 

Scale put on '16°111.6 in front of middle of knife-edge; 70.63 div. of scale=.002 inch. 

. 002 iuch. 
70.8 
70. 3 
70.9 
70.6 
70.9 
70.3 

Scale readings. 
Wt. on. Wt. off'. 

27.0 37.0 
26.6 37.9 
26.8 37.0 
26.4 37.0 
26.7 37.0 

27. 8 :-18. 2 
27.7 38.0 
27.9 

Again. 70.57 div. of scale=.002 inch. 
70. 8 22. 7 
70.2 24.7 
70.7 25.4 
70. 7 25.9 
70.4 25.3 
70.6 25.5 

26.0 
26.4 
26.2 
26.0 
25.8 
27.0 
27.5 

33. I 
35.4 
35.8 
36.3 
35.9 
36.1 
36.2 
3ti. 1 
36.5 
35.9 
36.8 
:w. 0 

DHf . 

10.4 

10. 24 

Again. Draw-tube shortened; 97.2.5 div. of sca.le=.004 inch. 

,. 
42.6 

42.0 

JJ04 inch. Wt. on. Wt. off. Diff. fo. 
97.1 96.8 24.1 32.1 
97.3 96.9 25.0 31.9 
96.8 97.2 24.1 31.3 
97. 5 97.,3 24. 0 31. 3 7. 49 44. 6 
97.4 97.7 23.8 31.5 
97.6 97.7 23.9 31.8 
!17. 2 97. 3 24.6 31.9 
97.0 24.2 31. 7 

23.9 
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1879, NOVEMBER 13. 

5.30 p. m., and machinery stopped. Scale put on 4ficm.6 in, front of agate; 98.38 di\'. of Reale= 
.004 inch. 

Scale 1·eadit1gs . 

. 004 inch. Wt. ou. Wt. off. Diff. fo· 

98.3 '.!. 6 10.0 
98.3 3.4 9.2 
98.5 2. 8 9.0 
98.2 2.2 8.8 
99.0 3.1 
98.2 

" 98. 2 2. 8 8.9 6.43 37.8 
98.3 2.1 8.9 

2.0 8. 6 
2.9 8.3 
2.8 9.0 
2.0 10.Q 
3.1 9.1 
3.0 

Again. Draw-tube lengthened; 97.84 div. of scale=.003 inch. 
.003 inch. "'t. on. Wt. off. Di ff. 1: .. 

97.8 26. 8 36. 7 
97.6 28.2 38.1 
98.1 27.8 37.2 
98.0 28.0 36.8 
97.9 27.9 37.6 9.01 40.0 
97.8 29.2 37.2 
97.6 28.0 37.4 
97.9 29. 7 37.2 

29.8 3fl. l 
28. 3 37. 7 

36.8 
Again. 

17.4 26.2 
18. 1 27.7 
19.0 27.2 
18.4 27.0 8. 6fi ;)8. 4 
18.l 26.9 
17.8 26.6 
17.8 25.9 
17.9 

1879, NOVEMBEl{ 16. 

Morning. Draw-tube=l.35; 82.28 div. of scale=.003 inch. 
Scale readittgs. 

. 003 inch. Wt. on. Wt. off . I li tr. fo. 
82.0 4.0 ·10.0 
82.8 4.3 10.5 
82.2 4.5 10. 2 

'82.1 4.8 9.9 
82.0 4.1 fl. 8 ;;, 93 31. 3 
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Scale readings . 

. OO:l inch. Wt. on. Wt. off. Diff. ,t;,. 
82. () 4.6 10.4 
82.J 4.1 10.2 
82.5 4.3 ,1.0. 9 
82.4 4. 1 10.9 

5.2 
Drnw -tnhe lengthened to ;"i.5; 7ti.14 div. of scale=.002 inch. 

.oo-i inch. Wt. on. Wt. oft'. Dift'. fo. 
75.8 10.9 19.8 
7{i. 5 11.0 20.2 
70.3 11.1 20.3 
76. 1 11. ;) 20.3 IL 

76. 2 12.2 21. 9 8.94 34.0 
76.0 13.8 24.0 
7<l. 1 13.2 22.0 

13.2 20.8 
13.0 

Again. Draw·tnhe 4.0; 67.39 div. of scale=.002 inch. 
.00-.<l inch. "Tt. Oil. Wt. off. 

67.2 67.8 27.2 34.8 
67.0 67.7 27.3 35.0 
67.4 66.9 26.9 34.2 7. 70 :-IB.] 
(;7, 3 67.2 27.2 35.1 
67.5 67.n 27.7 35.1 

2" ') i.~ 35.9 
28.0 

Again. 
28.9 37.0 
28.5 

28.0 36.0 
28.1 36.0 
28.2 37.0 
28.3 37.8 
29.9 38.0 
30.0 38.1 8.23 35.4 
30.0 38.1 
30.1 38.0 
30.5 38.0 
29.1 37. 9 
30.0 40.0 
32.3 41.0 
33.0 41.1 
33.2 

Scale pnt on 46cm.6 behind middle of knife-edge. Draw tube=O; 98.02 div. of scale=.00! inch .. 
. 004 inch. Wt. on. Wt. off. Dilf. fo. 

97.9 38.2 22.4 
97.7 37.8 22.2 
97.9 38.2 22.2 
98.3 38.4 22.7 
98.4 38.2 23.0 
98.2 38. 1 23.l 
97.9 38. l 23.2 
97.9 

lli. 46 
,. 

91. 3 
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A.gaiu, tube=5.4; 37.94 diY. of scale=.001 incli . 

. 00'.! inch. \Vt. Oll. \Vt. off. Di if. t;). 

rn.o ifJ. 9 3:3, 1 10. 1 
76.2 75.5 :33. 2 9.0 µ 

75. 9 rn.1 33.0 9. 7 2:1. 20 88. 5 
76.2 76.2 ;);:). 1 n.1 

76. () 33.1 LO. 8 
:13. 7 10.7 
::l3. !I 

Again. 
75. 1 41.6 18. ~) 
75.3 41. .'i 18.1 
75.8 41. 6 18.0 23.40 89.~ 

76.0 42. 0 
76. 1 42.2 rn.u 

18W, Nov1·mnrm rn. 

Scale 46cm,{i behind agate. 'Cube O; fW.96 diY. of scale=.004 iuch. 

Scale readin!I"· 

. 004 in1·li. Wt. Ull. \VL off . Diff. fo· 
!Ii. 0 28. !l 14.4 
96.9 2!). :~ 14.7 
97. 1 29.1 15.0 I' 
fl6. 8 2!1. ?4 lil. 8 14.44 86.3 
fl7. 0 :~m.1 15.7 

:m.J Hi.() 
30. 4 15. 7 
:JO.'.! lii.R 
30.0 

Again, tube=5.4; 74.6!) diY. of scale=.002 inch. 

. 002 inch. \Yt. on. Wt. ·off. Diff. ,t;;. 
74.0 22.7 0.2 
74. 7 22.9 o.o 
74.8 22.8 0.9 
74.9 23.1 l. 2 22. 343 8(). 6 

74.9 23.3 0.3 
74. 7 2~t 2 1. () 

22.3 0.5 
23.2 0.8 
23.2 

Again, tube 3.6; 98.7 div. of scale=.003 inch. 

• 003 inch. "'t, OU . Wt. off. ])jjJ'. ,t; .. 
98.7 36.9 17. 1 
98. 7 36.8 16. 8 
98.7 36.3 lG.8 

35.9 16.3 19. 80 s- •> ..... 
36.0 16.2 
36.1 15.9 
:~5. 0 rn. 3 

s. Ex. 49-50 
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Again, tube 1.8; 8,5,78 div. of scale=.003 iueh. 
. Om inch. Wt. Oil • Wt. off. l>iff. fo· 

85.7 36.1 19.1 
86.0 36.0 19.0 µ 

85.8 36.8 19.9 17.01 86. 1 
3- h a.() 36. 1 19.0 
85. !I 36. 1 rn. 0 

36.0 
N OTE.-When a wagon paisises hy 011 the street (ground somewhat frozeu ), the agitatiou of the 

apparatus is so violent that the lines wholl.r disappear. Tremor estimated at 5'u'" (sometimes even 
I2div, when a wagon is moving very rapidly and is exactly oppo:site); Jdiv=Ol',889. 

Scale 46°"'.6 in front. Tube 1.8; 85.08 div.=.003 inch. 
85.0 30.0 37.0 
S.3.3 29.1 37.3 
85.1 29.0 36.7 
85.0 29.1 36.8 
85.0 28.8 35.9 7.81 39.H 

28.0 36.7 
29.0 36.1 
28.8 36.7 
28.8 37.3 
29.2 

Agaiu. Tube 4.8; 70.94 div. of scale=.002 iuch . 
. OU~ inch. Wt. on. Wt. off. 

70.9 7.3 16.9 
71. 0 7.0 16.2 
70.7 6.2 15.0 
71.1 5.9 14.3 
71. 0 ,'), 9 

6.0 15.9 
5.8 14.4 
4.3 14.2 
5.3 14.3 
5.~ 15.2 
4.3 14. 3 
5.6 14.2 
5.0 

1879, NOVEMBER 23. 

Di ff. / 0• 

9.38 38.3 

Flexure apparatus readjusted. Pieces of hoop irou substituted for heavier strips. So much 
agitation that experiments were postponed. 

1879, N OVEM.BER 26 . . 
Scale 43cm.5Jorward of middle of knife-edge, and 111cm beww. Tube 5, with i objective; 98.9 

div. of scale=.009 inch. 
Bmle readings. 

. 009 inch. Wt. on . Wt. oft~ Difi'. fo. 

98.8 11.1 23.0 
98.4 10.9 23.7 
98.9 9.7 22.2 p. 

99.0 9.2 20.7 12.73 167.6 
99.0 7. 9 20.0 
9CJ. 1 6.5 19.4 
99.0 6 •) . ., 18. 9 
99.0 5. 7 
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Summary of statical observations with weight and pulley made at York upon Geneva sup
port. F 0=fiexure at middle point of knife-edge; A=distance of middle point to intersection of 
axis with knife.edge; B=distance in a vertical line from middle point to axis. 

µ. µ. µ. µ. µ 

46cm,6 forward of knife-e<lge,/o= 38.6; Nov. 9, 4;u; llov. 13, 38.7; Nov. 16, 33.5; Nov. rn, 39.1. 
46cm.6 back of knife-edge, _t;,= 87.7; Nov. 9, 80.7; Nov. rn, 89.7; Nov. rn. 86.fi, 
43cm,5 forward, 111"'" below, fo=l07.6 . 

.-. Fo= 63.1. 
F 0 : A=lO-' 0.527 A=119.8. 
F 0 : B=l0-4 1.148 B= 54-.9,. 

1879, DECEMBER 7. 

Dynamical flex1ue. Scale 5:J""'.5 behind middle of knife-edge. In these and _the following 
experiments the silver arc is always carefully _placed with its zero exactly under the pendulum 
point at rest; 90.39 div. of Acale=.003 inch. 

. 003 inelL Arc. Scalf> r<>a<lings . Di ff. f •. 
µ. 

90.0 .0350 9 ,, . ~ 13. 7 4.5 77.6 
flO. i :-146 10.1 14.6 4.5 78.3 
90.5 341 10.3 13.9 3.6 63.2 
90.0 :J30 13.0 16.8 3.8 69.2 
90.4 328 12.4 16.5 4.1 75.2 
90.9 325 12.4 15.8 3.4 62.6 
90.2 319 12.3 16.1 3.8 71.6 

296 16.2 20.0 3.8 77.1 
294 14.8 18.2 3.4 69.2 
292 1.5.1 18.8 3. 7 76.5 
290 rej. 13.8 

. 
18.2 

285 16.3 19.1 2.8 
282 15.4 18.4 3. 0 63.8 
280 17.0 20.2 3.2 68.6 
278 17.0 20.2 3.2 71.6 
269 17.0 20.4 3.4 75.9 

71. 5 
1879, DECEMBER 14. 

Scale 52°m .5 behind j 1 div. of soale=0,..843; dynamical. 
Arc. Scale readings. Diff. fo· ,,. 

. 0374 29.5 24.7 4.8 77.1 
369 32.3 27.8 4.5 73.4 
365 6.8 2.7 4.1 67.4 
361 8.9 4.2 4. 7 78.9 
352 11.9 8.2 3.7 63. 2 

348 13.1 8.8 4.3 74.0 
344 14.7 10.8 3.9 68.0 
341 16.2 12.3 3.9 68.6 
321 11.2 7.2 4.0 74.6 
319 11. 6 7. 8 3.8 71. 6 
317 11.3 7. 5 3.8 72.2 
314 11.3 7.3 4.0 . 76.5 

310 11. 0 7.1 3.9 75.9 
309 12.0 7.9 4.1 80. l 
308 10.8 7.0 3.8 74.0 

306 10.8 7. 2 ~ od 3.6 70.2 
305 10.8 7.1 go 3.7 72.8 

72.9 
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Again, evening; 81 div. of scale=.003 inch . 

. 003 inch. Arc. Scale readings. Dill'. fo· 
I' 

80.9 . 0353 4.2 0.3 3.U 73.9 
81. 0 351 3.9 0.2 8. 7 70.6 
81. 0 350 4.9 1.1 3.8 73.2 

348 5.0 1. 2 3.8 73.2 
345 5.0 1. 4 3.6 69.9 
342 13.3 9.7 3.6 70.6 
339 13.1 9.8 3. ;3 65.2 
335 13.4 9.8 ;{. () 71. !) 

333 13.6 10. () 3.6 72.6 
:J:-m 14.4 10. 7 3.7 75.3 
328 14.0 11. 0 3.0 61. 2 
025 14.8 11. 2 3.6 74.6 

71. 2 

Statical flexure. Same position as before; 35 div. of scale=.001 inch. Reading·s taken in 
two positions of pendulum, zero and .0370 out. 

Srale readings. 

. 002 in~h. Are. Zero. Out . Mean <liff. fo· 

70.0 . 0370 0. 7 3.2 
70.0 0.2 2.H 

0.2 2.3 
0.0 3.0 div. ,. 
0.2 8. () 2.50 70.0 
0.1 2.4 
0.3 2.H 
0 '> .... 2.3 

-0.1 2.0 
-0.1 1.9 
-0.9 1.7 
-0.8 1. (i 

-0.9 

Scale 46cm.o in front of knife-edge; 69.74 div.=.002 inch. 

Scale readings. 

.002 inch. Arc. Zero. Out. Mem1 1liff. fo· 

69.8 • 0370 27.0 25.1 
70.4 26.3 24.9 
69.1 25.8 23.9 
69. 7 25.3 23.8 
69.6 25.3 23.2 div. ,,. 
69.2 23.9 22.2 1. 65 46.6 
70~2 23.2 22.2 
69.9 23.1 21. 6 
69.8 23.0 21.0 

23.0 21.5 
22.6 20.8 
22.4 20.9 
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Dynamical flexure. Scale .i(jcm.O in front of middle of knife-edge; 34.72 div. of scale= .001 inch. 

. 00:! inch. Ar<'. Scale readings. Mean ditf . j~. 
µ 

C.9. G .0363 25.3 22.3 :J. 0 43.~ 

G9. 3 359 U.8 21.8 3.0 43. 7 
()~. 4 35G 24.3 21. 4 2.9 42.6 

3.)0 22.() 20.0 2.6 3!J. 0 
34~) 21. !) 19. 7 2 ') . ~ 33.5 
;1:14 20.1 17.9 2.2 34.5 
3:!9 19.5 17. () 9 --· ,') 39.7 
~12;:; 18.8 rn. ;> 2. I) 40.5 
319 18.5 15. 7 2.8 45.9 
309 2;';. 0 21.8 0 ,, 

ot>. -

305 22.0 19.3 2. 7 46.3 
293 22.9 20.3 2. 6 46.4 
279 22. () 20.2 1. 8 33.7 
2rn 21.1 19.5 1. 6 
274 21. 7 19.4 2.3 43.9 
270 23.0 :n.2 1.8 34.9 
261 23.7 21. {j 2. 1 42.0 

41. 0 

187!), DF.CEMilER 15. 

Statical flmnm~.' Scale Jf;em.o in front of middle of knife-edge; 34.57 div. of Rcale=.001 iuclt. 

8mle reaaings . 

. 002 inch. Arc. Out. Zero. :Mean diff. .fo. 
GH.1 .o:rn• 16.0 17.3 
f39. 1 13. ,) 14.7 
HH. 2 12.7 13.4 

11. 5 12.S 
11. 0 12.1 
10. 8 11.9 dh-. ,. 

n.2 10.5 ] .125 :12. 0 
9.8 11.0 
9.1 10.0 
8.2 9.1 
7;6 8.7 

22.!l 24.1 
20.9 22.2 
20.1 21. 2 
18.9 20.0 
17. 8 19.0 

Dynamical flexure; 4fjcm.o in front; 34.57 div. of scale=.001 inch. 

Arc. Scale reading~. Dift'. fo. 
µ. 

. 0356 18.0 20.7 2.7 39.8 
3.52 16.3 18.8 2.5 37.3 
348 14.0 16.8 2.8 42.3 
341 13.8 16.3 2.5 38. ti 
338 14.9 17.1 2.2 34.2 
334 12.8 15.2 2. 4 37. 7 
323 13.5 16.0 2.5 40.6 
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Arc. Scalf\ rP:tclings. Diff. j,. 
I' 

mn 12.5 14.8 2.3 39.5 
:n9 12.0 14.4 2.4 43.6 
:n3 11. 3 13.8 2. 6 39.1 
309 11. (; rn. 9 2.3 39.6 
:305 10. !l 13.2 2.3 ;{6. 9 

29!1 !Ul 12.0 2. 1 
39.1 

Dynamical flexure; 53cm,5 behind middle of knife-edge; ;3;;,35 div. of scale=.001 inch. 

. 002 inch. Arc. Seale readingH . l>iff. fo. 
µ 

70.7 .0355 11. 9 16.7 4.8 69.3 
70.7 351 10.4 14.8 4.4 64.1 

347 10.1 14.4 4.3 63.6 
345 9.9 14.2 4.3 64. 1 
341 9.2 13.7 4.5 67.7 
338 9.6 13. !l 4.3 65.2 
334 8.8 13.3 4. ii 69.3 
331 8.8 13.2 4.4 68.2 
:nn 8. :1 12.7 4.4 71. 3 
312 8. 7 12.9 4.2 68.7 
:no 8.8 12.8 4.0 66.2 
308 8.0 12.2 4.2 69.8 
305 8.0 12.1 4.1 69.3 
302 8.5 12.4 3.9 66.2 

67.4 
Statical flexure. Same conditions as above. 

Beale rmding•. 

Arc. Ont. Zero. Men.n diff. fo. 

. 0370 !l. 6 7.4 
9.3 7. 2 
9.2 6.9 
9.0 6.8 
8.4 6.4 div. ,.. 
8.4 6.2 2.21 61 .. ~ 
9.3 7.1 
9.8 7.2 
7.0 4.8 
6.9 4. 7 
6.9 4.8 
6. 7 . 4.5 

Statical flexure. Scale 52°m,5 behind middle of knife-edge; 34.3 <liv. of scale=.001 inch. 
Binding-screws all l<>osened. 

Scale readings . 

. 002 inch. Arc. Ont. Zero. Mi>an <lift'. fn. 
68.6 . 0370 27.4 25.1 
68.6 27.7 25.2 div. I' 

27.1 24.6 2.48 70.9 
26.8 24.3 
26.8 24.4 
26.4 23.7 
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Dynamical flexure. Same eouditiou as abo\'e. 
Arc. Seal(• l'etldi11µ;1-;. Vitt. .Ii .. 

µ 

. 0333 21. \l 21i. 4 4.5 71. 0 
330 21. i ~(). :~ 4. Ii i3.7 
3') ... _, 21. 7 w.] 4-.4 71. 2 
~~t!l 21. 2 ·r,. ...i.J. ,, 4. :) 70. !I 
;)18 21. :l ~[). ~ ;), H u4. !J 
312 21. 0 24.8 3.8 H4.4 

6U. 4 

Scale 4()cm.o iu frout of middle of knife-edge; 3:1.83 (liY. of scale=.001 incli. Binding-scrnwR 
loose; dynamical tlexure. 

. 00~ i11cl1. Arc. ~calt• l'Patlin~s . ])iff. .r. •. 
I' 

(ii. (j . 03li2 15.U 17. 7 I) 7 40. () 
H7. 7 358 1 "> ,... -· . 15.8 3.1 4fi. 4 .,.,- fi. ... 8.8 2.1 33.6 •>dV ' ;)34 4.7 i.O 2.3 3(i, u 

:;!!n 2. 1 4-. ... 2. (j 4-2. 4-• 
3'>~ ;{. 0 - ... •> 7 44.5 -·· "·. 

40.6 

Statical flexure under same conditions. 

A1·c. Out. Zero. Mean ditl'. J;, 
. 0370 29.0 20.9 

23.H '..15.0 
19. 7 20.6 div. µ 

19. 7 19.2 1.10 31. !) 
17.1 18.1 
lfi. 6 16. 7 
14.4 15.6 

Summary of obse1Tations, dynamical and statical, made at York, with Jlendulum 011 <ieueva 
support. 

Scre:ws 1crenched. 

46°m.o forward of knife-c,dge, 
5zcm.5 back of knife-edge, 

n~~uaw. 

/;,= 40 l",0 
fo= 70 P.7 

.·. Fo= 56 P.4 
A=181Clll 

F 0 : A 0.312 

Screws loose. 

46cm.o forward of kuifo-edge, 
5:icm,5 back of knife.edge, 

/o= JO P,6 
/~= 69 µ,4 

.-. F0= 59 P,9 
A=192°111 

F0 : A 0. 2!}2 

Stat. 
39 l',3 
65 P.1 

199cm 

0.268 

31 P.9 
70 µ.!} 

52 P,7 
133cm 

0.396 
The statical measures are evi<leutly unreliable. The dynamical measures show tliat the bind

ing screws have no effect. 
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1srn. DECE;\lBER 21. 

Repsold stand; the three legs hand-tightened both abovP aml below. Statical ohsen·atiom: 
with weight and pulley; weight nRed=P; 27.78 div. of scale=.001 inch. Scale .)6•"'.7 in front of 
knife-edge. 

Scale readl11gx. 

. oo:i inch. \Vt. OU. Wt. oft'. ·w1. "'" .:\Ieau dill' . fn. 

82.8 83.2 16.6 80. j rn.8 div. µ. 

83.8 83.3 10_1 7:~. !I 9_9 63. !15 3t18. 8 
84.1 83. 2 4. () f)'j. ;') 2. 8 

83.0 4.2 67. !) 3 8 
13.2 rn. ; 12.4 

Now wrench-tightened below and hand tightened a.hon\; 2i.78 div. of scale=.001 inch. 

16. 7 7(/. !) rn. 3 div. µ 

12.2 73.9 12.8 61.16 352.7 
8. 1 6H.2 7. !I 

Microscope refocm~ed; 27.47 div. of scale=.001 inch . 

. 003 inch. ·wt. on. \\'t. oil'. \Yt .. 011. :\l••.an •lilt'. J~. 
8') () 
~. ~ 82.6 82.6 20.3 80.4 19.1 1liY. µ 

81.9 82.4 82.7 19.8 80.0 20.2 60.2 351. 2 
20. 

,... 
80.2 19.H ' 

Nuts again wrench-tightened both above and below; 27.77 tliv. of ;;;cale=.001 inch. 

. 003 inch. 
83.3 
8.3.3 
83.3 

Wt. on 
27.2 
27.2 
23.4 
20.6 
l!J.l 

\\'t. off_ 

88.8 
88.4 
84.2 
81. 8 
79.8 

\Vt,, OIL .:\foan diff . fo. 
27.4 
26.8 tliv. µ 

23.4 61.22 35:). ;·) 

20.0 
18.7 

Scale 5ocm.1 behind middle of knife-edge. Nuts still wrench-tighteue<l; .27.74 div. of ;;cak= 
.001 inch. 

83.2 
83.2 
83.3 
S:{. 2 

14. :~ 
rn. 1 
16.3 
17.5 
19.0 

43. ii 
44.0 
45.4 
46.3 
117. 9 

Wrench-tight.ened below, harnl-tightene<l above. 

26. 7 58.3 
3. 7 36.2 
2.3 34.8 
l.S 34.0 
1.4 33.2 
]. 1 :3:{. 0 

14.H 
15.H 
rn.5 
17.5 
19.0 

27. :-; 
3.7 
2.5 
1. 6 
1. 2 
1. l 

lliY. 

28.82 

div. 

32.05 

.Bvening. Nuts band-tigbrened above and below; 27.72 div.=.001 inch. 

83.1 
83.2 
83.2 

25.5 
23.8 
23.3 
22.0 
21.5 

57.2 
56.0 
55.2 
54.2 
53.3 

25.1 
23.8 div. 

22.9 32.08 
21. 8 
21. 3 

µ. 

166.5 

µ 

185.2 

µ. 

185.4 

• 
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Suts \\Telld1-tiglitenetl lwlow, also 011 ili111l leg above, lmt the two front lt~g~ lu11rl-tighte11e 
Feet tightened Yer~- slightly. 27.7:! tliL of :-;c;ile=.001 i11el1. 

(I();! i11"11. \\"t. 011. Wt.off. \Yt. 011. ~! .. an rlitl. I,, 

11. ii 3G.7 11.:; 
10. 4- :j;"). 2 10. (I dJ\". ,, 
10.] 34-. !.I !UI 2:). 08 145. 0 

9.0 :a. 2 !I. 2 
s. • :1:~. !I 8. • 

Again. \Y rt>ueh-tighteue<l aho\"P iu1tl below; :!7 .58 di\". of scale=.00 I incli. 
8:!. (i 10.] 41. 4 H. 7 
82. !l 9.H -U.1 !I. 8 di\·. ,, 
:-'.•>,... 
l ..... ' 

fl. 0 40.3 !I. 2 :n.20 11'1 I. :.: 
H.2 4-0. 2 !l.2 
H.O 40. 1 fl.:.: 

Biuding-s<·rews of the three fret 11uite loose. :n.58 di\·. of smlle=.001 inclt. 

6. :-i 39. 2 1.1 
6.3 38.2 6.3 
ri. o :m. !J 4. 4-
4. 0 36.1 4.0 
:3. • ;)(). () :t ;3 

Binding-screws tight as possihlt•. 

29.fl 
29.1 
27.6 
27.3 
26. r. 

iifl.8 
rm. o 
57. 4-
57.1 

'Yeiglit of 2.7 kiloR put on stand a hon•. 

l:!. 4 -!:!. 1 
9.2 38.9 
8. () :n. r. 
6.0 35. ;) 
a.K :rn. 4 

2!-l. 7 
28.5 
27.8 
26.9 
26.5 

11. 5 
9.0 
7.2 
5.2 
:). 4 

:12. 24-

diY. 

29.94 

div. 

29.84 

Scitle 56c"'.7 in front of knife-edge. Xuti' tightened. Same weight 011 t:1p of stautl ; :!7.H:l 
83. (i 20. fl 81. () 1!I. • 
s;t :~ rn. n 

10. ti 
- •) 
ii), -

0. H 

uh·. 
fiO. 6fi 

Weig-ht r<~morn<l from top ofistarnl; otllerwise same as above; 27.1'\;; dir.=.001 i11l'l1 . 
• '32. o 92. 4 :n. 4 

'.W.8 
2:i.1 
13,;1 
]0.8 

87.4 
8:). 7 
7;;. 8 
71 .. i 

25.8 .,. . .. ..,._ .. , 
1 ·> 7 
10. 4 

Birnli11g-s1·.rews loosened; 28.0H div. of scale=.001 inch. 
84. ft 30. 0 !Iii. 1 28. '.! 

84.0 27.2 !12.5 26.2 

div. 
GO. 9!1 

84. 3 23. 6 88. 7 2:!. 4 div. 

84. 2 19 .8 84. !I 18. fl fi5. (l(j 

S. Ex. 49-51 

17. l 82. :1 16. 5 
15.1 
13. 6 

80.4 
78.8 .. 

14. LJ 

13.4 

,. 
;{;iO. ti 
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Birnling ,;erews 111orlaately tighte11ed (about as in earlier experiments). 

\Vt. Oil. ·Wt. off. \Vt. 011. Mt•:m <liff. ,1;1. 
:{2. ii 93.2 ~n. 9 
31.4 92.0 30.8 
;)O. 4 91. () 30.2 <liv. p 

28. 1 88.9 'l"' -···" .. fit. o;: :~48, 1 
:!5.R 8G. 7 
2i. 0 88.4 26.8 
26. 7 8",., .. ' 26.5 

Xnt,; at top of two front l(•gs It and-tightened; 28.11 div. of seale=.001 inch. 

. oo:l inch. \\'t. Oil. Wt. oft'. Wt. Oil. M"n.n •liff . fri. 
84.0 1;;. 4 88.(i 15.2 
1'14. j 1;;. 4 8"' ') 4. - 13.G div. µ 

84. :1 ] 6. ;j H0.2 Hi.1 ;:-t rn 420.fl 
St. :l i;;. j HS.7 14. j 

Ia. Ii 87.8 13.2 
X oTE.-TIJ(' wcig·ltt put 011 t-lta1Hl was a very heav_y paper weight. Olmcn·cr troubled all da~· 

h,Y tl'emor; cn~ry pasRer ll~- on tlw street, every one entering the lmildiug, or e\·en the a1l.ioining 
h11il1li11g, agitafrs tlw ~1pparatns 80 a8 to make it impos:-;ible to read thf1 scale. 

Snu111uu·y of ohse1Tatio11s with weight antl pulley, 011 Hepsohl stand, at York. 

Xnt~ hand-ti~hti·1w1l Nuts hand abovr, Xnttl wr~nchetl Binding-screw:-0 
;1hoYP and below. wrench below. alHJve and below. extra tight. 

;,wm.4 fonrnnl, 368 1" 8 ::;n "· !t :1,;o "· i 350 "· G 
.i0""'.l behiml middle point, is::; "· 4 
.'iO""'. l helti11d middle point, 271 ,, 4 
;\, 11;gcrn 
F,,: A, 

10;; µ .. . -
263 "· (i 
rnwni 
1. ;;7 

173 P, !I 173 P, H 

256 P, !I 2::;() µ. x 
1;)6'"°' H)6cm 
I. n.; ]. ().i 

Hinding:-serf'ws 
loose. 

374 I', (j 

187 ... :3 
275 P..2 
147cm 

1. 75 

"~P-ight OH. 

34U ".2 
173 µ. 4 
255 I', !l 
156°111 

1.fii'i 

Evening-. Still YN,\' tnmllllons; e:-;1wciall_y when vP.hicles pasl", at:1 tlwy fr11qnently do. Scale 
.ili""'.(i i11 fro11t. All tight!,\· wrenchecl up. No weight on top of o;tand. Measures all ver;\· uncer
taiu. 27.8!1 cli\'. of scale=.001 incl1. n~·namical flexure. 

• OO;{ in!'l1. Ar" . ~ .. '.ale l'l"":uli11g~. DitL I .. 
µ 

.sa. ,., . 041ll 4 •) 28.8 :.l4. Ii 348 
8:t H 4,;o t). 7 2!l. 2 :!a. :; 340 
1~:1. 7 .. rn:1 5.2 27.R 22.G 340 

4""' ~· 
;). :l ')"" ,,. 

-' ~ . . 22.4 ;342 
·120 (i. 0 ').- ""' ..J'·'"' 21. Fi :J3:{ 
:m:1 fi .• 5 27.0 20.5 340 
;{77 6.2 26. l 1!1. n 344 
;~68 ii. ;1 ~4.7 lll.4 ;14;{ 

353 7.3 25.8 18. ;j 341 
347 i.3 25. () 18.3 342 
;323 7.6 24.4 16.8 339 

342.4 
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Statical flexure, with same arrang1m1eut. 

Arc. Zero. Uut. }leau olitL 

.0500 :t 2 IG.6 
3. 7 17. 0 

2. !J IG. 2 
i>- ') -'·- :m.!1 
~5. !J ;)8. 7 1:;. (),..; 
:!fi. ;) :·m. o 
24. H 38. -1-

24. 8 :->S. 0 
.'._!(j, 4 aH. :! 

187!l, 1>ECE~IBElt :!5. 

Morning. Arrangement same as iu last ohservatio11. Scale ,;(jcm.u i11 fro11t of mi(ldlt• of k11i1e
edge; 25.67 di,·. of scale=.001 inch. Statical flexure. 

Scale readillf/8, 

. 00:1 iuch. Arc . Zero. Ont. Mnrn diff. (,,_ 

77.2 . 0500 22. ~~ z::i. s 
77.0 21. 3 iJo4) ., 

'-'-· -
76. 9 22.2 33.8 
rn. !) 20.8 32.1 diY, p. 

21. 4 32.!> 11. 53 3:!(). 4 
20. () 32.5 
20.7 32.5 
27.4 :;9_ 0 
20.5 :12. 2 
20. 8 :-12. 3 

Dynamical tlexure, with same arr:rngement. 

Arc. Seale n•atl lug~. Iliff. ..f11· 
p. 

. 0485 17. 7 3D.4 21. 'i .3Hi 
478 17. 1 38.8 21. 7 :l:!l 
440 17.3 38.4 21. 1 :)3!l 
431 19. 2 39.0 HI. 8 3•r -d 

325 19.7 33. :-> 1:1. (i :!!lti 
320 19.8 :34. 8 15.0 •)•)•) 

•-'tJ-

315 20.8 35.1 14. ;3 3'.!l 
269 5.4 ] 7. 4. 12. ti 31;) 

506 20.8 44.8 u.o 3;3,J 
;)02 22.3 45.8 23. r; 331 
;)00 22. (j 45.l ~2.;; 311'! 
4!l7 20. 'i 4:3. H ,, .. •) 

--t:>. -- :3:m 
494 21. 9 44.4 ~~.:) •)~)') 

t) ..... _. 

472 !!2. :! 4.). 4 31. !! :m· 
469 22.0 43.9 :n. ti 330 
465 21. 7 43 ,, ... 21. 5 3.,-.. 1 

462 22.8 43.6 20.8 318 
458 23.0 43.6 20.6 318 

323.5 



 

404 HEPOI~T OF THE SUPEHINTENDENT OF THE 

1880, .IAKl'Alff cl. 

Sarnf' arrang-f'me11t am! position al' in la Rt ohspn·ptJ; :!ii.7:! Iii\'. of 8ca1P=.lllll inch: 8tat.ical 
flexure. 

&ale readi1111s. 

. :mo irn·l1. Arc. Zeru . Ot11. Mt·:m 1litf. .r. .. 
.... "':" ~· . O:iOO 21. J !I.:-; ~ .. d 1liY. '" 77. 1 ~l. 3 JO. 0 11. 4;) :~2:3. !I 
77. 1 20. 1 /'i. 4 

1;;, 0 3. ;; 
~ 

~tat ieal flexure again. Seale 5W"'.:i liehiJHl midclle of k11ife-edge. 

• Oi"iUO 16.5 22.:1 
16. ;-1 22. :> 
16.4 22.5 di:r. µ 

19.0 ~5.2 6.0f! li2.4 
18.8 24.8 
18.8 24.H 
19. 1 25.4 
18. f' 25.1 

D;ynamieal flexure, with same arrangement. 

Arc. Scale r'ea<lings. Iliff. fo· 
,,. 

. 0427 22.(i 13.9 8. 7 14ti 
419 99.4 !lO. ;-1 !I. 1 154 
:1s1; 23.8 15. 7 8. 1 14!! 
;mo 23.8 16. 0 7.8 lii4 
:157 2:-1. 7 Hi.O 7. 'i 15;1 
351 74.5 Hti. 8 'i. 'i 15ti 
:~48 74.H fl(i. 8 7. i) lii3 

480 75.3 ti!. !I 10.4 lii4 
474 7.'i. ] G4. 7 10.4 15ii 
463 74.8 H5.0 9. 8 1.)1 
4;;5 mo. o !lO. :1 ~·· 7 151 
448 100.2 !JO. 8 !I. 4 14!.I 
441 74.2 ti5. l !I. 1 .J4ti 

438 74. II fi4. !I !I. l 148 
.i:n 73. 6 64.H !I. 0 148 

150. ti 

Two frout uuts at top l1an<l-tiglttened; 25.64 cliv. of scale=.001 inch. Statical flexure. 

8<'afr readings. 

.oo;i inch. Arc. Zero. Out, Mean Jiff. fo· 
77.0 . 0500 18.0 22.3 
76. !I 18. 0 ~~. ~ div. ,. 
76.H 19.1 !!:t ;j 4.30 l!JI, 7. 

71. 2 75.4 
19.0 23.4 



 

[;~I'l'ED S'l'ATES COAST AXD GEODETIC SURVEY. 405 

Dynamical flexure, with same arra11g-eme11t, 
Ar<'. Hcalt• r.-·adinµ;<"'. Ditf. fc,. 

µ 

• ();""i0\1 :?~.8 15. (j - •) .. - 100 
500 2:{. 0 ] ;"i •• i 7.5 lOli 
48\I :!2. ~i 15.3 7. 0 10~ 

484 :!2. 4 15. :i 7. 1 104 
c! 7!1 48. 4 41. ;) 7. I 105 
4fi7 48.2 H.;) fi. !I 105 
460 48. I 41. 2 Ii. !I lOli 

104. 1 

Stand wreuch-tightened aboYe, two front feet looseued below; 2ii.54 div. of :-;<:ale=.Ofll i11l'l1. 
Statical flexure. 

.003 inch. 

76. 6 
i6.6 
7fi. 7 

Arc. 

.0500 
Zero. 
21.1 
21. 0 
21. 0 
72. !I 
73. () 

Out. 
')"'r ~ 
,;.Jf.' 

27. 6 -
27.8 
80.0 
79. 8 

21. 2 28. l 
21.0 27.!l 

D,Ynamical flexur(~, with sarne arrangement. • 

<.\.re. ~ca.It~ reatiiugs. 

. 04!16 48.2 :l5. 8 
.t6H :!4. ;; 12.4 
46(i 24. 7 ];). () 

4;17 24. 7 J;). 0 
4;)() 2;). 0 13.8 
4-42 2.'i. 1 14. 2 
-t.:{7 ~i). ~ 14.4 
4"--· 25.4 H.:-1 

'.\-leau tliff. 

dh". µ 

6.81 rna.o 

Iliff. tn. ,. 
12.4 17i 
11. !I 180 
11. 7 178 
11. 7 181 
11. 2 17fi 
10. !I 175 
10. ~ 17;) 

10. Ii 171i 

177. 1 

All wrench-tightened. "'eight of 2,700g put 011 top of 8ta11d; otlwrwise same as preceding. 
Statical flexure. 

,\re. z;ero. 

. 0500 ;;. 8 

:lo. 3 
:H.2 
6.2 
ti. H 
7. tj 

33. () 
8.4 
8.6 

Ont. 

10.0 
a(). ;; 
:m. s 
1:!. a 
12. () 
13.0 
39.2 
14.2 
14.3 

l\kau <liff. 

dh-. 

;). 8!! 

; ... 

µ 

164.0 



 

406 IrnPORT OF 'l'HE SUPERINTENDENT 01•' THE 

])_yuaruical tlexure, with same arraugemeut. 

,\1·c. S\'alt> l't"iuling:-;. Viti'. .fi,. 
µ 

. (}; .. )()() H.8 3.8 11. (I 151) 
.t.97 .i.o. ;3 29.8 HI. 5 14!' 
491 40. ij ;;o. 2 10.3 149 
±84 40.2 30. i) 9.9 145 
±6[) 14. 7 fJ. 0 !J. 7 148 
460 40. 2 30. ti n. ti 148 
451 14. 4 ±.9 9. ·' 

149 
448 14.4 5.1 9. ~{ 147 
444 :~9. 8 :w. n 8. \) 142 

148.1 

EYeuiug. tkale Juc"'.8 iu fru11t uf mid1lle of kuife-edge. Statical tlexure. 

Arc. 
. 0500 

Scale 1·eadi11gN. 

Zero . 
·~ 15. 2 

15.3 
16.0 
15.8 

Out. 
3. 6 
:u; 
4.0 
4.0 

15. 8 ;), tl 

67. 3 55. !' 
67.() 55.8 
117. 7 i'i;"i.H 

n~-narnieal flexurP; with same arraugeme11t. 

Arc. Scalt~ rt·a'1i11gs. 

. 0.')01 29.2 5.4 
49fi 28.G 5. 7 
48(i 28.1 5.4 
475 27.8 ;}, :-; 
471 27.8 G.O 
46!) ~·7. 7 5. 9 
462 27. (j t\.1 
JM 2G. 7 5.8 
±23 2G.6 G.H 
416 :W.3 7. 0 
411 26.0 6. !I 

Mean diff. fo-

cli ,~. /I. 

11. 7;") 332. 7 

Diff. 1:1. ,. 
2:1. 8 ;33,) 

22. !) ;327 
22. 7 ;.m1 
22.0 :328 
21. 8 328 
21. 8 32!1 
'.H.5 32) 

20.9 32(j 

rn. 7 330 

19.3 329 
rn. 1 329 

329.1 

\\'eight taken oft' from top of stand. Two frout feet loosened; :l5.ti::\ tli,·. of seale=.001 inch. 
Statical. 

Seo.le 1·eadin98. 

.003 inch. Arc. Zero. Out. Mean ()itf. fu· 

76.5 • ij;)()() 23.6 11.3 
77. 0 23.5 11.2 div. I' 

76.9 23.5 11.5 12.17 344.6 
23. 4: 11.3 
23.2 10.9 
22.7 10. 7 



 

UNITED STATJ~S COAST AND GEODETIC SURVEY. 

J>ynami<'al tlexnre; with same arrangemeut. 
Ar". Se.alt' ie:ulingfi. 

. 0500 34.0 9.8 
496 34.7 10. ;"j 

487 34.8 11. 2 

480 34.7 11. 4 
475 :~3. 8 10. !I 
,1fj!) 3;3_ 8 11. 2 
45fi ~~3. 7 ] 1. ;~ 

-i:i'.! :\:{. (i ] 1. ;i 

]lift'. 

~4.~ 

24. 2 
23. (i 

:!3.3 
~2.H 

22. (; 
22.4 
22. :; 

µ 

:i4:~ 

34G 
34;; 

407 

Feet of stand tightP11e1l, aiHl two fro11t k•g·s ltaurl-tightened ahCff*'. Statical flexure; 25.ii4 di"' 
of scale=.001 incl1. 

. :lOO incli. 
76. (; 
7fi. 7 
71l. Ii 

A1·1: • 

. Of>OO 
Zero. 

29.8 
:12.] 

31.8 

])~·11amical tlexnre; with same arrnngem(•Jlt. 

Ont. 

15.3 
17. 7 
18.0 
li.4 
18. (i 

An·. ~1·ale r('acling~. 

. 0512 47.0 l~.2 
;)()(j 47. 7 l!i. 0 
rmo 47. 7 rn. i 
488 47.5 20. 1 
475 4fi. fl 20. :l 
468 47.0 20. 7 
4fi3 46. 7 20.x 
4;il 4fi. 7 21. 4 
-1-4:; 47. i ~)•) 7 

~lt>au dill. ,1;,. 

div. µ 

14. ;\4 40fi.O 

llill. ,.,,. 
µ 

28.8 ;)!18 
~8. 

,.. 401 j 

28.0 ;mH 
27.4 :1fl7 
26.3 ~)U:! 

26. :i :1ns 
25.fl :mH 
~;). ;1 :m; 
2fi. 0 3\111 

:197. 4 

Three thicknesses of blotting-paper pnt trnde1· each foot of pt•1ulnl11111 standi;:. All nuts tig·ltt 
Otherwise Sil.ml:' as preceding. Statical flexure. 

Sail<' l'eadinfl"· 

Arl'. Zt~ro. Out.. 

.Of>OO 21. 8 8.4 
22.0 8.5 
:!2. 1 8.6 
19. 3 fi. (i 

21. 5 8.1 
21. 7 7. 9 
21.1 7.4 
22.3 8.8 
21. 3 8.3 

llf<•n11 diff. 

div. 
13. 3(i 

fo· 



 

408 HEPOR'I' OF 'rHE ~UPERDl"TEXHES'l' OF THE 

])~·uamical flexure; with same arrangement .. 

Ar ... Sc·alP rP:Hlin~s. lli ff. ;:. 
µ. 

o. 50!) 6)'"" -
....... j 1. :l '.!ti.4 ;)()7 

494 53. !I 28. 7 2f1. :! :Iii I 
482 Ii4.0 29. 2 24.S 36.) 

4i7 ;);~. 7 29.4 24.3 ;\60 

461 ;):t:l 2!1. 7 2:l. fl 3()2 
457 [)~1. 7 :30. 0 2:3. j :mi 
446 ii2. !I :m.2 2~. i 360 
43;; .>:3. 2 ;)O. 7 ~~- ;"") :mi; 

:m.'i. o 

Scale 5oc111.5 behind knifoedge, wit!J blotting-1rn11er mrnug1>nwnt, etc., as aboYe. Statical 
tlPXnre; 2ti.H2 diY.=.001 incll. 

Scale 1·earii ny~. 

Arc'. Zero. Ont. ~foan <liff. 

. o:mo 17. ~) 24. 8 
rn. 7 :!J. !I 

16.H •)_. I) -''-'· . ) 
16. H 2J. i 
16.4 24. fl div. 

l;). 8 ~4. ;3 8.28 
rn. 4 24. 1 
15.3 2:1. !I 

15. 1 ~:L 4 
14.7 2;). 0 

Dynamical tlexure, with same arrangement. 
Arc. Scn1fl rf'n<li11gk. Di ff. / ... 

µ. 

. 0478 Hl.2 ;i. 0 14-. 2 :.no 
46!1 18.X 5 9 . - 13. (i 20i:i 
4.60 HUI 5.4 13. 4 20{) 

.J--1.7 18. 7 6.0 12. 7 301 
-l-3H 18. fl :>. H 12.8 207 

4;34 18. 4 ,). 7 12.7 207 
428 17. 8 .1. a 12. 5 207 

418 18.5 ,. 9 .).-.. 12. ;3 208 
40{1 16. 7 5.0 11. 7 202 
400 16.3 4.8 11. ;, 204 
394 16.2 4.7 11. 5 207 

205.9 
1880, JANU.A.RY 11: 

}?Jexnre in thir<l position, about 52em.7 in front of kuife-eclge and 11Scm.;; below. All clamped. 
~o wt>ig-ht 011 l'ltaTHl. Statical flexure. 84.4 div.=.01 inch. 

Scale readi11gs. 

Arc. Zero. Ont. Mean diff. fo· 
.0500 72.3 66.6 

72.8 H6. 3 
71. 4 66.2 diY. /I. 

71. 5 65.6 5.87 506 
71. 2 f'5.1 
71. 0 65.1 
70.8 65.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 409 

Dynamical flexure, with same arrangement. 
Arc.· S<~alP readings. Diff. fu· 

µ 

.0484 H2.8 7:1. 3 10. f) 4()'i 

476 H3.9 74.9 11. 0 498 
470 64.1 74.7 10.6 487 
466 63.3 73.7 10.4 481 
461 63.2 73.7 10.5 491 
454 G3. 8 74.0 10.2 485 

484 
A.11 tight. V\Teigbt of 2,700g on top of stand; otherwise the same. 84.4 div. of scale=.01 inch 

Statical. 
Scale readinga. 

. 001 inch. Arc. Zero. Out . Mean diff. J:.i . 
84.7 . 0500 93.6 87.3 
84.3 93.0 86.6 div. p. 

84.2 92.5 86.4 (). 2() 540 
84.4 92.5 86.3 

92.4 86.1 
Dynamical flexure, with same arrangement. 

Arc. Scale readings. Di ff. fo· 
p. 

.0498 85.2 98.8 13. 6 581' 
474 86.3 98.0 11. i 532 
469 86.0 98.0 12.0 552 
462 86.0 98.0 12.0 560 
442 83.0 94.7 11. 7 511 
419 86.3 96.8 10.5 541 
409 85.3 95.8 10.5 554 

401 8.5. 8 96.0 10.2 547 

556 

Hand-tightened above; otherwise the same. Statical. 

Scale readings. 

Arc. Zero. Out . ~lean dift. .fo· 

. 0500 75.2 68.7 
75. 0 68.1 
75.1 68.0 div. p. 

80. 1 73. 7 6. 79 585 
84.1 77.1 
84.3 77.4 
84.4 77. 7 

Dynamical flexure, with same arrangement. 
Arc. Scale reatlings. Di ff. fo. 

. 0424 25.8 38.7 12.9 655 
417 25.4 38.8 13.4 692 
413 25.~ 38.6 13.3 699 
408 '25.3 38.1 12.S 677 
400 25.7 37.0 11.3 609 
388 26.3 37.2. 10.9 606 
379 26.4 37.9 11.5 653 

656 
S. Ex. 49-52 



 

410 REPORT OF 'fHE SUPEIUNTESDENT OF THE 

Statical flexure. ·Feet unelamped; otherwise same. 

Scale readi11y8. 

Arc. Zero. 
. 0500 48. 1 

47.4 
47.4 
47.9 
47. 7 

Dynamical flexure, with same arrangement. 

Uut . 

41. 7 
41. 'j 

41. 5 
41. 8 
41. 'j 

Ar<" Scale readings. 

. 0414 38.2 49.6 
405 38.2 48.9 
398 :n. 7 4,8. ti 
389 38.6 "18. 'j 

:ri'i 38. fl 48. !l 

)lean diff. 

div. 

G.02 

Di ff. 

11.4 
10. 7 
10. 9 
10.1 
10.3 

.t'11° 

I' 

51!1 

fu· 

" 593 
,;6~1 

590 

5fi0 
588 

580 

Statical flexure, with blotting-paper under feet; otherwise same; 84.rn div.=.01 inch. 
S<•ale reading•. 

. 01 inch .. Arc. Zero. Out. 
84.4 .0500 n. 2 lli:i. '" 
84.1 i:!. !I 66. :! 
84.2 7:1.1 6G. O 
84. 1 73. ;1 66.1 
84.0 7" "' -·I 66. 1 

Dynamical flexure; with same arrangement. 
Arc. Scale r1>adings. 

. 0369 67.8 78. 1 
3()1 67.7 77. 9 
360 us. o ,.._ •) 

''· -
;140 fi6. 8 'j[). 8 
~{38 67.0 76.8 
338 67.0 rn.o 
328 67.8 76.2 

1880, J.ANF.A.RY 21. 

:Mean diff. 

lliV. 

7.00 

Dilt 
10.3 
10. 2 

9.2 
9.0 
!I. :1 
!1.0 

8.4 

,1;, . 

" 60:-1 

fv. 

601 
610 
5!)2 

.3il 
382 
5,32 

583 

Third position; about 53cm fo front of middle of knife.edge, and 12oem below; 84,72 div. of 
scale=Jll inch. St.atical flexure. 

. 01 inch. 
84. 7 
84.3 
84.6 
85.0 
85.0 

Arc . 
• OtiOO 

Scale rMdings . 
81. 9 88. 7 
82. 3 88. 6 
82.0 88.4 
82.9 88.H 
82.4 88.8 

Dynamical flexure; with same arrangement. 

.0507 82.2 94.9 
500 82.2 96.0 
49(i 82.3 95.2 
488 82.8 94.8 
478' 82.8 94.8 
464 82.7 94. 7 

Di ff. 

div. 

6.::18 

12.7 
13.8 
12.9 
12.0 
12.0 
12.0 

~ 

546.4 

'" 537 
591 
556 
526 
537 
554 

550.8 



 

UNITED STATES COAST .A~D GEUDl~TlC ::3URVEY. 411 

Same as above, excevt that a weight of 25 pouuds is pnt on top of stantl. Statical tlexure. 
Arc. 

. 0500 
Scale readings. 

35. i'i 41. 7 
:~;;. !J n. 8 
:1.1. 5 
34.8 

41. (i 
.tl. :: 

35. () 41. 1 
:14. H -n. o 

Dynamical tlexure; with same arrangement. 

Second 
tlextfre. 

. 11488 34. 8 47. 1 
-!81 35. ~ 4ti. 8 
47H :~.J. () 40. 8 
468 ;);), 0 4fi. !I 

:34. 3 
;);), 0 

..j..). s 
4.). 4 

1880, JANUARY ')•) 
~.:i. 

position; .)W·"'.1' behind knife-edge. No weight 

. 003 iirnh. Ar<?. Scale I'l~Hdings. 

78.H . 0500 4.7 10.1; 
79.0 ;). 0 - ., 

'· -
78. 7 !l. G rn.o 
78.7 24. j ;t!!. 0 

2.l.1 31. I{ 
2G. 5 33. ; 
ti. 0 12 . .j. 

11. 0 17. H 
1:3. 2 l!I. 0 

1.3 IU'-
:.n. :i :n. n 
22.4 28.3 
28.3 ;;4, ;1 
~5. 1 ~m. !I 

!!3. ~ :IO. o 
D;rnamical flexure; wit11 ~mme arrangement. 

. 0329 12. 7 rn. t 

·:mo 12. 4 HI. 4 
:304 18.4 24. i 
298 17. 1 24. :~ 

259 2~.6 2!1. ~ 

389 23.R :~:t 7 
:138 2:~. 4 3" " ..... t) 

31!.I 27. ;~ ~;a . .i 
294 2.5 fl. 4 
28!) 3 •J . .., o .. 2 
278 4 '} 

.~ 10.4 
. 276 ,, r.: 

._), 0 10.2 
265 3.9 10. 0 
25~) 5.2 11.3 

The mean of the last swinging is 164P.3. 

Diff. 

di•·· 
6. 1."i 

12. 3 
11. H 
11. 8 
LL H 
11. ;) 
10.! 

ou; 26.27 

Iliff . 

dh·. 

ti 'l" . -J 

G . .J 

7 .. 0 
fj, :i 
7.2 
r ., .. -
!l. H 
8.1} 

8.] 
ti. H 
6. () 
6 .. 
6. 7 
6. 1 
6.1 

µ 

.i2H. !J 

53!.l 
516 
.)31 
;144 
;:;37 
50i 

529.5 

dir. =.001 

fo. 

,,_ 

1 i2. 1 

1:u 

121 
143 
16() 

I6ii 

1 i.'i 
181 
175 
162 
143 
154 
1()8 
15!1 
162 

157. () 

in eh. Statical 



 

412 REPORT OF THE SUPERINTENDENT OF THE 

1880, JANUARY 25. 

Second position; 25 pounds weight ou stand. Tube lengthened; 27.44 div. of scale=.001 inch 
Statical flexure. 

Arc. 
. 0500 

Scale readings . 
8.4 2.3 
7.4 1. 4 
8.3 1. 7 
8.3 1.8 
7.2 0.1 
9. 9 3.2 
9.6 3.2 

10.0 3.3 
11.3 4.5 
11. 5 4.7 

Dynamical flexure; with same arraugement. 

. 0478 7. 7 20. 6 
467 8.8 20.8 
455 9.4 20.9 
439 10.4 21. .2 
432 10 . .2 21.2 
422 10.2 20. 7 
416 10.3 20.6 
392 11. 8 21. 5 
384 12.0 22.2 

Weight taken off; otherwise same. Statical flexure. 
. 003 inch. Arc. Scale readings. 

82. 4 .0500 14.1 7.3 
82.S 14.5 8.3 
82.5 15.2 8. 7 
82.3 16.7 9.6 
82. 1 17.0 10.4 
8'' ·:~ 16.9 10.4 
8') •• -· - 23.4 rn. 7 
82. 1 23. 1 16.8 

Dynamical flexure, with same arrangement. 

. 0482 18.3 30.9 
474 19.2 31.6 
461 18.3 30.6 
457 18.3 29.8 
450 20.0 31. 7 
444 19.8 31.1 
4~{7 20.2 :n.2 
424 21. 0 31.6 

Difi'. .fo. 

div. " 6.57 173.8 

,, 
12.9 178 
12.0 170 
11. 5 167 
10.8 163 
11. 0 169 
10.5 165 
10.3 164 
9.7 163 

10.2 176 

168.3 

Diff • f;. 

div. I' 

6.59 174.3 

,, 
12.6 173 
12.4 173 
12.3 176 
11..5 167 
11. 7 172 
11. 3 168 
11.0 167 
10.6 165 

170.3 
First position: about 57cm.o in front of knife-edge; 26.85 div. of sca.le=.Q01 inch. Statical. 

No weight on. 
0.500 15 5 3.4 

15.8 4.0 div. ,. 
16.5 4.5 12.07 . 326.3 
17.1 4.9 
17.8 5.5 
17.6 
' 

5.6 



 

UNITED STATES COAST AND GEODETIC SURVEY. 413 

Dynamical flexure, with same arrangement. 
.(I03 inch. Arc. Scale rea<liuµ;s. Dill'. fo. 

80. 7 80.3 . 0481 11. 3 :34. ~ 22. !l 
I' 

3C)'> 
~-

80. ;) 80.6 473 11. ;l :J3. 8 !?2 • • ; 322 
80.8 80.9 ,167 12.0 34.0 22.0 318 
80.1 80.6 !;)9 11. 8 :H.O 2·) '> 32"j 

44~ l" '> -· - :~3. !) 21. i 3')~ -1 

441 13.3 :H.4 21.] 32± 
4:-17 13.4 34.2 20.8 :l22 

322.9 
Weight on stand. Statical flexure. Otherwise same . 

. 0500 20.0 32. ;) 
21.8 34.1 div. µ 

22.5 34. 6 12.17 329. 0 
"')')-; 
........... ' :35.1 
23. 4 35.4 
23. 7 ~35. 6 

Dynamical flexure, with same arrangement. 

. 048:) 10.8 34.1 
µ 

23. :l 326 
467 11. 3 33.8 22.5 326 
458 10. 9 :32. 4 21. 5 31"j 
446 11. 'j 33.3 21. 6 327 
438 11. 7 32.7 21. 0 324 
429 l'> ~ -·I :13. 6 20.9 329 
419 12.6 az.7 20.1 324 
406 13.0 32.4 19.4 323 

324.6 

Summary of drnamical and statical observations, with pendulum on Repsold stand, matle at 
York. 

56"m.6 forwarcl, 
5ocm,5 back, 

A.ll tight; no load. 

52cm,7 forward, uscm,5 below, 
Inclination of axis to knife-edge, 
Di1'!tance of axis from middle of knife-edge. 
fo at 1 cm. from axis, 

l'(,atical. 

fo 326 1'. 4 

fo 172"'. 4 
fo 504,,.,4 

420, H 

l"'.139 
21'. lH 

The same arrangement. 

57om,o. forward, 
50-.8 back, 
53cm,O forward, 12wm below, 
Inclination of axis to knife-edge, 
Distance of axis from middle of knife-edge, 
fo at 1 cm. from axis, 

fo 3261', 3 
fo 1731', 2 
fo 5461', 4 

370,0 
lm.040 
21'.:359 

Fo 245,,, 3 

D,vnamical. 
;)2;)J.L, 5 
150 ... (i 

4821', 9 

49°.o 
}m, 086 
21'.137 
2321'. 2 

322 "·fl 
167 "· 3 
5501-',8 

360,ij 
om,993 
21'. 424 

!!40 "· 6 
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All tight; load of 2k.7. 

56cm .6 forward, 
50cm ,5 back, 
52cm,7 forward, lltic"'.5 below, 
Inclination of axis to knife-edge, 
Distance of axis from middle of knife-edge, 
t~ at l cm. from axis. 

Statical. 
fo 3321L. 7 

fo 164"'. !I 
fo 539"'. 6 

41°. l 
1111 .023 

.2 "'· 385 
F 0 2441'-. o 

All tight; load l!/llk.3. 

57cm.O forward, 
5ocm.8 back, 
53cm.O forward, 1zocm below, 
Inclination of axis to knife-edge: 
Distance of axis from middle of knife-edge, 
fo at 1 cm. from axis, 

J~ 32!) "'· 0 
j~ 17:~ "'· 8 
,t;, 526 "'· 9 

400.3 
1m. OOtl 
.2 I'-, 226 

Fo 2461'-. tl 

:Front tops above hand-tightened. 

56cID,{) forward, 
5ocm,5 back, 
52cw.7 forward, 118c"'.5 below, 
Inclination of axis to knife-edge, 
Distance of axis from middle of knife-edge, 

/ 0 at 1 cm. from axis, 

fo 406P-. 0 
J~ 121 ,,., i 
fo 584P-. 9 

58°.o 
om.850 
;) I'-, 090 

Tight aboi•e; binding-sct·eivs of front feet loose. 

5()cm .6 forward, 
,')QCDt,5 ba<;k, 

52cm,7 forward, uscm.5 below, 
Inclination of axis to knife-edge, 
Distance of axis from middle of knife-edge, 
Jo at 1 cm. from axis, / 

fo 344P.. 6 

/o 1!13 ". 0 
fo 518 "'· 9 

430,0 
P 11

• 27:{ 
2P-,077 

1'',. 264 IL, 5 

All tight; bwtting-papet· under the feet. 

56cm.6 forward, 
5ocw .5 hack, 
5zcm,7 forward, 118"n'.5 below, 
Inclinatiou of axis to knife-edge, 
Distance of axis from middle of knife edg·f', 
fo at l cm. from axis, 

.fo 379,.., 6 
fo 234,.., 4 
fo 6031!. 4 

35 .0 
Jm, 282 
2,..,362 

Dynamical. 
3291L. l 
14811..1 
55611..0 

400,6 
001

• 899 
:! I\ 597 
23311., 4 

32411.. 6 
168,...3 
520 .... 4 

;190. 5 
Jm.063 
2,.., 277 
2421'. 0 

~1971',4 

"· 1 
6561-L,0 

500,3 
om.681 
3P.. 559 
2421L. 4 

a44,,..3 
177 P-.1 
580P., 3 
370,4 

Orn. O!J5 

:!551L. 9 

.365 I'-, 0 
205,,., H 
580,.., 1 
380, 7 

lm.179 
21L.384 
2811',0 

These measures are interesting as showing that while the dynamical flexure at the point of 
application of the force is constantly less than the statical, yet the angular flexure is less in the 
statical experiments than iu .the dynamical ones. This fact probably indicates the cause of the 
difference between the two kinds of flexure, namely, that in the dynamical experiment.s the :tlexnr~-
wave has not had time to fully reach the distant parts of the apparatus. . · 
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1880, MARCH lj. 

Top of Repsold stand fastened to an oak plank, whicl1 is bolted to top of Genen1 tripod. Stat· 
ical observations with weight (l") and pulley; 76.3 diY. of scale=.003 inc11. ScalP ilt;em.S in front 
of middle of knife-edge. 

Saale 1·ra,.li11q~. 

Wt. ou. 
4.0 
2. ~) 

:~. 9 
1.G 
:J. 4 

\\'t. off. :\!.Jan tliff. 

29. () 
26.1 
tS.3 
:w.2 
28. 1 

di\·. 

24. 62 

Scale 5ocm,5 behind knife-edge; 76.I div.=.003 inch. 
u.] 0. ;) 
l. 9 6. 7 

21.3 
25.7 

25.3 
2!l. 8 

23.0 27.fl 
21.2 25.K 

1880, APRIL 5. 

.f,,. 

I' 

154.1 

I' 

28.H 

Experiments on oak plank support as last used. (It has heen removed and put on again since 
last experiment.). Statical flexure; with weight and pulle~·. Hcale ahont 5ocm.o behind knife-edge. 
Filar micrometer, 1 revolution= lOOP. 

Jfi.rrometer readi11r1•. 

'Vt .. m1. Wt. off. Di ff. 
p 

'1.186 4. 150 o. 03(1 
. 218 . 180 • 028 
. 242 . 2rn . 026 
. 291 . 236 . 035 

4.425 4.390 .035 µ 

• 4;)1 .411) .03(i 21. !) 

. 484 .452 . 032 

. 523 .492 .031 
4.566 4.528 .038 

• 595 . 562 .033 
.625 . 591 .034 
. 650 . (ill .039 

. 035 
Sea.le about 5Gcm,7 in front of kuife-e(lge; otherwise tlie same. 

:3. 200 3. 022 0. 17R 
4. 42'j 4.247 
• 40.'1 . 216 
. 385 . 2lii 
. :~68 . tu:; 
• ;~4;) .175 
.269 . 09~ 
. 231 • OM 
.236 .178 
. 236 . 165 
.221 .178 
. 210 .177 
. 20:~ .157 

. 180 
• Hm 
. l'iO 
.16:1 
.170 
. li7 
.16'j 
.178 
. rn.; 
.178 
.171 
.157 

Cl. Im 

I' 
109. 1 
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Scale about 44cm in front, and about 120cm below the middle point of knife-edge; otherwise 
same as before. The flexure is iiow in the reverse direction from the pull. 

Micrometer readings. 

Wt. on. Wt. off. Diff. (,,. 

3. 735 3.308 
p 

0.427 
. i60 .597 .163 
. 622 .424 .198 
. 808 . 343 . 465 

4. 121 .624 . 497 
3. 740 .270 .470 

. 448 .160 . 288 

. 926 . 277 .. 649 

. 676 .. 189 . 487 

. 759 . 386 .373 

. 61iO .480 .180 
" . 585 . 378 . 207 229.6 

4. 785 4.550 . 235 
5.913 5.668 . 245 

. 873 .384 .489 

. 639 . 545 . 094 

. 438 .186 . 252 

. 306 4.567 . 739 

. 073 . 910 .163 

. 037 . 831 . 206 

. 066 . 661 . 405 

.112 . 640 . 472 

.113 . 652 . 461 
4.943 • 714 .229 
5.158 . 607 . 551. 
.103 . 756 • 347 
. 187 .646 . 541 

0.364 

1880, APRIL 17. 

Repsold stand supported on oak blocks, six inches high, and braced together. Microscope as 
in former experiments. Scale 56°m.7 in front.of middle of knife-edge; 21.93 div. of scale=.001 inch. 
Statical flexure with pendulum. 

.004 inch. Arc . Scale readingK. Di ft', fo· 
87.7 87.5 . 0500 5.7 24.0 
87.1 87.9 22.6 40.9 
86. 8 88.3 18.9 37. 9 
87. 6 87.7 10.9 30.9 
87.9 88.0 3.5 21. 7 div. ,,. 
87.6 2.2 20.3 18.72 . 619.6 
88.0 21.8 41.2 
'87. 9 17.3 36.1 

15.0 32.6 
6.5 25.2 
4.9 23.7 

17.8 37.2 
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Dynamical tlexure, with same arrangement. 

Arc. . Scale readings. Diff. f.,. ,. 
. 0494 42 ~ . ' 9. G 33.1 554. 

4.90 4.1. 8 7. 5 34.3 5711 
4.84 40.7 7.0 33.7 57H 
454 32.3 2.8 29.5 538 
448 32. 7 3.G 29.1 538 
4.38 32.4" 3.3 2!J. 1 54.9 
433 30. 1 1 C) .... 28.9 55~ 

556 
Scale 5ocm,4 behind knife-edge. Otherwise same. Statical. 

. 0500 22.3 31. 7 
3.8 1:3. 4 
5.3 14.6 
5.4 14. 0 

10.0 18.5 di>". ,. 
11. 0 20.3 9.11 301. 5 
18.3 26.0 
20.0 28.9 
22.5 31. 4 
3.4 19 I) -· ... 
4. 7 14.4 
8. 1 17. 8 

10. 0 rn. 5 
11. 0 20.6 

Dynamical flexure, with same arrangement. 

. 0489 28.4 9.6 18.8 318 
484 27. 7 8.9 18.8 321 
477 26.2 7.8 18.4 319 
470 24.8 6.9 17.9 2!)6 
465 23. j 6. 7 17.0 303 

315 

18801 APRIL 18. 

Repsold stancl raisell up on pieees of rubber 2! inches thick. Scale 50n11.:3 behiud knife-edge; 
2ldiv.9!l of 11cale=.001 inch. Statical flexure. 

Ar<". 
.0500 

Scale rea,clingH. 

13.8 42.1 
16. 4 39. 3 rej. 
19.8 48.7 
20. 9 48. 6° 
23. 7 51.8 
20.9 49.7 
23.1 51.6 
26.0 54.2 

Ditt 

div. IA. 

28.36 939. 2 
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lly11an1i!'.nl tlex11n·, with ,,;ame arrangement. 
Ai·c. Scale readiugH. 

. 0460 *4!1. (i !!. 4 
452 49.(i 2.8 
Hi .rn. ;-; :1. !I 
438 48. 7 4. (j 

42r. 4!l 2 - '> t_),,, 

]lift. 

44 . .'.! 
46 . .'\ 
45.4 
41. 1 
±3. !I 

J~,. 

S4H 
."\:Jli 
,q40 

833 

:17''".H i11 fro11t of lrnifo-t•tlge; 21.H tliL of :-;ca:e=.001 i11cb. i:'ltatical fll·xnre . 

. 0500 ;\ti./'\ 

52.0 17.5 
48. (j 1;), ' 

4;-;.1; 11.H 
4:1. ;; 
41. s 
40. 8 
;~8. (j 

:n. 2 

1 '> •) ..... ,) 

8. :i 
G. 7 
Ii. .i 
,5, 1 

dl). 3 :!. 5 

11.nrnmical ttoxnrc, wit.h same arra11g·e111t•11t. 

. 0114 i11ch. Al'c . Scttk readings. 

81'1.0 87. 7 . 050!1 7.5. 8 14.0 
88.4 87. () 4!18 il. 8 1·> -~. j 

~7.H ,q7, :1 487 70.;; 12 . .J. 
88.3 S7.~ 482 us. 4 11. ;) 
88. 1 ~7. :J 473 ()(), ,-; 10.0 

4H7 HG. s 11. 0 
4.J8 li4. 4 ] 1. 2 

Thir1l positio11; 81.ldi\·. of 11cale=O.l inch. 8tatieal flexure . 

. 0500 rn.o 
18.2 
18. 7 
is.a 

2(i, 3 
26.3 
26.0 
27. 1 

18, ;1 :!G. 5 

D~·munical tlexurt·, witl1 sa111e arra11gemeut. 

.(11 iud1. Arc. Sea le rcatliugis. 

.SI. :.! . 0320 15. 8 23.fi 

.SO. !I 304 15.8 22.8 
Sl. ~ 288 15. ;$ 2~.3 

278 rn. 1 ')') ? 
"'-J-.J, -

270 15,2 21. 8 
:!02 15. 2 21. 6 

---------- - ~------- ----·--· 

ili\". 

:rt 2 

Dirt. 

til.8 
.:m. 1 
;)7. !i 

,--,7, l 
51;. 8 

55.K 
53.2 

Di ff. 

7.1" 
7.0 
7. () 
7.1 
6. (i 

Ii. 4 

-"-

lOH!I 

./~1. 
µ 

1008 

!ISJ 
!187 
!)84 
mn 
!)!l'..l 
ma 

!l8!i 

,. 
70H. 8 

f(l· 
... 

51;} 
514 
543 
570 
545 
545 

543 
-----~------·----

• l'lw lir~t· lig11r.i in thiH col11111n b c\'crywhcrc rcconlcd as 5; the ob&on·cr, however, notes that it should be 4. 
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1880. Al'IUL :!I. 

Flexure ollsen'ed agaiu Oil ruhlwr feet. ~enle .10''".:.! hehi1ul k11if'e-l'dgP; :.!:.!.17 di\". of ,.;<·ah·= 
.001 inch. Statical tlexnn· . 

. UO<I i11<'l1. Ar<'. ~ .. «alt· rP:uli11gs. 

H~ .. U . o:;oo J.i. It ;{/-;,\I 

ss.s I" " •> ....... ~{i. s 
88.8 I:{..-; :38. 8 

SS. Ii 18.8 43.:i 
:.!I. 0 ..J.4 .. ) 

rn. - -t:J. ' ' 
1 !I.;) 44. !I 
18. !I 4;;_ !I 

IH.S 43.8 
HJ.:.! 44. I 

D,\· 11ami<~a1 llBXlll'l', witl1 sanw arra11gPllH\11t. 

. O-J.i:.! 4.). s .~ .. ~ 
-J.li:l 48. i r'.-! 
-J.;)(i -!8. i H. ;I 
-J.i)U 4S. i !I. 4 
i.i:; 4S,O !I. -1 

Jlill. 

:.!-L .i 

JO, U 
40.:l 
:m.:.! 
:w.:; 
:l8. (j 

µ. 

,•;o::. s 

µ 

70i' 

7 Li 
707 
118 
7 lli 

il:l 

ii7"'".1 i11 front of kuifo-t'dgl'; :.!1.!J!I di\'. of scale=.001 inch. Statical tlexun .. 

. 00~ i11cl1. Aro·. ~tale rPtuliug·,-,, Dif''. .1;1 . 

88. 7 . 0.-100 4i. !I 18. 7 
88. (i 30. 0 :.!O. 0 
S7. fi 48. i'i Hi.:.! 
88. :~ 48.0 18.3 
87.[) JO. :; lU. H 
SI. :-I H.O 1:.!. 8 div. I' 

1-17. !) .J.:3. 0 11. l :.0.1 !1-'-'!I. ;) 

1-18.0 11. :.! !:.!. 4 
88.0 :)S. i i. !I 
ss.o :)5 .. 5 (' '> ··-

:n.:.! :.!. 8 
:1~. 7 :.!.4 

:n.1 0.0 

I ).\·11ami<·al tkxun>, with Rame arra11gc11u:'11t. 
µ 

. 04tl5 lil. ~ Ii. :J 5fJ.4 !l'.21 ' 
488 61. '.! Ii. 8 54.4 UlS 
480 58. j' 5.3 :;~;. ·1 !l l.i 

470 :m. 4 I' ,, 
I. -' f>~t ~ \l'.20 

467 !i6. 7 4.0 5:!. 7 H2S 
.J;)!l :;;,, H 4.0 ;ii. 8 !l:.!!l 

H22 
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Block feet again. Scale 56•m.9 forward of middle of knife-edge; 22.19 di\". of scale=.001 inch 
Staticiil flexure first. 

Arc. 
.0500 

Scale readingH. 
22.5 11.3 
28.5 17.3 

Di ff. fo. 

31.2 20.2 div. µ. 

12.3 1.1 11. 14 :Hiii. 2 

D~·namical flexure, with same. 

.0459 
450 
445 
439 
430 
420 
414 

14.9 
14.7 
13.8 
13.6 

30.5 
36.8 
37.2 
35.8 
36.0 
33.7 
34.0 

3.6 
3.9 
2.5 
() ~ 

-· ;i 

10.2 
17. :1 
17.7 
16.4 
Hl.7 
15.4 
16.2 

" 20.3 362 
1\5 355 
19.5 359 
19.4 362 
19.3 368 
18.3 358 
17.8 353 

360 
Scale .JO•m.1 behind middle point of knife-etlge; 22.08 dfr. of scale=.001 inch. Statical. 

0.004 inch. Arc. Scale readings. Diff. 
88.7 88.7 .0500 21.1 31. 0 
88.2 88.8 18.6 28.8 
88. 7 88.8 17.7 27.2 div. 

87.9 16.5 26.4 10.10 
88.2 13.3 23.9 
88.2 12.4 22.5 

11. 3 21. 8 

Another set. 

.0500 12.4 23. {j 

11.4 22.4 div, 

10.6 21.3 10. 8 
11.5 21. 8 
11.5 22.3 

Dynamical flexure, with same arrangement. 

.0495 31. 3 
489 31.0 
483 29.7 
478 29.6 
469 28.8 
467 28.7 

8.0 
7.4 
7.3 
6.8 
6.4 
6.8 

8.3 
23.6 
23.4 
22. 8 
22.4 
21. 9 

Scale 56•m.9 again in front of knife-edge; 22 div. of scale=.901 inch. 

. 0500 35.9 23.9 
18. 7 8. 3 div. 

27.7 18.3 10.8 
31. 0 19. 8 
31. 7 20. 7 

" 331.2 

" 354.1 

" 386 
396 
380 
391 
392 
385 

388 

Statical flexure . 

"' 354.1 



 

UNITED STATES COAST AND GEODETlU SURVEY. 

Dynamical flexure, with same. 
A::c. 

.0484 
476 
469 
460 
456 

Scale readiugo. 

31. 9 
33.0 
3!. :~ 
36.0 
:m.s 

11. 7 
13.8 
14.8 
JG. 8 
17. {j 

18807 APRIL 2.J. 

Di ff. 

20. 2 
19.8 
HUi 
19. 2 
19.2 

421 

Observations on wooden stand. Much troubled by tremor, probably due i11 great measure to 
the irregular heating of the wooden blocks by the illuminating flame. Third position=55<m i11 
front of knife-edge :tnd uscm below; 71.72 div. of scale=.01 inch. Statical fit'Xlll't'. 

Arc. Scale readings. 

. 0500 32.8 :m. 5 r~j • 
25.0 ao.3 
24.8 :30. 2 
32.3 37.4 
32.4 37.2 
32.6 ~38. 0 
32.3 :37. 8 
35.2 41. 1 
35.0 41. 0 
36.4 41. {) 
34.4 42.1 rej. 
36.6 42.3 
36.2 42.4 
37.0 42.5 
36. 'j 42.3 
36.8 42.5 
37.0 42.8 
36.6 41. 4 
36. \) 42.2 
36.9 4.'3. 0 

Dynamical fiexure, with same arrangement. 

,0478 32.3 49 ') w•"' 

469 32.0 41. 8 
453 30.3 40.1 
442 • :~0.1 40.1 
438 31. 2 42.1 
437 31. 9 41.9 
433 31. 1 41. 0 
426 31.8 42.0 
419 31. 8 41.2 

41H 3') ') ... "" 41. 2 
413 32.3 41. 4 
412 32.2 41. :t 
409 32.7 42.1 
403 33.3 42.2 
400 3."3. 3 42.3 

Di ff. 

diY, 

.J. 52 

9.9 
9.8 
9.8 

10.0 
10.9 
10.0 
9.9 

10.2 
!),4 

9.0 
9.1 
9.1 
9.4 
8.9 
9.0 

j;,, 

" ii:i8. (j 

" 524 
529 
546 
572 
630 
579 
579 
605 
567 

546 
557 
559 
582 
559 
569 

567 
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Scale in front of knife-edge abontrrnc"'.8 (not measnrea). Statical flexure; 21.67 div. of scale= 
.001 inch. 

Arc . 

. 0500 
t'icale readrng". 

30.0 16.8 
•)~ ,... 
_,J. ' 12. (; 
:!5. 4 12.4 
27.2 13.7 
27.7 14.1 
:30. 0 Hi. (i 

:t!.1 18.4 
33.3 20.1 
27.4 13.4 
31. 4 18.8 
32.4 19.7 
56. 4 43.2 
;'.;(). 7 41. n 

Dynamical flexure, with same arrangement. 

. 0480 
45!) 
451 
4-13 
425 
41G 
39!) 

8cale fi0'""A hehind knife-edge. 
.0500 

55.4 •)f) I) 
•)-.. . ._, 

57.7 ;_::). 8 

:iS. 7 38.8 
59.3 38.4 
59.3 39. () 
GO. 7 41. 2 
(;3. 7 45.8 

Statical flexure. 

22.8 15.8 
24.7 18.2 
36. 7 29. 8 
52.8 29.2 
lG. 3 47. 4 
22.7 
23.6 
27.6 

. 10.8 
17.2 
17.0 

27.'4 21. 0 
31. 4 25. 3 
36.0 29.3 
41:0 33. 3 
43.4 36.8 

Dynamical flexure, witll same arrangement. 

.0495 46.3 30.6 
488 47.7 31. 4 
483 49.3 33. 7 
478 50.3 34.4 
469 51. 3 36.3 
463 52.8 37.3 
426 52.8 38.5 
,114 53.4 41.3 
410 54.9 41.0 
407 56.0 43.0 

lJiff. 

t.li\r. 

J:i. '! 

~:t] 

21. 9 
19. !) 
20. !) 

19. 7 
l!l. 5 
17. !J 

div. 

(i. 4!1 

15.7 
16.3 
15.6 
15.9 
15.0 
15.5 
14.3 
12.1 
13.9 

·13.0 

µ. 

Hl'i.7 

µ. 

40;: 
3!l9 
36!) 
3!)j 

388 
393 
37G 

38!1 

:.J17 0 

µ. 

265 
280 
270 
279 
268 
280 
281 
244 
284 
267 

272 
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The aboni experiments of April, lcclJ, wern made with a Yiew of testing expcri111e11tally th!' 
q1wstio11 of whether the stat.ical or dy11amical tlexures shou]I] bt> mw<I iu reduciug the period.~ of 
oseillatiou, or whether some intermediate ,·alue would lJe preferalJle. The pendulum \Yas actnall~
swung upon all these supports. l'nfortnnately, the meas11n·s of fl1•x11n' of tl1f' t>XC1'ssin•ly flPxibh' 
~;upports are extn•mely dhmorda1Jt. 

fn forwar1l. 
~tatical. D,\'lHllltieaL 

µ. µ. 

April le, 10!1!1 !l'l!l 
April 31. !18!1 H:!:.'. 

Ue)l.~uld .~upport un rublier blod·s. 

1;, llt'!iiuJ. 
Stati~a.1. D.'11a111it'al. 

µ. µ. 

n:m ,-;4G 
i'\O! 113 

1; ltt~loff. 

~tatiCal. l>.Y11a111i1·al. 
µ µ 

7!0 :;+:; 

:--;:atica1. 1•.n1arnical. 
µ 

1014 lll:) 
.>;!JI S II 

From the cireumsta11ce;; of the experime11t, the ret>ult:-; of tlw "'"eo1ul day arl' to lw absolntd.' 
preferre1l. The prmlulnm was RWnng 011 this Rnpport 011 .\p1·il ls antl '.!ll, Tlw mea;;m·ernentH of 
the flexure of the Jtpp;;old tripod on an oakeu ;;npport ar1• still 11101"1> 11tterJ~- di,.;cordmit. The :<ecoJHl 
experiment of April 2J seellls to l•t~ the hest, and this f('iYI'>< C,=::;;4,,. for t11e 'it:itical tlex111·t•, and 
tile dynamim1l tte.xnre app(•ar.,; to be n1ry littlP less. For the slitfost suppol't WP han~ F,,=fi'.!µ!J. 
statical; tly11a111ical uot meas1u·eil. 

The details of tile experiments t-0 determine tll\; verirn \,; ur 11>dlla t ion Oii tl11•se "n pport s will 
lie gh-eu in auotl1Cr report. The followiug are the results: 

:\l:m~h :H, 
April '.!~ 

April 4, 
~\.pril 4, 

l\lea11, 

l\Iareh :!U, 
March 27, 
1\Iarch 28, 
l\farclt 2!1, 

l\feau, 

April ·,, 
April ~lO, 

l\Iay 
,, ., 

::\fas " .:), 

}feau, 

Stijfe8t suppm·t. 

(:lfetltod of trnnsits.) 

lll'H\'Y ('!Hl •low11. 
s. 

I. Ol)()J:.1;; 
.i:m 
J:H 
+.H 

1 • Ol Hi44: \ 
447 
4:)7 ( 
4;{;) 

1. OOH440 

Rep8old s11p11ort. 

\~fotlio1l oftr:lll~it,.) 

Heasy l'11tl tlow11. 

'· 
1. OOH4!J!l 

4!l1 

500 
;)00 

1. 006498 

1!1°;1\)' l'Illl II}'. 

1. oon+7:; 
171' 
.is:; 
47;; 

1. 110ti477 

1. OOli4til'i 
47."i 
4G7 
4fi0 

I. OOH4IO 

1 , 0111 i;)Oti 

48.i 
:-i28 
f>Hi 

1. uonmw 
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Repsold support. 

1_'.\leth0<l of··~·,• and ear coi11eidenc1'8.) 

Heavy eud dow11. Hoa,·y eud up. 

"· 8. 

)larch rn, 1. 0()6;):!:.~ 1. 0065:!3 
:\larch :Jl, J!)() 473 
March 2:!, .308 li27 
)farch 33, 4!1:! 533 
,Tune 4, 4U5 505 
June r;, 48!) 48::1 
June 6 

' 
50i 511 

.Jmw 6, .)15 505 
---- ----

l\leau, 1. 006502 I. 006508 

Oaken .mpport. 

ptetbotl of <'ye and ear coincicle11ces.) 

H<'ayy end dowu . He:ny •ml 1111. .. .. 
April 24, 1. 006545 1. 006530 
April 25, 542 526 
April '>~ _,, 536 521 
April 28, 538 ;;:m 

---- ----
l\Iean, 1. 006540 1. 00652!) 

On India-rubber bloclus. 

April 18, 1. 006706 1. 006612 
April :m, 703 610 

---- ----
:\lean, ]. 00670'.i 1. 006611 

Let ni; now try the clj·namical conection of these periods. For the Repsold 1mpport. the 
1l,\'11amical F 0 =:l3i"; thence we <le<lucc the correctious for the other supports, as follows: 

Period, .Rep8old support, 
1 >~·namic correction, 

Corrt\cted period, 

Period, stiffest su1lport, 
Period, oaken support, 
l'twiod, 011 India rubber, 

.Apparent corrections: 
Stiffest support, 
Oakeu support, 
India rubber, 

Heav~· enil down. .. 
1.006500 

-84 

1. 006416 

1. 0064:~9 
1. 006540 
I. 006i0fl 

lU 
28\1 

The ntlnei,; of Fo, calcnlated from these corrections, are as follows: 

Stiffest support, 
Oaken 8Upport, 
India rubber, 

.. 
65 

302 
821 

Heavy end up. . . 
1. OOG5o<J 

-36 

1. 006473 

I. 006475 
1. 006529 
1. 000611 

56 
138 

.. 
13 

371 
915 
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Of conr:·w, extremely little weight is to be attacLed to the Yalm~s calculatt~d frolll "lwa\·y l'lHl 
up." 1•'01· tlie stiffest support aml tLe oake11 su11port tLe result is iu nry g·urnl accunl witl1 the 
;;tatieall,,· obsen·ed flexure. For the India, rn oher support the dy11amicall:r ob,;ern~d tlcxlln.' l'iCP!llS 

to he indicated, or rather something between this aud the rc,;nlts of ~tatical meas11re,;. 

Oenernl eonelu8ions. 

1. Tile tlexibility of almo;,;t a11y pcml11lnm support ha:-; 1111 irnporta11t 1·ffect 011 tL1· tiull' of o,;cil
latiou, aud shoulcl be measured. 

:!. '1'lw tlexure rotates th<, kuife-t•tl!!e about au axis, "0111eti111e;,; uot OYer l.iO c111. di:<taut. It i"• 
tLcrcfore, altogether erroneorn; to rne::i,;nrn the tJcxnre a1 any otlwr point tlnrn the 111i1l<ll1' ,.r tl1<· 
knife-edge, uuless it be measured at a uurulH'l' of puir~ts awl r1•<ltwed to tLat poiut. 

;t Ou a proper!.~ eoustrneted snpJlort thl' diffen·m·e lwtween the ,;tatieal aIHl dy11ami1·al tlexun• 
should be immaterial. The tly11amical tlexnre is less tlian tlw statical, owing to the ti1111• rPqnin'<l 
for the t.ra11smissio11 of the wan:' of strai11 to tl1l' rnrn·e di:-;taut parts of the ap1mratus. The true 
correcti011 seeil.)8 to he i11kr111etliati• lwtw<'e11 that <'akulatetl from t!JP :-;tatkal all(l tli1• d,n1amical 
fll·xures, l.Jut pn•tty decidedly uearn· to the latter. 

.J.. A support like tlw Repsold tripod will grnw m01·p fl<'xili!P witll time, owi11g probably to tl1e 
slig·ht loosm1ing of some parts. 

;). A.ny dirt, cement, or other ela,.;tie film umlcr tlJL• feet of :-;rn.;!J a tri11od mar greatly i11crnise 
the flexure, as 'l'fell an the diff'Preiw1•, between the two kinds. 

1.i. Jf the flexure is co11RidPrabl~'· it is likPly to niry from day to day, or e\·en during tlw eoHrsl' 
of au experim('nt. 

i. The tighte11i11g of tlit' parts may or may not greatly aftect the tlexure. 
8. 'fhe loadi11g of tlw support has nu sensible cffeut. 
H. Experiments made with weight and pullt'.Y gin' a larger ntlue for the Jiextll't• tlia11 tl1osp 

lllade with the iwn<lulnm drawn to one :side. 

~O'J'l'; OX HARDY'S ~ODDY. 

The theory of Hanls's uoudy is Ye!'.)' simple. \\'heu two peu<lulnrn:s oscillate Oll thl' S<lllll' 

.-upport iu parallel plaues, I have sliowll (Am. Jour. Sci., third series, :xYiii, 11:1) tlwt oue of the 
differential equations is 

where 
tis tlle time; 
q;, the instantaneous angle of iucliuatiou of one pendulum; 

1>1, the instantaneous Jinell.r displacement Of its knife·t'Clge from tlil' positio!J of I'l'!llllSl' j 

A, the virtual length of the pendulum; 
y, the vertical acceleratiou of each particle, or the constant of force of restoration of tlH· 

pendulum. 
The lfar<ly's noddy is a }leudulum plnced on the support of another p<:>11d11lmn so as to o,.;eillate 

in a paralll1I plane. Its natural 1wri()(l r = <'.:1J'1 
is as nearl.r as possible e11ual to T, tl1t• pnirnl of 

y 
the main pendulum; but. y, mstead of being grnYit~', is the excess of tlu~ force of a spring (J\'er µ:nwit~· 
and is made to be as small as possihll', A. being correspoudingly small, so as to girn r tl1e riµ:ht. 
value. The nodd,y being very light, tl1c rnlne arnl cltauge:-; of 8 .are determined entiiely h~· tl1l• 
main pendalnm. \Ve may, therefore, write 

x=S cos t,0 , 'r 
Snl>stitutiug this rnlne iu the differential equation, tlw snlutio11 of the latter i:-; 

t-to 1 S·cY t 
Cl=rfi cos '-®--· . 2 cos ®· , :- r "2.-T 'l' 

But the uoddy lias no oscillation to begin with. This fact is represented b~· Uw rn1mi1.io1rn 

1 src:i2 

<I>= y • 72=T~ 
S. Ex. 49-54 
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\Ye thns ha\·e 

l t:-\i('.)2 • t t ) 2 S''c)' . r-T . r+'l' 
'f= .. ,,.(cos 0-cos 'c) = . 2 T2 • sin '>-·-T-t0). sm •> .Tt®. 

r r 2 - p T T y T - ~r ~r 

This equatiou "hows that the noddy osllillatet:i with a pmfod that is a sort of 111ean behn•e11 
it;; uatuml perio,J aud that of the large pendulum. The amplitude of oscillatiou increases from 
11othi11g- at an initial rate equal to 

S'eY . 
r(r+T)rT' 

a ralt• 11ot much atlected by the value of ( r-T). But the amplitude iucremmt:i more aml more 
slmYl,Y. arnl reaches its maximum wl1e11 

· rT 
f= ')'' r-

after whicl· it again 1limi11i8lies and after the lap8e of au equal time \'anishes. At the beginning, 
tlw pha8e of rnoti011 of the support i8 ~ 0), and that of the nod1ly is O, so tl1at tlw 1-mpport is one 
qmulr:rnt alwad. At the time of the first maxi11111111 the phase of the 1mpport iil 

( 1+ r_::T)0 

and that of the 11o<l1ly it< 

r+'l' 1 'I''c). r-

Subtractiug the second from the first we see that the two motions arc iu oppoHitiou. '\Yhen tlrn 
111otio11 of the 11otllly yaniodies its phase is a f]uadmnt in iHb'aucc of that of the 1'npport. 'l'he 
111otio11 irume<liatel;\~ recommences, hut 

. r-T sm t'f) 
2rT 

1s 11ow 11egatin', a111l this t:ib.ows that the difference of phase clrn11ge1:; to tlw opposit.e 1pmdra11t, aJHl 
that the two oscillatious again proceed toward opposition. 

·we haYe thus far not taken account of the resistance to the motion of the 11odd,Y, althoug·h 
thi8 muHt evidently be large. Jn consequence of it, the natural motio11 of tltc 11otldy would be of 
the form 

Ir"' f _ rp= l/Jf]- e v t:OI' - 0). 
T 

From this we ea,.,ily infer that the differential equation is 
. , '(•) '02 S'(-)2 t 

D,2 qi+2 fl D,q.i+ 'T2 <p='A. 1'2 cos Tr(). 

The solution of t11ii-: jg 

2r2 T 

8 ( _1'0 •• tr;, .. t ) 8 B(r2-'f2) . t 
<fl=,\ 4r2T2 r2-T2 (b 9 cos r (_)- cos T'CJ + ,\ 4r2t2 .. :r2_:1'• sm T'CJ· 

R2(r2=T2) + r2 fii( 72..:_T2) + y2 
\ 

The siguificatio11 of tllis is that th~ noddy approaches indefinitely toward settling down to au 
oscillation strictl,y synehronous with that of the support. Its ultimate amplitude is Yery little less 
than half what the maximum amplitude would be without resistance. But the phase may differ rnr.v 
mueh from that of the motion of the sn1>1>ort. Namely, if the noddy is in precise adjustment to the 
period of the large iwndulum, its phase will be one quadrant behiml that of the support. If the 
umld~· uaturalls oscillates slower than the large pendulum, its phase may be anywhere from one 
quadrant in arrear to opposition; if the noddy naturally oscillates faster than the pendulum, it 
may he anrwhere from one quadrant behind, to coincidence. 

If, then, y is oue tenth of gravity, r2-.T2 one tbousan<ltlt of a second, and S one tenth ot' a 
micron, the amplit"mle of movement of tbe nodd~· will be one thousandth of the radius, a quantity 
ca1Sily memmred with a microscope. 
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ON THE INFLCENCI:: OF THE l'LEXIBILITY OF THE f:iGPPORT ON THE Of'CILLATIO!\ OF A l'ENDUX'.\I. 

rrrauslated from ~·rench into Engh~ll liy tlH· author.) 

°NEW Yom'", .!uf.11 1:{, 1871. 
DEAR SIR: Ou taking eharg-e of the Uoast Survey researches upon g1:a,-ity, I ord<•red of 

Messrs. Hepsold a reYersible pendulum, to he a copy of that of the Prussia11 Geodt:>t.ical Institute. 
But the instrument makers were at that time so taken up with the com;truction of instrume1Jts for 
the Transit of Ymms, tbat the pendulum wa8 only ready iu tbe spring of 1-,7.i. I thPn went to 
Hamburg to receive it; and from Hamburg I went on to Berlin, where l fonnll ( ;e11eral lfat\'•er ratlwr 
dissatisfied with the rP.~Ult8 obtained with the Prussian iustrument. Iii:' specially mentioned tit(• 
flexibility of the tripod, a source of error which pendulum experimenters han 1rnrely never on•r
looked. The pendulum apparatus that I bad carried with me from America lia,·i11g heen rni1wd iu 
transportation, I was under the necessity of employing the new instrnment, and thercfon• under
took to measure and take account of the error in questiou. 

A pendulum support might be rickety, so that the pendulum ill it;; oscillations should throw 
the knife-edge plaue from one position to another, without it1:1 undergoing a11j- reshitance to tl1t• 
motion other than inertia and friction, !Jetweeu two fixed points. This, howPYer, does uot happe11 
in the case of anj· of the snpport1:1 that I ha,·e examined; for, upon obsen·illg their heltavior nrnler 
a high-power microscope, I liave alwa,ys found that they ;:;pri11g hack exactly to their orig-inal posi
tion after every tlexure that I ha,-e applied to tl1em. In short, the movement with which we l1art· 
to do is the oscillatory ficxure of an elastic hod~-. The amplitude of the oseillatio11 is, at rno.;;t. 
about 5 0

1
00 of that of the lower knife-e(lge of the pendulum, 80 that it8 8qnare ma;;- be 11eglede\l. 

The pla11e of support of the kuifo is it8elf' nudoubiedly bent during the moveme11t; but J 
neglect this aud limit myself to the consideration of the mornment of its middle poi11t. '\'hen to 
this middle point is applied a horizontal force perpendicular to the knifo edge, the latter de.scribes 
a movement. of revolution aronnd an axis whicl1, iu the case of tlle Repsoltl ap11aratus, is situated 
bellintl and above the tripod at a <listancl' of about a meter from the knife.edge. "\Ye can neglect 
the difference between tl1i8 moYement and a translation, until we come to m1~a:,;nre its amom1t. 
There is also a minute variation in the Yerti<~al pressure of the pendulum 011 the snp1)ort, but this i1; 
YM,Y far from producing a11~· sensihle effect 011 the perio1l of oscillation. 

Let us denote hy 

in the mass of a particle, 
r its tlistauce from the knifo-edge, 
w the i11cli11ation, at rest, to the \·crtieal of thP perpendirnlar let fall frorn tl.11:• partide 011 to 

the knife-edge, 

rest, 

M the nia8s of the prmdnlum, 
l the length of the conesponding simple pendulum, 
h the distance of the center of ma.Iii\ from the knife-ellge, 
T the period of the oscillation, 
g the acceleration of gravity, 
E the elasticitr of the support, 
<p the instantaneous inclination of the pendulum to its 1iositio11 of rest, 
R the instantaneous displacement. of the middle point of Jl1e lrnife-e1lg·e from its p0Ritio11 ol' 

t the time. 

Then, the horizontal n•locity of a particle will be 

and its vertical ,-elocity will be 

r sin ( cp+ w) D,cp. 
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lt:s li\·iug force will, therefore, he 

~ mr2 (D,q1) 2 +111r cos (qi+ m) D,q1. D,.~+ tm (D18f, 

a1Hl that of the pendulum wil1 be 

~l\Ilh (D,qi) 2 +Mh cos q). D,qJ. D,.~+~M (D,s)'. 

The 1iYing force of the motion of the support itsPlf ma.' he left ont of accon nt since it iurnh'Ps 
tltt> ~quare of an excessively small velocit~·.* 

'l'ht> differeutial of the potential energy i;; 

l\fgh sin qJ. rlrp+ rn. di;. 

'l'Jwre is reall~· a third term to be added to this expre:ssiou depe11de11t 011 the molecular friction of 
tlw matter of the support. Ent I thiuk we rna.v 11eglt'ct tliis term; for its effect cannot be·,·m·.Y 
"'l'Pat. and its 1~oi~fticient is, at any rate, unkno\v11.t 
'"' From the e:xpressious for the. living force and potential we de<lnee the Lagraugiau equations 

or, nt'glecti 11g- tl>rms of the seconcl d.f'grer, 

[NOTE.-188:!, Jnls 24. 1 omit the solutiou of these equations as originally gfre11, and substi
tute tlw followi11g, which iR perhaps 1es1' inelegant. Subtracting the senornl <>quatiou from tlrn first, . 
""(' g-<>t 

or 

S11l1stitutiup; this yaJne in thl' first, tli.fferential equatiou, we han~ 

1\1 ( l\fg) - (l-h) D,4q.+ I+- D,z<p+gtp=ll. 
E E . 

Heparatiug the opprator into factors, and using the ahbreYiation 

•It is t>a~y to""" tl1at the dl'ed of this would be to increll!le tlrn last term of the living force; this woul(l affect 
tlw ""''0111\ of t\1" 11ifft•rm1tiul '"luationR ,inst as if M hall been 111111tiplicd and h divided by the sauui quantity. But 
this wonlil not afft•et th<' final J'l'Slllt. (.1882.] 

t Thi>< i>< th1• point to which th<' veat.1,st ohjN•t.io11to111~· work hus hem1 nuule. [188'2.] 
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The solution of this is 

. , l\Tq . 
where A 1, A2, 111• 'h are arbitrar;r constants. 011 Jlegle<'tmg the sqnaJ'(' ot 1j , tins n•dnrrs to 

Tlte sc•co11d term represent8 a mere tremor, for its period is n•ry short, owing- to tl1e l:lrgr· YaluP 
of E. 'fhe periocl of the firRt harmonic r-om;t.itnent ir-

T= /l M. 
V g+ E 

From the nilue of <p aud tl1e first equation of thi8 note, we deducr tlie following rnlnP of"': 

,_Mg( El --. .... .') (,J-El+..Mjj - . -) 
·~-- ---(l-vl-1)+l+JI-1 A.cos -----(l-vl-1) t+11 :!c lH!J , · _ 2MU-/iJ · 1/ 

It thus appears that tlw amplitude of tl1e )lri11cipal constituent of.~ is 11e:1rl,Y 

while that of tbe other coustitnent is nearl,v -lA2• 

'l'o find the best. way of startiug the 1w11dnlum so as to make tl1c ratio of A, t.o A, as smn 11 as 

possible, we must consider how to make the initia I Yalue of s as nearly as possihlt• Ii~-~!! ti11u•s the 

initial value of cp. Now, it is eas;\'· to see that if the pe11d11ln111 is 1rnpported at <l point at a dilita11ce 
.v from the knife-e<lge, any yielding of the support will diminish the nlur of <pas expre8sed hy the 
equation 

d.Q=-:1' sec lp. drp. 

Snhstituti11g this in the expreRsion for the differential of the potential e11erg,\', this Ja,,t heeorne~ 

Mglt sin <p. d <p-C.Q x Sf'C qJ. 1l<p. 

Eq1lating this to zero, we find 
,Mg . 

8=11 sm q;. cos <p. 
er 

In order that this should he t~qual to h~f qJ, it is only necesi-;ary to ·1mt ;:r=l? 80 that in starting 

the pendulum the finger or trigger should he applied at the lower knife·etlge ffi' c<•nter of gyration.] 
The elasticity,<, may he mt~m:nre<l l1y ohRerving· the tletlectiou, S, ;·1r the support prodnced hy 

a horizontal force equal to the unit of weiglit. For 
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Sullstituting this value, we find 

rp=~ COS(~-(- -g h)t) 
h l+MS l / 

Accordingl;y, the effect on the pendulum is to give it a -virtual leng'tl1 greater than what it would hani 

on a rigid support ll.r MS7J . 
Let us denote the duration of an oRcillatfon by 'I', mid Id .J h<• nsed 1o indicate the pflects of' 

flexure. Then, ::;i11cc 

we have 

arnl 

'CY h L1T2=----MS . 
g l 

If we distingniHh h,\· snhjaccut letters the two positions of :i n•vpn;ihle pm1dnln111, we h:wn 
tf)2l _ T,2hd-Tu2h,, 
{I - h,/ ::_:-h,, 

L1l=MS, 
or putting A for the length of the secon11's pendulum 

Ll,.\=}18~. 

'l'o determine the tlexnrt>, I fasteu in the slot in the plane of suspension of the Repsold appa
ratus a fish-line passing liorizontally iu the direction of the pendulum's movement over an At
wood's machine pulley, aud on the end of this curd I hang a kilogramme. ['Yitli a stronger sup
port, the pemlulum itself may conveniently replace the kilogramme.] On the extremity of the 
plane of suspension, or at the end of an :u·m attacl1ed thereto,• I stick a glass stage micrometer, 
turned so as to measure in a direction parallel to the impresi>ed force. This scale is looked at by a 
microscope carryiug a filar micrometer, and solidly mounted npon an independent support, the 
:stm1danl of which is a piece of ga.-i pipe about 10 ceutimeter:s in diameter. 

I now give a brief resume of my results, beginning with the experiments to determine the 
position of the fixell axis ahont which the head of the Repsold support rotates during· ilexure. 

A.-Bxpcriments made on a, lei11!l with the suspension plane. 

HOBOKEN, March 10, 11'77. Temperawre mo C. 

Distance of scale from 
ernl of plane. 

m. 
-0. 496 

+o. 053 
+o. sis 

+ = forward; - = back. 

Flexure in revolutions of the micrometer screw. 

Observed. 

+o. 211 

+. 0356 

+o. 436 

Calculated. 

+0.209 
+0.358 

The calculated quantities suppose that the axis pierces the suspension plane at a distance 
of 1m.355 behind the forward end of the suspension plane. 

----·-----------------------
"Tliis arm is beat made of brass tubing, which may be cut out to make it lighter. [ 1882.] 
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R.-E:rperi111ent11 in tlte 1·ertical of tlte forward end. 

ll<moKE:S, Marci! 12, 187i. Temperature 14" C. Q\IJ;1•ryrr, Snli-t1,~istam Smni. 

+ =below; - ~ aboYe. 

Position of tl1e s<'al~~ l't'lath·e 
t.o the suspenF1iou plane. 

m. 
-U. 44 

o. ouo 
~-o. 39.-, 

Flexure in revolutious of th1~ microru«-'tt>r screw. 

OhseITe<l. 

+0.196 

+o. 340 

+0.44fi 

Calculate11. 

+o.WtJ 
+o. 222 

+o 4;,4 

431 

The calcnlate<l quantities fH!JllJOHn the axi:-; to pierct• t11t~ \'ertical of tllt' fo1·ward end of th£> 
sm1pension plane 11"-0i aboYe this plane. It is not at all snrprising- that the instantaneous axis is 
abm·e th<' sus1w11sio11 pla11e. Ll't n" suppose that the tl<·xnre existed exelmd\-ely i11 three frt•t 
of the support. 111 thi1' cas<• the rnon~ment of the npper e11<1 of each foot woul<l be perp!mdienlar 
to the general direction of the foot, a1H1 at Hie l'mme time perpP11dicnlar to tlle radins of tlte drek 
of revolution, so that the foot woul<l he directed directly toward,.; the fixed axis. The axis it' wit Ii· 
out doubt behind the support, on account of tile flexure of tlw pla11c itself. 

I matle experiments at G<'llt'rn, Paris, Berlin, arnl-::\ ew York. ht order to determine S uu111e1·. 
ica,lly. The t•xperiment at Geneva, made the l~tli of SPptemhel', wns 0111;<>· a trial. Hut I had a 
good pulley which 1 had borrowt'd from the workshop of the G1•1wxa societr for tlw eonstrnctio11 
of physical instrument;;;, and I got as nu approximate n1hll'-

S::::0111m.0;1-1 

The pulley that l used at Paris had con;;;iderahle frictio11. to which cau lie attrihnte<l t.l1t• fact 
that the number!'! fouud difter sensibly from thos(' obtained with thP aid of hetter apparntus. 

These are the fignres-

,J anuary 18, 187G, at Messrs. Briinuer, Temp. 1° C 8=0111 '".0:m:{ 
l\Iarch 7, 18i(i, at the Paris Obsenatory, Temp. no C S=0•11 m.O:Jil 

At Berlin l used a YeQ· delicate pulley wllich turued 011 frictiou.wlids, in order to di111i11isli 
the friction. It belonged to tile Plly,.;ical Uabi11et of tile lmititnte of Technology of llerlin, an<l 
was put at my disposition by the ki111l11e.s1' of Professor Paalzow. The micrometricreadings \H'l't' 
made alternately with and without the weight, making bnt 011e rcatliug each time, in oraer to 
avoid any error ari8iug from the support of the micromctt•r, this being- rna<le of won;l. 111 th<' 
readings made alteruatelj- with and without the weight, I euded with the arrangement with whidt 
l began (11 for one, and 10 for the other), in order that the mean iustitnt of the ohse1Tatio11s sllonl1l 
be the same for the two arrangements. Tiie ntlne of 1 tli,·if;ion of tlw micrometm· screw W<ls 

measured separatel,y. 
Below are the results of the different series-

1\la;y 2-!, ism, a. m., 
Temp. 13° C., p. m., 

1Iean, 

i::l=()llllll,(1:)40 

()mm.033H 
011111'.0340 
()mm:o341 
omm.0331 
om 111 .033G 

At Hoboken (uear New York) l obtained, through the kindness of Professor Morton, an l'XCcl· 

lent pulley, made in the workshop of the Ste\·ens Institute of Techuolog~"· I always made a. 
reading on eacl.1 one of the lines of t.he scale hcforc changing the disposition of the weight. 
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'l'lw reisnlti-; of the iseparatc iserieis are-

l\Iarclt 7, 1877, Temp. 15° C., 
'.\larch IO, 1877, 'l'emp. 1:.io. 

Thcisc two seriei-; should han• donble' 
weight in the retludio11, ' 

:\Ieau, 

orn1u.03~~'..l 

omm.0337 

0111111 .0343 
Om111 .034~ 

omm.033\J 

0111111 .0334-
0"'"'.034~ 

0""".034'..l 

111 all the experi111e11ts madP in the different positions of tlrn scale the flexure ol>tai11e1l hai-; 
h('('ll redn(w1l to the !'enter of the knife, aud this last is what is calle(l S. 

It i:s to thi>< last ,·alue tliat I gi\·e the JH'Pfort~11ce. 
It follow,., fr1m1 thl' ex1wriment:s describe1l 011 pages 430-4:31, nuHle to 1letern1i11e the position of 

the axis of rotatio11, that tile forward e11d of the 1-i11spemdo11 pla11e is distant from that axis hy 

Vl 111.053x1 111 .07=1"'.'.!0. A1ul, si11ce the rnonoment ofthii-; PIHl with the weigl1t ofa kilogra111rne is 
8+0111m.(JOOS, the 1·orT1•ction +o.ooos arising from tlw rt•,lnction from tlw center of knifo fo the 

forward e1ul. it follow;; that the torsio11 of the SllJ>JH>l't Ii\· that for,•f• is 0'""'·~_:~48 =O.(J000'.!90=.3.11 • 8. 
' . l"'.'..lll 

Althongli then· i8 11otltiu;; to be sui-;pecle<1 in thi,.; 1·esnlt, I \\'ii-;lie<l to check it by a direct experi
ment. I attached a mirror at the extremit~· of the suspension plane, arnl, with the aitl of a tele
sco1w, I measured the tor::;ion by the reflection of a seali>, allll I fo1111d it G". Thi,; method, of coursP, 
is not as exact as the other. 

Iu order to arrive :1t another eo11tin11atiou of tlie theory, l made tl1e following obsernttiOll8 
011 the tlex11re prodnee<l h.Y tl1e oscillation of tlw pendulum itself i11 its t,wo positions, using a 
toler:1 bl,y high· }Hl\\'er m icrnscope ( i. e., mag11it\i11g JOO diameters). The scale usetl wa:o; made by Mr. 
Ho1lgers, of Harrnhl College Observatory. It is dhitled with extreme exaetues8, the interval 
hPtwePll two li11es beiug 4 01,,,1 of au English inch. It was tixt•ll iO millimeters before the center of 
the knift', wl1id1girnsa1'.orrectio11 to S of +.oow. 

U .Pis the amplitude of oo;cil1:1tio11 011 Pach side of the \·erticaJ, tlie donble amplitude of the 
,·ihratio11 of t lw seale ;;honlll he 

~ :\l (S+0"1111 .0019)
1;<I> 

h ) i ;)!I , 
in which'.\! =u.;;o,-.; a111! 1 =,36 or .)fj aeconli11g as the pendulum is snsl'e11de1l by the knife nearest 

or farthest fm111 the· center of grn,·ity. l n,;ed this formula in caleula,ting the quantities 11ow gi,·eu. 

DY'."A)'IH'AI. l•'LEXl:JiE . 

. \ .-Pendulwn .rn.~pended by tlte knife farthest frmn the ceiiter of !fral'ity. 

2 

l 

0 

HoHOKEX, .}larch. 20, l!'li7. 

.. 

a:.! 
:10 

24 

22 
20 

19 

4;J 

47 

Amplitude of the move
ment of the scale. 
1 tliv.:=-:.nhrninch . 

(lb•med. --~;:;c-~l=~e~ I 
- -------·-·· l>ivuion1. /I 

2. 2 

Dit1i8iona. 

:!.2 

!!.l 

2.0 

l.9 

1.9 
1. 95 

l. 5 

0. 8 

2.1 
2.1 
2.0 
2.0 

2. 0 

1. 5 

0. 7 
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B.-Pendulum suspended by the knife nearest tlte center of r1r<wity. 
___ , ___ --·-

Amplitude of the move· 
ment of the scale. 

l<li'l'.=ffinin. 

Obsen·ed. Calculate1l. 

D1'11il!'ioni. Dii,irio111. 

39 J. 0 J. 0 

H4 0. 9 10 
29 0. H 0. 9 

25 0. 9 0. 9 

22 0. 8 0. 9 

14 ij, 8 0. 8 

12 0. 8 o. 8 
(l(j 0. 7 0 .• 

2 04 0. 75 0. 8 

1 57 0. 75 0. 7 

1 51 0. 75 0. ~ 

In making these observations, I saw distinctl;y the little subsidiars dbratio11 at the end of ea-011 
oscillation arising from the secoml term of the formula. 

Finall~', I swung the pendulum 011 two supports of different fie.xibility-mw. was the metallic 
tripod, by Repsold, to which refer tl1e flexure measurements giveu abow"; the other was made 
hy fixing the upper part of the Repsold tripod to a thick wooden plank b~· means of bronze bolts 
passing through the tl1ree holes through which the feet pass. These holes are conical, and the 
bolts fit exactly. I put on each bolt betwee11 the head of tlie support and the plank a leadeu 
washer, so that, in tightening the bolts and compressing the washers, great stabilit,y was obtained 
and at the same time a horizoutal position. The plank (which was 5 centimeters thick) was cut 
in order to make a place for the 1w11dulum, and it was placed by force between a stone wall and a 
briek 1dllar. A slit was then cut, in which a pulley of an Atwood machine was placed to mPasure 
the flexure. 

J)ishmce of sc9le be· 
fore+, behind - of 
the center of knife 
in English int.hes. 

hwhu. 

+ J.2 
+ 1.2 

+I. 2 
+13.2 

E.Ip1wiment,s on the ffexiire of this sitpport. 

HOBOKI~s, May 21, 1877. 

Distance of Reale hi 
suspension plane in 
Englisb incb('S. -+ 
nhove, - below. 

I11~l1u. 

- 1.3 
- 1. 8 

+an.5 
-+ 39. 5 

} ..... lexurc in milliID<'
ters under a. weigl1t , 
1 kilogramme. 

'nm. 
+o. 0052 

+ .0052 
- .042fi 
- • 0367 

Te-111perat111'f' ('. 

]~. 3 

lRH 

20. 0 

ES. 
ES. 

C. S.P. 
C. S. P. 

It follows that for this apparatus s1=omm.0031, aml that tlie differe11ee between tlle yaJtw...; of 

8 fort.he two supports is om 01.mmn. Now I fiml 7T
21 

=1.012f> si<ler('al seeouds aml 7=1"'. Hl'IH'P, 

. ~ g 
wu conclude that t.he difti.we11ce of 77 

· according as the pendulum osc\llatN; on OJI(•. m tlw other 
g 

sup1>orts must be eqnal to 

11
;

1 l\f (Sl-Sl)=i~ xG.308x0.0309=0.000Hl7 

I swm•g the pendulum three t.imes on the less solid suvport aud once ou the most solid to Yerit)· 
t-be theory. I obser\'ed 10 consecutive passages of the peutlulnm acl'oss the vertical .at intervals of 
5 minutes, using a. relay that I invented for this purpose. 

S. Ex. 49--55 
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A.-Oscill11tio11s on the Repsold metallic support. 
HonoKJrn, Aprill, ll'i77. 

PENDULFM SUSPENDED BY TTIE KNIFE NEAREST THE CENTER OF GRAVITY. 

' Number of oscilla1*>ns. Interval by chronometer. Reduct::al!oa~.finitel~· Corrected interval. Period. 

300 

200 
2HR 

*Mean .... 

s. 
301. 9652 

297. 9408 

299. 9533 

.. 
-0.0130 

. . 
301. 9522 

.. 
I. 006507 

-0. 0084 297. 9324 528 

-0. 0-060 299. 9473 535 . 

....................................................... :-- l. 0065238--1 
PENDULUM SUSPENDED BY THE KNU<'E FARTHEST FROM THE CENTER OF GRAVITY . 

206 

302 
296 

Mean ..... 

.. .. 
297. 9094 -0. 0092 

303. 937 4 -0. 0081 
297. 9060 -0. 0066 

. . 
i97. 9002 
303. 9295 
297. 8994 

.. 
1.006420 

389 

417 

1. 0064007 

Hence, we have 

And since h1 : ~=101 : 44 we have 

T1
2=1•.0128544 

T2
2 =1 •.0130902 

11:2z = 'J.'i2h1 -:::-T22/ii=1.0l 3 ( 1_ 101 x Q_.000_1:456+44 ;,<_Q_:_0000_9~~)=l.OlZ672 
g ~-~ M 

This value is to be corrected for rate of chronometer and temperature. The chronometer lost 
o•.86 per day, which gives a correction t-0 T2 of +o•.000020. The temperature during the time the 
heaviest mass was above was 12°.7 in the mean, and 12°.9 when this mass was below. H*nce, to 
reduce to 13° we must apply a correction of 

·Hence we conclnde 

0.1x101-0.3x44 -- -- 51 .. =0.0000186= -0.000001 

1f2l at 130 C.=1.012691 
g 

April 7, 1877. 

PENDULUM SUSPENDED BY THE KNIFE FARTHEST FROM THE CENTER OF GRAVITY. 
·~~ -·· ---~---· ----- ·- ----- -~ -- -- -----

Nnmbt>r of 08Cillations. I Interval by chronometer. i Reduc~:'o.1l"a~.finitely Corrected intervAJ. 

.. .. .. 
290 291.8794 -0.0103 291. 8691 

200 297. 9181 -0. 0086 297. 9645 
298 299. 9241 -0.0073 299. 9168 

298 299. 9241 -0.0-060 299.9181 

31i8 360.0090 -0.0058 366.3632 

M•an ....................................................................................... : 

PENDULUM SUSPENDED BY THE KNIFE NEAREST THE CENTER OJ;' GRAVITY. 
------------.. .. .. 

288 289. 9026 --0. 0132 289.SBIU 

298 299. 96'll -0.009£ 299. 9556 
MO 3()1. 9766 -0.0067 301. 0693 
298 299.9564 -0.0051 200. 9513 
298 299. 9591 -0.0037 299. 9524 

M~an ................................................... · .................................. . 

-· - ---~ -.--------

Period . 

.. 
1. 006445 

434 
4S2 
437 

434 

1. 0064357 

.. 
1.000500 

562 
564 
54S 
552 

I.OOllM78. 

•When we have a seritl8 of equal consecutive intervals \f n Is the number of interv~ls.and f is the pollitiou of one of them we llholild, in 
taking th• mean, gi"e t.o thio interval thfl weight-i (i-1). · 
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'1'21=1 • .0129128 
'1'2~ =I •.0131586 

_7f~l=l•.Ol2723 
g 

Daily correction,+08.44 
Temp. rno.8 (both positions) 

+ .000010 
.000052 

April B, 1877. 

PENDULUM Sl'SPENDED BY THE KXIFE NEAREST THE CENTER 01<' GRAVITY. 

Number ofosciJ. Interval l>v chro- Reductiou to infi-
lations. nometer. nitel.r small ar(•. 

.. .. 
298 299. 9647 -0. 0175 
298 200. 9549 -0. Olll 
298 299. 9539 -0. 0080 

298 2119. 9i84 -0. 0055 

298 299. 9i81 -0. 0039 

Mean ....................... . 

Cm rooted time. 

. . 
299. 9472 

299. 9438 

299. 9459 

299. 9429 

299. 9442 

Period. 

'· 
l. 006534 

523 

530 

520 

526 

]. 0065261 

PENDULUM SUSPENDED BY KNIFE FARTHEST FROM CENTER OF GRAVITY. 

-- - ------------- --------"------~- - ·-.. .. .. 
298 299. 9229 -0. 0066 299. 9163 

298 299. 9213 -0. 0058 299. 9150 

297 298. 9125 -0. 0049 298. 9076 

299 300. 9236 -0. 0042 300. 9194 

298 299.9174 -0.0035 299. 9136 

Mean ................................................................ . 

8. 

Ti2=1.0128905 
Ti=l.0130948 

rr2(, = 1.012733 
g 

Daily correction, -0'.41 .000009 
Temp. heavy end up, 13°.2 l .OOOOl6 
'remp. heavy end down, 130,5 f -

~
2

l at 130= 1.012708 
g 

.. 
], 006431 

426 

423 

419 

422 

1. 0064246 

Hence the three experiments on the Hepsold. support girn for the..value of -n:zl at mo U. 
g 

s. 
April 1, 1.(112691 
April 7, 1.012681 
April 8, 1.012708 

Mean, 1.012693 

435 
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B.~Experiments made on the stiffest 11upport. 

HoBOKEx, JI1i11 14, 1877. 

PENDULUM SUSPE:S-DED BY THE KNIJ<'E :FARTHEST FROM THE CENTER OF GRAVITY. 

Mean inst.ant of 10 
trn.nsitA. 

Inten.,.al of 298 Rt-,luction tu Correcktl in· 
osciUations. ~~~n ~~·~.1 Y ' tt>rval. 

Interval of 298 Uednctiou to ' Corre1:tt><l iu-
oscillations. ~~1!U ~~~.1 Y terval. 

h. 1n. 

H 

7 

11 
12 

]lj 

17 

22 
2a 

27 
28 

:J3 

.. 
22. 4307 
22. 8245 

22. 3337 
22. 7213 

22. 2313 

2"2. 6209 
22. 5145 
22. 9017 

22. 4055 

n71l49 

22. 6896 

.. 
299. 9030 

W9. 897u 

299. 8932 

299. 8!J-17 

8. 

-0.0132 

-0. 0110 

-0.0072 

-0. 0060 

8. 

299. ~898 

299. 8866 

299. 8860 

299. 8887 

.. 

299. 8968 

299. 8996 
299. 8936 

299. 8910 

.. 

---0. 0126 

---0. 0106 

---0. 0087 

~.0074 

PE:SDULU ~I SUSPEXDEll HY TH.E KNIFE NEAREST THE CEXTER OF GRA VI'l'Y. 

Mean iustaut of 10 Interval• of 298 Reduction to infln·: Corrected inter· 
transits. oscillations. itely small arc. valB. 

--- ---~--- - ----~---

!.. nL .. .. .. . . 
15 5:1 22. 4041 ---··--·---··--·---- ···-·-············· '··- -----···· 

5H 22. :J579 299. 9538 -0. 0198 200. 9340 
., 

2'2. 3058 ~'99. 9479 -0. 0131 299. 9348 
22. 25!!1 W9. 9473 ---0. 0087 299. 9386 

13 22. 211!1 299. 9588 ---0. 0062 299. 9526 

18 22.1554 299. 9435 --0. 0044 299. 9391 

::!:$ 2~. !Oil W9. 9457 -0. 0031 299. 9426 

Mean T2= l •.0065104. 

. . 

299. 8842 

299. 8~90 

299. 8/i49 

299. 8836 

He11ce we find-
8. 

T1
2=1.0127144 

T2
2=1.0130632 

1C2l 
- =UH2445 

D 
Daily corr. to chron. + 2•.59 .000060 
Temp. hea\'y end down, 14°.18 } _ .OOOOlO 
Temp. heavy eutl up, 150,00 

'lC
2
l at 130 =1.012495 

g 
Compariug this value with the one obtained with the other support we fitul a difference ot 

o.ooorn8. The <lilforence, according to the com(mtations of t.he experiments on flexure, oiigbt to 
have heeu 0.000197,• which shows a sufficient agreement. 

Yours, most faithfully, 
[Signed J C. S. P.EIROE, 

Assistant United State~ Ooast Survey. 

•In the original pnhlicittiou, owing to an erroueous vahw for the mass of the pe1atulum, this is erro11eously calcu
latetl tlij O.OOOllll. The agremueut· of the experiments witb theory is, therefore, mnclt better than was 1npposell. 
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ON THE INL·'Lm;NuE OF INTERNAL FRICTION UPON THE CORliECTLON OF THE u:;..;tn'll OF THE 
SECOND8 PENDULUM FOH THE FLEXIBILITY OF THE SUPPORT. 

It has heen showu hy Prof. A. JH. Mayer that the only sensible resiista11ce to the motion of' a 
tuning-fork is proportional to the ·rnlocity. In the caise or a slowly vibrating body the chief elfect 
is probalily due to that lagging o! the istraiu after the stress, which Weber has calle(l the elastic 
<tfter.eft'ect (Nachwirk1t1tf/). The inflnence of the former mode of resistance upon the period of 
oscillatiou of a. pe111lnlum oscillating· 011 au elastic tripod is easily eitlcnlated. The same thing 
caunot, iu m.v opinion, be effected for the other kind of resistance, in the present state of our 
knowledge; nevertheless, the mait1 eharactet'isties of the motion mas be made out. Put 
t, for tl1e time; 
<p, for the instantaneous angle of 1lellectiou of the pe1;tlnlnm; 
.~, for tlte instantaneous horizontal displacement of the kuifl:'-edge from its positiou of t•quilihrinm~ 

iu consequence of the flexure of the support; 
l, for the length of the corresponding Rimple pemlnluw; 
h, for the dista11ce from the knife-edge to the center of mass of the pendulum; 
ff, for the acceleration of gravitJ; 
y, for the ratio of g to the statical displacement of the point of support, which would be pr(l(luced 

by a horizontal force equal to the weight of the pendulum; 
a, for the coefficient of internal frictiott supposed proportional to the \'elocity. 

Then the differential equations are 

lD2 ,<p+D2,s=-g<p 
liD2

, <p+D2,s=-ys-aD,s 

The solution of these equations will be of the form (using ® for the N cperian base and 'el for 
the ratio of circumfen•nce to diameter): 

<p=Ai'ef,' +A2®'/ +.A3®'/ +A4'0'.' l 
S= B1®'.' + B2®',' + R3'c)',' +B4rC)'/ j (l) 

where z1, z2, z3, z4 are the roots of the equation 

(l-lt)z'+alz3+(yl+g)z2+agz+ yg=O. 

where, for each subscript letter, 

B=-(l+ g2 ) A, z 
an<l where four arbitrary constants are <letermi1ie<l by the initial conditions. 

The roots of the l.>iquadratic equation are all iumginar.r, awl may be written 

Z1=-&1+171 v-1 
Z.i=-&1-171 ,/-1 

Z:i=-&2+l!2V -1 

Z4= -&2-172 y'-1 

Expressing the coefficients in terms of the real and imaginary parts of the roots, tlie equation 
becomes 

z4+2 (f.1 +f.2)z3+ (4f.1,~2+l;}+f.22+ 11i
2+ 11})z2 

+2[(f.12+17/) <~2+ ( f.i+11l) f.i] z + ( f.12+11i2) ( &/+r,122)=0. 

If the terms in z3 and z were neglect.ed, that is, if a were ueglectl'd, the solution of the false equa
tion so obt.ainetl wonltl be as follows (where observe the varsing sigu of t/1): 

~'alse .z2=-~ (4E1E2+f.12+ El+r1i2+r1·i2) 

c 2 2 2 i J 4f.1&21112-f.12 (irl·-1712)-f.i2/;l ±~(4&1f.~+._,1 +e-2 -If! +r,12) ) +4 · ·· -·-··· - ·-- --
(4f.1e~+e12+&°z2-7712+tr}J2 



 

438 REPORT OF THE SUPERINTENDENT OF THE 

~ow, in the actual case, 172 will be at least 100 times 1h: &2 will be quite large, and e1 very 
small. 'Ve may, therefore, neglect tlrn square of the fraction nuder Ule radical; aml we have 
very elm-lel_y 

<' , ~ 2_ , , 2_ - . 2 4&,!;21112-ii12(r122-1112)-&12&l 
lalse.,1 -false~·t--'h+ 4 1::c: c: 2+"' 2 2 % 

c.,1c.,z+c.,1 '°"t -111 +r,z 
· 4c:c 2 c:2( 2 2) 1::2c:2 
lc•il 8e~.2=f'"lse~2 __ 11.2_c2_c,2_41::c. c.,1c,zll1-c.,1 1fl-r1i -<>1c.,2 

' ' ~.. " ~. - ! <-J "'
2 

"'
1
"'

2 4&,&2+&12+&l-1112+11l 

False::= - falsl' z2 = '1 1 - '>F·z'h -:"'1 '12 -111 -c.,1 c.,z '-1 
( 

1 4 i:: c 2 c 2( 2 ") i:: 2i:: 2) 
l l ') ., 1 i:: c + i:: 2+ i:: 2 ''+ 2 v • 

~11i- "G,J<.,2 '°'.I G,2 -11J- 1/z 

\Ve thus see that, l>y neglecting the resistance, we get for the valne of z1 a quantity which require8 
ouly a rniuute correc iou in order to giYe the imaginary part of the true z1• The same thing is not 
true for z:1 and z4 • Now, 111 is ·(')divided h,v tlie principal i1eriod of oscillation of tlie pendulum 
upon the flexible stand. This is the quantity whicli we wish to determine; the otbnr8 have only 
to be known approximately for the purpos(~ of calculatiug the small correction to this. The loga.
rith mic decrement of the amplitude of oscillation of the pendulum in the unit of time, so far as it 
is due to internal friction, is the quantity E1• After these two quantities ba.ve been approximately 
ascertained, we may approximate to the quantity (&z2+r;22) by means of the equation 

( 1::2 ")(c2+ 2) YU 
c.,1 +r11- c,2 172 =l~h' 

Then, 9,r euminating a between the two equations 
"( i:: i:: 'al ~ Li1+c,2)=1_:_h' 

:![ (&/+ 1712)&2+(&l+1122)e1J= z'1:!!.1i' 

we obt.ain t;2, and consequently 112• The values so obtained must satisfy the equation 

4&1&,+~'i2+&z2+1112+11/=Y~~f 
Before proceeding to the consideration of the elastic after·efl'ect, I propose to apply the equations 
thus obtained to the calculation of the correction of the seconds' pendulum for the :flexure of the 
stand, supposing the internal friction to be proportional t-0 the velocity. 

For the pendulum used by me we have the approximate values--
l= U){); h (heavy end up)=0.30; h (heav,y end down)=0.70; g (New York)=0.993x@2=9.89; 

y = u.-.n10
12 12 1, =4 706; 111=1.00. 

The accompanying table shows that .;1=0.000008. From this we calculate that with heavy end 
up t;2 =0.08, 172=257; with heavy end down &2 =0.1 I, 172 =39~. From this it appears that the cor
rection of 'h is absolutely insensible, or, iu otlier words, the effect of resistance (supposed propor
tional to the velocity) vanishes. That this is nearly, in fact, the case for iµy instrume11t is shown 
h,y the circumstauce that the times of oscillation upon stands of different rigidities agree with the 
mines calculated in leaving the internal friction out of account. 

U. S. Coast Survey. Pendulum. Decrement of A1·c due to internal friction of brass of tripod. Pend_ 
ulum waH swung on brass tripod in Paris, Geneva, and Kew. On a stand ten times ag. stiff in 
Hoboken. T1le times of decrement given are the SUM of the times with the heavy end up and heavy 
end down. 
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UNITED STAT"ES COAST AND GEODETIC SURVEY. 439 

M. Plantamour proposes to determine the effect of the internal friction of the pendulum 
sta-nd upon the correction for flexure, b.r means of the difference between the statical and 
rlynamical tlexurl'. He has made numerous obsen·ations, wbicli, accoriiing to l1is own inter
pretation of them, would Rhow that, if a pendulum be supported in a certain. inclined position 
until the stand has hail time to take its position of equilihriurn under this force, aud then be 
let go, the ratio of the amplitude of oscillation of the stand to that of the pendulum is not the 
initial one, but is very different from that. If this were the case, tlie motion of the stand and 
pendulum could not be represented, even approximately, iu the form (1 ), for by those equations the 
logarithmic decrement of the oscillation of the stand is the same as that of the pendulum. It is 
true that the two partt:1 of the oscillation (nearly in the uatnral periods of the pendulum and of the 
st tnd) have different logarithmic decrements; and, as the ratio of their amplitudes is uot the same 
for the stand and for the pendulum, a certain change in the total relatiYe amplitude might occur 
in this way, but only an excessh·ely minute one, nothing like what .\1. Plautamour thinks he bas 
observed. But it is so improl>able that the motions of the stand and pendulum depart much from 
the forms (I) that if would be wrong to accept M. Plantamour's results until· they are confirmed by 
a purely optical observation free from au.r possible influence from the machinery attached to the 
stand. Such an obsen-ation has been made by me, and, though I admit it was rather rough, it is 
entirely opposed to M. Plantamour's conclusions. Should the latter be confirmed, the:• would 
totally nullify the attempt to correct, for the effect of flexure, as they would show the inapplica
bilit.v of the analysis which has been proposed for the 8olution of that problem without affording 
ns much hope of' being able to replace it; and it would seem to be necessary in tlrnt case to reject 
all the work which has been done with the reversillle pendulum. 

If the pendulum were started in the manner proposed, and if for any cause the amplitudes of 
pendulum and stand were altered in different, ratios, there would be a perpetual force at work 
tending to restore the old ratio, so long as the phases of the motion were the same in the pendulum 
and stand. But, if the pliases differed, a part of this force would go to diminishing the amplitudes, 
and would act so strongly in this way that there would be a rapid decrement on account of this 
circumstance .. Suppose, fur instance, that in the difforential equations we were to imt instead of 
D/8, D,2s1, where 1:1 is the value of s at a time later than t by a constant. The result. of this would 
be (neglecting terms involving a) that instead of the square of the exponent of the Naperian base 
being the sum of two negative quantities, one of tbem veQ· small compared with the other, the 
smaller of these quantities would be multiplied by an imaginary root of unity. Thi;.; would have 
but little effect ou the imaginary part of the exponent of base, which determines the period; but it 
would add a considerable real part, which would represe11t a corresponding decrement of arc. 

It seems difficult to conceive of a force wl1ich should great!~- change the relath'e amplitudes of 
oscillation of the pendulum and stand, without at tue same ti.me producing an enormous decrement 
of the amplitude of oscillatio11, such as certainly does not exist. It is for those who believe that 
the·existence of such a forue has been experimentally proved to show how great <in effect it would 
have upon the period of ORcillatio,n. 1\f. Plantamour supposes that the formula given by me in my 
paper, "De l'infiueuce de la tfexihilite du trepied elll' l'oscillation du pendnle :'t reYersion," would 
still apply to such a case; hut I am unable to see upon what ground. 

Meantime, in the preRe11t sta.te of the questiou, it appears to me that we must appeal to iiirect 
experiment to determine the difference betwt-en the time of oscillation on a stiff' and on a flexible 
stanii. Such experiments were giYen by me in the 11a11er <ibove mentioned, and I have since greatly 
multiplied experiments on a stiff stand, with the general re1-mlt there announced, namely, that the 
difference is slightly greater than my theory supposes (owing, 1wrhaps, to neglecting the energy of 
movement, of tl1e support), a11d not smaller, as M. Plantamour's views would require. 
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ON THE EFFECT OF THE VERTICAL ELASTICITY OF A PEXDULUl\I SFPPORT. 

]Jets = the amount of depression of the_ support below its mean position; 
c = the force of restitution ; 
l = the length of the simple equivalent pendulum; 
h = the distance of the point of support from the center of mass of tlie pendulum; 
rp = the angle which the axis of the pendulum makes with the yertical; 
r = the perpendicular distance of a given particle of the pendulum from the knife-edge; 
w = the angle which r makes with the plane throug·h the knife-edge and the axis of the 

penllulnm. 
The horizontal Yelocity of a particle ni is 

r cos ( <f>+ m) D,<p. 
The YNtical velocit,y is 

The vis Yiva of the pa.rticle is, then, 

~ mr2(D,<p)2-mr siu ( rp+uo)D,1p. D,8+~111(D,s)2 • 

'rhe Yis vim of the pendulum is 

~ Mlh(D,rp) 2-Mh siu rpD,cp. D,s+~ l\l(D,.~)2. 
~ 2 

The potential energy of the pemlulnm is 

1 Mg(h-h cos <p)+
2

es2
• 

I1agra11ge's equations are conseqmmtly 

M1ltD,2<p-'Mh si11 1pD,2s=-3ifgh sin rp, 
-Mh sin ipD,2ip-Mh cos <p(D,<p)2+MD,R=-e~. 

If S be the anrnunt b~· which the stand is statically compressed by the weight of the pendulum, 
ihe11 r=l\fg:S, so that the equations become 

lD2
1 rp-siu <pD2,s=-g sin rp, 

-hsin <pD, rp-h cos f.1(D,rp)2+D21 s=-~s. 
(1) 
(2) 

It is lWideut that small changes in <p will affects insensibly, so that in determining s we ma.r assn me 

!'.<ill <p= rp, 

ThP :seco111l equation then becomes 

1)2 Y glti/>2. 2 fu ,s+8 s= - l cos \ ,-t, 
\\"lwnee 

'l'lw R\•cond form may ob\"ion:sly lw 1mglect.e1l, a.1111 4S may he 11eglecte1l i11 comparison with 7, so that 

ltS --
s=- 1 -~2 cos 2,/tt, 

1>2 fl- 4t11i8 ,,.,2 c·o" •> l!i t- 4-gltS (9,,.2 n.2) 
I - [2 'P ' ~ - v l - 72 -'f' -:- Y' • 

1'heu the first equation becorneK 
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aftPr snbstitutin~ <p-'fr<p:i fOI' sin cp, &c. Or, more hriett.', 

Puttino· m = /ti' fl, we u·et 
" '1' "\ fl" " 

wbenct• 

T='(.) j l (I +-·L ,p2-) Vt!' . lh 

-=Jl(1 + __ l g" .P" ·). 
-v . J•;.11' . 

=1'lJ-( 1 - ':!Sit qJJ..) (.1 + l. <P2+ :lsli ipz ) 
(' g ' ,~ .• . . l" /2 

" 11 ( I J-.? Sh,,..2'·) = (.'.)"\ ff 1 + '" •v + (! 'P . • 

If ~ = .Ootll, 
1
; =· 7, awl tP=.0.'l, then ~:1 

<I>"= .00000017•-,. 

so that the elfoet of the vertical elasticit~- of tlie support is imwnsihle iu onlinary ca .. ;e:-;. 

S. Ex. 4~l--56 
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APPENDIX No. 15. 

ox THE DEfll'CTIOX OF THE ELLIPTlCITY OF THE EARTH FROM PEXIWLl'i\! EXl'El:JMENTf'. 

_\uy conedio11 to pe11dnln11i experimeub.; ''ho:'ie maguitn<le cliaugc:-; pi·ogTe:-;:-;in~Jy with the 
latit1ule lll~l>tl:-; to he Yl'l'Y a('1~uratelj· determined, lrn;t an t·rror be thereby introduced into the 
rmmlting \'al11e of tlie ellipticity of the earlli. The at111ospheri(: JH'es:mre and the temperature botli 
give rise to co1Tec1io11:-; of this class, and t!J;; codlicient:-; of these 1·orrections !Jan· heeu, iu general, 
very i11atleqnat(>ly <leter111illlc'tl. The experi1ue11t8 \Yl1ich hal'I:' 1·e(:ently been published in the fifth 
\'OlnmP of tlw India Snn·t',\', lioweYer. sufiieim1tly llctcr111i111· these t~oefficients fOl' the Kater im·ar
iable pendnh1ms. For all otltPr forms of pendnlnms which ltan! beeu used, excepting tlw large. 
sized Repsolil l'lfft'rsible pemlulnm, their Yalues are qnite nucntain. But by far the greater part 
of the ntluahle data at hand in reference to the relatini force of graYit~' in different latitudes 
i·onsist of the time;;; of oscillation of Kater innnfable pendulums. So that even were we able 
proper!,\· t.o correet the others for temperature and pressure they would haYe wry little iufluence 
npon the resulting ellipticit,y, for their absolnte uuml.Jer is small, all(l tlwy are not n~efnlly dis
tril;nted in latitude. Subject to nncertaintie8 of reduction as tl1ey arP, the only appreciable effect 
of admitting them into our calculations would be to increase the apparent probable error without 
altering the result. Un<ler these circnrnstances, it has S(•emed best to me i11 making a 1ww calcu
lation of the ellipticity, as derin•d from this class of experiments, to restrict' m:n;elf exclusively to 
those made with the Kater invariable pendulums.* The coefficient of the effect of atmos;pheric 
pressure npon pendulums of this class wa,i; determiued iu 1829, by Sabiue, allll the later researches 
under the auspices of the Indian Snney have Bol seriously iuvalidated his determinations. Baily, 
iu his report on Foster's pendulum experiments, undertook to correct all the former results for this 
l'ffect, but hiR work is erroneon:s in several particulars. Thus, he applies the correction to 1Aitk1~'s 
numbers, to which it had already l1een rigl1tly applied; he omits to reduce Sabine's values to 
the level of the sea, and commits various other cnors which cannot be so easily explained in a few· 
words. For tlw coefficient of temperature effo('.t a value ha" mm ally been assumed which was first 
obtained by Kater, and which is entirdy incompatible witl1 the known coefficient of the expansion 
of brass and witl1 the experiments npo11 the periods of oscillatiou at different tempe1;atures. The 
value atloptetl in tht' re~luctioms of the India Suney for pe11c1ulum No. 4, which wa1' one of 8abine's 
pendnlmus, <·oiucides precisely with that fonnd by 'Liitke; differl'! very little from that obtai1wd hy 
the Indian Sm\'ey for tl1Pir other pendulum, salisties well the experiments by t::l<tlliue at different 
temperatures, agrees with 0111· gP11eral lrnowletlge of the coeflicicut of expa11sio11 of brass, aml has 
conseqnentl.r heeu 111rnle use of by me in the reduction of all the experiments made with the Kater 
invariable pendulumH. I han, thPrefore, made the necessary corrections to all the result;; witli 
these peJl(lulums, with the i'Xl'eptiou of those of t.110 Indian series au<l of Liitke, which I haYe 
suppo8ed to have been right!,\' reduced. 

The corrections for elevation of the station aho\·e the level of the sea ha8 hitherto bcen rnatle h~· 
Dr. Youug's rule, which is hased on the assumption that all the earth an<l rock rising above the 
level of the sea is to he (mni-;idered as attracting the pendulum as if it was so much additional 
matter heueath the pel!(lnlnm iu excess of what i." found at the lernl of the sea. That this assump
tion, so foreign to the facts of the case, does not accord with the determiuations of gravity made 
at the isea shore, and at gTP.at. t•le.\'ations in the neig·hhorhoo<l, has often bee11 pointed out; in par· 
ticnlar b~- M. Fa~'e in the "Uomptes l'tt>n<lus,'' .Tuue 21, 1880. 

Let us firRt. consider the question 1{. priori. 

• The preReut. compntnl iou wns beguu lwfore Major Hersdrnl's work was r~ceived. The I>rinciples of my procedure 
being different from hiM, I have thought it wort.b while to.eornpl11te my work anll see how far Major Hel'l!Chel's a.ml 
my re.snits would agree. · 
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Tue only geologimll cau1\e of \~a,.,t horir.ontal disphtcement:-1 of :-1olid matter, such as alone could 
sensibly affect the pendulum, iH derrn<latiou. 'l'ltis has ahrn~·s heeu at work to remove matter from 
the continent.; am! depo,;it it oil the bed of the oet'<lll: arnl it ,;!•ems probable that the general result 
of it mm;t ha,·e been to (liwiui,,;h tlil· amount of matter i11 those eoHP>i ba\•i11g their Yertices at the 
eente.r of the earth awl their bases ou our prt>seHt laud, a11d to increase the amount of nrntter iu 
those COJJPS lrnYing thPir bases on onr pretient :·wa lwcl. ll11t it would seem tllat the effect of :such 
transfer is one of those of whieh \H· cannot at present take accom1L \Ye must, then, re,g·anl cou · 
tineutal ele\·atio11s, as p1·odum•(l h:v the elen1tio11 of fl ('.t•rtai11 thid:111::-1.- of matter, eqnirnleut to '-l 

crust. 
If Wt' UKe the follo,riug 11otatio11; 

f/=graYity, 
<1=rle11Hity of tl1l• continent, 
.d=mean density of tlie earth, 
1·=ra<liu.s uf the eartl1, 
H=leugth of the chord from the center to the cirenm1't·renc£· of a "mall circle. 
h=elcn\tion aboYe the lcYcl of the Hea, 

then the ,·ertical attraction of a eap of matter ha\·i11g tltP thid:m•ss h all O\'er tltiK srnall eirr•le 
upon the point at its center is, accordiug to Pratt, 

It has al wa;y8 been assumed that the secoud term of the polynomial in the pareutliesis would 
alone be sensible except in extreme cases. If, uow, we eoneein• that the eleYation, instead of 
being producerl by tlw :iuuition of new matter, has beeu produced hy the upheaval of the crust of 
thiekne;;s t, then the ~1nantity in the parenthesis becomes 

Here we perc(•ive that that term which has generally been considered as alone sensible here 
(lisappears altofrethee: hut a 11ew term enters in of tl1e first degree in h. the value of which is 

t Ji 

\l~;·.;-t2" 

It will be secu that ti.tis term, which is the principal part of the whole expression, is nearly 
inversely proportional to the raditrn of the cap, so that a largl' e;qi will han• Jes;;; rlownwar<l attra<'
tion than a small one. The reasou of this is as followK: 

'l'hrough auy poi11t, p, let a line he drawn in a n'r'tical direction; througl1 p let a sphere he 
describerl having its cm1ter upon this line. Taking)! as tl1P origin of polar co·ortlinates, let a new 
surface be described luwing the radius Yeetor in an:• direction equal to that of the sphere. 'rben 
this surface will be the surfa(·e upon which a particle of matter anywhere placed will exert a con
stant rnrtical attraction upon the point p. As the center of the sphere varies its position along 
the vertical Iiue thro11gh p, a HUcccssiou of these inclo;;;ed surfaces of equal yertical attraction will 
IJe formed all in contact with one another at the point p. It will be Heen then that the nearly 
spherical surface of the eart,h cuts all these surfaces iu such a manner that the uplifting of the 
particles auywhere on its surface other than tlw immediate neighborhood of p will diminish the 
vertical attraction upon p. 'flit> exact ca,Jculation of the effect of the eleYation of a crust, being 
extremely troublesome, and the quantity being small, I b:wc thought it sufficient to assume that 
the downward attradion would be one-tenth of the correction for eleYation. This quautit,y which 
was adopted as satisfying moderately wrll the (1xperime11ts 011 neighboring high and low levels is 
equivalent, to assuming that the thickness of the crust is about one-eighth of the diameter of the 
space arched over; and the assumption has the same effect as if it were supposed that the conti
nental elevations were produced by additional matter 11aviug- three-fourths the density ot' wa.ter. 



 

444 REPORT OF THE SUPERINTENDENT OF THE 

We ham so far onl.v considere<l the solid material of' the cruo;t. In addition to this there is th(' 
water, which simply rnus down to the lowest levels; so that its whole attraction is to be consid
en~d and allowe1l for. J,et us consider a small island lyi11g in the midst of the sea. lu the first 
place, if there were no water about it, the gradt.r would be iu excess upon sueh an islau<l in cou
se1pw11ce of the 1lepressin11 of rlio ~ea-bc<l around it. This excess may, as we ha\'e seen, be 
roughly taken as equal to wlrnt -wonlll be produced by tlie downward attraction of a11 excess of 
matter sntlicient to build np tht:> islarnl aml having three-fourtils the density of wat<'l'. Jn tl1e casP 
of a small island the effect will be great-er than this. In tl1e case of a larg·e isla11d, especially 01w 

lywg near a coutiue1;t, th1· eft'eet will he irwreased by tl1t> s1uT01mding deposits of matter resnltiug 
from demulatiou. Ou the wl10le, theu, WP may roughly take the exeess of gravity on the island 
t-o what it w,mld he if thP io;la111l wa8 built np of extra matter ha Ying the density of water. The11 
when we takP into aeeouut the attraetion of the ocean itself, we ma,y say that the excess of gravity 
upon an island will lJe alwut. 1~q11al to what would be produced by au ocean having the general 
de1Jtl1 of the oeeau hell quite ontsi1le the island and extending completel,v <n-er the spaec occupied 
hy the i:-;laml. Wlmt is meant will be umlerstoo!l the moment that we look at a rough profil1• of 
the equatorial Atlaut,ie through tlle islands Fernando de Noronlla and ~faint Pnul's Islalld . 

Jlafhntn.-, 

2000 

.f.(!1·11andu 

de !l.l>ronlw, 
Sl.l-'a"l,~ 

Hock 

+---1--_...--,--~-.__.... _ _,__, Nivli•_ Mifrs 
"tf)O 31)U .400 500 DO•l ;oo 600 POO 

Vertical scnle in fathom<. Jlorizouta1 scale .in n:rntical ruile~. 

Coast ,.;tations are generally to be cousidered as really contineutal, since the true boundary of 
thP <'on ti neut nt a depth of sonH' 100 fathoms is con;;;iderablr outside the coast. Statiolls near this 
houmla rs niay l>P considered to be like deep- water it;Jamls surrounded by water of lrnl f the depth of 
that wliieli is upon one sidt' of the ;;;tatiou. Taking the eontour chart of the ocean bed given in l\Ir. 
'Vil<l'" hook called 'l'lialassa, I fiwl that the following pen<lnlum Htations have to be corrected for 
the d1•pth of thr· ocean about them: 

Statimrn at irhich correctionr> are to be applied .fi>r attraction of u;ater. 
Fathoms. 

Hare Island ......... _. - _______ . _ . . . . . . . . . _ . . . . . . _ ............ 11000 
'Meh ille Island ....... _ .. , ....... _ . . __ . _ .. _. . . . . ...... _ .... ____ . 1,000 
Ualapagos _. __ .. . ................. ____ . _ _ _ . ___ . __ , . _ _ _. _ ..... _ 21000 
8t. Thomas ____ , .... __ . . . . . . . . . . . . . . . . _ . . _ - _ . __ . . __ . . . . . . 3,000 
Ascension _ . __ ........... _ ... _ ....... __ .. . . - . , . _______ .... 2,000 
Sit•rra Leone .... , ......... __ . . . . ...... _ ..... , . . . . . . . . . . . .. ~ . . . :'iOO 
Bahia ................. _, , .. _ ........ _ . _ ..... _ .... ___ ...... , ...... 1,000 
.Jamaica .......... ___ . . . . _ . . . . . . . . . .. __ . . . . . . . . . . . . . . . . . . . . . . . . 700 
Spitz bergen. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . _ ................ _. . 500 
Point Bowen ........ , . . . . . . . . . . ... _ ..... , ... , ................. _ . 500 
Valparaiso ...... _ ...................... _ . . . _. . . . . . . . . . . . . . . . . . . 2;30 
Port La Coquille ...... _ ..... _ ... _ ... _ .......... , ................. 3,000 
Guaan... . . . . . . ...... _ . _ . __ . _. . . . __ .. _ .... _ . . . . . . . . • . • . . . . • 3,000 
Port Lloyd ......... ___ ...... _ . _ . _ ... ____ . . . . . .......... _ .... _ . , 2,000 
::;t. Heleua ........................... _________ . _ . . . . . . . . . . . . . . . 2,000 
l\fontevideo ..••..... , . . . ................. _ . _ .. _ . __ . __ . . . . . . . . . . . 200 
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Staten Island ....... __ 
South Shetland .. - . - . _ . 
Cape lloru .... _.. . . . . _ _ _ _ _ _ _ .. _. _. 
Fernan<lo <le X orollha _ . . ... _ . . . . . . . . . . . . . . . __ ... ___ . _ _ . _ 
::\1 inico~- Island . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . _ ... __ . _ . 

1''atliom11. 

500 
500 
500 

~l,000 
;j()O 

44[> 

Ifoug-!J as these correetion,.; are, the applicatiou of tlielll will show what we Ila n• to expect from 
a more exact treat1Uent aceonling to the principle.'> just laid dow11. I have eitlcnlatetl the d!ipticit_\ 
with tliesp, eorrectio11s, awl !\ml it to he (taking 1,=.005~;rj.-,) 

1 
:Wl.f1::l::O.H 

This probable error is rather smaller thau thatohtained by the treatment of the late,.;t and best 
geo1letical operations and is nmcli smalh'r than that obtaiue1l l1itherto from pPnrlnlnm obser,·ntions. 
Upon comparing rn~- residual,.; with tlwse of Clarke (fi-eodesy, p. 34!}), it will be obserY!'U that, as 
a general rule, the residuals that iiow remnin larg·e had pre,·iousl.r been mncb larger, and are 
generally marine 8tations, from wheuee I infer tlrnt a more careful e:,;timate of tlw attraction of the 
ocean would produce a still further improYcmeut of the result. That wi.Jieh is most needed to 
im1ir0Ye the state of our knowledge of gra\'ity are additional CXJHcriment.s i11 the Arctic Circle. It 
is desirable t!Jat these experiments slwuld be made with the IIJ(lia11 apparatns, aud it is also to be 
desired that tlw same apparatHs should be uscu at Triuidad, Ascension, an<l :\Lmrnham, the three 
stations which are common to tlie great expeditions of Sabi11e and Foflte1'. 

l'EXI>f'LUM EXPEIJITIOSS. 

AnBRJffIATroxs ANI> FoRMULE. 

B \ ( Elevation. 
A =Author's corrections for~ Atmospheric effect. 
'l' { Expansion of bar from G~o }<'. 

e1
) ~ E+oE 

a' ~ =corrected for ) A+oA 
11' ~ T+oT 

e' ~ ii/ =Uncorrected. 
t1 

Temperature f'actor=.458 oscillation per degree for 86,400 oscillations per da~·. 
fJ ,. bl 1.655 . ld .Atmospheric factor=.345 l.f-_0023 ({.: 320 ) or preiera ~- =~DH x times o correc. 

where sp. gr.=8.61 fi=ht. of bar. t=F. ther. 
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EXPEDITION No. 1. 

l·Kater·s. lrHS-'19.-:Ptmtlulum not numbered; (•uetiicicnt for expau~ivn of bar .4:.!:l osdllation ]H:'ll' <legrne 11'ahl"1tulrnit: Rjtecitk gravit.~ of 
pendulum taken at 8.61; no atmoRpheril' etfcct except lmo.\·ancy allowed for. Phil. Trans. 18W. j 

Stations. 

Londou (Mr. Browne':-:a) ...... __ 

lJnst .......... . 
Port.soy .. _ 

Ll'ith Fort 

Clift.on ................ .. 

Arbury Rill ........................... . 
I.ondon (.Mr. Bl'owne's) __ 

Shanklin I<'arm .... 

Latitude. Oscil. per 1foy. ,; 
" t 

51 :n 08 l-tu, (if>;;. :-rn 
fiO 45 :.?8 !lO. 7i 
;)i 40 59 l!J.Ti 

;lI) .)8 41 i3.16 

;,3 27 45·1- ti~. 01 

52 12 55 56.1-'l' 

r11 31 8 ii5.12 

50 37 24 fil. !!8 

' See Phil. Trans., 18n p. 3~5. 

EXJ>]jDJTION Xo. fl. 

Mean .\ 61' .\' O:·n:~l. p~r day. 
temp. a' I 

70. ,) ~t ;j, !H +o. 3:! + 9. Mft >-fl, 065. 5H 

;i7. R 6. 07 - . J6 10. ll~ 100. 68 

6V. ;j u. 05 - .06 lO. tlO 089. 71 

:i7. 0 ti. 05 .18 10. 00 U82. 98 

;)5. 0 5. 94 - . ~6 0. 80 071. 5:; 

52. 9 6. O! - . 34 9. 97 066. 51 

51. B 6. 18 . '23 10. 20 065. 09 

60. 9 +6. 09 -· . 04 +l0.1J5 UH!. 29 

[Sabine's lir~n voyag~ Pt•ntlulmu ~o. :! in Slieltou clock No. 2. Temp. coclHdeut 0.-trn oscillations per dt~greP Fahr.: specitic graYity peu
dulurn. 8.4. Corrf',·.tion for buoyancy onl.'·- Phil. Tran:-!., 1821. J 

O•"il. per day. Mean 0Mcil. per 1lay. 
Statiou. Latirn<lf-'. ' 0 t temp. E A T OA T' ;;• a' i· 

50'·' (i:!:: 

Brassa ------ ---------- 60 09 42 86, 530. 51 54. 6 +.10 +6.24 +~.O:! +4. 09 -3. 3!J 86, 529. 09 

Hare Island ................ 70 26 19 il6:..!. 64 44. 7 ! +.18 , G. 4fi -2.:.!9 +4. 22 -7. 92 561. o;, 
Lollflou (Mr. llrowue·t'I;. ___________ 51 31 ts 497. 38 44. 5: +. 35 +6. 4!l -2.39 +4. 33 -8. 01 495.61 

EXPEDI'l'ION No. III. 

l't>ndu1nm~ 'No!i. J fm<l 2 in 8helton clocks S'os. l nnd 2. Surve,v ('ach in ih1 own clm0 k and eaf'h h otlwr':; clock. 
8ame rB<ludfons as <lbon· ~auw mtu10ir J 

Statimi. 

London (Mr. B1·ow1rn'R). 

Melville lolant! .. 

London on rfturn 

I.ontlon .................. . 

Mellville l•larnl ....... . 

i 
. .. I 

! 

1_,atitude. 

0 I I/ 

:,1 :JI 08 

H 47 12 

.ii 31 08 

.;1 31 o~ 

74 4~ 12 

( hw ii. per flay. 
r, ti. t 

4!)0 

MPnn 
terup. A T 

Eadt peudulum in its own clock. 

0 
86, 444. 78 47. 7 +.35 +6.:J9 +1.n 

at9. I7 46. 5 +.J4 +6. :m +-0.6~ 

444. 6f> 51. 4 +.as +6.:it ..i..t. i!l 

:Each pendulum iu Uw other·~ dock. 

/<Ii, 4{6. 58 48. + +.3:1 +6.41 +J.49 

:>41. 46 4;)_ ( -\;· 14 -"t-f:i. ao +o.ao 

EXPEDITION ~o. IY. 

oA 1" 

+4.10 -6.55 

-j-4,19 -6.76 

+4.14 -4.8!) 

+4.20 -6.13 

+4.17 -7.47 

"" ... ·---- .. -~"''"~ 

Osei I. per day. 
f/ a' t' 

62° 

86, 440. 6H 

515. 79 

440. 7~ 

456. 30 

531. 3H 

[Hall's. l8~1i-':?a.-Nurnht'1· of penduluDJ not gJnm. Uue1Jicit>1Jt. fur ex11aueiou of bar, .42:~ o!'mi11ation per tlt•grt~~ }'ahr. Specific gra,~it~- of 
1>endnl11m not given. Reduced by author to f8° Fahr. Phil. Tran•., 1828.] 

--~----~----·- -- ··-

0-cil. per da~·. Mean ill'. 
Oocil.pftrday. 0Miil. JWr day. 

Latitude. ea t Bar. temp. A' W a.1 f' P.' a' (! 

680 68° fl'lO 

in. 
London (Mr. Browne's). rejPi<'h~1i !1s :mthm· '\l 31 8 86.229, 78 30.08 66. 5 .. 05 +u. 87 M,23!1.6(1, 86, 2!2. 35 

:Marlot'Ahingdon!sl~laml ...... ----. --·- 0 32 19 005.M 29, 93 l!il. 9 +.45 ». 51 105. 50 108.25 

San Blas 1le California ............. . 21 32 24 119. 60 29.l«J- 83.0 : . 52 9. 45 129. 57 132.;J\J 
Rio do Jntrniro. _ ... 22 5r1 22 125. If.? . 29.84 74.6 +.23 1 u. 60 135. 45 i 138. 20 
London .......... .. 51 31 8 2~0. /!() 29. 83 66.9 -.04: +9.77 240. 53 

1 
248. 28 

·-----··---~- - -- -·-·-----
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!Goldinzham·s. ll'l:?0-·:.!3. I'eu1lnlu111 not n 1rnhi·1·1~d. ~p. g-r. takt'U 01t l-'Jl:!: B·1ilv ~a.\'~ il wa:-< 7.H7. Coeth<:1t'1Jf fur t·xpau~w11 of har....;.:·. 4:.?:; 

ot-1l'illatin111w1· 11r·gnf" Fahr. l'hi.1. Tr;ms., lH'..!~.) 

(hwil. pc1· .ta.\. B;n· Oi-.L'il. pk'•·•la.\·. OsC'il. pel"<ln.\·. 
Station. Latitwlc. ,, 

" t 'l\·t11l'. mffecl. 1~T .\ ,, fl' I a' t 
/0 70 6::!:: 

:11. 

1,ondon ···-·· i)J :11 h ~(i, '.!!i:l. ]j (;i. Ii '.!H !f';' «R +i-1. " ."'1. :IP~. ~I Hfj, :{U6. 4!1 

Madra,s .... ··---~---· J:J ll.ifi.tir. {'~. :, :Ill. 1 \I ' :"1i -1-\l. G7 ~6. 17ti. 2-; ~·. l'ilJ. ~·:~ 

EXJ'EVLTIO:\' :Su. \'I. 

[Bl'iHL~uu~·l-1. rn::l-':.!.!. P1·11d11lu1n ll lf 1111111ht•1·1•d. ('ot:l1i··i~·11t for t'Xp:tu~irn1 111° hat -.-4:.::: o-1dllo1ti1tfl 1wr ih ... :.:n;t• F.1111. ~jltl'ili" ;.!Ta,ity 0 
pernlulnm ta'kf'll <•t H.(JO Hedun•1l b~ ;111tho1· to t)o Fahr-. J'i1 L 'l't'<tJll"' .. 18:!a.] 

Lornlo11 
Para,11:11 ta 

~tatiuu. 
0:-.t·il. pt·1· fla.c 

.\lf':lll L:ltitmk. ' " I tt·mp. .~ 
1,0' 

."il ;11 H ~ii. orn.1.q. 6Ui ....;_._(;. 4:! 

:10 4" 4:\ 1 :~. 4-:! '.\\\.lo'. --H. 47 

Exn:I>ITIO'.'\ ~1J.\"ll. 

O!-id!. JWI" ilay. (hwiL per 1lay. 
61' oA a' ' 

,,, r1 I 
60,:: H2= 

" . 06 +3. \lU Kli, 094. ~:! "'(ir o9;( :m 
-.11 +:>. ~1:~ ~~). 'j'\ '2~. 79 

!~11hint' Fl {iu Hw Plwato:aut), ii-:~1-·2i. Pi·mlulurn~ 1\oi-:. :.5 aml 4. Col'fficit•nt. for cxpau~iou of Ua1 ~-'.42 (p. ltil oscillation per degree Fahr. 
Sprcific gradt~~ of the pt•ndnlum takt>H a.t 8. 61. :From "SaUine·s Experimen1R to ~t-terminr the fi.a;ure of the Earth ... London. 1825, p. 2;:1; 
Thr <"OT'l"('CfionPt in tlk ]agt euhmm lmt one a.n• ;::i....-t•n hy H.tbine. I>hil. Tnurn., 18'.!8. p. 77.J 

( )sdl. per day. 
.lft'an. 

Oscil. 1wr da~« 
St11tiuJl. Laj1t11tl('. " a t tclllJt. T .A OT oA Corr. ,; a' f 

6.C ~ 6r 

SI. Tlu.:uuas ..... ~ ......... ................... (I 24 41 ~(\, Q29. 411 ~I.;; +8.24 5. 7~} "' :i.W )l_(), (}33.90 

Maranham .....•....... ................ ~ ~I 4:1 019. 78 ~O. 9 +7. fl6 5. 7" ' -q -i-. ,_ 3.W -,OJ 024. 21' 

Ai-lCf'TISitlll ............ 'i "" 4o O:t3. 11 81. I +R. 06 fi. 80 +.n !l. 80 0'.17. 64 

Si~.rra l .. emw ---··············· 
,, 2!! 2> O!f.:. 14 il(I. 5 +7.1'<1 5. i5 . j\ "· " 032.62 

'.fdni<larl ... +w ~ 56 1127. 31 P~. 8 -;-8. 78 5. 75 '7" ,,, " -+. (14 o:n. m 
Bahia ....... -12 59 21 (J3~. 81 ra. 2 +t-71 "· 81' 

-~. 4;1 :1. i;.~. -+.on 037.18 

Jamui<.;~1 l'i f~G ; 045. ~'i -81,(; +~.27 5. 7~ -;·. j;) 3. 79 - 08 049. 7:~ 

New Ycnk .. 40 42 4:J 117. !fi :J4. 6 -11. 51 6. 43 -1.04 4. 2:! ·-. ()5 121. Hf 

•Lon<lon ··--- fil 31 8 1ii0. 70 62. 0 16~. 29 

Drontbf'im (1:1 2!) 54 19f' 5~ 46.7 -6.4:\ 6.Hi -.5}: 4. 0:1 201. 9';' 

Hammerfest 70 40 " 320. 96 HJ.:.! -5. 36 ti.15 -·' 49 4, 0:1 2:!4.50 

Greenland " 74 3:? 19 23". 44 4!!. ;{ -8. 2~ 6. 26 -.7.) 4, 10 2J:J. 79 

Spitz bt>rgeu ;g 49 f.l'. ~t2.9:t 41. 0 -S. 'i~ Ii 27 -·. 79 4. ll 246. 2r. 

* Spf'eia11y compnt~ll from data giYt"n hy Sabine. 

BxrEDITION ~o. VIII. 

[Foster's first, 1824-;25. Pendulum No. :t Co ... ftich•ut for expauMion of bar=· 423 oscillation per de~r£>t.' l~ahr. Spedti(' gra\"'it..\' of peudulum, 
8. 61. l'hil. Traus .. 18261 TV.) 

snrtion. 

(.:Yree.nwich .•..•••. ·-·· ................... ""' .... . 
Port Bowen ........................ . 
Greenwich., ........... ,.... . ......... ,, 

Lntltmlc. 

0 ' 

f>l 28 40 
73 13 39· 

51 21! 40 

Oscil.pNuay. 
e n. t Tt'mp. 

500 

Sti, 11>2. ~i :;u. o~ 
86, 2"2:!. li7 50. 70 

86, 153. J:t 44. 50 

A oT 

+o.oo +.21 

+6. 14 +.02 

+6.04 -, 19 

+a. 97 

+4.02 

+3.!!6 

Oscil. per day. 
ii (J_' t 1 

5U0 

Mti, 163. 11 

86, 234 05 

86, 162. 94 

Osei!. 1rnr dar. 
e a' t' 

62° 

86, H>7, 61 

86. 228. 5r. 

86, 157. 44 
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}J:X:PEDITION No. IX. 

iLltt'tke, 1829-·;n.-Hall't-1 pemtnlums. Rt>lluctionfl cornwt. St .. Peten;hurg ..,\cad. Sci. Dh•tr::s ~uvaus, Yol. III, l83'j.: 

l·~tf'rshnrg 

Gre~nwid1 

Valparaisu 
New Axcban~t'l 

l'dro1iolowski 
Port La Coquille 

(f.oaban ..... 

Port Llo~·cl . 

St. Helen• 

Kimdaiat·hka. 
PelerRburJ! . - . _ .• 

~tahtlll. 

i 
I 

. - - . . . - . . . - . - -

Ex:PEDITION No. X. 

Latitudt·. 

59 56 30 

51 28 40 

.33 2 80 
57 02 ~fl 

s:: 0 5H 

7i 21 16 

13 ~(j 18 

:!/ 4 9 

-13 55 :! 

ffj' 7 4:1 
5!) 56 :w 

O•cil. per da~·. Oscil. per da~·. 
e a I ea t 
6::!0 62° 

8fi, 268. 86 . 28 86, 26..q. 14 

86, 23H. 09 1<6, 2:i6. 09 

,6, 165.~ +.~l 8tj, J65. 54 

86, 257. 3:~ +.H 86, 257. 4-7 

8t;, 245. 5U +.07 86, 245. 57 

P6. 112. 64 ' . 00 I 86, 112. 64 

~6. 117. 84 -.07 86, 117. 77 

86, 159. 00 - . 14 F6, 15K Hfi 

><U. 125.19 - . 21 86, 124. 98 

rn, 3('0. ::4 86, 300. H 

86, 279. l i 86, 279. 17 

[~abitu»t'l. 1827. P1·n,lnlumA Nm;. 7 and ~. C()efficient for «XJHmsion of bi:1r =.421 mwillation per dt>gI'Pt:1 Falff. 8p{:citic graxit;v 1,f pemln
h1m8, 8. 61. Reduced to 53c nt 1)aris aml tm:i at London. Phil. Tran~ .. lfl2~.] 

O•dl. per <lay. MPnn A oT A' Osdl. per <lay. Osdl. JJt"T day. 
Station. L:ititntle. ji a t temp. " a' I' il a' I' 

61,0 6U0 ti2° 

---------- -·· ----·-- ----~-- ------

0 IJ..I' 

Pari~ ... 4H 5-0 14 s.;, 927. ;)2 56. R8 6 04 -.]2 10. 00 85, 937. 40 85, 936. 48 

London ··---······--· ,. ........... ;-,1 31 ~ 85, 939. 5:i 6:J. :16 6. 00 -+.12 9. 98 8S1 940. 60 85, 948. 62 

BXPEDITIO:N" No. XI. 

!Hahim:·.'s, lfi20. Pemlnlnm No. 12. Coefficient of Pxpamdon of l)ar ::.:::.43 oscillation pt·r rtl:'gree Fahr. for London-GrPenwich. and 0.44 for 
Greenwich-Altona. Atmospht>ric rt'tluctio11 correctly made. Phil. 'l'ran~ .. 1829 alld 1830.) 

~t.atiou. 

l.oudon (Mr. lfruwiw ·~) ....................... . 

Greenwich 

London .••..... 

(irPt'llWirh . 

Hrnenwich ... 

Altona ..... . 

Kuifr re.::.~-romul. 

Latitude. 

.51 31 8 

51 21' 40 

f,J 31 8 

51 2X 40 

fil 28 40 

!'la a~ 45 

EXPEDITION :Ko. XII. 

Usril. per <la~·. 
e a t 

(l:!C 

b.~, fli3. b7 

Kfi, 974-. on 

i:\5,969. !i4 

~;) !}()9. 78 

To. 6l1C 

t-5, 970. 77 

~r.. 979. 10 

)lean oT 
Osei!. per day. 

temp. e a' t' 
62° 

0 

G'2.5 +.01 85, 973. 58 

5R. 92 -.09 74. Oti 

71. 9 i .28 8fi, 969. 62 

61.5 -.01 69. 77 

63.53 +.03 85, ll69. 88 

58.32 ! -.06 i 978. 12 

{Fallow·R. lf<28-- '29. Pendnhrn; No. 4, aFI in Expedition No. VIL Ctl€:fficient for expansion of har =.421 oecillation per degree Fahr. Spe<'ifi<' 
grnsity of pendulum. 8.60. Phil. Trans., 1830. I 

Station. I.atitmlc. 
O•cil. per da~·. 

e a t 
62° 

0 

London (Mr. Browne's! .........•..................... 51 31 8 8ti, 164. 6'2 
Cal"' of Good Hop<> . • . . . . . . • . .. . . . . . . . ............... . 33 55 56 SJ,097. 72 

Mean 
temp. Bar. 

in. 
70.82 20. 80. 

71.44 I 30. 03: 
I 

A 
+ 

5.. 87 l 

:;. 91 

JT 

+.33 

+.as 
Btl.168. 79 
811, 101. IM 
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EXPEDITION Ko. XlJl. 

! Fo!-lter'8, 18'.:!f~ .... ::J]. Pt•nJulnnilo\ No1:1. 10 aud 11. CoefticieT.tt for ex:pan~ion of bar= .4:.!:! rn~eillat.inu per dcgTet: _Fatn. Atmu~phi.:rk tfi~ct 
corredly tak~n into acrount. Memoirs Royal Ai:struu. Sudety, V<Jl. YU. 1Ha4.} 

MEANS I•'OR PEXDl'JXM:-; 10 ANil I\. 

8tatio11 

I. .. ondon (Mr. Brownf''R: on Katflr,~Rnpporl) .. 
Greenwich ..... 

Montcvidoo .. 
St.atcu 1Rland ....... . 

*South Snetlantl ... 
Capo Horn ....................... . 

Cape of Good Hope 

St. Ifolrna .. .. .. . .. 

.ARcenl'>ion ..... _ 

t Gret>n Mountains ..•.............•.......•...... 

I•'t'rnnndo de N nJ'onha 
Maranham ... . 

Pnrn ........ .. 
Trinida~l .... 

Porto IleJln _ ..... 

~London (Mr. Baily't:i) 

, Oscil. pe-r tla.,\-. 
Latitude. {' a t 

6"·' 

51 31 86, 066. 4~ 

.>] ~~ 40 }16)0ti5. 5!l 

-:i4 54 26 ~6, OOL 70 

-i'>4 411 23 86, 082. (l.j 

-f.2 5!; ll 86, 111. 5:1 

-5:) 51 20 86. 084. y~ 

-33 54 37 l'l5, 9H~. 21 

-15 56 7 fl5, 954. 7ti 

- 7 !),-, :.'.3 85. 939, 03 

- 7 58 00 ~~. 9:l0. 68 

. 3 4!l ;";9 R:i, 938 70 

- 2 31 3:J 85, 9:!fi.17 

- I 27 00 85, 927. 31 

+10 38 55 ~5, 934. !'14 

+ 9 :~2 30 85, 939. 5g 

+:-11 3l ~ 86, 066. 50 

T 
Oscil. Jrf'rflar. 

<T ' " a' f' . 
G~O 

- 3.24 -.:!fl ~tJ, <HJG. 20 

- 6.:n -,5{ ~G. 06:). o;; 
- 3. 69 3l >6, OOL 3!! 

- 5.fi7 - 50 r:o. 08L [>~ 

-10. 76 - g~ ~tl- 110. f;-1 

- 8.Hj -~. 70 ~{). 0~4. 17 

- LG! H 85. 908. 07 

+ 6. 12 +. 52 84, 9Y>. 29 

+ 8. 49 T· 72 8,\ 93U. 74 

+ 5. 31 -!"""· 4;, 1'5- 931. l:J 

+ 7. ft8 +. 6.-.: ~5. 9~9. 3~ 

+ ~.66 _,_ 74 K1, B2~.iJi'\ 

T KH4 +. 75 f;5, 92R 03 

9, 08 +· Ti 85, 935. 29 

·+ 6. 7fi +.fi~ 85, 940. 17 

- 4.03 -.34 86. 066. 10 

[One-half' mPaII diifl·TPoDCi-1 of pend11ln!!.! = 51. 71 Rt. rielena to Para. l 
.. N11. J(I rNhH·<-tl t-0 mmm. t P<,udulum No.10 mlly ustd lwn~. t Pt'nd.uluw .No. 10 rejecterl. anrl ::ilso those of l~:l~ with pendnlnm No 1 L 

EXPEDI'J'ION No. XIY. 

Murphy'A, 1835. Pendulum No. Ht. Coefficient for cxpn.nBion of har = .4~3oscillatiou~ per degree Fabr. Atmospheric effect. correctly taken 
into account. Memoirs Ast. Soc., XII.) 

Station. 
l Oscil.per day. 1,. :oseil.perdAy. 
i Latitude. T &T 1 I! a' t' 
I ;; a t i I 620 

-------/~;1 ~ 1-:::1 -7,RO) -.651-~,020.:8 
.1 37 85, 960,5:; ! - 7. 36 I -. 61 j 8.>, 959. 94 

.. ....... j ~o 3o 83, 910. 73 I +u 13 i + .93 ; 85, 941. 66 

London (Baily's honse1 ........................ .. 
Bir .. - ........ . 

Bussora.~ ..... . 

EXPEDITION No. XY. 

(Yade11r's 1 1839. l'enllulum ~u. 11. Coefticit~nt for expansion of l>ar=.42:J oscillations per lleg-ree }~ahr. Atmor-Jpheric etrectcottectly taken 
into acconnt. :Memoirs Aet. Soc., :XII.] 

Station. Latitu1le. 

0 ' 

London (Baily's house) ............................................. . 51 31 8 

Cape of Good Ilope ..................................................... . 33 56 3 

S. Ex. 49--57 

I 
Osei!. per day. 1 

e a t I 
62° ' 

T JT 

I 
iOociL perday. 

I i. a t 
620 

I 

86, 116. 07 1 +i. 31 I +. 11 

86, 049. 40 I -1. s1 I -. 13 • 
I I 

86, 116.18 

8G, 049. 27 
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EXPEDI'l'ION No. XVI. 

BP.':'fvi and HPavil"ldt·, 1865 to 1Hi4. Pr-11dulmuH Nos. 4 and 182t. Coefficients of expansion =0.458 fof' pendulum Xo. 4 and 0.44~ for pPnJulmn 
);o. 1821. G. T. Survey of India, Vol. 5 [p. 120], 1879. 

Station. 

J>on11a· ........... . 
Kt'itlankolam ..... . 

lliuicoy . - . - ..... . 
Mallapatti ............... . 

Alleppy ... .... . ........... . 

Pachapaliam ....... . 

Aden 
Maugaloru ... 

Uan~alore, Sou1 h ..... 
Bangalo1·e, N ortli . 

Madra:i. ..... --··· 

Xamthiba<l 

( 'ocanitclH 

Kodangal. 

Daruar~iua. 

Colaha (Bombay) 

Somtana 
Eadgnou .. . . . . . ............••• 
Calcutta ............................... . 

Ahmadplir ......................... .. 
Kalianpur ............................ .. 
PaMrgarh ............................. . 

Usira .................................. . 
Datairi .................. . 

Kallana ............................... . 
Noj!L ..................... .. 
Dehra ................................ .. 
Yuesoorie ............ -- .. __ .. __ ..... __ 

Ismailia .............................. .. 
Meean l!eer ... __ 

More. 
Kew. 

Latitwk. 

C I II 

b 09 28 

!J 10 21 

8 17 01 

9 28 45 

9 ~9 39 

lU 59 41t 

I~ 4ti ii~ 

12 51 31 

13 00 41 

l:J 04 f•G 

13 04 08 
15 05 5~ 

Hi ~ti !?t 
1i 07 57 

18 03 17 
18 53 4B 

19 05 00 

20 44 23 

22 32 55 

23 36 21 

24 07 11 '· 

24 56 07 

26 57 06 

284405' 

29 ao aa 
29 53 28 

30 19 29 

30 'J:7 41 

:JO 35 55 

31 31 37 

33 15 39 

51 ~8 06 

Osei!. per !las. 
i a t 

G2C 

~5. !18~. 7[1 

82. 50 

87. 01 

K2. 60 

85. 89 

8~. 28 

91. 67 
88. 87 

78. 49 

79. 38 

89. 03 

87. 71 

98. 23 

91. 01 

91. 04 : 

~6, 005.19 ' 

85, 996. 27 I 

86, 002. 26 I 

12. 69 

08. 21 

10. 36 

11.10 

21. 31 

26. 73 

27. 25 ' 

'n.62 

20. 86 

11. 59 

;$[1. 93 

34. 5.~ 

65, 984. 62 
1<6, 119.15 

The result8 of Bxpeditions Nos. lX, XI, XII, XIII, XY ha,·e been reduced t-0 Yll by solving 
b:r least squares the followi11g equations of •·011ditio11: 

0/;8, 

VII at OrPe1111·id1 - n•ductio11 of IX 
VII at St. llele11a - reduction of IX 

= 4.!13fi(i890 
= 4.!):351291 
= 4.!1:3.'i:·t'l50 
= 4.9353564 
= 4.9353500 

\'II at J,011do11 
VII ttt (in•PJ1wiclt 

VII at h111do11 
VII at C. 0. IJ. 
YI I at Lornlo11 

- reduction of :XI 
- retluetion of XJ 
- n•duetion of XII 
- reduction of XII = 4.!!3501'.!H 
- red nctiou of XI ll = 4.93483'.!li 

YII at GrPt>11wieh - re1l11ctio11 of XJI1 = 4.!134826!! 
VII at C. G. H. - reduction of XIII = 4.9344887 
\'II at St. Heh•1m - reduction of XIII= 4.!J3427:W 
\'ll at :\lum11ha111 - J'l"dnction of XIII= 4.!1341242 
\'II at A8ce11siou - rt><luction of XIII = 4.!J34J!WI 
\'II at Trinidad - reduction of XlrI = _4.9:l4li);j 
Y II at London 
YII at C. G. 11. 
Yll at Lomlo11 
\'Il at ~Iamnham 
VII at Ascension 
VII at Trinida~l 

- reduction of XV = 4.U3:J0847 
- reflnetion .of XV = 4Jl347 47:! 

= 4.!.135:322:! 
= 4.9;346:H o 
= 4.9346885 
= 4.6346.596 

Ca fr. 
6880 
1302 
35fi0 
;3554 
3in0 
mm 
ti2!)(i 
828!1 
4904 
:!714 
12til 
l!.1!8 

Hi!l 1 
0855 
74Hl 
3224 
moo 
6877 
6619 
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The following arp the valnes at' the uukuowu 11uautities: 

Lomlon ................... . 
Unst ..................... . 

Port~o, ... 

Leith Fort 
Clifton. 
Arbttry Rill ..... . 

Shank.Liu !''arm 

Londuu ...... 

:Brassa ....... .... 
Hare Island .... 

.......... 

H.eductiou of I<Jxpedition So. IX 
="o. XI 

= 

:Xo. XII = 
Xo. XIII 

Os<'illatio11s of \'J[ at Lo111lo11 
(tree11wich = 

3Ufil 
+ fWH-1 

:.!8-1 
+ -19:.!li 

+ ~371 

:J21s 
C. G. li. = 4.!IM98:~1 

St. lleleua = 
:\larauham 
Ascension 
Trini<la(l 

EXl'lWlTlOi\ >o. I. 

Hetlndiou h1 Xo. VII h.Y J.ondon =-- -t .t,94:J. 

'i64:.! 
lil90 
(i877 

flHI!I 

~tatiou. 
Log :Xc1. ltecl. to Vil 

MuH.h:v:.!. oi-1cillatio11R. -4.U:l.'> 

4. \1:!48281 3, 224 6.448 

~>-0063 5,006 10. 012 

49512 4,455 8. 910 

4Yln 4. lU\ 8. 232 

48597 3, 540 i, 080 

48342 3, 285 6, 570 

48U7R 3, 02l 6,042 

Exr>Eut'l'ION );o. II. 

Jtedudiou to No. VII from expe1·imentA in Loudon=-=- - 16,il8. 

SU:i.tion. 

4. 9369942 i:!., 2'.!4 "· 448 
4. 937162~ 4, 904 !I. 80F 

4. 0:173221> G1 [t07 J:l. 014 

EXPI<~Dl'l'ION No. II I. 

Elljvatiou 
corr. 

-'-

39 

1:..! 

:w 
2R 

141 

306 
100 

Elt>\'atiou 
l'OlT. 

s~~ 

](I 

is 

Loititu<lt· 
corr. 

1:\, 916 

17, 283 

16, 211"1 

15, 597 
14, 659 

14, 184 

13, :.10 

L11titutlt> 
COTT. 

13, 916 

17, 081 

20, 146 

451 

Heduce.l. 

:?., 571 

2, 741 

2. 734 

~.663 

2, 56'.! 

2, 69'! 

2, ~72 

Retl11~·'""t1. 

2, ;,71 

2, 731 

~. 876 

Reduction to No. VII from exp~rinwntlil iu London: ~""or each pendulum in itR own clock.:...~ - ia.9.)7; for each pendulum in the othe1 
<'lnc'k = - 14,742. 

::;ta.tion. 
J~og No. Red. fo \II 1-~lsvation Latitude 

Mull. h)· 2. corr. l'-Ol't. Reduced. 0Aci1Ja.tio11R. -4.9;}5 + 
------

.............. 4. 9367181 'l :J, 224 ............ ··--········ ---·-······· 
4. 936i91i6 l 

J,ondon 
Lon1lon .................... . 
:Melville Island ....... . 

.. 4. 9370954 6,997 13, 994 14 21, 129 ~. 879 

Ye\ ville Ialand ... . ...... ! 4. 9371735 6,993 13, 986 14 2l, 129 2,871 
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EXPEDITION No. IV. 

Ruductiuu to No. VII from experiments in London: Beforo St. Blas-3,982; after Abingdon1s Island --4,029. 

Station. Log No. 'Re•\!~3-ynl Mull. by 2. 
Elevation 

COIT. oscilla.tions. ! - • ~ : 

London---· .... ______ ..... 4. 9357206 3, 224 
Earl of Abini::don's Island 4. 9350448 6, 466 2, 932 

San Bl••·----··-·····-··-······ .......... . 1662 7, 63:J 5, 266 48 

Rio de Janeiro . 1958 7, 929 5, 858 29 

London ........... ---- ... --- -- -- -- . - -- -- 7253 3, 224 

EXPEDITION No. Y. 

Reduction to Xo. VII from experiments at London= -7,210. 

Station. Log No. Re_d.4t."93v,.-,11 Mult. by 2. El~~~~ion 
oscillations. + 

London ............................ ·-·--·-----· .......... . 

l,atitutle 
COIT. 

2 

3, 065 

3, 449 

J,atitrnlt-i 
corr. 

Rt><lnce<l to 
No.VIL 

2, 935 

2, 249 

2,438 

Reducttd to 
No. Vll. 

Madras ................ .. 
4. 9360434 

4. 9354061 

3, 224 

6, 851 3, 702 11 1, 16:-J 2, 550 

EXPEDI'l'ION ~ o. YI. 

Reduced to No. Vil from experimenU. in London=+ 3,531. 

Station. 
Elerntion Latitude 

os!il'1~tfo':; •. iR"':4~arII~ :Mult. by 2.. c+- corr. ~~'t'i'l.d 

-i----- ------ -· 
I..ondon ................................. - -----------·--· 4_ 9"&49693 3, 224 !. ........... : ............ ·-···· ................ .. 
Paramatta ..... ---··- ............................................ . 4. 9346230 9, 767 . 9, 535 ! 31 7, 038 2, 52£ 

EXPEDITION No. VII. 

Station. 

~t,. Th1m1all ....... ··-··· ····-········· ··········-········ ········----- 4. 9346696 

I 

EL~vation 
~iult, h_y 2. COIT. 

+ 

3, 392 9 

Latitudt~ 
corr. Reducwd. 

3, 400 

Yaranl.iam .... ..... ·-········ ····-······· ------- ------ 46210 2,421 32 44 2, 409 
Ascension ......... 
Sierra Leone ······ 
Triniilad ---······· 
Bahia ....... 
.Tamafoa ...... 

New York ...... 
London ..... 
Dronthe-im ········ 
Hammerf~st ...... 
Green 1:1.n•L ... 

Spitzbel'~(·t1 

Greenwich ... 
Port Dowen .•.. 

········-··· ···--·--······ 46A85 3, 770 432 3, 345 

·························· ·----- ------ 46631 3, 263 79 496 2,840 
................................................ ···-·········, 46595 a, 191 9 776 2,424 

·······-··················-··· 46861 3, 723 89 1, 149 2, 663 

··················· ·······-···-········ 4i49.5 4, 990 2, 156 2, S37 

··················· ········-····· 31095 2, 191 28 9, 666 2,~3 

. ... .................. 5a222 6,445 39 13, 916 2, 568 

55172 0, 344 51 18, 158 2, 237 
................. ·····-···-···· 56307 2, 614 l~ 20, 206 2, 420 

56775 3,550 13 21, 078 2, 485 

-············· ···········--···· 574Q2 4,8-05 9 21, 082 2, 832 

EXPEDITION No. VIII. 

Station. 

Reduction = + 286. 

Lo11No. 
oscillations. 

•• 93521182 
6511 

[Red. to ! Elevation Latitmle 
Babine] 

1

1 Mult. by 2. corr. corr. Rednr,.,d 
-4.035 . + to VII. 

3,218 
6, 797 

6,436 

3,5114 

66 

411 

lS, 900 

20,802 

2, 002 

2,84! 
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Statitiu. 

Petersburg ....... . 
•Greenwich ... __ . 

Valparaiso ... . 
New Arcbang:el.. _. 
P~tropaulowskL .... _ .. . 

Port La Coquill1' ............ . 
Gnahan .. __ 

PortLloyd .......... . 

St. Helena ... . 

Kandalaebka ....... . 
Petersburg- ......... . 

EXPEDI'l'IO:N No. IX. 

Redllctious = - 3,661 aud = - 4,105. 

I~o~ Nu. 
oscillatious. 

[Red. to El<'''atiou Latitnd<' 
Sabine) Mult. by2. t"On. corr. 
-4.9:i5 _J_ 

-~--·~- ~-. 

4. 93.)85!'ifi 4, 894 4, i88 !!U 17,000 

G8HO a, 229 6, 4:;9 6H 13, 900 

:13:1G 9, 67!i 9, 350 6. 757 

7907 4, 306 8, 61~ 15, 9b5 

i368 :1. 707 7, 414 32 H,490 
ooun 7, 008 4, 016 l!.J9 

09~7 1 •• ~6() 4, 5:1:: I. 228 

........ 2999 9, 338 8, 676 G I 4, no 
1291 i, 630 5, 26U 15 1.71' 

·i 4. 9360125 :1, 960 I, 920 12 19, 266 
I 4. 9359(),,9 4, 894 

i 

Iteduce<l 
to VII. 

:!, 808 
~.62:-i 

2, 008 

2, 6~:J 
2,9.56 
3,8W 

3, 'j(l9 

:{){)b~ 

3, 561 

~. t.l6ti 

___ . ......__. ____ - ---~·-------- - -------

EXPEDITION No. X. 

Rt>tluctiou:-. = T 10,834. Dt•1ivt>.cl from Loud011 vahH·1". 

8tation. 

Paris ............ .. 
London .......................................... . 

-------------~- --- ·- -----· ---

8talio11. 

London ................... . 

Greenwich ............. . 

London .................................. . 
Greenwich-------···-·--·-·· 

Greenwich ...... --·· __ --··-· ... _. 
Altona ......................... . 

Station. 

Red. to 

os~ilfa~ins. Salline 
21-24 
-4.935 

--·- --- ------~ 

4. 934li75 21609 

4. 934~38~ 3, 2'2:1 

EXPEDITION Xo. XI. 

LOJ!NO. 
oscillationis. 

4.u:JBC50 

:3671 

3450 

:~4.S7 

i. 9343463 

3879 

Red. to 
Sa.Uint:, 
21-24 
-4.935 

:1, 211 

3, 232 

:\~Ti 

~' 224 

3, 230 

;J, 646 

EXPEDITION No. XII. 

Itetluctions .=: - 2S4. 

Elevatiou Latitude 
Mult. by:?. I con. corl'. 

' --·---------' ,------· 

51 218 100 12. 873 

G, 447 39 13, 916 

Elevation Lat.itude 
~!ult. by:!. corr. corr. 

..l.. 

6, 422 3" 13, 916 

6, 464 66 13, 900 

6.4:14 39 l~l, 916 

6. 44H f>f) 13, 900 

G,4.00 66 13, 900 
7. 292 41 14, 691 

}{~dUCPc.l 
tnYll. 

2, 145 

2, 570 

Rednc£>d 
to VII. 

2,Mfi 

2, 630 

2, 557 

2, 619 

2,626 
2,642 

---··--·--~ 

r--:-~ l>o. ~~~1:~ ~~:It. by 2~-~~~~;'.: -~~~;-~:-- R~nc~l I oscillations. _ 4 935 + to VII. 

·---------··· -- -·~------ ---- !----·-~-------- ---~-- -·--- --------

~~~~~~~·~~~~-~::~::_::~::::::::::::::::.::::::::::::_~::~J_::~;~:~~-- --~~-- ::::o ~: ____ ~~::: 2, !">25 

2, 631 
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London····-··-···
Greenwich._._ 

.Monte-vidt>-o .. 
Staten bland 
S. Shetland .. 

Cape Hora .... 

Station. 

Cape of Good Hope ... _.. .. .. . _ 

St. Helena . _ - ....... .. 

Ascension. 

Green l\fonnt ........ . 
Fernando tlc Noronha 
Maranham ........ . 
P&ra. •••••.....•. 

Trinidad ............ . 
Porto Bello .. 

London ....... 

Station. 

London (Mr. Baily's house) ..... . 

Bir·······-· ............. . 
Bassorah ....................... . 

London (Mr. Baily'' bon••I .. 
Cap£\ of Good HopP ...•. - .. -

Station. 

EXPEDITION No. XIII. 

Reduction= + 4,926. 

Lo.izNo. ~Red. to 
o8cillation~. 

abine] 
-4.9:15 

4. 9348326 3, 2fi2 

48268 3, 194 
4.)0,;5 11, 981 

49103 4,020 

5(}f;67 :;, 49a 

49232 4, 108 

44888 9, 814 

42726 7, 652 
411J40 6,86() 

41506 G,432 
tlP22 fl, 848 

H24~ 6, 166 

41300 6,2'76 

41715 H,641 

41962 G, 8!'8 

4K121 :1, 247 

EXPEDITION Xo. Xff. 

Reduction = + -:-. 20,J. 

Log No. [Ited. to 
oRCillations. Sabine] 

-4.935 

---·--·-·-·-- -----· 4. 934601~ a, 22a 

---····-······-····· 4. ii342961 0, 166 

--········-······- 4. 9342037 9, 242 

l~XPEI>ITION Xo. XY. 

Reduction=+ 2,R71. 

4. 93.'i0847 

4. 9!!47471 

[Red. to 
llahine] 
-4.ll3f• 

3,218 
9,842 

f<~XPEDITION Xo. XVI. 

::Elevation 
Mult. U)' 2. con·. 

' 
6,504 :w 
6, 388 ti6 

9,962 

8,058 

o, 986 ]l) 

8, 316 i; 

D, 628 H 

5, 804 1:1 

:l, 732 

2,864 !l:W 

3,696 H 

2, 332 B2 

2,552 17 

a, 28:! 

::, 776 5 

H,494 43 

Elevation 
Mult. hy 2. corr. 

u, 447 39 

0,332 270 

8,4e:> 

Elevation 
liult. hy 2. corr. 

6,446 
0,69.i 

+ 

39 

14 

fuldnction = + 2,421. Reduction derived from Madras. 

Station. 

--
PnnnaA ...... 

Kt'tdankolam ······---·-··-·· ·-··-----·-···· ...................... ! 
Miniooy ----···---····---····· -····-·····--··········· 
Vallapatti .................. ···········-········ 
Allepy ·-···· .............. .,. -··-·········· 
Pachapaliam ··-······--·-······ ···················· 
A<len ..................................... ·············-· 
Mangalore .......................... -· ............................ ' 
Banjtlllore South •... --·-····--·-··-·····--·-··--·······-···---··· 
Bangalore N ortb ······--···--···································· 
Jliadrae .................................................................. 

4. 113'411:! 

t. 9344103 
4. ll3'432R 

4. 9344105 

4. 9344271 

4. 9344089 

'· !lll4456:1 
4. 9344422 

-l.11343898 

.. 93(3943 

4. llM4430 

[Red. to 
Sabine] 
-4.935 

6 534 

6, 524 
6, i49 

6,526 

6,692 
6,510 

6,9114 
6,843 

6,319 

6,364 

!!-851 

Mult.by~. 

3, 068 

3, 049 
3,499 

a,053 

3,385 

3,020 

3, 9611 
3,686 
2,638 

2, 728 
s, '103 

Elevation 
con·. 
+ 

20 

70 

3 

120 

4 

2 

3 

1,295 
1,256 

11 

Lntitude 
Rednc~tl 

COtT. to VII. 

·----

13,Yl() j, 627 

13, 90@ 2,~ 

7, 456 ~. 511 

15, 151 ~I 914 

18, 000 2, 996 

1:\550 2, 7H!~ 

7, 073 2, 560 

I, 714 :1,60:! 

4:12 3, 307 

437 '3, 3..'i3 

102 3, 60H 

44 2, 320 
15 :!, 554 

77U :J, 515 

f.i25 :i, 156 

1::. 9JU :!, 621 

J,atitude Reduced 
COTT. to VII. 

-~-~- ~--- - ·---

13, 916 

8, 230 

[t, 850 

Latitucle 
con·. 

13, 916 

7, 07~ 

2, 570 

2, 372 

2, fkl\I 

Ueduce<l 
to VII. 

2, 564 

2, 631 

J,atitnde ' Reduoe<l 
corr. lo VII. 

---

458 2, 6.'10 

460 2,859 

472 3, 030 

617 2,6.'itl 

6HI 2, 769 

827 2, 197 

1, Il3 2, 858 

1, l:lt 2,503 
I, 151 2, 782 

1,185 2, 808 
1, 10 2,551 
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E:Xl' EIJITio::>i ;.; o. XV I-Continued. 

Log !\o. 
(!!'\dJJnti••UF.. 

lHecL 1o Ele,·ation l.at\tn<lt.· 

X amtliahlul. 
Cocan31la 

Kodang•I 
1lawar_g'ida 

Colaba-Homha.1 
Somta.wl.. 

Ba.tlgn011. 

Calcutta. 
.Ahmadp1ir 
Kalii\npilr 

PabR.t·,garh 
Usira 

Dat.airi 
Kuli1tuu 

N(.\jli 

Ue-hra 

MuRs1xJn1· 

him a ilia 
Meean )hw~· 
Mo1·« 
Kew. __ 

Station. 

4. riau:w:i 
-L ~aHHH5 

4. tM445:!0 

4. n:H5:!40 
-t. !l:J.J.liH1; 

4. Y:~451lHH. 

4. !J;Hfit::!r, 

4. 9:!4539~ 

4. HJ4554:; 

4. g:aG()6o 

4. H'.3411334 
4. !l:l46360 

4. H:~ ~u:ra1 
4. U~l4t'ill37 

4. l-1:14;')5ti\l 

'""·t ~34ffi91" 
4. !):H6?~!1 

4. g:54.t207 

4. Kl40H97 

Sabine~] M11lt. hy :!. ('.OTT. t·o11. 
-4.9:1:, 

•.:lie 
C, 9."iJ 
u, fl!)~ 

l.fifil 
;, ~1; 

l'i, 7i-:l 

.S, J'.l'.OU 

I', 45~ 

;, 9!1(1 

~I. ~ 19 

!J, 1:)0 

Ii, 6:!1" 

· 4. 0~:1 

:;, 90:~ 

:1, 90U 

:I, 33;, 

4, 435 

:,_ 04U 

(}, 09~ 

f1.fi:W 

;,,K.fJ\i 

:,. H3:! 

6, 963 

;_ 510 

7. 5H3 

I. 1500 

ti, ~17 

5, VI"! 

'· 439 
~. auo 
~. 2;,i 

ti, r::ri 

I" 

:!. -l-31J 

-I. 1141 

4, G7o 

.!, :tiJ-l 

.i, 311 

:,.~;, 

:1. r-..t:! 

r,. ~fHl 
li,:'.H 

ti.~i:lfi 

];~ .. fl.!Hi 

Tabll' of rc.-;idual8. 

No. 

Spitz bergen ..... 
Melville Island .. 

Static.Hi. 

Greenland - .................. .. 
. Port, JlQWen. 
: Hammerfest ... _ 

6 Hare lslaD<l 

Kandalachka. 
Drontbf'im . -- __ . --- ~-. 

9 '. UnAt .. -

10 ' Brassa ... 
11 , St. Petershnrg ...................... . 

12 i Portsoy 
13 : Sitka (New .Archan;:el) ....... 
14 ' I.eitl1 "Fort ....... .. 

15; .Altona ........................... . 

lfi i Clifton ............................. . 

17 ! Petropaulowski .••. , .................................. . 
18 i ..A.rlmry Hill .. ____ ............ . 

19: London ....... . 

20 Greenwich . . . .................................... .. 

21 Kew ................................................ . 

22 SbAnklin Farm .... ---- ............... -- .. __ ............ . 
23 Parla ................................................ . 
24 New York ............................................. . 
25 Btr ..................... · -- ..................... · ..... -- · 
llG Motil ................................................. .. 

?:I Meea.n :Meer ............................................ . 
28 Imnailia ............................................... .. 

29 BaMorah ....................... --·· ........ -- ..•..•..•.. 
llO )(uesoorle ............................................. - . 

SP. of expt·,ditiu11. 

n1 
III 
YI! 
vrn 
\'II 

Tl 

IX 

\'I! 

I 

!I 

IX 

l 
IX 

I 
Xl 
I 

IX 

I, II, III, IV,V, \"I, 
YII, X, XI, Xll, 
XIII, XIV, XV 

YIII, IX, XI, XIII 

X\'l 
I 

x 
VII 
XIV 

XVI 
XVl 
xvr 
XIV 
XVI 

.Ele,'atiou 
corr. 

14 

1:1 

4!1 

]~ 

IR 

lZ 

10 

26 

:l!I 

2l< 

41 

141 

3:! 

306 
~9 

66 

fi 

100 

100 

28 

270 
6, '20 
2~ 

13 

l 

2,S75 

Latitude 
l'l)fl', 

:!l, 9H2 

:!1, 129 

21, 078 

:!O.Km 

:!O,Wtl 

20,146 

JO, 266 

Ui.15~ 

17. 283 

17, 081 

17, OOfi 

16, ~Li 

15, 9~5 

15, 5117 

14, 691 

l4, 6fi9 

H,490 

H, 184 

13, (llfi 

13, 900 

13, 8116 
13, 070 

12, 873 
9,666 

8,230 

6,836 

6,214 

5,8ll0 

5,856 

5,842 

lJo~aritltrn 
relittin· 
grn..-it,\. 

:.!, 832 

:!, 4M5 

2. 841 

~.4:10 

~- 8~6 

~-GI)() 

~. 741 

2. 7:fi 
2, 801-' 

~- 7:l4 
:t,~~ 

2, 6ti3 

2,642 

2.~2 

2,956 

2, 6\l'l 

2, 571 

:.!,602 

~' 24i 
2, 572 

2,445 

2, 372 

2,850 

2, 3Sll 

2,562 

2,630 

3,01! 

8anw cor1·. 
for sea· 
dq>th. 

2, 6!!7 

2, 5:!;) 

455 

:..:. 714 

:!. 72fi 

~- ~ij4 

:!, 716 

:!, 65:.t 

~. 67~ 

'.', 79(; 

'.!,6:w 

~- 554 
~- :~s:· 

:.:,;tw 
~. 254 

:!, 31'11! 

:!, ~:u 

:!. B47 

-L 28 

- 104 

- H4 

-;· 37 

- 20H 

-- io:; 

+ :J7 
- :lil'l 
...,.. 112 
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35 Bonin Ishnul (Port J.ln}d) 
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41 San Blas de Califoruia 
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43 Somtaui> 
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45 Damarghla 
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50 Gnahan 

51 lfadra~ -... 
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."'"~ PoTtn Br llo ... 
Sil Alleppy ... . 

llu l>lalfapatti ..... . 

61 , Sierra Leuut' . 
6~ 

1 
Minicoy ..... . 

ti3 i K1ida11kolam 

fl<! : Pnnnae .......•. 

6;, . Port la Coquille (Oualan) . 
6fi F,nrl of ..A..Uingdon 's I~lalltt ((htllapllgmd 

67 8t. TlrnrnaR 

68 Para 
69 l:Iaranham .. 

7U , Ft~rnamfo tle Noronha. 
71 GrC'cn Mountain 

72 A Rcf'n~ion. 

73 11.uhia 

74 St. Helena ....... . 

75 Rio <lu J a.n~iro ...... . 
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77 J>aramatta ....... . 

78 Capt~ of (}ornl Hope 
79 · Montevid1·0 . 
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-APPENn1x No. 16. 

ON A .METHOD · F OUt\EiffINO THE COINCIDENCE OF VIBHATJO:"i OJ' TWO PENDCLl;MS. 

Hy C. S. PF~IRCIC, As><i,.tant. 

N1;w ¥ORK, August 2, 1878. 

DEAR Sm: 1 luwe ma<le a foll set of experiments with differeut methods of observing the 
coincidences of two pendulums. By far the most accurate method is the following: 

I 
-::::Eve 

I: F ~ 

To the wall A of a small chamber is fixed a clock which carries on its pendulum a brilliantly 
illuminated horizontal scale, say of half millimeters. B represents the middle point of this scale. 
C or 0' is a large achromatic lens placed so that an image of scale will be formed at B' at a fixed 
distance from the wall. There are two positions, C and C', which the lens may have to effect this. 
In one position the amplitude of vibration of Bis multiplied in a certain ratio, say r; in the other 
position it is diminished in the same ratio. This is a well-known optical principle. The lens 
moves in a slide, by means of strings, and up to stops, so that it can he drawn at any time from 
one of these positions to the other. At DD is the plane of oscillation of the pendulum on knife
edges, which measures the force of gravity. The plane of motion of D is parallel to that of B. 
This pendulum carries a lens which brings the image at B' at focus at E close to the opposite wall 
F of the room.• When the amplitude of Dis to the amplitude of B' as ED is to EB', the image 
remains stationary at E, provided the pendulums are in coincidence. The image E is observed by 
means of an eye.piece, G, fixed in the wall. 

The effect is this: The lens C being in the position (J (the nearer t-0 B), and the pendulum D 
S.Ex.49-58 
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oscillating at nearly the right amplitude, the image of the scale will generally tlash across the field 
of vision Ro rapidly that it can only be seen at the instant of reversing its direction. But as the 
penduh1ms approach coinci<lence it moves less and less, and if the two amplitudes are precisely 
iu the right proportion it finall~- comes absolutely to rest with the middle of the scale just on the 
cross-wire of the eye-piece (i. e., just where it would be with the pendulums both at rest). As a 
general rule, however, it does not come absolutely to rest, but finally gets over, say a millimeter in 
a second, after which it begin,; to mo,-e fa8ter. The approach to and departure from the minimum 
amplitude is not ,-ery gradual hut rather sudden, so that there is no difficulty at all in deciding 
which is the minimum oscillatio11. 'l'he obRerver has to note at what second the minimum oscilllt
tion occurs, and also what part of the scale is on the cross-wire at tl1e turning points before and 
after this oscillation; then, by the applicatiou of a formula, the time can readily be determined to 
near 1filth of a secornl. The lens C is then pulled forward to the position C', am! the obi;ervatiou 
is repeated when the pendulum has diminished its arc of oscillation sufficiently. 

The formula which applies is aR follows: Lets be the apparent oscillation of the scale; then, 

11=a·1 cos (b1t+c1)-a2 cos (b2t+0ii) 

. (b1 + ~ c,+c2) . (b1-b2 Ci-Ci) =-(a,1+a,) sm 
2 

t+ -2-- sm --2 -t+ --
2

-

(
-b1+b2 c1+c2) (b1-b2 c1 -~) +(<11-a2 )cos -2 --t+ 2 -- cos\.-2-t+ - 2-

Here a1 and a2 are the amplitudes of the knife-edge pendulum and of the image of the other 

formed at B' and reduced in the ratio ~~,. b1 and b2 are the reciprocals of the periods of the two 

oscillations multiplied by 180°; c1 and ~depend upon the initial conditions. Since bi and b2 ditter 

. . (b1+b2 c1+c2) . very little in value (about 1 ~ 0 ), 1t follows that srn and cos -·2· t+ 2 -- go through all theu 

, cb1-b2 C1-C2) values in about two seconds, while sin and cos 2 t + -2 go through their values in about 

five minutes. We thus see why the scale should appear to oscillate back and forward in a second 
with a changing amplitude. If n1 did not change, the amplitnde would go through its cycle of 
changes in five minutes. , 

l . d f 'll . f . -" t' l l f bi-b.z t + Ci-CJ Let us see what the amp itu e o osc1 at1ou o s is ~or a par 1cu ar va ue o 2 - 2- · 

Considering this as fixed, the turning takes place when 

(a,+a:z) cos c~l!~+~l_l~) sin c~12b2t+ ~~;--~) 

+ (a1 -a:i) sin (b_1_±~2+ 01+0,) cos ('~c~2 t+ ~.~)=o 
2 2 ' 2 2 , 

Or when 

and 

Q 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

we see that the maximum value of s, that is, the value at the turning point. if' 

which is 
v(O~X:)2f.-(0Y)2 

J(tt~2-+ 2a1~2 + a./J Sin;(61f6;t ~ C~-~~j+ (a:2~;a:;;.:~~2~)~08;(§i~?i2-f-~--CI ;--~) 

=J~12+a2;=;a1a-:C-;,~ ( (b1-=b2) ;+-0~~~2) 

459 

This if' the amplitude of the apparent 08cillatio11 of the scale. Its greatest rnlue iA a1+a'2 and 
its least value ii; a1-a'2. A little calculation will show that supposing a1 to he one twenty-fifth 
part larger than a2, the oscillation next to the smallest has double the amplitude of the smallest. 
If, therefore, we onl,y 1mught to know the coincidence within 011e second (gh·ing tl.te time to -,hth 
of a second) no calculation would be necessary; but we can find the time of coincidence nearer 
than a second. 

For this purpose we require the precise condition which defines the moment of turning. It is 

Hence 

The coincidence occm·s when 

When the turning is near coincidence, so that this is a very small quantity, 

b1-b2 Ci-C.t b1-b2 - ---t+ ---- = ------dt 
2 2 2 



 

460 REPORT OF THE SUPERINTENDENT OF THE 

(«1-a'2)(a1b1-C"2b2)+ { (a1+ai)(a1b1+a2b2)-(a1-a2)(a1b1-a2b2)} (~i-~.!!_~'f_(dt)2 

.J(~b1-~b2)2 +f (~~b1+~:b2) 2 ~(~b~=~:!Jz)2 } (bi-:b~)\dt)2 

=::!: 

By observing the value of s on the turning points of the :smallest oscillation the amplitude 
will give (a1 -a2 ), and the difference of amplitudes on the two sides will give dt to about a sixth of 
a second on substituting in the last rquatiou the k11owu values of a2b1 aml b2 and the value of a1 

determined from the amplitude. This will determine the time to about 1 ,f-60 of a 1'eco11d. 
My opinion, however, is, that the best way of making pendulum observations is with m,y 

relay described in my printed paper. 
Yours, very respectfully, 

0. P. PATTERSON, 
C. S. PEIRCE, Assistant. 

Superintendent Coast and Geodetic Survey. 

NOTE. 

Since witnessing Ma;jor Herschel's experiments, I have done some additional work with the 
method cf coincidences. I have used a scale of half millimeters pasted on the clock pendulum, 
and brought to focus by a good lens, on the plane of oscillation of the point of a fine cambrie 
needle placed vertically on the gra"ity pendufum. The correction for decrement of arc-an effect 
Major Herschel detected and for which Mr. Farquhar has obtained a formula--is considerable in 
the case of the reversible pendulums. I have read off its value from a diagram constructed for 
the purpose. 

FEBRUARY 20, 18&1. 
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APPENDIX No. 17. 

ON THE VALUE OF GRAVITY AT PARIS. 

By C. S. PEIRCE, Assista11t. 

1'be ver,r good agTeemeut het.wee11 tlte figures giveu by Borda aud 1Hot for the \'alne of 
gr;wit~· at Paris, and the qimutit.y found by Kater at r~oudou, reduced to Paris by means of the 
transportation of irffariable pendulums, gives us great confidence in the exactuess of the re;mlt. 

The three values for the length of the seconds pendulum are as follows: 

llllll. 

Borda. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ _ ~l93. 827 
Biot. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 993. 84:1 
Kater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 993. 8H7 

However, it might be supposer! that. this agreement was merely the rei,;ult of chance. l t ii.; 
known, in fact, that none of these numbers have received the correction for the inertia of the air 
draw11 along by the pendulum, a correction which was first made hy Bessel. Now, it is not neces
sarily to be suppm.;ed, before ha,·ing made t.he computations, that this correction Ahould he the 
same for all three pendulums; Borda's being· composed of a plati11um hall aud an iron wire -I
meters long; Biot's bfling the same platiuum ball, to which was attached a copper wire 0"'.fJ long; 
and that of Kater heing made of brass, a111l irrt'gnlar i11 form. Bnt the effect of the atmosphere 
upon a sphere suspended by a thin cylinder cau be exact]~· milcnlatt'tl by the formulw which .Mr. 
Stokes has given in his important memoir 011 this subject. 1'wo 1•.le111rn1ts nuit.e. in producing this 
effect; one ariAes from simple atmospberi<' pressure, and the other from chat property of tl1e air 
which the English physicists call vi.scosity, and the Germaus internal friction. 'l'o cal<"ulate this 
last element we must take tl.!e value of the vi1u~osit.r of the air' gin•11 h.v modern experiments, 
those of Maxwell, for instance. Stokes adopted a rnlne for the viscosity much too small. 'fhis 
affects especially the values expressing the eftect11 of the i•iscosity 011 tlle suspended wires, anrl this 
is why his comparisous between obsen'ation and theory do not :show the true value of the latter. 
The atmospheric effect on the caps attaching the platinum ball, and on the sides of the chamber 
in which the pendulums of Borda and Biot were swung, can be approximately calculated. Of 
course these corrections are confirmed as well hy tlH' obserrn.tio11s of the pendulums at <lifforent 
pressures as by analysis. 

Biot.'s observations were also affected hy the oscillation of the supports. In regard to the 
supports used by Borda, according to his description, I believe them to have been ''ery solid, anti 
the correction to be applied to the \'alue of gravity, being inversely proportional to the length of 
the pendulum employed, must be small in this case. Biot's supports are still at the obserrntory; 
however, they have received two moditi.catimts: 1st, the sides have been strengthened hy two 
cross-pieces; 211,-,he piece which held the pendulum has been replaced by another, which is \'ery 
solid. With the kind permission of Admiral Moucbez I took off the cro:sis·pieces and measured 
the flexure of the supports (still provided with the new head), sul~jected to the effect of a force of 
2 kilo11. and 5 kilos., applied in a horizontal direction. 
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The following are the measures-

Mean, 
Per kilo., 

Displacement with 
2 kilo~. ,. 
13.5 
12.9 

13.2 
6.6 

Displacement with 
5 kilos. ,,. 
;{4, 8 

34.8 
35.5 
35.6 
35.2 

.Mean, 3.5. 2 
Per kilo., 7. 0 

In order to appreciate the effect prodncert, not by the large support, but hy the little piece 
which supported the pendulum in Riot's experiments, a careful experimental study will be neces
sary, aided with the application of a theory entirely different from that which is applicable to 
elastic supports. For the present I neglect this effect. 

Applying the other corrections I get the following numbers: 

Borda. 
J;eugth given . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 993827 

Hydrodynamic effects ....................... . 
Viscosity (sphere) . . . . . . . . . . . . .......... . 
Viscosity wire .............................. . 
Effect of caps . . . . . . . . . . . . . . . . . . . . . . . ........ . 
Effect of sides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Flexure (known part) ............................ . 

Corrected length ......... . 
New measure ............................ . 

31.4 
35.0 
22.6 
2.1 
0.2 

993918.0 
993934 

Biot. 
993845 

31. 4 
23. I 
1. 8 
6.2 
0.2 
5.0 

993913.0 

If we adopt Se\•tm microus as the efl:ect of the unknown part of the fl.exure of Biot's support, 
it will be seen that far from weakening our confidence in the exactness of the obsen·atious of those 
illustrious physicists, our corrections ouly bring int-0 agreement their results. The number 
expressing the result of m.r experiments (9!13.934) differs sensibly from the others. Nevertheless, 
a careful study of all sources of error has couvinced me that it is correct within 10 mierons. 

The length of the seconds pendulum at Paris, eaJcnlated from the ex1wriments of Kater, is 
t)U>J}!)387; that lS, Shorter than lllJ cleterminatiOIJ h;v t)n>lll,t)7, If We place Confidence in the e:xperi· 
men ts of Genera,l Sabine, .made with Kater's p\',ndult1m at different pressures, we must a<ld to his 
measure a correction not less than omm.16, which is two times too great for the agreement of the 
determinations. 

Rut General Sabine made too fow experiments to el'ltablish so improbable a result. We can, 
therefore, assert uothiug from the experiments of Kater. In any case, I think, I have sufficiently 
proved by wb"at precedes, that the number heretofore given for the value of gravity at Paris must 
be increasell by its l ten-millionth part. 

,JUNE 14, 1&$0. 

NOTE. 

In my report upon tl1e Measurement of GraYity at Initial Stations, the unit of measure used is 
derfred from the German )formal Meter So. 49. But Professor Forster has commlnicated new data 
with reference to the correctfon of that har, in com1equence of which it appears that the assumed 
meter of my publication was 16.6 microns too short. In an article in the .American Journal of 
SciNice, Vol. XX, October, 1880, it is stated that the United States Otlioo of Weights and Meas
urt•s makes the same meter 19.2 microns too short. But this sta.tement assumed the oommittee 
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meter to be correct. Accor(ling to Barnard aud 'fre8ca, howenw, this meter is 3.4. microni; too 
long. Tht- meter of rn;.· paper is, therefore, 

B_y the German comparisons, 16.6 
By the Auwricmi cmnpari;;ons, 15.8 

too short. Applying the mean of these corrections, rnx rnlue of the seconds' pendulum at Paris 
becomes Om.99:W175, which is substantiall,,- ideutical with the Yalue from Bor<la's corrected experi
ments, and is probably very elofle to th(• correct couclusion from Biot's work. 

Oorrection.-Ou page 432 above, the heading ·'Dynamical Flexure" is not in the original. 
This heading correctl_y describes the experinwnts, but thifl phrase was first used later by Professor 
Plantarnour.-fC. 8. P.] 
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APPE:NJ)IX No. 18. 

REPORT ON A /\'.EW Hl'LE POH CURRENT:'< IX VEJ,AWAlrn BAY AND HffER. 

By HENRY Mr.rCHEJ.L, .'!.,.,.,i,.tant Coast and Geodetic Survey, in charge of' .Physical 
Hydrograph~r. 

BOSTON, January 12, 1882. 
DEAR Sm: I submit berewitb a rule which, 1 hope, may be of some service to the mariner. 

The amount of labor it represents is rather more nearly in proportion to this hope than to its real 
merits, perhaps, but my experience leads me very earnestly to recommend that the times of the 
currents (so much more im1>ortant, u15ually, than the heights of the tide) should be furnished, if not 
on our charts, at least i11 the Coast Pilot, and that. this information be in t.11(' customary language 
of seamen. 

Hoping that, in itis proper form~ you will adopt this rule, I am, 
Yours, respectfully, 

Prof. J. E. HILGARD, 

Superintendent Coast and Geodetic Survey. 

HENRY MITCHELL. 

PROPOSED NEW R f!LE FOR THE CURRENTS OF DELA WARE B.d Y AND RIVER. 

In all of our harbors and bays s11bject to tidal influence the presence of landwaters, from 
rivers or smaller drains, renders the epochs of slackwater variable by irregularlJ augmenting the 
ebb-cnm:mt while climinishing the ftood, so that tables embracing these elements are often mislead
ing. In many cases the onl;r epochs that can safely be given to the navigator are those of m11xi
mum ebb and maximum ftood which are not affected by any Jaudwater supply that cau be regarded 
as constant for six hours. 

It would he exceeding I~· difficult to determine the time of maximum velocity, because of the 
n~r.r gradual change in the rate of movement near the strength of the current, were it not that 
the curve representing this movement, from slack to slack, is usuaJJy symmetrical, and even wJ1ere 
this is not the case the middle time from the whole curve has been found, from great averages, to 
fall at maximum. 

Another advantage in tl1e nse of middle time lies iu the eliminatiio11 of the diunial ineq11ality
this inequality, M1 rt~gards inten·al after moon's transit, having oppmiite signs at consecutive 
slacks. Still another advantage lies in the elimination of the effects of steady winds which enter 
as oonstants in so short a period as six hours, so as not to affect the time of maximum velooity of 
current. 

Our manner of computing tl1e middle time calls into use every observation. We plot these 
observations upon profile paper, from slack to slack, then draw a line down from the summit of the 
carve so as to biaect all the chords, and the mean time of this line is the ·middle time sought. 
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The diagram below, showing actual observations, will Herve to make tbil.i explantttion complete 
and indicate how each ooservation is ma1le to (',Olltribut• to the accuracy of the result." 

CCTRBEN1'8 OF IJEI,AWARE liAY, lffATIOS NU. 4, ''<IC1~'Yi/if:l or Utl.PE HESLOPE.\--[,//;HT-IIO['SH 
BEARINO }olEARl I WEST lff COMPASS." 

(Plot.too from observatioiu; of Septernher 11', 11'47, lo illustralt' the manner of computing mi<ldlt· tim<'.) 

.1 ~ .• 

1Iuu1·~- uf' DJY 
J!J. 

, 
---·- ---------....- -~ - - -

-/ 

/' 

In the tables at the close of this report, lfr. J. A. Sullivan, of the Coast and Geodetic Survey, 
has compiled anew the excellent observations of Lieut. J. R. Goldsborough, made for our service 
in 1847, to which have been added the new data from Assh;;tant H. L. l\farindin's snn·ey of 18il-'i8 
and 1881. From these tables I gather but one rule that bolds good at all seasons; this rule, bow 
ever, is, I submit, a very useful one. 

RULE. 

When the nwon souths the ebb-c-urrent at the entrance to Delaware hay and th~jlood.current 
at Philadelphia are at their strength. At the intermeniate reach, known as the "Bight of ~ew 
Castle," the strengt1i of the .twod occurs three hours before, a ud that of the ebb three hours <~f'for the 
southing of the moon. 

In the above rule ea.ch of the two clauses presents an antithesis which assists the memory, 
and the two,clauscs taken together imply, as they should, progressive change anrl grarlnal reversion 

At the entrance to the Bay the rvle applies correctly to the grand channel nt-arly lllidway 
between Cape May and Cape Henlopen, while at Philadelphia its application falls in the neighbor
hood of Uichmond, with a sl1ift either way due to kalf-montltly ·inequality. 

It sometimes happens, when a great freshet occurs iu the upper river, that the ftood currellt is 
obliterated at Phila<lel1,hia1 but still the rule holds good practically, for it predicts the times of 
greatest and least outflow. 

The familiar word ''strength," which bas already been adopted by the Coast and Geodetic 
Survey t-0 replace the technical term "middle time" in the_ heading of tables for pnhlication, comes 
in rather awkwardly in the extreme case just mentioned, but it can never deceh·e. 

*This method first sogges~l itself f,o me in connection with the tides and currents of San: Fra1icisco Bay, wherti 
die di•r1U1l ifleq'll4lity jjj very large. (See Annnal Report ofCoast_Snr,'ey 1670, pa.ges_.t2 Mtd.43.) 
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CURRENTS OP DELAWARE BAY. 

I TheHe dam haw ooeIJ OOITt'Cw.l for meaIJ ri!IB or fall of tide, and .. Strmgth" ls th<i term adopted by the Co••t ancl Geodetic Survey ""the 
synonym of .. Middle Time."] 

Locality of Rtation. 

'. Tim(' of turn
.dug aft{lr moon's 

transit. ., 
Fit"8t quarter. Htrengtb. Thiril quarter . 

I 
Flood · Ebb to 

t-0 ebb. t!ood. 8et. Set. Het. Drift. 

GRotTP I. 
h. ·m. h. ni. : Knot.s. ~ h. Ut. It. m. Knots. 'Knots. 

X "· l. August 21, 1847, l 
"A breast of Brandywine 
~hoal, 1 n1ile Weet of f i 
Ct1nf.er. ·· J 

9 46 

Xo. 2, AU~'llst 17, 1847:{: .....• 
"1 mile E~st ot' the Buoy J 9 32 : 

on the Brown." · ........ ' 

Xo. IR, A_11gust 20,21, 1847: l 10 19 
"l! rutle• W°•st of the!; 
Rrowu J~nO~' hearing:,,.:, ... · 
1:aot." 

58 

:1 41 'NW.byN.~N. 
.... : SE.;s ........ . 
35 : .•.•.•.•.•.•.•.... :. 

I , 

17 / NW.byN.iX .. 
.... : SE.byS.~S .. 

50 

SE. byS ...... · 

18: NW.!N .... 

1.:12 : ..... .. 
l.20~017 ... 

I. 34 

1. 2l 0 :1~ 

I. 10 : 1 10 

1.31 i'" 

12 NW.hyN.~N. 

SK by S 

o; N.l•yw.:iw 
SSE 

--··:················ .. i ........ : 

S. 11,·E.~E ..... 

6 25 i ~W.tN. 

B. 1·. 

1.64 
1 

N. by W.! W. 
lAO 1 SE. byS. i S .... 

·····-·1·••4·····-········ 
I 

l.M IN. hyW ........ : 

1.8.~ I STE ......... . 

l. 40 

]. 59 

0.96 

1.1~ 

!. 41 

1. 21 

1.21 

1.28 

Xo. !'; AugaHt 16. 1847· r " 51 . . 8 iE 1.41 I 0 2a . t:\.:W ... 1.811 s.iw .. 1.30 
"Rntrancet<>NowEng·), ... 1 3 09 X.b~·W.... 1.231 ........ 5 26:NiE..... J.43 N.iE. 1.28 

laud Channel.' l \~~~ -~i.:..:..:..::..::..:.:.:.:.:..:..:..:..::..: _ _::r _____ :-=-:.:..:.:..:..:..:..::..:.:..:..:..::..: ~.:..:..:..::..:::.::.:..:._:_ ____ -J.:...:.::.:..:: 
MeanofGmnpl,Nos.l,2, fi· a 38 !······ ....... ! .. ····1··::·

1
: ... ! 6 02 i ........... .. ...... ! ................ ., 

J8, )';, 1 ! ~ , t! I : ' 

GllOUP Ir. l!-9 2~J.:._: .. .:.__:[ ···~~~~:_.:_:f::_.:_:.:.:_~:',=.!~~,_;~!~~· .. ;_::_:~.:..:.:..::_:;-:_:····~f~·.:._· _:_:_·.:_:.:_·--.:._:,~~::: 

°X<i. ~. Septemoor 9, lll47: j; 
"In tbAMain Ship Chan., j 
1w!Cap<lHenloponLight·j' [ 
Jloui-1<>, hearing SSW. n 

: South. 
2 54 \V. by N. ______ _ 

0 19 ....... 

l. 51 

l. 36 

B. T. 

o as i SE. tS ...... . 
5 W ! WNW ..... . 

No. 4. Sept;,m her 18, 1847:) A. T. 

"Outside of Cape llenltl- u 9 11 ....... 1 S. PV .......... 1 1.12 i 0 09 ! .. . South ....... . 

I 
1. !l6 '. SE. by S. i S 
I.90' W.byN.aN 

I. 34 

l. 51 

1.48 
1 

SE. byS. !S .... : 1.12 
1.18 'NW.byw.1w.1 i.oo penL1gbt.House, bear.

1 
........ 2 M'NW.tW ...... : 0.9J! ....... ; 5 50iNW.byW.fW. 

ingm,.11·JyWestbyootn- i 8 f>4 ....... • •• ) ........ \. ...... ,.... . ............... .. 

pass.'' ~ , I i : 
i-----:· 1 B. T. ---------

·················\··· 

·-"':::·::~''' 11 • "c;_:;; : i: . -;c: "f 5·;! : : : ; : : : : :: ::::~ :::: 
• H. T. I ' • l 

No. 7, September 15, 111,{ 8 24 1 ...... E.iN ........... 1 1.20 l 05 i ....... 
1

.E.tN ..........• : 1.221 E.,\N •.•.•...•.. i O.llO 
1847: "2milesNorthof j ••••••• i 2 5l W.l:S ......... 

1

1 o.88 .... ..! 5 io:west ........... i 1.au
1

1 w.1s .......... I 0.85 
· I · · · I 

N M:::o:" 7 • r: .. ~ .. ~~.l·-~--~l '~~:~·~::::::::1 ··::~~- ::::::::, .. ~--~T~;~·~::::::::1···::~·i·~~:~·~·::::::·1····~.-~ 
• o. ... m r 1 , 11!(1: 1 I , 

1 
B. T. 

1 
1 

1 
I 

~==-:"" "l; . ~ ! ; ·~ "".''.~ ·~ ! . " : ~;11 : F~-"·=J: :::: i ... '. "I~.'.'.~·~::~ ... ~.'.· 
Me&ncfGrouplll,Nos.7,f ! 8 22 !········!··················1-....... 1 1 05 ········j······ .. ··•······· ········ ···········•····· ········ 

·~;. =: ... ".::)! ... -~I : : [~::: ·: .. ·:111·:~ /: .. ·1 : : ~: .. :::.:: .. ~~ ,,·~~-~~~:::::::::r···~~~ 
Spitof'HenandChi~ken' \ 

9 21 1········1·-··do ··········· 0. 72 
1 O 53 ·••••·•• .••. do··········· L20 ··················i 0.86 ._. I . I • " 1 · . .. .... : r::~. ........ .. .................... j ........... . .. ; ... . 

No. 6, September 16, 1847:{1 8 261 ........ 

1 

E. byll ..••••.••. j 1.01

1 

o 8ll ········\ B.f8........... L2& l Eaet .•....••••.• 1 0.88 
"2 :mile• South or Ho- 1········ 2 42 w.iN .......... \ L28 ·•·••••• • M W.\llr.......... LU W.iN .......... l 0.85 
Crieii Shoal." 8 22 I .......................... j ................ \ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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CURRENTS OF DELAWARE BAY-Continued. 
['Jlbtl!le data. have been corrected for mean rise or fall of ti1le, and "Sr¥ength" i• the term adopted by the Coast and Geodetic Survey as the 

synonym of "Middle Timt. "l 
. ·-l:_T_i_m_e_o~-~urn. _!____ ·-----. ------ -----

1 ingafternioon's: First quarter. Strength. 
1 transit. l 

Third •1uarter. 

Loellllty of otBtion. 

GROUP III-Continued. 

Yo.19,Angu•tl9,!0,11'17•J! 8 29 :. 
"Noor tlw tail of the\!... : 
Shears." l 8 45 

Set. 

I 

2 39: NEpL ... 

0.84 ' 

1. 29 

1.31 

B. ~·. 

29 ·······!SE. byR.iE. 
4 43 i NW.iW ..... . 

I 

44 i NE.i E .... 
B. T. i 

Drift. : Set. 

0.00 I SE.lE ....... 
1.49 NW.tW ... 

1.44 NKiN ... 

i 
! Drift. 

, KnM...tJ. 

0. 50 

o. 95 

o. f:f, 
No. 16, A ngust H, Li. 18li: f 

"In Cope Mnr Roatls.'') 
(Not reduced for tide.) [ 

7 54 S.fW .. . 1.64 l 40 ] ....... ! S.& W ...... 1.94: STE...... 1.-00 

.. = .. :..._ .... ·:~'~:. ... _._ .. :, ....... _ ... _._ .. __ ··-.·~·- .. _ .... _. , ................ .. 2 03 1 ................. .. 

- - ·-- ==:;::::-:=--::o=----== 
OttoFr n·. 

No. 8, Septi>mber 8, 1847: f 
"Southern Channel< 
through tl1fi Overfa)ls." I 

Xo. 0, September 7, 1847: ( 
·'Southern Chanut-1 J 

through t-lw Overfallo." l. 

2 47 NW.hyW.~W. 1 

9 14 ........ E.tS ........ . 

. ------1 

1.25 

H. T. 

0 114 

H. T. 

9 14 . .. ; SSE .. .. i I. 61 0 as 
2 33: NW.byW.tW-1 1.61 

9 06 ..... 1 .................. : ........ ,. .... . 

47 W.!N...... J.37 
B. 'I. 

5 01 NW.byW.iW 

SE. hy S 
5 16 NW.byW.i;W 

····-········· 

5 09 W.hyN.iN x o. 10, Sept ND her 6, 1847 ; r ........ 
11 NorthP-rn Chn:nnel) 

SE. by E. iE 1. 73 0 42 ........ : SR h~·E. tE 

1.32 !W:S-W ....... 

1. i8 .E. ~;.; ..... 

2. 04 f;E. hy 8. t;; .... 
2. 03 NW.b~·w.1w. 

·-----·--·-·····-· 
I. 74 W.hyX.i;X .... 

2. 04 , SE. byE. t E .... 
through the Overt'alls." I 9 17 

. l 09 .................... ··--·-·· •••..••. ······- .•.......•.•.••••...•...•..••••••...... ·••••· 

, R~ 

0. 85 

1. 2~ 

1.:W 

]. 33 

1.12 

1.18 

No. ll, August 27, 1847: r 8 35

1

i ........ 1 SE.byE.zE .... 1 l.&I j O 24 ........ · SE.byE ......... 2.09 SE.b0·E.flL.. 1.29 

:~~o::~ht~.:no~e~r::.~ 1 l, ·-~·-~; \.~--~~- :-~·- ~~-~·-~ ~: :: .' .. ~--:~. !: :: :: :: :: .. ~ .. ~~-i. ~~~::.~:::.:::: ... 2'.~~- -~~~-: :.~ :: :::'. :: .... ~~~6 
No.12, August24, 25, 1847: f !······· ·: 2 30 : NW............ 0.9{) :, .•••.... i 4 58 ' Nw.nv .... .. . 1.11 NW. i w ....... 0. 78 

N I c I I I B.T. t . ' 

:~ro::~, ·:.:~ve~f:;;:.~ l !. -~-- 42 2-. ~;· i-~-E: ~~s- :::: :~ ::; ---~--~~-i- -~: -:.~- :::::::: .! . s~- h:.~. ::: : : : ::i .. -~-- ~- -~~--~:. ~: i_~: :: :: 1 
o. 99 

i 
No.13, Augnst26, 1847:{ 8 36j ....... .,E.byS.lS ...... 1 1.20 1 o 41 ........ E.iS- ....... 1..56 E.hyS ......... 1.00 

"In theCoaster'sCban- ,. ...... 2 10 ! W.byN.!N .... 1.15 .... . 5 10' W.iN .......... 1.40 W.iN ......... , 0.91 
nelaronndCape Mit)." 8 48 ........ 1......... .. .... '. .................................................................. '. ...... .. 

! n. T. 

No. 14, August 2;,, 1847:{, 8 27 ........ ;SSE ............ 1.251 13 S.hyE.!E..... 1.57 S.~E........... 1.00 
"In the Cbann•I over 1 ....... .'

1

2 04 NW.6N ........ 1.16: ....... 5 18 NW.byN ...... •1.41 NW.byN.!N .. : 1.05 

Rid{lesof Cape Ma\•.'' M 34 .......... 
1 
.......................... 1 •••••••• 

1 
........ 1.................. .... ········ ...... '········ 

1 1 n. T. 1 

No.IO,AJi.gustW,24,1847:{: 8 571 ....... : SW.byS.fS ..... 0.86 j 0 891.. ..... 1 S.f'Y ......... 1 1.04: S.iW ......... ., 0.89 
"In the Cl1ann.I over j ........ '1 3 04 1 N.tW .......... \ 1.09 •, ........ \ 4 46 \ N.hyW ........ 1.24, N.byW ........ , 0.81 

Ridges of Cape !llay." j B_ 291.:.:.:.:.:.:.:.:.' ................. ! ........ :.:.:.:.::..:..:..:.ji:.::.:.:.:.:.J ................. _,_.:.:.:.:.:.:.:.·.:.:.:.::.:.:.:.:.:.::.:.:..:.:.:.:.'.:.:.:.:.:.:.:. 
j I ' j j B.T. i ! 

M::;o,0{1~;,~:, ~:·1-~os. ~ rJ:.~·::~t;··~~l~~:::~:~::~:;:::/:::::: ::!.~:- -~~ Ji~;~t:::::;:::~::::'_::::: :: . :::: :: :::::: :::::: ....... . 
CURRENTS OF DELAWARE RIVER. 

·--w-;~:1 .. ~ .. ~.i::::::-:::::-::-:::::!:::::::I~~::/:::::~T:::::::::~::·:-:.1::::::: · ................. ::::::::: 
November16, 17,18,187'7' !. ....... 9 44 ! Upriver ........ ! 1.01 ! 0 22 i--····--1 Upriver ....... ' 1.47 \Upriver ....... .; 1.21 

Fathomer No. 1, "Oft'5 ! 8 06 ......... !Downriver ..... ~ 1.75 i ........ ; 6 35 1 Downriver.... 1.841 Downriver .... .- 1.50 

MllePoint,mldstl'tl8lll." '.-------- 10 26:Upriv11r ........ J 1.33[ 0 2lli······--iUpriver..... l.55~Upriver ........ 1.15 
_ ! 3 Ot ............ j Downrlv.,r .. q.~ 1.80 ~····~···! I 40; Downriver..... 1.67) Downriver ...•.. 1.50 

.... ~ N• '~:J~: ~J~ii:::::-~~~I•:••••1 :'.·~·! ;:~1.:::::·····~i~i:: .. : ~:. == 
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- ·-·- -·---------1 Mean ~~~a~T-- ·-- . j Mean interval 

; before or atler I 1 before or after 
I transit. · N be f I traDsit. , Number of i um ro 

: ti<les ob· 1---· ·----·--1 tides ob-
serred. ! • : Slack, I serrnd. ' Sia.ck. 

' High rtl00<l to/ Low ebb to 
j water. elJb. ; water. fiood . 

. ! -1- i 

Lo."1ity. Remarks. 

I h. m. h. w.. I .! h. m. h. m. 
'rHW 6l 15L.W. 7li o ed 

Five Mile PoiDt ................... ..... ) Sl~ck. 3 5 3 061 {( SL1.:k.2:J5 i,, 9 12? g 59 bserv iD 187'1. 

:fH.W.S:>l ' 9 Ob d. 1878 Kensington .............................. 
1

) Slack
26 

1 22; 2 29: Sla<k 30 : 8 5- 9 l serve m . 

• ' 
•5H.W.8tl 

Old Navy Yard.................... .. --11Sfack63 1 12 
{L.W.93 }' 8 30 2 15 

Slack78 ; 
g 00 

I . I 
ll5H.W.Jlt o 53 i, 

League Island .................... • ...... 

1 

( Slack 3 ) 
1 50 ~L.W.10} 1 

Slack 2 , 
8 os i 8 40 

Billingeport ............................. I { :i~: 1:,}' O 42 ! I 30 { ~ia':"k 1;} i 8 13 9 00 

Marcuf!Hook.. .......................... I { :i~:l~} 
1
-o 27 : 0 25

1 

{ ~;.:k : ~ f 7 16 7 50 

Bellev11e ................................. )f:~: :i:-o •a o 20 l{~;.:k :l; o u I 1 2s 

New Castle ........................... +:i~:: :i:-0 57 o 27 il{~LLS;."W:k.· 3!J}li 6 02 i 6 55 

. 5H.W. 3!' . I 
FortDelaware ........................... ,1Slack 1 51-l 09 i-1 %6, Slack 3 5 41 6 18 

. 5H.W. i(; 
Delaware City .. -........ -- ....... · .. · · ·· (Slack 4 S1-1 

1 I 
•5H.W. 81I 

Port Penn ............................... ! l Slack 3 51-l 
' . 

ReedylslandLight-House ............... [ H.W._ I ;~l 

16 I,_. i 5L.W. 7 11 5 40 I 0 47 
I 

13 
( Slack 7 5 : 

1 

L.W. e J l i 

: ~~ .. ~/-~:;~~-~.~1--~--~-1--~--~~-1 
The oign - denotes that the interval ill befvr• tbe transit. 

NOTE. 

Observed in 1877. 

Observed In 1877-'81. 

Observed in 1881. 

Do. 

Do. 

Do . 

Do. 

Do. Doubtful. 

Do. 

Do. 

Relative to the times of high and low u:ater in Delaware Bay and River. 

It bas seemed to me that in the case of a long arm of the sea like Delaware Bay, it would be 
better to write across the face of the chart the times of the tide in proper location, rather than to 
gh'e these times in a separate table for points where acutally observed, provided we could. get 
enough data to determine the law of tidal propagation. 

At your request 'capt. Wm. Ludlow, United States Engineer in charge of the improvements 
in Delaware Bay, sent to me the tidal observations that he bad caused to be made, and which had 
been referred to the breakwater as a standard station. These observations, when plotted for time 
and distance, gave such smooth curves that I wrote to Captain Ludlow inquiring if any formula 
for adjustment hacl been applied. He replied that there bad not, and that the only liberty taken 
had been to refer any station of brief occupation to the next one above and below and balance the 
differences. 'l'his was before any careful table of distances had been made out. 

I give below the observations as furnished, with two additional columns containing the 
elements of the best fitting parabolic curves. These curves furnish the law of propagation in the 
sense that I have employed the phrase before, but in no wider sense than a local rule for interpo
lation. The formulre usetl are y = 2.2 x + 0.018 x2 and y' =3.4 x + 0.018 af', in which'!/ is the time 
of high and y' the time of low water respectively, while :r: is the distance from the breakwater in 
nautical miles, measured along the channel-way. 

I never before have seen observations of natural phenomena fitting so perfectly to a simple 
theory. It seems to me that here we have a case where local names can be dispensed with, and 
the times placed on the chart at eqni-dj!!ltant points without fear of error. 

The true establiskmenta of the breakwater have not yet been com.pated. 
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PROGRESS OF TIDE IN DELAWARE BAY AND RIVER. 

Loca1itlei.. 

]j .... 
il I< 
t-5, 
~:a 
~ ----.---- ------ -

; : Jfinutu. · 
! Breakwater ...•.....•.....•••........................•••••...•.. : o 6511 

20 42. 1 ! Colline' Beach ..•.•...•••.......•.....•....••......•.•.......... 1 

28 49. 4 1 Port Penn •.........•••...•.......•.•••••...•...•..•••••........ 
17 54.2 ! Fort Delaware ..............•..•••••.......•.••..••......•...... : 

l~ E:~ I::;~~;~~::::·::::.:::::::::::::::::::::::::::::::::::::::::·, 

:~ i,~i l§§J/ :;:: . 21 

---~---------- --"- -------------------- -----· -~ ·-··-----

125 

151 

171 

191 

2tl6 

216 

243 
259 

284 

2116 

356 

483 

0 

124! 

152t 
172 

1811 
205 

217i 

244 
260 

286 

295-to-
355 

474{~ 

Oi 
ll 
1 

2 

i; 

0 

1 

8t 

~ i' ~~ 
8 t e I ~.: i 
~~ ~ 8i! 1l I!: ... .. 
t ~ '% f~l 
:ll- t it!~ .. 
6 8 : ~Cl~ --- ------1--. --

i Jlinutu. 
0 1··----·--· 

167 175 8 

210 212 2 

237 237 0 

264 262U. lt 
285 2791'. 5! 

297 295 2 

:!30 328-A, l! 
350 348 ~ 

378 381 3 

391 393 ., 
461 465la 5 

605 609§ 41 
i 

--

HENRY MITCHELL. 



 

470 REPORT OF THE SUPERINTENDENT OF THE 

LIST OF SKETCHES. 

No. 1. Map of general progress (eastern part). 
2. Ma1> of general progress (western part,). 
3. Section I. Northern part. 
4. Section I. Southern part, with Lake Champlain. 
5. Sections I and ll. Primary triangulation bet.ween the Hudson and St. Croix Rivers. 
iia. Sections I and II. Primary triangulation between Fire Island Base and Lake 

Ontario. 
6. Section II. Point Judith to New York City. 
6a. Section II. New York City to Cape Henlopen. 
7. Sections II and III. Primary triangulation between Long Island and the Blue Ridge. 
78 • Section 11. Reconnaissance and triangulation in Pennsylvania and New Jersey. 
8. Section III. Chesapeake Bay and tributaries. 
9. Section IV. Coast and Sounds of North Carolina. 

10. Sections III and IV. Primary triangulation between the Maryland and Georgia base
lines (northern part). 

11. Sections III, IV, and V. Primary triangulation between the Maryland and Georgia 
base-lines (southern part). 

12. Section V. Coasts of South Carolina and Georgia. 
13. Section VI. East Coast of Florida, Amelia Island to Halifax River. 
14. Section VI. East Coast of Florida, Halifax River to Cape Uanaveral. 
15. Section VI. East Coast of Florida, Halifax and Indian Rivers. 
16. Section VI. West Coast of Florida, Charlotte Harbor to Anclote Keys. 
17. Section VII. West Coast of Florida, Anclote Keys to Perdi<lo Bay. 
18. Section VIII. Alabama, Mississippi, and Louisiana. 
19. Section VIII. Triangulation of Mississippi River. 
20. Section IX. Texas. 
21. Gulf of Mexico and Caribbean Sea. 
22. Section X (lower sheet). Coast of California from San Diego to Point Sal. 
23. Section X (middle sheet). Coast of California from Point Sal to Tomales Bay. 
24, Section X (upper sheet). Coast of California from Tomales Bay to the Oregon 

line, and 
Section XI (lower sheet). Coast of Oregon from the California line to Tillamook Bay. 

25. Section XI (upper sheet). Coasts of Oregon and Washington Territory from Tilla-

2H. Sections XIII 
27. Section XIII. 
27•. Section XIV. 
28. Section XIV. 
29. Sections XIV 

mook Bay to the boundary. 
and XIV. Reconnaissance and triangulation iu Kentucky and Indiana. 
Reconnaissance and triangulation in Tennessee. 
Reconnaissance and triangulation in Ohio. 
Reconnaissance and triangulation in Wisconsin. 
and XV. Geodetic connection of the Atlantic and Pacific coast triangu

lation, Missouri and Illinois. 
30. Section XVI. Geodetic connection of the Atlantic and Pa-0ific coast triangulation, 

Nevada. 
31. Chart showing positions of magnetic stations in the United States. 
82. Chart showing positions of longitude stations in the United States. 



 

No.33. 
34. 
35. 
.36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
4u. 
46. 
47. 

48. 
49. 
50. 
51. 
5? .... 
!i3. 
."i4. 
55. 
56. 
57. 
58. 
59. 

fiO. 

61. 

62. 

68. 
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To Appendix No. 7. 
To Appendix No. 8. 
':l'o Avpen<lix No. 8. 
1'o Appendix No. 8. 
T• Appendix No. 8. 
To Appendix No. HJ. 
'l'o Appendix :No. 11. 
To Appendix No. 11. 
'11

0 Appenrlix No. 11. 
To Appendix No. 11. 
To Appendix No. 11. 
To Appendix No. 11. 
To Appendix No. 11. 
To Appendix No. ll. 
To Appendix No. 11. 

To Appendix No. 11. 
To .Appendix No. 11. 
To Appendix No. 11. 
To Appendix No. 11. 
To Appendix "No. 11. 
To Appendix No. 11. 
To Appendix No. 11 . 
To Appendix No. 11. 
To Appendix No. 11. 
To Appendix No. 11. 
To Appendix No. 11. 
To Appendix No. 11. 
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