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LETTER 

}'ROM TUE 

SECRETARY OF THE TREASURY, 

The Report ef the Superintendent qf the United States Coast Burvey. 

HovsE OF REPRESE.'<TATIVES, Pehruary JI, 1861. 
ReJoh!ed, Tiiat there be printed five thnuoa.nd extra copieR of the rep<nt of the Ruperintendent of the Coast Survey for the 

year 1860 ; thrPe thonl<lrnd of which •hall be for distribution hy the Superintendent., an<l two thons>Lnd eopies for the UR<' of 
the members of the Honse. 

JOHN W. FOR~"'EY, Clerk. 

TREASURY DEPARTMENT, Decemlxr 20, 1860. 
Sm: I have the honor to present, for the information of the House of Representatives, a 

report made to the department by A. D. Bache, LL.D., Superintendent of the United States 
Coast Survey, stating the progress in t.hat work during the year ending NO'\·ember 1, 1860, 
and showing, by the accompanying engraved map, the general progress made in the survey; 
also the manuscript map of progress prepared at the Coast Survey Office, in accordance with 
the act of Congress approved March 3, 1853. 

With great respect, your obedient servant, 

Hon. WM. PENNINGTON, 

Speaker qf the House qf Representatives. 

PHILIP F. TH01I.A.S, 
Secretary of the TreC1.Bury. 
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101. 
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408. 
Air-lin• triangulation across Florida peninsula, I 0, 64. 
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x, 96. 
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IX, 93, 
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Ame, Lieut. E. D , R. N. On Labrador expedition, 23, U; 
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A.lloria, Oregon. Tidal observations, 101. 
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llOOnuc mountaiDa, Section I, 82, 83; at Apa.lachicola, 

Fla., 75, 76; at Rol;s mountain, Sonoma mountain, and 
Sulphur Peak, Cal., 94, 95 ; near Cape Chudlcigh, Labra­
dor, 229-249; near Steil!\Coom, W. T., IOI, 275-292. 
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Mass., 33; a.t Apa.lachicola, Fl<>., 75, 76; a.t Ross moun· 
tain, Cal., 95; formula fur computing, 361 ; general stu. 
tistics, 22. 

B. 

Bache, A. D., Superinient!ent. Geodetic observations at Gun­
stock mountain, N. H., and Wschusett mountain, M1U!s., 
32, 33 ~ tide tables for navigators, 131-161; notes on 
Gulf Stream observations, 165-17 6; discussion of magnetic 
observations, 2!J3-3H. 

Bache, A"'™tant R. M. Topography of Kennebec river, Me., 
37. 

Badie, Suh·AMutant.C
0
AL Services in Section X, 97. 

Bache, IL W. Services in Section I, 33 ; Section VI, 67. 
Back river, Mo., <s7. 
B1J.Ck River harbor, Mass. Special observations, 42. 
Bagwill., Sub-.·hsi.stant G. II. Triangulation of Florida coast 

near Tampa ba.y, 7 6. 
Brii.ey, (Coast Survey schooner.) Section I, 41 ; Section V, 

59 . 

Balbach, A. Services in Hydrograpbic Division, 102. 
Balmain, O. Services in Tidal Division, 103. 
Bankluiad, J. P., Lieut. Cnmg., U. S. N. Ilydrogmphy of Da,. 

mariscotta. river, Me., 39; of coast of South C...rnlina and 
Georgia, 62; in the Gulf Stre~. 73. 

BanRNman, Sir Alexamkr, 25. 
Barnard, II. S. Services in Engraving Division, 103. 
Barnard, Prof. F'. -A. P. Observations in Labra.dor, 23, 2~, 

250-252. 

Barntgal,, N. J. Magnetic clements detennine<l, 47. 
Bamu's 10U1ui, Ft.a. Triangulation, 65, 66. 
Barmt,abk harbor, Mau. Conti .nation of sun·cy, 38. 
BartM, .R. F~ Services in Engraving Division, 103. 
.Efluts. Site prepued near Anclote key, Fla., 7 6 ; selection 

near Apa.lacbicola, Fla. , 78 ; preliminary line measured at 
Perdido entrance, Fla., 79; at Groy·s harbor, W. T., 99; 
on Sandy Point Point., 100. 

Ba88dt, R. T. Tidal observations, Section II. 
Bat/t'l'y •""'1.l, ;Yew York harbor. Examined, 47, 
JJau.k creU<, Md. Topography, 50. 
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.Bagt>U a-Jwn, La. Topography, 86. 
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Bayou Le Bar, La. Topography, 86. 
Bay011 St. John, La. Topography, 86. 
Eayo1t Tsehoupitoulas, La. Topography, 86. 
Bayport, Fla. Triangulation carried southward towards Eg­
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Section VI, 66. 
Benner, E: W. Services in Engraving Division, 103. 
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sion, 102, 183, 184 ; remarks on Sapelo sound, Ga., 408. 
Bibb, (Coast Survey steamer.) SBction IY, 54; Section V, 

60; Section VI, 70. 
Bl.ckwater bay, Fbi. Triangulation, 78; topography, 81; hy­

drograpby, 83. 
Blondeau, A. Services in Engraving Divi"ion, 103. 
Blunt, A••i•tant Edmund. Triangulation of Hudson rh'er, N. 

Y.,45. 

Blunt, Gwrg• W., 16. 
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Bodrga, Gil. Magnetic clements determined, 97. 
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Buoya. Change of No. 5, New York harbor, 47; list of 
recommendations, 408. 

.Butler, J. C., 7 5 . 
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Camp crttk, Ga. Tide& observed, 61. 
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22!1-275. 
Cope C,d bay. Topography, BB ; hydrograpby, 41 ; tides and 

currents, 42, 43. 
Cupt Cod <anol. !'pedal survey for, 18, 38, 41-43. 
G.•p< ll•1tr'1'as, N. 0. Topography and changes, 53, 54; eound-

iugt;1 50. 

Oar• San Luc~•. Jkx. 'rides oh-erved, 98. 
Gape S1114ll, Me. Soundiugs in vicinity, 39. 
Cau;o bay, .Ht. TopograpJ.y, 39. 

Casey, T. L., Lieut., U. S. -4. Observa.tions near Steihcoom, 
W. T., 291, 292. 

Caswell, (Coast Survey schooner.) Section VI, 66. 
Cauohy' s, interpolation formulre, 392-396. 
lledar hammock, Ga., 58. 
Cedar i,land, N. (}., 53. 
Cedar keys, Fl.a. Hydrograpby, 81. 
Chaudeleur sound, La. Hydrograpby, 89. 
Clwrle.town Mvy yard, Mass. 'Iida! observations, 44. 
Charloue harbor, 1'/a. Triangulation, 66, 67; topography, 

69; directions for entering, and charactor of harbor, 354. 
Chart•, (Coast Snrvey,) 2, 8-10, 22; complete lists, 197-205. 
CliaMal:wwitzka ri'Ver, .Fla., Bl> 5. 
Chatham, .Mas•. :Magnetic elements determined, 43. 
Chatham bay, Fla. Trii>ngulation, 66. 
Clunowith, J. H., 96, 
ClliucolmtJ™ bay, .Md. and Va. Topogra.pby, 49. 
C1wlera ba~k, off New York &y entrance, 47. 
Clupp, Jami!•, 341. 

Coa:njock l>"Y· N. C. Soundings, 5 i. 
Coan river, Va. Topography, 51. 
Coa•t Sur"lJey o.ffea. Report of assistant in charge on occupa-

tion, 179-183. 
Cale, R. G., Lieut., U. S • .ll. Services in Section VI, 64. 
Ook' s ~reek, Md. Topography, 50. 
Collins, Jame•. Observations in Labrador, 24', 267. 
Compass dividers, 398, 399. 
Computing J)ivisirm, abstract of occupation, 102 ; details, 184, 

185. 
Omlaur lines, sy~tematic arrangement, 29, 217, 228, 229. 
Cooper riv•r, S. C. Topography, 59. 
COOsaw river, S. C. Triangulation, 67; bydrography, 60. 
Coquille river, Oregon. Hydrographic reconnaissance, 101, 
Corpus Christi bay, Texaa. Triangulation, 91; character of 

shores, 356. 

C01'win, (Coast Survey steamer.) Section l, 40. Section VI, 
70, Gulf Stream, 72. Section VlII, 84. 

Corwin Rocle, Bwtan liarbor. Position, 40, 127. 
Cfite BZanche bay, Lz. Triangulation, 86; topography and 

magnetic elements, 88. 

Cram, T. J., Capt., U. S. Top. Enginurs. Triangulation of 
Pamplico sound, N. c., 52. 

<Jraven, 'l'. A. M., Lieut. <fim9., U. S. N. Development of 
shoal near Warrington, Fla., 83, 131 • 

Orawfwd, (Coast S111·vey schooner.) Section I, 39. Section 
v, 60-63. 

Orooked river, Fla. Topography, 81), 81, 
Crystal river, Fla., 355. 

Ou,,.efltB. Boston harbor, 41, 4Z; Cape Cod and Buzzard 
bays, 42, 43; Gulf Stream, 73; Mobile bay, 90. 

D. 

Da,11,grm, J. H., Commander, U. f!J. N., liZ. 

Damari•corta river, Ms. Triangulation, 86; bydrography, S9. 
Dam1de(}f)t Uland, Me. Hydrogra.)hy of vicinity, 38, 39. 
D.ma, (Uoast Sun-ey schooner.) Section YI, 67. 
D1mid.,,,,., Am:.tant George. Astronomka.l ohliervationt and 

trla11gnlation north of San Franclsco bay, C'al., 95, 96 ; 
magnetic o bserv11tions, 97. 
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ALPHABETICAL 1NDEX. XIII 
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Di.tribuiion of Coast Survey charts and annual reports, 22, 

209-213. 
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dor, 267. 
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.Jf:ppi:zg baM, .H.. Connection with tria.ngulation, 35, 45. 
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&atmbi.a bay, Eta. Hydrography, 83. 
Estimaie. for completing survey, 1, 10; of means for next 

fiaca.I year, 10-15. 

Eufaula, ..4.la. Latitude, longitude, and m'lgnetic observa­
tfo~, 15, 76_ 

.&.am, H. C. Servioea in Engraving Division, Hill. 

F. 
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Fairfax, W. Services in Drawing Division, 103. 
Fairfax, Assi.>umt W . • !l. <J. Services in Drawing Division, 

103; notice of de~ea•e, 30. 
Fairfol.d, Assistant G. A. Triangulation of Penobscot ba.y, 

~Ie., 35, 36; of Chatham bay, Fla., 6G. 
Fa/.e Hook, (New Ymk bay.) Examineu, 47. 
Farlty, Assistant John. Triangulation of the Patuxeut and 

Potomac rivers, 48, 49. 

Fauntkroy, C. M., Litul. O>mg., U. S. N. Hytlrograpby of 
Hudson ri\"cr, 46-47; of 0•8abaw sound, Ga., Gl; remarks 
on Sapelo liar, 408. 

Faur.lleroy, E. H. Services in Section X, \J5, 96; notice of 
d~cea£e, 31. 
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keys and Tampa, Fla., 7fl, 355. 
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quit, and Aransas bays, Tex., 92; character of bays, 355, 
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G1lli•s, J.M., Lieut., U.S. N. Ohsen·ations near Steilacoom, 
W. T., 25, 101, 275-288. 

Gillin, J. R. Servi<'.!es in Tidal Division, 103; com pass 
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HarriAot•, Auiliant A. M. Topography of Cape Co<l bay, 38. 
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sound, I.a., 86. 
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HaMl.o, P.R. Services in Section II, 46 ; Section IV, 5i, 55. 
.lliJMler, (Coo.st Survey schooner.) Section I, 35, 36 ; Section 

V, 58. 
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Height.. Collection of data, 29 ; table fi?r plane-table nse, 

397. 
Hin, Samuel. 

Hen7, W: H. 
245. 

Disbl:miing agent, lll4. 
Observations near Cape Chudleigh, Labrador, 
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Hering, M. 0. Services in Section VII, 76. 
Ikrroo, W.R. Tidal observatione at Charleston, S. C., 63. 
Iklul, (Coast Surrey &teamer.) Section III, 5 l. 
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Ilr.Jyard, J. E, 29. 
IJ!ll, A. P., Lieut. U. S. A , Assistant in Const Survey office, 

101. 
Hilton H"'d uland, S 0. TopDgraphy, 69. 
Ilinlde, Dalli.ti. Services in Electrotype Division, 21, 104. 
Hin~, Oscar. Services in Section III, 51; Section V, 56. 
Hog Island inkt, Long I.land, N. Y, 46. 
Romwas•a river, Fla. Topography of entrance, 79, 80. 
Hooe, Bernard. Services in Drawing Division, 103. 
HJover, J. T. Services in Computing Division, 102. 
HOMTU1', Ckarko. Services in Section l, 38 ; Section IX, 92. 
Howe~ F., 75. 
Hov:e/J, OObb, (Coast 8urvey schooner.) Section III, 51 ; Sec-

tion VII, 80. 

Huhbard, H. B., 95. 
Hudson, Capt. L. J. Rescue of survivors of steamer Walker, 4. 4. 
Hfldson river,N. Y. Triangula.tion,45,46; hydrography,47. 
Huger, Sub ·AMislant Be11jamin. Triangulation near St . .Augus-

tine, li.,Ia., 65. 
Humboldt, (Coast Survey schooner.) Section X, 94. 
Hunt, E. B., O..ptain U. S. engineers, 3!1. 
Hyde, Sarah G., ship, assisted near the llfarque5al!, Florido. 

reef, 71. 
Hydrographio Divmon of Coast Survey office. Occupation of 

officers and draughtsmen, 102, 183, 181. Rules for re­
ducing from original sheets in dril.wing charts, 216-229. 

Hyrlrography. General statistic8, 22 ; smnmary of year's pro­
gress, lll5-115; remarks on special localitie• sounded, 17, 
18, 2 I, ; hydrography of Musctingus bay, Me., 38 ; of 
Damariscotta river and Liniken's bay, 39; of part of Ca.pe 
Cod bay, 40; of Asia Rip a.nd Phelps's bank, 41; of False 
Hook channel and Cholera. bank, nMr New York bar, 47; 
of Hudson river, N. Y., 46, 47; of" Potomac river, 51; 
reconnaissance in the upper part of Cunituck sound, 54; 
line of soundings rnn off the coast of Virginia and North 
Carolina, 1H; Maffiti's channel, Charleston harb<>r, re-ex­
amined, 60 ; soundings in Morgan, Coosaw, and Beaufort 
rivers, S. C., 60, 61; in Ossabnw sound, Ge.., 61, 62; in 
the approaches of Altnmaha sound, Ga., 62, 63; off the 
coMtof Georgia and Florida, 70; in St. Augustine he.rbor 
and approaches, 70; sections rnn across the Gulf Stream, 
73; hydrography of Florida reef, 7(); of Cedar Keys cban· 
nels, Fla., 81, 82; of St. George's sound, Fla., 82; in 
Pense.cola, Escambia, Ma.ria de Galvez, and Blackwater 
bays, Fla., 83 ; reconnaissance at Perdido entrance, 79 ; 
special hydrogrAphy in Mobile bay, 88 ; reconnail!Sance of 
the Rigolets, I.a., 89; hydrography of Chandeleur sound, 
La., 89; of the Mississippi p.lllseo, 89; of Matagorda bay, 
Texas, 92, 93 ; of Salinas River entrance, Monterey bay, 
California, 98; of San Francisco entrance, 98 ; of Oak.land 
har, 98; of Petaluma. creek, 98 ; at the mouth of Sacra· 
mento river, Ca.I., 98; hydrography of Drake's bay, Cal., 
98; reconnai.ssa.nceofCoquilleRiverentrance,Oregon, 101. 

I. 

Itrrrklla, Bub-A.mtant 0. 'I'. Top:>graphy betw!:ten Chinco­
teague bay and Pocomoke sound, Va., 49; of Charlotte 
harbor, 67, 69. 

Icebergs, 25 7. 
Indian creek, .Md, Topography, 60. 
Indian. BWer ink, Fl1. Triangulation, t.:ipogra.phy, and char· 

acter of bars aod channels, 65, 68, 611. 
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JnformatU:m furnished in answer to special calls, 22, 1.17. 
inland prwJage, S. (J. and Ga, 57, 58, 59, 61. 
Instromml.a and apparatra, 29 ; trial of Bluut's theodolite, :36. 
Ith au Brtton $0imd, La. Triangulation,.8a. 

J. 
Jack, Prof. W. B., 25. 
Jamu Hall, (Coast Survey schooner.) Section VII, 78, 81; 

Section VIU, 8 7. 
Jeffrq/ • IHmk, 39, 40. 
Jeffrey'• ledge, 40. 
Jekyl •-0tmd, Ga. Triangulation, 58. 
John$011, L. M. &rvices in Section I, 42 ; Section VIII, 90. 
Johmon, Sub-.lls&atant W. M. Topography of Santa Cruz 

island, Cal., 97. 
John Y. .Mason, (Coast Survey schooner.) Section III, 49. 
Jones'• aeek, Ma, 50. 
Joaeph Henry, (C-0a.st Survey schooner.) Section II, 47 ; Sec­

tion VII, 76. 

K. 

Karcher, L. Services in II yd rographic and Drawing Divisions, 
102, 103. 

Kemubtc river, Me. Triangulation and topography, 86, 37. 
Kerr, David. Services in Section X, 97. 
Key Wm, Fla, Establishment of a magnetic station, 27, 11 ; 

results, 326-349. 

Einck~, Juliiu.. Services in Section I, 35 ; Section V, 58 ; 
Section X, 36. 

King, lJl. C. Tidal observations at Old Point Comfort, Va., 
52. 

King, Refw, Jr. Services Jn Section VIJI, 75, 77. 
Kvig, V. E. Services in Coast Survey office, 104. 
Klmkring, 7~ O. Services in Engraving Division, 103. 
Ktlifi/U, John. Services in Engraving Division, 21, 103. 

L. 
Labra®r tzptditiofl.. Preparation for observing solar eclipse, 

23-25; report of Prof. Alexander, 229-275; of Lieut. 
Comg. Murmy,ll99-402; of 0. M.. Lieber on geology,402-
408. 

Laguna Madre, fu., 857. 

Lah Ponlchartrain. Topography, 86. 
Lamm-, .no:., 355. 

Langrr1n, W. Services in Engraving Division, lOll. 
Ltmtuile, determined at Gunetoct, at Wachusett mountains, 

33 ; at Apalachicola and Eufaula, '15 ; at Rose mountain, 
95; formula for computing, 361. 

.Lat.Non, Bub-Aaialant J. 8. Triangulation of Gray's harbor, 
W. T., 99, 100; m@aBUrement of Sandy Point preliminary 
base, 100. 

.Leatl.baw, C\rpttzia D., 88. 
Le., 8. 8., Cbmdr., U. 8. N. Cha.rge of Hydrographic Divi­

sion, un, 104. 

.lAf!g«l L""91. Shoal in Pamplico sound, N. C., 54. 
LiillH!r, 0. H. Notes on the geology of the coast of Lab:rador, 

23, H, 402-408 ; obaervatlon during solar eclipae of July, 
202. 

Lindlmkolil, .&. Services in Dtt1.w\ng DivW.on, 103. 
~·, 6av, X.. Hydrography,89. 

Lfruon, S. B. Services in Drawing Division, 103. 
Lim. Of sketches accompanying repol't, 9, 10 ; of parties 

and re•ults in field, 105-115 ; army and navy officer•, 115, 
116; information furnished during the year, 111; statis­
tics, 118, 119 ; of discoveries and developments, 120-126 ; 
of tidal statiouF, 133-135, 178 ; -0f maps and charts drawn 
or in progress, l!H-193 ; engra\'ed or in progress during 
the year, 197, 198; complete list or engraye<l maps and 
charts, l 99-205 ; plates electrotyped, 207, 208 ; maps and 
sketches distributed, 20!1-212 ; of States, &c , receiving 
annual reports, 213; of maps, &c., printed during the year, 
214-216; magnetic stations occupied within two years 
past, 351, 352; aids to navigation recommended, 408. 

Little river, N. C. and S. C. 'l'riangulation of vicinity, 56. 
Lo119 Beach, N. J. Magnetic element<; determined, 4'7. 
Lrmgfelww, .IJ,.i.W.ril .IJ. W. Topography of islands in Casco 

bay,37. 
Long itlimd, N. Y. Topography, 46. 
Lon9itude. Rtatistics of determination, 22 ; eclipse expe<li­

tion, 23-25; observations at GunEtock, N. H., 33; at Apa.­

lachio1la, 75; formula, 361. 
Long key, Flarida reef. Shoal in vicinity, 130. 
I,ov,ll' J island, Bo.Wm harbor, 42. 

M. 
Matdd, J. W. Services in Drawing Division, 103. 
M.uckl, A. Services in Engraving Division, 109. 
Ma«kl, E . .A. Se~vices in Engraving Division, 103. 
M11ffitt'1 channel, (Charleston harbor, S. C ,) examined, 60. 
Magnetic o/JetJTvaf.Uma. General statistics, 2 ; recent determi· 

nations. 351, 352 ; esta.blil;hment of station at Eastport, 
Me., 27, 43, 44, 350, 351 ; determinations at Gunstock, 
N. H., and Wachnsett Mt., Mass., 3Z, 33 ; at stations on 
Cape Cod peninsula, 43, 4'1; on Long Island, N. Y., and 
coast of New Jersey, 47 ; discussion of Girard College ob· 

' servations, 25-27, 293-324; obsenations at Coe.Rt Survey 
I office, (>2 ; at Key West, 27, 71, 72, 326-349; at Apa. 

ll 

la.chicola, Fla.., and Eufaula, Ala.., 76 ; at Mississippi delta, 
87 ; at Cllte Blanche island, La., 88 ; at Bodega. and Ross 
Mt., Ca.l., 97; at Cape Chudleigh, {Labrador,) 268-271. 

Maron, Ga., 7 5. 
Maim. Hydrography of coast near Muscongus bay, 35, 38. 
Main, Jamee. Servicea in Computing Division, 102. 
Jltznhegan Wlmld, llle. Hydrography of vicinity, 38. 
Manokin rivt:r, Md., 51. 
Map• amJ charts, (Coal!t Survey.) Complete list, 199-205. 

(See charts.) 
Jlaria de Galt>tZ bay, Fla. Triangulation, topograpliy, and 

hydrograpby, 78, 81, 83 • 
Martin, W. T. Services in Drawing Division, 103. 
HaBl>n, J()htl Y., (Coast Survey schooner.) Section III, 49. 
Maiagorda buy, Tema. Hydrogra.phy, 92, 113 • 
.Hat.a'/IZ1U rivm-, Ffu. Triangulation, topography, and hydro· 

graphy, 65, 67, 70. 
Ml11hiot, Geo. Charge of Electrotype Division, 20, 21, 103, 

206-208. 
.Haynadier, W. M. Services in Coast Survey office, 104. 
Mayo, G. lJ. Services in Section I, 35, 36 ; Section VII, 79 ; 

Section VIII, 86, 88. 
Moy,;,,.,,., S. 0. Topography, 59. 

McCJerg, A.mtant M. J. Services in Drawing Divll!ion, lOll. 
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McCorkle, Sub-AMiaant S. C. Triangulation of Apalachee bay 
a.nd St. Vincent sound, Fla., 77 78. 

JfcGoy, Goorge. Sen•ices in Engraving Division, 21, 103. 
McD"nnell, Thf;mrw, 29, 32. 
Mc/Imry, Ili1gh. Services in Section I, 104. 

McLMn, N. IL, Lieut. U. S. A. Charge of Miscellaneous 
Division, 10f. 

JfcMurtrU?, W. B. Services in Hydrographic Division, 102. 

Mecl1an, Sub-A'8isfant John, Topography of Hudson river, N. 
Y., ·!5, 46; of COASt north and south of Cape Hatteras, 53, 
64; reconnaissance at the head of Currituck sound, 54, 55. 

Metlomak river, .1J.fe.. Triangulation, .36. 

Meredith, (Coast Survey schooner ) Section I, 37 ; Section 
Y, 59. 

• Yeridian line, traced at Eufaula, Ala , 7 6. 
Mf'N'ymeeting bf!y, Me. Topography, 36, 37. 
Mertz, JV., 104. 
.. mtecnology. Observations at Gunstocl<, N. H., and \Vachusctt, 

Mass., 34; at Apalacbicol<t, Fla., 76; nea.r Itussia.n river, 
Cal., 95; near Steilacoom, ,V, 'I'., 280, 281; near Cape 

Chudleigh, Labrador, 260, 261. 
J/etzcroth, G, B. Services io Engiaving Division, 103. 
Mirage. 258. 
Misee/laneous Division, 104, 208-216. 

Missi.,,ippi dtUa. Topography, 87; bydrogrnpby, 89. 

Mdchell, .!l. C. 'Ilda! observations, 72, Si, 90. 
Mi.lcl1'tll, As.istant H. Tides and currents of Boston ha.rbor, 

and Cape Cod and Buzzard's bays, 18, 0-43; of Mobile 
bay, 90 ; instrument• for taking specimens of bottoms, 
29, 398. 

Mdckll, J. G., Ue'.lt., U.S. N. Hydrographic reconna;ss.,nce 
of Coquille River entrance, Oregon, 101. 

!Jubiu b:ry, Ala. Special rnrvey, for improvement, 17, 18, 88-

90. 
Mo-Ojack l>ay, Va. 'l'opography, 51. 
Monie bay, Va., 51. 
Montsea9 river, Me. Topography, 3i. 

Jlonumet river, Ma.,. Topogra.phy, 38. 

Morgan riioer, S. C. Triangulation, 57, 5B; hydrography, 60. 
Mosman, A. T. SerdcCR in Section X, 95, 96; Section XI, 

99, 101, 289. 
Mount Btlena, <Jal. Height determined, 96. 
Mount Propect, .. v. Y. Magnetic elements determined, 47. 
Mur.-ay, Alexander, Lieut. Com' u, 17. S. N. Sounding>' Letween 

Cape Henry and St. Augnstine, ¥la., 54, 60, 70; ~ections 
across the Gulf Stream, 72; command of Labrador expe­
dith>n, 23-25 ; report on voyage, 399-402. 

Jf'IJllCOng>l8 bay, Md. Triangulation and hydrography, 36, 38. 
Must, W. T., Commantler, V. S. N. Ilydrography of Potomac 

river, 51. 
Mutquit bay, Texaa. Topography, 92. 
Nyakka river, Fl.a. Top~graphy of entrance, 69. 

.Myalic ri"Der, Mass., 41, 42. 

N. 
ltantudcd ahoal&. Hydrography, 41. 
Napa crttk, Ool. 1 97. 
Navy ofluas on C<lfillt Survey duty, SO, 116. 
LVew River onkt, N. c. Hydrography of vicinity, 5,. 
New Yo.-k ha.rbo-r. Tidal observati.om,41. 
.V-rv: York 1--- Hydrogtapblc eumina.tiom;47. 

Nicholson, W. L. Collection of experimental data, 29. 
NoneJ, n. B. Observations near Cape Chudleigb, Labrador, 

24, 2!i5. 

LYorlh Carolina. Soundings nIT tho coast, 5 6. 

Nortl1 K'y P'ssage into Ced~r ktys, Fla. Examined, 81. 
North river, Va. Topography, 51. 

Norlh river, lte~d ef OwritucJ, sound. Reconnaissance in, 54. 
North rivrr, Fla. Triangulation, top<1gmphy, and bydrogra-

phy, 65, 67, 70. 
Nurl!m:est channel into Cedar keys, Fl,i. Examined, 81. 
NW.ly, Eugme. Services in Computing Division, 102. 

0. 

Oakland bar, San Franci8co bay, <Jal, Sounded, 98 . 
Obituaries, 30, S 1. 
Occullalio•.s of Venus and the Pleiad~s observed, 25, 33, 94. 
Q,·ill2 river, Fla. Triangnl<ttion and topography of vicinity, 

77' 8 I. 
Oclclokonee shoal, ne<tr St. Mark's b<ttbor, Fla, 77. 
O!ftcers (army and navy) on Coast Survey duty, 115, 116. 
O.ffece-wol'k, in sections, 32, 45, 48, 52, 55, 56, 6!, 7 4-, 75, 85, 

9 I, 93, !HJ ; abstract of report of assistant in charge, 101-
104; detailed report, 179-183. 

0.tf'.-slwre sounding•. Coast of }faine, 40 ; coast of North and 
South Carolina, Georgia, and Florida, 54, 60, 70 ; Gulf of 
Mexico, 72, 83, 84. 

Ogeechee ri1Jer, Ga. Partly sounded, Ill. 
Ogilvie, W. Ser\'ices in Engraving Division, 103. 
Old Point Comfort, Va. Tides observed, 52. 
()Urnanm, Sub-.lls:iistanl J. G. Services in Section VII, 79; 

Section VIJI, 86-88. 

Orm' s Houtk boy, Mc., 36. 
().borne, J. A., 267. 
o .. abaw island, Ga. Topography, 69, 60. 

0Esabaw sound, Ga. Hydrography, 61; changes noticed, 62, 
128, 129. 

Owl's He.ad, ,Ile, Triangulation of vicinity, 35. 

P. 
I'almer, W. R., (}opt. Tcp. Eng' rs. Report 118 assistant In 

charge of the Coast Survey office, 101, 179-183. 
Pamplico Jiouru!, N. C. Triangulation, 52. 
ParroU' s creek, S. 0. Sounded, 5 7. 

Paasamaquoddy bay, Me. Triangulation, 3!. 
PaJJse a Loutre. La. Topography and hydrography, 87, 1!9. 
Patuxent river, Md. Triangulation and topography, 49, 60, 61. 
Pea idand, Pamplico Bf>llnd, N. a., 62. 
Peare;:, Edward, jr., 25. 
Peas cr•tk, Fla. '1'1iangulation and topography, 6-6, 69. 
Pefrt:e, Pref. Benjamin, 25. 
Peirca, <J. S. Servicee in Section VIII, 86 • 
Peirc~, (~oast Survey schooner.) Section I, a5, 36: Section 

Vl,65, 69. 
Pemaquid Pamt, life. Rocks developed in vicinity, S9, 126, 127. 
Pmobaeot bay, lift. Triangulation, 35. 

PnMacol,a bay, F/,a. Topography of dependenciesa.nd hydrog­
raphy, 81, 83; buoys recommended, 409. 

Ptrdido bo!J, Fla. and Ala. Triangulation commenced, 79 ; 
character of ba.r, 19. 
p~ crW., (}Jl. Topography,'97; hydnlgrapby, te . 
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Petersm, ./J. Services in Engraving DiviFion, 103. 
I'ttril, (Coast Survey schooner.) Section V, r, 7. 
l'ndps'• bu.nlc, off Nantucket. Its discovery and development, 

16,41, 128. 
I'Mps, T. S., Lieut. Comg., U.S. N. Ilydrography of Muscon­

gus bay, 1\Ie., 38, 39; of Jeffrey's ledge, 39, 40; Jiscovers 
and develops a bank off Nantucket, 16, 41, 128 ; hydrog­
raphy of St. George's sound, Fla., 82, 83; deep-sea s<IUnd­
ings in the Gulf of Mexico, 84 ; recommendation for buoys 
in Pensa.cola harbor, 409. 

Phillip&, W. Services in Engraving Division, 103. 
Photography. Application in reducing, for maps and charts, 

19--21; abstract of progress, 1()3; details, 205-208; in 
magnetic observations, 71, 72; in astronomical observa­

tions, 26i, 263. 
Pinckney island, S. O. Topography, 59. 
Pine is!ami, S. 0. Topography, 59. 
Plmt, R-Obt'rt. Hydrographic examinations outsitl<' of New 

York bar, !7; in Labrador expedition, 2!, 2G4, 265. 
PltuuJn (occultations) observed for longitude purposes, 25, 

33,94. 
PQCQ'IYl(}ke sound, Va. Topography of upper part, 49. 
Pmnt Shirley, Boston harbor, 4 2. 
PolariMtwn of light at Cape Chuilleigh, Labrador, 262. 
Polar rlllliiu. Value used in Computing· Division of office, 361. 
I'<>r!e1, David D., Lieut. Oomg., U.S. N., 98, 99. 
I'CYrter, R. G., (schooner,) rescues survivors from wreck of 

steamer Walker, 44. 
P<>rt Ruyal entrance, S. C. Topography, 69. 
Potoouu river, Mil. and Va. Triangulation, topography, and 

hydrography, 49, 50, 51. 
I'<Jt,Ur'• CTuk, Md., 50. 
Pourtales, As3istant L. F. Charge of Tidal Division, 1()2, 104; 

reports, 177-179, 185, 186; services at Eastport magnetic 
station, 28, 43 ; description of instrnments, &c., at East­
port, 350, 351. 

Probab/,e error of main t.riaugulation north of San Francisco 
bay, 96. 
Pr~ in field-work during the year, 105-111>; in office­

work, 183-216; general statement of progress in survey, 
2, 3. 

I'rovinre!mvn, Ma.a. Magnetic elements determined, 43. 

R. 
RaCC0011 idatld, Ga., 61. 
lhady, T. E. Tidal observations, 44. 
RMOnnaiBBance in Section II, 45 ; Section IV, 54 ; Section 

YIT, 79. 
&t»rda and N3Ull3, 22, 23. 
Rtduction, by photography, for engraved maps, 20, 21. 
Rtport, (Coast Sun>ey.) Division and arrangement, 2, 3. 
Rlcl<dia, J. J. Services in Drawing Division, 103. 
Rigri!,tU, La. Hydrographic re<Jonnaissa.nce, Bll. 
Roanoke marska, N. (J, 62. 
Rockland harbor, lie., 35. 

RockwiJJ., C~and. Services in Section I, 38 ; Section II, 46 ; 
Section V, 59. 

Rodgt1's, A~ .d. F. Topography of Drake'R hay and Peta­
luma creek, Cal., 97. 

RoUe, .Lt. Services in Engraving Division, 21," 103. 
R-l'!!manhu, Ga., 61. 

3 c* 

IWnckcndO'fjf, W., Li£ui. Comg., U: S. N. Hydrogrnphy of 
Matagorda bay, Texas, 92. 

nos. mountain, Oal. Astronomical and magnetic observatil}DS, 
H, 91. 

Rule,, for reducing maps by photography, 19-21. 
Rumpf, G. Services in Computing Division, 102. 
Rutherdale. John. Copper p1ate printing, 101. 

s. 

Sacramento rii•n., Cal. Soundings near its mouth, 98. 
S<Ig Harbor, N. Y. Magnetic elements determined, 4i. 
Salina. river, Gal. Hydrography of entrance, 98. 
San Antonio bay, Tew..s. 'l'opography, 92, 355. 
San Amanio creek, Oal. Soundings on the bar, 98. 

San Ckmente ulanJ, Cal. Triangulation, !l4. 
Sandy Point, W. T. Measurement of preliminary base, 100, 
San Franc~co bay, Cal. Hydrography of approaches. 98. 
San Se1'a3tmn ri»t'I', Fla. Hydrography, 70. 
Santa Barbara chtm~l, O.l. Triangulation, 93. 
Santa Cruz i•larui, Cal. Topography, 97. 
Santa Maria de Gahez bay, Fla. Triangulation, topography, 

and hydrograpby, 78, 81, 83. 

Santa Rosa uland, Cal. Triangulation, 9!. 
Sal"lo wuruI, Ga. New channel developed, 55, 129, 13(); 

recommendations for changing buoys, 408. 
S1Tasota bay, Fla. Reconnaissance, 354. 
Satilla rfoer, Ga., 58. 
Samnnali rii'l!:r, Ga. Topography of entrance, 59. 
Sox'.on, Joseph, 29. 
Schctt, Aui•tant C'. A. Charge of Computing Division, 102, 104; 

teport ou occupa.tion, 184, 185; magnetic determination~ 
ill Sections I, II, a.ud III, 43, 4i, 52, 352 ; report on ele­
ments determined at C1>pe Chudleigh, 271 ; observation of 
ll<>lar spots, 27, 324-326; translation of Cauchy's interpo­
lation formula, 392. 

8chultz, W. P., 103. 
&r.,,,ns to protect theodolite in observing, 1>6. 
Scmw river, M<Ua. Topography, hydrography, and current 

and tidal observations, 38, 40, 4.2, 43. 
&a-hor.e Key ch.anntl, into Cedar keys, !<'la., sound€d, 81. 
SNJl.on, Sub-AssWo.ni. M. Topography of La.ke Pontchartrain, 

86, 87; soundings in tlw Rigolets, La., 8!}, 

Sedioru of the Atlantic, Gulf, and Pacific coast-geographical 
limits, 3-8, 105-115; details of operations in I, 31-44; II, 
44-U; III, 47-52; IY, 52-55; Y, 55-63; YI, G3-73; VII, 
74-·84; VIII. 84-91; IX, 9 l-93; X, 93-98; XI, 99-101. 

Seib, AllBiatan.t J<>lm, 30, 59. 
Sengttl.1.er, A. Services in Engraving Division, 103. 
ShalWtl• inlei, N. C. Triangulation and topography. 56. 
,Jheeptcott riv~, .Ve. Topography, 37, 38. 
Shoal8 developed during the year, 16, 17. 
Si1rqwm, Sir George, 25. 
SimpB(ln, W. S , 102. 
Sipe, E. II. Services in F..ngraving Division, 103. 
Sketches. List accompanying report, 9, 10. 
Smmd, J. R., Lieut. [J. S. A. Charge of Engraving Di rlsion, 

103 ; report on occupation, 194-205; charge of Miscella­
neous Division, Hl4; 1·eport, 208-216. 

Smitll, M. L , Capt. Top. EnginM"8. Air line triangulation 
across the head of Florida peninsula, 64. 



 

:XVIII .ALPHABETICAL INDEX. 

:Smuh, Pref. A. W., l~ S. N. Obsenations made near Cape 
Chudleigb, Labrador, 23, U, 253- 2.55. 

Smith's CTetk, Md., 50. 
&lar ecbpse of Jul.r, 1860. Observed near Cape Chudleigh, 

Lahmdor, 229-275; near Fort Steila0oom, W. 'I'., 275-292; 
at Gunstock mountain, N. H., 33; at Sonoma mountain, 

Cal., 195. 
Solar •pols, 25, 324-326. 
Sonoma mountain, Oal. Astronomical observations, !15. 

Sounding apparalus, 71, 398. 
Soundings. (See Hyrlraorapliy and Gulf Stream.) 
Spring ertek, Fla., 81. 
Standard bar. Comparisons in progress, 29. 

St . .Anduw' s wund, Ga. 'Triangulation, b8. 

Slaiions (Chesapeake bay,l examin~d, 48. 
.StatMir• of field and office work, 22, 118, 119. 
St. Augustine ha1bt:T, Fla. Triangulation, topography, and 

hJdrography, 64, 65, 67, 353, 70. 

Si. Catlwrin<'s wwuI, Ga. Topography, 59. 
St. Chadds bay. Tex"·'· 355. 
St. Clement's bay, (Potomac river, l\1d.) Bydrography, iH. 

St. Gwrge's creek, Md., 50. 

St. G•orge' s river, Ale. Tria.ngulation, 36. 
St. Georgessound, Fla. Topographyandhyrlrography,80-82. 
St. J()!Jph' s bay, Pla., 78. 
St .• ti.ark's, Fla. Triangulation of vicinity, 7i. 
St. Martin's reef, Ffo., 76. 

St. J'!fary/s river, Md., 50, 51. 
Storke, lV. D. Services iu s~ctiou VII, 76 ; in Computing 

Division, 102. 
Strau.,z, A. Scrviees in Drawing Dh'ision, 1()3. 

St. Vincent'• sound, Pia. Triangulation, 77. 
Sullivan, Sub-Assistant J. A. Triangulation of Penobscot bay, 

Me. 1 B5~ 

Sulphur Ptak, Cal. Atmospheric peculiarities, 95. 

T. 

Table>. Tidal, for navigators, 131-164; of elevations, for 
topographers, 397 ; reference to table of dHpths at port 
entrances, 21. 

Talco/I, R. H. Services in Section I, :32, 34. 
TaverT1ier creek, (Florida reef,) 66. 
Telegraphic longitwle. Determinations at Apalachicola, Fla., 
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ERRATA. 
In Coa8t Sw·vey Reportjo;· 1859. 

Page 7 3, line 11 from below, for " weslem " read en.stern. 

Pflge 98, line 1 from top, for "frost.rum" readf:rmtum. 

Page 9 8, last line, for ·' readi11g " put value. 
Page 145, line 15 from bottom, for "Thunderbolt" rea<l Humbo/,d/, 

Page 279, lino 16, for "400 50'" read 40 50'. 

Page 280, line 10, for ''for" read.from. 
Page 293, line 18, for 1840 read in 1840. 
Page 317, line 19, for "/Tii.1itrurns read J ruslums. 

Page 359, in title, for "Skttch No. 40 " read Skdch No. 39. 

In Coast Survey Report for 1860. 

l'age 19, line 23 from top, for· Lieut. read Commander. 
Page 54, first line, for inside the shore rtad inside shore. 

Page 161, line 12 from below, for having read leaving. 

Page 239, line 10 from below, for 23s. read 28s. 

l'age 27 5, line 4 from top, for 25. 18 read 23. 22. 
Page 275, line 5 from top, for 24. 36 rmd 23. 87. 
Page 275, line 7 from top, for O. 86 r•ad 0. 37. 
Page 275, line 8 from top, for . 253 read. 240. 

Page 275, line 9 from top, for 18s. 7& r«Ul l 7s. 52. 

Page 275, line 10 from top, for 20 read 21. 

Page 275, line H from top, for 18. 76 read 17. 52. 

Page 275, line 15 from top, for 29. 30 read 28. 06. 
Page 275, line 18 from top, for 30. 7 read 31. 6. 
Page 2i5, line 21 from top, for 31. 8 read 30. 6. 

Page 275, line 22 from top, for 29. 3 read 28. I. 
Page 275, line 23 from top, for 29. 33 read 29. 09. 

Page 2i5, line 24 from top, for 28. 72 rtad 28. 95. 



 

REPORT. 

COAST SURVEY OFFICE, W ASHlKGTO:S-, D. C., 
IJcccmba 15, 18fl0. 

Srn: As required by ]aw, and by the regulations of the Treasury Department, I have the 
honor to submit my report on the progress of the Coast Survey of tho United 8tatcs durin;; 
the surveying year from November 1, 1859, to November I, lSGO. 

The progress of the work has been, taking all its branches together, greater than during tlte 
year before, but the loss of one of our best steamers by collision at sea has been a sad draw· 
back to the general prosperity of the work. As my estimates for the time of completion of 
the survey must be materially affected by this losf', I earnestly recommend a special appropria­
tion to replace tho steamer at the eadiest practicable period. 

The survey bas again been in progress in its land ·work, hydrograph~·. or office-work, in the 
twenty-two seaboard States and territory of the United States. The time of completion on 
the Atlantic and Gulf of Mexico is now near at hand, and is estimated within a reasonable 
limit of uncertainty of two years. A continuous triangulation stretches from Passamaquoddy 
bay to the boundary between North and South Carolina, and another season will make it con­
tinuous from Winyah bay to a point below lfatanzas river, south of St. Augustine. There 
remains, in fact, less than one-eighth of the Atlantic coast not covered by one of the classes of 
triangulation. 

In my report of last year I entered very fully into the subject of the time of completion of 
the survey, and have now only to add that I Bee no reason to change the statements then and 
there made, and that if a steam vessel is soon supplied to replace the Walker, I shall be able 
to make good those statements, unless some new calamity beyond the reach of our estimates 
overtakes us. The plans are definitely formed in my mind, and require only a steady execu­
tion, year by year, to bring them to successful completion. 'l'he Coast Survey officers han~ 
experience and knowledge, and there is the most cheerful, thorough, and zealous co-operation 
in every part of the work. The organization bas shown itself to be thoroughly effective, and 
only a fraction of what it has accomplished remains to be done. The portions executiug are 
arranged so as to fit into each other according to a general design, terminating in ~ complete 
survey of the coast. 

GENERAL STATEMENT OF PROGRESS. 

The .Atlantic triangulation, as the accompanying sketch (No. 37) shc>.Vs, is continuous along 
the coast of twelve States from Passamaquoddy to the boundary of North and South Carolina, 
a stretch of more than twelve hundred miles, measured in tbe mo,;t geueral way. With an 
interval of some fifty-four miles, which is dim'inished every year by the party at work there, 
the triangulation is again continuous over the coast of South Carolina to Cumberland sound, on 
the coast of Georgia, two hundred and eighty miles. Then there is an interval of twenty­
seven miles which this season will fill up to the St. John's river, Florida; .and the tria~gles are 
again continuous to Matanzns inlet, sonth of St. Augustine. Two parties are workmg from 
Matanzas inlet south and from Indian River inlet north, to fill up that interval, to which a ' ' third will next season be added, proceeding north from Cape Florida. Another season or two 
at most will fill up the whole space from Cape Florida to Cape Sable, and along the keys from 
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Key Biscayne to Key West and the Marquesas. Charlotte harbor is fa'iangulated, and the 
work extends from Anclote key to Cedar ke~-s. ninety miles; from Ocilla river, by St. Mark's 
and Apalachicola, to Cape San Blas, ninety-five miles; over St. Andrew's bay; includes East 
bay, Maria de Galvez, Escambia, and Pensacola bays; touches the entrance of Perdido bay; 
extend,:; from Mobile bay one hundred and fifty miles to Lake Pontchartrain, and over Chande­
leur and part of Isle au Breton sound to the delta of the Mississippi, the greater part of which 
it now includes; over Isle Dcrnicre and Caillou bay; over Atchafalaya and Cote Blanche bays; 
and from East bay (Galveston) two hundred and fifteen miles, passing over Matagorda, A.ransait, 
and Corpus Christi bayR and their dependencies, to within one hundred and fifteen miles of 
the Rio Grande. 

The progress on the western coast has not been Jess satisfactory, taking the newness of the 
survey there into consideration. It has included all the harbors of California and Oregon, and 
many of those of Washington Territory, especially those of 'Vashington souud, Puget's sound, 
and Admiralty inlet, the Straits of Haro and Rosario, and part of the Gulf of Georgia, in the 
northwest. 

Having given, in my letter of lal'lt year, a statement of the progress of the astronomical and 
magnetic work, I need not repeat it here. The longitude problem has been steadily kept i11 
view, and the occurrence of the total solar eclipse, the path of which crossed from the north­
western part of the United States, through Washington Territory and the British possessions, 
leaving the continent on the coast of Labrador, has .been made available for the correction of 
longitudes and of the lunar tables by parties sent out for the purpose in connexion with those 
of other departments of the government, and in correspondence with the great astronomical 
expeditions of Europe. 

The number of geographical determinations published by the Coast Survey, exclusive of 
those made within the past year, is seven thousand one hundred and seventy-eight; the magnetic 
variations given are upwards of two hundred; the tidal constants for harbors and coasts, one 
hundred and ten; and the maps and charts of harbors, bays, inlets, sounds, shoals, &c., drawn, 
engraved, and published, three hundred, exclusive of progress sketches and diagrams. 

DIVISION'S OF THE REPORT. 

The same division of subjects ii:! retained in this report, as in those immediately preceding, 
namely: the introduction, the description of operations, and the Appendix. 

I. The first part, or introduction, briefly reviews the progress of the year, under separate 
heads, and contains in deta\l the estimates to provide for the continuance of the work at the 
same rate of progress. 

II. The field, hydrographic, and office work done during the year is described in detail in 
the second l"'rt of the report, under the liead of sections, the Atlantic and Gulf coast being 
divided into nin., and the Pacific coast of the United States into two sections. In each of these 
the ]and and hydrographic work is described in geographical order, and the office-work 
pertaining to each is stated at the head of the section. 

III. The Appendix, for ~onvenience of reference, is subdivided in several heads, as-
1. Field, hydrographic, and qffice detail,s, under which are included general lists of the uames of 

officers and the occupation of their parties; the names of officers of the army and navy serving 
on the work; the items of information furnished in reply to special calls; the field and office 
statistics of the survey; special developments made by the hydrography of the year, and a 
general list, including all that have been made in the work; tide-tables for the use of navigators, 
and detailed reports of the occupation of persons in each of the office divisions,· with lists of 
the engraved maps and charts, and lists of the topographical and hydrographic sheets regis­
tered in the office within the past two years. 
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2. Special operations and scientific discussions relative to astronomy, magnetism, and other 
branches of physical science. 

3. Local surveys, giving information in regard to the surface features in special localities, 
and their resources, as bearing on commerce and navigation. 

4. Miscellaneous scientific matter relative to methods and instruments. 
5. Aids to navigation, recommended by officers of the survey, and referred generally for the 

consideration of the Light-house Board. 
The condensed statement of progress made within the year, to follow under tho next head, 

is necessary to bring the work under examination as a whole. It shows what the year's esti­
mates have accomplished as introductory to those of the next :year but one. Such a ;;tatement 
necessarily excludes details in regard to persons and places which are, nevertheless, es8ential 
to the history of the work. The detailed statement in the second part of the report show8 
the place, time, and amount of the work, and by whom executed. It is but fair that in so 
arduous a service the officer executing each portion of the survey should be named, and that 
no on~ should receive credit for or bear the responsibility of the work of another. Each section 
forms, as it were, a chapter of the report, of which the introduction gives a table of contents, 
arranged under the head of each separate operation. 

GEOGRAPHICAL SECTIONS.-STATEMENT OF PROGRESS FOR THE SURVEYING YEAR 1859-'60. 

I do not conceive it to be necessary to go over the estimates for the completion of the work, 
section by section, as I stated in my last report the conclusions arrived at, and have no change 
to make in them. The work is proceeding regularly, and I do not find that my assumed rate 
of progress for the different operations and localities is too high. 

A complete general view of the year's progress will be obtained by consulting the following 
named documents: 1. The first table (No. 1) of the .Appendix, which gives the distribution of 
the parties in the several sections of the coast, the officers employed, and the general limits of 
the work done. 2. The general map of the coast, (Sketch No. 37,) showing by characteristic 
s~gns the portions surveyed. 3. The detailed maps of each geographical section, from I to 
XI, lettered A, B, C, &c., with the sub-sketches pointing out the progress in the past year. 
4. The brief view which follows these remarks, and which should be read, referring to the 

. sketches mentioned in 2 and 3, according to whether very general or moderately detailed 
information is desired. 

SECTION I. Ooa8t qf Maine, New Hampshire, !Jfr18:sachuseits, and Rhode Island.-(Slretclies A, 
and .A lris, No8. 1 and 2.)-A reconnaissance has been mad.e for connecting the Eppiug and 
Fire island bases by the shortest line from Wacltu.sett -- Beaconpole j Guns tock, U nkonoonuc, and 
W achusett sta.tions have been occupied, and observations fm· latitude and azimuth, and for ·the 
magnetic elements, have been made at the first and third named stations. Observations of tht> 
solar eclipse of July 18 for longitude were made at Gunstock, (N. H. ;) magnetic observa· 
tions have been kept up at Eastport, Me., and special determinations of the magnetic e]oments 
have been made at Provincetown, Wellfleet, and Chatham, (Cape Cod peninsnlu.) The 
triangulation of Passamaquoddy bay has been commenced on a base furnished b..r the primary 
work. The triangulation of Frenchman's bay, Me., and of the adjacent coast, has been made 
in connection with the Epping base, and extended to Pigeon Hill. The ~riangulation of the 
entrance of Penobscot bay has been carried to Isle au Haut, and north1•ard on its western side 
to Camden. The secondary triangulation west·of the Penobscot ha" been completed, including 
~so that of the rivers of Muscongus bay. The t~pography of the shores of the Sheepscot 
river, Me., has been completed, and connected with that of tbe Kennebec; that of Merry­
meetiug bay has been completed, and plane-table work ~ontinucd on tho Kennebec; that of 
Casco bay has been continued eastward, from Harp.swell to near Cape Small Point; that of 
Oape Cod bay has been extended east and west from Sandwich, Mass., and westward from 
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Barnstable harbor. A i;:pecial plane-table resurvey ha8 been made of the more exposed portions 
of tbe js)a1Jds aud shores of Boston harbor, for the city of Boston, and of the neck between 
Buzzard's bay and Cape Cod bay, for the State of Massachusetts. The in-shore hydrography 
of the coast of 1\faine haR been extended from the Kennebec entrance eaRtward into Muscongus 
bay, anrl up the Damariscotta river. Off-shore a line has been run from near Cape .A.nn to 
Seal island, (Nova Scotia,) outside of the deep-sea lines of last year, and Jeffrey's bank and 
Jeffrey's ledge Jiave been surveyed. Boston inner harbor to the city, and parts of the outer 
harbor, have been resurveyed for the city, and detailed tidal and current observations have 
been connected with the work. 1'he part of Cape Uod bay off the mouth of Scusset river has 
been sounded out minutely, and currents and tides observed in tho same vicinity, and in 
Buzzard's bay, opposite, for the State of Massachusetts. The tidal observations at Bo.iton 
navy yard und Eastport, Me., have been continued. 

The drawing and engraving of coast map and chart No. 14, from Buzzard's bay to Block 
island, the drawing of the chart of Portland harbor, and the engraving of preliminary sea-coast 
chart No. 4, from Cape Cod to Saughkonnot Poiut, have been completed; as also the engraving 
of charts of Rockport harbor, Lynn harbor, Muskeget channel, (new edition,) and additions to 
the progress sketches and plates of charts issued in former years. Progress has been made in 
tho drawiug and engraving of preliminary sea-coast chart No. 3, from Cape Small Point to Cape 
Cod; also on coast maps and charts Nos. 8 and 9, from Seguin island to Cape Ann; on No. 11, 
from Plymouth harbor to Hyannis harbor; in the drawing of preliminary sea-coast chart No. 2, 
from Isle au Haut (Penobscot bay) to Cape Elizabeth; in that of the charts of the Sheepscot 
and Kennebec rivers; on coast map and chart No. 7, from }fuscongus bay to Portland harbor; 
and in the engraving of coast maps and charts Nos. 12 and 13, from Monomoy to Martha's 
Vineyard. 

SECTION II. Coast of Conne,cticut, New York, New Jersey, Pennsylvania, and part of Dilaware.­
(Sketch B, No. 6.)-The triangulation of the Hudson river has been completed to Troy. The 
topography of the shores has been carried from Piermont and Tarrytown to meet the work of 
last year at Hastings and Rockland. The topography of Long Island, behind Williamsburg and 
Rockaway, has been completed. The hydrograpby of the Hudson river has been extended 
from Poughkeepsie to Rhinebeck. A resurvey has been made of False Hook shoal (New York 
bay) for changes; and also of a rocky spot in ten and a half fathoms fifteen miles off the New 
York light-ve<'sel. The tidal observations at Governor's island and Brooklyn have been kept 
up. Special magnetic stations have been occupied at Sag harbor, Mount Prospect, and Fire 
island, (L. I.,) and at Barnegat and Absecom, N. J. 

Pr{lgress has been made in the drawing and engraving of a map of the Hudson river from 
New York to Sing Sing, and on coast map and chart No. 21, New York bay and harhor. A. 
chart of Hempstead harbor has been drawn and engraved, and the engraving of coast maps and 
cbu.rts Nos. 15, 16, and 17, Long Island sound, (new edition;) and No. 19, middle part of the 
south~n coast of Long Island, has been completed. Additions have been made to the progress 
sketch; ti..separate drawing has been made of Coenties' reef, and a new plate engraved for the 
chart of Ca~in' a island, east and west. 

SECTION III. <foast of part ef Dilaware, Maryland, and part of Virginia. -(Sketch C, No. 8. )­
The triangulation o£ the Patuxent river has been completed; that of the Potomac has been 
extended from Piney l'"Qint, upwards, to include Britton's bay. The stations on the Chesapeake 
have been secured. The topography of Chesapeake bay, at the mouth of Elk river, bas been 
completed; of the Patuxent w the head of tide; that of the St. Mary's has been completed; 
tliat of the -;-'otomac has been C-Oflctinued within the limits of the triangulation; that of the North 
and Ware rivers (Mobjack bay) has been in progress, and that across the peninsula, from 
Chincoteague to the head of Pocomoke sound, is nearly completed. The bydrography of the 
Patuxont has been completed, and that of the Potomac extended from the entrance of the river 
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to Blackstone island. The tidal stations at the Washington navy yard and at Ol<l Point 
Comfort have been kept up. Views off Cape Henry have been taken for the general coast 
chart. Special magnetic observations have been made at the Coast Survey office in 
W a:;;hington. 

Progress has been made in the drawing and engraving of coast map and chart No. 29, from 
Isle of Wight (Del.) to Little Machipongo inlet, Va.; and on Nos. 31, 33, 35, and 36, Chesa­
peake bay; in the engraving of No. 32, Chesapeake bay, from Magothy river to Hudson river, 
(Md.;) on the chart of tlie Rappahannock river, aud in the drawing of chart No. 30, from Little 
Machipongo to Great Machipongo inlet; on that of the entrance to James river, aud on general 
coast chart No. IV, from Cape May to Currituck sound. The drawing of the upper and lower, 
and the engraving of the lower sheet of a preliminary chart of the Patuxent river haYe been 
completed; as also the drawing of tl1e chart of St. Mary's river, :Md., and the engravin;; of the 
preliminary chart of that river has been continued. The plate of the map of York river, Ya., 
has been completed, and additions have been made to the progress sketch. 

SECTION IV. Coast efpm·t qf Vfrginia, and part of Norfh Caro7ina.-(SketchD, No. 10.)-The 
primary triangulation of Pamplico sound, and the secondary connected with it, has been in 
progress. Topography has been executed near Oregon inlet; from Cape Hfltteras to Hatteras 
inlet, and near Ocracoke. Soundings have been made in Coanjock bay and North river. An 
off-shore line has been run from Cape Henry to Cape Lookout, crossing the off-shore lines to 
be run in the sect:on. Views of Cape Hatteras and its vicinity have heen drawn for the off­
shore chart. 

The engraving of coast maps and charts Nos. 40 and 41, Albemarle sound, has been brought 
up with the field-work; additions have been made to the progress sketch of the section, and 
miscellaneous work done in retouching and correcting plates. Progress has been made in the 
drawing of general coast chart No. VI, from Ocracoke inlet to Charleston; on coast map and 
chart No. 37, from Cape Henry to Currituck sound; on Nos. 46 and 47, from Cape Lookout to 
Barren inlet; and on preliminary sea-coast charts Kos. 11 and 12, from Cape Hatteras to Cape 
Fear. 

SECTION V. Uoast ef riart qf North Carolina, and coast of South Carolina and Ge.orgi"a.­
(Sketch B, No. 13.)-The primary triangulation has been carried from the Edisto base, south­
ward, to Port Royal sound. The secondary triangulation of the coast of North Carolina has 
been completed to the boundary between that State and South Carolina; that of the w~iters 
connecting St. Helena and Port Royal sounds has been completed; that of the coast of Georgia 
ha8 been extended from Altamaha sound to beyond the mid~le of Cumberland island, crossing 
St. Simon's and St. Andrew's sounds. The topography of the outer islands and inland passage, 
from Port Royal sound to Savannah river, including the shores of Calibogue sound and part of 
May river, has been completed; and that of St. Catharine's.and Wassaw sound shores has been 
in progress. Off-shore lines have been run from oH:_ Charleston to off Fernandina; Maffitt's 
channel (Charleston harbor) has been re-examined by request of the city authorities. The 
hydrograpby of the inland passage, from St. Helena sound to Port Royal sound, has been com­
pleted, as well as that of Ossabaw sound, including the Vernon river to Montgomery, and parts 
of the Great and Little Ogeechee rivers, and th::i-t of the passages to the Savannah river has 
been in progress. That of .A.ltamaha sound and its dependencies has been nearly completed. 
The tidal observations at Charleston have been continued with the self-registering gauge. 

Preliminary charts of Bull's bay and Port Royal entrance, S. C., and of Sapelo sound, Ga., 
have been drawn and engraved, and additions made to the chart of Charleston barbor, and to 
the progress sketch of the section. The drawing of tho cliart of St. Simon's sound, Brunswick 
harbor, and 'l'urtle river, has been completed, and its engraving commenced. Progress has 
been made in the drawing of general coast chart No. VII, from Winyah bay to St. John's river; 
on that of ooast map and chart No. 48, from Barren inlet to Lockwood's Folly inlet, N. C.; 
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on Nos. 53 and 54, from Rattlesnake shoals to Tripp's inlet, S. C., and on the chart of Ossabaw 
sound; and the engravjng of preliminary sea-coast chart No. 14, from Cape Romain to Savannah, 
bas been continued. 

SECTION VI. Coast, keys, and reefs ef Florida.-(Sketc!1cs F and F tns, Nos. 15 and 16.)­
The triangulation along the air line from Fernandina to Cedar keys has been extended from 
Wal do to Gainsville. The triangulation of St. Augustine harbor has been connected with that 
of St. John's river, and exten<1ed southward to Matanzas inlet; that of Indian river inlet 
(eastern coast of the peninsula) bas been completed; that of Chatham bay, from Pigeon key 
to Shell key, has been executed, completing the reef triangulation; that of the upper part of 
Charlotte harbor has been completed, including the adjacent coast of Florida to Boca Nueva. 
The topography of St. Augustine harbor and its dependencies and approaches has been executed, 
as also that of Indian River inlet, and that of Charlotte harbor has been nearly completed. The 
hydrography of St. Augustine harbor and its approaches has been executed; a four-fathom 
bank, northeast of Indian River inlet, has been sounded, and off-shore lines have been run in 
the general direction of the coast from Cape Canaveral, northward. Sections across the Gulf 
Stream have been made from Indian River inlet and Gilbert's bar across to the Bahama Banks, 
and from the Tortugas, southwestward, and thence to the coast of Cuba, west of Havana. The 
hydrography of the Florida reefs and keys has been extended from Grassy key to Lower 
Matecumbe. Views have been taken for the charts of the Florida reef. A magnetic station 
has been established at Key West for registering magnetic changes by photography. The 
tidal observations at the Tortugas have been continued. 

The drawing has been completed and the engraving continued of coast map and chart No. 
68, from Key Biscayne to Caryefort reef, and No. 71, from Bay Pine key to Boca Grande key. 
A chart of St. Augustine harbor has been drawn, and progress made in its engraving, as also 
in the drawing and engraving of general coast chart No. X, from Cape Florida to Cape Sable. 
The drawing of coast map and chart No. 58, from St. Mary's river to St. John's river; Nos. 69 
and 70, from Garden key to Bay Pine key, (Florida reef;) and No. 74, from Lower Mateeumbe 
key to Capo Sable, has been continued. The progress sketches have received additions, and 
diagrams have been drawn and engraved to illustrate the results of explorations in the Gulf 
Stream. 

SECTION VII. Part ef the western ooast ef the F"loridapeainsula.-(Sketch G, No. ~5.)-Tele­
graphic determinations of longitude have been made between Macon, Ga., and Apalachicola, Fla., 
including Eufaula, Ala., as an intermediate station. The latitude and longitude of Apalachi­
cola have been ascertained, and azimuth observations made for the triangulation. Observations 
for the magnetic declination, dip, and intensity have been made at .Apalachicola and Eufaula. 
The triangulation has been extended southward from Bayport to Tiger Point, near the .Anclote 
keys; that from Southwest cape across St. Mark's harbor to Ocilla river has been completed; 
that across St. George's sound has been. extended from .Apalachicola westward to Cape San 
Blas; the triangulation of Santa Maria de Galvez and East bays has been completed and 
connected with the work in Pensacola harbor, and carried over Blackwater bay to Robinson's 
Poiut. A preliminary base has been measured, and the triangulation of Perdido bay com­
menced. The gaps in topography near the entrances of the W e-thlocco-ehee and Homosassa 
rivers have been filled. The topography between Ocilla river and St. Mark's, and that west­
ward in Oyster and Dickerson's bays, bas been completed, and progress made in the survey of 
the shores of Crooked river. The topography of the shores of Santa Maria de Galvez, East bay, 
and part of Blackwater bay has been executed. A hydrographic resurvey has been made of Cedar 
keys harbor and its dependencies. .A line of soundings has been run from Tampa bay to Cedar 
keys, and from Cedar keys westward, and then north t-0 Pensacola. The hydrography of 
.Apalachicola harbor and of the adjacent parts of St. George's sound has been carried east.. 
ward to Cat Point, and supplementary in-shore soundings made from Southwest cape to Crooked 
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river. The hydrography of Santa Maria de Galvez and East bays has been executed, that of 
Blackwater bay nearly completed, and soundings from Pensacola harbor through Esc<i.mbia 
bay to Live Oak Point. Tidal observations ham been kept up with the self-registering tide­
gange at St. Mark's, Dog island, New Inlet, St. Yin cent's island, and ·w arrington navy yard, 
(Pensacola.) Views have been taken for tbe charts of Cedar keys, St. George's sound, and 
Pensacola harbor. 

Progress has been made in the drawing of general coast chart No. XIII, Gulf coast from 
Waccasassa bay to Choctawhatchee bay, Fla.; on preliminary sea-coast chart No. 25, from 
Santa Rosa sound to Mobile bay; on coast map and chart No. 81, from Chassahowitzka river 
to Cedar keys; on Nos. 84 and 85, from Ocilla river to Cape St. Blas; and on No. 88, from 
Choctawhatchee bay to Pensacola bay. The drawing of charts of .Apalachicola bay and Escambia 
and Santa Maria de Galvez bays is now in hand. A..ddition'3 have been made in drawing and 
engraving to the chart of St. George's sound, (eastern part;) to that of Pensacola harbor, and 
to the progress plate. A comparative chart of Pensacola harbor has been drawn, aud lines of 
deep-sea soundings have been added to the general sketch of the Gulf of Mexico. 

SECTION VIII. Coast ef .Alabama, 1lfississippi, and part ef Louisiana.-(Slteteh H, No. 28.)­
The magnetic elements have been determined at three stations on the ~Mississippi delta and on 
Cote Blanche island, La. The triangulation of Isle au Breton sound has been carried south­
ward from Point Fortuna, and connected with that. of the Mississippi delta on its preliminary 
base; that of Cote Blanche bay has been pushed westward and completed to the entrance of 
Vermilion bay. The topography of the shores of Lake Pontchartrain has been carried we;;t­
ward to beyond Ragged Point on the north shore, and to Bayou Le Bar on the south shore; 
that of the eastern part of the Mississippi delta has included the shores of Passe a Loutre, the 
North, Northeast, and Southeast Passes and intermediate bays, and Bay Rondo; and that of 
Cote Blanche bay has been completed. The hydrography of the upper part of )fobile buy to 
below Dog River bar was executed, and a line.of soundiugs run to the Lower Fleet for com­
parison ·with former surveys for the city of Mobile, and elaborate observations of tides and 
currents were made in the same conuection. Passe a Loutre, Northeast, North, and Southeast 
Passes, were sounded from the head of the passes to the several bars; but the records of this 
work, with that executed in Chandcleur sound, were lost in the wreck of the steamer Walker. 
Tidal stations have been established at Passe a Loutre, Southwest Pass, and Isle Derniere, and 
provided with self-registering gauges. Views have been taken of Chandeleur Island llght and 
of Passe a Loutre entrance and light, for charts of these localities. 

The drawing and engraving of coast map and chart No. 91, from Bon Secours hay to Round 
island, and of the map of the Rigolets, have bP.en completed, and additions made to the pro­
gre:;.s sketch. Progress has been made in the drawing and engraving of coast map and chart 
No. 92, from Round island to Grand island, La., and in the di-awing of general coast chart No. 
XIV, from Pensacola bay to the Mississippi delta; and coast map and chart No. 93, from Lake 
Borgne to Lake Pontchartrain. 

SECTION IX. Coast of part qf Louisiana and C()(J,8{ of Texas.-(Skelcli I, No. 32.)-Thc trian­
gulation of the coast of Texas has been extended southward and westward from Aransas Pass 
to Laguna Madre, and bas been carried O\'er Corpus Christi and Nueces bays. The topography 
of the shores of San Antonio, Mezquit, and St. Charles bays, and that of the coast embracing 
St. Joseph's island to Aransas Pass, has been. completed, including also part of the shores of 
Aransas bay. Soundings inside of Matagorda oay have been completed from the entrance 
northward and eastward to Palacio's Point., and northward to Indianola and Well Point. 

Progress has been made in drawing and engraving coast map and chart No. 108, Matagorda 
and Lavaca bays. The drawing of general coast chart No. XVI, Gulf coast from Galveston 
bay to the Rio Grande, and that of coast map and chart No. 109, from Matagorda bB}' to 
A:ra:nsas hay, has been continued, and additions have been made to the progress sketch. 
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SECTION X. Coast ef California.-(Slcetche.~ J and J bis, Nos. 33 and 34.).;....The triangulation 
of the coast of Santa Barbara channel has been completed to the town of Santa Barbara from 
the San Pedro base; preliminary bases have been mtasurnd on Santa Rosa and San Clemente 
islands, and triangulations executed on both, that of the first being completed, and that on the 
last named nearly so. The primary triangulation north of San Francisco has been extended 
northward of Russian river, with determinations for latitude, azimuth, and the magnetic 
elements, and the secondary and tertiary work has included the shores of Tomales and Bodega 
bays. The topography has been in progress on Santa Cruz island and on the shores of Half 
Moon bay; that of Petaluma creek (San Pablo bay) has been completed, and the topography of 
the shores of Drake's bay. Hydrographic surveys have been made at the mouth of Salinas 
river, (Monterey bay;) on Oakland bar, aud at the mouth of Sacramento river. Soundings 
have been completed off the entrance t.o San Francisco bay, and the in-shore hydrography has 
been extended northward beyond Point Reyes, including Drake's bay and lagoon, and Tamales 
bay. Tidal observations have been kept up at S:m Diego and San Francisco. 

Preliminary charts of San Pedro harbor and Crescent City harbor have been drawn and 
engraved, and the engraving of the charts of San Francisco bay and Humboldt bay; that of 
the topography of San Pablo bay and the additions to Alden's reconnaissance have been com­
pleted. Additions have been made to the progre;;is sketches, and the drawing of a coast map 
and chart to include San Francisco bay and harbor has been continued. 

SECTION XI. Coast ef Oregon and that ef Washington Territory.-(Sketch K, No. 36.)-A pre­
liminary baHe has been measured, and the triangulation of Gray's harbor executed from its 
entrance to the mouth of Chehalis river. The preliminary base on Sandy Point, W. T., has 
been remeasured, and topography has been in progress on the shores of San .Juan island, Wash­
ington sound. A hydrographic examination bas been made at the entrance of Coquille river, 
Oregon, and tidal observations }iavc been kept up at Astoria. 

Additions havo been made in drawing and cn1~Taving to Alden's reconnaissance of the western 
coast (upper sheet) and to tho progress sketch, and the drawing has Leen completed for a new 
edition of the preliminary chart of Washington sound. Progress has also been made in the 
drawing of a general map and chart to include that sound. 

MAPS AND CHARTS. 

I have heretofore described the regular seriei:i of maps and charts of the coast, which have 
been projected on three different scales, viz: 80h,0 for the more dGtailed maps and charts, 
representing the coast and the in-shore hydrography; of rinlooo for the preliminary charts; and 
of 400~00 for the general coast charts, showing the general features of the coast, and giving 
the off-shore and the general in-shore hydrogmphy. The computing, drawing, and engraving 
for these maps have made good progress during the year. The computations have been kept 
close up to the field-work. 

Within the past year one hundred and eleven sheets have been worked on in the Drawing 
Division. Of this number, nine are finished charts, thirty-nine are coast maps and charts, 
twenty-one finished mapi;i of special localities, sixteeu p1·eliminary, and two of the number are 
comparative charts. These are exclusive of twenty-four sketches of various kinds. Fifty-six 
of the sheets referred to have been completed, and fifty-five are in progress. Of those com­
pleted, twelve are maps and charts of the .first class, and an equal number charts of special 
localities. Eight of the number are preliminary charts and two comparative charts; and the 
remaining twenty are sketches, amongst which are included those showing the field progress. 

In the Engraving Division eight first class maps and new editions of two have been completed 
during the year, and twenty-four are in progress. Of this class twenty-two were commenced 
in previous years and twelve within the present year. In addition, seventeen plates have been 
engraved of second c1a!1s charts and sketches, and five plates of that class l\re yet in hand. 
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This gives a total of twenty-seven plates completed and twenty-nine in progress, or of fifty-six 
plates engraved or engraving within the year. 

The complete list, giving the titles of these maps and cbarts, is appended to the report of 
the assistant in charge of the office, and a general list of all that have been engraved up to 
the preeent date also accompanies it, (Appendix No. 19.) The complete list includes three 
hundred and eleven titles, of which sixty-eight are of first class or finished maps. The total 
given is exclusive of seventeen plates of progress sketches. 

In the following list, containing the titles of maps, charts, and sketches which accompany 
this report, the letters in the margin correspond to the geographical sections, as A to Section 
I, B to Section II, and so on. In each section the sketches are arranged geographically, the 
numbers in the list corresponding to those which designate the several sheets. 

1.-A. Progress sketch, Section I, (primary triangulation.) 
2.- Progress sketch, Section I, (secondary triangulation, topography, and hydrography.) 
3.- Nantucket shoals and sound. 
4.-
5.-
6.-B. 
7.-

8.-C. 
9.-

10.-D. 
11.-
12.-
13.-E. 
14.-
15.-F. 
16.-
17.-
18.-
19.-
20.-
21.-

Martha's Vineyard sound. 
Entrances to Buzzard's bay and Narragansett bay. 
Progress sketch, Section II. 
Diagrams illustrating laws in the annual and diurnal inequality of the magnetic decli-

nation at Philadelphia. 
Progress sketch, Section III. 
Patuxent river, Md., (upper sheet .. ) 
Progress sketch, Section IV. 
Albemarle sound, (eastern part.) 
Albemarle sound, (western part.) 
Progress sketch, Section V. 
Ossabaw sound, Ga. 
Progress sketch, Section VI, (Florida peninsula.) 
Progress sketch, Section VI, (Florida reefs and keys.) 
St. Augustine harbor, Fla. 
Florida reefs and keys. 
Gulf Stream explorations, Sandy Hook to Charleston. 
Gulf Stream explorations, Florida and Tortugas. 
Gulf Stream chart. 

22.- Gulf Stream diagrams of recent exp1orations. 
23.- Plan of magnetic observatory at Key West. 
24.- Diagrams showing results of magnetic observations.at Key West. 
25.--G. Progress sketch, Section VII. 
26.- Santa Maria de Galvez and Escambia bays, Fla. 
27 .- Gulf of Mexico, deep-sea soundings. 
28.-H. Progress sketch, Section VIII. 
29.- Entrance and approaches of Mobile bay, 
30.- Mississippi sound. 
31.- Passe 8. Loutre, (Mississippi delta.) 
32.-I. Progress sketch, Section IX. 
33.--.T. Progress sketch, Section X, (San Diego to San Luis Obispo.) 
34.- Progress sketch, Section X, (San Luis Obispo to Bodega Head.) 
35.- Drake's bay and aiJproaches, Cal. 
36.-K. Progress sketch, Section XI. 
3'1.- . General progress sketch of the Atlantic, Gulf, and Pacific coast.a. 

2 c 
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38.- Coast of Labrador, its geological structure, &c. 
39.- Diagrams illustrating phenomena of the solar eclipse of July, 1860. 
40.- Specimen cups for shallow sounding<!, and compass dividers. 

At the date of iny last report I had strong hopes of obtaining a more perspicuous set of 
progress sketches to accompany my report, but after examining many projects presented, the 
objections to each and every one of them seemed so much stronger than to the present sketches, 
that I have reluctantly been obliged to admit that for the present no change is expedient. 

The use of photography in reducing maps for engraving is discussed in a separate article ip. 
this introduction. . 

The office estimates up to the close of the year 1861 include the drawing of seventy of the 
one hundred and thirteen maps and charts 011 the scale soi,00, and give an average progress of 
nearly eight of these maps each year, so that they will all be in hand as early as the field 
parties can furnish the material; and, in fact, if the Drawiug and Photographic Divisions had 
merely to keep up with the current work, the force of the Drawing Division would prove too 
large. 

ESTIMATES FOR THE FISCAL YEAR 1861-'62. 

The annual estimates are precisely the ::lame in amount as those of last year, and are stated 
jn the usual way, the work to be executed being stat~d with the amount needed for its accom­
plishment.. This scale of estimate contemplates the completion of the field-work on the 
Atlantic and Gulf coast in eight to ten years from the present year. By restoring it to the 
grade of 1851-' 58, a year in time may be saYed. I liave conformed to the expressed policy of 
the Treasury Department in keeping the items at the reduced standard of last year. 

The loss of the steamer 'Valker, by collision at sea, requires an appropriation to replace 
her. As the government acts al'! its own insurer, this i.~ an indispensable item of estimate. 
The loss of a considerable part of the records of last season's work, and tho loss of time from 
having no steamer to take the Walker's place in the Gulf of Mexico, will be sensibly felt in 
our progress, and I would respectfully urge that another steamer be supplied at the earliest 
practicable period, so as to enable us to work up again as soon as possible to the former 
efficiency. 

The estimates suppose the same aid from tbe War and Navy Departments as heretofore. 
Should any part of this be withheld, the proportionate progress of the survey must be dimin­
ishefl, and its completion be postponed accordingly. 

The several items now presented are the same in amount as have thrice met the approve.I of 
Congrtss, and once by the Congress which will pass upon these. 

The item for the line across the Florida peninsula will complete that work. Twenty-seven 
miles were executed last season in an air line, and forty·three remain to be completed to reach 
Cedar keys. (See the accompanying sketch No. 15.) Allowing the usual progress this season, 
the next year, with the amount asked, will complete this triangulation. The saving over that 
which wonld have been required for a main triangulation around the peninsula cannot be 
estimated at less than four times the cost of this work across. 

ESTIMATES IN DETAIL. 

For general expenses of all the sections,* namely: rent, fuel, materials for drawing, 
engraving and printing, and ruling forms; binding; transportation of instruments, 
maps, and chart::J; for miscellaneous office expenses, and for the purchase of new 
instruments, books, maps, and chart.ti · - · · · · · · • · · · · · · · · · · · · - · · ............. . 

SECTION I. Coast ef Maine, New Hamp13hire, :JlassacliUlletlB, and R1wde Island. FIELD· 

WDRK.-To continue the primary triangulation in this section and to make the 

"Viz: of all ioeluded in this item, inclat1ive or&ctfons I to IX, and ezcluaive of Section VI. 

$19,000 
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astronomical and magnetic observations connected with it; te extend the secondary 
triangulation from Isle au Haut and the mouth of the Penobscot along the coast 
eastward towards Engli.skman' s bay, and to continue that of Passamaquoddy bay; 
to commence the topography of Goldsborough harbor, of Frenchman's bay, and 
that of Penobscot bay; to continue that between the Kennebec and Sheepscot rivers, 
and that of the coast east of the Kennebec; to extend eastward that of Gasco bay, 
and complete that of Gape God bay ; to continue the in and off shore hydrography 
of the coast of Maine, including Muscongus bay, Pe1wbscot bay, and the ledges off 
the coast; to continue the tidal and magnetic observations at Eastport, and to 
make tidal observations in connection with the hydrography: 0FFICE-WORK,-To 
make the computations required by the field-work; to complete the c.'rawing of 
coast maps and charts No. 7, Muscongus "bay to Portland, and No. 11, Plymouth to 
Hyannis; to complete the engraving of coast map and chart No. 9, Kennebunk­

port to Gape Ann; charts of the She,epsmt and Kennebec rivers, and the sketches 
of the section; to continue the engraving of preliminary sea-coast chart No. 3, 
Small Point to Cape God, coast map and chart No. 10, Ipswich to G1·een harbor, 
the chart of Portland harbor, and the engraving of.No. 11, the drawing and 
engraving of off-shore chart No. II, Cape Ann to Gay Head, and that of coast 
map and chart No. 8, Seguin island to Kennebunkp01·t; to continue the drawing 
and commence the engraving of preliminary sea-coast chart No. 2, Isle au Haut 
to Gape, Elizabeth, and drawings for charts of the Damariscotta entrance and Jej-
frey' s bank, will require ... ·· .. - . - ............. - · ....... - .. - ...... - ....... . 

SECTION II. Coast ef Connecticut, New York, New Jerr~cy, Pennsylvania, and part of 
Ddaware. FrELD-WORK.-To commence the triangulation of the rivers of Con­
necticut 1• to continue the topography of the shores of the Hud.~on,: to continue the 
hydrography of the Hudson river, and, if practicable, to commence that of the 
rivers of Oonnedicut; to execute miscellaneous work of revision in the section 
and continue the tidal observations: OFFICE-WORK,-To make the requisite com­
putations; to complete the drawing of coast map and chart No. 21, j\~ew York 
bay and harbor, (new edition,) and engrave soundings on the lower sheet of Hudson 
river; to draw and engrave hydrographic sketches of the vicinity of Sandy .Hook 
shoal,s and BaT'TIR.gat, and others, to show progress; and to continue the engraving 
of chart No. 21, will require ....•••....... • · • • · · , · · · · · · · · · · · · · · · · · · · · · · · 

SECTION III. Goa.st of part if Delaware and that ef Maryland and part ef Virginia. 
FIELD-WORK.-To continue the astronomical and magnetic observations required 
in the section; to examine and preserve the more important triangulation stations; 
to continue the triangulation of the Potomac river in connection with its topogra· 
phy; to continue the topography of the James river, and that of the outer coast 
of Virginia, if practicable, and to complete that of the lower part of Chesapeake 
ooy; to continue the off-shore hydrography of the section, the hydrography of 
the Potomac river, and the tidal observations: 0FFICE-WORK,-To make the reduc­
tions and computations required; to complete the drawing and continue the 
engraving of the upper sheet of the Patv:ve:nt river; to complete the drawing 
and commence the engraving of the lower sh~et of the Potomac river; to com­
plete the engraving of chart No. 32, Chesapeake "bay, between Magothy and Hud.~on 
rivers; to continue the engraving of charts Nos. 35 and 36, Chesapeake bay, 
between the entrance and Poeomoke sound; to continue the drawing and com­
mence the engraving of off-shore chart No. IV, Gape Jiay to Currituck; to continue 
the engraving of coast map and chart No. 29; between Green River irilet and 
Little MacJtipongo, and commence that of the chart of James river ef!trance; to 

11 

$43,000 

14,000 
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commence the drawing of coast map and chart No. 30 bis, between Great Machi­
pongo and Cape Henry, and io draw and engrave the sketches of the section, will 

require······ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · - · · · · · · · · · · · · · · · · · · · · · · · 
SECTION IV. Coast ef part of Virginia and part ef North Carolina. FIELD-WORK.-

To continue the primary triangulation of Pampl.ico sound and the secondary in 
connection with it; to make the necessary magnetic observations; to complete the 
topography of the outer coast of North Carolina, south of Hatteras, to a junction 
with the Core sound work; to continue the in and off shore hydrography between 
Cape Lookout and Cape .Pear; to continue observations of the tides and currents, 
and of the Gulf Stream: OFFICE-WORK,-To make computations from the field 
data; to complete the drawing of coast maps and charts Nos. 46 and 47, Cape 
Lookout to Barren inlet, and to draw and engrave sketches of progress in explora­
tions of the Gulf Stream j to continue the drawing of off-shore chart N~. VI, 
from Ocracoke to Charleston harbor; of coast map and chart No. 37, Cape Henry 
to Currituck, and that of No. 42, Pamplico sound; to continue the engraving of 
preliminary sea-coast chart No. 11, Cape Hatteras to Cape Lookout; to commence 
the drawings of coa~t maps and charts Nos. 38 and 39, from Currituck to Hatteras 
ligld-l10use, and No. 44, from Hatteras 1'igltt to Ocracoke inlet; to commence the 
engraving of coast map and chart No. 46, Cape Lookout to Bogue inlet, and to 

engrave the sketches of the section, will require······ · · · · · · · · · · · · · · · · · · · · · · 
SECTION V. Coast <f part of Nortli Carolina and that of South Carolina and Georgia. 

FIELD-WORK.-To continue the coast triangulation from the boundary of North 
and South Carolina, southward and westward towards Winyah bay; to extend the 
primary triangulation south of Port Beyal sound towards the Savannah river, and 
make the secondary triangulation of the intervening rivers; to complete the 
secondary triangulation of the coast of Georgia, and to measure, if practicable 
and requiisite, supplementary bases in the section; to continue the topography of 
Port Royal sound, and of the islands and interior passages between it and St. 
Helena sound; to continue that of the shores of Wassaw sound and of its rivers, 
and to join with the work on the passages from Savannah river; to execute the 
hydrography of Wassaw sound and its dependencies, connecting with TylJee 
entrance and Savannah river, and if practicable to begin that of St. Andrew's 
sound; to connect the hydrography of Doboy entrance with the in-shore work 
between Sapelo and St. Simon's_: to run the off-shore lines required off the coast 
of North and South Carolina and Georgia; to continue the tidal observations at 
Cliarle15ton and St. Mary's river entrance, and to make, if practicable, tidal and 
current and Gulf Stream observations: 0FFICE-WORK,-To continue the computa­
tions from field records; to complete the drawing and engraving of lines of deep­
sea soundings rur1 in this section; to continue the drawing and engraving of a 
chart of Broad and Beaefort i·ivers, S. C., and the engraving of the chart of 
Osso.haw sound,· to continue the drawing of off-shore chart No. VII, from Winyah 
ba!! to St. John's river, coast map and chart No. 54, from Fripp' s irclet to Ossa­
baw sound, Nos. 56 and 57, from Bt. Catharine's s0und to St. Mary's river, prelimi­
nary sea-coast chart No. 15, from &vannah river to St. John's river, and commence 
the engraving of the chart of St. Catli.arine's sound, Ga.; to commence the draw­
ing of charts of Wassaw and Doboy sounds; to commence the engraving of coast 
map 1u1d chart No. 53, between Stono inlet and Fripp' s inl.et, and to engrave the 

sketches of progress, will require . • · . · · · · • · · · · · · · · • · • · · · • · · · · · · · · • · · · · · · · 
SECTION VI. Coast, keys, and reefs of Fl.o-rida. (Sll estim,ales ef appropriaiion for 

those special object&.) 

$25,000 

23,000 

36,000 
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SECTION v JI. Part ef tlie western coast of the Florida penimuw, and part of the 
northern coast of Florida. FIELD·WORK.-To continue the triangulation of St. 
Joseph's bay (soutli) into Section VI; to continue that of St. Joseph's bay, (north,) 
and of the coast towards the work of St. Andrew' 8 bay; to continue the triangu· 
lation of Santa Rosa sound, eastward, and continue, if practicahle, that of Per­
dido bay; to make such astronomical and magnetic observations as may be prac­
ticable in the section; to continue the coast topography from Bayport soutlnvard; 
to complete that of Orooked river, and continue that of the shore of St. Vincent'.., 
sound westward towards Cape San Bws, and commence that of St. Joseph's bay, 
(north;) to continue that of Santa Rosa sound, and, if practicable, that of Perd1'.do 
bay; to complete the hydrogrnphy of St. George's sound, and that outside of St. 
George's and Dog islands j to complete the soundings in the dependencies of 
Pensacda bay, and, if practicable, continue the hydrography of St. Vincent's sound 
and south of Cedar keys; to make the requisite tidal observations : OFFICE· 

WORK,-To deduce results by computations; to draw the topography and com­
mence the eugraving of coast map and chart No. 81, coast of Florida, from 
Ghassahowifaka river to Cetlar keys; to complete the drawing of No. 85, St. 
George's sound, (eastern part,) the engraving of the chart of Maria de Galvez and 
East bays, and the drawing and engraving of lines of deep-sea soundings in the 
Gulf ef Mexico; to draw and engrave progress sketches of the section; to continue 
the drawing of off-shore chart No. XIII, coast of Florida, from T'Vaccassassa river 
to Choctawhatcli.ee river, and that of coast map and chart No. 84, Florida coast, 
from Om11a ri1.,er to Crooked river, (St. George's sound,) and to commence the 
drawing of a chart of Crystal river qffing, will require · · · · · · · · · · · · · · · · · · · · · · 

SECTION VIII. Coast ef .A.lahama, Mississippi, and part ef Louisiana. FIELD-WORK.­

To continue the astronomical (including longitude) and magnetic observations 
required in the section; to complete the triangulation of Isle ait Breton sound, and 
to commence that of tho outer coast between the Mississippi delta and Barataria 
bay; to complete the triangulation of the delta and that of Atchoj'aW,ya river, from 
Berwyck to .Atchafalaya bay; to commence triaugulation at. Pt. au Fer and extend 
it towards Ship shoal and Isle Derniere; to keep the topography up with the tri­
angulation here enumerated, and, if practicable, to continue that of Marsh island, 
(Cote Blanche bay;) to continue the hydrography of Ohandeleur and Isle au Breton 
sounds, and to complete that of the Missis.~ippi passes, and that of GOte Blanche 
bay, to the limits of the triangulation; to continue the off-shore lines of soundings 
in the GUl.f ef Mexico,* in this section, and to mr.ke tB.e tidal an<l current obser­
vations required: OFFICE·WORK,-To continue computations; to complete the 
drawing and engraving of the resurvey of parts of Mobi1e bay, including Dog River 
bar and the entrances of MObik, Spanish, and Tensaw rivers ; to continue the 
engraving of coast map and chart No. 100, from Pt. au Fer to ]lfarsh island, and 
the drawing of off-shore chart No. XIV, Gulf coast, from Ohoctawhatchee river to 
tlte Mississippi deUa; to coutinue the drawing and engraving of the chart of Cote 
Blanche bay; to commence that of the Southwest pass ef the delta, and to complete 
the sketches of the section, will require ...... : • · • · • · · · · · · · · · · · · · · · · · · · · · · · 

SECTION IX. Part of the coast of Louisiana, and roast ef 11exas. FrELD·WORK.-
To continue the triangulation of the Gulf coast, from East bay eastward and north­
ward; to continue that of Laguna deUa Madre and Isla dil Padre southward 
towards the boundary; to continue the topography of Nuece.s and Corpus 0 hridi 
bayfl, and that of the coast, southward; to continue the hydrography of the outer 

13 

$33,000 

31,500 

•Thia sup~ lhal a ate:i.m -1 hu been provided to replaee tile steamer Walker, loat by colli&ion at lie&. 
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coast, from its limit above Matagm·da entranoo southward, and to complete that 
of Matagorda lxly and its dependencies; to make the tidal observations required: 
OFFICE-WORK,-To make computations; to complete the drawing and continue 
the engraving of coast map and chart No. 108, Matagorda and Lavacca bays; to 
complete the topographical drawing of No. 109, Gulf coast, from ~Matagorda to 
Aransas Pass, and the engraving of Nos. 106 and 107, between Galveston and 
Matagorda entrances; to continue the drawi11g of off-shore chart No. XVI, Gulf 
coast, from Galveston to the Bio G1·ande; to draw and engrave the sketches of the 
section, and to commence the engraving of coast map and chart No. 105, Gal-
1:eston bay and approaches, will require .................................•... 

Total for the Atlantic coast and Gulf of Mexico ....................•. 

$25,500 

250,000 
----------

The estimates for the Florida coast, keys, and reefs, and for the western coast of 
the United States, are intended to proYide for the following progress: 

SECTION VI. Coast, keys, and reef& ef Florida. FIELD-WORK.-To continue the 
triangulation of the eastern coast of the Florida peninsula, from Halifax river 
southward, and that of Indian rive1· and the adjacent coast northward; to com­
mence, if practicable, that from Cape Florida northward; to complete the trian­
gulation of the keys and coast between Florida bay and Oard' s sound; to com­
plete that of Sarasota sound, and to commence that of Tampa bay; to follow the 
triangulation of Halifax 1·i·ver and the coast adjacent with the topography, and 
continue that of Indio,n river and the neighboring coast; to complete the topo­
graphy of the southern keys and coast of the peninsula, from Barnes' s sounil to 
the work at Cape Sable; to follow the triangulation of Sara8ota and Tampa. bay8 
by the topography; to extend, if practicable, the in-shore hydrography north and 
south of St. Augustine; to continue the hydrography of Florida bay, and to run 
off-shore lines from the reefs and coast of this section; to complete the hydro­
graphy of Charlotte har"bor and its approaches, and to keep up tho tidal observations 
at the Tortugas: OFFrcE-WORK,-To compute results from field records; to com­
plete the drawing and continue the engraving of off-shore chart No. X, Florida 
reefs and keys, from Key Biscayne to Gape SaUc; to complete the engraving of 
St . .Augustine harbor and approaches, that of coast map and chart No. 71, Florida 
reefs, between Neefound Harbor key and Boca Grcwde, and the drawing and en­
graving of the sketches of progress; to complete the engraving of topography on 
the chart of Olwrlotte harbor, continue the drawing of coast maps and charts Nos. 
69 and 70, Florida ret>fs, from Garden key to Newfound Har"bor key, and No. 74, 
Florida reefs, from Lower Matecumbe key to Gape Sable, and to commence the 
drawing of coast map and chart No. 64, Flm·ida coast, between Jupiter inlet and 

Indian River inkt, will require•··· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·. $4-01 000 
SECTION X. Coast ctf Oalj/ornia. FIELD-WORK.-To continue the triangulation from 

the Santa Barbara base northward, aud to complete that of the i;.;lands off Sanf.a 
Barbara channel; to continue the primary· and secondary triangulation north and 
south from ti1e San Frmwisco base, and to make reconnaissances for extending 
this work; to make the astronomical and magnet.ic observations in connection 
with the triangulation; to continue the topography of the shores of Santa Bar· 
bara channel and of the islands off the coast; to continue the topography south of 
Monterey bay and that of Bodega and Tomales bays; to contin'Ue the hydrography 
(in-shore aud off-shOTe) north and south of San Francisco entrance, and that of 
Sanm Bar"/xira channel, with such other hydrographic work as the progress of the 
survey may show to be first needed; to continue the tidal observation\! in the 
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section: OFFICE-WORK,-To continue the computations and reductions of the 
field-work; to complete the drawing and engraving of charts of the vicinity of 
Santa Cruz, Santa Rosa, and San Nioolas islands, (Santa Barbara channel;) to com­
plete maps of Petaluma and Napa creeks, San Pablo bay, and the sketches of the 
section, and to continue the drawing of the chart of the coast north of San 
Francisco entrance, including Drake's bay. Also for the operations in-

SECTION XI. Coast of Or-egon and t71at of Washington Territory. FIELD-WORK.-To 
continue the triangulation of Washington and Puget's sounds and of Jiood' s canal, 
and the topography and hydrography connected with it; to complete the hydro­
graphy of the Gulf qf Georgia, and to execute such other hydrography as the 
progress of the survey may show to be first required; to continue the tidal 
observations in this section: 0FFICE-WORK,-To continue the drawing and com­
mence the engraving of a chart of TVasltington sound; to commence the drawing 
of a chart of the Gul/ qf Georgia, and to complete the charts of Coquille River 
entrance and Gray's harbor, and the sketches, will require · · · · · · · · · · · · · · · · · · · 

The other items of appropriations asked are precisely the same in amount as last 
year. The terms of that for the line across the Florida peninsula. express that 
it is the last appropriation which will be required for that object. 

For completing the line to connect the triangulation on the Atlantic coast with that 
on the Gulf of Mexico, acrnss tho Florida peninsula, per act of March 3, 1843 · · · · 

For publishing the observations made in the progress of the survey of the coast of 
the United States, per act of March 3, 1843. · .. - ·. · · · · · · · · · · · · · · · · · · · . · ·. · · 

For repairs of steamers and sailing schooners used in the snrvey, per act of March 2, 1853 
For fuel and quarters and for mileage or transportation for officers and soldiers of 

the army serving in the Coast Survey, in cases no longer provided for by the 
Quartermaster's department, per act of August 31, 1852. · · ... · · .. · · - ....... . 

For pay and rations of engineers for seven steamers used in the hydrography 
of the Coast Survey, no longer supplied by the Navy Department · · · · · ·. · .. · · 
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$130,000 

5,000 

5,000 
10,000 

5,000 

12, 800 
----------

The amounts thus estimated for the work of the fiscal year 1861-'62, and the appropriations 
for the preRent. year, are given in parallel columns: 

. . --------------.-------
Object. 

For survey of the Atlantic and Gulf coasts of the United Sta.tes, including compensation of 

civilians engaged in the work, per ~ct ofMaTch 3, 1843----------------------·----­
For continuing the survey of the western coast of the United States, ineluding compensa- \ 

tion of civilians engaged in the work, per act of Septem her SO, 1850 •• __ • -· -··- •. - - . -i 
FO: continuing the survey of the Florida roofs and keys, including compensation of ch·il- Ii 

Jatls eugagcd in the work, per e.ct of March S, 1849----- _ ---· •• --- .• ---- .•••••••••• 
For completing the line to connect the triangulation on 1he At.lactic coast with that on ! 

the Gulf of Mexfoo, across the Florida peninsula, including compensation of civili!'ns i 
engaged in the work, per act of March S, 1843---------------·----------·---------1 

For ~11bll.,hing the obseTVationa made in the pr<'gre88 of the SJlrvey of the roe.st of the l 
Umted States, including compellll&t.ioa of ch'iliana engaged in the work, per lWt of j 
Mareh ll, 1843 ·-- __ • _ ----- ----. ---- ___ --· __________ -----. ---- _ ------ ----. ____ •

1 For repairs of steamers a.nd sailing i;choonert! Ul!ed in the survey, per act of March 2, 1853., 
For fuel and quarters, and for mileage or traosportatfon for officers and enlisted soldiers j 

of the army serving in the Coast Survey, in cases no longer provided for by the Quar· 

termuter'11 d'9partmeut, per act of August 31, 1852---- - --· --·----- - ---------- - ---­
For pay anrl rations of engineers for seven steamers med in the hydrography of the Coast 

Survey, no longer supplied by the Navy Department --- - -- ---· ----- - -···- ···------

Fi1cal year 
1861-'62. 

.&Jimatet!. 

$250,000 00 

130,000 00 

40,000 00 

5,000 00 

5,000 00 
1(),000 00 

05,000 QO 

tl2,800 00 

Fiscal year 
1860-'61. 

AJ1F"OPf'iattd • 

$250,000 00 

130, 000 00 

40,001> 00 

5,000 00 

i,000 00 
10,C)l)O 00 

5,000 00 

12',800 00 

" li'onu~tly itaeJudt.td iu ea-ti111at« of the Wai Depvtwcut. t Fonncdy i-neluded in esliwatl.tl!I of the l'l11.vy lJ1·11aum..au. 
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These are the regular items of annual expenditure. The loss of the steamer Walker requires, 
to restore the efficiency of the hydrography, the following, which forms no part of the annual 
expenditure of the survey: 

To provide for a steam vessel in place of the steamer Walker, lost by collision at sea, $45,000. 

This last item can only be considered as replacing part of the capital of the survey, for 
which the government has been the immrer. 

DEVELOPMENTS AND DISCOVERIES. 

The general list up to 1859, inclusive, is given in Appendix No. 8, to which are also added, 
in the same form, the special developments made within the present year. The list includes 
one hundred and seventy-four items geographically arranged. 

While these developments are among the most palpable advantages of the Coast Survey, the 
special statements in regard to them are only a part of the general facts shown on the maps 
and charts. 

I am again indebted to George W. Blunt, esq., of New York, in having received from him a 
notice by Captain Lott, of the steamship Asia, of a rip with eleven fathoms, and with con­
siderably deeper water around it, about fourteen miles south of Fishing Rip, and twenty-four 
miles southeast of Davis's shoal. As it did not appear that this space was sounded out by 
Lieut. Comg. McBlair, or Commander Stellwagen, U. S. N., who furnished the hydrography of 
the vicinity of the Nantu~ket shoals, I detailed a party at once for this work, and the develop­
ment has been made which is briefly referred to here, and more particularly under the head 
of Hydrography of Section I. In prosecuting that service, Lieut. Comg. Phelps discovered in 
the same vicinity a much more extensive shoal, commencing h&If a mile eastward of the rip, 
aud stretching N.NE. more than six nautical miles, with ten to ten and a half fathoms on it. 
This shoal is separated by deep water from the rip referred to. 

The resurvey of parts of Boston harbor to develop the changes and their causes has been 
made at the expense of the city, and has led to results of importance to the future of that great 
commercial centre. 

I append here a list of the special localities in which developments have been made by the 
hydrographic or other parties during the present season. 

1- A ledge with four fathoms water on it, discovered S.SW. } W., (true,) and a mile and a. 
quarter from Pemaquid light-house, coast of Maine. 

2. Numerous daugerous reefs and ledges developed at the entrance and in the approaches of 
Damariscotta river, Me. 

3. Two rocks, one with three and a quarter fathoms, the other with only ten feet of water, 
and a ledge with three and a half fathoms found in the channel of Booth bay, Me. 

4. Jeffrey's bank and Jeffrey's ledge, off the coast of Maine, thoroughly sounded out. 
5. Determination of the position of White Rock ledge at the entrance of Saugus river, 

Mass. 
6. Discovery of a rock with only seventeen feet of water at mean low tide in the Narrows of 

Boston harbor. 
7. Special investigation of the currents of Boston harbor. 
8. Special tidal and current observations at the mouth of Scusset river, (Cape Cod bay.) 
9. Discovery of a shoal lying N.NE. over six miles long, and twenty-four miles southeast of 

Davis's south shoal, with ten to ten and a half fathoms of water. 
10. Extent of the sea encroachment at Cape Hatteras, e.nd changes found near Hatteras 

inlet, N. C. 
11. Greater depth found through the channel of Coosa\v river, S. C., (inland passage,) than 

has been hitherto supposed to exist. 
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12. Changes in shore-line and in depth observed in Ossabaw sound, Ga. 
13. A new channel developed leading into Sapelo ;;ound, Ga., ihree quarters of a mile south­

ward of, and better than the one in use. 
14. A shoal e.pot found off the coast of Florida, ten miles from land, and fifteen miles NE. 

of Indian River inlet. 
15. Tennessee shoals, Florida reef, developed, giving only hvelve feet of water on the outer 

shoal. 
lG. The position of a sunken wreck de1ermined and marked, lying off Grassy key, Florida 

reef, and near the track of vessels. 
17. Further investigation of the character of the Gulf Stream in the Florida straits. 
18. Indications noticed of a deeper and better channel forming, to lead to the East Pass 

anchorage, St. George's sound, Fla. 
19. Changes in the depth of water observed by comparison of soundings at Penlido 

entrance. 
20. The currents of Mobile bay specially investigated. 

SPECI~L SURVEYS. 
J 

'l1hese have been three in number, undertaken by request and at the expense of the parties 
named, and with the approval of the Treasury Department. In the order of time at which 
they were undertaken they are: of Mobile bay, to ascertain the changes and present condition 
of the bay, undertaken at the request and expense of the commissioners on the improvement of 
Mobile harbor and bay, named in a law of the St'lte of .Alabama; of Boston harbor, undertaken 
by request and at the expense of the city government, and of the site of a proposed canal to 
connect Buzzard's and Cape Cod bays so as to avoid the dangerous coasting navigation around 
Cape Cod peninsula and by the inner Nantucket shoals, at the request of a committee of the 
Massachusetts legislature and at the expense of the State. These surveys all furnish important 
data for the direct purposes of the Coast Survey, besides rendering great service to the com· 
rnerce and navigation of important lo<'alities, and of the country generaliy. They find their 
precedent in the elaborate works in Portland, New York, and Charleston harbors, undertaken 
by city and State action. They are connected, as in these cases, with the action of commis­
sioners on those harbors, or of advisory councils of officers connected with the United States 
government, of which the Superintendent of the Coast Survey is a member. The preservation 
of the harbors of the country is the object, by preventing dangerous encroachments on the 
water in the rapid progref'.ls of buildings and of improvements on land, by ascertaining the 
changes caused in the water space by the changes in the land, and the causes of thef'e changes. 
More elaborate observations of tides and currents, of hydrographic, and sometimes of topo· 
graphical details, are needed than are demanded for purposes of navigation, and hence beyond 
the usual requirements of the Coast Survey, and properly at the expense of the local 
authorities. 

The detitiled statement of the several parts of these surveys '"ill be found under their 
appropriate heads in Sections VIII and I. I propose now merely to state some of the leading 
observations made, and of the general results arrived at. 

In Mobile bay, besides the usual soundings which were minutely made at the head of the 
hay, and in the rh-ers forming the delta of the Aiabama river, numerous current stations were 
occupied at which the direction and force of the currents were observed at the surface and at 
various depths below it. '.l'he1<e were selected with the view to determine the causes of change 
which the hydrography developed, and to ascertain the direction in which changes might still 
be expected; also the greater or less scour of tidal and river currents at different places and 
depths, and under different circumstances. The results are represented on elaborate diagrams, 

a c 
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which address the eye immediately, permitting a ready anu rapid generalization of the facts. 
The current observations were connected with those on the tides at stations suitably selected. 

In the course of tl1e tidal and current ob:;;ervations off the bar, at t1ie entrance to the bay, it 
was discovered that there is a general currl'nt setting from the eastward, modifying the direction 
and force of both ebb and1lood tidal currents wliich tend out of and into this great bay, aud 
dcterminiug the final direction of its channel and bars. This is an important fact for future 
development. 

The tables resulting from the observations furnish the data for tracing the currents of the 
rivers into the bay, and of the bay into the ocean, in direction and "°clocity, at and below the 
surface, in the channels aud passes; upon the barf'., and in the bay and gulf; the effects of 
winds; the direction and force of the scouring forces furnii;lwd by the currents in the different 
strata of water from the surface to the bottom, giving to the engineer a clue to guide him in 
the labyrinth of effects-now a pool, now a shallow, now a cbannel, now a bar. 

The ca::e of Boston liarbor is a very different one; small rivers only enter its head, while the 
ocean tide rises to a six-fold height, and their currents are divided by numerous islands which 
they abrade, and which are exposed to tLe violence of the waves of a habitually stormy sea. 
The old tidal reservoirs which gave 10cour lrnvc been, in many cases, partially filled up or 
obstructed in the progress of improvement, and changes of regimen of considerable importance 
have been produced. A comparison of tbe old and new maps show this. The same officers 
who worked in :Mouile bay, Lieut. Comg. J. ·Wilkinson a11d Assista11t Henry Mitchell, have 
given their attention to the developmentE> here. The inner harbor has been sounded out to 
compare with ibe results of Corumandt>r Charles II. Davis, wlw made the survey in connection 
with the Coast Survey in l 852, and with the earlier results of Commodore Wadsworth. Parts 
of the main ship channel ha\·e been re-examined. Assistant Mitchell has occupied current 
Matio11s at the approaches in the main ship channel, and the various passages among the islands 
in tbe inner harbor, and at the entrance to its affiuents, the Charles and Mystic rivers, and 
Great Snuth La:y. He has examined the causes of the most important shoals, flats, and spits 
where changes have occun-ed or are occurring, with a view to present such results to the com• 
mi10sioners as may enable them io suggest the measures needed to prevent the deterioration of 
this important harbor. To show the nature of the results obtainable from such observations, I 
quote a few lines from Assistant Mitchell's n·port. "At this station we determined that the 
flats off South Boston may be the deposit both of irnspended and rolled material[,!, since the ebb 
from the rivers above (the Charles aud Mystic) sets over upon them, and the resultant of all 
the forces of the currents for tweuty-five hours takes a course towards the boldest place, 
(S. 4° W.) The portion of the shoal to'vards which the ebb sets is fouud to be a place of no 
activity of current, so that whatever is carried there lodges in the long gi·ass. The set of the 
re1mltant in the same direction shows the origin of the sandy strata of the fiats." I shall, at a 
future time, present the details of Assistant Mitchell's ingenious and persevering investigations 
in the Appendix to my report, when the subject is matured by him. 

In the connection with this ,,·ork of bis, I should refer to the ingenious instruments dovised 
for bringing up specimens of the materials of shoals, &c., at different depths, described in 
.Appendix No. 39. 

Resurveys of the principal islands have been made on a large scale, and with all the resources 
of topographical execution for which he is 1>0 distinguished, by .Assistant H. L. Whiting, of the 
Coast Survey; and the maps have been furnished to the commissioners, to show, by comparison 
with former Coast Survey work, the wearing away of the islands, and the formation of spit-a, 
beaches, and the }jke. 

TIDE TABLES. 

These have undergone a revision in the Tidal Division of the Coast Survey office, and a 
tide table for Key West, where the diurnal inequality is oonaidera.ble, has been added on the 
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same plan as that adopted for the Pacific coast, where the tides are of a similar type with 
these. The Key We8t tides arc the representation of those along the :Florida coast to Cape 
Florida, where the large diurnal inequality is much diminished, and the tides take the .Atlantic 
form. Also of those along the western coast of the Florida peninsula to Cape San Blas. 'l'lae 
same type is slightly shown between Isle Derniere, on the coast of Louisiana, and Galveston, 
on the coast of Texas. 

The tables in the .Appendix No. 16 give the f"orrected estabfo;l1ment or mean 1unitidal 
interval of one hundred and ten ports, the rise and fall o[ mean, sp1·ing. anJ neap tides, and 
the mean duration of the flood and ebb tide a11d of the stand between them. Rules are given 
which enable the navigator to compute the time and height of high and low water, and to 
correct the rough computations, if he chooses to go in!o details, fo1· half monthly and daily 
inequality. The tides of the Atlantic, Gnlf, and Pacific coasts are treated, and easy rules 
given in relation to tidal currents of the Atlantic coast. These tables are contiuually correctecl 
from the observations made at the permanent tidal stations, and chiefly with self-reg·istering 
instruments for both time nnd height. The results are regularly transmitted to the office aud 
there computed. 

TIDES AND CURRE~TS. 

The permanent tidal stations on the Atlantic, Gulf, and Pacific have been kept up as here­
tofore, six on the Atlantic coast, three on the Pacific, and two Oil the Gulf of :Mcxico.-(See 
.Appendix No. 18.) Two improvements in the self-registering gauges are uoticed in tlie report 
of Assistant Pourtales, in charge of the Tidal Di,•ision, one a method of keeping the gauge 
from freezing during the winter season by the use of kerosene oil, and the other a contrivance 
for equalizing the action of the weig·ht on the receiviug and deliYering rollers of the gauge, 
as the paper accumulates in one and is wound off the other. Through the kindness of Lieut. 
Dahlgren, U.S. N., the tide-gauge at the Washington navy yard is kept up. The obser· 
vations along the western coast of the Florida peni11sula having been kept up for a year, the 
gauges have been transferred to parts further westward, between St. Mark's and Last island, 
on the coast of Louisiana. The change of type of the tidal curve from the semi-diurnal, with 
a large inequality, into the diurnal type, which occurs between St. Mark's and Cape San Blas, 
is very gradual, as has been found by intermediate stations at Dog island and Cape St. George, 
coast of Florida. The observations in the Pensacola navy yard have been kept np by S. 
Thayer Abert, esq., engineer of the yard. Meteorological observations have beeu kept up in 
connection with the tidal ones. 

The current observations in Mobile bay, Boston harbor, and Buzzarc' s and Cape Cod bays 
are ~tive to special surveys, under which head they will be noticed. 

RULE3 FOR PHOTOGRAPHING, DRAWING, A:SD ENGRAVl:S-G OF MAPS, CHARTS, ETC. 

In 1845, and the years immediately following, the subject of the style of drawing and 
engraYing the maps and charts of the survey was discussed in great detail by Captain .A. A.. 
Humphreys, then assistant in charge of the Coast Survey office, and by Assistants John Farley 
and W. M. C. Fairfax and myself, with the aid of Meesrs. Selma1· Siebert, F. Dankworth, and 
John Knight, engravers. Great pains were ta.ken in that early stage of the work to introduce 
uniformity and system in the execution of the various kinds of office-work. In the numerous 
change3 of officers in charge of the office and its divisions many departures had occurred from 
this system. Besides, large numbers of maps and charts of different orders had been pub­
lished, and the criticisms upon them by navigators and others hud enlightened us Oil many 
doubtful points. The labor too of eno-raving the first class charts in th~ style adopted had 

' ., 0 ,. 

under the most favorable circumstances, proved greater than was expected. But above and 
before an other reasons, photography was to be introduced as a regular part of office detail, 
and g~t changes were neeeaaa.rily consequent. I determined therefore to have a thorough 
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revision of the whole system; to re-establish approved rules and usag~s, and carefully to study 
new ones; to avail ourselves, in short, of the experience acquired in the field and office for a 
new step in improvement. Assistant H. L Whiting, whose experience in field topography is 
greater than that of any other assistant in the survey, and whose success in all matters relating 
to representations of ground in the field and office is very great, was ordered to the office to 
study the whole subject. His communications with me, with the assistant in charge, the 
chiefs of the Drawing and Engraving Divisions, and with Mr. Mathiot, the draughtsmen, and 
the engravers, were constant, and subject after subject was passed in review by him, and all 
the experience and knowledge at hand were brought to bear upon the conclusions. As the 
subjects were matured and met my approval, they were embodied in a series of office directions, 
to be carefully observed by all concerned. 

It would lead to too much technical detail to give here the discussions of the subjects or the 
rules and directions adopted, but in justice to the labors thus accomplished I must briefly allude 
to the different matters embraced in Assistant Whiting's reports, and which were definitively 
settled for the present by office rules. 

The whole subject of topographical and bydrographic reductions was reviewed; the con· 
stituent parts of the map or chart; the representation of natural and artificial objects; the 
conventional signs; the lettering; and the figures, as especially adapted to the coast maps and 
charts 011 the scale of 815 ~- 00 , and those coming under the same rules. 

The subject of the scale of shade. by which ground is represented by lmchuros, was carefully 
gone over. The scale of Lehman and that of natural sines had been critically examined, 
in 1845, by Captain Humphreys and Assistant Fairfax, and a modified scale bad been adopted 
which represented more distinctly the smaller slopes from () 0 to 5°, and the higher slopes, at 
which Lehman's scale also fails to give distinctions. This scale of shade not only secures 
variety and picturesque effect in the maps, but, if thoroughly carried out, enables an expert to 
infer each slope accurately from the hachuring. The modifications introduced by the study 
of Mr. Whiting, aided by the researches of Mr. Mathiot, and the trials of Mr. E. Herges­
heimer, are briefly stated in Mr. Whiting's report, as follows: "The new scale proposed is 
based upon tho strong and effective line of Lehman, from 5° to 25°, (its best section,) and from 
25° to 40° it follows the line or curve of natural sines. This gives at 5° a proportion of one 
part of black to eight of white, and at 40° four parts of black to one of white. Within this 
range the scale has been found to answer all practical demands in representing natural contour, 
and is considered the best gradation of light and 11hade which experiment could develop. 
Beyond these well known and mathematical ba11es the scale is extended in the higher range to 
75°, and in the lower rnnge to 1°. This has been done by continuing the same strength of line 
as at 5°, with an increase of twenty-five per cent. of white for each degree from 4° to 1°, 
inclusive, which gives a distinct yet pleasing contrast between these important slopes. In 
the higher range the unit of black is increased twenty-five per cent. for the first 5°, and 
twenty-five per cent. each for the next three divisions of 10°, leaving the last 15° of slope, 
from 75° to 90°, in full black." 

This scale is at once practicable in execution and graphic in effect, and adheres with suf­
ficient closeness to that of the existing maps, avoiding some practical difficulties which expe­
rience had developed in representing the lowest and highest slopes. 

The lettering, which had originally been studied \''ith care by Assistant Farley, aided by Mr. 
F. Dankworth and Mr . .John Knight, engravers, was reviewed, and examples selected of -the 
most approved in each class. The conventional signs in the topographical maps were improved; 
and also in the hydrographic charts, with the aid of the officers in the hydrograpbic division, 
the tendency being to simplification. New gauges for the size of figures were adopted, thie 
former having, by general consent, been proved too small. 

It will be readily understood how photography requires ·an entire change of s,..tem ·in 
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reducing maps and charts. Distances on the field scale of 1~, '"hich are considerable 
quantities, are insignificant, and even disappear when reduced to the scale of 81rh0 , so that 
the outlines of two buildings, for example, distinctly separated on the surveying scale, when 
reduced in strict proportion, coalesce, and the buildings themselves appear as mere black dots. 
The importance to accuracy of retaiuing the large scale for surveying is too great to permit 
that to be given up. The very oLject of a large surveying scah! is to in:mre such accuracy 
that small aberrations will not be note-worthy on the reduced scales. Besides, the same 
region of country is represented on several different scales in the reduced charts adapted to 
in-shore and off-shore navigation, or to harbor purposes. Experience has sliown that these 
maps are also much sought and very useful as a general guide in improvement, often of the 
most important and widely useful kind. 

Again, photography copying faithfully on the reduced scale gives a perfect fac simile of a 
drawing, exhibiting minutely the style of the original. It is chimerical to suppose that 
any number of rules or amount of training will ever produce field drawings identical in style. 
It is with a man's drawing as with his handwriting; one drawing may be very like in style to 
another, as one handwriting is like another, and the faithful photograph represents the indi­
viduality of each style. A photographic reduction, then, from dra"·ings by several persons 
would represent various styles, and, reducing every part of the drawing proportionately, would 
blend all of a certain degree of fineness so that the unassisted eye could not separate or 
distinguish them. 

The difficulties usually supposed to apply to the reduction of maps by photography, distor­
tion, shrinkage, and the like, are not the most formidable ones, but have been overcome for 
some time. In bringing this art into regular use we studied what was wanted on the reduced 
scale of the map, and how it was to be procured. From this resulted a system of generalizing, 
easily applied to tracings, and embracing in the cases of contours the omission of the minor 
irregularities of the curves; in the case of shore-lines of the minor indentations and inflections, 
and so on. In the case of conventional signs the exaggeration of the dimensions of objects to 
he shown singly, (as single houses and the like,) and the grouping of those to be represented 
in masses, (as villages, towns, and cities,) complete the generalization for practical purposes. ~ 
These tracings occupy but little time, and the generalizations are made according to rules com-. 
pleted for the 8 0 ~ 0 0 scale of our coast maps and charts. As the photographic system super­
sedes t.he elaborate and elegant drawing of the former drawing school, coloring is introduced 
to show varieties in cultivation, wood, marsh, and the like. The generalization is made on a 
tracing on the full field scale. It is reduced one-fourth and studied, correcting any imperfoc­
tious before they are so far reduced as to make them difficult of detection. Then reducing 
one-half again, coloring the reduced photograph, and sharpening such of the details as need 
it, completes the engraver's pictorial copy. The photographic reduction is also made on glass, 
so that the distances may be measured, and the outlines taken, free from the expansion of 
paper. 

The modifications in the details of engraving formerly arranged by Capt. Humphreys, 
Assistant Farley, Messrs. Siebert and Dankworth,' and myself, flow naturally out of these 
changes, and have employed the ingenuity of Messrs. Whiting, Hergesheimer, Mathiot, McCoy, 
Rolle, John Knight, and Mr. Hinkle, to whose interest in the matter the work is much indebted. 

Assistant Whiting's reports on the interesting subjects of topographical contour and features, 
on hydrographic reductions and details, on photography, and on the scale uf shades, are given 
at length in Appendix No. 20. 

GEOGRAPHICAL POSITIONS, TABLE OF DEPTHS, ETC. 

The t&ble of depths and list of geogr&phical positions are given biennially, a.nd acoompattied 
!Dy last a.nnwtl report as Appendix No. 15 and Appendix No. 29. 
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The lists of topographical and hydrographic sheets will be extended according to the num­
ber received, and given every third year or oftener. Up to the }'ear 1859, the lists containing 
the titles of sheets received during the two years previous to the date of my report were 
given in tho Appendix Nos. 18 and 19. 

INFORMATION FURNISHED. 

The information furnished from tbe archives, under the authority of the Treasury Depart­
ment, during the past year, is stated in Appendix No. 6. The rule which requires fro~ 
publishers of maps and charts that acknowledgment slwuld Le made on tho face of the publi­
cation for the information derived from the archives is plain, and consistent with fair dealing, 
and the department exacts its precii;e fulfilment, so that the Coast Survey shall not be made 
responsible for more, nor receive credit for less, than the precise work communicated. 

STATISTICS. 

The table of statistics has been added to, so as to bring it up to the opening of the present 
surveying year, and is given in Appendix No. 7. 

Up to 1859, inclusfre, the triangulation had covered an area of nearly forty-eight thousand 
sqnarc miles; had dendopcd a general extent of coast of over four thousand, and a shore-liue 
of about twenty thousand miles, determining upwards of eight thousand geographical positions. 

For longitude detenninations, seventy-six stations bad been occupied; for latitude, one hundred 
and nineteen; and for azimuth, seventy-sevell stations. 

The topography had extended over an area of fifteen thousand six hundred square miles, 
having a general coast-line of over thirty-two hundred, and more than thirty-eight thousand 
miles of shore-line, measuring the indentations. 

The hydrography extended over an area estimated at fort.y-four thousand square miles, in which 
more than one hundred and eig-hty-four thousand mi1es were run in sounding; five million eight 
hundred thousand sounding-s made, and over eight thousand specimens of the bottom obtained. 

The number of manuscript maps and charts was one thous;rnd nine hundred and eighty-five, 
., and of engraved maps, chartE', and sketches, four hundred and forty-five plates. 

D[STRIBUTION OF REPORTS AND MAPS. 

The lists for the distribution of reports from the Coast Survey office have been thoroughly 
re·.-ised within the past year. There are now upon it over four thousand names of institutions 
and individuals. The demands for the rep0rt of 1858, of which a very limited edition was 
published, (sevBn thousand nine lmndred and fifty copies,) have been very embarrassing, as it 
was impossible to supply the number of copies required; Of the report of 1859 six thousand 
and two hundred extra copies were ordered by the Senate, and five thousand by the House of 
Representatives, of which eight thousand were to be distributed from the office. The report 
for 1858 was published on the 1st of February, 1860, and that for 185!}, it is expected, will be 
ready early in the session of Congress. 

More than six thousand copies of maps, charts, and sketches have been distributed from the 
office since the date of my last report, to institutions and individuals in all parts of the United 
States, and through the agency of the Smithsonian Institution to those in foreign countries. 

RECORDS AND RESULTS. 

I must again call attention to the fact that the appropriation for tl1e records and results 
merely enables us to prepare the materials from observations for publication, and not actually 
to publish. I would earnestly recommend that a sufficient amount be appropriated to enable 
us to make these publications while t11e results are fresh; but having dwelt upon this matter 
often, 11.nd shown it in its diffe,rent pointa of view1 it would be mere repetition to go again 9v~ 
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the subject. A volume of the Gulf Stream results is nearly ready in manuscript, and will be 
published if the balance with the disbursing agent of the Coast Survey permits. 

LABRADOR EXPEDITION, ETC. 

The subject of longitudes has been repeatedly referred to the Coast Survey by law, and 
every method known to science has been applied in the determinations required to con· 
nect our longitudes with those of ''well determined European observatories." The astro­
nomical and chronometric methods have been carefully applied, the former continuously, and 
we were prepared to use the telegraphic wire to Europe. 

TLe total eclipse of July 18 afforded one of the best opportunities for longitude determina­
tions i.n<l for correctious of the tables, as the central shadow passing across "\Vashiugton Terri­
tory into the British dominions, and leaving the coast of North .America near the northeastern 
part of Labrador, near Cape Chudleigh, crossed the southwestern portion of Europe in very 
accessible portions of Spain. The European expeditious announced were to include the lead­
ing astronomers of many countries, and it was a rare opportunity for us to co-operate in these 
world-wide observations. The interest excited by it in many of our statesmen is shown by the 
history of the legislation. .A resolution (Appendix No. 21) was offered in the Senate of the 
United States, by the Hon. James .A. Pearce, of :Ma1J'land, on the 8tli of May, referred to the 
Library Committee, reported to the Senate, and adopted by a large vote on the same day. 
The resolution was moved in the House of Representative:;; as a report from the Library Com­
mittee, by the Hon. John U. Pettit, of Indiana, on the 12th of May, and adopted by a large 
vote on the 12th of June. The joint resolution thus passed was approved by the President 
of the United States on the 15th of June. 

As directed, I proceeded to organize the expedition, assigning the Coast Survey steamer Bibb, 
Lieut. Comg. Alexander Murray, U.S. N., to the service, and placing it under the charge of Ste­
phen Alexander, LL.D., of the College of New Jersey-one of the most experienced m•trono­
mers in this speciality in the United States; associating with him, under the terms of tl1e law, 
four astronomers, viz: President F. A. P. Barnard, of the University of Missi::!sippi; Professor 
Venable, of the College of South Carolina; Professor A. 1V. Smith, U. S. N., of the Naval 
.Academy of Annapolis, and Lie11t. E. D. Ashe, R. N., director of the observatory at Quebt:c­
all volunteers in this 1nteresting scientific enterprise. As assistants were added: for astronomy, 
William Henry, esq., of \Vashiugton; for meteorology, O;;car M. Lieber, esq., geologist, of 
South Carolina; Edward Goodfellow, assistant in the Coast Survey, and Samuel Walker, aid, 
for magnetic observations; Mr. Duchochois, of New York, volunteered to go as photographer 
to the expedition, and Mr . .A. W. Thompson, aid in the Coast Survey, was as9igned as his 
assistant. 

Through the liberality of the following named individuals and institutions, the sum of eleven 
hundred dollars was placed at my disposal for the personal and scientific expeuses of the expe­
dition: the Smithsonian Institution, of Washington; Columbia College, N e\v York; J. Lennox, 
esq., and Lorillard Spencer, esq., of New York" and Doctor Thomas B. Wilson, of Newark, 
Delaware. 'l'he Photographic.al Society of New York, through their president, Doctor Draper, 
i~terested themselves in supplying a volunteer for this service, and L. M. Rutherford, esq., 
hberally provided the outfit of apparatus and instruments, and gave tbe benefit of his experi· 
rience and of his observatory in the preparations for photographing the sun. 

With great zeal Lieut. Comg. Murray and his officers prepared their little steamer for t.his 
distant, arduous, and somewhat dangerous service, and she left S cw York on the 28th of June, 
arriving at Sydney, Cape Breton, where she took in a supply of coal, on the 3d of July, a1:d 
at Aulezavik, in latitude 59° 47' 49" N., and longitude 4h. lGin. 53s. W., on the 13th. 

I had previously communicated personally wit.h Professor Alexander, and given written 
memoraada Mter our oonferellef', which he was to discuss with his colleagues, in conjunction 
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with whom the detaiJs of arrangement were to be finally determined. The officers of the 
vessel were associated with the party as aids, and hydrograpbic instructions were given to 
Lieut. Comg. Murray. All these matters were fully, carefully, and satisfactorily attended to 
by Professor Alexander, so that on arriving at their haven of Aulezavik each one knew what 
was to be his contribution to the general movement. 

The manner in which this was accomplished, the proceedings of the expedition on the voyage 
and on their arrival at .Aulezavik, the preparations for the observations, the observations them­
selves and their results, and the return of the expedition, are all lucidly stated by Professor 
Alexander in his report, (Appendix No. 21,) which, with extraordinary promptness, was handed 
to me, with all the sub-reports, on the arrival of the steamer Bibb in the harbor of Newport, 
on the 7th of August. The American .Association for the .Aclvancement of Science was in 
session at that time in Newport, and received the returning astronomers with hearty greetings, 
and their statement of the results obtained, with much interest. Theu return was the more 
opportune that, as Professor .Alexander had been the president of the meeting of last year, an 
address from him was therefore due, and President Barnard was the president elect for the 
next year of the association. 

The successful carrying of this expedition to the point desired, and its safe return, were 
subjects of congratulation to all, and reflect the highest credit upon Lieut. Comg. Murray and 
his officers. To the cordial co-operation of all the members of the expedition the success 
which attended their efforts was greatly due. 

The report of Professor Alexander, and the sub-reports joined to it in the Appendix, (No. 
21,) give all desirable details in reference to the scientific proceedings and results. The deter­
mination of latitude and longitude of the elevation, &c., of the station; of the magnetic decli­
nation, dip, and intensity; the distribution of labor before, on, and after the eclipse day, (the 
18th of July;) the instruments used; their mounting; tbe character of the weather; a detailed 
synopsis of the observations made, including those of tbe times and physical phenomena; 
the photographic results, are all fully stated. The sub-reports on meteorological observations, 
by Professor Venable and Mr. Lieber; on magnetic observations, by Mr. Goodfellow and Mr. 
Walker; of Doctor Barnard, Lieutenant Ashe, R. N., Professor Smith, U. S. N., Profossor 
Venable, and Mr. Lieber, on the physical and other phenemena observed by them during the 
eclipse; of Mr. Duchocbois and Mr. Thompson, on the photographic methods and results; of 
Messrs. Platt, Nones, and the seamen of the steamer; and of Surgeon's Steward Collins, which 
accompany Professor Alexander's statement, complete the details of the account of the labors 
of the party. 

It was a gratifying result of the foresight with which mattere had been arranged, that though 
the astronomers were deprived of the sight of the corona by the interposition of clouds, it was 
Been and well observed on ship-board by the petty officers and seamen who had been assigned 
their part in the observing. Professor Alexander mentions with special approval the services 
of Engineer French and of Acting Sailing-master Platt, of the steamer. A. brief but interest­
ing report on the geology of the region visited, with a map, and of the hydrography, with 
maps and sketches, have been more recently forwarded by Oscar M. Lieber, esq., and Lieut. 
Comg. Alexander Murray, respectively. 

It would be out of place here to dwell upon the results which are thus fully developed by 
the officers of the expedition. The report is of very moderate dimensions, and will thoroughly 
repay a careful perusal. The observations of the time of the several phases will be referred 
to the Computing Division for its use. 

In complying with the terms of the joint resolution of Congress, the whole expense to the 
government of this exp-edition, over and above the ordinary expenditure of keeping the party 
together, was for the coal used, engineer stores, and incidental repairs to the hull of the ve6*el, 
a.mounting to less than two thou.sand doU•s. The &eientific expenditure was botne .fiom · tbe 
contribution fund. 
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Thirteen photographs of the eclipse, and thirty-six. stereoscopic views of the coast of Labrador 
and of the doings of the party, were made by Mr. Duchochois, and are deposited in the archives 
of the Coast Survey. 

Through the kind and intelligent interest of Sir .Alexander Bannerman, governor of New­
foundland, and Sir George Simpson, of the Hudson's Bay Company, the party in the steamer 
Bibb were provided with such credentials as would have secured, in case of need, the sympathy 
and assistance of the officials connected with their respective departments on the coast of Lab­
rador. The friendly letter of the governor of Newfoundland, advising mo in regard to his 
action in the premise.,, expresses good wishes that must have been prompted by a full appre­
ciation of the importance of the object in view. 

In .Appendix No. 41 will be found a statement of the particulars of the expedition to the 
coast of Labrador, in the form of a report from Lieut. Comg. Murray, who was in charge of 
the steamer Bibb. 

The solar eclipse of July was successfully observed at a station near Fort Steilacoom, Waah­
ington Territory, by Lieutenant J. M. Gilliss, U. S. N., who was assigned to the Coast Survey 
for that purpose, on his volunteering for the service, by the honorable Secretary of the Navy. 
The report of Lieutenant Gilliss, and many results of interest, with the particulars of the 
undertaking, are given in Appendix No. 22, and alluded to under the head of Section XI. 

OCCULTATIONS OF PLEIADES, ETC. 

During the year the charts of predictions of occultations of the Pleiades have been forwarded, 
in pursuance of the general plan proposed by Professor Peirce, of Cambridge, Mass., and 
committed to his execution, and one hundred and thirteen results haYe been received from 
observatories and stations in the United States and in Europe. The computations have been 
made as heretofore, by Mr. Edward Pearce, jr., under the general direction of Professor 
Peirce. 

The list now embraces twenty-eight stations in America, and a like number in Europe. 
Charts for the series of October 14 and December 8, 1859, and of January 4, February 28, 

June 16, and September 6, 1860, were forwarded to the foreign stations, and records of the 
observations of the series of December 8, February 28, and September 6, have been received. 
To the .American stations charts for the series of October 14, 1859, and January 4, March 26, 
July 13, September 6, and October 3, 1860, were sent; and of the first four the returns have 
been received at the office. 

At the Coast Survey station on Gunstock mountain, New Hampshire, occupied by my p11rty 
this season, the occultations of the 13th of July were observed, and the times Qf immersion 
and emersion of four stars of the Pleiades group carefully noted. Valuable series of observa­
tions at this epoch, within four days of the solar eclipse, were also obtained at the U. S. 
Military .Academy, West Point; at Southwick, Mass.; and under somewhat less favorable 
circumstances, by Professor Gobel, at Newport, Mo. 

Observations also of the occultation of the pfanet Venus by the moon on the 24th of April, 
and of two stars on the 6th of March, have been communicated; the fit-st by Professor W. B. Jack:, 
of Fredericton, N. B.; and those of the second date by J. Hartnup, esq., of the Liverpool 
Observatory, England. 

The records of forty-two moon culminations observed at Cincinnati have been furnished by 
Professor 0. M. Mit~hel. 

MAGNETIC VARIATION OR DECLINATION. 

One of the contributions to general physics bearing upon the determination of the magnetic 
'Variation, .or declination ae it is now more generally called, wl1ich was commenced in my report 
of wt year, is i'ullowed in this. The practi~l end is, having given a measurement of the 
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variation of the needle at any hour of the day, or on a particular day of the month in a certain 
year, to reduce it to the mean of that year, month, and day. This may he done by tables 
given in tho memoir, .Appendix No. 23, or by the diagram on Sketch No. 7. The diagram 
corresponds to a table of double entry, the hours of the day being at the top and bottom, and 
the months of the year at the sides. The reductions for the position of the needle are 

, represented by the lines of equal change for every half minute. .A surface is thus artificially 
roprcscntcd, which shows to the eye, in curves of equal reduction, the changes of the needle­
onc surface for the changes to the east, and one for those to the west. Comparing this with 
the mode of representing surfaces (of the ground for example) by horizontal curves, the hills 
and valleys represent the changes. The average line is also traced on the diagram. If, 
then, we would find a correction to be applied to a certain observation, we enter the 
diagram with the hour of the day, and draw a line parallel to the side border, and with the 
month, drawing a line parallel to the upper or lower edge; from the meeting point of these 
two lines erect a perpendicular to the plane of the paper, and where it strikes the curved 
surface gives the amount of change; or practically, at the intersection of the two lines first 
drawn will be found the projection of the point which shows the change. If it is on one of the 
curves, simply read it off; if between two, make a proportionate allowance . 

.Another practical matter derived from this discussion is, the best time of day for observing 
the magnetic variation. The hours during the year which vary least from the average of the 
whole year are those corresponding to the greatest western declination, and to the morning 
mean declination. On the average, these hours are lh. 16m. p. m. and lOh. 26m. a. m., both 
of which are very convenient for working. The greatest difference in the time of occurrence 
between any one month and the average of all is, for the greatest western declination thirty­
one minutes, and for the mean twenty-eight minutes. So the surveyor or navigator will be 
safest in using these hours for his determinations of the variation of the compass. The whole 
subjed is eminently a practical one, though reached by a scientific discussion which seems to 
pass much beyond the bounds of the practical. 

A general idea of the discussion may be had as follows: The observations consisted in 
ascertaining, by Gauss's new instrume11ts, the position of the magnetic needle or bar every 
hour or every two hours in the twenty-four for a period of five years, or from 1840 to 1845. 
The history of them and of their publication is given in my first paper.* The first step was 
to examine the observations, and take out those which were affected by auroras or magnetic 
storms. This was done by Peirce's criterion, a mathematical formula which, by comparing 
separate observations with the mean, enables the computer to know whether the result will be 
nearer the truth, or more probable with or without the observation in question, and thus to 
reject doubtful observations-not by an arbitrary process or by a biassed judgment, but by rigid 
computations, which show these results to be accepted and those to be rejected. The magnetic 
observations thus freed from disturbances, the places of the rejected ones are filled np by the 
most probable averages. In examining the results, the first large change appeared, having a 
period of eleven years. This had been, previously, well made out by General Sabine, in the 
disclll1'$ion of the resnJts of the British observations in the great combined system with which 
these Girard College observations had been connected. The agreement of this period, and of 
the disturbances with the period of the greatest number, and magnitude of the solar spots was 
traced, giving thus a glimpse of the meteorology of the sun by the study of these ehanges in 
the magnetism of the earth. Ta.king out these periodical changes, the results were next 
examined for daily, monthly, and yearly change . 

.A table being formed in which the hourly mean poaition. of the needle for each month is 
compared with the average position for the month, the faw of change from hour to hour, and 
from month to month, appears. The annual change from month to month follows the earth's 

0 8mit11sonian Contributions to Knowledge, 1S59, Vol '.XI; and Coast Survey llepott for 1859, Appendiit. No. tz. 
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motion in its orbit. It is greater here in the winter than in the summer months. Taking this 
change as manifested from hour to hour in the twenty-four, it shows the points of greatest 
variation, the first between six and seven a. m., disappearing at a quarter before ten a. m.; the 
second, smaller than the first, at one o'clock p. m., disappearing shortly after five p. m.; and a 
third, still smaller, after nine p. m., disappearing half an hour before midnight. These changes 
cause the north end of the needle to be deflected more to the eastward in the summer about 
six or seven o'clock a. m., and more to the westward in winter. At about one o'clock p. m. 
they cause the north end of the magnet to be carried more to the westward in summer, and to 
the eastward in winter, and so cause an increase of apparent diurnal moYement in summer, 
and a diminution in winter. This amounts to between two and three minutes of arc at 
Philadelphia. 

Taking out the annual change and.its inequality, we can compute the mean annual value of 
the regular solar diurnal variation with an uncertainty, at the greatest, of but eleven seconds 
of arc. In the early morning hours the north end of the magnet moves to the eastward, 
reaching its least western deflection at about a quarter before eight a. m. It then returns west­
ward, reaching its greatest western deflection at a quarter after one o'clock p. m., and again 
moves slowly to the eastward. The diurnal curve presents but a single wave, slightly inter­
rupted by a deviation in the hourR near midnight. This, it will be perceived, is an important 
step in the theory of the sun's action on the magnet for the apparently double-headed curve 
of the day, that is, a curve with two maxima and two minima, has been reduced to a single­
headed one, or one with but a maximum and minimum. In other words, the solar magnetic 
tide of the day, instead of having, like the tides of the ocean, two flows and two ebbs in about 
twenty-four hours, has but one ebb and one flow, resembling the tides of the Gulf of Mexico, 
and not those of the .Atlantic. .And this is contrary to the appearance of things from the crude 
observations which presented two tides. 

After thus representing the changes of short period in the sun's action, that from year to 
year is deduced, and the res1dual numbers are arranged so as to represent the moon's action 
on the needle. The discussion of this constitutes the subject of the next paper, Appendix No. 
24, in which are shown, following, as before, the methods of discussion of Sabine, Lloyd, and 
Kreil, the double lunar magnetic tide which takes place in the lunar day, and amounting to 
some twenty-four seconds of arc; the single tide in the same day, which, combined with the 
former, gives the observed magnetic tide; the inequality corresponding to a solar year; the 
probable changes of position at the change and full; and the doubtful effect of the moon's 
position north or south of the equator, or of the moon's distance from the earth. This exhausts 
the subject as far as we now perceive, and reduces the residual quantities to numbers 
corresponding to the probable errors of the quantities used. 

The connection of the solar spots with magnetic disturbances, and general changes of magnetic 
declination having been made out with a very reasonable degree of probability, I have not 
hesitated. to avail myself of Assistant Schotes offer to observe regularly the solar spots after 
the method of Carrington and Wolf. They a.re observed by projecting the sun's image upon a 
screen, and drawings are made of the sun's disk for position and number of spots, and also of 
the several spots in detail. The mode of observing, and the results for seven months, are 
given in Appendix No. 25, in Mr. Schott's report. This is an interesting contribution to 
general physi-Os, having a. direct bearing also upon our magnetic results. 

MAGNETIC STATIONS AT KEY WEST AND EASTPORT. 

Two magnetic stations have been established, which, in communication with the magnetic 
observatory of the University ot Mississippi, will fumish the required corrections for our 
Atlantic and Gulf magnetic observations. The observations at these stations will be in con­
nection with the new series d observations contemplated under the direction· of the British 
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government. The Key West station is established in connection with the Smithsonian Insti· 
tution, and the instruments are those which were furnished for the obliervatory in the Smith· 
sonian grounds. The report of Professor Trowbridge, who established the station at Key 
West, gives a full account of the station due to the liberality of the Engineer department and 
its fitting up ; of the instruments, their mounting and adjustment; of the determinations of 
their scales and corrections; of the method of applying photography to the registration of 
the magnetic results; of the experiments to determine the constants of the instruments and the 
magnetic constants of the station; the provisions made for the continuance of absolute obs.er· 
vations of declination, dip, and intensity, with portable instruments, and of the differential 
observations of the magnetic elements by the photographic registry of results, and the like.­
(See Appendix No. 26.) I have judged it expedient to publish this report in full, as it will 
be useful in the case of establishing similar stations in the United States. The photographic 
traces are now regularly received at the office of the Coast Survey in Washington. 

The station at Eastport, Maine, is combined with a tidal station, and is for absolute determi· 
nations, on four days of each month, of the declination, dip, and intensity. The observations 
were commenced in January, 1860. The Appendix No. 27 contains a memorandum in reference 
to the station by Assistant L. F. Pourtales. 

A continuation of the list of determinations for magnetic declination, dip, and intensity, 
given in my report for 1858, is contained in the Appendix (No. 28) of this report, and an 
additional list giving the results of determinations made by Assistant C. A. Schott, in Ap· 
pendi:x. No. 29. 

GULF STREAM. 

The results of the Coast Survey explorations of the Gulf Stream, in as condensed a form 
as I have been able to give them, are contained in Appendix No. 17, being the substance of 
a lecture delivered before the American Association for the Advancement of Science, and by 
their request. The progress, especially of the temperature inve'stigations, those most charac-
teristic of the stream, is stated under the following heads: · 

I. Type curves of law of temperature, with depth, at· the most characteristic positions. 
II. Type curves of disturbance of temperature across the 8tream. (a) Curves of tem­

perature at the same depths. (b) Curves of depths at the same temperature. 
III. The cold wall. 
The diagrams will enable the reader to follow the different statements made in the lecture, 

and the final description of the stream from the Gulf of Mexico to the parallel of forty, north 
latitude, will be understood by the general map, (No. 21,) which is the last of the Gulf Stream 
plates. 

This summary, though drawn from previous discussions in my reports, presents the subject 
in a more methodh::al way than I have heretofore been able to handle it, and so may be useful 
to navigators who desire to become familiar with this important feature of the coast naviga· 
tion, so as to subject its peculiarities of warmth and current to their uses. 

FORMULA:, ETC. 

For the purposes of the field parties, tables of the form given in Appendix No. S6 a.re used 
in computing latitudes and longitudes from the triangulation, and they are now presented for 
practical use to avoid the necessity for frequent copying, which bas been hitherto required of 
the Computing Division of the office in order to meet the calls for them. 

In the discussion of physical problems, frequent application is made of formulro for inter­
polation. The formulre of Cauchy b~ing very useful. in many cases, a notice of them has 
b~en prepared by Assistant C. A. Schott, accompanied by an example for illustr•tion, '\.yb,ich 
will be found in Appendix No. 37. 
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To facilitate the construction of contour lines on the plane-table sheets in localities in which 
the surface level is much broken, the table in Appendix No. 38 has been computed by Mr. 
Schott. It is based on the units of length actually in use, and will be found convenient for 
the purposes intended by topographers generally. 

REIGaTs. 

In conjunction with the Smithsonian Institution, we have been engaged for some years in 
endeavoring to obtain all the data existing for heights in North America. During the past 
year a new circular has been issued to the engineers, presidents and superintendents of rail· 
roads, and to geologists, explorers, and other men of science, to obtain additional re1mlts, and 
with much success. To the entire number issued, two hundred and fifty replies have been 
received. These furnish data for the height above tide of about thirteen thousand points, of 
which a large portion has been contributed by the explorations for routes for the Pacific railroad, 
and a considerable number by other surveys of the government. The material received has 
been mapped by Mr. W. L. Nicholson, who is charged with the detaHs of the work, so as to 
indicate whether the data were likely to suffice for the construction of ccmtour lines of the 
surface of the continent, and to show where they would be deficient for that purpose. Sources 
of information have been pointed out, of which we have not yet been fully able to avail 
ourselves, but the work has, in a general way, made good progress, and will be earnestly 
prosecuted. 

EXPERIMF..NT AL INQUIRIES. 

During the year a series of very elaborate experiments has been in progre~s under the gen­
eral directionof Assistant J.E. Hilgard, by Mr. W. L. Nicholson and Mr. Joseph Saxton, of the 
Weights and Measures, assisted by Mr. Thomas McDonnell, on the comparison of the standard 
bar, used as a comparing bar in the base apparatus, with the standiird metre, and also on the 
expansion of the standard bar by heat. These are very laborious and difficult experiments, 
and the details are not yet ripe for a report. 

INSTRUMENTS AND APPARATUS. 

As promised in my last report, the apparatus for deep-sea soundings, invented by Professor 
Trowbridge, has been tried in the soundings across the Gulf Stream, from the Tortugas to the 
southward and westward, and then to the coast of Cuba, west of Havana. The results are 
very satisfactory, and Professor Trowbridge is now enga.g~d iu adapting the invention to one 
of the vessels of the survey for regular use. 

Assistant Henry Mitchell has invented two ingenious instruments for bringing up specimens 
of mud and sand from below the surface of the bottom on shoals, &c., at moderate depths. 
They are figured in Sketch No. 40, and described in Appendix No. 39. 

Mr. J9hn R. Gilliss, temporarily employed in, the Tidal Division, has invented a three-arm 
divider for decomposing tidal curves, which is quite a labor.saving piece of apparatus. .A. 
drawing is shown on Sketch No. 40, and the method of applying the instrument in Appendix 
No. 40. . 

OFFICERS OF THE ARMY. 

Lieutenants W. G. Gill, Geo. Bell, N. H. McLean, Wm. Craig, and O. D. Greene, have 
been detailed for coaat tJervice within the year. Lieuts. Gill, Bell, Craig, and Greene, are 
atta<?hed to field parties to give them training as chiefs of triangulation parties, and Lieut. 
lrrlcLean has been assigned to the office. Orders were issued detaching Lieut. Hill from the 
survey, but, cat my earn.eat request, the Hon. Secretary of War allowed him to temain until 
after the close of tlte session of Congress, his services being of specie.I importance in tbe oftice; 
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and the period of Lieut. Terrill's service was extended, on my application, by the same officer, 
to that established by the regulations of the War Department. 

Lieut. Thos. Wilson has been in charge of the Drawing Division, in place of Lieut. Tidball; 
Lieut. J. R. Smead, of the Engraving Division, in place of Lieut. Saxton; and Lieut. N. H. 
McLean, in charge of the Miscellaneous Division, in place of Lieut. Roy. Lieuts. Tidball, Sax­
ton, and Roy, as stated in my last report, have been relieved from service on the Coast Survey. 

The names of the officers of the army now serving on the Coast Survey are given in Appen· 
dix No. 3. 

OFFICERS OF THE NAVY. 

The following changes have taken place in the officers of the navy attached to the Coast 
Survey during the past year: Lieutenant Guthrie has taken the place of Lieutenant T. B. 
Huger, in command of the steamer Walker. Lieut. Washington Gwathmey, Passed Assistant 
Surgeon James Suddards, and Midshipman F. B. Blake, have been detached, and Lieut. W. 
Ronckendorff and Lieut. Silas Bent have been attached. The first-named officer has commanded 
the schooner Arago, and the latter named is attached to the office, rendering very useful service 
in the Hydrographic Division in the revision of charts, for which his experience and qualifica­
tions are of a high order. 

Other changes which have been effected at the close of the surveying season, as operating 
more particularly on the service of the coming year, will be more properly stated in my next 
report . 

.A complete list of the officers of the navy on Coast Survey service, September 1, 1860, is 
give~ in the Appendix No. 5. 

The inspection and repairs of the vessels used in the survey have been continued under the 
charge of Commander S. S. Lee, whose zeal and industry I have already had occasion to 
recognize. 

AIDS TO NAVIGATION. 

The recommendations of the chiefs of hydrogrnphic parties in relation to beacons, buoys, &c., 
will be found in .Appendix No. 43. They have generally been reported at the time of receiv­
ing them, through the Treasury Department, to the Light-house Boa.rd. 

OBITUARIES • 

.Assistant Wilson Y. C. Fairfax, who died on tho 8th of August, 1860, entered the Coast 
Survey under my predecessor in 1843. He was educated at West Point, and combined the 
rare qualities of field a.nd office usefulness. It was in the latter capacity that he proposed to 
serve; and as a topographical draughtsman he was without a superior in the country, perhaps 
in the world. Combining a full mastery of theory with the feeling of the artist, his work was 
in accuracy and in effect of the highest order. His laborious habits and conscientious modes 
of action made him an example to his juniors in the service, while his amiable and retiring 
character secured their g-0od will. With characteristic :fidelity his la.hors and his life· ended 
almost together. He died at the age of sixty·two years • 

.Assistant John Seib, who entered the survey in 1'848, and was one of its most industrious 
and competent topographers, died suddenly in Washington, on his way to section V, on the 
23d of December, 1859. Hr. Seib was one of those men who are exclusively devoted to their 
professional occnpa.tioos, finding their pleasure in constant employment. Hence a.11 his pcnyers 
were concentrated ap9n hie work, and he was always with rare intervals in the field. His· 
amiable charaeter ma.de him generally r~etted. 

Mr. J. V. N. Throop, long known in W~iogton as an engraver of skill, has for many JleMS 
worked on contracts for the Coast Survey, imci :for StWeral been regularly engaged in ihe. otliee. 
His health has failed within the Ui.st two y~ .and· he. died, after much auffering, oa the ad 11f 
July, 1860. · 
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Mr~ E. H. Fauntleroy, a young man of great promise, and son of one of the most efficient 
assistants, whose loss it was the misfortune of the Coast Survey to deplore at an early period 
in its progress, died suddenly at San Francisco, on the 25th of May, 1860, in the performance 
of his duties as aid in the party of Assistant Davidson. 

From the date of his entrance on the survey, in 1858, Mr. Fauntleroy had shown himself 
especially adapted to the profession of his choice. Possessing all the qualities that adorn 
private life, he had the rare fortune to unite them with abilities of the most promising order. 

His untimely death, after a brief career of usefulness, has proved as well a loss to the work 
under my superintendence, as a source of lively regret to the chief with whom he was asso­
ciated. 

PART II. 

The detailed account is next to be given of the work in the field, afloat, and in the office, 
arranged in the order of geographical sections, and under each section under the sub-divisions 
of field-work, including geodesy, topography, and bydrography; and of office-work, including 
computations, drawing, and engraving of maps and charts. 

SECTION I. 

FROM PASSAMAQUODDY BAY TO POINT JUDITH, INCLUDING THE COAS1' OF THE STATES OF MAINE, 
NEW HAMPSHIRE, MASSACHUSETTS, AND RHODE ISLAND.-(S> ncu A, Nos. 1 un 2.) 

The details will be stated under the following heads generally: 
1. The continuation of the primary triangulation of the coast of New England, with deter· 

minations as at other stations in the series for latitude, azimuth, and the magnetic elements. 
Special astronomical observations were made at Gunstock mountain, N. H., in connection with 
the solar eclipse of the 18th of July. 

2. Progress made in the secondary triangulation of the coast of Maine, bcluding part of 
Passamaquoddy bay. 

3. The.triangulation of Frenchman's bay, and determination of topographical points for its 
survey. This work is connected with the Epping base, Me .. 

4. Secondary triangulation of the coast of Maine, including the lower part of Penobscot bay 
and the islands at its entrance; also Rockland harbor, and the shores generally as far up as 
Camden, Me. 

5. The completion of the triangulation of Yuscongus bay. 
work for the plane-table snrvey of the rivers emptying into the 
that of tbe Kennebec and Androscoggin. 

Points are furnished by this 
bay, and for the completion of 

6. Progress in the topography of the peninsula. between the Sheepscot and Kennebec rivers, 
leaving only a small portion at its southern extremity to complete the work in that vicinity. 

7. Detailed survey of the shores of Merrymeeting bay, in connection with supplementary 
details of topbgrnphy on the shores of Kennebec river. 

8. The topogmpliy of Harpswell Neck and neighboring islands, Casco bay . 
. 9. Topographical resurvey of islands and parts of the inner harbor of Boston for commis­

sioners. 

10-•. ltinute plane-ta.b~ 1>l1M'ey, for committee of the Massachusetts legislature, of the courses 
and-~ici.nity of the SeuS10et and lfonumet rivers, between Cape Cod bay and the he:i.d of Buz­
zard's bay, lfass. 



 

S2 REPORT OF THE SUPERINTENDENT OF 

11. Topography continued on the shores of Barnstable bay, between the mouth of Scusset 
river and Barnstable harbor. 

12. In-shore hydrograpby extended from Damiscove island eastward across the approaches 
of Muscongns bay. 

13. Damariscotta river sounded out and connected with the coast hydrography. Many dan­
gerous reefs and ledges were developed in the progress of this work. 

14. The development of .Jeffrey's bank and Jeffrey's ledge by transverse lines and soundings 
made along their axes. · 

15. Deep-sea soundings made on a line from Cape Ann to Seal island, N. S. 
16. Special hydrography executed in the vicinity of the inner harbor of Boston for commis­

sioners. 
17. A special hydrographic survey at the mouth of Scusset river (Cape Cod bay) for the 

legislature of Massachusetts. 
18. Further development in the general bydrography of the Nantucket shoal<!, showing an 

extensive and well-defined shoal six miles long and twenty-four miles southeast from Davis's 
south shoal. 

19. Special observations on the currents of Boston harbor, and on the tides and currents of 
Cape Cod bay and Buzzard's bay. These were made in connection with hydrographic resur­
veys for separate commissions having in charge the special interests of navigation in the two 
localities. 

20. The establishment of a magnetic station at Eastport, Me., and determination of the 
magnetic elements at several stations on Cape Cod peninsula. 

21. Tidal observations. 
Ojfice-work.-The drawing and engraving of coast map and chart No. 14:, from Buzzard's bay 

to Block island; the drawing of the chart of Portland harbor; and the engraving of prelimi­
nary sea-coast chart No. 4, from Cape Cod to Saughkonnet Point, have been completed; as 
also the engraving of charts of Rockport harbor, Lynn harbor, Muskeget channel,(new edition.) 
and additions to the progress sketches and plates of charts issued in former years. Progress 
has been made in the drawing and engraving of preliminary sea-coast chart No. 3, from Cape 
Small Point to Cape Cod; also on coast maps and charts Nos. 8 and 9, from Seguin island to 
Cape Ann; on No. 11, from Plymouth harbor to Hyannis harbor; in the drawing of preliminary 
sea-coast chart No. 2, from Isle au Haut (Penobscot bay) to Cape Elizabeth; in that of the 
charts of the Sheepscot and Kennebec rivers; on coast map and chart No. 7, from Muscongus 
bay to Portland harbor; and in the engraving of coast maps and charts Nos. 12 and 13, from 
Monomoy to Martha's Vineyard. 

Geoddic, astronomical, a.nd magnetic obaervations.-The party under my immediate direction 
was organized early in June to continue the primary triangulation of the coast of New Hamp· 
$hire a.nd Massachusetts. The preliminaries required in the erection of signals and posting 
the heliotropers were attended to, as heretofore, by Assistant G. W. Dean, and the prepara­
tions required for occupying the stations were made, as usual, by Mr. Thomas McDonnell. 

Station Gu~tock, in the township of Gilford, Belknap county, New Hlilmpshire, was first 
occupied. The measurement of horizontal angles was commenced there on the 11th of July; 
and the weather continuing :unusually favorable, the work advanced rapidly until the 15th of 
August, at which date the various operations were satisfactorily completed. Arrangements 
were made for the immediate transfer of the party and instruments to station Wach118ett 
mountain, situated in East Princeton township, Worcester ~ounty, Massachusetts. 

While the preliminary preparations were. being made at W achusett, Assistant Dean, aided 
by Sub-Assistant R. E. Halter .a.n~ 111. R. H. TalcottJ measured the necessary a.ngles at the 
station on Unkonoonuc mQUnt$n.for ~in lfont1,.Qnoo with the series of primary triangles. 

The operations &t Gunstock included the measurement of twenty-three horizontal a.ogJes 



 

THE UNITED STATES COAST SURVEY. 33 

with the thirty-inch theodolite; vertical angles with the eight-inch Gambey circle, C. S. No. 
57, upon nine stations; azimuth with the large theodolite; determinations for latitude with the 
zenith telescope;. occult.ations of the Pleiades observed on the night of July 13, and the eclipse 
of the sun on the 18th of that month, for longitude purposes; the determination of the mag­
netic elements; and the usual meteorological observations. These, in connection with other 
operations, will be noticed in more detail presently. During the latteI· part of the season the 
weather was not so favorable for work as it had been in July and August. 

The measurement of horizontal angles at station Wachusett was begun on the 13th of Sep­
tember, and by the 16th of October the geodetic, astronomical, and magnetic observations 
were completed. 

Primary triangUlation.-At station Gunsfock eleven hundred and thirteen observations were 
made with the thirty-inch theodolite, C. S. No. 1, upon ten signals and an elongation mark. 
The heights of the stations connecting with it were determined from six hundred and fifty-four 
measurements of vertical angles with the eight-inch Gambey vertical circle, C. S. No. 57. 

At Unkonoonuc station four hundred and thirteen measurements were made with the large 
theodolite, on three signals, for the horizontal angles. 

At W achusett eleven hundred and seventy observations with the same theodolite were 
recorded. These were made on ton primary signals and the elongation mark, and the heights 
of nine of the stations were ascertained by three hundred aud fifty measurements of the ver­
tical angles. 

The most distant signals observed on during the season wore those on Gunstock and Waohu­
sett, being about seventy-six miles from each other in a direct line. Five others upon which 
measurements were made were from fifty-five to seventy miles apart, and tho average distance 
of the remaining ones was forty miles. 

The relative positions of the several stations may be seen by reference to Sketch No. 1. 
The area embraced within the completed triangles, estimated in the usual way, iR thirty-six 
hundred square miles. 

Latitude.-With the zenith telescope, C. S. No. 5, three hundred and twenty-eight observa­
tions were made at Gunstock on forty-seven sets of stars, and the arc value of the micrometer 
was carefully determined from one buudred and twenty-two readings on Polaris and sixty read­
ings on star No. 240 B. A. Catalogue, near their eastern elongation. The local time was ascer­
tained from two hundred observations made with the twenty-four inch transit, C. S. No. 10, on 
forty-two 2enith and circumpolar stars. 

At station W achusett three hundred and twenty-two opservations with the zenith instrument 
were recorded, forty-six pairs of stars being used. The arc value of the micrometer was ascer­
tained from one hundred and eighty observations upon Polaris, near e'!stern elongation, and 
the divisions of the level were determined in the usual manner with the micrometer. The 
local time was obtained from one hundred and six observations of zenith and circumpolar stars. 

The observations·for latitude and time were made by Sub-Assistant J. H. Toomer, aided by 
Mr. Hen:ry W. Bache. 

Longitude.-Arrangements were perfected in advance for obser\ring the occultations of t.be 
Pleiades at Gunstock mountain in July. On the night of the 13th of that month the times of 
the immersion and emersion of four of the group were carefully noted. 

Special preparations were also made for observing all the phases of the solar eclipse of July 
18 at the same station; and for this purpose the necessary astronomical, magnetic, and meteo­
rol~giea.l instruments were adjusted, and hourly observations of the ~agnetic declination and 
horizontal force, in connection with the requisite meteorological readmgs, W'3re commenced on 
the morning of the 16th, and continued until the evening of the 20th of July. For several 
days, and at times corresponding with the duration of the eclipse, the observations were 
recorded every two minutes. The weather at Gunstock 011 the morning of the 18th was 

5 c 
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remarkably favorable, and the observations of the eclipse during its progress made by myself 
and assistants 1yere quite satisfactory. 

At station W acbusett arrangements \•rnre made for observing the occultations of the Pleiades 
on the night of October 3, but unfortunately a dense fog prevented. 

Azimuth.-The astronomical meridian and the bearings of the trigonometrical lines at stations 
Gun stock and 'V achusett were determined in the usual way with the thirty-inch theodolite. 
At the first-named station ninety observations were made on Polaris, near its eastern elonga­
tion, and eighty-four on J Ursre ll:finoris, near its upper culmination, in connection with on.e 
hundred and fifty-six readings on the elongation mark. ' 

The azimuth at Wadrnsett was ascertained from ninety observations on Polaris, near eastern 
elongation, and seventy-two on l Ursru Minoris, near the upper culmination, in addition to one 
hundred and sixty observations on t.he elongation mark. 

Magnetic observations.-At Gunstock a magnetic station was chosen. near .the summit of the 
mountain, in a northerly direction from the geodetic station. In determining the declination, 
five lmndred observations were made on six days, and for the inclination of the needle five 
complete sets of observations were recorded from a nine-inch dip circle. The horizontal inten­
sity was deduced from three sets of deflections and vibrations on three days, and the horizontal 
force from three hundred and ten readings of a Bifilar magnet • 

.At Wachusett one hundred and thirty-three observations were made, to determine the mag· 
netic declination, on three days, and the inclination was deduced from three sets on three days. 
The horizontal intensity and moment of inertia were determined from four sets on four days. 

The instruments used at Gunstock were declinometer C. S. No. 6, dip circle C. S. No. 9, 
and Bifilar magnet C. S. No. 4. A.tWachusett, declinometer D. (22 C. S. No. l) and dip circle 
C. S. No. 4 were used. 

The &zimuth and magnetic observations were made by Assistant Dean; Sub-Assistant R. E. 
Halter and Mr. R. H. Talcott assisted in that duty. 

Meteorological observations.-The usual journals were kept during the season by Mr. Talcott, 
who recorded four hundred and three readings of the barometer and wet and dry bulb ther­
mometers. 

A.11 the original records were duplicated, and the reductions made of latitude, azimuth, and 
magnetic observations before the party left the field. 

Assistant Dean is about to resume the longitude determinations in Section VIL 
Triangulation of Passamaquoddy bay, Me.-The secondary triangulation of the coast of 

Maine, near the northeastern boundary, was taken up by Assistant C. 0. Boutelle in the first 
week of September, and is based on the reconnaissance made by him last year. As laid out 
for execution, the scheme of triangulation (Sketch No. 2) includes the coast lying north and 
east of a line from Cross island, to the southern head of Grand Manan, and the whole of Cobs­
cook bay. It also embraces the western shore of Grand Manan, Campo Bello, and Deer island, 
and the smaller islands between East Quoddy Head and Letite Passage, with the eastern shore 
of the St. Croix river, from St. Andrew's to the town of St. Stephen. The progress made 
within these limits furnishes data sufficient for a season's topography. Lieut. George Bell, 
U. S • .A., efficiently assisted Mr. Boutelle in the field-work. 

Two first order signals, six of the second, and fifteen of the third order, liave been put up, 
and sites selected for stations, the lines between which will include the whole of Quoddy bay • 

.A summary of statistics is here given as taken from the report of Assistant Boutelle : 

Stations occupied · • · · · • • · · • · · · · · · · · · · · · · • · · • · · · · · · · · • • · • · • • · · • • . . 6 
Objects observed on···· • • • • · · · · · · • · · • • · · · · · · · · • · · · · · • • · · · • • • · • • . . 153 
Angles measured • · • • • • • • • • • • • • • · • • • • • • • · · · · · · · • • · · · • · · · · · · • • · • • · 155 
Number of observations .. • · • • • • • • • • • • • • • · • • • • · · · • • • • • · · • · · · · • . • . • 1, 025 

The field-work was continued until the 1st of October. 
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Lieut. Bell has been assigned to duty on the coast of Texas. 
Triangukition ef Frenchman's bay, Me.-ln the vicinity of the Epping base, and connected 

with it, Sub-Assistant F. P. Webber laid out, in August, a secondary triangulation to include 
Frenchman's bay and the adjacent coast of Maine. This work extends from Pigeon Hill 
primary station to Mt. Desert island, southward and westward along the coast, and northward 
to the town of Sullivan, at the head of the bay. Full provision was made in its progress in 
the determination of third order points for the plane-table survey. Messrs. Julius Kincheloe 
and G. U. Mayo aided in the field-work. The party used the schooner Ha~sler for transporta­
tion in this and in another locality of the section, to which reference will be made presently. 

For plane·table purposes the positions of twenty-seven points were determined. The other 
particulars of the triangulation are shown in the following summary: 

Signals erected · · · · · · · · · · · · · · . · · · · · . · · . · · . · ... · . · . · . . . . . . . . . . . . . . 16 
Stations occupied · · · · · · · · · · · · · · · . · · . · · . · - .... · .. · . . . . . . . . . . . . . . . . 6 
Objects observed on······ · · · · · · · · · · · · · · · · · · · · · · · · .. · · ... · ·. . . . . . . 125 
Horizontal angles measured · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 139 
Vertical angles measured. · . · · · · · · · · · · · . · · · · · · · . · · · · · · · · · · · . · · · · · · 21 
Number of observations······················.·.·.· · · · · · · · · · · · · ·. 2,274 

The limits of the triangulation may be seen by Sketch No. 2. 
Mr. Webber closed work for the season on the 28th of September. In addition to the field­

work, he has revised and forwarded his notes and records, and furnished computations of his 
results. 

Notes of the horizontal angles determined in connecting the Epping base with the primary 
triangulation, and others made in running a line of levels at Pigeon Hill, were sent to the 
office by Assistant Boutelle before taking the field. for work at the south. 

Triangulat£on ef Penobscot bay, .iJie.-In pursuance of a scheme laid out and matured last 
season, Sub-Assistant J. A. Sullivan took the field in May, and completed observations on the 
signals erected in the lower part of Penobscot bay. The secondary triangulation of the coast 
of Maine is now continuous eastward to Isle au Hant, and includes within the limits of the 
work here noticed the islands at the entrance of the bay. The progress made is shown on 
Sketch No. 2. As the work vrnnt on, attention was given to the requirements for the plane­
table survey, and points were selected sufficient. for tracing the shore-line as far up as the 
vicinity of Camden, and the outlines of the islands between Rockland and Isle au Haut. 

Sub.Assistant Sullivan was aided in the field by Messrs. McLane Tilton and J. D. Bradford. 
The angular measurements were completed on the 27th of June. On closing work, the schooner 
Peirce, which had been in the service of the triangulation party, was laid up at Belfast. l\lr. 
Sullivan then took up the necessary computations. 

The following is an abstract of the statistics connected with dut.y in the field: 

Number of signals erected . · . · ..••• · • · · .,. · • • • • · • • • • · · · · · · · · · · · · · · . 7 
Signals observed on . . . . . . . . . . . . . . . . • . . . . . . · .....•. · · · . · · . · · . . . . . . 20 
Points determined.. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Number of observations . . • . . • . . . • . . • . . . • • . • • . . . . . . . . . . . . . . . . . . . . . 2, 868 

The ten-inch No. 31 and eight-inch theodolite No. 57 were used in determining the angles . 
. Soon after leaving the field, Sub-Assistant Sullivan made and turned in the computations of 

his work, with the original record of angles and descriptions of the stations occupied by the 
party while under his charge. 

Ou the 3d of September Assistant G. A. Fairfield, with the two aids of the party, took up 
and continued the work in Penobscot bay, establishing the third order points for topography 
between Owl's Head and Turkey signal, and for the survey of Rockland harbor. He also 
completed the measurement of angles in the secondary triangulation below Camden. The 
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instrument used by him was a new ten-inch theodolite (No. 91) furnished for trial by G. W. 
Blunt, Esq., of New York; and in reference to the results obtained with it, Mr. Fairfield says: 
"Of the five angles determined at Fox Rocks station, one was measured last year by Sub­
.Assistant Sullivan, the rest by myself with theodolite No. 91. They close the circle within 
11'.09, au<l the angles measured with it that fill triangles were very close." 

The triangulation executed by Mr. Fairfield has been computed, checked, and the results 
and duplicate records have been forwarded to the office. A summary of the details of his 
work in the field is appended : 

Signals erected · . · · · · · · ............ · .. · .. · •• · . . . . . . . . . . . . . . . . . . . . 16 
Stations occupied. · · · · · . · ...........••.................... · · ..•. · 8 
Points detern1ined ••..........•........•. · .. · ............. · .. ·. · · 27 
Angles measured ................... ·• · · ·. · . · ..............•. ·.. . 134 
Number of observations . • .... · · · .. · · · · · · · · · • · · .... · ... ·. · · · · ·" · ·. 1,015 

The work was closed on the 20th of October, and the schooner Peirce was a few days after­
wards turned over to the charge of Sub-Assistant Ferguson, at Portland. 

Assistant Fairfield is preparing to return and continue duty near Cape Sable, Florida. 
Triangulation <!l the St. Gr.orge' s, ~~:fcdomalc, Damariscotta, Kennebec, and Androscoggin rivers, 

Me.-In July, Sub-A.s;:.istant Webber, aided by Messrs. Kincheloe and Mayo, extended the 
secondary triangulation of l\fuscongus bay northward, so as to furnish points for the plane-table 
survey of the rivers connected with it. Positions were determined for the topography of the 
St. George as far up as Thomaaton, on the shores of the Mcdomak to 'Valdoboro', and the 
triangulation was extended up the Damariscotta to K cwcastle. That on St. George's river 
was carried to a junction with the secondary triangulation in Penobscot bay. Mr. Webber 
also furnished points for completing the topography of Merrymeeting bay, and for the plane­
table survey of the Androscoggin river to Brunswick. The triangulation party moved from 
this vicinity and took up work at Frenchman's bay, as already stated. A.t eight of his stations 
west of the Penobscot Mr. Webber measured vertical angles on twenty-eight objects, and 
recorded three hundred P_nd forty-four observations. The ten·inch Gambey, C. S. No. 63, and 
six-inch Brunner theodolite, C. S. No. 52, were used in this triangulation. The following are 
the general statistics of the work : 

Signals erected.... . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • • • . • • . . . . 24 
Stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • 26 
Points determined ..........•....... : .........................•. · 51 
Objects observed on. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 226 
Angles measured . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 200 
Number of observations . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . • . . . . . . . . • . . 1,272 

Sketch No. 2 shows the locality of the triangulation. A..ll the records and computations con­
nected with it have been turned in. 

The occupation of Sub-Assistant Webber's party in the schooner Hassler, during the winter 
and spring of the surveying year, will be stated nuder Section V. He is now making arrange­
ments for returning to the southern coast. Mr. Kincheloe has been assigned to duty on the 
coast of California. 

Topography between tlte Sheepscot and Kennebec rive-rs, Jfe.-Plane-table duty was resumed on 
the shores of the Sheepscot river by Assistant I. Hull Adams in the latt.er part of July, and 
continued under his charge until the 7th of August, when he was relieved in the charge of 
the party by Sub-Assistant Charles Ferguson. Mr . .Adams connected his plane-table sheet of 
the river with the survey of the vicinity of Wiscasset, by Sub-Assistant W. H. Dennis, and 
then traced part of the shore-line of Oren's Mouth bay. 

Sub-Assistant Ferguson took up the topography on Westport island, on the west side of the 
Sheepscot, at a point abont six miles below Wiscasset, (Sketch No. 2,) and continued it 
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northerly and halfway across the island, making a connection with the work of the previous 
year. He then proceeded with the survey of the shores of Back river, completing also that of 
the adjacent side of Westport island, and including six miles or about two-thirds of its entire 
length. On the western side of Back river the shore-line was traced from Cushman Hill, six 
miles southward, or nearly to the entrance into the Kemiebec. The shores of a branch called 
Moutseag river, coming in on the same side, were also surveyed as far up as Shaddocks' bridge. 

"Back river varies from one-fourth of a mile to a mile in width, runs nearly parallel to the 
Kennebec, and has one entrance into that river about eight miles below Wiscasset. At that 
point the breadth of the "roolwich peninsula, which lies between the two rivers, is about four 
miles. Several large fisheries are establishf\d at headlands along the line of Back river." 

The amount of work done between the 8heepscot and Kennebec is shown in the following 
statistics : 

Shore-line traced ........•......•. - ...... · · .... · · · ... · · . . . . . . . 35 miles. 
Roads .. - .•. - ................ · ....... · · · · · · .. · · · · · · • · · · · · · · · 18 " 
Area (square miles). - · ......• · · · .. •. · · · · · · · · · · · · · · · · · · · · · · · · · · 101 

Assistant A.dams is now prosecuting plane-table duty in Section III, and Sub-Assistant Fer· 
guson is about to resume work on the eastern coast of Florida. 

Topography ef JJierrymeeting bay and its vicinity, ilfe.-The detailed survey of the Ken­
nebec river 'vas resumed on the 21st of .Tune, aud has been extended from the vicinity of Bath, 
partly across the neck between that city and the south shore of the Androscoggin. The work 
above Bath was continued, and progress has been made in the topography of the shores of 
Merrymeeting bay. .Assistant R. M. Bache is still engaged in the survey, having, up to the 
present date, added details to two plane-table sheets, one including Merrymeeting bay, and 
the other the point of land between the Androscoggin and Kennebec rivers. A third sheet, 
which had been worked on previously, has been completed, showing the minute topography 
of the shores of the Kennebec above and below Bath. 

The following are the statistics: 
Shore-line surveyed .......•....•...•....................... · . 20 miles. 
Roads... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . ........ , . . . . . . . 15~ t' 

.Area of detailed topography, (square miles)···· · · · • · · · · · • · · · • · · · 6~ 

Topography of Harpwell Neck and o.d;jacent islands, Me.-ln continuation of the plane­
table survey of the shore and islands of Casco bay, Assistant .A. W. Longfellow resumed work 
at Harpswell Neck on the 7th of June, and has nearly completed the details on a sheet 
including the Neck and the neighboring islands of Merico~eig sound. The sheet extends 
northward to Birch island, and contains the following details: 

Shore-line •..................... - .... , ........... · · · · · · · . · · · · 75 miles. 
Roads..... . . . . . . . . . . . . . .. .. ... . .. .. . . . . . . . . . . .. . . . . . .. . . . . . . . . . .. . .. . . 15 '~ 

Area of top?graphy, (square miles) ... - · · ·• - · · · . · · - · · · · · · · · · · · · · 9 

The party of Mr. Longfellow used the schooner Meredith in this work until the 20th of 
October, when the vessel was turned over for service on the coast of Georgin.. Sketch No. 2 
Ahows the locality in which this party was engaged during the present season. Bailey's island 
and a considerable part of Orr's island appear on the topographical sheet. 

In the conrS<l of last winter and spring Assistant Longfellow inked and turned in three 
sheets containing surveys of the outer islands of Casco bay, the Green islands, and others in 
the vicinity of the mouth of the Presumpscot river. 

Topography ef i.81.aRds in Boston harbor and Qf parts of the mai11.-Assiatant H. L. Whiting 
has resurveyed, for the municipal authorities of Boston, the islands in the outer harbor which 
have suffer~ most change from the action of the waves, winds, and frost, and portions of the 
ma.in similarly exposed. This Sttrvey on the scale of -,,\-0 gives, with great minuteness, the 
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present condition of the more exposed portions of the outer harbor. By comparison with the 
former surveys, it will enable the United States commissioners approximately to estimate the 
progress of destrucLion within the last thirteen years, and roughly to show what those islands 
were in form and dimensions before the trees and vegetation which once protected them were 
removed. The materials furnished by the wear of these islands are placed at the disposal of 
the currents and waves for the. formation or increase of bars and shoals. 

Mr. Whiting was assisted in this work by Messrs. C. Rockwell and Charles Hosmer. The 
party used the schooner Torrey for transportation. 

Topography between Cape Cod bay and the head of Buzzai·d' s bay, .i'Jfass.-This work was done 
at the expense of a committee empowered by the legislature of Massachusetts to determine 
the practicability of a ship canal across the Cape Cod peninsula. The details were com· 
menced in the middle of August by Sub.Assistant W. H. Dennis, and tho survey was mainly 
executed by him, a portion of the preliminary work only having been supplied from a plane­
table sheet of .Assistant A. M. Harrison. 

The survey of Mr. Dennis embraced the narrow valley of about eight miles in length, 
through which flow the Scusset and Monumet rivers-the first into Cape Cod bay, and the 
last named into the upper part of Buzzard's bay, (Sketch 2.) AU the details were minutely 
filled in on the scale of roto-0 , to meet and apswer such purposes as the commission might be 
called upon to execute in connection with the proposed improvement. 

The topographical sheet which Mr. Dennis is now engaged in inking contains the following 
statistics: 

Shore-line . · · · ..........•......................•••..........• 
Rivers and creeks.· .... · ·. · .............•.•.... · .. · .. · .. · . · .. 
Roads ..................................................... . 

6 miles. 
23~ ,, 

27 " 
.Area of topography, (square miles).. . . . . • . • . . . . . . . . . . . . . • . . . . . . 4--!-

A summary report, made by Sub-Assistant Dennis, contains much general information 
bearing on the character of the soil along the proposed line of canal, the depths of the 
streams, prevailing winds, and nature of the changes to whieh the outlets would be subject. 

Topography qf Oape. Cod bay, Mass.-In continuation of his survey of Barnstable harbor, 
.Assistant .A.. M. Harrison resumed work in May, pushing the topography westward along the 
shore of Cape Cod bay, from the limit reached in his survey of last year. Near the mouth 
of Scusset river (Sketch No. 2) this work connects with tL.e special topography referred to 
under the preceding head. Mr. Harrison furnished such data from his working sheet as came 
within the area surveyed by Sub-Assistant Dennis. Sub-Assistant P. C. F. West and Mr. W. 
W. Harding were attached to the party of Assistant Harrison. Mr. A. W. Thompson was 
also reassigned to duty in it in August, but after a short period-of service was compelled to 
leave it in consequence of serious illness. The field-work of Assistant Harrison was continued 
until the 10th of November, with the following result in statistics: 

Shore-line traced···· · · · · · · · · • · · · · · · · . • . • . . . . . . . . . • . . . . . . . . . . 12~ miles. 
Creek and marsh or ponds· · • • · · · · · •. • · •....•.... · . . . . . . . . . . . . 110 '' 
Roads···· · · · · · · · · · · · · · · · · · · · · · · · · · · . . . . . • • • • . . . . . . . . . . . . . . 58 '' 
Area of topography, (square miles)··· · · · · · · · ..... · . . . . . . . . . . . . 15t 

Hydrograpkg qf M'UBCOnguo 'flay, Me.-The in-shore hydrography of the coast of :Maine 
has been extended from Damiscove ishnd eastward to Manhegan island by the party of Lieut. 
Comg. T. S. Phelps, U. S. N., Assistant Coast Survey, with the steamer Vixen. In the 
progress of the work the soundings required to complete the hydrography of the Sheepscot 
river were made, and supplementary work executed between it and Damiscove island, to 
include Booth bay, and also the harbor of that name. It will be seen by Sketch No. 2 that 
the hydrographic sheet of this season completes the in-shore hydrograpby of the coaet of 
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Maine eastward nearly to the entrance t>f Penobscot bay. This work was resumed by the 
party in charge of Lieut. Comg. Phelps on the 6th of August, and continued until the 1st of 
October. At Damiscove island the soundings j<)in with the hydrography executed by tbe 
parties of Lieut. Comg. Bankhead and Lieut. Comg. Wilkinson. 

A mile and a quarter S.SW. :! W. (true) from Pemaquid light-house, Lieut. Comg. Phelps 
discovered a small ledge with only four fathoms of water on it, ·and in the channel-way of 
Booth bay two rocks, one with only ten feet, the other in· three and a quarter fathoms, and a 
ledge with three and a half fathomS. The positfon of these dangers to navigation are more 
particularly described in Appendix No. 9. 

The following are tho statistics of the bydrographic work: 

Miles run in sounding······ • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 841 
Angles taken · · · · · · · · · · · · · · · · . · · · · · · · · · · · · · · · · · · · · · . · · . · · . · · · · · · · 1, 928 
Number of soundings·········. · · · · · · · · · · · ·• · · · · · · · · .... · .. · · · · · · · 7,860 
Area sounded, (square miles)· ·. · .. · · · • · · • · · · · · · · · · · · . · .. · ·. · .. · · . · 230 

Other special developments made in hydrography by the party in tho Vixen will be men· 
tioned in this chapter, and its previous general operations of the season under Section VII. 

Hydrography cf Damariscotta river and Liniken's 'bay, .lJie.-Connecting the work at Damis­
cove island with the in-shore hydrography mentioned under the last head, Lieut. Comg. J, P. 
Bankhead, U. S. N., Assistant Coast Survey, with his party in the schooner Crawford, sounded 
out the approaches and extended the hydrographic Emrvey of the Damariscotta river to a point 
twelve miles above the line of junction with the hydrography of Lieut. Comg. Phelps. This 
survey takes in J~iniken's bay, and has developed many dangerous reefs and ledges outside of 
the entranqe of the Damariscotta. 

l<'or the reduction of soundings the tides were observed by the hydrographic party night and 
day during a period of six weeks. 

Lieut. Comg. Bankhead commenced work on the 20th of July, and completed the survey 
within the limits of his projection by the 10th of September. 

The following synopsis com prises the general statistics: 

Miles run in sounding ...... · · ................ · · • · ·. · ........ ·. ·.. 520 
Angles determined ....... · .................. · · . · · · · .... · .. · · . · · · 2, 920 
Casts of the lead .......... · · .............•..... · .. • ..•.. · · . · . · . . 16, 833 
Area sounded, (square miles).· ................ · .. · · . · .... · ..... · ·. 21 

The following remark is taken from the report of Lieut. Conig. Bankhead: "The want of a 
correct chart of that locality (entrance of the Damariscotta) is much felt, and the d~sire that 
one should soon be published was frequently expressed to me by the coasters and fishermen 
belonging in the vicinity." 

The part of the river included in the survey of this season is shown on Sketch No. 2. 
Lieut. Comg. Bankhead was engaged in the hydrography of Section V during the first half 

of the working season, and is now preparing to return tl1ere to continue duty on the coast of 
Florida and Georgia. 

Early in the present surveying year the original sheet of soundings made between Cape 
Small and Damiscove island, by the party of Lieut. Comg. Wilkinson, was received at the 
office, with the records of soundings, angles, and tidal observations. The journals of the work 
done last year in Casco bay have also been turned in. 

Jeffrey' B bank.-This bank extends about twenty-fl.even nautical miles in a northeast and 
southwest direction, and lies off the entrance to Penobscot bay, at a distance of about thirty­
five miles. The bank itself was sounded out and developed in contour by Lieut. Comg. 
Phelps, wit.h the steamer Vixen, in the beginning of October. The least depth found was 
forty-six fathoms, within an approximate distance of about twenty-eight miles from Matinicus 
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light. The position of the bank is marked on Sketch No. 2. Sixty-three casts were made on 
it with the lead. 

Je;tfrey's ledge.-This hydrographic feature of the coast of New Eugland was developed in 
September last by Lieut. Comg. John Wilkinwn, U. S. N., with the steamer Corwin. Traverse 
lines were run across it, and a line of soundings along its axis, which stretches nearly fifty 
nautical miles abreast of the coast. In sixty-four soundings the least depth found was thirty 
fathoms, at a p<>int near the middle of the ledge. 

The position of Jeffrey's ledge is marked on the progref'.s Sketch No. 2. 
Deep-sea soundings.-Lieut. Comg. Wilkinson, in the steamer Corwin, in the early part of 

September, carried a line of soundings from Cape Ann, northward and eastward, to the vicinity 
of Seal island, N. S., but there encountering a severe gale was compelled to scud, and so was 
unable to make soundings iu returning to the coast. In a run outward of two hundred miles, 
sixty-three casts were made with the lead. The greatest depth found was Dne hundred and 
ninety-five fathoms, in the meridian of Damiscove island. The line was interrupted at a 
position about twenty-five miles southwest of Seal Island light. Its course is marked on 
Sketch No. 1. 

The original sheet containing the off-shore souudings made last year by Lieut. Comg. 
Murray, between the Isles of Shoal and Seal island, and the chart of in-shore work from Cape 
Elizabeth to Kennebunkport, have been completed, and registered at the office. 

Re-examinationqf B08ton harbor forchanges.-At the request of the United States commissioners 
on Boston harbor, and at the cost of the municipal authorities, a resurvey was made during last 
summer of the inner harbor, and an examination in the main channel of the outer harbor, for 
compari&on with the hydrography of 1847. These surveys were made by Lieut. Comg. 
Wilkinson, in the steamer Corwin. The comparative map of the inner harbor, showing the 
changes since the survey of Lieut. Comg. Charles H. Davis, U. S. N., Assistant Coast Survey, 
in 1847, is of great value, indicating the direction and amount of change, and in conjunction 
with the current and other physical observations, the causes of those changes. 

The steamer Corwin was placed at the disposal of the commissioners to make personal 
examinations of portions of the harbor where changes of importance had occurred. 

While engaged in the special duty alluded to in Boston harbor, Lieut. Comg. Wilkinson 
discovered a rock dangerous to navigation for vessels of largo draught in passing through the 
narrows. It was found near the middle of' the channel, and in four fathoms water, its crest 
rising to a peak, with only seventeen feet of water on it at mean low tide, or fifteen feet and 
three-tenths at low water of spring tides. The bearings and ranges from this obstacle to 
navigation, which I have called, after the name of the vessel, Corwin Bock, were published in 
the usual form, in September last, as a notice to mariners.-(See Appendix No. 10.) 

Hydrography qf Gape Cod bay, Mass.-In the immediate vicinity of the mouth 'of Scusset 
river a minute hydrographic survey was made with the b<>ats of the steamer Corwin, by the 
party of Lieut. Comg. Wilkinson, in the latter part of September. The soundings were 
carried about half a mile south and east, and two miles north and west of the mouth <>f the 
river, and extended rather more than two miles outward from the shore of Cape Cod bay. 

A tidal station was established by the hydrographic party near the point occupied for 
observations by Assistant Mitchell, his bench-mark being used in determining a plane of 
reference for the soundings. On the completion of the work the steamer Corwin returned 
to Boston. The following are statistics of the soundings: 

Miles run • · · · • · · · · • · · · · · · • · · · · • · · · • • • • · • • • · • · · · · · · .•.•.......... 
Angles · • · · · · · · • · · · · · · · · · · • · · · · · · · · · · · · · • · • · · · · · · · ............. . 
Casts of the lead. • · • • · • · · • · · • · · · · · · · · • · · · • · · · · · · • · • • • · · · · · · · • • · • • 
Area, (square miles).··. · • · · · · · · • · · • • • • • • · · · · · · · · · · · · · · · · · • · · · · · · · 

721 
538 

2,673 
5 
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This hydrography was executed iu compliance with a request from commissioners who hr-we 
under consideration the practicability of a ship canal to connect the waters of Cape Cod bay 
and Buzzard's bay so as to avoid the sea navigation by the Nantucket shoals. 

Hydrography qf the Nantucket slwals.-My attention having been called by George W. Blunt, 
esq., of New York, to the existence of a rip southeast of Davis's shoal, reported by the com­
mander of the steamship Asia, Lieut. Comg. Phelps wa& instructed to examine the locality, and 
did so in the latter part of October, after closing work in the northern part of the section. In 
prosecuting this duty an extensive shoal was discovered outside, and to the northeastward of 
the rip in question, and both are thus 1 eferred to by Lieut. Comg. Phelps: 

"Near the position given by the captain of the Asia is a well-defined rip corresponding to 
his description, 'about a mile long, and a quarter vf a mile broad,' with eleven fathoms water 
on it." 

"About half a mile eastward of the rip lies the south point of a shoal, which extends about 
N.NE. a distance of six and a half nautical miles, with ten to ten and a half fathoms in several 
places. Both shoals are distinctly marked as well on the flood as on ebb tides, with deep and 
smp Jth water between them.'' 

"These shoals lie between the latitudeR 40° 4G' and 40° 53' N., and longitudes 69° 19' and 
69c 25' W., and about twenty-four miles from Davis's south shoal light-boat."-(See Appendix 
No. 11.) 

Tides and cun·ent.s qf Boston liar"bor.-A physical examination of Boston harbor and approaches 
was commenced during the past season, under the direction of the harbor commissiouers, and 
at the expense of the city of Boston. 

Inquiries have been instituted relative to the action of tides, currents, waves, and other 
natural agencies, upon the channels and basins. It is designed by tl1is investigation to deter­
mine definitely the causes of the contraction of the cliannels aud the iucrease of the flats, which 
has been going on for many years, and which threatens to destroy the port. 

With the consent of the Secretary of the Treasury, the party of Assistant Henry Mitchell 
was sent with the schooner Bailey to execute this work. Operations were commenced in the 
latter part of July, and continued until late in the autumn. 

Mr. Mitchell reports the occupation of about sixty current stations and ten tidal stations, 
together with a large number of special examinations of deposits, of temperaturP,s at different 
depths, of specific gravities of land and sea water, and some chemical experiments. Varied 
as these observations have been, the results show that pra<:tical objects have been kept 
steadily in view, and that our study would not be complete without all of them. 

At nearly all the current stations the observations were extended to two, three, or \.'Ven four 
different depths, in order that no movement of the sea might escape notice, and that the 
precise amount of scouring power exerted upon the channel-bed might be measured. The im­
portance of this careful scrutiny is illustrated by many of the results. It was found that the 
upper stratum-that lying above the level of the flats and shoals-mailltains to a great degree 
an independent movement often at variance with that of deeper strata. 

The tidal stations were mostly occupied for short series of observations only; although in 
one case, that of the station at Boston lower light·house, the ob£ervations were kept up 
filx weeks. 

The examinations were commenced at a point three miles seaward of the lower light, and 
extended in a more or less connected chain to the head of Mystic river. 

In Mystic river, and in the ponds at its source, some very curious results were obtained, 
bearing upon the mutual action of fresh and salt watel' upon each other. It was ascertained 
that distinct strata of water exist in the 1ower Mystic pond, whose specific gravities, tempera.­
tu.res, and chemical constitutions present striking contrasto. This pond is some seventy feet in 
depth. Th~ Ufiper sixteen feet is apparently pure fresh water; below this a narrow belt of 

6 c 
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salt water is found; and yet lower, from the depth of twenty feet to the bottom, a mass of 
sulphurous salt water· exist!3, which is highly offensive to taste and smell. The hydrometer 
gave something like regular variations in the densities for different depths; but our thermome­
ters gave us sharp contrasts of temperatures between the sulphurous stratum and the water 
above. 

Chemical tests for sulphur were unaffected above a plane lying 19. 9 feet below the surface. 
Bands of copper, allowed to hang vertically from a float, were found, aft.er a few hours, to be 
blackened below the plane mentioned, and the limit of the sulphuretted portion was sharply 
defined. 

The observations on the action of waves were made by noting the changes of position of 
articles placed on the sJ10res. Those articles were of different forms and specific gravities, so 
that the comparative forces of the waves created by differ11nt storms could be measured. 
Unfortunately for these inquiries, the quiet season offered no opportunity for any remarkable 
observations. Trials were made, however, with some success at Lovell's, Gallop's, and Deer 
islands, as we11 as at Brewster bar and Point Shirley. 

Some few computations that have been made of the current observations by the Coast Su r'ley 
method show that when this work is complete the causes of trouble in Boston harbor may be 
defined accurately. 

As was anticipated at the commencement of this investigation, a second season's work is 
absolutely necessary to develop the <let.ails of these operations. 

The burden of these observations fell principally upon the aids, whose untiring devotion to 
their work has secured these reliable results. The larger portion of the current observations 
in tbe harbor were made by Mr. Bright, while in the examination of the Mystic river; Mr. 
Heberton took charge of the records; Mr. Johnson discharged various duties, and made many 
observations. 

Ob.~ervations on tides and currents in Oape God bay and Buzzard' B bay, 1J1a88. -For the purposes 
and at the expense of a committee of the Massachusetts legislature, having in charge the ques­
tion of determining on the practicability of a ship canal across the Cape Cod peninsula, 
series of observations were made )n the course of the summer at the mouth of Scusset river 
and in the adjacent parts of Cape Cod bay, and in Buzzard's bay, near the month of Back 
River harbor. These were conducted by Assistant Henry Mitchell, aided throughout by Mr. 
W. T. Bright, and during the latter part of the season by Mr. E. P. Heberton. 

In Cape Cod bay two tide-gauges were found necessary, in consequence of the great range 
in the rise and fal!, as well as the very gradual slope of the beach. One was placed at a dis· 
tance from the shore, supported by iron rods, so as to afford sufficient steadiness, and at the 
same time ~ secure from the disturbing effect of the waves. The second instrument was 
secured by a pile of the form devised by Mr. Mitchen, and described in Appendix No. 26 of 
my annual report for 1859. With these two gauges three thousand observations were recorded, 
comprising the high and low waters between the 17th of July and 18th of .August. Nearly 
double the number of oh1;ervations were taken in Back River harbor on an ordinary staff­
gauge, no peculiar structures being required in the quiet basin near the htiad of Buzzard's bay. 
On both sides of the peninsula tb~ simultaneous observations were referred to bench-marks cut 
on large rockil. 

Aseistant Mitcheil having observed that the temperature of the water was not the same in 
the two basins, the observers were provided with standard thermometers, and, during the last 
half of the tidal series, noted the temperaturel'. for comparison. 

Among the interesting results developed by Mr. Mitchell is tbe fact tha.t the tide wavea of 
tbe two bays, the shores of which are within eight miles of each other, were found not only 
dissimilar in ranges and epochs, but also in general figure; so that, on the supposition that the 
mean level of the sea is a plane common to both basins, the relative alternate, elevations and 
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depressions do not attain the same maximum in the two bays. The greatest depression of 
Cape Cod bay, below Buzzard's bay, occurs about one hour after low water of the former place, 
and &mounts, at an average, to 4.6G feet; whereas, about six hours later, Buzzard's bay reaches 
its greatest depression below Cape Cod bay, and the average difference of elevation is found to 
be 5. 79 feet. Hence, although the total interchanges of water through a canal connecting these 
basins would be nearly the same in both directions, (supposing the mean level the same,) the 
maximum velocity should appear before the current ceases to 1:>et westward. 

The currents of the two bays were also observed, the schooner Bailey having been assigned 
to the use of the party for that purpose. In Buzzard's bay four stations were occupied, and 
three in Cape Cod bay. The observations were made half-hourly, night and day, not only at 
the surface, but ako on the movements of the water at different depths; the usual length of 
each series being twenty-five hours, so as to embrace an entire tidal day. 

The changes in tho elevation of the beach of Cape Cod bay were observed by repeating 
long Jines of levellings after several easterly storms; and the movements of s~ingle were deter­
mined by recording the changes in position of articles deposited for the purpose, those selected 
being distinguishable from the material naturally thrown 11p. 

The current observations revealed the existence of a coast current which sweeps along the 
westerly part of Cape Cod bay, and there takes a course northward. In the vicinity of the 
mouth of Scusset river it is feeble, but it gathers considerable strength further to the north. 
With reference to this current, Assistant Mitchell remarks: ''The mo1:>t singular fact observed 
concerning this current was its low temperature during the warm season at which our observa· 
tions were made. While the mean tt:imperature of the water in Back River harbor (Buzz:ml's 
hay) attained a height of 73 degrees, or a little above that of the air in shade, the water of Cape 
Cod bay reached only 54 degrees.'' 

The observations show that the currents below are a little stronger than those at the surface 
in Cape Cod bay. At Scusset the levellings of the beach, though made only after moderate 
storms, did not show very large changes of elevation; hut the movement of shingle to the 
southward was noticed to be remarkably active at such times. 

The direct bearing of facts like those, which are here only partially alluded to, on the con­
struction of a ship canal to join two seas, will be at once comprehended. 

Magnetic observatiom.-ln January last a magnetic station was established at Eastport, 
Maine, as a standard of comparison for the determinations made from time to time at other 
points on the northeastern coast of the United States. With the view of obtaining a con· 
tinuous series of observations the station was placed in charge of Mr. G. B. Vose, and 
furnished with a dip circle and magnetometer. Records have been regularly received, but 
the value of the observations was found to be impaired by the unsteadiness of the magnetic 
axis of the collimator. Assistant L. F. Pourtales visited the station in August, and remedied 
the defect on ascertaining its cause. His description of the station and instruments used is 
given in Appendix No. 27. 

At W ellfieet, Provincetow"Q, and Chatham, (Cape Cod peninsula,) Assistant Charles A. 
Schott occupied magnetic stations in August, and determined at each the declination, dip and 
intensity by independent results obtained on different days. These three aro the most northern 
in a series of ten stations at which observations were made during the month just named and 
the one following. Reference to the others will be made under Section 11. 

The instruments used were the Jones' magnetometer, C. S. No. 6, and the Barrow dip circle, 
0. S. No. 9. Time was noted on the Hutton chronometer 211. At each station the astro­
nomical azimuth and local time were determined by means of the theodolite of the magnet­
ometer, mounted for the purpose on the same stand. In observing the sun's uppei; and 
lower, and first and second limb six sets of observations of three readings each were recorded. , 
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For the declination half-hourly readings were taken, extending generally from the morning 
minimum to the afternoon maximum. 

Two sets of vibrations, giving six separate resultR, in an aggregate of one hundred and :fifty 
vibrations, were taken each day for ascertaining the magnetic intensity. For the dip four sets 
were observed daily with needle No. 1, with verifying observations in the immediate vicinity 
of the station . 

.Assistant A. S. Wadsworth accompanied Mr. Schott and assisted in the observations. .Ap­
pendix No. 29 contains the results deduced from them for the stations on Cape Cod penirnmta 
and others in the adjoining section. The original record, with a duplicate and the first reduc­
tion of the observations, have been placed in the office by Assistant Schott. 

Tidal obse·rvati"ons.-Early in the present surveying yea1· a tidal station was established at 
Eastport, Maine. .A self-registering gauge has been put up there and kept in operation by 
Mr. G. B. Vose, who has also recorded observations from a tape or belt-gauge for comparison, 
the great height of the tide at Eastport rendering such a comparison a matter of necessity in 
deducing close results. 

The series of obserYations of high and low water at the Charlestown na\'Y yard, Mass , has 
been continued during the year with great regularity by Mr. T. E. Ready. It has now been 
maintained for thirteen years, with the loss of but very few observations, and the record, if 
kept up a few years longer with fidelity, will constitute one of the most valuable series of tidal 
observations that has ever been made in any country. So far the registers have been highly 
creditable to the observers, and have already furnished data which have been much wanted 
for theoretical investigations of the laws governing the tides. 

SECTION II. 

FROM POINT JUDITH TO CAPE HENLOPEN, INCLUDING THE COA5'"T OF THE STATES OF CONNECTI­
CUT, NEW YORK, NEW JERSEY, PENNSYLVANIA, AND PART OF DELAWARE-(SnTcK B, No. 6.) 

I have elsewhere referred to the wreck of the steamer Walker, on the 21st of June of the 
present, year. This disaster, which involved loss of life to twenty of her crew, with the total 
loss of the ve!'lsel and all the records on board, was occasioned by collision with a schooner 
laden with coal, and occurred about three o'clock in the morning, while the Walker was off 
Ahsccom, New Jersey, in command of Lieutenant J. J. Guthrie, U. S. N., and on her passage 
from Norfolk to New York. The officers of the Walker and 1mrvivors of her crew were 
rescued from imminent' peril by Captain L. J. Hudson, of the schooner R. G. Porter, and 
safely conveyed to May's Landing. on the coast of New Jersey. The steamer sunk in less than 
half an hour after the collision, which took place about twelve miles from land. 

Notices of the work done in this section will be arranged as follows: 
l. Reconnaisance for connecting the Epping base with the Fire island base, through a direct 

1ine. 
2. The completion of the main and secondary triangulation.of Hudson river to the vicinity 

of Troy, New York. 
3. Extension of the topographical survey of the shores of the Hudson to Tarrytown and 

Piermont. The detailed work is now complete from these points to the entrance of New 
York bay. 

4. Supplementary work in the vicinity of Williamsburg and Rockaway. This furnishes 
the details required to complete the harbor commiE'sioners' map of New York bay and harbor. 

5. The advance of the regular hydrography of the Hudson river, from Poughkeepsie to 
Rhinebeck. The soundings below Rhinebeck are complete to the approaches of New York 
harbor. 

6. llydrogra.phic resurvey of the False Hook, a.t the approaches of New York bay, and 
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determination of the character of changes in the vicinity of Sandy Hook. A rocky spot, 
fifteen miles to the eaHtward of the New York light-boat, was developed by the same party. 

7. Magnetic observations made at several stations on Long Island and on the coast of New 
Jersey. 

8. Tidal observations. 
Office-work.-Progress has been made in the drawing and engraving of a map of the Hudson 

river from New York to Sing Sing, and on coast map and chart No. 21, New York bay and 
harbor. A chart of Hempstead harbor has been drawn and engraved, and the engraving of 
coast maps and charts Nos. 15, 16, and 17, Long Island sound, (new edition,) and No. 19, 
middle part of the southern coast of Long Island, has been completed. .Additions have been 
made to the progress sketch, a separate drawing has been made of Coenties' reef, and a new 
plate engraved for the chart of Captain's island, cast and west. 

In acknowledging the receipt of copies of some of the maps of this section used by him in 
adjusting a narrative of incidents connected with the revolutionary war, the following remark 
is made by Henry B. Dawson, esq., of lforrisania, N. Y.: "Hours and days have been spent 
in laborious investigations concerning apparent contradictions in descriptions of place;i, attacked, 
&c., which these maps would have shown in as many minutes, with greater certainty.'' 

Reconnaissance.-The occupation of 'Vachusett mountain, affording at the same time ready 
means in part for connecting the base on Epping plains with the one on Fire island beach 
through a direct series of triangles, As;:;istant 0. 0. Boutelle was detailed in June to select the 
stations necessary for joining the entire work of the section with that of Section II. He was 
engaged on this reconnaissance until tl1e 7th of August. 

Triangulation qf Hudson river, N. Y.-Assistant Edmund Blunt took the field early in July in 
the vicinity of New Baltimore, and conducted the triangulation of the Hudson from thence 
upwards to Troy, measuring throughout, as has been done on the lower part of the river, a main 
and secondary series of triangles. He also determined all the points required for plane-table 
use. The complete triangulation of the Hudson reached the vicinity of Troy in the latter part 
of October. Sketch No. 6 shows the range and general character of the triangulation. 

Lieut. W. G. Gill, U. S. A., assisted Mr. Blunt in the field-work. 
A synopsis of the statistics is appended: 

Stations occupied . • · • · · · · · · · · · · · · • · • · · · · · • · · · · · · · · · · · · · · • · · · · · · · · 
Number of observations. • . · · · • · · · · · • · · · · · • · · · · · • ·- · · · · · · · · · · · · · · · · 
Area of triangulation, (square miles)· · · · ..• · ... · . · . · · · · · · · · · · · · · . · . · 

19 
3,606 

92 

Fourteen volumes, containing the neld-notes of the triangulation done on the Hudson in 
1858; a volume of the horizontal angles measured in 1859, with an abstract of the same; and 
descriptions of the stations last occupied have been turned in by Mr. Blunt. 

Lieut. Gill is about to proceed with a party' for separate duty on the eastern coast of 
Florida. 

Topography ef Hu.Mon river, N. Y.-The detailed survey of the Hudson lms been advanced 
northward along its eastern side to the vicinity of Tarrytown, and the survey of the western 
shore completed upwards to Piermont. 

This work was resumed in the middle of July by Sub-Assistant John- Meehan, and joins near 
Hastings (Sketch No. 6) with the limits of his survey of last year. Ou the ·west bank the 
topography was taken up below Rockland. Both of these villages, as also Dobb' s Ferry, 
Irvington, and Piermont, nre included in the details of the survey made this season. The 
plane-table sheet embraces all the surface feat•.;.res comprised between the eastern bank of the 
river and the public road, which follows its course at the distance of about half a mile. A 
prolongation of the palisades appears on the sheet ns the principal feature of the opposite side 
of the Hadson, between Rockland and Piermont. Tlie heights are exhibited on it by contour 
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lines. About a mile and a half below Rockland, Mr. Mechan's work joins with Assistant 
Whiting's survey of the palisades. The following summary gives the statistics of prog:ress 
made up to the 1st of October, when the plane-table work was discontinued for the season: 

Shore-line surveyed ......•.....•............................. 
Roads · · · · · · · · . ·. · · ••.. · ................••.................. 
Area of details, (square miles) ........••.•.......•.............. 

Mr. F. R. Hassler aided in the field-work of this party. 
Sub-Assistant Meehan is now preparing to return to Section IV. 

18 miles. 
29 ,, 

19! 

SupPlementary topog1·aphy on Lorig Island, N. Y.-Portions of detail in two localities on Long 
Island were filled in by Sub-Assistant F. W. Dorr during the month of August. The additions 
made join with his map of Williamsburg and Green Point, and are designed :to give symmetry 
to the engraved chart of New York harbor. These extend the topography along the New 
York and Jamaica turnpike, as far towards the interior of Long Island as the completed work 
north and south had been carried. The sheet worked on this season takes iu part of tho 
Flushing railroad and the Brooklyn reservoir. 

Supplementary work was also filled in east of Rockaway, to include Hicks's Neck and the 
entranec called Hog Island inlet. The tract surveyed there is mostly marsh, and suhject to 
changes along the shore, especially in the vicinity of the inlet named. 

The following statistics comprise the aggregate of details added to the survey of Long 
Island: 

Shore-lino· · · .. · • • • · • • · · . · · · · · · · · · · · · · · · · · · · · · · · · · 
Creeks · ...... · .. · ...... · · .. · . · .... · ..... · .. · .. · ... · · ... · ·. 
Marsh-line· ·. · .. · · .. · · · · . · · · . · · . · · . · · · . · · . · . · · · · · · · · · · · · · . · · 
Roads .. · ................................................ . 

Area, (square miles).·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

7! miles. 
24 " 
11 
45} 

8 

" 
" 

Sub-Assistant Dorr is about to proceed to Section VI to continue plane-table duty. 
Soon after the opening of the present surveying year, Mr. Rockwell inked and sent to tho 

archives his plane-tahle sheet of the cast side of Harlem river, being part of the result of last 
year's work in the vicinity of New York. A sheet containing the topography of part of 
Brooklyn, the city of Williamsburg, and Green Point, has also been turned in by Sub-Assistant 
Dorr. 

Hydrography qf tlte Hudson river, N. Y.-The regular hydrography of the North river was 
taken up at Poughkeepsie on the 28th of July, and has been extended northward to Rhinebeck 
and Rondout, (Sketch No. 6.) The sheet containing the soundings represents about fifteen 
miles of the channel of the river. This work was done by the party of Lieut. Comg. 0. M. 
Fauntleroy, U. S. N., Ase.istant Coast Survey, with the schooner Varina. The hydrography 
was discontinued for the season on the 17th of September, when arrangements were commenced 
preparatory to the return of the party to Section V. 

Of the Hudson rive.r work the following are the general statistics of the season in sounding: 

Miles run · · · · · • · · • • · · · · · · · · · • · • • · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · 308 
Angles determined· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 2, 737 
N um her of soundings· · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • · • · • 14, 827 

The previous work executed by this party will be referred to under the head of Section V. 
Twenty-four stations were used on the Hudson for hydrographic purposes, and the tides 

were observed at three stations by the hydrographic party while the soundings were in 
progreE111. 
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Lieut. Comg. Fauntleroy has turned in all the journals and records connected with tho 
bydrography. 

Hydrographic examination o/ Fcilse Hook and Cholera bank, New York bay.-On the return of 
the steamer Bibb to New York for repairs, after special duty in August last, the executive officer 
of that vessel, Mr. Robert Platt, proceeded, under special instructions, to make an examination 
of the vicinity of False Hook. The schooner Joseph Henry was used in this service, and the 
result has been returned by Mr. Platt in the form of a chart, accompanied by records of the 
soundings taken. An examination of the chart seems to confirm the conclusion which was 
presented in a special paper on the subject of changes at Sandy Hook, in Appendix No. 27 of 
my annual report for 1858. 

The chart returned by Mr. Platt contains the following statistics: 

Miles run in sounding · . . . . · · · ..• · ..•. • .....•...... · · ..• · ..... · ...• 
Angles determined . · · .... • · ... · · · · · · · · · ... · ..... · · · ... · · .. · · · · ... 
Casts of the lead .......... · .......... · · ........• · .•.............. 

50 
541 

3,650 

Cholera bank, which lies about fifteen miles eastward of the light-boat off Sandy Hook, was 
sounded by Mr. Platt, and the result sent to the office. 

Lieut. Comg. Wilkinson in December last deposited in the office two sheets, showing the 
results of examinations made on the Battery shoal and on Diamond reef, (New York harbor,) 
with journals of the soundings. Before leaving that port for duty at the south he also 
determined and sent to the office a sketch showing the position of the Black spar buoy, No. 5, 
which now marks the northeast point of the shoal off Sandy Book, and its former position to 
the westward and northward in thirty-six feet water. TLe depth at the present position of 
the buoy is twenty-nine feet. While making these determinations, Lieut. Comg. Wilkinson 
was accompanied by the master of the light-house tender Narragansett. 

Magnetic observations.-The magnetic declination, dip, and intensity were determined in 
August and September by Assistant. Charles A. Schott at the following stations on the southern 
coast of Long Island and sea-coast of New Jersey, viz: Sag Harbor, L. I.; Mount Prospect, 
(Brooklyn,) west base; (Fire island;) Barnegat light-houF-e, N. J.; Long beach, (Little Egg 
Harbor;) and Absecom light-house, (Atlantic city, N. J.) 

The iustruments used and method of determining the elements have been described under 
the head of Section I, several stations in New England having been occupied by Mr. Schott, in 
addition to those here mentioned. Ile was assisted in the observations by Assistant A. S. 
Wadsworth. The results found at all the stations are given in .Appendix No. 29. 

In dttermining the dip at the stations in Section II, needles :So. 1 and No. 2 were both 
used. 

Tidal ob.servations.-The self-registering tide-gauge at Governor's island, in New York 
harbor, which is one of the permanent tidal stations, has been kept in operation by Mr. R. T. 
Basset. Interruptions in the series during the winter were met by observing with an ordinary 
box-gauge at the Atlantic ferry dock in Brooklyn. The records of the year have been main­
tained with great .regularity. The series of observations made at that station is now highly 
valuable, though occasionally interrupted by accidents which could not be foreseen. 

SECTION III. 

FROM CAPE HENLOPEN .TO CAPE HENBY, INCLUDING THE COAST OF PART OF DELAWAHE, THE COAST OF 
HA.RYLAND, AND PARr OF THE COASl' OF VIRGINIA.-(SUTC1t c, No 8) 

The usu.al number of parties has been at work in this section, '":th the ordinary amount of 
P.mgres11: The chief w-0rk 'remaining is in the lower part of Chesapeake bay and tbe Potomac 
~v.er, with eome details of t,opography. The office-work has made very considerable progress 
m unportant charts during the year. 
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A short summary is here given of the operations in field and office, which will follow it in 
detail. 

1. An examination of station-marks set for recognizing the points determined in the main 
triangulation of Chesapeake bay. Such of the marks as required att.ention were replaced. 

2. The extension, a short distance above Nottingham, of the triangulation of the Patuxent 
rivt:r, Md. 

3. Further progress in the triangulation of the Potomac river. The work now reaches from 
the entrance of the river to Britton's bay. 

4. A topographical survey from the coast of Maryland and Virginia across to the head of 
Pocomoke 1:1ound, embracing the tract lying in the immediate vicinity of the boundary line 
between the two States. 

5. Supplementary details of topography at tho mouth of Elk river, Md., and plane-table 
work on the Patuxent and St. Mary's rivers. 

6. The topography of the shores of North river completed, and that of the shores of Ware 
river nearly so. These are tributaries of ~fobjack bay. 

7. Hydrography of the Potomac river from its entrance upward to and including St. 
Clement's bay. 

8. The series of tidal observations at the Washington navy yard, D. C., and at Old Point 
Comfort, have been continued with self-registering gauges. 

In addition to the work of routine in.this section, views of the vicinity of Cape Henry have 
been drawn, to accompany charts of the Chesapeake entrance. 

Otfice-work.-Progress has been made in the drawing and engraving of coast map and chart 
No. 29, from Isle of Wight, Del., to Little Machipongo inlet, Va., and on Nos. 31, 33, 35, and 
36, Chesapeake bay; in the engraving of No. 32, Chesapeake bay, from Magothy river to 
Hudson river, Md.; on the chart of the Rappahannock river; and in the drawing of chart 
No. 30, from Little Machipongo to Great Machipongo inlet; on that of the eatrance to James 
river, and on general coast chart No. IV, from Cape May to Currituck sound. The drawings 
of the upper and lower, and the engraving of the lower sheet of a preliminary chart of the 
Patuxent river, have been completed, as also the drawing of the chart of St. Mary's river, 
Md., and the engraving of the preliminary chart of that river, has been continued. The plate 
of the map of York river, Va., has been completed, and additions made to the progress sketch. 

Examination ef stations.-At intervals in July and Augu.:;t, and while his party was employed 
in this section in plane-table work, Assistant G. D. Wise visited the primary and secondary 
stations in the lower part of Chesapeake bay. Most of them on that part of the bay shores 
were found secure, and at any that seemed to require further protection additional marks were 
placed. The primary point at Cape Charles had been destroyed, but some of the secondary 
stations near Cape Henry were found undisturbed. 

Mr. Wise visited all the principal stations excepting ''Rosemary," the party being unable 
to land in its vicinity in consequence of a storm that p1·evailed during the visit. 

A. note-book containing the results of his examination, with remarks appended to refer to 
each station, and sketches showing their positions and the manner of marking, has been 
furnished to the office by Mr. Wise. 

Triangulation of the Patuxent river, Md.-A reach of the river extending about three miles 
above Nottingham, and which had not been included in the preliminary survey of the Patuxent, 
has been connected with that work by triangulation. This duty was executed by Assistant 
John Farley in April and May. Suh-Assistant S. A. Wainwright was attached to his party, 
and under the direction of Mr. Farley ran the shore-line of the river to the upper limit of the 
triangulation. The work of Mr. Wainwright joins at Nottingham with the preliminary survey 
made by assistant Adams. The supplemeutary triangulation is shown on Sketch No. 8. 
Assistant. Farley used the six-inch Gambey theodolite, C. S. No. 76. 
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The details of the work are as follows : 

Stations occupied • · · · · · • • · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · · · · · · · · 8 
AngleR meaecurcd · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 28 
Number of observations· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · . . . . . . . . . . . 7 52 

The schooner Mason was used in this service. 
Assistant Farley has turned in the computations resulting from his field-notes. 
Triangulation ef the Potomac river.-The party of Assistant Farley reached Piney Point on 

the 26th of October, and pushed tho triangulation of the Potomac from it;; limit in that 
vicinity up the river to Blackstone island. Just below tho i:::l,md a chain of triangles was 
made to diverge from the main series, so as to inctude Britton' s bay to it;; head at Leonard­
town, on the Maryland side of the Potomac. On the south side of the river the triangulation 
was extended to Nomini cliff8, (Sketch No. 8.) Tho field-work was carried on until tho 24th 
of December, and again prosecuted from the 24th of April until the 17th of June, a sl10rt 
interval of the latter period being employed in the supplementary work on the Patuxcnt. 

Sub-Assistant ·wainwright assisted l\fr. Farley in the early part of the season. o:a1d subse­
quently made a shore-line survey of the lower side of the Potomac, oppositP to Piney Point. 

The schooner :Mason was left in ch~rgc of Mr. w· ainwright when thP triangulation was dis­
continued in June. 

A summary of the statistics of work is appended: 

Stations occupied. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
.Angles measured . · . · . · . · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Number of observations · · · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Area of triangulation, (square mil~)···· · · · · · · · · · · · · · · · · · · · · · · · · · · 

The observations were made witl• the six-inch Gambey theodolite, No. 76. 

17 
70 

1,306 
60 

Topog1·aphy between Okincotw9ae bay and Pocomoke sound.-A plane-table part.y, in charge of 
Sub-Assistant C. T. fardeJla, <oommenced on the 18th of July, near Snead signal, (Sketch No. 8,) 
and made a survey wNtward to connect with the topography of the shores of the Poeomoke 
river. The sheet .:ontaining the work embraces the tract at the head of the peninsula between 
the Atlantic ix:ean and the waters of Chesapeake bay. 

Mr. T. <J. Bowie aided in this survey. The field-work was continued until the 18th of 
.Aug116t, when Mr. Bowie and all the bands in the party, and in the following week Sub-.A.ssist­
aut Iardella himself, were taken ill with fever, and compelled to discontinue the topography. 
The portions done are on two sheets, which now comprise the following details: 

Shore-li1le ....•............ - • · . · · · . · · · · · · · · - · · · · · · · · · · · · · · · · 9~ mile,;;. 
Creeks .............................. · . · . · · · · · · · · · · · · · · - · · · · 251 " 
Roads· ........................ · · · . · · · . · · · · · · · · · · · · · · · · · · · · · 35} " 
Area, (square miles) .. · . · . · · · .. · · · · · · · · · · · .' · · · · · · · · · · · · · · · · · · · 24 

The working season at the south was employed by Mr. Iardella, in Section VI. Ile is now 
preparing to resume plane-table duty there. 

J:iu.pplementary topography at the mouth ef Elk river, .iYid.-Assistant Hull A.dams left Balti­
more on the 8th of June, and filled in a small space which had not been reached in the general 
topography of Chesapeake bay. The part referred to lies on the south side of the mouth of 
Elk river, (Sketch No. 8,) between Captain Johb's creek and Pond's creek, and embraces about 
five miles of the river shore. This work completes the detailed topography of the upper sheet 
of the bay. 

Mr. J. L. Tilghman accompanied Assistant Adams as aid. Tho party returned to Baltimore 
on the 23d of Jnue with the schooner Guthrie. 

1 c 
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'l'he following are statistics of the additional topography: 

Shore-line · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · · · · · · · · · . · 9! miles. 
Area of plane-table work, (square miles) ·. ·. ·. ·. · ... ·. ·... . . . . . . 12 

The supplementary work was done on a separate plane-table sheet, which has been filed m 
the office. 

Mr. Adams had been previously employed in other surveys in .this section. On closing the 
work on Elk river he took np duty in Section I. 

Topography ef the Patuxent river, Md.-The shore-line survey of the main body of this river 
has been completed by Assistant Adams, and the sheet returned will furnish the material 
required for the finished map. Resuming work early in May at Town Point, a little above 
Benedict, (Sketch No. 8,) .Mr. Adams executed the details in topography embraced on both 
shores of the Patuxent as far down as the mouth of 8t. Leonard's creek, or nearly fifteen miles 
below Benedict. llis plane-table sheet includes also the mouths of Indian creek, Trent Hall, 
Ww.hington, Coles's, and Battle creek, and the mouths of other streams which enter in the 
.same rcc.<>l-t of the Patuxent. 

The plane-t;:,,ble party returned to Baltimore early in June with the schooner Guthrie, and 
then took up supple~ntary work in the upper part of this section, as already referred to. 

Assistant A.dams was a;<led in the field by }Ir. J. L. Tilghman. 
The following summary of s\."tistics is taken from the plane-table sheet: 

Miles of shore-line surveyed·_.. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . 56 
Area, in square miles· · · · • · · · · · · · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . • 60 

Sub-Assistant S. A.. Wainwright, while attac~d to the triangulation party of Assistant Farley, 
extended the shore-line survey of the Patuxent ab.,,,1t three miles above Nottingham, the pre­
vious limit of the preliminary work. This supplement«~y survey was made in May. 

Topography of the Potomac river, ... tid.-On the Marylanoi side of the Potomac, above and 
below the entrance to the St. Mary's river, plane-table work has l)een extended so as to com­
plete the survey of the north shore of the Potomac, between Point 1.ookout, on Chesapeake 
bay, and Piney Point. This topography is supplementary to that of St. 1'lary's river, and was 
executed by Assistant Adams, between tbe"2d of November and the 26th of ~cember, with a 
party in the schooner Guthrie. Some few subsidiary points being necessary for "'l.rryii:Jg the 
work to the head of the St. Mary's, Sub-Assistant Charles Ferguson was detailed to ex\P,nd the 
triangulation to the desired limit, and furnish points for plane-table use. 

The topographical work done by Assistant A.dams this season on the Potomac comprises that 
part of its north shore which lies between Cornfield harbor and Kit's Point, (see Sketch No. 8,) 
and includes the banks of Potter's creek, Jones's creek, and Smith's creek and its branches. 
The last named is a considerable dependency of the Potomac, and is stated as being a very 
convenient harbor for vesseJs in rough weather. 

Proceeding upwards, Mr. Adams added details at several points, and completed the map of 
St. Mary's river. The chart of that arm of the Potomac, in a preliminary form, accompanied 
my last annual report. 

Above the mouth of the St. Mary's, both shores of St. George's creek were surveyed to the 
distance of two miles, the .south shore being formed by the northern side of St. George's island. 
From the upper limit of work in that vicinity the shore of the Potomac, including the "Nar­
rows," was traced as far as Piney Point light-house. 

By reason of the severity of the season the plane-table work was discontinued at the date 
before mentioned, and the party returned with the vessel to Baltimore. 

The following summary of statistics is taken from the report of Assistant Adams: 

Shore-line surveyed· - - · ·. · · · · · · · · · · · · • · • · · · · · · · · · · · · · · · · · · · · · 47i miles. 
Roads. • . . . . . . . . . . . • . . • • • • • • • . • . • . . . . . • . • . • • . . . . . • . . . . . . • . • . 3 " 

Area of topography, (square miles) ....... · . · · · · . · · · · · · • · · · · · · · · 82 
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The sheet containing this supplementary work is now at the office. 
In the early part of summer Sub-Assistant Wainwright traced forty-one miles of shore· line 

on the south side of the Potomac, below Sandy Point. This work includes the entrances of the 
Coan and Y eocomic,o rivers. 

The two parties have now resumed work in continuation of that just stated; :M:r. Adams and 
Mr. Wainwright executing tho detailed survey on opposi' e shores of the Potomac, and using 
the same vessel. 

Topography ef the North aud Ware rivers, Va.-The plane-table work outstanding on the 
western side of Chesapeake bay was resumed on the 26th of June by a party under charge of 
Assistant G. D. Wise, who was aided in the field by Mr. Oscar Hinrichs .. The details executed 
fall within the limits of a sheet which had been projected by Assistant John Seib a short time 
previous to his death, in Decern her, 1858. 

Assistant Wise continued personally in charge of the party until near the end of July, but 
was then compelled to return to Baltimore in consequence of illness. The work after that 
period was conducted by Mr. Hinrichs, who was also attacked with fever, but remained in the 
field until the 22d of September, at which date the schooner Howell Cobb returned with the 
party to Baltimore. 

Sketch No. 8.shows, in a general way, the progress made in the survey of the two hranches 
of }fobjack bay, named in the head of this notice. Along the shores of ·ware river the topo· 
graphy was extended about three miles, both being included on the plane-table sheet. The 
survey of the banks of the North river was completed to a point about six miles above its 
entrance into Chesapeake bay. A summary of statistics is appended: 

Shore-line traced · · · · - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 65 miles. 
Roads . . . . . .. · .. · · · · · · · · · · - · · · · · · · · · · · · · · · - · · • · · · · · · · · · · · · · · · 6 8 '' 
Area, (square miles)···· · · · · · · · · · · · · · · • · · · · · - · · · · · · · · · . ·. · . ·. · . 25 

The schooner Howell Cobb had been previously employed this season by the party of Mr. 
Wise in Section VII, and is now preparing to return to the south. ~Ir. Hinrichs has been 
reassigned to duty in the party of A.ssistaut Bolles in Section V. 

Hydrogmphy of the Potomae river.-The regular hydrography of the Potomac was commenced 
in the middle of July last, the St. Mary's river and part only of the bed of the main river in 
its immediate vicinity having been sounded out last year. Commander W. T. Muse, U.S. N., 
Assistant Coast Survey, with a party in the steamer Hetzel, took up the work on the lower 
side of the Potomac, at its junction with Chesapeake bay, and sounded along the southern 
shore, so as to connect with his survey of last season, and then extended the general hydro­
graphy of the river upwards to a 8tation above St. Clement's bay. That branch of the 
Potomac, as also the one below it, known as Britton's bay, both making in from the Maryland 
sid~ of the river, were sounded out. On the Virginia side the sheet includes the arms called 
the Coan and Yeocomico rivers, (Sketch No. 8.) 

The hydrography of the Potomac has thus far kept pace with the triangulatiou, and both of 
these operations are yet in advance of the detailed topography. 

The statistics of work done by the party in the Hetzel are as follow": 

Miles run .......•..•..... - .................................... - 843 
Angles measured ....................•.•................... · · · · · · 1, 856 
Number of soundings ...... - ..•............... - .. · · · · · · · · · · · · · · · - 42, 269 

Commander Muse continued the hydrography until the 22d of October, and then returned 
with the party to Baltimore. Since the opening of the present year he has deposited in the 
a:chives three sheets containing his surveys of parts of the Patuxent, St. Mary's, 8.lld James 
nvera. A fourth, containing the soundings of Monie bay and Manokin, Wicomico, and A.nne­
meeaex rivers, has also been turned in. 
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Magnetic observati011s.-Preparatory to taking up a series of observations at several points in 
Sections 1 and II, notices of which have been made under their respective heads, Assistant 
Charles A. Schott determined, at the Coast Survey office, the constants of the instruments to 
be used in his observations. He also made observations there for the magnetic declination, 
dip, and intensity, by methods and with instruments which have been described under Section 
I. Appendix No. 29 contains the results found at all the stations. 

Tidal observati011s.-During the present year the self-registering tide-gauge at the Washing­
ton navy yard, D. C., has given excellent results under the care of Mr. J. "'IV. Donn, aid ··in 
the Tidal Division of the Coast Survey office. As heretofore, every facility for keeping the 
instrument in steady operation has been afforded by Commander Dahlgren and the other officers 
in charge of the ordnance department of the yard. 

Observations have been continued at Old Point Comfort, Va., with the self-registering gauge, 
under the charge of Mr. M. C. King. This series extends through a period of sixteen years, 
but the continuity has at times been broken by accidents. Of late years the observations have 
been kept with greater regularity. 

SECTION IV. 

FROM CAPE HENRY TO CAPE FEAR, INCLUDING THE COAST OF PART OF VIRGINIA AND OF PART 
OF NORTH CAROLINA.-(SKETcH D, No. IO.) 

Two parties have been engaged in this section, and tLe results of their work were some­
what affected by the hurricane of the 29th of April, which was of extraordinary violence. 
The changes of this coast from the encroachment of the ocean I have several times called 
attention to, and am always impressed with the dangerous progress which the ocean is making 
whenever I take up the records of our parties on its outer coast. 

The following operations have been in progress in field and office: 
1. The triangulation of the southwestern part of Pamplico sound, N. C. 
2. A plane-table survey of the beach forming the Atlantic coast and eastern shore of Pamp­

lico sound, between O~pe Hatteras and a station near Ocracoke inlet, N. C., and supple­
mentary work at Oregon inlet. 

3. A hydrographic reconnaissance in the upper waters of Currituck sound, ranging from 
Coanjock bay to Weir Point, on the North river, N. C. 

4. A line of soundings run from Cape Henry to Cape Lookout, traversing the general off­
shore hydrography. 

A. view has been drawn of the vicinity of Cape Hatteras for the off-shore chart No. _V. 
O.ffice-worlc.-The engraving of coast maps and charts Nos. 40 and 41, Albemarle sound, has 

been brought up with the field-work; additions have been made on the progress sketch of 
the wotion, and miscellaneous work done in retouching and correcting ptites. Progress has 
been ma.de in the drawing of general coast chart No. VI, from Ocracoke inlet to Charleston; 
on coast m;i.p and chart No. 37, from Cape Henry to Currituck sound; on Nos. 46 and 47, from 
Cape Lookout kl Barren inlet, N. C., and on preliminary sea-coast charts Nos. 11 and 12, from 
Cape Battera1:1 to Cape Fear. 

Triangulation qf Pampl,ioo sound, N. 0.-.As stated in my la.st report, the preliminaries for 
this work were arranged and executed last season by Captain T. J. Oram, U.S. Topographical 
Engineers, Assistant in the Coast Survey. His party, in the schooner Guthrie, was again at 
its working ground on the 25th of October, 1859. .Assistant A. S. Wadsworth accompanied 
the party, and, under the direction of Captain Cram, made most of the angular measurements. 
The portion of the triangulation completed lies at the southwestern end of the sound. Six 
stations were occupied in that quarter,.and one at the northeastern end, connecting directly 
with the Bodies' island base. The angles were measured with the C. S. theod.:>lite No. 18. 
Sketch No. 10 shows the triangles so far completed by the <>bserva.tiona. 
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The intention of occupying three stations in addition to the number just mentioned was 
frustrated by the very violent storm which raged in Pamplico sound on the 29th of April. Its 
force was such as to destroy the high tripod signals at Cedar i&land and Pea island, the heavy 
timbers of which they were made being broken so as not to admit of repairs. At Cedar 
island tbe water, raised by the action of the wind, swept directly across the site of the signal 
and undermined it. The signal at Roanoke marshes was also overturned, but re-erected after­
wards from the same material. The station points, being marked well be1ow the surface of the 
ground, were not lost by the overflow of water in the storm alluded to. It is stated by Capt. 
Cram, as the result of general inquiry, that no gale in Pamplico sound since that of August, 
1839, has equalled it in fury. 

The damage done to the signals, involving the lahor of renewing several of them, will delay 
the completion of the main triangulation, which Capt. Cram had estimated as being quite 
practicable by the end of next season. 

In the course of the present year eight signals of the first order were erected. The 
progre.ss made in the details of the triangulation is shown by the following abstract: 

Primary stations occupied · . · . · ... · . · · . · · · . · · · · · · · ..... · .. · · · · .. ·. · 7 
Signals observed on . • . · . · .....•. · . · . · ..... · . · . · · . . . . . . . . . . . . . . . . . 15 
Angles measured ..•.... · ..... · . · . · • · ... · · · . · . · . · ........ · . . . . . . . . 33 
Number of observations·············· · · · · · · · · · · · · . ·. · ·. · ... ·. ·. ·. · 4,708 
Area, in square miles · · · · · ... · . · . · . · · · . · . . · · · · · · · . · · . · · · .. · · ..... · 385 

The field-work was discontinued on the 15th of May. 
Capt. Cram has provided materials for erecting the signals necessary for a secondary trian­

gulation within the limits of the primary work. The reconnaissance for subsidiary stations, to 
include points on the shores of the sound for the plane-table survey, has been in progress, 
and the execution of the details will, if found practicable, be pushed forward with the main 
triangulation. 

The original record of horizontal angles measured this season has been duplicated and placed 
in the archives of the office. 

Coast topography north and south <:!f Gape Haiieras, N. C.-'l'owards the end of the working 
season at the south, and after concluding more extended duty in this section, Sub-Assistant 
John Meehan completed the survey of a gap left in the topography below Bodies' island. The 
interval referred to was about four miles in length, and occurred at the junction of sheets left 
unfinished by the death of Assistant J. J. S. Hassler. The sheets wern projected so as to 
connect, when finished, at Oregon inlet. 

On the 19th of January Mr. Meehan took up tho detailed survey of the coast of North 
Carolina at Cape Hatteras, (see Sketch No. l(\) and pushed it southward and westward to 
within seven miles of Ocracoke light-house, closing for the season on the 4th of May at ''Great 
Swash." The stretch of main coast embraced is rather more than twenty-one miles. On the 
peninsula beach., which ranges from the cape southward to Hatteras inlet, and separates the 
ocean from Pamplico sound, the topography proved to be quite intricate. "From Durant's 
Point to wit.bin a mile or so of the inlet the beach averages a mile and a, half iu width and is 
thickly wooded, intersected by man'!hes, creeks, and ponds, and studded with small, arable 
patches and vegetable gardens. The ground above Durant's Point, for a dio;tance of about 
two miles, is low in profile and only half a mile wide. The winds have divested it of both 
trees and sand dunes, and it is thuR rendered liable to inundation as well from the ocean as 
from the water of Pamplico sound." 

The beach on the side towards Pamplico sound is thickly settled, the houses being mostly 
the dwellings of pilots. Below Hatteras inlet, Sub-Assistant Meehan surveyed the greater 
part of the insular beach, which runs towards Ocracoke, forming the outer coast line of North 
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Carolina as far as Great Swash, and to the same extent on the inside the shore of the sound. 
He also determined and laid down in position on the plane-table sheet the shoal and islet known 
as "Legged Lump," which lie in Pamplico sound at the distance of nearly five miles ,V. by 
N. from Hatteras inlet. 

Mr. F. R. Hassler aided in the field-work of this party. 
The following statistics, taken from the report of Mr. Meehan, include the supplementary 

topography executed at Oregon inlet: 
Shore-line surveyed · · · · • •. · .... · ... · • · . • . •• • · • . · · · . ·. · · · · · · · · 69 miles. 
Roads surveyed·· .. · .. · .. · · · • · · · · .. · · · · .. · · · · .. · · · · · · · · .... • · 19!- " 
Area of topography, (square miles)· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 16 

Connected with a remark which has been quoted from the report of Sub-Assistant :Meehan, 
in reference to the narrow neck of land or rather beach, above Durant's Point, it is further 
observed: "The same cause (action of the wind and sea) is steadily diminishing the area of 
the cape, and in this vicinity, generally, the Atlantic and sound waters are gaining on the 
land. Since 1853 a breadth of about three-quarters of a mile of the beach at Cape Hatteras, 
abreast of the light-house, has been washed away. The district, however, between the cape 
and the settlement bolo>\' it, called 'Trent, i preseuts very considerable resistance to the waters. 
The average width of the peninsula there is two miles, and it is densely wooded with different 
kinds of oak, pine, maple, bay, beech, and dwarf palmetto. In contour the ground is com­
paratively bold, and although the soil is mostly of sand, except where the numerously inter­
spersed sedge swamps occur, it is yet remarkably compact. 

"The small inlet which fay open immediately below Hatteras inlet in 1857 has lately closed 
up, but the main inlet remains almost unchanged." 

Special service executed by the party in charge of Sub-Assistant Meehan, in the upper part 
of this section, will be noticed under the- head of hydrography. 

All the plane-table sheets brought from the field have been inked and registered in the 
Coast Survey office. 

Ojf-8hore soundings.-On the return passage of the steamer Bibb from service at the south, 
Lieut. Comg. Alexander Murray, U. S. N., Assistant Coast Survey, carried soundings coast­
wise and in deep water on a continuous line from the parallel of Cape Lookout to a position 
near Cape Henry. These soundings will serve as a verification in part of the general off-shore 
hydrography of the upper part of the section. The direction of the line run is marked on 
Sketch No. 10. _ One thousand and forty casts were made with the lead in a run of about four 
hundred miles. 

The steamer Bibb reached New York on the 11th of June, and was there refitted for other 
service. 

Notice will be taken of the previous work of this party, in describing the operations of the 
year, in the next two sections. One of the lines run by the Bibb, in returning from Florida, 
was extended to the vicinity of Cape Lookout, as will be seen by the Progres;i Sketch No. 10. 

Before resuming duty in the present year Lieut. Comg. Murray sent to the office eighteen 
volumes comprising the hydrographic records of the work done by his party between Bogue 
inlet and New River inlet, in the surveying season of 1858-' 59. These were accompanied, as 
customary, by a smooth journal of all the notes. 

HydrograpMc reconnaissance.-In the upper waters of Currituck sound, N. C., the party of 
Sub-Assistant Meehan sounded out the space designated as Coanjock bay, and also several 
miles of the conr.se of North river, which extends from the head of the sound across the 
boundary between Virginia and North Carolina, and forms the upper part of the water com· 
munication between Chesapeake bay and .Albemarle sound. A channel of about fourteen 
miles in length is represented by the sheet containing the soundings. The reconnaisliJance was 
carried up the North river to the month of Blackwater creek. 
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This duty was performed by the plane-table party in December, before taking up the regular 
operations in this section, as already explained. Mr. F. R. Hassler was attached to the party 
and aided in the work by determining the stations selected for boat soundings with the theod­
olite. 
- The following is a synopsis from the record kept by Sub-Assistant Meehan : 

~liles run in sounding · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · . . . .34 
Sextant angles taken · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·. 151 
Theodolite angles from shore-stations···· · · · · · · · · · · · · · · · · · · · · · ·.... . 117 
Number of casts with the lead-···································. 3,441 

The level of the water of the sound was recorded daily during the month spent in this 
work. The journals containing them were turned in promptly, together with the note-hooks 
of the soundings, and the results were plotted at the office. 

SECTION V. 

FROM CAPE FEAR TO ST. MARY'S RIVER, INCLUDING PART OF THE COAST OF NORTH CAROLINA, 
AND THE COAST OF SOUTH CAROJ,IN A ND GEORGIA.-cSKErcH E, No. 13.) 

The survey has been in full activity in this section from three centres-one at the north, on 
the coast of North Carolina; one in the middle, on the coast of South Carolina; and one at the 
south, on the coast of Georgia. In another season it will present a continuous triangulation 
from Winyah bay to the E:t. John's river. 

A. new channel :into Sapelo sound has been developed, and some changes found at Ossabaw 
since the survey of the Topographical Engineers in 1846. 

Both off and in shore hydrography have made excellent progress in the section. 
The work will be described under the following heads: 
I. Primary and secondary triangulation and topography of the coast of North Carolina, 

we;;t of Shallotte inlet, completing the land operations between Cape Fear and the State 
boundary at Little river. 

2. An extension of the primary triangulation of the coast of South Carolina to Port Royal 
sound, and its connection with the Edisto base, and with the triangulation of St. Helena sound. 

3. The triangulation of the Morgan, Coosaw, and Beaufort rivers, which connect the waters 
of St. Helena and Port Royal sounds. 

4. Triangulation of tho coast of Georgia, from Altamaha l3ound southward and westward. 
This work crosses St. Simon's entrance, and includes Jekyl and St. Andrew's sound, and a part 
of Cumberland island. 

5. The filling in of details of the plane-table survey between Port Royal sound and Savannah 
river. The topography includes Hilton Head island and the shores of Calibogue sound and its 
branches. 

6. Progress in the plane-table survey of Wassaw sound, and extension of the topography of 
Ossabaw island. The work on Ossabaw island forms part of the material of the survey of St. 
Catharine's sound. 

7. Off-shore hydrography between Charleston harbor and Fernandina; a partial survey of 
Maffitt's channel, and a complete hydrographic survey of Morgan, Coosaw, and upper part of 
Beaufort river, S. C. The off-shore work is supplementary to the system of lines run last year. 

8. A complete hydrographic survey of Ossabaw sound, including the bar and approaches, 
and the principal tributaries of the sound. 

9. The hydrography of Altamaha sound, Ga., in connection with in-shore soundings abreast 
of St. Simon's isla.nd. The work was extended upwards to Mud river, and includes a.lso 
Rampton river. 

1.0. Tidal observations continued at the custom-house wharf, Charleston, S. C. 
Offece-work.-Preliminary charts of Port Royal entrance and Bull's bay, S. C., and Sapelo 
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1mund, Ga., have been drawn and engraved, and additions made to the chart of Charleston 
harbor, and to the progress sketch of the section. The drawing of the chart of St. Simon's 
sound, Brunswick harbor, and Turtle river, has been completed and its engraving commenced. 
Progress has been made in the drawing of general coast chart No. VII, from \Vinyah bay to 
St. John's river; on that of coast map and chart No. 48, from Barren inlet, N. C., to Lock­
wood's Folly inlet, N. C.; on Nos. 53 and 54, from Rattlesnake shoals to Fripp's inlet, S. C., 
and on the chart of Ossabaw sound; and the engraving of preliminary sea-coast chart No. 14, 
from Cape Romain to Savannah, has been continued. , 

Coast triangulation and topography between Shallotte inlet and Little river, N. 0.-The party of 
.Assistant C. P. Bolles took the field on the 14th of December, and completed the details of the 
main and secondary triangulation from Shallotte inlet westward and southward to Little river. 
The plane-table work was resumed at the same time by l\:lr. 0. Hinrichs, the aid in the party, 
and was extended from Tubb' s inlet westward to the limit of the triangulati_on. The additional 
ti-iang]es are laid down on Sketch No. 13. .A.breast of Tubb' s inlet the stations corresponding 
to the northern angles of the main series of triangles are in the immediate vicinity of the road 
which leads from ·wilmington, N. C., to Georgetown, S. C. In measuring tho angles Mr. Bolles 
used the six-inch Brunner theodolite, C. S. No. 67. 

This work completes the land operntions of the survey of the coast of North Carolina 
between Cape Fear and the southern boundary. At every step it has been carried on only by 
determined effort, the sides of all or most of the principal triangles requiring to be opened 
and cleared of the obstacles which otherwise would interpose in the lines of sight. An aggre­
gate length of eleven miles and a half was prepared in tllis way for observing during tho 
present year. The following synopsis gives the general particulars of the triangulation: 

Signals erected ...........•................................ • .... · · . 23 
Stations occupied, (primary) . · · • · .. ·. · ........... · ........ · · · .. · · · · · 3 
Angles measured · · · · · · · · · · · · · · · .... · ..... · .•............ · · · • · · · · · · 7 
Number of observations··· .... · · .. · ........................... · · · · · 606 

The plane-table work done by Mr. llinrichs is represented by the following statistics: 

Coast-line surveyed • · ·. · · .. ·. · · . ·. . . . . . . . . . . . . . . . . . . . . . . . . . 10.14 miles. 
Shore-line of creeks··· · · · .... · .. . . . . . . .. . . . . . . . . .. . . . . .. . . . . .. . . 66. 56 "' 
Marsh-line·· .. ·· · · ... · · • ·. . . . . . • . . . . . . .. . . .. • . . . .. . . . . . . . . 27.25 " 

Primary triangulation southward from the Ed-isf-0 base, S. C.-The scheme for extending the main 
triangulation of the coast of South Carolina below the primary base on Edisto island, aud for 
connecting that work with the secondary triangulation of the lower piirt of St. Helena som1d, 
having been fully matured, and its execution provided for by the preparation of lines and the 
erection of signals last season, Assistant C. 0. Boutelle commenced the measurement of hori· 
zontal angles in the early part of January. Six primary stations ·were occupied in succession, 
viz: West base, (Edisto island;) Aiken; .A.shepoo; Coffin; Baptist church, (Beaufort, S. C.;) and 
Port Royal. The position last mentioned is on the east bank of Beaufort river, and near its 
entrance into Port Royal sound. The entire series is shown on Sketch No. 13. The instru­
ment used in determining the primary angles was the ten-inch theodolite, C. S. No. 43. In 
order to clear the lines of sight from intervening objects, tripods with high scaffolds were 
required at all the stations. Excepting that in Beaufort, in which instance the tower of the 
Baptist church furnished the desired elevation, the structures were forty-five feet in height, and 
were erected by the party. The device of setting screens so as to protect the theodolite 
scaffold from the effect of prevailing winds was a.gain employed by Mr. Boutelle, their use in the 
primary ·work on the coast of Maine, as mentioned in my last annual report, having fully proved 
their utility. • 

It will be seen by reference to the progress sketch (No. 13) that the primary triangulation is 
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now complete between Charleston harbor and Port Royal sound. To the southward of its 
present limit some of the stations have been selected for extending the work to the Savan­
nah river. 

At the line "Morgan--Otter island" the primary series was connected \vi th the 
secondary triangulation which covers St. Helena sound. The extension of the secondary and 
tertiary work within the limits of the main triangulation will be referred to under the next 
head. '1.'he smaller chain which passes down the coast of South Carolina, and is now continuous 
from Bull's bay to Tybee entrance, was also connected with the principal series of triangles by 
the line '' Coffin--Otter island,'' as may be seen by the progress sketch. 

The schooner Petrel was used by the party of Mr. Boutelle in tl1is section. 
Notwithstai;iding the disadvantage under which the main triangulation was carried on south 

of the Edisto base, arising from the great elevation of the platforms found fo be nece~1mTy in 
observing with the theodolite, the greatest error in a single angle, as given by the measures, is 
only twenty-eight hundredths of a second. 

The primary work was closed for the season at Port Royal station on the 24th of A.priL 
.A. duplicate of the record of horizontal angles measured in the 'vork connecting with the 

Edisto base has been received from Mr. Boutelle. 
Tria11gul,ation ef tlie Morgan, Coosaw, and Beaufort rivers, S. C.-These rivers connect the 

waters of St. Helena and Port Royal sounds, and are partly within the limits noticed under the 
preceding head. 

After completing the triangulation of the upper part of St. Helena sound, .Assistant Boutelle 
projected and measured the angles of a series of triangles, induding the Coosaw river, as high 
up as Port Royal Ferry, (Sketch No. 13,) and, from an intermediate point in the chain, com· 
pleted the triangulation of Beaufort river by pushing that work southward to the city of Beaufort, 
where it meets the completed work of the lower part of the river. The triangulations which 
pass separately up these waters unite at the Brickyard, on the Coosaw. 

"This work was rendered exceedingly difficult by the high, dense wood which lies just north 
of Beaufort. 'l'he trees formed a c:implete barrier to vision from the primary station in Beau­
fort, although it is seventy feet above the level of the city. Other points of wood presented 
obstacles at every turn of the river, and cutting was required on all the lines but two. .At 
Pigeon Point a flag 011 a tall pine was found the best expedient, and another sign'll of the same 
kind was used on approaching the Coosaw, in order to aYoid e;~tensive cutting in joining the 
triangulation of the two rivers." 

The Morgan river and Parrutt creek were included by Mr. Boutelle in the triangulation 
going southward from St. Helena sound . 

.At the river stations the angles were measured with the ten-inch theodolite, C. S. No. 43, 
~nd the eight-inch instrument, C. S. No. 24. The mpde of observing was that usually employed 
1n the triangulation of this section. Each set of six repetitions with the theodolite is a 
mean of three direct and three observations with the instrument reversed. 

Messrs. C. H. Boyd and C. B. Boutelle were attached as aids to the triangulation party. The 
schooner Petrel, which had been in use for transportation, was laid up at Charleston on the 3d 
of May. 

Frequent aHusion has been made in previous notices of work in this section to the develop· 
ment of the Inland passage, as it is called, which ranges along the coast of South Carolina and 
Georgia, behind the sea islands. Another link of this important line of communication has 
be.en developed this season by the joint labors of the field and hydrograpbic parties on duty in 
th1s vicinity. In the course of his triangulation .Assistant Boutelle furnished the points neces· 
aary for sounding out the Coosaw and Morgan rivers, and the upper part of Beaufort river, 
f~om its junction with the Coosaw to the city of Beaufort. The following is an extract from 
his prelirnb)ary report made in March last : "That part of Coosaw river lying above Coosaw 

s c 
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island, and between the island and the junction of Beaufort river with Coosaw river, has been 
supposed too shallow for the steamers that formerly passed between Charleston and Savannah, 
and they have often grounded there at very low tides." ''In beating down the river last week I 
found a continuous channel which will probably give fifteen feet at mean low water over the 
whole bed of rocks which forms the bottom of the river, where six and seven feet was supposed 
to be the best water.'' 

The passage referred to is taken by steamers running south of Charleston by the inland 
route. Its development will be more particularly referred to, under the head of hydrography1 
before closing this chapter. 

The field operations were stopped for the season at the end of April. Mr. Boutelle reported 
in person at the Coast Suryey office on his way northward, and then took up duty in Section II. 
The following is a summary of statistics of the primary and secondary triangulation executed 
between the rivers connected with St. Helena and Port Royal sounds: 

Stations occupied · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 31 
.Angles measured. · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · • · . · · · · · · · · · · · · · · 401 
Signals observed on· · · · · · · · · · · · · · · · · · · · · · · · · · . · · · · · · · · · • · · · · · · · · · . 358 
Number of observations· · · · · · · · · · · · · · . · ...................... · • . . . 6, 980 

Triangulation ef Jekyl and St . .Andrew's sounds, Ga.-Sub-Assistant F. P. Webber, with a 
_party in the schooner Hassler, took up work near Darien on the 5th of December, and com­
pleted the secondary triangulation marked on Sketch No. 13, which includes the Inland passage 
between Altamaha and St. Simon's sounds. At Turtle River entrance his work connects with 
two of the triangles measured by .Assistant Longfellow in the survey of St. Simon's sound, and 
from thence the coast series was extended southward and westward quite across Jokyl and St. 
Andrew's sounds, including also the Great and Little Satilla rivers, and through the Inland 
passage, behind Cumberland island, to a station within twelve miles of the mouth of St. 
Mary's river. 

On comparing, by computation, the length of the side ''Brunswick Point--Cedar 
Ilammock," (See Sketch No. 13,) which connects with the Sapelo preliminary base through 
twenty-six triangles, and also with the preliminary base at St. Simon's sound, the difference in 
length, as derived from the independent measurements, was nine-tenths of a metre. 

Mr. Webber used the ten-inch Gambey theodolite, C. S. No. 63, and the six·inch Brunner, 
C. 8. No. 52, and iu the course of his triangulation determined the exact positions of seventy­
four points. The statistics of the work are appended in the usual form: 

Signals erected · · · · · · · · · · · . . · .. · . · · · · · · . · · . · . · . . . . • . . • . • . . . • . . • . • 55 
Stations occupied· · · · · · · • · · · · · · • • • · · • · • · • · · · · · · · . · · · · . · · . . . . . . . • . . 26 
Objects observed on · · • · · · · · · · · · · · · · · · · · · . · · • . . . . . . . . . . . . . . . . . . . . 358 
Angles measured · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . . · . . . . . . . . . . 355 
Number of observations· · · · · • · · · · · · · · · · · · • · · · · . • . . . . . . . . . . . . . . . . . . 3, 354 

:Mr. Julius Kincheloe aided Sub-Assistant Webber in the field, and also in computing from 
the recorded notes. 

The vessel used reached New York, on her return from duty in this section, on the 12th of 
April, and was afterwards employed in Section I. 

Sub-Assistant Webber thus refers to the impediments met in pushing the triangulation south­
ward, between St. Simon's island and the main land of Geogia: "The Inland passage, through 
which it was necessary to carry the triangulation, is about three miles wide, and a branch of 
the fresh water of the Altamaba rive1· has caused the grass to grow to the height of twelve to 
fifteen feet. The hard land being on a level with the marsh, I was obliged to build four tripod 
signals with scaffolds, for observing with the theodolite. One of these was twenty-five fee-t 
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high, and the others each sixteen feet. As the work advanced to the southward we were able• 
to progress faster." 

A duplicated record of the horizontal angles measured between Altamaha river and Cumber­
land island has been received from Mr. Webber, and placed in the office, with his descriptions 
of the stations occupied for carrying on the triangulation. 

Coast topography from Port Royal entrance, S. C., to Savannah river, Ga.-The details of this 
work, following the shore-line survey of last year, have been completed by M:r. Cleveland 
Rockwell, to whom the duty was assigned after the death of Assistant John Seib. Field­
service was resumed on the 23d of January, and closed on the 22d of May. 

The topography is contained on two sheets, and embraces Hilton Head island, the entire 
shores of Calibogue sound and its branches, including also the inland passage which connects it 
with Port Royal sound and the shores of Cooper and May rivers, the whole of Dawfuskie, 
Turtle, Pine, and Bull islands, and part of Pinckney's island. At the junction of Mackay's and 
May river the survey takes in a small portion of the main land of South Carolina, the plane­
table work heretofore reported being wholly confined to the belt of sea islands which ranges 
along the southern coast. The limits of the topogrnphy may be seen on Sketch No. 13. 

Having been associated with Assistant Seib in the preliminary survey, Mr. Rockwell's 
knowledge of the ground enabled him to push on the work, and, with the advantage of weather 
favorable upon the whole for field operations, to make a large return of material. The following 
are the statistics: 

Shore-line . · .. · · . · · · · · · · · · · .. · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · 
Roads · · · · - · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

190 miles. 
64 " 

Area, in square miles · ·. · .......... · .. · · · · · • · · · • · · · · • · · · · · · · · 90 

Mr. Rockwell's party used the schooner Bailey for work in this section. The vessel returned 
to New York early in June. Arrangements were made at the outset of the surveying year for the 
completion of the plane-table work between Port Royal entrance and Savannah river, but the 
movements of the party were delayed in consequence of the sudden death of Assistant Seib, 
which occurred on the 23d of December, at Washington. I have elsewhere in tAis report 
alluded to the faithful labors of that able topographer, whose industry and patience merit a 
lasting remembrance in connection with the plane-table survey of this and other sections of the 
Atlantic coast. 

Topography qf Wa.ssaw and St. Catharine's sounds, Ga.-Th~ plane-table survey of Wassaw 
sound was begun on the 24th of March by Sub-Assistant H. S. Du Val, with a party in the 
schooner Meredith. .A.bout five miles of the outer shore of Little Tybee island, on the north 
side of the entrance, and as much of the outside of W assaw island, were traced, and the shore· 
line given to the hydrographic party then working in Ossabaw sound. The survey of 
Ossabaw island had been resumed with a view of c'ompleting the map of St. Catharine's sound 
within the season if practicable. Mr. Du Val, after joining his sheet with the topography of 
the upper part of the island, executed by .Assistant Harrison in 1858, continued the work south· 
ward to within four miles of the point at the entrance of St. Catharine's sound. 

On Ossabaw island the party worked under unusual difficulties from the opening of the year 
until after the middle of March. These were in part due to the continued rains in January1 

hut to a greater extent arose from the nature of the surface features of the interior of the 
island, the marshes creeks and woods being so interspersed as to make it a matter of great 
. ' ' 

difficulty to pass from point to point with the plane-table. 
The two localities of work referred to in this notice are shown on Sketch No. 13. 
Sub-Assistant Du Val was aided in the field by Mr. J. D. Bradford. 
The following is a. summary of progress made by this party: 
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Sea shore-line surveyed .. · . · .• · • · · · · · · · · · · · · · · · · · · · • · · · · · · · · · 5 miles. 
Shore-line of navigable creeks · · · · • • · · · • · · • · • · · · · · · · · · · · · : · · · · · 36 " 
Area of details, (square miles).•···· · · · · · · · · · · · · · · · · · · · · · · · · · · · 15 

The part of Ossabaw island not yet surveyed is reported as being comparatively easy of 
access, and of such a nature as to admit of closing the plane-table survey of St. Catharine's 
sound rnadily in the coming winter. 

Off-shore hydrography, coast ef South Carolina and Georgia.-Lieut. Comg . .T. P. Bankhead, 
U. S. N., .Assistant in the Coast Survey, occupied two intervals of the working season in·, 
running with the schooner Crawford additional lineR of soundings between Charleston harbor 
and Fernandina. Their extent and direction will be seen by comparing tho lines traced on 
Sketch No. 13 with those on the corresponding sketch of my previous annual report. The 
soundings were made in April and June, and extended from the coast to the limits of the Gulf 
Stream. Two of the lines were run coastwise between Charleston light-house and St. Simon's 
entrance. The statistics are appended: 

Miles· run ...... · . · · · . • · • . · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 895 
Soundings .. ·.·. ·. ·. ·. · · ·. · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1, 071 

An extract from the report of Lieut. Comg. Bankhead will Le given in my remarks on the 
Gulf Stream. 

In addition to the work just referred to, three linet-l of soundings were started from positions 
off Jl~ernandina (Sketch No. 13) and carried northward in the direction of the coast of Georgia 
and South Carolina to Charleston, one of them being so run as to converge in two parts at 
Tybee entrance. From Charleston a line wa.c; carried in the direction of the coast to Cape 
Lookout. 

These soundings were made by the hydrographic party in the steamer Bibb, under the 
charge of Lieut. Comg. Alex'r Murray, U. S. N., Assistant Coast Survey, and after concluding 
duty for the season in Section VI. Further mention will be made of its previous operations. 

The st.sties of off·shore soundings are as follows: 

Miles run •. • . · . · · · · · · · · .•. · · · · · • · · · · · · · · · · · · · • · . · · · · · .. · · · · · · · · 590 
Casts of the lead ....... · ..••.•...•..• • • • •.•.. ·•... . . . . . . . . . . . . . . 1,459 

ResurVe1.J qf MaJfitt' s channel, Charleston harbor.-At the request of the harbor comrni&sioners 
of Charleston, made opportunely while the schooner Crawford was at that port with the party 
of Lieut. Comg. Bankhead, a partial examination was undertaken hy that c1fiicer in order to 
determine the condition of the channel surveyed by Lieut. J. N. Maffitt in 1850. The portion 
sounded out extends from the buoy on the end of the jet.tee to the black buoy in the channel. 
A tide-gauge was set up at Fort Sumter for the reduction of the soundings, but after recording 
a. short series of observations it was unfortunately swept away by a heavy gale, preventing the 
e$tablishment of a bench-mark for the references desirable iu comparing the results with those 
given by the former surveys of the channel. The soundings were begun on the 9th, and 
concluded on the 11th of May. 

In his report, made in advance of the plotting of his hydrograpbic sheet, Lieut. Comg. 
Bankhead remarks: "That the channel has narrowed since the dredge-boat was discontinued 
is an undoubted fact, but to what extent can, at present, be only a matter of surmise." 

Hydrography ef the Ooosaw, Mm·gan, and Beaufort rivers, S. 0.-These rivers, intermediate 
between, and connecting the WtLters of St. Helena and Port Royal sounds, were thoroughly 
examined and sounded out by the party of Lieut. Comg. Bankhead in May, during an interval 
of the working period which was employed in two other localities of this section. In the 
Coosaw, the hydrography was joined with that of St. Helena sound, and was extended up to 
the junction of Beaufort river, and down that river to the city of Beaufort. The hydrogra.phy 
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of the lower part of Beaufort river was executed, in connection with that of Port Royal sound, 
in 1855, by Lieut. Comg. Maffitt. 

Lieut. Comg. Bankhead sounded out the channel of Morgan river, and that of its branch, 
Parott's creek, which connects the Morgan with Coosaw river in passing around Morgan 
island. 

In connection with the river hydrography, the tides were observed for a full lunation for the 
accurate reduction of soundings. . The following are the statistics of general work: 

Miles run · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 463 
Angles determined . · · · ·., · · · · · · · · · .. · · · · .. ·. ·. · · · · · · · · · · · · · · · · · 1,652 
Casts of the lead ... · .... · · .... · ..... · ..... · .... · · . · . · · · · · · · · · · . 26, 488 

.Area sounded, (square miles)···· · · · · · · · · · · · . · · · · · · · · · · · · · · · · · · · · · 12 

This hydrograpby was executed with the schooner Crawford. The courses of the rivers 
sounded are marked on Sketch No. 13. 

I have already adverted, under another head, to the general interests which may inure from 
the development of the inland passage along the southern coast. 

Hydrograplly ef Ossabaw sound, Ga., and its approaclies.-This hydrographic survey was 
commenced and completed within the present season by the party of Lieut. Comg. C. M. 
Fauntleroy, U. S. N., .Assistant in the Coast Survey, working with the schooner Varina and 
steam-tender Fire Fly. The soundings in the approaches were carried out nine miles from 
shore into eight; fathoms water, and extend over a space of about the same length a.breast of 
the entrance, including in the coastwise range of the sheet three miles of the shore of Great 
W assaw i8land, on the north side of the entrance, and about tvw miles and a half of the outer 
shore of Ossabaw island, as will be seen by referring to the progress sketch (No. 13.) 

A full development was made of the outer bar, and of the channel leading into the sound. 
In allusion to that part of his work, Lieut. Comg. Fauntleroy thus reports: "The channel is 
narrow, and the entrance leading into the sound is nearly six miles to the southward of it. It 
can be approached with confidence, as the soundings shoal gradually from eight to three and a 
quarter fathoms, which can be carried in until the north point of Ossabaw island bears west, 
where the water deepens to six and seven fathoms. Thence on, it shoals until within a mile 
and a half of the north point of Ossabaw, nearly abreast of the point of bare shoal, where the 
channel is suddenly ob-structed by a belt extending inward for nearly two miles, and over that 
only fourteen feet can be carried at low-water to deeper water:, and a safe anchorage inside. 
The anchorage is off the west point of Raccoon island, close to, in six and seven fathoms, sticky 
bottom." Other remarks taken from the same report relative to the character of the sound 
and its dependencies will be found in the .Appendix (No. 12.) 

Besides the bar, entrance, and body of the sound, the hydrographic operations of the party 
in the Varina embraced the survey of the Ogeechee river to a distance of four miles from its 
mouth, and the mouth of the inland passage leading from it southward; the hydrography of the 
Vernon river up to Montgomery, and that of the lower part ot its tributary, the Little Ogeechee, 
with portions also of the Romerly Marsh passage and Wassaw creek. At the Romerls marshes 
the work was connected with soundings made by Lieut. Comg. J. N. Maffit in 1855. .A. 
preliminary chart of Ossabaw sound accompanies this report, as Sketch No. J 4. 

Tidal observations were made from February 9th until .April 25th by the hydrographic 
party at Camp creek, and in the Ogeechee, opposite to the Florida passage, from the 9th until 
the 25th of .April. 

The currents were observed in the usual way at four stations while the soundings were in 
progress. 

The hydrogra.phic survey of Ossabaw sound is based on the topography executed by Assistant 
.A.. M. Harrison in 1858. .An extract from the report 9f Lieut. Comg. Fauntleroy shows that the 
effeet of the ocean on the land had become quite noticeable in the short period which has 
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elapsed since the completion of the plane-table survey. He says~ "The seaward face of 
Ossabaw island has certainly undergone considerable change of feature since that portion of 
the shore-line embraced in my projection was executed. The triangulation point, 'N. Osscibaw 
island No. 2,' has washed away since the commencement of our surv<:>y, and the spot is now 
marked by a large tripod erected by my party." 

On the morning of the 21st of February the Russian bark Vesta ran on the north breaker 
at Ossabaw entrance and was wrecked. Her officers and erew were received and sheltered 
for the night in the Varina, and by the co·operation of Lieut. Comg. Fauntleroy and his party • 
the cargo and stores of the vessel were ultimately saved to the owners. These services have 
been acknowledged in suitable terms, addretssed to the chief of the party, by the Russian vice· 
c;:onsul at Savannah. 

The particulars of the hydrographic work at Ossabaw are summed up as follows iu the 
report: 

Hydrographic signals determined· · · . · · · ...................... ·. · . 55 
Theodolite angles observed······ · · · · · · · ·• · . ·. · . ·. · · · · · · · ·. · · · · · · 1,235 
Sextant angles observed· · · · · · · · · · . · · ........................ · · · . 3, 14 7 
Miles run in sounding · ... · . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 958~ 

Number of soundings···.· . · · ·. · · · ... · ... · .................. ·.. . 55, 568 
Area, (in square miles).· ..... ·. · ..... · . . . . . . . . . . . . . . . . . . . . . . . . . . 110 

Part of the shore·line traced this season by Sub-Assistant Du Val was furnished to the 
hydrographic party. Progress in the work during March and April was much hindered by 
the causeB referred to in the notice already taken of the plane-table survey in the vicinity of 
Ossabaw sound. 

The season at the north was occupied by the party in the Varina in extending the hydro­
graphy of the Hudson river in Section II. 

Hydrograpky ef .Altamaha sound and adjacent coast ef Georgia.-Tbis work was executed by 
the party of Lieut. Comg. Bankhead with the schooner Crawford, who employed the months 
of February, March, and April in this part of the section. The work includes the hydro­
graphy of the lower part of Aitamaha sound, and that of the coast abreast of St. Simon's 
island. It embraces also six miles of the channel of Hampton river. The sheet containing 
the soundings is yet unfinished, the seaward limit so far reached going only four miles from 
shore to seaward. In .Altamaha sound the hydrography was extended three miles upward 
from the entrance, or to the junction of Mud river, which forms a link of the inland passage, 
leading behind St. Simon's island. 

Lieut. Comg. Bankhead remarks as follows on the character of the approaches to this part 
of the coast of Georgia: ''The hydrography of the Altamaha was very difficult, owing to the 
great number of sand bars and shoals which extend immediately off the coast to the distance 
of three or four miles. At times, too, it was dangerous, as involving the necessity of sending 
the sounding boats that distance from the schooner, but, by watching the weather closely, all 
accidents were avoided." 

The following is a summary of the statistics: 

Miles run···· · ·. · • · · .•...................•...•.......•.•...•... 
Angles determined. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...•......... 

Soundings • · · . · . · · · . · .... · · · .. · ............ · •••• • • • · · · · · ..•.. · .. 
.Area sounded, (square miles) ......•.•.... ·. · •.... · · · · · · · · . · ..... . 

623 
2,203 

39,812 
48 

In reference to the sound itself, Lieut. Comg. Bankhead observes: "The Altamaha being 
subject at certain times to freshets, the bar can never be made available for any but vessels of 
light draught, as the channel is constantly shifting, a.nd at times h&S not more than five feet 
depth at low water." 
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"The shore cannot be approached with safety nearer than three and a half miles anywhere 
between St. Simon's and Do boy entrancr s." 

The work abreast of St. Simon's islan<l was discontinued on the 14th of April, the party in 
the Crawford th~n taking up the off-shore hydrography already mentioned in this chapter. 

During the latter part of summer, and until the end of the working season at the north, 
Lieut. Comg. Bankhead was engaged in hydrographic duty in Section I. 

While employed in the hydrography off St. Simon's entrance, Georgia, the schooner Craw­
ford very narrowly escaped destruction on the morning of the 13th of June by a water spout. 
The spray from it fell on the deck of the vessel, but fortunately a flaw from the whirlwind at 
the same time shot the schooner ahead, causing her taffrail barely to clear the body of the 
rushing column. 

Ti'daJ, observati'ons.-The permanent self-registering tide-gauge at the custom-house wharf in 
Charleston, S. C., has worked with regularity throughout the year, though under difficulties 
which will req11ire some ingenuity to overcome in order to preserve the series unbroken. Experi­
ments for this purpose are now in progress. The registers of the year have been steadily 
kept up by the observer, Mr. W. R. Herron. 

SECTION VI. 

FROM ST. MARY'S RIVER TO ST. JOSEPH'S BAY, INCLUDING THE EASTERN AND PART OF THE 
WESTERN COAST OF FLORIDA, WITH THE REEFS AND KEYS.-(SKETcu F, Nos. 15 1J.nd 16.) 

This section has advanced remarkably well during the season. The work has been going on 
from four centres-St. Augustine, in the north; Indian River inlet, in the middle of the eastern 
coast of the peninsula; the keys near the Cape Sable base, at t1ie south; and Charlotte harbor, 
on the western side of the peninsula. The line across the peninsula has also made good pro­
gress. One of the largest season's work of topography in the Coast Survey, by a single party, 
was executed at Charlotte harbor. 

The operations will be stated in the following order: 
1. Progress in the air-line triangulation from Waldo station westward to Gainsville, Fla. 
2. Triangulation north and south of St. Augustine harbor. This work connects with the 

coast triangulation going south of St. John's river, and extends southward, along the coast of 
Florida, to Matanzas inlet. 

3. Triangulation completed, and plane-table survey made of Indian River inlet, Fla. A 
hydrographic reconnaissance was made in connection with this work. 

4. A connection across the waters of Chatham bay, Fla., by triangulation, from Card's sound 
to the limit of the reef triangulation at Pigeon key. This completes the preliminary work on 
the main line of the keys between Cape Florida and 'Key West. 

5. Further progress nearly completing the triangulation of Charlotte harbor, Fla. The 
work doue includes the upper part of the harbor. 

6. A complete topographical survey of the shores of St. Augustine harbor, including the 
city, the coast approaches, and the shores of the San Sebastian, the Matanzas, and the North 
river adjacent to the harbor. 

7. Progress in the plane-table survey of Charlotte harbor, nearly completing it. This survey 
includes the lower parts of Myakka river and Peas creek, Fla. 

8. St. Augustine harbor and its approaches thoroughly sounded, and Jines run coastwise to 
t.raverse the off-shore hydrography of the section. In the course of this work a four-fathom 
bank was discovered off the coast of Florida, northeast of Indian River inlet. 

9. The hydrography of the Florida reef, extended from Grassy key, northward and east­
ward to Lower Matacumba. Soundings continued in the same direction will complete the 
outside hydrography of the reef at Key Rodriguez. 
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10. Magnetic observations recorded by photography at Key West. These are designed to 
be comparable with a series obtained in Section I. 

1]. Tidal observations continued at Fort Clinch and at Tortugas. This last station has 
been selected as a point of reference for the observations made on the reef and on the Gulf 
coast of the Florida peninsula. . 

Views of the vicinity of Key West and other keys have been drawn for the charts of the 
Florida reef. 

Office-work.-The drawing has been completed and the engraving continued of coast map 
and chart No. 68, from Key Biscayne to Carysfort reef, and No. 71, from Bay Pine key to 
Boca Grande key. A chart of St . .Augustine harbor has been drawn and progress made in its 
engraving, as also in the draw·ing and engraving of general coast chart No. X, from Cape 
Florida to Cape Sable. The drawing of coast map and chart No. 58, from St. lfary's river to 
St . .John's river; Nos. 69 and 70, from Garden key to Bay Pine key, (Florida reef,) and No. 74, 
from Lower Matccumbe key to Cape Sable, h11s been continued. The progress sketches have 
received additions, and diagrams have been drawn and engraved to illustrate the results of 
explorations in the Gulf Stream. 

Triangulation across the Flm·ida penin.sula.-The preliminaries for tho measurement of angles 
to extend this work beyond the limit already reached were resumed, in January last, near 
Waldo, a point on the line of the Florida railroad. These, as in several past seasons, include, 
in addition to the selection of suitable points and the putting up of signals, the cutting and 
clearing of lines constituting the sides of the triangles. The work has been continued under 
the general charge of Captain M. L. Smith, U. s: Topographical Engineers, Assistant in the 
Coast Survey, and bas advanced to the vicinity of Gainsville, in its course between Fernandina 
and Cedar Keys. The details of the scheme were executed by a party under the immediate 
direction of Lieut. R. G. Cole, U.S. A., Assistant Coast Survey. Lieut. 0. D. Greene, U.S . .A., 
joined the party on the 14th of February, and CO·operated efficiently in assist.ing Lieut. Cole. 

The expern~e and labor of opening all the lines of sight in prosecuting the work southward 
and westward from Fernandina suggested the expedient of throwing one side of the entire 
series of triangles for the remaining distance on the cleared line of the railroad to Cedar Keys. 

This plan was adopted at the outset of the present season. The chain of triangles prepared 
by Lieut. Cole, for measurement, will extend the triangulation twenty-seven miles, and is pro· 
jected (Sketch No. 15) so as to make the stretches of the railroad correspond, as far as prac· 
ticable, with the southern sides of the triangles. Field operations were continued until the 
12th of .June. Lines making in the aggregate about sixty-nine miles, and forming five com· 
plete triangle8, were cleared, and two other triangles were partly prepared for observing with 
the theodolite. The length just stated is exclusive of the triangle side, running in the direc­
tion to Cedar Keys. Eight signals were commenced, and the construction of six of them com­
pleted, before the close of the season. 

Capt. Smith has it in view to take up, during the present autumn, and complete the measure­
ment of angles as far as the cutting already done has prepared lines, before the main party 
again takes the field for opening others below Gainsville. 

The nature of the surface of the northern part of the Florida peninsula, in its bearing on 
tbe progress of the air-line triangulation, was referred to in my annual reports for 1857 and 
1859. 

Triangulatlon north and south of St • .Augustine, Fla.-A connection has been made between 
the triangulation going south along the coast of Florida, from St. John's river entrance, .and 
that executed last year from St. Augustine harbor northward. The gap then left and now 
closed by the connecting triangles extends about eight miles from the source of North river. 
The junction between the two chains of work: was made in the line "Tam Smith --- Sulana.," 
(Sketch No. 15,) which is about twenty-three mileB north of St . .Augustine.· 
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This work was executed by the party of Sub ·Assist11nt Benjamin Huger, jr., between the 
28th of November and the 16th of April. The entire course of the North river is included in 
the b'iangulation. 

The triangulation south of St. Augustine was resumed, a scheme for its extension along the 
coast having been perfected by Mr. Huger in the course of the last surveying season. In 
following it out Sub-Assistant W. H. Dennis, who was attached to the party and in charge of 
it while Mr. Huger was disabled by sickness, carried forward and completed a range of 
triangles, including about ten miles of the coast south of the entrance to St. Augustine, and within 
that space the course of the Matanzas river. The operat.iom;of the party were closed on the Gth 
of May. A summary of the statistics of field-work is given below : 

Angles measured · · · · · · · · · · · · · · · · · . · • · · · · · · • - • · · · · ... · · · · · · · · · · · · GO 
Signals observed on······ · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · 21 
Number of observations · · · .. · · · · · · · · · .. · · · · · • · .. · · · · · · · · · · · .. · .. · 1,002 
Area of triangles, (square miles) · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · 22 

The angles were measured with the six-inch Wurdemann theodolite, C. S. No. 83. Mr. 
Huger has forwarded to the office the record,; of the triangulation. 

Triangulation at Indian River inlet, Fla.-On making an examination previous to resuming 
work in the vicinity, Sub-Assistant Charles Ferguson found the preliminary base which had 
been measured in the season of 1858-' 59 by Sub-A.ssistant Sullivan, and marked by stone 
blocks, in good order, and the tripods and signals then erected still standing, with but one 
exception. This was at once reset, and the ends of the base were occupied as stations. The 
triangulation was taken up on the 7th of February, and continued jointly with the topo­
graphy, until the 12th of March. Six secondary signals were built for plane-table work along 
the line of Indian river. These average hrnnty-five feet in l1eight, and are so arranged as to 
admit of being occupied with the theodolite. One of the signals used in the triangulation is 
fifty feet bigh. The positions of all of them arc marked on Sketch No. 15. 

''The difiieulty in carrying on the triangulation arises from the character of the is1auds bor­
dering on the ocean. They are covered with a dense growth of mangrove, oak, and palmetto, 
and the ground rises gradually from the sea-beach to the middle, whore the hills abruptly end, 
leaving a swamp of palmetto underbrush, decayed logs, roots, and stumps of trees, on the 
western side of the islands." 

The lines observed on by Sub-Assistant Ferguson connect the <>~ter coast with the main land 
of Florida abreast of Indian River inlet, and extend the triangulation north and south about 
seven miles to a station five miles above Fort Capron. AU the angles were measured with the 
six-inch Gambey theodolite, C. S. No. 65. The statistics are given below in the usual form: 

' 
Stations occupied ............ · . ·. ·. · · · · · · · · · · · · · · · · · · • · · · · · · · · · · 11 
Angles determined. . . . . . • . . . . . . . . . . . . . · · · · · · · · · · · · · · · · • · · · · · · .. · 44 
Number of observations.··· ....... ·.········ .. · .. · · • · · · · ...... · ·.. 2,584 
Area of triangulation, (square miles) .. ·•· · · · • · •. · · · · · · · · · ·. · · · · · . - . · 24 

Mr. Horace Anderson aided in the field-work of this party. 
The instruments and camp equipage used were transported in the schooner Benjamin 

Peirce. 
In adjusting his scheme of triangles, Mr. Ferguson selected stations eligible for extending 

the work either north or south from its present limits. 
The records of the triangulation have been duplicated and deposited in the archives, with 

descriptions of the station-marks left for purposes of future reference. Sub-Assistant Sullivan 
~as completed from the original, and turned in with it, a duplicate of the record Qf notes made 
in m~uring the preliminary base at Indian River inlet. 

Triangmation qf Barne,s' 8 sound, Fla.-A triangulation has been made by Assistant G. A. 

9 c 
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Fairfield connecting that leading from the Key Biscayne base, through Card's sound, (Sketch 
No. 16,) with the work done on the inner keys, and with the triangulation passing across Flo­
rida bay, from the general line of keys to the primary base on Cape Sable. The space included 
in his work is known as Chatham bay. It forms the eastern part of Barnes's sound, and lies 
southward and westward between Shell key and Pigeon key, being bounded on the east mainly 
by the inner shore of Key Largo. 

Sub-Assistant P. C. F. West assisted in the triangulation. The work was taken up on the 
7th of March, and prosecuted until the 26th of May. 

The depth in the cl1annel of Tavernier creek not admitting of the passage of the schooner 
Caswei.l, which was used by the party, Assistant Fairfield took the vessel through a pass about 
five miles below Pigeon Key, and moved up along the inside of the reef as far as the draught 
would allow. A camp was found necessary in making the anguh1r measurements from Pigeon 
key, and also for occupying the station on Pie key, the point at which the triangulation con­
nects wit.h the work done last year by Lieutenant Seward. Having gone as far as practicable 
:in that quarter, Mr. Fairfield took the schooner to the north side of Key Rodriguez, and trans­
ported the material for signals by a boat through Tavernier creek, opening at the same time a 
road across the narrow part of Key Largo. This plan greatly facilitated the future operations 
of the party. One of the boats being left on the inside of the key, the party thus had means 
for returning to the vessel, which lay at anchor outside of the reef. 

The statistics of the triangulation are as follows: 

81gnals erected · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
S,tations occupied· · · • · . · · · . · . · . • ... · · · ........................... . 

Angles measured · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · - · · · · · · · · 
Observations with the theodolite··· . ·. - . · .. · · · . ·. · ..• · · ·. · · · ·: · · · · · 

15 
11 
54 

1, 748 
The instruments used were the ten-inch Gambey No. 15, and the six-inch Brunner theodolite, 

C. S. No. 66. 
In his report Mr. Fairfield commends the efficiency shown by Sub-Assistant West, and also 

specially refers to the ready co-operation of Sailing-master Budd in the erection of signals 
and scaffolds required at the theodolite stations. 

The schooner Caswell reached Baltimore on the 13th of June, and was laid up during the 
summer. 

Assistant Fairfield has sent to the office his record of the horizontal angles measured, and 
descriptions of the station-marks. 

·Triangulation of Charlotte harbor, Fla.-The operations conducted this season by Lieutenant 
W. R. Terrill, U. S. A., Assistant in the Coast Survey, very nearly complete.d the triangulation 
of Charlotte harbor and its dependencies, only the narrow pass between Pine island and the 
main land of Florida yet requiring points to be determined for the plane-table survey. 

Lieutenant Terrill joined with his work of last season at Boca Grande, and also at a station 
on the north end of Pine island, and from thence northward executed the triangulation shown 
on Sketch No. 15. It includes all the upper part of the harbor and a portion of Peas creek, 
which empties from the eastward into its northern extremity. Along the Gulf shore the 
stations occupied this year reach nearly nine miles above Boca. Grande, leaving in that direction 
only a few points necessary for t~ complete development of the ap.proaches. 

The stations previously used, and with which it was necessary to connect, h1witig been 
marked with care, were easily recognized, although the signals had gone down in the two 
violent gales of October 28 and November rn, 1859. Some delay was ocoosioned in rese-tting 
them; but the observations were taken up on ihe 22d of December, and steadily prosecuted 
until the 20th of March. The angles were measured with the ten-inch theodolite, Gam.bey No. 
81. 'l'he topography was provided for by points furnished as the triangulation advanced. 

Lieutenant Terrill was assisted in the field by Li-0utenant George Boll, U. S. A., Assistant, 
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and by Sub-Assistant W. S. Edwards. Mr. J. L. Tilghman was attached to tbe party as aid, 
but early in February reported, in accordance with previous instructions, for duty in the plane­
table party of Sub-Assistant Finney. 

The progress in the triangulation is shown in the appended synopsis: 

N um her of signals erected ... · . · .. · ..... · . . . . . . . . . . ......•......... 
Stations occupied · · · · . · • · · . · · · · · · · · · .•. · · · · .. · · .... · ............. . 
Objects observed on ... · .... · · · · .......•. · · .. · . . . . . . . ............ . 
Angles measured· · ... · · · . · . · · · .. · · · · . • · ........•.•............... 
Number of obser·n1tions · · · · · · · · · · · · · · · · · · · · · · · · · · ·. · · · ........... . 
Extent of triangulation · · · · · · · · · ... · · · . • . · · · .. · · .................. . 
Area in square miles .. · · · · .. · · · · · · · · · · · . · · · .. · · .... · ............. . 

40 
30 
42 

113 
6,580 

30 miles. 
120 

Lieutenant Terrell commends the zeal and efficiency of the assistants who \Vere associated 
with Lim in work, and also makes special mention of aid cordially rendered by Sub-Assii-;taut 
Iardella, who conducted the plane-table party. The schooner Bowditch was used in carrying 
on the triangulation. 

In making arrangements for continuing the survey of the western side of the Florida penin­
sula, such means as are available will be applied to the hydrography of Charlotte harbor, so as 
to prO'vide for the issue of a chart with the least delay possible. 'l'o meet in some measure 
now the desired end, Lieutenant Terrill has communicated sailing directions for entering it by 
the principal pass, Boca Grande, (see Appendix No. 31,) with remarks in reference to the 
capacity of the channel inside, and the character and extent of the existing shoals. Some 
remarks on the coast features between Charlotte harbor and Tampa bay are given in the same 
appendix. These furnish the results of a reconnaissance through Sarnsota bay on the return 
of the vesfel from Tampa with materials required in the work of Charlotte harbor. The 
reconnaissance was made at the outset of the season. 

The schooner Bowditch reached New York, on her return from the south, on the 9th of 
April, and is now refitting for the completion of the preliminary work in which she was previ­
ously employed. 

An abstract of the record of horizontal angles determined in the preliminary work at Char­
lotte harbor, and the usual field computation, have been furnished by Lieutenant Terrill. He 
has also filed at the office the original notes, and descriptions of the signals and stations. 

Top;graphy ef St . .Augustine liarbor, Fla.-A complete -plane-table survey of the harbor, 
shores, and city of St. Augustine and the adjacent coast, including also several miles of the 
banks along the courses of' the North and Matanzas rivers, has been made by the party of Sub­
.Assistant F. W. Dorr. The work is contained on two sheets, one of which represents the 
entrance, the city, and the northern part of' Anastatia island, portions of the Matanzas and 
San Sebastian rivers in the vicinity of the harbor, the entire shores of the harbor, and the 
lower part of North river. Its limits, as also those of the second, which extends the survey 
along the eastern coast of Florida, and takes in also a part of North river, are laid down 
on Sketch No. 15. On the Atlantic L!>hore the work was carried about sixteen miles north of 
the entrance to St. Augustine, and four miles southward of it. Both banks of the North river 
were traced to a distance of nearly e· ght miles above its mouth; and the banks of its tributary, 
the Guano river, seven and a half miles from its entrance into the main stream. For the most 
part, the wood line, or edge of the pine barren, was taken as the western boundary of the 
plane-table work. 

Th~s survey was made between the 1st of December and the 21st of }farch. 
Sub-Assistant Dorr was aided in the field by Messrs lfcLane Tilton, and H. W. Bache, and 

employed the schooner Dana for transportation. 
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The following is a summary of the statistics of field-work: 

Shore-line surveyed · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • ·: 
Creeks surveyed · · · · · .... · . · · .... · · . · ... · . · · · ..... · · · ..... . 
]\farsh-line · • · · · · · · · · · • · · · · · · · • · · · · · · • · · · · · · · · · · · · · · · · · · · · · · 

86 miles. 
135 " 

79 " 
Roads . · .. · . · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 40§- " 
Arca in square miles • · · • · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · , · · · · 40 

The shore-line given on Sketch No. 17 was reduced from the two plane-table sheets of Mr. 
Dorr. The execution of the hydrography, which appears on the preliminary chart of th'? 
harbor and approaches, will be referred to 1lnder that head. 

The survey of St. Augm;tine was founded on the triangulation made last year by Sub­
Assistant Huger. 

I have placed in the Appendix (No. 30) some extracts from the report of Sub-Assistant Dorr, 
having reference to the topographical features of this part of the coast of lflorida. 

The two plane-ta.b1e sheets of the survey of St. Augustine harbor and North river were 
inked by M;. Dorr immediately after his return from the section, and are now on file in the 
Coast Survey office. He was engaged during the summer in plane-table duty in Section IL 

Topography cf Indian River inlet, Fla.-Within tho limits of his own triangulation of this 
season, Sub-Assistant Ferguson made a plane-table survey of the eastern coast of Florida within 
a range of seven miles above and below Indian River inlet. Tho limits of the sheet containing 
it are marked on Sketch No. 15, which shows tho progress made at this and other localities in 
the section. 

The survey at the inlet includes the entrances and the adjacent shoals and mouths of the 
passes leading from them. 

Mr. Forguson also made preliminary soundings through the Fort Pierce channel, and deter­
mined in position the buoys and stakes from the entrance southward into the main river, which 
is about a mile and a half south of ]'ort Capron. 

Tha topography embraces, in addition to numerous sma1l keys, one of tho large mangrove 
iAlands near the main inlet, the village at Fort Capron, and the west bank of Indian river, 
from the village to a point two miles below it. The statistics are thus given in the field report: 

Shore-line surveyed···· · · · • · · ·. · · · · · · · · · · . ·.. . . . . . . . . . . . . . . . . 20 miles. 
Shoals · · · · · · · · · · · • · · · · · · · · · · . · · · · · · · · · · .. • . • . . . . . . . . • . . . . . . 81 " 
Roads··· · · · · · · · ... · · · · · · · · · · · · · · · · · · . . . . . . . . . . . . . . . . . • . . . . • l " 
Area covered by topography, (square miles).. . . . . . . . . . . . . . . . . . . . 10 

In reference to the capacity of the Fort Pierce channel and characteristics of this part of 
the coast of Florida Mr. Ferguson observes: "This channel is the widest and has about six 
feet water in the deepest part at high tide It is filled with sand bars and oyster beds, which 
render the navigation difficult and dangerous for vessels drawing over three feet of water. 
The other inlets to the river are hardly navigable, even at high tide, by fishing boats, as they 
are mostly blocked up by shoals and sand bars. One of these was sounded out while the 
party was employed in the section. 

"Indian river is from three quarters to a mile wide. Its western shore is marshy, with 
occasional hummocks, and about half a mile from the sbo1 .Aine runs a ridge, covered with pine 
and palmetto trees. The height of this ridge was determined by the theodolite, and found to 
be fifty-two feet above low tide at l Ridge' signal. Its general direction is about N.NW., and 
nearly parallel with the water-line. 

''There are two channels over the bar at Indian River inlet. The southern one opens during 
a series of northerly gales, and .fills up when the wind i.s in a contrary direction. Three buoys 
of timber, with granite blocks attached to them, were placed in this channel by the plane­
table party. The buoys were marked with white crosses at their tops. 
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11 There has not been, at any time during the season, more than three feet of water in either 
of the bar channels at low tide, and not often six feet at the highest. The ordinary rise of 
the tide is about two feet.'' 

Special care was taken by Mr. Ferguson in tracing the shoals inside of the bar. As far as 
practicable, they were occupied with the plane-table at low water, and when this could not be 
done, signals were put up anl'J. determined from other fixed points. 

The plane-table work was begun in February, and stopped for the season on the 20th of 
April; the schooner Benjamin Peirce being then laid up after her return to New York. 

Mr. H. Anderson, the aid of the party, on reporting at the Coast Survey office, was assigned 
to duty in Section X. 

Sub-Assistant Ferguson's plane-table sheet, mid. that containing the soundings made by his 
party, are now at the Coast Survey office. After its completion he took up field duty in 
Section I. 

Topography ef Charlotte harbor, Fla.-It has already been remarked that the points requisite 
for this plane-table survey were determined as the triangulation of the season went forward. 
While these preliminaries were in progress Sub-Assistant C. T. Iardella, who was assigned 
with a party in the schooner Agassiz for pm;l1ing on the topography, employed the time in 
co-operating with Assistant Fairfield in the triangulation of Chatham bay, notice of which has 
been taken in this chapter. 

Plane-table work was resumed at Charlotte harbor on the 13th of January, Mr. Iardella 
joining his first sheet at Boca Grande (see Sketch No. 15) with one executed last year by Sub­
Assistant Ferguson. Ou the western or Gulf side, Gasparilla and Boca Nueva keys, with 
many detached and broken pa,tches peculiar to that part of tho coast of Florida, were surveyed 
within the range of fifteen miles between Boca Grande and Bocilla Pass, and the inner shore­
line from Bocilla Pass to Aguado key. 

"This part of the peninsula is cut into hundreds of small keys, which are entirely covered 
with water at spring tides, and some of them at ordinary low water. Between the keys the 
water is so shallow that at times it is imp~ssible to pass a boat from key to key, without 
dragging it through the mud." 

Three other sheets, projected by Sub-Assistant Iardella, embrace all the main shore of the 
upper part of Charlotte harbor north of Pine island; severnl miles of the courrn of the Myakka 
river, one of its tributaries, and fifteen miles of the course.of Peas creek, another. Both of 
these streams make in at the north end of the bay. The last mentioned is stated to he navi­
gable from its entrance to Whiting's camp, a distance of twenty miles, for vessels drawing 
five feet. Its banks are high and covered with pine trees of good size. 

The general character of the western shore of ~he 1iarbor, at its upper part, is the same as 
that referred to as descriptive of the opposite or Gulf coast. In outline it is very irregular 
and marked by innumerable little creeks and lagoons. 

The plane-table work followed the triangulation of Lieut. Terrill, with whom Mr. fardella 
co-operated as occat>ion required. On closing for the season only e. few minor details remained 
to complete the survey inside of the harbor. As the work is now well advanced, it is proposed 
to take up the hydrography this winter. 

The schooner Agassiz was despatched for New York on the 2d of April, and was laid up 
there on the 20th. Preparations are now making for her return to this section. 

The progress made in the plane-table work is shown in the following statistics: 

Shore-line surveyed ••••.••....................... · . · • · · · · · · · · 295 miles. 
Area in square miles . . . . . . . . . . • . . . . . . . . . · • · - · · · - · · · · · · · · · · · · · 89 

On hi.a return from the Gulf coast, Mr. Iardella occupied the first part of the summer in 
inking his sheets, and then took up plane-table work in Section III. 
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Hydrography qf St. Augustine 1iarbor and its app1·oaehes, Fla.-This service was performed by 
a party in the schooner Arago, placed temporarily in charge of Lieut. Comg. Alexander 
Murray, U. S. N., Assistant Coast Survey, for that duty. Soundings were commenced on the 
23d of February, and closed with the completion of the survey on the 10th of April. Two 
sheets liave Leen returned, one of which shows the harbor abreast of the city of St . .Augustine, 
with eight miles and a half of the course and channol of tho North river, and rather more than 
five miles of the course of the Matanzas, and also the part of its tributary, the St. Sebastian, 
adjacent to the city. On the second sheet, are shown the entrance to the harbor, the bar, 
and the coast hydrography, ranging about eight miles north and south of the entrance, and 
extending six miles seaward. The preliminary chart resulting from this work is given as No. 
17 of the sketches which accompany this report. A. synopsis of the statistics of soundings is 
thus given on the original sheets: 

Number of positions used · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. · . · · · · . 
Miles run in sounding · · · · · · · · · · · · · · · · · · • • • • · · · · . · . · · · · ..... · . · .. 

1,273 
312 

Angles taken·········· • • · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 2,472 
Number of soundings · · · · · · · · · · · · · · · · · · · · · · · · · • · • · · · · · · · · · · · · · · · 17, 233 

The plane-table party of Sub-Assistant Dorr furnished shore-line, and such points as were 
needed by the hydrographic party were determined by Sub-Assistant Huger. 

On the completion of the survey, Lieut. Comg. Murray returned to Charleston, and resumed 
command of the steamer Bibb, transferring the Arago at the same time to the party of IJieut. 
Comg. W. Ronckendorff. 

The journals of i,:oundings and angles made in the survey of St. Augustine harbor, together 
with a smooth register compiled from the original nvtes, have betm received from Lieut. Comg. 
Murray. He has also forwarded to the office specimens of the bottom taken in sounding. 

The party in the steamer Bibb was employed during part of the autumn in Section II. 
Qff-shore s011mfings.-From two positions off Fernandina (Sketch No. 15) lines of soundings 

were extended by Lieut. Comg. Murray in running with the steamer Bibb southward and west­
ward towards St. Augustine, and thence southward, in general conformity with the trend of the 
eastern coast of Florida, to positions north and south of Indian River inlet. In that vicinity 
the lines were deflected and carried quite across the current of the Gulf Stream, and will be 
again alluded to in remarks nuder that head . 

.At the termination of one of his lines, about fifteen miles northeast of Indian River inlet, 
.Lieut. Comg. Murray found a shoal with only four fathoms, and distant from the main coast of 
Florida about ten nautical miles. 

This off-shore work was performed after the completion of the survey of St. Augustine 
harbor, and after the return to Charleston and transfer of the party from the vessel used in 
that service. The following statistics are taken from the returped chart of off-shore work: 

Miles run . • • ..• · · · . · . . . . .......•.•... • · · · · · · · · · · · · • • · • · • · · · . . . . . 336 
Soundings · · · · · · · · · · · · · · . · .. • · ... · · · · · · · · · · · · · · · · · · · · · · · · · · . · . • • 1, 963 

Traverse lines, similar to those here mentioned, have been described in r"'ferring to the 
occupation of this party in Section IV and Section V. Towards the end of the present season 
the steamer Bibb was employed in Section II. 

Hydmgraphy of the Florida reef.-On the outer side of the general line of keys the hydro­
graphy of the Florida reef has been continued from the vicinity of Coffin's Patches (Sketch 
No. 16) in a direction northward and eastward to Lower Matacumba key. The soundings were 
extended bTOad off about six miles, and are <:onformable. with the complered portions of the 
reef hydrography. 

This duty was executed by the party of Lieut. Comg. John Wilkinson, U.S. N., Assistant 
Coast Survey, with the steamer Corwin. The work wa.s ta.ken up on the 16th of Janaa.ry, and 
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closed on the 14th of April, special service being then assigned to the same party in 
Section VIII. 

Tidal observations were made regularly at Tom's harbor while the reef hydrography was m 
progress. The general statistics are given in the following summary: 

Signals established· • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · . . . 4 
Miles run in sounding • • • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · . . . . 90() 
.Angles determined· · · · · · · . • · · · · · · · · · · · · · · · · · · · · · . · · · · · · · · · . · · . . . 4, 604 
Number of soundings · · · · · · • · · · · · · • · • · · · · · · · · · · · · · • · · · · · · · · · · · · · · 3ii, 845 
.Area in square miles · · . · · · · · · · · · · · · · · · · · · · • · · .. · . · · . · · · . · · · · · · · · 84 

The work here noticed connects near Coffin's Patches, with a hydrographic sheet completed 
last season by Lieut. Comg. T. A. Craven, and leaves a reach of rather more than twenty 
miles to be sounded between Rodriguez bank and Lower Matacumba key in order to complete 
the general chart of the Florida reef. 

In the course of his duty this season, Lieut. Comg. Wilkinson made a careful examination of 
Tennessee shoal, which lies about four nautical miles S. by E. (by compass) from the east end 
of Long key. The shoal (so-called) was found to be more properly a group of shoals, the outer 
and most dangerous (one as being at an elbow of the reef, and near its edge) having only twelve 
feet water. 

About a mile and a quarter from the outer shore of Grassy key the position of a sunken 
wreck was determined and marked by the party in the Corwin. The obstruction lies in 
twelve feet water on the northern edge of the Hawk channel, and bears south, (by compass,) 
distant about two miles from the middle of the key. I have given in the .Appendix (No. 14) 
a copy of my communication to the department, with extracts from the report of Lieut. Comg. 
Wilkinson relative to these dangers. 

Reference will be made, under another head, to the incidental advantage afforded of testing, 
by a short run of the vessel, the new form of sounding apparatus devised by Professor Trow· 
bridge. The trials of the apparatus were made in the middle of March. After the return of 
the steamer Corwin to Key West, Lieut. Oomg. Wilkinson, on being applied to by the agent of 
underwriters, went to the assistance of the .American ship Sarah G. Hyde, and found her 
water-fogged and unmanageable, about thirty miles to the westward of the Marquesas. The 
vessel was towed by the Corwin into Key West harbor. 

Under the heads Gulf Stream and Section VIII, reference will be made to the subsequent 
labors of this party. 

Magnetic observait"ons at Key West, Fla.-A station has Leen established at Key West for the 
purpose of obtaining for a considerable period a constant record of the magnetic variations. 
The instruments employed are made self-registering by the application of photography, 
according to the plan devised by Mr. Charles Brooke, of London. Those now in use at Key 
West were obtained through the co-operation of the secretary of the Smithsonian Institution, 
and the observations were made in the same connection. The i1se of a wooden building on 
the grOllnds of Fort Taylor was procured from the Engineer Department for a temporary 
observatory. 

The instruments at the station were mounted and put in operation by Professor W. P. 
Trowbridge, Assistant. Mr. Samuel Walker aided in that service. 

The ad van~ of tin~ photographic method for obtaining a continuous record of the variations 
of the magnet, as regards both economy and Mcuracy, bas been fully demonstrated. .A single 
observer, to prepare and renew the photographic sheets, to keep the lamps in order, and to 
have general oversight of the operations, accomplishes, by this method, the work of several 
persons. The method is well known, but will be here referred to in brief. The magnets al'e 
suspended in the ordinary manner, each luffing a small mirror attached to it, which partakes 
of its 'angular motion. .A lamp kept constantly burning is so placed that the light falls on the 
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mirror. and from it is reflected to a cylinder placed at some distance from the magnet. The 
cylin<l~r is covered neatly by a sheet of paper rendered highly sensitive to the light, and is 
made to rcyo]ve once in twenty-four hours by means of ordinary clock-work. The angular 
motions of the magnet, whether caused by the usual changes of the magnetism of the earth, or 
by unusual disturbances, are tlrns traced upon the paper, with a rncord of the time of their 
occurrence. Since tbe 1st of March of the present year continuous records ~ave been obtained 

in this wav. 
In conn~ction with the differential obserYations others have been made monthly for the 

absolute v:1lucs of the magnetic declination, dip, aud intensity at Key West. In these a set of 
portable instruments was used by Mr. Walker, who made the determination for :February, 
March, April, May, and June. The continuation of the series since June haYe been in charge 
of Mr. G. D. Allen, of Key West. 

Tidal obsen:ation.s.-The series of observa6ons at Fort Clinch, near Fernandina, .Amelia 
island, Fla., has been kept up continuously by Mr . .J . .A. Walker with one of the Saxton self­
registering tide-gauges. 

At Tortugas the series has been continued with a self-regi1'tering instrument by Mr. H. 
Benners. This important station has been selected as a permanent one in order to have a 
standard of reference for facilitating the investigation of the laws of the tides observed along 
the Florida reef and within the Gulf of l\fexico. The observations now extend through several 
years, and haYe already furnished data for obtaining many valuable results. 

It having been found impracticable to trace out the anomalies of the tides of the Gulf of 
Mexico from the detached and comparatively short series of observations hitherto made, the 
plan has been adopted, as referred to in my last annual report, of occupying a chain of stations 
along the Florida keys and Gulf coast, and conducting the operations so as to make the results 
obtained for each place comparable with the others through those given by the standard 
station of reference at Tortugas. The observations at each of the stations have been, generally, 
extended to a full year, and hence are minute]y comparable with each other. They will thus 
furnish data for follo"'ing the changes of the different tide waves step by step in their advance 
along the coast. In pursuing this plan three sets of stations have been successively occupied, 
and those at which the observations are yet in progress will extend the chain to Isle Derniere, 
west of the mouths of the Mississippi river. Self-registering tide-gauges have been used in 
executing th<1 scheme here alluded to. These were under the general charge of Mr. Gustavus 
Wurdemann, a faithful and experienced observer, until the time of his death, which took 
place late in the last surveying year. He was succeeded by :Mr. A. C. Mitchell, who is now, 
with the aid of competent observers, employed in extending the chain of stations to the west­
ward, as will be detailed in chapter VIII. 

F STREAM. 

Explorations similar to those heretofore made in the current of the Gulf Stream have been 
continued this year in the vicinity of the 'l'ortugas. From thence a line of soundings was run 
southwest about seventy-five miles, by Lieut. Comg. John Wilkinson, U. S. N., Assistant Coast 
Survey, in the steamer Corwin, and from that limit taken southeast to the coast of Cuba. Ten 
positions were determined iu depth, and at each the temperature of the water was noted at 
the surface, and at ten, twenty, thirty, fifty, one hundred, and one hundred and fifty fathoms. 

Lieut. Comg. Alex. Murray, U.S. N., Assistant, in the steamer Bibb, ran, in June last, two 
lines from Gilberts' bar, on the eastern coast of the peninsula of Florida., between Indian 
riv{)r and Jupiter inlet, across to the Bahama banks, one line on a course north of east and the 
other southeast. Of these Professor Trowbridge says: ''The first section commences about 
twei.ity-five miles from the coast. The depths obtained on this line furnish an approximate 
sectmn of the bottom, in which one of the ridges parallel to the coast before discoverud further 
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north, and indicated also in the Cape Florida section, distinctly appears. It occurs about 
thirty-five miles from the coast on the line of the section. The temperature observations are 
not sufficient in number to construct a diagram of the section all the way across. 

'' The next section, however, gives better results, though the temperatures were not taken 
often enough below fifty fathoms. The number of stations occupied was ten, the bottom being 
reached at each station. 

"In the diagram representing the change of temperature with depth, it is necessary to con­
nect the temperature at fifty fathoms ·with the bottom temperature by the form of curve which 
experience has established, as there are no intermediate temperatures. The diagrams repre­
senting the change of temperature across the stream exhibit two bands of cold water besides 
the cold wall, the latter feature being a marked one. It occurs about eleven miles from the 
coast. 

"This section seems to confirm fully the conclusions arrived at from the Cape Florida section, 
that the bands of the Gulf Stream have their origin near the latter section. It will be observed 
that the section of the bottom on the second line of Lieut. Comg. Murray, from Gilbert's bar 
southeast, does not exhibit in a marked manner the ridges which undoubtedly exist there, 
while the temperatures indicate them distinctly. The explanation of this may be that the 
ridges here have a moderate elevation which will require more frequent soundings for their detec­
tion, while, at the same time, they may bear the same relation to the total depth (which is 
small) that the same ridges further north bear to the depths in those rtJgions, and the forcing 
up of the cold polar current beneath is apparent in using the thermometer, even though the 
elevations are small. That they exist, however, the diagrams leave no room to doubt." 

Both of the sections run from Gilbert's bar are shown on Sketch No. 22. 
The new method of sounding described in my last annual report has been successfully tested 

by Professor W. P. Trowbridge, .Assist.ant, who took passage for the purpose on board the 
steamer Corwin, and made the run near the Tortugas already alluded to. The results of the 
experiments made justify the belief that for sounding in a rapid current, or in very deep 
water, the method proposed by .Assistant Trowbridge will prove more successful than any 
other. 

While employed in t.he off-shore hydrography between Charleston and Fernandina, Lieut. 
Oomg. Bankhead made temperature observations between the coast and 1he western limits of 
the Stream. The following remark taken from his report applies more particularly to the 
lateral influence exerted between Fernandina and Savannah, in still weather, by the great 
current in its prog1·ess northward from the Straits of Florida. Lieut. Comg. Bankhead says: 
"On three separate occasions, when in eighteen to twenty fathoms water, and far removed, as 
I supposed, from its influence, I have experienced a current of three miles an hour setting to 
the northward and eastward, and that during good weather, and when no violent gales bad 
occurred to affect the body of the stream. The general set of the current over the whole of 
that section of the coast is northerly, as is always shown in running lines parallel to the shore 
by the ditference between the true and the computed positions of the vessel employed in 
sounding.' 1 

The temperature observations made this season by Lieut. Corng. Wilkinson seem to indicate 
that some position bet\veen the Tortugas and Cape San .Antonio is the point of junction of 
two distinct currents coming eastward, one around the cape, and the other from the Gulf of 
Mexico, and passing thence on as the Gulf Stream through the Straits of Florida. 

10 c 
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SECTION YII. 

FROM ST. JOSEPH'S BAY TO J.'.OBILE BAY, INCLUDING PART OF THE WF$TERN COAST OF FLORIDA 
AND THE COAST OF ALABAMA.-(BuTca G, No. 25) 

The surve•· in this section has been in full activity, and the increased experience of the 
assistants lids told uotably in the quantity of work executed. The triangulation has nearly 
reached the southern limit of the section from the Cedar Keys cent.re, and is continuous from 
Ocilla river westward to Cape San Blas. The topography has kept pace with it, and important 
additions have been made to the hydrography. 

A. synopsis from the detailed ~tatements of progress is here given, and will be followed by 
the notices at length : 

1. Difference of longitude determined by telegraph between Apalachicola, Fla., Eufaula, 
.Ala., and Macon, Ga., and observations made for latitude, azimuth, and the magnetic elements. 
The longitude determinations eonnect at Macon with a serie1:1 which is now continuous from tho 
110rtheastern boundary of ibe United States to New Orleans. 

2. An extension to the entrance of St. Joseph's bay of the triangulation on the western 
side of the Florida peninsula from Bayport. 

3. A triangulation cast and west of St. Mark's harbor, completing the connection between 
the survey of Ocilla river entrance and that of St. George's som1d, Fla., and triangulation of 
St. Vincent's sound completed westward to Cape Sau Blae. 

4. The triangulation and plane-table survey of :M:aria de Galvez and East bays completed, 
and progress made nearly completing the preliminary survey of Blackwater bay. The work 
embracing these waters connects with the survey of Pensacola harbor, Fla. 

5. A preliminary base measured, and triangulation laid out to include the lower part of 
Perdido bay. 

6. PJane-table eurveys completed at the entrances of the W e·thlocco-cbee and Homosassa 
riven:. These complete the topography betwee11 Cedar Keys and the mouth of the Chassa­
howitzka river, Fla. 

7. Topography of the shores of A ppalachee bay completed between Ocilla river and St. 
George's sound; and progress made in the plane-table survey of St. James' s island, Fla. 

8. A hydrographic survey of the Cedar Keys channels, and soundings made on a line from 
Sea-Horse reef southward to Egmont key, (Tampa bay;) and from Sea· Horse reef westward 
to Pensacola entrance. 

9. The bydrography of Apalac11icola harbor, Fla., completed, including the adjacent waters 
of St. George's sound eastward, to Cat Point., and the hydrography of the eastern part of the 
sound from Southwest Cape to Crooked river. The hydrography of this part of the sound is 
now complete to Royal Bluff. 

10. A hydrographic survey completed in Maria de Galvez and East bays, and nearly com­
pleted in Escambia and Blackwater bays, and connected with the soundings of Pensacola. har­
bor, Fla. 

11. Tidal observations made with self-registering gauges at St. Mark's harbor; in St. George's 
and St. Vincent's sounds, and at Pensacola harbor. The"'e stations form links of a series 
established for the development of the tidal peculiarities of the Gulf of Mexico. 

As an adjunct of the hydrographic work, views have been drawn of the more marked features 
of the coast for the charts of Cedar Keys, St. George's sound, and Pensacola harbor. 

Office-u:ork.-Progress has been mrtde in the drawing of general coast chart No. XIII, Gnlf 
coast, from Waccasassa bay to Choctawhatchee bay, Fla.; on preliminary sea-coast chart No. 25, 
from Santa Rosa eound to MobiJc bay; on l'Oast map and chart No. 81, from Ohassahowitzka 
river to Cedar Keys; on Nos. 84: and 85, from Ocilla river to Cape San Blas; and on No. 88, 
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from Choctawhatchee bay to Pensacola bay. The drawing of charts of Apalachicola bay and 
Escambia and Santa Maria de Galvez bays is now in hand. Additions have been made in 
drawing and engraving to the chiirt of St. George's sound (eastern part) to that of Pensacola 
harbor, and to the progress plate. A comparative chart of Pcnsacohi harbor has been drawn, 
and lines of deep·sea soundings have been added to the general sketch of the Gulf of ~foxico. 

Telegraphic determination ef longitude at Apalachicola, Fla., and Ell[au(a, Ala.-In order to 
determine the correct geographical position of one of the points in the triangulation of St. 
George's sound, an astronomical party was organized in November of last year and placed 
under the direction of Assistant George W. Dean. The observations to be made included the 
connection of one of the stations near Apalachicola with the longitude station occupied at 
lfacon, Georgia, in the spring of 1856; the determination of the latitude of Apalachicola, and 
also the azimuth of a line in the triangulation. Those for latitude and azimuth, and the mag­
netic observations made by the same party, will be noticed under separate heads. 

Sub-Assistant Edward Goodfellow took charge of the astronomical instruments and tele­
graphic implements, and forwarded them from Baltimore early in December. Mr. Dean, 
meanwhile, had proceeded to )facon and made preparatory trials to determine the practicability 
of carrying on the observations by means of a single circuit. The result showed the expe· 
diency of an intermediate station, and Eufaula, Ala., was selected as the best connecting one 
in the telegraphic series. The general superintendent, J. R. Dowell, esq., and Messrs. F. 
Howe and J. C. Butler, superintendents of the Columbus and Apalachicola, and the Macon 
and Mobile telegraph companies, respectively, had kindly placed their lines at the disposal of 
the Coast Survey for the requisite uses after their regular business hours at night. 

Temporary observatories having been put up at Eufaula and Apalachicola, Messrs. Dean 
and Goodfellow observed at the last-named station for personal equation, and then alternately 
at the two stations through the telegraph line for difference of longitude. One hundred star 
sig~als were successfully exchanged by the observers on four uig·hts, and similar exchanges of 
one hundred and three signals were made during five favorable nights between the stations at 
Eufaula and Macon. Chronographic comparisons were made on two nights, and the error and 
rate of each of the clocks used were well determined before and after the comparisons by 
telegraph. 

At Apalachicola three hundred and ten observations were made on sixty-s{'ven stars for local 
time and instrumental corrections. Sixty-one others were.made there on seven, and at lfacon 
seventeen observations on five circumpolar stars, in deducing the value of the thread intervals 
of Transit No. 6. That for Transit No. 8 was determined at Eufaula by sixty-four obser· 
vations on eight circumpolar stars. The local time at that station and at Macon, and the 
instrumental corrections, were ascertained by an aggregate of over six hundred observations, 
sixty stars being used at Eufaula and sixty-five at Macon. 

In his report, .Assistant Dean expresses his obligations for facilities extended to his party by 
the public authorities of the several cities at which stations were occupied in the course of the 
season. 

Latitude OOsfff'vations at Apakwhicola, Fla., and at Eufaula, .Ala.-These were made by Sub­
.Assistant Goodfollow, with the zenith telescope, C. S. No. 5, a total of about three hundred 
and seventy observations being recorded. Thirty-three pairs of stars were observed, exclusive 
of the circumpolar stars Polaris and 51 Cephei, on which a hundred and twenty-two obser­
vations were made near elongation for the micrometer divisions of the instrument. 

Triangu:Iati.on and azimuth at Apalaclticola.-In connecting· the longitude station with the 
triangulation of St. George's sound, Assistant Dean recorded three hundred and twenty-eight 
angular measurements. These were made with the two feet theodolite, C. S. No. 2, in five 
positions of the instrument. 

The azimuth of the lines of the triangulation was determine9 by seventy-two observations 
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on 1 Ursce Minoris, near its lower culmination, and seventy on PUlaris, near its western elon· 
gation, in connection with one hundred and twenty observations on an elongation mark. 

J-Iagnetic observations al Apalachi:cola and Eufmda.-The magnetic declination was determined 
by Assistant Dean, at Apalachicola, by one hundred and eighteen observations, made on three 
davs. For the horizontal intensity and moment of inertia, two sets of observations were 
m~de on different days. The magnetic dip was obtained from three complete sets on three 
days. 

At Eufaula similar sets of observations were made to determine the several magnetic 
elements. At both stations ~Ir. Dean used the declinometer D 22, (C. S. No. 1,) and the dip' 
circle C. S. No. 4. 

Meridian line.-While the observations for longitude were in progress at Eufaula, Ala., 
Assistant Dean was requested by the city authorities to establish and mark for public use a 
meridian line in that vicinity. Suitable stone blocks for marking the ends baying been provided 
by the authorities, Mr. Dean promptly complied with their request, and made the requisite 
astronomical observations with the forty-six inch transit C. S. No. 8. The line ranges 
through and nearly along the middle of l!,orsyth street, and is about nineteen hundred and 
forty-eight feet in length. Its ends are marked by small drill holes in the stone blocks, which 
were sunk two feet and a half into the ground, the tops being left even with the surface. 

Meteorowgical observations.-The usual meteorological journals were kept during the season 
at Macon, Eufaula, and Apalachicola, by Messrs. A. W. Thompson and W. D. Storke, the aids 
attached to the party of Assistant Dean. Readings of the barometer were recorded at all the 
stations, in connection with readings of the wet and the dry bulb thermometers. 

Messrs. Thompson and Storke also recorded the astronomical observations as they were 
made, and aided in the determinations for longitude. 

Assistant Dean returned to the office early in May, and during the remainder of the season 
was employed in Section I. All the records connected with the observations for longitude, 
latitude, azimuth, and magnetic and meteorological observations at Macon, Eufaula, and Apa­
lachicola, have been deposited in the office at Washington. 

Ooa.~t tri"angulation south ef Bayport, Fla.-The triangulation of the western coast of the 
Florida peninsula south of Cedar keys was resumed on the 25th of November by Sub-Assistant 
G. H. Bagwell, aided b;r Mr. M. 0. Hering, working with a party in the schooner Joseph 
Henry. After joining at Raccoon Point (Sketch No. 25) with the stations used last year, Mr. 
Bagwell extended the triangulation down the coast, passing Bayport, and going southward and 
westward to the North Anclote keys and Tiger Point. This chain of triangles ranges about 
thirty-five miles in length from the junction referred to. The instruments used in measuring 
the angles were the eight-inch No. 36, (Gambey,) and the six-inch Bronner theodolite No. 58. 

'' The coast included in this triangulation is of the same character as that described in the 
report of last season. As in previous years, the operations were much retarded by the difficult 
and dangerous navigation over St. Martin's reef. Below the Anclote keys the coast will be 
found much more favorable than above, for transportation, and tl.e work can be extended south· 
ward from its present limits, into St. Joseph's bay, with greater rapidity than heretofore." 

The site for a preliminary and verification base selected last season being yet fifte·en miles 
in advance of the triangulation, its measurement has been deferred, for greater convenfonce, 
until the approaching winter. The arrangements, however, have been fully made, and A8Bistant 
Gerdes has been instructed to determine the length of the line. 

The course and extent of the work done between Bayport and Tiger Point are she>wn on 
Sketch No. 25. A synopsis taken from the field-notes is given below: 

Stations occupied . . . • . . . . . . . • . • • . • . • • • • . . • . . • . • . . . . • . • . • . . . • . . • . . 1:2 
Signal!'! observed on • . . • . . . • . • . • • • . • • . . • . . • . • • • • • • • • • • • . • . . . . . . • . . SI 
Anglea measured .....•..•..•... , . , . , .•. , ••••••• , . • . . . . , • . . • • • . • • • ·54 
Number of observations ............... • . •. • . . . . • . . • . . • . . . . . . . . . • . . 2,550 
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Field-work was suspended on the 10th of March. The party then returned to New York, 
and after laying up the vessel, Mr. Bagwell commenced the revision of his records, and went 
on with the computations connected with the triangulation. 

Se•eral years' experience having shown the impracticability of keeping the plane-table work 
south of Cedar keys up with the triangulation, the party heretofore joined with Sub-Assistant 
Bagwell worked separately, in order to fill the gap necessarily left while the means required 
by both parties were supplied with but one vessel. The operations of the plane-table party 
will be again referred to in the course of this report. .As heretofore, such incidental assistance 
was rendered to it by the party in the Joseph Henry as the steady progress of the triangulation 
permitted. 

A duplicate of the journal of horizontal angles measured below Bayport has been received 
from Mr. Bagwell. 

Triangulation between 0CT1la river and St . .,lfark' s, Fla.-A. complete connection has been 
made between the preliminary survey of Ocilla river and that of St. George's sound, and 
between both and the survey of St. Mark's harbor. This duty was performed by Sub-Assistant 
S. C. McCorkle between the 7th of December and the close of the following month, the party 
being then transferred to another locality of the section. In prosecuting the field-work he 
was aided by Mr. Rufus King, jr., and had in charge the schooner Torrey for transporting 
camp equipage and instruments. The joinings of the triangulation are shown on Sketch 
No. 25. 

Mr. McCorkle occupied St. Mark's light-house with the six-inch Gambey theodolite, C. S. 
No. 55, with which all the angular measurements were made, and, by removing the panes of 
glass temporarily, succeeded in observing on the adjacent stations connected with it in the 
scheme. An attempt was made to determine the exact position of the Ocklokouee shoal, but 
without success. the means at the disposal of the land party not admitting of the erection of 
a suitable signal. It was intended, at the outset of the season, to have a screw-pile signal 
inserted for the purpose by the hydrographic party, but the calls upon it for general duty 
postponed that service. In its next return to this section means will be provided for making 
the requisite determination. 

The triangulation 011 the western part of the coast of Florida is now continuous from Ocilla 
river, thrnugh St. George's sound, to Cape San Blas, a distance, measured along the sides of 
the angles, of ninety-five miles. 

The particulars of the work east of the sound are here given, as compiled from the field-
books returned by Mr. McCorkle: 

Signals erected ••• • · • • · • · . . . . · · . · · · · · .. , · . · · • · · · .. - . • . · . · · · · · . - . . . 6 
Stations occupied .. · · · · • · • · • · · · · · · · · · · · · · · · • • • • · - · · · · · . · · · · .•... - 9 
Angles measured · · · · · · · · · . · · · · · · - · • · · • · · · · · · · · · . · .. · · . · · . · · · ... - 35 
Number of observations··•.·· . • · - · · · · ..•. · .. · ...• - ..... ·.... . . . . . . . 720 

For purposes of verification two of the stations used between St. Mark's and Southwest cape 
were reoccupied. The triangles of the entire series closed well when tested in the usual way. 

Under the head following will be detailed the further service executed by the party in this 
section of the coast. 

Triangulation <f St. Vincent's sound, Fla.-This work is an extension to the westward of the 
triangulation of St. George's sound, the completion of which has been already reported. On 
the 21st of March Sub-Assistant McCorkle took up work at the line ''Oyster Cove - Middle 
Bayon," (Sketch No. 25,) and established points at intervals along the coast of the Gulf, 
towards Cape San Blas. Thes~ connect with others on St. Vincent's island, and complete the 
triangulation of St. Vincent's sound, beyond which, from stations at Indian Pass and St. Vin­
cent's island, the work was continued to the cape, whore it was closed for the season on the 
20th of April. 
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Mr. Rufus King aided in the operations of this party. 
Hub-Assistant :McCorkle thus remarks in reference to the means for continuing the triangu­

lation towards St. Andrew's bay, around the abrupt turn of the coast at Cape San Blas: "I do 
not anticipate any further tro:ible in continuing the work over St. Joseph's bay, and towards 
St. Andrew's, beyond the labor of opening two or three lines." 

Some of the lines requiring to be cut through in the triangulation of this season involved 
severe hardship, particularly on St. Vincent's island, the parts of it necessarily traversed being 
made up of a succession of ponds and marshes. 'l'he latter part of the season, moreover, was-, 
very unfavorable, the atmosphere being obscured for a period of six weeks by fires in the 
woods along the shores of St. Vincent's sound. 

The statistics of the work are returned as follows: 

Signals erected · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · • · · · · · · · · · · · · · · · · · 9 
Stations observed from · · · · · · · · · · · - · · · · · · · · · · · · · · · · · · · · • • · · · · · · • · · · · 8 
Angles measured . · · . · · . • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • · • · · · · • · · · 30 
N uu1ber of observations · . · .... · · · · · · · • · · • · · · · · · · · · · · · · · · · · · · · · · · · · · 630 

The angles were measured with the six-inch Gambey theodolite, C. S. No. 55. 
While engaged in this vicinity, Mr. McCorkle made a reconnaissance for a primary base line 

near Apalachicola, and reports that a practicable site can be had, giving a le11gth of from threo 
and a half to four miles. He states, also, th~t the line would join readily with the triangula­
tion and astronomical points on St. George's sound, and be con venicnt of measurement. 

At the end ef the working season the schooner 'l'orrey, which had been used by the party 
in this section, returned north, and was lCJid up at New York. 

Triangulation qf Santa Maria de Galvez, B7ackwater, and East bays, Fl,a.-As a base for this 
work, Assistant F. H. Gerdes selected the line which connects Emanuel Point and GarQOn 
Point, (Sketch No. 25,) both of those stations having been occupied in his triangulation of 
Pensacola bay. From general knowledge of the practicability of the lines required for the 
survey of Maria de Galvez bay, Mr. Gerdes put up the requi;;;ite signals in March, though the 
haze which then prevailed shut out of view from each other the stations intended to be con· 
nected by the observations. In the latter part of that month and the beginning of April, when 
the atmosphere was so far improved as to render the signals barely visible, two theodolites 
were employed; the second by Sub-Assistant C. Fendall, under the immediate direction of 
Assistant Gerdes. The triangles include, as will be seen by the sketch already referred to, 
the entire shores of Santa Maria de Galvez and its two dependencies, the Blackwater and East 
bays, and connect those waters with the survey of Pensacola and Escambia bays. 

To overcome, in some degree, the unfavorable circumstances under which the observations 
were made, Mr. Gerdes occupied several of the stations twice, and from others reobserved 
single angles, and deems it necessary, from the cause just alluded to, that angular measure­
ments should be repeated from two of the principal stations in clear weather. This will be 
done, if practicable, in the course of the coming winter. The statistics of the triangulation 
are as follows: 

Signals erected • · · · · · • · • · · · · · · · · · · · • · . · • .•.. · . . . . . . . . . . . . • . • • . . . . . 13 
Stations occupied • • • · • • · · · · • · · • · · · · · · · · · · · .. · . . . . . . . . . . . . . . . • . . . . • 7 
Angles measured · · · · · · · · · · · · · · · · · · · · · · · · · • · · · • · - · · · ...• · . . . • . • . • • • 43 
Number of observations· · · · • · · · · · • • · • · · · · · · · · · · · · · · · · ·, · . . . . . . . . . . • 372 

Of the signals erected, eight were elevated tripod1:1, with scaffolds f"or the theodolite. The 
instruments Rsed were the twelve-inch Ga.mbey, C. S. No. 16, and the six-inch Gambey theo· 
dolite, C. S. No. 7 5 . 

. In order to complete the preliminary work a:t the head of Blackwater bay, some few stations 
will be occupied above Perry's Mill, which is the present northern limit of the triangala.tioil~ 

Mr. Gerdes had in charge the schooner James Hall, for transportation. His party executed 
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also the plane-table survey, which advanced as points were furnished by the preliminary work, 
as will be further noticed under the head of topography. 

Other duty performed by the party of Assistant Gerdes in triangulation and topography will 
be stated in the succeeding chapter. 

TrimigUlation qf Perdido bay, Fla. and Ala.-Under the immediate direction of Assistant 
Gerdes, a reconnaissance for this work was made early in April by Sub-As11istant J. G. 
Oltmanns. A site was selected near the entrance of the Lower Reach for a preliminary base, 
the location of which is marked on Sketch No. 25. The- line l"rns twice measured with a twenty 
metre chain, verified in length before and after each measurement, giving for the length ~f 
the base 812.45 metres. 

Having erected and secured a sufficient number of signals, Mr. Oltmanns proceeded with 
the angular measurements, using the eight-inch Wtirdemann theodolite, C. S. No. 87. The 
triangulation was laid out 1o include the entrance to Perdido bay and the lower part of the 
two reaches, extending also across the main body of the bay, below Sol<lier's creek. The 
following summary shows the progress made in the work: 

Signals set up···. · · · · · · ·. · .. ·. ·. · . · · · · · . · · · · · · · · · · · · · · ·. · · · · · · · · · 10 
Stations used. · · • · · · · · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · , · · · ·. 8 
Angles determined .. ·.·. · · ....... · .. · ·. · · · ·. · · · · · · ......... ·.. . . . . 23 

Number of ohservations · · · · · ... · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 17 5 

Soundings were made by the land party with the schooner Gerdes through both channels of 
the entrance into Perdido bay. The result of that reconnaissance, as compared with local 
information derived by Assistant Gerdes in regard to the depth found the year before, would 
seem to show an increased capacity of the channels. The change, if not merely temporary in 
character, may be of considerable importance, and in allusion to it Mr. Gerdes remarks: "The 
Perdido bar has but little water, and is said to be shifting, or at least has shifted. On account 
of the abundance of the best kind of timber, which extends back for several miles along the 
shores of the bay, a favorable improvement in the character of the bar would be of vast 
consequence. At present a portion of the lumber finds way to market by a branch railroad 
which connects the Montgomery and Pensacola line with the upper waters of the Perdido." 

Under the head of Section VIII mention will be made of other duty performed by Sub­
Assistant Oltmanns. He was aided in field-work by Mr. G. U. Mayo. 

The preliminary survey at Perdido bay was closed for the season in the latter part of April. 
Mr. Gerdes then proceeded north, and took up his office-work. 

Topography of the We-thlooco-cltee and Homosassa river entrances, Fla.-Tbe survey of these 
entrances, which had been deferred in the progress of the joint work of triangulation and 
topography south of Cedar keys, for a reason already given, has been completed, and the land· 
work is now continuous from Cedar keys, southward, as far as Raccoon. Point, in the direction 
to St. Joseph's bay. 

Sub-Assistant N. S. Finney, provided with a boat and camp fixtures, took up the plane­
table survey about a mile north oft.he mouth of the W e-thlocco-chcc in the middle of Decern ber. 
The sheet of that vicinity unites on the north and south with two executed by him in the 
working season of 1857-'

0

58, the gap in the topography being left, as explained in my last 
report, to avoid delay in pushing forward the triangulation. This interval includes a stretch, 
eoastwise, of about eight miles, and, besides- the mouth of the river last named, takes in the 
Gulf shore between it and the mouth of Crystal river, as will be seen on the progress Sketch 
No. 25. On the same sheet Mr. Finney traced the anchorages and boat channels along the 
shore, as also those leading into the mouths of the rivers. 

The work intervening between the portions done last season, including the shores and 
features of the Florida coast in the neighborhood of Homosassa bay, was resumed on the 10th 



 

80 REPORT OF THE SUPERINTENDENT OF 

of January, and carried to a junction, north and south, with the completed topography. Owing 
to unfavorable weather, and a loug succession of very low tides, the topography was much 
retarded, but the gap was completely filled in by the 16th of February. 

"The character of the coast of Florida in these two gaps is very much like that found above 
and below, and as described in previous reports. It is a continued belt of marsh, cut by 
innumerable creeks and bayous, extending, in some places, ten miles towards the interior of 
the peninsula. Hundreds of small islands are found, partly covered with stunted mangroves, 
and nearly all overflowed at high water. The channels being left quite dry at low tid@ 
has rendered the survey tedious and difficult." 

An abstntct of the statistics of the season's work is here given as recorded on the plane· 
table sheets: 

Shore-line of coast, reefs, and islands··· · · · · · · · . · · . · · · · · - . · .. · . 
Low-water line surveyed · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Area, in square miles · · · · · · · · · · • · · · · · · · · • · · · · · · · · · · · · · - · · · · · · 

132 rr.iles. 
56 .. 
19 

The triangulation in this quarter is now a full season in advance of the topography, hut a 
suitable boat and fixtures for separate working having been provided, it is hoped that the 
plane-table party may soon be able to overtake it. For some miles to the southward of 
Raccoon Point, the present limit of the topographical survey, the nature of the coast presents 
the same difficulties which mark it between that point and Cedar keys; but nearer to the 
.A.nclote keys and St. Joseph's bay the obstacles to progress are not so great. 

Some general remarks made by Sub-Assistant Finney in reference to the western coast of 
Florida, and applying more particularly to the rivers which empty into the Gulf of Mexico, 
between Cedar keys and Bayport, will be found in Appendix No. 32. 

Throughout the entire range of his plane-table work the anchorages in the bays, and near 
the mouths of the rivers, have been carefully noted on the sheets containing them, and the 
channels leading up the rivers, to the distance of several miles, have been staked out, and are, 
in like manner, traced on the maps . 

.At the close of the season Mr. Finney stored his camp equipments near the mouth of 
Homosassa river, and returned north to complete his office-work. In referring to friendly acts 
bearing on the discharge of his duties, mention is made of the names of Hon. A. G. Steele, 
Capt. J. Tucker, W. P. Thigpen, esq., and Col. E. H. Richards, of Cedar Keys; Major J. 
Parsons, of Bayport, and A. B. Hahn, esq., of Homosassa. The work: in his charge was 
furthered also by incidental assistance from the party of Sub-Assistant Bagwell, in the schooner 
Joseph Henry. 

:Mr. Finney bas inked and turned in three sheets of his topographical work of 1858-' 59, and 
the sheet containing the surveys made this season. 

Topography of .Appalachee bay and ef Crooktd river, (St. George's sound,) Fla.-The plane­
table survey of the coast of Florida, between Ocilla river and St. Mark's harbor, and from St. 
Mark's entrance, westward, to the mouth of Ocklokonee bay, was taken up by .A..ssistant G. D. 
Wise in the middle of December, aud completed by the end of February. Bis party in the 
schooner Howell Cobb was then transferred to St. James' s island, and there resumed the 
survey of the shores of Crooked river, towards the completion of which considerable progress 
wail made before closing work on the last of April. 

In reference to the character of the topograJ>by on the shores of .A.ppalachee bay (see Sketch 
No. 25) Assistant Wise observes: "The main land east and west &f St. Mark's is very l<>w, 
and the marshes extend a long distance back. Our anchorage was on the open coast, between 
two and three miles from the land, in six or seven feet water, and at low tide our smell hoe.ts 
would ground when a mile from the shore, which was reached with much difficulty through 
the ruud." 
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The plane-table work of this party embraces the Gulf shore from Ocilla river, westward, to 
the completed survey of St. Mark's, and beyond it, in the same direction, the shores of 
Dickerson's and Oyster bays, to a junction with the topography of St. George's sound. The 
course of Crooked river, to a distance of aliout fifteen miles along the western side of St . 
.James's island, was surveyed 011 a separate sheet, leaving a portion of it yet to be completed 
on the upper side of the island. 

The progress made by the party is show11 in the following trnmrnary: 

Shore-line surveyed. - .. · . · · .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 155 miles. 
Roads · · ..•....... · ... · · ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 l 
Area of topography, (square miles) · · · · · · · · · · · · · · · · · · · · · · · • · · · · 'iO 

On the return passage the vessel reached Baltimore on the 11th of May, ancl was afterwards 
employed by Mr. Wise in Section III. 

The following remark in the report of Assistant 'Vise refers to peculiarities of tlie coast of 
Florida in the vicinity of Ocilla river: ''Many of the streams are ~nbterranean, Loiling up from 
great depths in springs of perfoct clearness. The Ocilla, W acissa, Wakulla, and Spring creek, 
all comprised within the limits of my rnrvcy, are of this character. I found bottom in the 
Wakulla spring at eighty-eight feet, the lead being plainly visible at that depth." 

Topography cf Santa Maria de Galvez, Blackwater, and East bays, Fla.-It has been already 
noticed that the preliminary work for the survey of these dependencies of Pensacola bay was 
executed by Assistant Gerdes, in March last. 'l'he topography was based on points provided 
in the progress of the triangulation, and went on with it jointly. On the west side of Santa 
Maria de G'l.lvez bay and Blackwater bay, which forms its northern arm and is continuous 
with its shores, the plane-table survey was extended from White Point (see Sketch No. 26) 
upwards to Robinson's Point. The south and east shores and land adjacent to the water-line 
were surveyed from Redfish Point to the head of East bay, and from thence to Catfish Point, 
which is nearly opposite, to the limit reached on the eastern side of Blackwater bay. At 
present the topography rests a little below the triangulation, but will advance with it to a 
point a short distance above the head of that branch of )faria de Galvez bay. 

Sub-Assistant Clarence Fendall assisted Mr. Gerdes in the triangulation and plane-table 
work. A synopsis of the last is thus given in the summary report from the field: 

Shore-line surveyed . - .................... · . · · · · · _. · · · · · · · · · · · · · 43 rniles. 
Area, i11 square miles ... · · ..... · · · · · · · · · · · · · • · · · · · · · · · · · · · · • · · GO 

The atmosphere was very much obscurecl by smoke and haze while the party was employed 
in this section. 

For carrying on the work from station to station the schooner .James Hall was used. 
Assistant Gerdes furnished the shore-line of his survey for the use of the hydrographic 

party of Lieut. Comg. Phelps. 
Hydrograpliic examination of the Cedar Keys channels, Fla.--Between the 20th of .Jannary 

and the middle of the following month a thorough examination was made of the s,>,a-Horse 
Key channel, the Northwest channel, and the North Key passage, into the harbor of Cedar 
Keys, by the party in the steamer Walker, under Lieut. Comg. J. J. Guthrie. U. S. N., 
Assistant. The results obtained do not differ materially when compared with the soundings 
made in the previous examinations, showing, however, less water on the bars. 

'l'his survey was made under some disadvantages, in advance of taking up work to which 
the hydrographic party had been assigned in Section VIII, notice of which will be taken in its 
place. 

1l 0 
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1'be following are the statistic>:! of work in the Cedar Keys channels: 

l\files run· · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · 
Jlngles determined· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·. . . . . . . . • ... . 
Ua!<ts of the lead · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ... · . ' .......... . 

467 
2,658 

41,811 

In connection with the hydrography, observations were made on the 23d of January and 3d 
of February for determining the rate of the current off Depot key. 

Tlie original records of the work done this year at Cedar Keys were loHt by the sinking of 
the steamer Walker in June last, off Absecom, N. J. Lieut. Comg. Guthrie, on landing af, 
Norfolk after returning from thi8 section, brought to ·washington the fair journal of the 
soundings, arid thus it was saved from the disaster which destroyed the results ot an arduous 
season's labor. 

Hydrograpl;y qf St. Geor:1e' s sound, Fla.-A large advance lrns been made towards the com­
pletion of the hydrograph,r of St. George's sound by a party in charge of Lieut. Comg. T. S. 
Phelps, U. S. N., Assistant Coast Survey, in the steamer Vixen. In the immediate vicinity 
of .Apalachicola, and to the eastward and westward between Cat Point and St. Vincent's Point, 
(Sketch No. 25,) the hydrography is now complete, and soundings have been made from 
Crooked river to Southwest cape, supdementary to the survey of the channel which leads 
into St. George's sound past the eastern end of Dog island. This work, it will be recollected, 
was in progress last season, when the hyclrographic operations were suspended by the death 
of Lieut .. Comg. Dne1·, while in charge of the steamer Vixen. 'The space included in the 
work of this year stretchei" about fifteen miles along shore, from Southwest cape westward, 
with an average breadth of al)out three miles, and embraces Alligator harbor. 

In sounding near Apalachicola, Lieut. Corng. Phelps joined his work with the survey of the 
West Pass made by Lieut. Comg. Duer in 1858, and extended the hydrograpy of the body of 
the Aotm<l em;tward to Bulkhead Point and northward to St. Mark's Point, in Eastern bay, a 
short distance ahove Apalachicola. 

The only part of St. George's sound yet to be covered by the hydrography lies between Cat 
Point and Royal bluff. 

During the month of January the progress of the party was much hindered by adverse 
weather and by fogs and high winds. The '\\Tork near Apalachicola was completed at the end 
of :b'ebruary, and that in the eastern part of the sound within the first three weeks of May, 
the party 1Jeing in the interval employed at a third locality of this section. 

A summary of the statistics of work in St. George's sound is given below: 
Miles run while Rounding. . . . . . . . . . . . . . . . . . . .... · .. · .. · · · · .. · .. · . 761 
Angles observed ..... · . . . . . . . ............ · .... • .. · . · · · . · . . . . . . . 2, 08 2 
Number of casts.··.·· . · ·. · · • · .. · .. ·. · · · · · · · · · · · · · · · · · · · .. · .. ·. 60,003 
Area sounded out, (Aquare miles)··· · · · · · ·, · · · · · · · · · · · · · · · ·. · ·.. . . 100 

In the following extract from the report of Lieut. Comg. Phelps it is suggested that a 
change, favorable to the interests of navigation and commerce, may be now going on, tending 
towards improvement in the depth of water at the East Pass into the sound. He says: " A 
new channel seems to be opening into the East Pass anchorage to the northward and westward 
of the present channel. On crossing the bar my attention was called to a dark line of water 
througli the reef, and the boat despatched to sound it found fifteen feet at mean low water. 
Another season will probably decide whether this channel is to be of value or not. My im­
pression is that a deeper and better channel is opening into the East Pass anchorage." 

Three tidal stations were occupied in connection with the hydrographic duties of the party. 
While at Apalachicola in January, Lieut. Comg. Phelps, on being applied to by the captain 

of the. bark Gleaner, of Yarmouth, Me., promptly went to the relief of that vessel, the cargo 
of which had biken fire while sbe was Jying at the East Pai;.s. The steamer Vixen remained 
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in company all night, but the bark having been scuttled and the fire in her hold thereby extin­
guished, the steamer returned next day to her \Vorking ground. 

The officers and crew of the Vixen also rendered effective asBistance in stopping the ravages 
of a fire which broke out in Apalachicola on the morning of tho 2d of February. Liberal 
acknowledgment of this aid has been made by the press of that cit~·. 

The United States steamship Roanoke, having touched_ on several spotti in the vicinity of the 
Warrington navy yard during her stay there in March last, the uttcntio11 of Lieut. Comg. 
Phelps was directed to an examination of the character of the bottom in their vicinit,Y, but 
owing to detention in the mails of certain data sent to him from the office that duty w;i,; not 
accomplished by his party before its departure for the north. 

Lieut. Comg. T. A. Craven, U. S. X., formerly .Assistant in the Coast Survey, and 110\Y in 
command of the United State;; !>l1ip Mohawk, was incidentally at, Pensacola in October and 
kindly volunteered to make a preliminary examination of the locality. His soundings, made 
on the 9th of that month, gave a depth of twenty feet and developed a very narrow ridge, 
which, he suggests, may have been occasioned by a :mnken tree, around which the sand is 
depositing. He thinks also that the docking out from the dry dock may have some"" hat 
increased the deposit. 

Hydrography of E~cambia, lJioria de Galvez, and Blacku;afer bay.s, Fla.-The main body of 
each of these bays, which connect as branches with the waters of Pensacola harbor, was 
sounded between the 1st of March and the 25th of April, hy the party of Lit>ut. Comg. Phelps, 
in the steamer Vixen. In the Escambia, the hydrography was carried upwards of teh miles 
from its junction with the completed work at Pem;acola, or from a line crossing five miles 
southward and westward of Gan;:on Point. Eastward from the same line the soundings were 
extended so as to include the whole of the bay of Santa .Maria de Galvez, and East bay, and 
the main body of Blackwater bay. At the close of the season the ·work had reached Eagle 
Point, which is a short distance below the entrance of Yellow river.-(Sketch No. 25.) 

Two tidal stations were occupied and the observed rise and fall were refrrred to the bench 
mark at the Warrenton navy yard. 

The statistics of the hydrography returned are: 

Miles run in sounding . · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Number of angles obser~ed .. · ·. · . • • • • · · · · · · · · · · · • • · · · · · · · · · · · · · · 
Soundings recorded · · · · · · · · · • · · · · · • · · · · · · · · · · · · · · · · · · • · · • · · · · · · · 

882 
2,949 

66,985 

Assistant Gerdes furnished the shore-lino for th_is survey while prosecuting the topography 
in the vicinity, as before stated. Tl10 preliminary chart derived from the joint operations ii:; 
given as Sketch No. 26, with this report. 

The recommendations of Lieut. Comg. Phelps, for buoys near G:iryon Point, Redfi8h Point, 
and Bartley's Point shoal, as aids for the navigation of Pensacola harbor and its dependencies, 
were communicated through the department to the Light-house Boitrd in May last.-(Appen· 
dix No. 45.) 

The steamer Vixen, after receiving some slight repairs at New York, in July, was employed 
until the close of the season in Section I. 

Soundings in the Gulf qf Mexico.-ln passing to Cedar Keys, OH the 15th of Januar}', Lieut. 
Comg. Guthrie, U. S. N., in the steamer W a]ker, started a line off Egmont key, (Tampa,) and 
carried soundings along the meridian northward to Sea-Horse Key light at Cedar Keye. The 
greatest depth (ien fathoms) was found when the vessel was paRsing abreast of St. Joseph's 
bay. Throughout the entire distance the bottom brought up was coarse grey sand. 

On leaving Cedar Keys, in the middle of February, the same party took soundings on a 1ine 
due weat from the lower end of Sea-Horse Key shoal (SkC'tch No. 27) to the meridian of Pen­
sacola, and from thence north to the entrance of that harbor. Out from Cedar Keys the slope 
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of the bottom of the Gulf of Mexico was found to be very gradual, giving a depth of only 
twenty-five fat horns when on the meridian of Apalachicola, and parallel of Sea-Horse key, but a little 
to the westward of the meridan of Cape San Blas the depth is forty-seven fathoms, and at a 
position nearly south of St. Aridrew's Lay the water deepens to one hundred fathoms. About 
thirtv miles east of the meridian of Pensacola the depth found was two hundred and ten 
fath;ms, and at the western end of the course run by the steamer four hundred and twenty, 
showing a very steep declivity in that part of the Gulf, the depth actually doubling in a 
western range of about twenty-five miles. 

The results obtained confirm, in a general way, the depths found in previous seasons by Com­
mander B. F. Sands, U. S. N., when in charge of the hydrographic party, in the steamer Walker. 

On the course running north towards Pensacola, and when about sixty nautical miles from 
it, Lieut. Comg. Guthrie found a depth of five hundred fathoms. From that position the 
soundings decrease very rapidly in approaching Pensacola. 

On going out from Apalachicola, with the steamer Vixen, Lieut. Comg. Phelps carried a line 
of soundings from the South shoal, off Cape San Blas, to the outer buoy at Pensacola entrance, 
and on his return from extended hydrographic duty in that vicinity, which has been separately 
described, made soundings from the same buoy along a line to the West pass of St. George's 
sound. 

In crossing this section on his return to Key West, from special duty at Mobile, in the 
steamer Corwin, Lieut. Comg. Wilkinson observed with the deep-sea thermometer and 
recorded the temperature found in tbe Gulf water to a depth of two hundred fathoms. 
Besides the record of the air thermometer and the register at the depth just stated, the tem­
perature was noted in twenty-three positions at the surface also, and at ten, thirty, and one 
lrnndred fat.horns. In latitude 24° 05~' N., longitude 82° 52' W-, (see Sketch No. 27,) the 
temperature found at one hundred and ninety fathoms was thirty-eight degrees by the Saxton 
thermometer, that of the surface being at. the same time eighty-three. 

In the Gulf sounding an aggregate of one hundred and fifty-eight casts were made. 
Tidal observations.-In conformity with the plan of operations sketched out in my report of 

last season, several self-registering tide gauges have been employed in this section, under the 
care of Mr. A. C. :Mitchell. With the aid of qualified observers a regular series of observa­
tions have been kept up at St. Mark's, at Dog island, at New inlet, and at St. Vincent's island. 
At most of these stations complete series of results were obfained and the gauges have been 
transferred to others in the vicinity of the Missisl'lippi delta. 

I am indebted to S. Thayer Abert, esq., civil engineer at the United States navy yard, at 
Pensacola, for the records of a self-registering gauge, the charge of which was kindly under­
taken by him when it was set up at that st.ation. Through his interest in the subject the 
records received at the office in Washington, have been found highly satisfactory. 

It is expected that the observations made in this section .will, when discussed in conjunction 
with those taken along the Florida reef, and others near the delta of the Mississippi, furnish 
means for investigating the anomalies noticed in the tides of this part of the Gulf coast. 

SECTION VITI. 
FROM MOB[LE BAY TO VERMILION BAY, INCLUDING THE COAST OF l\lISSISSIPPI AND PART OF THE 

COAST OF LOUISIAN A.-(SuTcH H, No. 28.) 

The usual number of parties has been at work in this section, but thti loss of the records of 
the hydrography in the wreck of the steamer Walker, by collision at sea on her- return to the 
nOl'th, has caused much of the liydrographic labor to be in vain. Unless that steanwr isrepJaced, 
the hydrography must lag and my estimates of progress be entirely set at naught. This wonJd 
b~ l\ result much to be deplored, as the work of the section is so important and has made such 
fair progress towards completion. 
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The special surveys made in Mobile harbor for the commissioners on its improvement, and 
at their expense, has received their grateful acknowledgments. 

The order of the detailed notices of work is as follows : 
1. The connection of the survey of Mississippi sound with that of the delta, by triangulation 

from Point Fortuna, across Isle au Breton sound, to the preliminary base at the head of the 
passes of the Mississippi river. 

2. The completion of the triangulation and topography of Cote Blanche bay, and determina­
tion of the magnetic elements at Cote Blanche island. The topography includes a part of Marsh 
island. 

3. An extension westward of the plane-table survey of Lake Pontchartrain to Ragged Point 
and Bayou Le Bar. This work completes the topography of the eastern half of the lake. 

4. Completion of the topography of the North, Northeast, and Southeast Passes, and Passe 
a Loutre, with intermediate details of the Mississippi delta, and determination of the magnetic 
elements. 

5. A hydrographic re-survey of Mobile harbor, including the adjacent parts of the Mobile, 
Spanish, and Tensaw rivers, and general reconnaissance of the channel of the entire bay to 
the Lower Fleet. This work was executed for the commissioners authorized by the State of 
Alabama to decide in regard to plans for improving the water approaches of Mobile harbor. 
In connection wit.h it a physical examination was made, including observations of the tides and 
currents at various points in the bay between its head and the waters of the Gulf of Mexico. 

6. llydrographic surveys of Passe a Loutre, the Northeast, Korth, and Southeast Passes of 
the Mississippi river. The records of soundings and other material resulting from this work 
were lost by the sinking of the steamer Walker. By the same disaster all the notes and journals 
connected with a hydrographic survey of Chandeleur sound were also lost. 

7. Tidal observations at thti Mississippi passes, and at Isle Demien\ for comparison with 
others made at stations on the eastern coast of the Gulf oi· Mexico. 

In the vicinity of Chandeleur island light, and of the Mississippi delta, views have been 
drawn for charts of the Gulf coast. 

Qtfice·work.-The drawing and engraving of coast map and chart No. 91, from Bon Secours 
bay to Round island, and of the map of the Rigolets have been completed, and additions made 
to the progniss sketch. Progress has been made in the drawing and engravmg of coast map 
and chart No. 92, from Round i8land to Grand island, La., arid in the drawing of general coast 
chart No. XIV, from Pensacola bay to the Mississippi delta, and coast map and chart No. 9.3, 
from Lake Borgne to Lake Pontchartrain. 

Triangulation ef the weBtern Bide ef Isle au Breton ~ound, La.-Resuming work on the 27th of 
November, at Point Fortuna, (Sketch No. 28,) Sub-Assistant Stephen Harris, with a party in 
the schooner Twilight, extended the triangulation connected with Mississippi sound, southward 
and westward over the islands and west shore of Isle au Breton bay, and over both shores of 
Oyster hay, and part of Bay Rondo, and joined at the head of the passes on the :Mississippi 
river with the preliminary base measured by .Assistant Gerdes in 1857. In the course of the 
work a number of tertiary points were determined for plane-table use in the immediate vicinity 
of the Mississippi, and on the shores of Isle au Breton sound. The triangulation was closed 
on the 12th of May, the vessel being laid up during the summer at Pascagoula. 

A summary from the report of Mr. Harris gives the following particulars relative to the 
neld-work: 

Stations occnpied .............•••.•........... · · · · · · · · · · · · · · · · · · · 19 
Signals observed on ••••.••........•...... · · · · · · · · · · · · · · · · · · · · · · · · 33 
Nurnber of observations .•..•...•. · ..... · · · · · · · · · · · · · · · · · · · · · · • · · · 3, 120 
Area of triangulation, (square miles)···· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 284 

On visiting the stations used in other parts of the same range of triangles, and those m 
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Chandeleur sound, Sub-Assistant Harris found all the marks in good condition, excepting those at 
the station "Old Harbor key;" and in reference to them he says: "The island on which this 
station is situated appears to have been swept by the sea in the course of last summer, and all 
traces of the station are destroyed." 

Sub-Assistant R. E. Halter was attached to the triangulation party, and assisted Mr. Harris 
in his reconnaissance for stations, and also in making the angular measurements. The instru­
ments used were the tcn-iuch theodolite, C. S. No. 79, and the six-inch, C. S. No. 84. 

The triangulation of the eastern coast of Louisiana is now continuous and complete along-, 
1\fississippi sound and the main land to the western side of the delta, and embraces also the 
several passes of tho :Mississippi. It yet remains to connect the Chandeleur islands with the 
general work near the delta, and for that duty directions are now about to be issued. 

Mr. Charles S. Peirce served as aid in the party of Sub-Assistant Harris until the end of the 
working season at the south, and then resigned. · 

Sub-Assistant Harris lias duplicated and deposited in tho office with the originals his records 
of the horizontal angles measured in Isle au Breton sound, and full descriptions of the marks 
placed at the stations. 

Triangulation ef COte Blanche bay, La.-This work was resumed early in February, and has 
been completed by Sub-Assistant Oltmanns, with a party operating as heretofore under the 
general direction of Assistant Gerdes. The triangulation was taken up on the line joining 
COte Blanche island and !fosquito station, (Sketeh No. 28,) and from thence carried westward 
quite to the entrance of Vermilion bay. Owing to the high stage of water this season the 
schooner Gerdes, which was used in the triangulation and plane-table work, was taken without 
difficulty to the vicinity of the station at Cote Blanche island. 

All the station-marks westward of Atchafalaya are reported by Mr. Oltmanns as well secured 
by screw-piles or other sufficient means, and those used in past seasons can so far be readily 
identified. 

Ten points were determined in position within the range of the work of this season. The 
following additional particulars of the triangulation are given in the usual form: 

Signals erected · . · · · . · ........... · .... · · · · .• · · · · . . . . . . . . . . . . . . . • . . 11 
Stations occupied . · · .. · .......................•............... ·. . 7 
Angle;; measured · - · · · · . · ........... · · . . . . . . . . . . . . . . . . . . . . . . . • . . . . 23 
Number of observations·· ...... - . - ...... - . . . . . . . . . . . . . . . . . . . . . . . . . 330 
Area of triangulation, (square miles)·· .. · · · ............. - . . . . . . . . . . . 70 

Mr. G. U. Mayo aided in the triangulation work of Cote Blanche bay. Sub-Assistant 
Olttnanns was subsequently employed in Section VII, as already stated. 

'Topography ef Lake Pontchartrain, La.-On the north shore of Lake Pontchartrain the plane­
table survey has been extended by Sub-Assistant Malcolm Seaton from Bayou Bonfouca west­
ward to a station two miles beyond Ragged Point. The details include the shell ridge, which 
lies a little above high water-mark, and the fringe of marsh, varying from a quarter to a mile 
and a quarter in width, between the lake margin and a belt of pine woods which follows the 
shore. The shell ridge is covered with brush and scattered live oak trees. Bayou Lacombe, 
the only stream of note represented on the sheet, has a good depth of water; but the bar at 
its mouth will admit only vessels drawing less than four feet. 

On the south shore of the lake the topography was pushed from Bayou Coushon (Sketch No. 
28) westward to Bayou Le Bar, or two miles and a half to the westward of the Jefferson rail­
road wharf; and from the water-line southward to the Gentilly Ridge, which follows the 
south<'lrn l',hore at a distance of from two to two and a half miles. The dense cypress swamp, 
broken by small passages, which lies between the ridge and the lake con11titutes the main 
topographical feature of the second sheet •. Within its limits a.re also i~cluded the Pontchar-
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train railroad, Bayou St. John, the New canal, .Jefferson railroad, Indian bayou, and Bayou 
1'choupitoulas, with the settlements on Gentilly and lfctairie ridges. 

The details comprised on the two sbeeti:l are as follows: 
Shore-line of lake · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · - · .. · 27 miles. 
Interior marsh-line · - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·. ·... 38,\- " 
Bayous and canals · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 38i '' 
Highway and railroads · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 27~ '' 
Whar\res · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 21 '' 
Area of topography, (square miles)··· · · · · · · · · · · · · · · · · · · · · · · · 45 

Sub-Assistant Seaton was aided in the field by Jrlr. W. \V. Harding. The plane table work 
was commenced on the 25th of January. For the i;ervice and transportation connected with 
it, the party used the schooner G. M. Bache: 

This survey joins with the wei:itern limit of work executed laBt year by Sub-AsBistant W. S. 
Gilbert. 

A short period at the outset of the present surveying •;eason was employed by Mr. Seaton at 
the eastern entrance of the Rigolets, in duty, which will be referred to again in this chapter. 

At intervals, in the course of the summer, while employed in topography on the coai;t of 
Texas, Sub-Assistant Gilbert inked the sheet containing Lis field-work of the previous year on 
the shores of Lake Pontchartrain, and forwarded it to the office. llr. Seaton's plane-table sheet 
of the north shore of the lake has also been received. 

Topographyef Passe a Loutre, (Mississippi delta,) La.-The large sheet worked on last season 
by Assistant F. H. Gerdes, aud intended to embrace the eastern part of the delta to the bead 
of the passes, was taken up in the latter part of December, and completed in the following 
February. Its limits (Sketch No. 28) now include the banks of the :Mississippi river, from the 
north end of the preliminary base to the head of the passes; the banks of Passe a Loutre and 
North Pass, surve:yed this season; and additional details completing the topography of the 
Southeast Pass; the shores of Bay Rondo; Robinson's and Parry O'Niel's reefa; and the 
numerous bays, bayous, and ponds to the north of Passe a Loutre, with the mud flats and 
islands (some eighty in number) of Blind bay and Donkey bay, which break the land between 
it and the Southeast Pass. ''The greatest difficulties in the topographical survey were encoun­
tered in these two bays, on the shores of which the reeds were so high as to make it impossible 
to work with the plane-table. To overcome these, high stakes, marked by flags of different 
colors, were set up along the water-line, and determined in position from the adjacent light­
houses and tripods used in the triangulation." 

The station-points marked in the preliminary survey of the eastern part of thB delta are 
reported by Assistant Gerdes as being yet in good order. 

Sub-Assistant Clarence Fendall assisted in tbe season's work, and inked the topographical 
sheet, to which was added, by the labors of the part)•, an aggregate of a hundred· and forty­
two miles of shore-line. The area of the whole, embracing the work partially traced in last 
season, is about a hundred square miles. 

The schooner .James Hall was in service in prosecuting the survey of the delta. 
Assistant Gerdes has sent to the office the completed topographical sheet of Passe a Lout.re 

and vicinity, (Sketch No. 31.) 
Magnetic observations at the Mis&issippi delta.-Near tlrn triangulation stations marked' 'Cubit'i 

and "South~ast Pass" onthe progress sketch, (No. 28,) and at a third in the vicinity of the 
Passe a Lout.re bar, Sub-Assistant J. G. Oltmanns, under the direction of Assistant Gerdes, 
determined the dip and magnetic intensity, making two sets of observations for each of the 
elements, and four, in addition, for the intensity, by noting the deflections of the needle. At 
the first-named station the declination was also ascertained by observations made every five 
minut~s within a period of two hours, and at PaHse A Loutre at intervah1 of five minutes during 
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three hours. These observations were made on separate days in December and January. Mr. 
Oltmanns used the declinometer No. 2, and dip circle No. 8. The collimator No. 6 was used 
in determiniug the declination, and also for noting .vibrations and deflections; collimator No. 17 
being kept suspended during the time employed in observing the deflections. 

The observations at '' Cubit" were made on the 15th. and those at Southeast Pass on the 
21st of December. 'fhe series at Passe a Loutre were taken on the 3d of January. Mr. 
Oltmanns has furnished for the archives the notes and records made in the several determina­
tions and the field computations of the work. 

Topography ef Cufe Blanclie bay, La.-Following his own triangulation of this season, Sub. 
Assistant Oltmanns pm;hed the plane-table work westward from last year's limit at Cote 
Blanche island (see Sketch No. 28) to the entrance of Vermilion bay, and also along the north 
shore of Marsh island, from the entrance of that bay, eastward, to Musquito station, com­
pleting the survey of the entire shores of Cote Blanche bay. 

Mr. Oltmanns was aided in this work by Mr. G. U. Mayo, and had the schooner Gerdes in 
charge, as heretofore, for the transfer of camp fixtures and instruments. 

All the shores represented on the topographical sheets were found very soft and marshy, 
except for a short distance on the main or north side of Cate Blanche bay, where the soil was 
firm and solid . 

.As already stated, the vessel used, drawing usually six feet, was taken without difficulty 
quite through the bay to the station on Cote Blanche island. 

The shore-line run by Sub-Assistant Oltmanns while prnsecuting the triangulation was forty 
miles. This joint work extended over an area of about seventy square miles, occupying his 
party during February and March. .At the close of that period the schooner Gerdes was 
transferred for service in Section VII. 

The plane-table sbeet of COte Blanche bay (west) Las been inked and filed at the office. 
Magnetic observalionB at Obie Blanche isla'lld, La.-At a station fifty metres north of the 

triangulation point on Cate Blanche island (8ketch No. 28) Sub-Assistant Oltmanns determined 
the magnetic declination on the 3d of March, by observiug, at intervals of five minutes, during 
six hours. The dip was ascertained by observi11g four sets of observations, and the horizontal 
intensity determined from two sets of vibrations in connection with four sets of deflections. 
The instruments used were the declinometer No. 2, and dip circle No. 8. 

These observations were made while the triangulation and plane-table survey of Cote 
Blanche bay were in progress. The records and notes connected with them have been filed at 
the office as usual. 

Hydrograplzic examination qf Molrile bay and harbar, .Ala.-In pursuance of an arrangement 
with commissioners acting under authority of the State of Alabama, and by authority of the 
'l'reasury Department, a special hydrographic survey has been made of the lower part of Mobile 
river and of Spanish river, below its junction with the Mobile; as also of the lower part of the 
Tensaw, and tho entire waters of the harbor in the vicinity of the city of Mobile. The 
soundings from the head of the harbor were carried to deep water, south of Dog river bar, and 
from thence a general bydrographic reconnaissance was made through Mobile bay to the Lower 
Fleet. 

This resurvey was made by Lieut. Comg. John 'Vilk'mson, U. S. N., Assistant Coast Survey, 
with a party in the steamer Corwin, between the 4th of May and the 16th of June. His party 
had been previously employed on the Florida reef. The object of the work was fully set forth 
in correspondence which passed through the department in March last. Lieut. Comg. 
Wilkinson conferred personally with the engineer of the commissioners, Captain Leadbetter, 
and such slight deviations as were deemed advisable were made, in prosecuting the soundings, 
under the general instructions given to the chief of the hydrograpbic party. The following 
are the statistics of the work: 
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Signals established ............................................. . 
Miles run in sounding .. · ....................................... . 
Angles determined ...... , ............................... . 
Number of soundings .. · ....................................... . 
Area sounded out, (square miles) ...... , ........................ . 

60 
395 

3,833 
37,535 

St 

89 

In connection with the hydrography, tidal observations were made by the party at St. 
Francis street wharf, in :Mobile, at the mouth of Chickasaw Layou, and at Great Poiut Clear. 

'l'he character of the bottom of the harbor was ascertained by numerous boring,; to the 
depth of sixteen feet from the surface of the water. Specimens "·ere taken in the same way 
from the beds of the several rivers before named, and from Dog river bar and along the line ~f 
deep water to the Lower Fleet. Particular pains were taken in the investigation of the 
character of the bottom through Choctaw Pa;;s and that of Dog river bar, samples of the 
materials brought up in each catie Leing preserved and labelled. 

The land positions necessary for the hydrographic operations were furnished by Assistaut 
Henry Mitchell, who ~was charged ah.o with special obr,;ervations requi8ite in regard to the 
tides and currents, which will be more particularly enlarged upon hereafter. 

'l'he steamer Corwin returned to New York early in July, aud until the close of ~eptember 
was employed in connection with hydrographic service in Section I. 

Sou71dings in the Rigolets, La.-Before taking the field for plane-table duty in January, Sub­
.Assistant Seaton, with his party in the schooner G. M. Bache, made supplementary snundings 
at the eastern entrance of the Rigolets, and forwarded to the officP tbe sheet containing them. 
This, when taken in connection with a sheet executed last year by Sub-Assistant W. S. Gilbert, 
furnishes material for a map of the entire passage betwco~ Lak~ Borg11e and Lake Pontchar­
train, including the approaches of both entrances. The work was concluded on the 19th of 
January. .A.bout nine hundred casts of the lead were madP by the party of l\Ir. Seaton. 

Hydrography Qf Ohandeleur sound, La.-Inside of the Ohande1eur islands, and in the upper 
part of the sound, Lieut. Comg. J. J. Guthrie, U. S. N., Assistant in tlie Coast Survey, joined 
with the hydrography of a previous year as left by Commander B. F. Sand;,, aud continued the 
work from the vicinity <;[the Chandeleur light-house, southward, to Pelican key. The hydro­
graphy was carried about ten miles to the westward from the line of the islands. This work 
was executed in May, after the completion of a survey, v;hich will be referred to under the 
next head. 

The following statistics are taken from an abstract left at the office by Lieut. Comg. Guthrie 
just previous to the loss of the steamer Walker off, the coast of New Jersey in June last, by 
which disaster the journals and details of the work were unfortunately lost: 

Miles run in sounding · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · 
Angles determined·····. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Number of positions .... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Number of ·soundings ..•. · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

244 
1, 116 

187 
13,072 

Hydrography of tlte Mississippi Passes, La.-The survey of the several passes at the eastern 
side of the Delta was completed in the beginning of May by the hydrographic party in the 
steamer Walker, in charge of Lieut. Comg. Guthrie. It follows 1he land-work executed by 
Assist.ant Gerdes, of which notice bas been 1aken in its place in another part of this chapter. 
The soundings included the approaches and the channels of the north, the northeast, and the 
southeast pass, and Passe a Loutre, in each of which the hydrography was carried upward to 
the main body of the Mississippi. This work was commenced on the 22d of March, after the 
completion of duty by the party in Section VII, (Sketch No. 31.) 

I have elsewhere referred to the loss of the steamer Walker and the original records by a 
collision off Absecom, N • .J., while on her passage from Norfolk to New York. A synopsis 

12 c 
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taken previously from the liydrographic journal, and brought to the office by Lieut. Comg. 
Guthrie soon after his arri nil at Norfolk, gives the following statistics of soundings made at the 
delta of tho Mississippi. 

:!\files run· . · · · . · · · · · · · · · .. · · · · · · · ·. · · · · · · · · · · · ................ . 
A.ngles measured · · · · · · - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · · · · 
Number of casts of the lead · · · · · · · . · · · · · · · · · · · · · · · · . · ..... · .. 

The hydrography of the passes was commenced on the 22d of March. 

612 
3,657 

34,916 

Physical 81ffV('y qf 11fobile bay.-In close connection with the special hydrographic survey of 
the upper part of l\fobile bay, a limited physical examination of the whole was made under my 
direction in l\fay last by Assistant Henry Mitchell. This -;vork was done at the expense of the 
Mobile harbor commission, and comprises observations of the tides and currents taken at 
certain pointfl, as characteristic of the entire bay for a limited period of the year when 
considered with reference to the natural causes which, at that season, tend to alter its condition 
in particular localities. Note;; were at the same time made of the effects of the winds and 
waves upou tlie channel,; aml shoals. The observations were designed to facilitate the pro­
posed improvement of the water approaches to the city of Mobile, and the results show, in a 
striking manner, the importance of obtaining data by a systematic survey in advance of such 
undertakiugs. As an instance, tlrn following remark, taken from the report of Mr. Mitchell, is 
in point: "The current obBervations which were made at several different depths reveal the 
nature and power of the scouring forces that maintain the channels. These forces arc found 
to foUow, in the lower water f'\trata, certain laws often quite at variance with those of superficial 
movements, showing that conclusions hastily drawn from passing observations upon the surface 
currents may be entirely fallacious." 

The cause of the formation of tho hard crust of sand at Choctaw bar was clearly traced, as 
al:so the nature of the currents of Choctaw Pass, and of those prevailing between Spanish river 
entrance and the bar. 

Assis taut Mitchell remarked that the regulal'ly recurring sea-breezes of the summer from the 
Gulf of Mexico instead of checking the force of the ebbing watei-ri of the rivers, and compelling 
a deposit of their sediment, simply restrain the surface current. 

''The observations were extended several miles beyond the outer bar, and the existence of 
a coastwiee current, or at least a strong easterly movement, was determined." Fourteen 
current stations were occupied, and at each of them uninterrupted observations were made at 
short intervals for an entire tidal day. In most cases the motion of the water was noted at 
three different depths. 

While the current observations were going on, the rise and fall of the tide was recorded 
every half hour at St. Francis street wharf, in Mobile, and during a period of six weeks in all 
from the commencement of operations. In order to develop the character of the tide-wave in 
its progress up the bay, simultaneous observations were made for short periods at Fort Morgan, 
at Great Point Clear, and at Magazine wharf, near Chickasaw Bogue. 

Assistant Mitchell was aided in this work by Messrs. W. T. Bright and L. M. Johnson. 
The schooner Gerdes was used in tramiporting the party from station to station. 

The records in duplicate of observations on the tides and currents have been filed in the 
office. 

T·idal observations.-Self-registering tide-gauges were erected in the summer at the South­
west Pass of the Mississippi, and at Isle Derniere, and are intended to remain long enough to 
complete series of observations like those mentioned under the head of Section VII, as having 
been. taken from St. Mark's to Pensacola at several stations along the coast of the Gulf of 
Mexico. These are now working in charge of Mr. A. C. Mitchell. 

Day observations have also been made at Passe 8. Loutre. 
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The observations at the delta are designed to be used in compa1·iso11 with those made in the 
eastern Hide of the Gulf for developing, if practicable, the general features of the law which 
governs the tides of the Gulf; or at least for classifying their anomalies. 

The observers employed in this and in tl1e preceding i,;edion are Messrs. P. H. Donegan, G. 
W. Maslin, C. Keyser, D. M. Hodges, W. Logan, and G. A. Floyd. 

SECTION IX. 

FROM VERMILION BAY 'J'O THE RIO GRANDE BOUNDARY, INCLUDING PAR1' OF THE COA~T Of? LOUISIANA 

A.ND THE COAST OF TEXA.5.-(SKUCli l, No. 32) 

The triangulation in this section has made a great leap forwar<l, covering Corpus Christi 
and Nueces bays. A second triangulation party has been detailed to work eastward from Gal­
veston during the coming season. The topography keep;;; within a season of tl:e triangulation. 
The hydrography outside has Jagged, and a great effort is required to bring it up to time, 
which will be made, if practicable, in the course of next year. 

The operations of the three parties comprise the following work : 
1. The triangulation of Corpus Christi and Nueces bays, and an extension coai"twise of the 

triangulation from Aransas Pass southward to Laguna del Madre. 
2. A plane-table survey of the coast of Texa;;;, including St. Joseph's island and the adjacent 

parts of Matagorda and Mustang islands. This work completes the topograph~- of San Antonio 
bay, and embraces tho ,;horcs of J\lusquit and St. Charles' bays, with parts of the shores and 
the shell reefa and islands of Aransas bay. 

3. The extension of soundings inside of :Matagorda bay, from the entrance northward and 
eastward to Palacios Point, and northward to the entrances of Trespalaeios, Caranckaway, and 
Lavaca bays. 

Ojfice-work.-Progress has been made in drawing and engraving coast map and chart No. 
108, Matagorda and Lavaca. bays. The drawing of general coast chart No. XVI, Gulf coast, 
from Galveston bay io the Rio Grande, and that of coast map and chart No. 109, from Mata· 
gorda bay to Aransas bay, has been continued, and additions have been made to the progress 
sketch. 

Triangulation qf Corpus Oltri8li bay, Texas.-This work connects with the triangulation of 
the coast of Texas, which has been pushed r:outhward and westward from Matagorda by As­
sistant S. A. Gilbert. His party took the field in .January and resumed operations at Aransas 
light-house. From the line joining that station (Sk~tch No. 32) with station "Shell Bank," 
in the lower part of Aransas bay, the triangulation was continued southward to the head of 
Laguna lfadre, and westward so as to include the entire shores of Corpus Christi bay. In 
the same direction signals were erected along the shores of Nueces bay, and several of the 
stations necessary for embracing it in the triangulation were occupied with the tJ1eodolite. 
The chain of smaller triangles is laid out to extend to the head of the bay. J\fe<isured along 
the sides of the triangles which rest on Mustang island and Padre island, the advance made in 
the work coastwise is rather more than twenty-five miles. 

The early part of the season on this reach of the coast of Texas was marked by prevailing 
fogs, brought by easterly and southerly winds, and, contrary to his past experience on the 
Gulf coast, Mr. Gilbert found that these were not dispersed by the northers, but that the 
atmosphere was left by them hazy and tremulous to an unusual degree. The unfavorable 
period was employed by the party in visiting and securing stat.ions already occupied, and in 
erecting signals for carrying tile triangulation forward. 

Before leaving the section, a general reconnaissance was made in the upper part of the 
Laguna Madre to determine the best means for continuing the work below Corpus Christi. 
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The following particulars refer to the progress made this seaEmn: 

Stations occupied···· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 12 
~ip:nals observed on· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · 32 
1ingles measured - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 80 
Nu1nber of observations···· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 2, 120 
Area of triangulation, (square miles)··· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 414 

The £eld-work was continued until May. 
Assistant Gilbert was aided in the work by Mr. Charles Hosmer. The angles were measured·, 

with the Gambey theodolites, ten-inch, No. 82, and six-inch, No. 12. 
Mr. Gilbert'R remarks on the character of the shores of Corpus Christi bay, in continuation 

of hiR general description, given in my last annual report of the coast between it and Mata­
gorda entrance, will be fouud in the Appendix, (No. 34.) 

The records and field computations connected with the triangulation work of the present 
year have been received at the office. 

Topograpl1y qf San Antonio, Mwsquit, and Aransas bays, Texas.-The survey taken up by 
Suh-Assistant W. S. Gilbert, at Webb's Point, (Sketch No. 32,) and carried southward along 
the western shore, completes the topography of San Antonio bay. In connection with this, 
the lower part of Matagorda island was surveyed, and the plane-table work pushed southward 
and westward quite through the broken passages and reefs lying betwP.en San Antonio and 
Aransas bays. 

Por the purpose of k0eping pace on the outer coast while he was at work on the main land, 
Mr. Gilbert divided his force, and the survey of St . .Joseph's island was assigned to Mr. T. 
C. Bowie, the aid of the party. That duty was prosecuted steadily and completed, Mr. Gilbert 
meanwhile proceeding westward with a separate plane-table in the survey of the shores of St. 
Chtll'les' bay. 'l'he detailed work in that direction was carried several miles westward of 
Lamar, and the preliminary work continued to embrace part of the shore-line of Capano bay. 
Live Oak Point was Rurveyed, as also Lap reef and all the shell banks and reefs of Aransas bay. 

The two divisions of tlie party were again joined at a station near the lower end of St. 
Joseph's i;;land, and the topography of the outer coast was extended southward and westward 
acro,;11 Aran8as Pass, i11cluding, in its course, two miles of the upper part of Mustang island. 
From tlie light-house at Aransfls Pass, the southern shore of Aransas bay was traced to the 
Shell Banh, the position of which is marked on the progress sketch. 

The party took the field on the 5th of January. Mr. Bowie remained in the section until 
the ht of April. and then, at the direction of Sub-Assistant Gilbert, returned to the office and 
inked his completed plane-table sheet. With a small number of hands, Mr. Gilbert continued 
the topographical survey until the 14th of July. An extent of about twenty-seven miles of 
Gulf co>ist is represented on the sheets. The aggregate statistics of details are thus stated m 
the report from the field: 

Shore-lihe surveyed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278 Jniles. 
Arca, (;;quarc mile!<).... . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 127 

The remarks given in the Appendix (No. 33) result from the personal observations made by 
Sub-Assisbmt Gilbert, while he was prosecuting the topography of the shores of San Antonio 
and Aransas bays. 

The plane-table sheet, inked by Mr. Bowie, containing the survey of the lower part.of San 
Antonio bay, has been registered in the office . 

. llyclrograplty of' Matagorda bay, Texas.--The soundings made this season by the party of 
Lieut .. Oomg. W. Ronckendorff, U. S. N., .Assistant Coast 8urvey, in the schooner Arago, oom· 
plete the hydrography of the main body of Matagorda bay. The work was taken up at the 
end of June and joined at Palacios Point (Sketch No. 32) with the soundings made last year 
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by the party of Lieut. Comg. Duer, and from that limit extended towards the entrance. It 
there connects with the survey of the approaches made in 1857 by Lieut. Comg. Febige:, 
and, stretching northward, was carried to the entrances of I,avaca, Caranckaway, and Tres· 
palacios bays. These, as well as part of the northern reach of Matagorda bay, above the 
town of Matagorda, yet remain to be sounded out. The following summary shows the progress 
made by the party: 

Angles determined · · · · · · · · · · · . · · · · · · · · · · · · · . · · · · · · · · . . · · · . · .... 
Positions used· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Miles run in sou:iding. · · · · · . · · · • · · · · · · · · · · · · · · · · · · · · · · · · • · · • • · · · 
Number of casts of the lead.· .. ·. · · .... · .. · · · · · · ·. · . · · .. · · · · ·. ·. 

2,501 
1,268 

529 
;~2. 086 

In connection with the hydrography, the tideP. were observed at Pass Cavallo and at Indianola. 
The schooner Arago, on the return of the party from this section, reached New York on the 

24th of August. 

SECTION X. 

FROM SAN DIEGO, OR THE SOUTHERN BOUNDARY ON THE PACIFIC, TO THE FORTY-SEXJND PARALJ,EL, 

INCLUDING THE COAST OF CALIFORNIA.-(8KETCH J, Nos. 33 a.ad 34 ) 

The usual parties, under the same chiefs, have been occupied in this section in tbe following 
work: 

1. The completion to Santa Barbara of the main triangulation on the shore of Santa Barbara 
channel, and the triangulation of Santa Rosa and San Clemente islands. 

2. Astronomical observations at Ross Mountain, Cal. 1 in connection with the work of main 
and secondary triangulation. These operations complete the preliminary work between San 
Francisco bay and the mouth of Russian river. 

3. The completion of plane-table work on the shores of Drake's bay, Cal., and topography 
of Petaluma creek, for the chart of San Pablo bay. 

4. Hydrography at the mouth of Salinas river. A. re-survey of the Oakland bar and exami­
nations at the mouth of Sacramento river. The coast hydrography has been extended north­
ward from Duxbury reef, and now includes Drake's bay and Lagoon and Tamales bay. 
Petaluma creek has been sounded out. 

5. Tidal observations. 
The beautiful charts of San Francisco and San Pablo bays arc the results, in part, of the 

seasons' s labor in the office. 
Ojfice-work.-Preliminary charts of San Pedro h~rbor and Crescent City harbor have been 

drawn and engraved, and the engraving of the charts of San Francisco bay and Humboldt bay; 
that of the topography of San Pablo bay, and of the additions to Alden's reconnaissance has beeu 
completed. Additions have been made to the progress sketches, and the drawing of a coast 
map and chart to include San Francisco bay and harbor has been continued. 

Triangukdion of the Santa Barbara channel and islands, Cal.-At the most favorable period 
of the winter of 1859-' 60, Assistant W. E. Greenwell occupied Saddle mountain, situated 
a.bout eleven miles northeast of Point Duma, as a station in the main triangulation wl1ich passes 
northward and westward (Sketch No. 33) along the shore of the Santa Barbara channel. 
Before commencing his observations the four primary stations connected with Saddle mountain 
were visited, and the requisite signals were set up. The angles were measured with the eight­
inch Gambey theodolite, C. S. No. 44. This duty actively engaged the party between Decem­
ber 17 and the 21st of the foJlowing February. Mr. G1·eenwel1 then returned to San Francie:co, 
the frequent interruptions by rain and protraction of labor by the difficulty of access to the 
station on Saddle Mountain, having well advanced towards a close the only part of the season 
which permits observations to be made on the longer lines of the triangulation of this part ·of 
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the coast of California. On the 1st of .May he transferred his party in the schooner Hum­
boldt to Santa Rosa islaud. Near its northern extremity a base line was measured with 
wooden bars cut to the length of eight metres and supported by trestles. The distance 
between the ends of the line, as determined in this way, was 1277.26 metres. Having com­
pleted the preliminaries, Assistant Greenwell at once laid out and measured a chain of triangles 
which includes the entire s110re of the island, (Sketch No. 33,) excepting a few miles along its 
southern side. 'l'he points now d'"termined are quite imfficient for the plane-table survey. 
Mr. Greenwell then took up the trim1gulation of San Clemente island. Near the north end of 
it a site suitable for a short preliminary base was found and a length of 807.92 metres, meas­
ured by the means just referred to. In connection with the line a triangulation was carried 
southward to a point about midway between the two extremities of the island. 'I'he work was 
continued on San Clemente until the end of Augllst, and its further progress for the season 
being then stopped b:· a settled fog, the party sailed for Ranta Barbara. 

The following are statistics of the triangulation on the main and islandR: 

Sigllals erected · · · · · · · · · · · · . · · . · · · . · ........................ . 
Stations occupied· · · · · · · · · · .. · · · · · · · · . · ..... · . · ................. . 
Nun1ber of observations · · · .. · ·. · ·. · · · · · · · . · · · · · .....•..... · ..... . 
Area of triangles, (square miles) .. · .. · . · ·. · · . · .. · . · · · · ·. · ·. · · · · · .. · 

41 
22 

4,008 
542 

The character of the two islands over which the work was extended has been given in my 
previous annual reports. Both are destitute of timber, a condition which made the labor of 
carrying signals to all the stations observed on a matter of grnat difficulty. Each of the islands, 
moreover, has only three anchorages. Those at Santa Rosa are near its eastern side and not 
far apart. Two of the anchorages of San Clemente are very near to its northern extremity, 
and the third is at its extreme southern end. 

Assistant Greenwell states that during last fall eight thousand head of cattle wore transported 
from Santa Rosa island to the main, ]caving still some five thousand head on it. He estimates 
that the pasturage woald sustain from fifty to eighty thousand. It is particularly well adapted 
to the raising of sheep. Water is abundant at all seasons on Santa Rosa, and is also found in 
summer on the southeast end of San Clemente, being there the product of the copious rains 
of the precor1ing winter collected in large basins. 

All the primary stations ·were visited by Mr. Greenwell and secured against disturbance 
from natural causes. He has turned in all the records and note-books connected with the 
triangulation in tl1e vicinity of the San Pedro base and with that on the islands Santa Cruz, 
San Nicolas, and San l\liguel. 

Astronomical observations.-On the night of the 26th of March, Assistant George Davidson 
suc~esi:;fully observed seven occultations of the Pleiades by the dark limb of the moon, at the 
primary station, Ross mountain, 11ear Russian river, Cal. Full preparation was made for 
observing the occultations of the same group on the 13th of July, but without success, on 
account of the low altitude of the moon. 

Before leaving Ross mountain, Mr. Davidson, in conjunction with his aid, Mr. Fauntleroy, 
also observed reciprocal zenith distances between that station and Bodega Head, (see Sketch 
No. 34,) for the purpose of determining the co-efficient of refraction for that part of the coast 
of California. These observations were made at every hour of the day selected for them, and 
from 1 o'clock in the morning until 5 o'clock in the afternoon, with the vertical circles Nos. 28 
and 80, the latter being spared for use by Sub-Assistant J. 8. Lawson. Two barometers were 
kindly loaned by Lieut. R. S. Williamson, of the Topographical Engineers. 

The heigh~ of the station, "Bodega Head," was determined by levelling to connect with 
the observations, the levels being referred to the station-mark on the Head ai1d also to the 
bench-mark of the l1ydrographic party at the beach as well as to another established by 
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Assistant Davidson. ''The bluff above this bench-mark is _about eighty feet high, nearly per­
pendicular, very much broken, and covered with chapparal, but in levelling, long back, and 
fore sights were used along the face of the blnff." 

In the course of the season the height of Ross Mountain station will also be ascertained by 
a line of levels. 

At the primary station on Sonoma mountain, north of San Francisco, Mr, Davidson observed 
the phases of the solar eclipse of the 18th of July, using the zenith tele::;cope Xo. 3. In this 
service, as also in the preliminaries for observing the Pleiades oceultations and in magnetic 
determinations, which will be again roforred to, he had the voluntary and intelligent assistance 
of Henry B. Hubbard, csq., of Cambridge, Mass. 

The observations for latitude at Ross mountain were made chiefly by :M:r .. A .. T. Mosman, 
the aid, with the zenith telescope No. 3, and in the absence of Assistant Davidson, in conse­
quence of a hurt received at that station. Mr. E. H. Fauntleroy also assisted in them and in 
determining the azimuth, and the two aids, in conjunction, completed the transit observations 
for time. These and others at Sonoma mountain and Bodega were made with transit No. 7. 
Mr. :Mosman was detached from the party at the end of March. 

For the azimuth at Ross mountain a result was obtained with a probable error of ± 0. 112 in 
thirty-four sets of six observations each, made on seven nights with the C. S. theodolite ~o. 37. 
The azimuth was also determined at the primary station on Sonoma mountain and for the 
secondary work at Bodega station, the same instruments being used at both. In all, two hun-

-dred and four observations were recorded for azimuth, and tvrn hundred and thirty-eight with 
the transit, exclusive of fifty-four with a sextant for time. 

The latitude was determined by four hundred and twenty-five observations of forty-one pairs 
of stars, and the value of the micrometer by one hundred and eighty-six readings. For the 
coefficient of refraction thirteen hundred and eighty observations were made, and eight hundred 
and fifty-one readings of the barometer and thermometers recorded. The value of the level 
scale divisions was ascertained from ninety·six observations. 

Mr. Davidson makes the following remarks in regard to the character of the atmosphere at 
Sulphur Peak, one of the primary stations occupied by his party last. year: '' 'Vith the zenith 
telescope I have observed for latitude stars below the eighth magnitude with a small magni· 
fying power and with a diagonal eye piece. The air at that height (3, 50() feet) is very clear 
in summer and remarkably dry, as seen by the shrinking and "Splitting of boxes that have been 
many years in use. The last-mentioned condition is evidenced also by differences of twenty 
to twenty-four degrees between the dry and wet bulb thermometers. Frequently at night 
while a gale from E.NE. (true) was blowing at the station it would be calm below, (,r the wind 
drawing to the north up Russian River valley. .A.t the same time a thick fog would prevail on 
the coast to the height of thirteen or fourteen hundred feet, while the wind there was blowing 
fresh from W.NW. or NW." 

"The winter season proved very unfavorable for rapid work and for moving. During the 
first eight days of January rain fell to the depth of twelve inches and a half at Ross mountain, 
and in the end of March and beginning of April nine inches and a half fell in eight days. In 
the valleys the amount was much less.'' 

All the computations and reductions connected with the astronomical work and triangulation 
and magnetic observations to be yet noticed were kept up as the determinations wer·e made, 
and these, with the original records, makiug a total of sixty-six volumes, were forwarded to 
the office by Assistant Davidson. The extended astronomical observations were made by him 
personally, and his stations of previous years have been joined with the triangulation. 

Primary and seoondary triangula.tfon rwrtk of San Francisco bay, Oal.-.A.t the date of my last 
annual report a reconnaissance was in progress, under the direction of Assistant Davidson, for 
extending the primary triangulation on the coast of California northward of Russian river; and 
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at that time only the station on Ross mountain remained to be occupied to bring the main work 
complete up t; the river jast named. Mr. Davidson remained at Sulphur Peak, (see Sketch 
No. 34,) while 11is aid><, Messrs .. l<J. H. Fauntleroy and A. T. Mosman, were employed about 
thirty-five miles to the northward in establishing two stations to connect with it and with Ross 
mountain. Both of the stations selected by them are shown on the progress sketch. The 
observations on the new signals were at once completed at Sulphur Peak, and with greater 
difficulty the angular measurements required on them at Ross mountain. Here Mr. Davidson 
was severely injured while engaged with his party in getting up a signal pole to the station", 
from a gulch near bis camp, and was compelled to return to Sau Franci>'co. The measuremPnt 
of horizontal angles and other operations were prosecuted in his absence by the aids of the 
party. 

At Sulphur Peak vertical angles were measured on two objects, at Bodega station on eleven, 
and at Ross mountain on fifteen, with the vertical circle, C. S. No. 28. The height of Mount 
Helena was incidentally determined from that station, and an altitude found from the preliminary 
calculations of 4, 343 feet above the ocean level. 

In the course of hi::i Teconnaissance northward of Ross mountain Mr. Fauntleroy traced the 
shore-line between Russian ri,~er and Walalla mountain, and furnished a sketch to the office, 
with a report on the reconnaissance. He also posted the heliotropers required for the primary 
work. 

While moving from Ross mountain to the mouth of the river above named Mr. Davidson found 
much difficulty in transporting his instruments over the intervening ridges, which are entirely 
imprncticable for teams. He acknowledges valuable assistance rendered to him in so doing, 
and to the party while at Ro8s mountain by Mr. John H. Chenowith. 

Mr. Fauntleroy died suddenly at San Francisco on the 25th of May, in the midst of a career 
which promised much usefuh1ess to the survey. He had served with Assistant Davidson since 
his last return to the western coast in 1858, and had acquired much experience in the variety 
of duties required in traversing a country so devoid of facilities for personal comfort or for 
travel as the region over which he had been actively engaged. 

After being detained in San Francisco two months by hi' injuries, Mr. Davidson rejoined his 
party on the 4th of June, and under hiB direction .Mr. Horace .Anderson, who bad been detailed 
as aid, erected the signals for a tertiary triangulation between Tomales bay and Salmon ~;reek, 
to include Bodega bay, (Sketch No. 34.) The reconnaissance for this work had been made, 
and signals necessary for the secondary and tertiary series of triangles, to embrace the coast 
north of it to Russian river, were set up by Mr. Mosman previous to his departure for 
Section XL 

Mr. J. M. Gilliss joined the party at the end of February, and after a period of absence on 
special duty in Washington 'l'erritory returned to it on the 1st of August. 

The following are the statistics of the seap;on' s triangulation: 
Signals erected · - · .. · ... · . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • • • . • . . . . . 24 
Objects observed on. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
Angles measured···· · ... · ·•. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 85 
Number of observations·.···· ·... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,949 

The horizontal angles were measured with the C. S. theodolite No. 37. Over two thousand 
observativns were recorded in measuring vertical angles. 

Assistant Davidson was about to occupy the secondary station, "Redwood," when his report 
for the season was forwarded. He remarks, in reference to the means employed for securing 
accuracy _in the primary work, that the results show a mean probable error of only±0."20, 
and tliat m some cases the pr.:>bable error in the angulat' measurements is only ±()."15. 

All the records and computations connected with the triangulation have been turned in and 
filed at the office. 
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Magnetic observations.-In connection with the work of secondary triangulation at Bodega, a 
magnetic station was occupied by Assistant Davidson, and the aLsolutc magnetic declination, 
dip, and intensity were determined, as also the values of the inBtrumental scales. Some 
observations were undertaken to determine the coefficient of temperature for the deflecting 
magnet, but the freezing mixture provided for the purpm;c prove(l to lie deficient. 

The magnetic declination was observed abo at Ross mountain. At these two stations five 
hundred and fifty-one observations in all were made with the theoclolite magnetometer No. 3 
and dip circle No. 5. 

Topography of Santa Crvz -island, Cal.-The survey of this island, which is one of the Santa 
Barbara group, was resumed by Sub-Assistant W. M. Johm;ou at the opeuiug of tl1e working 
season, and continued until the &th of September. Tlw statistics of tlie work dolle haYe not 
yet reached the office. 

Towards the end of September the party of Mr. Johnson was transferred to Half Moon bay 
in the steamer ActiYc, and the plane-table \York i8 now in progress there to fill a gap in the 
survey of the coast between San Francisco eutrance and :M.:mterey bay. 

Topography Qf Petaluma creel~, Gal. -The plane-table survey of this "tribut:uy of San Pablo 
bay was commenced by 1'.lssistant A.. F. Rodgers on the 28th of June. Two sheets were pro­
jected for it-one to contain the topography of the upper part of the creek, including the town 
of Petaluma; and the other the riaturnl features along the banks from Lakeville to it,,; eutrauce 
into San Pablo bay. Mr. Rodgers worked on tho upper sheet, and by the 10th of Septemlier 
completed all the requisite details. The lower sheet was assigned to :Mr. David Kerr, tlie aid 
in the plane-table party. Both are uow filled, and will be inked in the cour,;e of the comiug 
winter. Their limits are shown on Sketch No. 34. 

The survey of Petaluma creek is based on the triangulation made by .Assistant G. A. Fair­
field in 1858. A summary of the plane-table statistics is thus given in the report of As;;istant 
Rodgers: 

Shore-line · · • . · . · · · · · · · · · · · · · · · · · · · · , · · · · · · · · · · · · · · · · · · · · · · · 3:i miles. 
Marshes, ponds, and sloughs •........... , .... , . · .......... · · · · 

Roads . · · · · · · · · · · · · · · · · ·, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · 
Area, (in square miles) ............ - , .. · ... , . ·. ·. · · ·. · · · · · · · · · :30i 

The topographical sheet containing the survey of Napa creek was reeeived from }{r. Rodgers 
in December last, and is now at tbe Coast Survey office. That branch of San Pablo hay is 
important as furnishing the only direct means of transportation for the agricultural and mineral 
resources of one of the largest valleys of the State of California. 

The two sheets of the i>urvey of Petaluma creek represent about twelve miles of its course 
above San Pablo bay. , 

Topograpl1y qf Si~ Francis Drake's bay, Cal.-Tbis work comprises a survey of about t1ixtecn 
miles of tbe coast of California, between Duxbury reef and Point Reyes. The topography 
includes a belt of about a mile and a half in breadth, and was executed bet\veen the 21st of 
December and the 9th of June by the "party of Assistant Rodgers. The details are on tliree 
sheets, which connect with each other, and with the local surveys of Ballenas l1ay and Point 
Reyes, made in previous seasons. A fourth sheet is now iu progress fo1· extending the 
topography northward from the cape just named in the direction towards Tamales bay. 

Sub-Assistant C. M. Bacho joined the plane-table party on the 1st of June, and inked the 
sheets embracing the completed work . 

.Assistant Rodgers was aided in the field by Mr. Kerr. The following are statistics of the 
detailed survey of the shore of Drake's bay: 

Shore-line of ocean ..•........... · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Shores of creeks, etc . . . . . . . . . . . · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · 
Area of topography, (square miles)··· · · · · · · · · · · · · · · · · · · · • · • · · · 

13 c 

161 m1les. 
49 & " 
32 
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'l'he limits of the sheets referred to are marked on the progress sketch of the section, (Sketch 
N 0 • 34.) Tracings of the shore-line contained on them were furnished for the use of the 
hydrog;aphic party of Commander Alden. 
·The t:oast above Duxlmry reef presented great obstacles to progress, being mountainous in its 

clmractcr, and broken by sharp ridges and deep intervening ravines . 
.,bsistant Rodgers is now at work on the shores of Tamales bay, ahove Point Reyes. 
Hudrograpl1y.-ln the courne of the season the party of Commander James Alden, U. S. N., 

Assistant Coast Survey, executed the following surveys in this section with the steamer Active .. 
The localities of work will Le referred to in geographical order. The mouth of the Salinas' 
river (Monterey bay) wa:s sounded out between the 1st and 15th of May. 

Tl.rn hydrography of tlie entrance and approaches of San Francisco bay was extended, 
and finally completed at intervali:; during the present year. 

At the special request of commissioners having in charge the improvemen,t of navigation in 
the entrance of San A.ntonio creek, Commander Alden made a careful re-examination of the 
Oakland bar, and sounded out the entrance minutely in the latter part of May. A. tide-gauge 
was set up for the reduction of soundings, and observations made for determining the character 
of the currents in connection with them. 

Petaluma creek, (San Pablo Lay,) from its entrance upwards to the town of Petalum:i, was 
sounded before the close of the season by the party in the A.ctive. Before leaving the bay 
hydrographic examinations ·were made by soundings on the "Tongue shoal," and at "Hog's 
Back," near the mouth of Sacramento river. 

Resuming the coast hydrography north of San Francisco entrance, the in-shore soundings 
were extended to Point Reyes, including Drake's bay and lagoon, (Sketch No. 35,) and from 
Point Reyes carried northward to the entrance, and then quite through Tomales bay. 

The severnl localities mentioned will be recognized by Sketch No. 34. A.n abstract of the 
soundings made during the season is given below: 

Miles rnn in sounding . · ..........................•....•.. · .. : , · · 
Angles determined ... , .........•....................... , ...... . 
Number of soundings ....................................•...... 

356 
3,886 

23,837 

Two original sheets, containing the soundings made in the harbor of San Pedro and its 
approaches, and the survey of Humboldt bay, have been received from Commander Alden 
since the opening of the year. The work at both of these localities was completed last 
season. 

Commander .A.Iden was detached from duty in the Coast Survey at his own request early in 
Octolrnr, and will be succeeded by Lieut. Comg. D. D. Porter, U. S. N. 

Tidal observatfons.-Under an arrangement made several years ago satisfactory to the chief 
of the Engineer Bureau, and by which the services of Lieut. G. H. Elliot, of that corps, became 
available for the general su1,ervision of the observations on the Western Coast., the self-registering 
tide-gauges at San Diego and San Francisco have been kept in operation during the surveying 
year. A temporary station was established at Cape San Lucas, and a series obtained which, 
though defective, will serve for general purposes of comparison with the results found at the 
two permanent stations. The records from the gauges kept at San Diego and San Francisco 
arc highly creditable to the observers, Mr . .A.. Cassidy and Mr. H. E. Uhrlandt. 
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SECTION XL 

FROM THE FORTY-SECOND PARAI"LEL TO THE NORTHWESTER"'.\ ROGXDAKY OF THE nN"ITED STATER, Dl­
CLlJDING THE COAST OF 'l'HE STATE OF OREGON AND THE CO .. \ST UF WASHIXGTO:N" TERHITORY.­
(RKETCH K, No. 36.) 

The following work has been executed in this section since the date of my last annual report: 
1. The measurement of a preliminary base and triangulation of Gray's harl)or, -w. T. 
2. Progress in the triangulation of the Gulf of Georgia, W. T., including the memmrement 

of the preliminary base on Sandy Point. 
3. The eclipse of July 18 was observed at a stat.ion near Bteifocoom. 
4. A. reconnaissance with soundings at the mouth of the Coquille river, Oregon. 
5. Tidal observations. 
Qffece-work.-Additions have been made in drawing and engraving to Alden's reconnaissance 

of the Western Coast, (upper sheet,) and to the progress sketch, and the drawing has been 
completed for a new edition of the preliminary chart of 'Vashington sound. Progress has also 
been made in the drawing of a general map and chart to include that sound. 

Triangulation ef Gray's liarbor, W. T.-The party of Sub-A.ssistant J. S. La\\son reached 
the entrance of Gray's harbor on the 23d of April in the bri~ Fauntleroy, and without delay 
made preliminary arrangements for the triangulation. Mr. Lawson selected a site on the north· 
ern side of the entrance, and theu measured. a preliminary base, finding for its approximate 
length 1, 7 45 metres. Proceeding from that vicinity, a triangulation was laid out and measured, 
to include the entire bay, as well its expansions north and south of the entrance as the body of 
it setting up northward and eastward to the mouth of Chehalis ri.,.er. 

During part of the season Sub-Assi;:;tant Lawson was aided in this duty by Mr. A. T. Mos­
man, who joined his party near the end of March, and after a short absence in July returned 
to it again when relieved from special duty in the northern part of the section. 

The plan of the triangulation of Gray's harbor is shown on Sketch No. 36. 
Mr. Lawson secured the ends of the base line temporarily with wooden blocks, pieces of 

stone of durable kind not being procurable on the shores of the harbor. The lino will be 
remeasured before the ends are marked in the usual way, and observations will be made to deter­
mine the latitude and azimuth of the lines of the triangulation. 

As the work progressed signals were determined in posltion for the hydrography, but in 
consequence of the detention of the steamer Active in Section X, and the detachment before 
the close of the season of the officer in command, the soundings have not yet been taken up. 
As already stated, an officer bas been detailed to succeed Commander Alden in tl:.e charge of 
the hydrographic party. and the work for which provision has been made will be included in 
the operations of the coming year. Lieut. Comg. D. D. Porter, U. S. N., is now completing 
arrangements for taking command of the steamer Active. 

Si!b-Assistant Lawson reported the completion of the preliminary work on the 1st of Sep-
tember, with the following synopsis of statistics: 

Signals erected ...........•..•........................... · · · · · · · · 36 
Stations occupied ..•................................ · - · · · · · · · · · · · 22 
Angles measured .......•.....•.......•............. · · · · · - · · · · · · · 194 
Objects observed on ...•..•..•.•................. · · . · · · - · · · · • · · · · 154 
Number of observations ....................... · · · - · · · - · - · · · · · · · · · G, 018 

For the determination of hydrographic and shore-line points four hundred and twenty-eight 
single readings were taken in addition on secondary signals. The field computations were 
kept up regularly as the work advanced, and as soon as practicable Mr. I~a.wson plotted the 
points of the triangulation and traced in the shore-line of the harbor. 
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Mr . .Alexander Agnssiz, who was attached to the party as aid at the outset of the working 
season, resigned ou the 1st of March. 

Snh·Assistant Lawson states that while lying off the ent.rance of the harbor in the Fauntleroy 
a northerlY current of at least a knot and a half the hour was distinctly perceptible. His 
general re~rnrks in regard to the character of Gn1y' s harbor are contained in the following 
extracts from hif' report on the triangulation: 

''Tho Fauntleroy cros8ed the bar on the last quarter of the ebb in two and a half fathoms, 
but I nm not certain that we vvere in the deepest water. * * * * 

'' Grny' s harbor is very much taken up by sand and mud flats which are bare at low water, 
and have between them very contracted channels. The effect of these flats was greatly to 
retard the progress of the triangulation by impeding our movements. In l'lome places they are 
so extensi,·e and the mud so soft that the stations could be reached 0111y at high water. The 
whole of the North bay is an extended mud fiat somewhat cut up by channels that mark the 
courses of a few small stream:; emptying into this part of the harbor. In neither of these is 
there sufficient water io float a whale-boat." 

"Our first anchorage, in three fathoms and a quarter, at a pmiition north of Point Hanson, 
though pointed out to us as the best, proved to be otherwise. From the end of the growth of 
trees on Point Brown there is no defence whatever to the force of winds from the northwest 
and west, and these are the summer trade-winds of this part of the Pacific coast. As these 
winds at times blow very strong, with the rapid currents of the harbor, a heavy sea is the con· 
sequence, making that anchorage not only uncomfortable, but actually unsafe. Independent of 
this, there is another feature of the place wl1ich 1enders it dangerous as an anchorage. In the 
entrance of the liarbor there is a middle ground wbjch jg bare at low water. Until the tide 
rises sufficiently to cover this hank the current sets regularly in the direction of the channel, 
but then commences a heavy overfall, causing a rip or bore, e,;pecially on the large tides, and 
strong enough to tear vessels from their anchors. This effect happened to our vessel on the 
night of the 4th of May, and other vessels have met with the same mishap. * * * * 

"I com•ider the South bay as the only safe anchorage near the entrance of the harbor." 
''The cun:ory examination made during the progress of the triangulation inclines me to 

think that the hydrographic survey will develop many changes that have taken place in the 
chamrnls since they were first examined. The south channel is impracticable for vessels of 
any draught, except at high water. There seems to be a middle channel leading into the 
harbor, but we were unable to determine its capacjty." 

"For vessels going to the head of Gray's harbor or into the Chehalis river the north channel 
is the only one to be used. It is very narrow in some places, and to be made available should 
be buoyed out in its entire length.'' 

The original record of horizontal angles me:>"sured by Mr. Lawson at Crescent City harbor, 
iu the lower section of the Western Coast, has been received at the office. 

Triangulal'ion q( the Gulf of Georgia, W. T.-Sub-Assistant Lawson was still at work ift the 
Gulf of Georgia at the date of my last annual report; and before leaving that vicinity he 
measured, in addition to the progress then reported in statistics, thirteen angles, using seven 
additional signals. He also traced about fifteen miles of the shore-line adjacent to his triangu­
lation of the Gulf of Georgia. 

1lfewsnrement [!f a preli"minary base at Sandy Point, r;r: T.-After closing the triangulation 
work of the seat1on in November of last year Suh-Assistant Lawson proceeded to Sandy Point, 
a narrow neck which projects southward from the main laud of Washington Territory, towards 
tbe. no.rtb end of Lummi island, (Sketch No. 3G,) and measured a base of 1, 181.16 metres. 
This lme connect!:! with the triangulation of the Gulf of Georgia. The measurement was 
made with the improved apparatus described in .Appendix No. 45 of my annual report for 1857. 

As reported by Mr. Lawson, the site of the base on Sandy Point is not well adapted for great 
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accuracy in the determination of its length, part of it running over unstal>le marsh. In other 
respects it is devoid of the difficulties that present themselves on the numerous islands lying 
more nearly central in the triangulation. 

Soon after his return to San Francisco last winter, :Mr. Lawson sent to the office the originals 
and most of tho duplicates of the journals kept in the field operations of 1858-' 59. These 
are contained in twenty-eight volumes, and comprise the record" of horizontal and vertical 
angles, de;;eriptions of the stations as marked for future reference, and 110tes of the measure­
ment of the preliminary base at Sandy Point. He has furnished also the field computation 
derived from the measurements for horizontal angles. 

The party in the Fauntleroy is now about to proceed northward and take up the plane-table 
survey of San Juan island, in Washington sound . 

.A.~lrorwmical observations.-With the concurrence of the Hon. Secretary of the Navy. the 
services of Lieut. J. M. Gilliss, U. S. N ., were tendered to the Coast Survey in May last, for 
the special object of observing 'the solar eclipse of the 18th of July, for longitude purposes. 
His kind offer having been at once accepted, preliminary arrangements were made at the Coast 
Survey office, and the requisite aids and instrumentl:l were placed at his disposal, with instruc­
tions to proceed to Washington Territory, and to choose a station as nearly as practicable on 
the line of the central eclipse. Lieut. Gilli;;s reached Seattle on the 22d of June, and after a 
general reconnai:;;sance of t.liat vicinity, and inquiry in regard to others, with a view of procur­
ing the most eligible site for his observations, seleded a knoll on M:nck prairie, ahont ten miles 
S.SE. from Fort Steilacoom. The determinatiom; for tin-ie and latitude, with other observations, 
were successfully made, and the results, as well as the gcnernJ particulars connected with them, 
are given in the report of Lieut. Gilliss, which will be found in the Appendix No. 22. 

Mr. A. 'l'. :Mosman detailed from the party of Sub·Assistant Lawson, and Mr. James 
Gilliss, from the party of Assistant Davidson, served as aids for this special duty. 

Hydrographic reconna.issance q/ Coquille River entrance, Oregon.-Near the close of the last 
surveying year Commander .Alden detailed a party from the steamer Active to proceed, in 
charge of Lieut. Jno. G. Mitchell, and make an examination and survey, if practicable, of the 
Coquille river entrance. The party measured a preliminary base, determined the requisite 
signals, and traced the shores for some distance, but the fogs and rain prevalent in November 
prevented the use of the signals for laying down the soundings. Lieut. Mitchell reported that 
the middle of the channel, for a distance of two miles from Hie mouth of the river, gave depths 
varying between twelve and twenty-two feet. 

A party from the Active is now engaged in a' second examination of the mouth of the 
Coquille, with a good prospect for success. 

Previous to his detachment from the command of the hydrographic party on the Western 
Coast, at his own request in October last, Commander Alden sent to the office a Bheet contaiu· 
ing the hydrography of the entrance to Haro and Rosario straits, and the sheet of soumlings 
made at the close of last season in the Gulf of Georgia. 

Tidal obscrvatfons.-One of the self-registering gauges in the general charge of I .. ieut. G. II. 
Elliot, U. S. Engineers, as stated under the head of Section X, has been kept in excellent 
working order by Mr. Louis Wilson, and the year's series obtained from it is very satisfactory. 

Offece-work.-The Coast Survey office has continued, during the past year, to be in charge of 
Captain W. R. Palmer, U. S. Topographical Engineers, the effect of whose experience and 
careful administration may be traced in all its divisions. Lieutenant A. P. Hill, U. S. A., has 
acted as general assistant. During occasiOnal absences of Capt. Palmer, Lieut. Hill Las been 
in temporary charge of the office, and has shown his usual decided efficiency. 

The report of Captain Palmer (Appendix No. 19) is followed by those of the chiefs of the 
sev~ral divisions of the office, viz : l. T lte Hydrograpltic Division; 2. The Computing; 3. The 
Tidal.: 4. The Drawing/ 5. The Engraving; G. Tlw Photographing awl Electrotyping,- 7. TJw 
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Miscellaneovs Division. The details show minutely the occupation of each person, and the 
progress resulting from their joint labors. The improvements made i_:nd making are of a 
striking character, and are carefully stated. Captain Palmer, Lieutenant Wilson, and Mr. 
Mathiot give interesting statements of the application of photography, which has now been 
sntematized in its minutest details. 
" 'l'he general occupation in the different divisions has been as follows: 

Hydrograpkic Division.-Under Commander S. S. Lee and Lieut. Silas Bent, U. S. N., 
important revisions have been made of hydrographic work and of the charts resulting from it, • 
original aR we11 as reduced, sailing directions, dangers, &c., &c. JJJr. A. Balbach has been 
attached to the division as draughtsman, and has executed the details under the direction of 
Lieut. Bent. These include the verification of orginal sheets, the revision of engraved sheets, 
the plotting of sailing lines and current stations, and the correction of positiom; of buoys, 
light-vessels, &c. ll'Ir. L. Karcller has been employed since April in making projections for 
the hydrographic parties, and in replotting preliminary hy"drographic work. ll'Ir. W. B . 
.JJic.ll1nrtrie has made projections and views for chart;;, and part of the season was employed 
in revising sheets of special localities. Messrs. W. S. Simpson and Orton Williams have been 
assigned to the division for practice in hydrographic drawing in advance of taking duty with 
the parties afloat. 

Computing Division.-Assistant C. A. Schott has been in charge as heretofore, and has fully 
maintained the efficiency required in this important branch of the office. He took the :field 
in August and September, and determined the magnetic elements at several stations on the 
coast, and has, in addition to his general duties, contributed for this report several papers of 
interest, copies of which will be found in the Appendix, (Nos. 25, 28, 29, 36, 37, and 38.) 
Of the computers attached to the office, Assistant T. W. Werner has been engaged in the 
reduction of triangulations and azimuths; Mr. E. Nulty on reductions of azimuths and latitudes, 
and Mr. J. Main in the revision_of various astronomical computations, and in reducing mag­
netic observations. He also had charge of the di vision during Mr. Schott' s temporary absence 
on field duty. 

Mr. G. Rumpf has been engaged in the revision of geodetic computations, and in aqjusting 
triangulations by the method of least squares. Mr . .J. Wfassner was reassigned to duty in 
August last, and has since been employed jn adjusting triangulations and in miscellaneous 
computing. 

Mr. W. D. Storke was, for several months, on field duty, and while connected with the 
division made reductions of triangulation work. Mr. B. H. Todd has been engaged in various 
astronomical and geodetic computations, and assisted in reducing results from the larger 
triangulations. 

Mr. J. T. Hoover acted as clerk to the division in the early part of the year, and also assisted 
in preparing lists of geographical positions. He is replaced by Mr. J. H. Patton, who has 
since performed the clerical duty and aided in special observations. 

Assistant A. S. Wadsworth and Sub-Assistant 0. Fendall were temporarily attached to the 
division after their return from field-service at the south. Mr. H. Ledyard was attached for a 
short period 1md engaged in clerical duty. 

Tidal Divi.~on.-The labors of this division, which have been, as heretofore, conducted by 
Assistant L. F. Pourtales, are stated in the Appendix before referred to. 

Mr. Pourtales has continued, incidentally, the inyestigation of specimens of soundings, and 
ha8 mado developments of much intereRt in this branch of research. 

Tbe force of the division has been employed as follows: Mr. R. S . .A.very on discussions 
relative to the application of formulre, and1 during occasional absences of Mr. Pourtales, be 
11.as been in ~harge of the division. Mr. J. Downes has continued the graphical decomposi· 
hons, reductions, and comparisons. Mr . .J. W. Donn is engaged in verifying the records and 
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corresponds with the observers. 
decompositions, and M. Thomas 
reductions. 

Mr. C. Balmain and Mr. J. R. Gilliss have made graphical 
and S. D. Pendleton have been employed in miscellaneous 

Drawing Division.-Lieut. Thomas Wilson, U.S . .A., has continued in charge of this division, 
and its progress, together with the great assistance which reduction by photography has ren­
dered to it, is fully treated in bis report, (Appendix No. 19.) The distribution of work has 
been as follows: .A8sistant W. M. C. Faiifax, until within a short period of his lamented 
decease, which occurred on the 8th of August, and to which reforence has been made in the 
introduction to my report, was eng.lged upon the most elaborate topographical r1:ducti~ns. 
Assistant M. J. McClery has also been employed upon work of a similar character, and has 
filled in topography upon photographed outline. Mr. E. Hcrgeshefrner has assisted in tll() 
compilation of new instructions for draughtsmen and engravers, and has had charge of the 
preparation and generalization of sheets intended for the photograph, and the verification of 
the negatives of the same. Before entering upon these duties he was engaged upon reductiorn~ 
of topography and hydrography. ll:fr. A. Lindenkoltl on topographical and hydrographical 
reductions of various scales, projects, projections, verifications, and progress sketches. .J.fr. 
W. P. Schultz, during the short time he was employed, worked on projects, projections, 
progress sketches, diagrams, and preliminary charts. Mr. L. D. Williams on fine reductions 
of topography and hydrography, verifications and projections. He also made additions to tlrn 
Congress map. JJ:fr • .A. Sirauz has been employed on hydrographic reductions and projections 
for field parties. Mr. W. T. Martin has worked on topographical drawings, and has filled in 
topography upon outlimi reduced by photography. Mr. J. J. Ricketts and Jir. L. Karcher, 
during part of the season, made hydrographic reductions for the smaller scale charts. The 
former,~during the year, was assigned to duty in the field, and the latter transferred to the 
Hydrographic Division. Mr. S. B. Linton has made reductions of various kinds, progress 
sketches, projections, diagrams and tracings, and has executed lettering. Mr. F. Pairjax is 
employed on preliminary charts, in tracings, and in mi;;cellaneons duties. JJfr. B. llooe on 
tracings generally, and Mr. 1V. Fairfax and lJir . .A. J. De Zeyk 011 the same during part of 
the year. Messrs. J. W. Maedal and W. JI. Gardner have made tracings of origiual sheets to 
be used in photography. 

Engraving Division.-The duties of this division have been conducted by Li~ut. J. R. Smead, 
U. S. A., assisted by Mr. Edward 1Vltarton. The distribution of the work to the engravers 
has differed but little from that of the previous year. Mr. G. 11IcCoy has been engaged upon 
topography and views for charts; Mr. John Kni'.ght oh first clas;; lettering; Messrs . .A. Ro"llc, J. 
Enlhojfer, .A. Blondeau, and H. O. Evans on topography; lJiessrs . .A. Sengtdler, W. Phillips, G. 
B.:Metzcroth, and .A. Maeda], on topography and sand; Mr. H. S. Barnard on sanding; 1II1·. J. 
C. Koridrup on first class outlines; Mr. J. V. N. Throop, up to the time of his death, upon 
lettering for harbor charts; Messrs. E . .A. Jiaedcil, W. Ogilvie, A. Petersen, 1V. Langran, and 
C. T. Klackring upon lettering and figures; Messrs. R. F. Bartle, F. 1V. Benner, and TV. .A. 
ThomPJon upon topography, sand, and miscellaneous work; Mr. E. H. Sipe upon lettering; 
and Messrs. M. L. Wells and J. G. Thomp.Yon upon progress sketches and miscellaneous work. 

Photograpli and Electrotype .Division.-The details of the work done in this branch of the 
office will be found in the report of Mr. Grorge 11fathiot, (Appendix No. 19,) who is in charge 
of the division. Mr. Mathiot has continued his labors in photography, and, Ly substituting 
glass for paper in the reductions, has overcome the effect of hygrometric changes on the paper 
photograph. The process has been made a regular office method, and the short time that it 
has been in use has proved its economy both in time and expense. It allows the engraving to 
go on steadily, each plane-table sheet being reduced separately and the junctions being made 
on the copper plate. Estimates of the chiefs of the Drawing and Engraving Divisions show 
that the cost of publication of a chart by this method will be at least one-third less than that. 
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by hand reduction. The method is detailed in Mr. Mathiot's report. Three of the most 
elaborate charts of the survey are now engra,ing from the photographic reductions. 

The photogra}Jh has been made available iu: several cases for forming projects for charts, the 
facility with which a drawing can be enlarged or deduced being well adapted for this purpose, 
as detached sketches ou different scales can be readily combined into one. Mr. Mathiot has 
had the intelligent assistance of ;.1/r. David Hinkle in the various duties of the division. 

Jfisccllaneous Division.-Lieul. J. ll. Smead, U. S. A., has, in addition to bis charge of the 
erigraving, also had the care of this division up to the first of October, when he was relieved , 
by Lieut ... l{. H. JJicLcan. U. S. A. The various duties classed under this head have been well 
and actively performed during the past year, and the delicate responsibility of curtailing the 
number of those who have annuall.r looked forward to the reception of the reports, caused by 
the diminished number of extra copies ordered by the Congress of 1858-' 59, has been judi­
ciously accomplitihed. The distribution of the printed maps and charts during the year called 
for over six thousand copies, aud of the annual reports and sketches five thousand and sevcnty­
seven. The duty of as::;istant in this division has been successively performed by M1·. V. E. 
King, Mr. T. B. Alexander, 11Ir. C. 0. Callan, and now by lllr. M. Maynadier. ltfr. J. Ruther­
dale, printer, aided by J.fr. J. Barrett, has printed all the charts and sketches required for office 
use and for distribution. JJfr . .1.11. .. Mertz backs all the paper required for the field parties, and 
olso devotes a good deal of time to securing from further damage the older and much-used 
records in the archives. J:fr. J. Vierbuclwn, master machinist, and J.Ir. A. Yeatman, master 
carpenter, have kept their respective shops up to the standard requisite to meet all the calls 
made upon them. 

Commander S. S. Lee has continued to discharge acceptably, and with decided advantage to 
the survey, the duties of hydrographic inspector, and has attended personally to the fitting out 
of all the ves8els used in the suryey. 

Assistant L. F. Pourtales in tidal discussions, Professor W. P. Trowbridge in that of the Gulf 
Stream, and Assistant C. A. Schott in various questions which came up during the year, have 
rendered valuable service. 

The duties of general disbursing agent have been discharged with bis usual care, industry, 
and faithfulness by Samuel Hein, esq. 

The principal clerk in the Superintendent's office has, with added experience, continued in the 
same effective track of duty; and in my service in the field Hugh :McHenry, esq., has been very 
attentive and industrious. 

Re~ectfully submitted. 

Hon. PmLJP F. THOMAS, 

Secretary of the Treasury. 

.A.. D. BA.CHE, 
Superinte:niknt U. S. Coast Survey. 
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i\_PPENDIX. 

APPENDIX No. 1. 
Distribulton ef the parties qf the Coast Survey upon fl1.e coasts ef the United States during ilie sur­

veying season ef 1859-' GO. 

Limits of seetions. 

SECTION I. 

From Passamuquod­
dy bay to Point 
Judith, including 
the coast of Maine, 
New H11mpshire, 
Mass 1chusetts,and 
Rhode Island. 

14 0 

Pn.rties. 1 Operations. 
' 

---i------
Persons conducting opera­

tions. 

1 I 

No. I 

2 

3 

5 

Geodetic, astrono­
mical, and m'l.g­
netic oboerva­
tions. 

Second11.ry lriangn• 
lation. 

Secondary triang11-
la.tion. 

Secondary and ter­
tiary triangula­
tion. 

Second,uy triang11-
lation. 

! 

) A. D. Bache, Supe1·intendent: 
' G. \V Dean, assistant; J. 

H. Toomn and B E. Hal­
t'"r, suli-assistants; H. W.: 
Bache, R.H. Talcott, and 
H. W. Longfellow, a\ds. 

C. 0. Boutelle, ns•ist.mt; Lt. 
George Bell, U.S. A., as­
sistant. 

F. I'. '\VelJber, sub-as>dstant; 
J. Kincheloe and G. U. 
Mayo, aicls. 

J. A. S1111ivan, su\>-assistant, 
(part of se!l.SOll ;) G. A. 
Fairfield, assistant, (part 
of season;) McLa.nc Tilton 
and J. D. Bradford, aids. 

F. P. Webber, sub-assistant; 
J. Kincheloe and G. U. 
Mayo, aids. 

Topography _______ I. Hull Ade.ms, assistant, 
(part of season ;) Charles I 
l<'ergnsDn, s111>-"8Sistant. I 

Localities of operation3. 

Gunstock mountain, Belknap conntv. N. 
H.; UDkonoonuc mountain, Hillsbo­
rough county, N. II.: and Wachusett 
mountain, \Vorcr$ter county~ Mass., 
occupied for completing the primary 
triangulation of tbc coast of New Eng­
land. Determinations made at trio 
first and last station for latitude, azi­
muth, and the magnetic elements. 
(See also Section VII ) 

Hecondary triangulation of the CollRC(lok 
and adjacent parts of Pnsmmaquoddy 
h:ty. (See also SPdlons II and Y.) 

Triangulation of Frenchman's bay, .Me., 
extending from l'igeon Hill to lilt. 
Desert, and northward to the town of 
Sullivan. Connection of the wo:rk with 
the primary base on Epping Plains. 

Completion of secondary trianguhllion 
below Camden, Me., and determina­
tion of topographkal points for the sur­
vey of the shores and islands in the 
lower part. of Penobscot hay, including 
Rockland harbor. (See also Section 
VI.) 

Triangulation of the dependencies of 
Mu•congus bay cornpleterl, in eluding 
the entrances of the 8t. George, Mc­
doroak, and Damari~cotta rivers, l\.fe.; 
a.Jso Merrymceting hay and the An­
droscoggin river to Brunswick. (See 
also Section Y.) 

Plane·table survey of the Rhore.sof Sheeps­
cot river completed, and progress m .. cte 
in the Lopogmphy of Back TiVeT and 
'Woolwich peninsula. (S~calso Section 
YI.) 

6 Topography. ______ R. M. Bache, assistant •••••• Details of topography nearly completed 
on the shores of Merrymeeting bay. 

7 Topography .•• --·· A. W. Longfel!ow,11.11Sistant -1 Plane-table survey of Harpswell Nee~ 
completed, including the neighboring 
islands of Mericonetg sound, Casco bay. 
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Limits of sections. 

SECTIO~ 1-
(Continue<i ) 
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.APPENDIX No. 1-Continued. 

Parties. Operations. Localities of operations. 

No. 8 Topography.-----· i-H. L. Whiting, asc;istant; C. f-s-p-ec_i_a_l_r_es_u_r_v_o_y of island~~~;os:~-h-a-r-
Rockwell, aid; Chas. Bos-1 bor fur commissioners. 

I
I .Persons con.ducting opera- / 

t1ous. 

9 

IO 

11 

12 

13 

mer, aid. 

Toeogm,hy_. _____ I w_ H. O.nni, .ub"""""n'-' 

'fopography. ______ 

1

1 .A.. M. Hanison, assistant; P. \ 
C. 1<'. West, sub-assistant; 

f A. W. 'l'hompson, aid ; W. 
I . W. Harding, aid .. 

Hydrography -----1 Lieut. 0omg. T. S. Phelps,, 
I U • .S. N., assi&tant. t 

I ! 
i 
I 

llydrograpby _. -·· i Lieut. Comg. J.P. Bankhead, 
I U.S. N., a~sistant. 

I 
Hydrography • ----1 Lieut. Comg. John Wilkin-

! son, U. S. N., !Ulllistant. 

I 
I 
I 
i 

! 

Hydrogrnphy _____ 

1

1 Li"t- Cnmg. 1'. S, l'bot,., 
U.S. N., assistant. 

I 
14 Tidal and current 

i observations. 
H Mitchell, assistant ; W. • 

T. Ilrigbt, L. M. Johnson, 
and E. P. Heberton, aids. 

I 
I 

15 l Magnetic observa-

1

1 tions. 

16 Magnetic and tidal 
observations. 

Charles A.. Schott, ll.88istant; 
A. S. W11daworth, assist­
ant. 

G. B. Vose •••• ------------

Special Sllrvey for com misstoners acros.;; 
Cape Cod peninsula from the mouth of 
l:lcusset river to Back Rh·er harbor, 
JI.lass. 

Plane-table survey of the shores of Cape 
Cod bay c()ntinued from Barnstable 
hubor westwa;rd to the vicinity of 
Scusset rh·er. 

In-shore hydrography of the coast of 
Maine extended across the entrance, 
and including the approaches of Mus­
congus bay, lietwee!l Manheg'rn and 
Damiscovc islands. Jeffrey's liank 
thoroughly developed by soundings. 
(See also Section VII ) 

Ilydrography of the lower part of the 
Damariscotta rher, Me., completed 
and connected with in-shore work. 
(8cc also Section V.) 

Jeffrey'ii ledge sounded by traverses, and 
off-shore line run from Cupe Ann to 
Real islan<l, N. S Re·examlnations 
made in Salem hM"bor and I.ynn har­
bor, Mass. Special hydrogmphy exe­
cuted in Iloston inner harbor for the 
city commissioners. Cape Cod bay, in 
the vicinity of the month of Scusset 
ri•·er, sounded f()r commissioners. (See 
allID Section YJ, Gulf Stream, and Sec· 
tion Ylll.) 

Development of a new and extensive 
shoal found eastward and southward 
of Davis' south shoal, and determina· 
tion of the position of Asia zip. (See 
also Section YJI.) 

Special observations on the currents for 
developing the c"uses of change in the 
depth of Boston harbor. Investigation 
of the character of tides and currents 
near the mouth of &uaset river, (Cape 
Cod bay,) and in Back River harbor, 
(Buzzard' a bay ) (See also Section 
VUI.) 

Declination, dip, and intensity deter­
mined at Provincetown, WeJlfieet, and 
Chatham, (Cape Cod pe11insula.} (See 
also Seetion 11 ) 

Magnetic obs:ervations ma.de mor.tltly 
for declination, dip, and intensity at 
Eastport, Me.; tides observed with self· 
registering ga.uge in connection with 
meteorological observations, 

_____ ___I Thtalo""'""""''' 
I 

T. E. Ready.---------- - --- mgh Bnd low waten observed a.t the dry 
dock, Charlestown na.vy yard, Hlll!S. 
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L~calities of operations. 

-~-S~~~I-I~~-.!1~~~-J1~~~~~~~~-
ECT10N • 

From Point Judith 
io Cape Henlo­
pen, incl udingthe 
coast of Con necti­
cut, New York, 
New J erg(~y, Penn .. 
sylvania, and part 
-0f Delaware. 

SBC'l'ION III. 

From Cape Henlopen 
to Cape Henry, in­
clwling the coast 
of part of Dela­
ware,aad the coast 
of Maryland and 
part of Virginia. 

No. 1 I 
I 

I 
21 

I 
i 
\ 

3 

4 

6 

6 

7 

8 

Reconnaissance ____ : C. 0. Boutelle, assistant ••.. 

Triangulation - ---- Edmund Blunt, assistant; 
Lieutenant W. G. Gill, U. 
6. A., W'Sistant 

i 
Topc>gmphy.------! John Mcchan,~ub-nssi•tant; 

1 F. R. Hassler, aid. 

To;:cgrnpby ••••••• ~ F. W. Dorr, sub·assistanL .. 
1 

Hydr-0graphy •• __ .; Lieut. Comg. C. M. Fauntle­
rny, U.S. N., nssietant. 

Hy<lrography • -·-- Lieut. Comg. J. Wilkinson, 
U.S. N .. , assistant. 

i 
Hydrography _ -·-. Lieut. Comg . .Aiex. llurray, 

Jllegnetic observa­
tions. 

U. S. N ., a.Esistan t. -

Charles A. Schott, asaistant; 
A. S. Wadsworth, assist­
ant. 

Reconaab:san-ce for eta.tions to connect 
the prin1ary triangulation in Mass..t· 
chui;etts and Rhode Island with that 
in Connecticut and N~w York by dire<"t 
cour~e from the Epping bah~. (Seu 
also Section V .) 

Triangulation of Huds-0u 1iver, K. Y., 
eompleted by exttJnsion from New 
Baltim-0re northward to the Yicinity of 
Troy. 

Topography of the shores of Hudson 
river completed ahoYe Hastings to 
Tarrytown anJ Piermont, including 
those Yillages and lrvinghm and Rock­
land. (.,ee also Section IV.) 

Supplemmtary details of topography in 
the vicinity of Williamsburg and Rock­
awoy, L. I., to complde the topogra­
phy of New York bay and harbor. 
(See also faction YI.) 

Hydrograpby of the Hudson river, con­
tinuer! last 0<eawn from FiEhkill up· 
wards to Poughkeep&ie." and this sea­
son extended from Poughkeepsie north­
ward to Rhinebeck. (:iee also !Sec­
tion V.) 

Determination of the position of the 
huoy at 8andy Hook •hoal relative 
to its former po~ition. (See also Sec­
tious I, YI, Gulf Stream, and Sec­
tion VJil.l 

Re-examination of the False Hook chan­
nel, entrance to New York hay, and 
determination of a rocky spot east­
ward of the Sandy Hook light vessel. 
1See also Sections IV, V, and VI.) 

MP.gnetic declination, di:;, i;nd iutensity 
determined at 8ag harbGr, Mount Pros­
pecl, and Fire Island beach, L. 1., and 
at Bamegat, Long Beach, and Atlan­
tic City, N. J. iSee also Section I.) 

-------· Tidal observations.I 

I 

1 ------------------\ 

R. T. Busett •••• -- •• --- • 

George D. Wlse, assistant. 

Series continued with the •elf registering 
gauge at Governor's Island, (New York 
harbor\ and with the box-gauge at 
Brookl~n, L. I. 

Rxamination of and 11ddition<>I marks 
placed to seen re sta.tions used in the 
triaugulatioll of Chesapeake bay. (See 
also t;ection VII.) 

2 Seoondary tria.ngu- John Farley, usistent; S. Supplementary work near Nottingham ; 
lation. A. Wainwright, sub-assist- completing the tria.ngulation and shore-

a.nt. line snrvey of Patuxent river, Md. ; 
triangulation of the Potomac rivere.l­
tendied f1om Piney Point upwards IUld 
including Britton'• bay. ' 

o Inadvertently emitted in AJ:>pcndix of last annual report. 
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Limits of sections. Parties. 

S.:CTJOS" III­
(Continued.) 

I No. 3 

APPENDIX No. I-Continued. 

Operations. Persons conducting opera­
tions. 

Topography .• - • • • • C. T. Iardella, sub-assistant; 
T. C. Bowie, aicl. 

4 Topogmphy .• ·-· •. I. Hull Adams, assistant; 
J. L. Tilghman, aid, (Part 
of season.) 

5 TopPgraphy _______ 8. .A.. Wainwright, sub-assist-

6 

7 

I 
I ' 
I ! 
i--------1 

I I 
l I 1-···--··· 

I I 
SK".rIO.N IV. I l 

From Cape Henry t<J !. 1 I 
Cape Fear, includ· i 
ing part of the i 
coast or Virginia i 
and N. Carolina. I 

I 

i 
I 
i 

2 

1--- ----· 

ant. 

Topography. ______ Geo. D. Wise, ™""istant; 0. 
Hinrichs, aid. 

IIydrography ···--· Com'dr W. T. Muse, U.S. N., 
ws;stant. 

Magnetic observa .. 
tions. 

Tidal observations 

Viewg ________ _ 

Primary triangula­
tion. 

C . .A.. Schott, assistant_ ••• _ •. 

J. W. Donn, M. C. King. ____ i 

W. B. McMurtrie ______ _ 

Capt. T. J. Cram, U. 8. top'gl 
engineers, a~sistant ; A. S. 
Wa.dswo1·th, assistant. 

Topography·- •• __ • John Meehan, sub-assistant; 
F. R. HRSSler,aid. 

Reconnaiss1I1ce ____ John Mecha.n,sub-BSl!ist&nt; 
F. R. Hauler, aid. 

Localities of operations. 

Connection by plane-tflble survey between 
the shore of Chincoteague bay and the 
bead of Pocomoke sound, Md. (See also 
Section VI.) ·, 

Supplementary topography to complete 
details on the south side of the mouth 
of Elk river, Maryland. Shore line 
run between Town Point and Leonard's 
creek, completing preliminary survey 
of the Patuxent river; and additional 
details to complete the topography of 
St. Mary's river, Maryland. (See also 
Section I.) 

Shore-line traced on tlw south side of the 
Potomac river, in the vicinity and in­
cluding the mouth of Coan and Yeo­
comko rivers, Virginia. 

Topography of the shores of ·North river 
and Ware river, at the head of Mobjack 
Lay, nearly completed. (See also Sec· 
tion VII.) 

Hydrography of the Potomac river, ex­
tended from the entrance upwards to 
Blackstone island an cl in that vicinity, 
including Britton's bay and St. Clem­
ent's bay. 

Determination of Instrumental constants 
in connection with the magnetic ele· 
ments at Wasl•ington, D. C. (See also 
Sections I and II ) 

Regular series continued with the seJf. 
1·egistering gauge at the Waahington 
navy yard, D. c., anrl series kept up at 
Old Point Comfort, Va. 

Sketch of the coast in the vicinity of 
Cape Henry, to accompany general 
coaat chart No. IY. 

Primary triangulation of the southwestern 
part of Pamplico sound, N. C., extend­
ing to Royal Shoal rock; and station oc­
cupied, in connection with the Bodies 
island base. 

Supplementary topography to connect 
work north and south of Oregon inlet, 
coast of North Carolina; and detailed 
plane-table survey of the peninsula. 
westward from Cape Hatteras, including 
also the upper part of the :island be· 
tween Hatteras and Ocraooke inlets, 
forming part or the shore of Pamplico 
sound. (See also Section II.) 

Soundings in Co&njock bay, and ap the 
North river, from the head of Curri· 
tuck sound to Weir Point, with obser­
vations of the changes of level in the 
sound. (See also Section II.) 
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Localities of operations. 

--------------------------- -·~~--.- -

SECTION IV­
(Continued.) 

I No. 

l 
I 

I 

3 

i--------
SECTION V. 

i 
1 

I 
From Cape Fear to i 

St. Mary's river, I 
including the coast [ 
of South Carolina ! 
and Georgia. ) 

I 2 

8 

4 

5 

6 

7 

Hydrograpby •••••• 

I 

Lieut. Corng. Alex. :Uurroy, 
U. S. N , assistant. 

Line of sounclini:cs from Cape Hemy to 
Cape Loukout, amt thence to Clmrlcs­
ton. tn1rernin; off-~lwn~ 1Jy(lrq;raphy 
of thi~ S<?Ction. \See also Sections V, 
VI, and Gulf Stream.) 

"""'te\''".: ••••••••• __ • 
1

• • v •• W. B. McMurtrie __________ . Cape lfatterns and vicinity, drawn in per-

Primary & second­
ary trianp:ulation ' 
and topography. 

C. P. Bolles, assisfant ; 0. 
Ilinricl18, aicl. 

Primary and second- ' C. 0. Bontelle, aEsbtant; C. 
ary t~iangulaUon. II. Boyd, aid. 

Secondary triangu­
lation. 

i 
Topography .•••• --1 

I 
i 

l 
Topography ·····-·j 

! 

i 
• •••• I 

I 
Hydrogrnphy 

Hydrography •••• 

F. J>. '\Vehber, s11b-11ssistant; 
J. Kincheloe, a.id. 

C. Rockwell •••. ··--------· 

H. S. Du Val, 1mb·assistant; 
J. D. Bradford, aid. 

Lieut. Comg. J. P. Bank.­
head, U.S. N .,assistant. 

Lieut. Cqmg. C. M. Faunt­
leroy, U. S. N., 1W<istaot. 

Epectirn for off-&horc chart. 

T1·iangu lation of the coast of N nrth Caro~ 
Jina completed between Shallotte inlet, 
and the detailed topng;raph) ext:cuted 
from Tubbs' inlet w~stward und south­
ward to the Yidnity of the State bound­
ary at Little rh-er, S. C. 

P1,hnarv triar.gulation caTried from tl1e 
Edisio I.Jam-"outhward to Port Uoval 
tmund, aud connected with secouditry 
work, embrncivg the coast of South 
Carolina and St. Helena sound. Tri­
angulation completed to connect the 
watere of the sounds through the Coo­
saw, Uorgan, and Beaufort rh·ers. (See 
also Sections l and 11.) 

Secondary triangu latioo of the coast of 
Georgia extended southward aud west­
ward from Altamaha sound ; joined 
with the >Urvey of St 8imon's en­
trance, and carried <ffer Jekyl and St. 
Andrew's sounds. (Sec also Section I ) 

Details of topography completed hetween 
Port Royal sound and Savann~h river, 
embracing Hilt-On Head it<land; Pinek· 
ney's, Bnll's, Dawfuskie, Terrapin, and 
other i•lands; the •bores of the Inland 
PR!'st>ge, Caliboguc sound, and Covper 
1·i ver, with parts <Jf the shores of May 
river, New river, and smaller bmuches 
of the sound. (See also Section I.) 

Plane-table survey comnenct-d on the 
shores of W assaw sound, Georgia. De­
tails of topography continued in the 
middle parts of Oesa!Jaw island. 

Supplementary off-i;hore sounding-s be­
tween Charleston, S. C., and Fernan­
dina, and extending from the coast of 
South Carolina and Georgia to the Gulf 
Stream. Re·exarnination of }faffitt's 
channel, Chaileston harbor, and com­
plete hydrographic survey of the Coo­
saw, Morgan, and upper part of Beau­
fort rh·er, S. C. (See alw Section I.) 

Hydrography of Ossaba.w sound, Georgia, 
completed. including the bar and ap­
proaches, the Vernon river up to M<>nt­
~omery, and part& of the Great and 
Little Ogeechee rivers, Wlli!88.w creek 
and t.bc llooaerly and Florida passages'. 
(See al€o Section II.) 
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tions. 
Localities of operations. 

S•CTION Y­
(Cuntinued.) 

SECTION VI. 

From St. Mary's 
river to bt. 
~Tor1e1>h's bayt in­
cluding the east­
ern and pa.rt of 
the western coast 
of the Florida 
peninsula, -with 
the Florida reef~ 
and keys. 

: j I 
: ________ j Hydrography ••••. /Lieut. Comg. J. P. Bank-

No. 8 

l 

2 

3 

1 head,U.S.N.,aEsistant. 

Hy<lrogmphy ••••• 1 

Tidal observations • j 

I 
Triangulation·-·-·) 

' 

Triirngulation. ____ I 

Triangulation and 
topography. 

Lieut. Comg. Alex. Murray, I! 

.u. s N., •AA•••=<. I 

''. R. Herron ••••• --·· •••• ! 

Captain 1\I. L. Smith, United 
States topographical engi· 
nt:>ers, ru;sista.nt ; Lieut~ 
R. G. Cole, U. S. A., 
assistant; Lieut. 0. D. 
Green, U. S. A.,assista.nt. 

Benjamin Huger, jr., snb· 
a•s;stant; W. H. Dcnnb;, 
sub-assistant. 

Charles Ferguson, sub-assi.st­
a.nt ; Horace Anderson, 
.. id. 

4 Triangulation ••• -- G. A. Fairfield, assistant; 
P. C. F. West, sub-assit!t­
ant. 

.'> Triangulation •• ___ Lieut. W.R. Terrill, i.i. S. A., 

6 

j 

assi1!tant ; Lieut. George 
Bell, U. S. A., aasistant; 
W. S. Edwards, sub-assist­
ant; J. L. Tilghman, aid. 

Topography ••••••• F. W. Dorr, sub-assistant; 
Mcl.ane Tilton, aid; H. 
W. Bache, aid. 

Topography ••••••• C. T. I~rdella, sub-assil!taDt. 

A.ltamaha sound, Georgia, surveyed up· 
wards to Mud river, in connection with 
in-&hore hydrography cf the coast of 
Georgia, a\Jreast of St. Simon's island, 
and Hampton river sounded. (See "!so 
Section I.) 

Line of soundings run coastwise from 
Charleston harbor to Cape Lookout, 
N. C., and others along the coast of 
South Carolina and Gecrgia, traversing 
off-shore hydrography between Chai les­
ton and Fernandina. {See also 8ections 
IV, VI, and Gulf Stream.) 

Self-regibfering tide-gauge kept in opera· 
ti on at the custom-housewharf,Charles­
ton, South Carolina. 

Lines opened and cleared for continuing 
the air line triangulation across the 
Florida peninsula from Waldo west­
ward to GainsvilCe, in the direction 
towards Cedar Keys. 

Connection made between the trinngula­
tion of St. John's river, Fla., and 
that of St. Augustine harbor, includ­
ing the course of North river, and 
triangulation of the northern part of 
Matanzasi river. 

Triangulation and pla.ne-table survey of 
IR<lian River inlet, Fla., completed, 
and preliminary soundings made. (See 
also Section I.) 

Connection over the waters of Chatham 
Bay, insi<le of Florida reef, by trian· 
gula.tion from Shell key, (Btm1es'e 
&iund,) southward and westward to 
Pigeon key, and completing the reef 
triangulation. 

Triangulation completed in the upper 
part of Charlotte harbor, Fla., includ­
ing the adja.cent Gulf coast to Boca 
Nuev& and the lower part of Peas 
creek. 

Com1Tlete topographical survey of the 
harbor and city of St. Auguf!tine, Fla., 
and COlll!t approoehes, with the shores 
of the San l:lebastian, Mataasas. and 
North rivers, adjacent to the harbor. 
(See also Section II.) 

Shores of Charlotte harbor, Fla., snr· 
vtyed north of Pine i&land, with the 
lower parts of .Myaklta river 11nd PeR.11 
creek, nearly compl.:ting tho topo­
gmphy of the harbor and Its ap­
proachea. (See .i.o Section m.) 
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1---1 
j No. 8 I Hydrography 

···· 1 

Lieut. Comg. Alexander 
Murra)', U.S.~., assistant. 

Hydro~rnphy of St. Augustine hubor, 
Fl:L , compl,,tc:l, inclading the bar and 
approaches, and the adjacent part., of 
the North, Matanz", n!Hl San Scbas· 
tlan ri\pers. Deve1op1nent of a four~ 
fat.h'.>m bank northea,;t of loilian 
Bh·er inlet, and Enes C'f ~onnrling-3 
run coastwise to }l.,ernandian .. to tra­
verse off·shor<> hydrngrnphy. (See 
a1so Section IV and Y. an:l Onlf 
Stream) 

9 

10 

i 

Hydrogmphy. ---· Lieut. Comg. John Wilkin­
son, lL S~ N., assist.ant. 

llfognetic observa· 
tions. 

W. P. Trowbri<lge, assistant; 
S. Walker, aid, (pa.rt of 
Ee:U<Jn ;) G. D. Allen. 

Sonndings <:xtcnded along the oulsi<le of 
Florhfa reef from Lower Matacumba. 
southw11nl and '-\'tstwKrd, to Grtls~y 
key. (S~e also Section I, Gulf Stream, 
and Section YIU.) 

Station establishel at Key ,\-est for the 
co!ltinuou;; r<•cord hy photo;;niphy of 
the varia.tions of magnetic declina~tion 
and intensity, with montbly observa­
tions fnr 1he abRolute value~ of the 
ma~netic elements. 

Tida.l observations J. A. W:tlker, Il. Benncrs ••• Series continued with self-regi!'teriog 
1 tide-gauges at Fort Clinch and Tor­

tugas. 

________ , Views. ___________ 
1 

W. B. :Md!urtric ---------· Drawings of view$ fo1· charts of the 
l"loridn reef. (See also Section VIL) I i ' 

GULF STBBAll!. -----. ---· ____ 
1

, Hyflrograpby •••••• I Lieut. Comg. Alexander Mur-
i ray, U. s. N., assistllnt; 

Sections r11u acr0'1! the Gulf current, from 
Indian Hiver inlet and Gilbert's bar 
eastward to the Bahama bank, and line 
for depth and temperature carried 
so:.thwe~t from the 'l'ortugAs. and. 
thence to the coast of Cuba. (Sec also 
Sect!ons I, II, IV, V, YI, and VIII.) 

SECTION VII. 

From St. Joseph's 
bay to Mobile bay, 
including part of 
the western coast 
of Fl ~rid1umd the 
coast of Alabama.. 

I I Lieut. Comg. John Wilkin-
1 son,U.S.N.,assistant. 

I 
! 

1 Astronomical. tcle- I G. W. De3n, a~stant; Ed­
graph1c, and mag- ·j' ward Goodfellow,asfiistant; 
netic observations. A. W. Thompwn, aid ; W. 

2 

3 

J D. Storke, aitl. 

Triongulntion ---·· G. H. Bagwell,sub·assistant; 
M. O. Hering, aid. 

I 
Tri•ngulati-On • ---·I S. C. McCorklo, sub-all!'istant; 

Rufus King, jr.,nid. 

Triangulation ••••• F. H. G"erdes, assistant; Cla· 
rence Fen dall , su b-assis­
tant. 

'l'clegraphic determinations at Apa.lacbi­
cola1 Fla., Eufaula, Ala., and Macon, 
a,\' for differences of longitude; with 
observations for latitude, azimuth, and 
thelrntgnetic elements at Apalachicola, 
and for latitude and the magnetic cle­
ments at Eufaula. (See also Section I.) 

Const triangulation along the W• stern 
side of Florida peninsula, extended 
from Bayport south ward to Tiger Point, 
near the Anclote keys. 

Triangulation east and wpst of St. Mark's 
harbor, Fla., complekd to Ocilla Hiver 
entranl'c and Southwest cape, and that 
of St. George's sound extt>nded west­
ward through St. Vincent's L'Dund to 
Cape San Blas. 

Triangulation completed iu Sant& Maria 
de Galvez and East ha.ye, Fl" ; con­
nected Riso with that of Pensacola har­
bor, and carried northward over Blaek- · 
water bay to Roliin~on's Point. 
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S.:crro" VII- No. b Reeonnaiss:mce and _I; F. H. Gerdes, assist;int; .J. G. I 
(Continued ) : triangulation. Oltmanns, sttb-!l.Ssisfant ; ; I G. U. Maro, aid. 

. i I 

, I ' 

6T h iNSl•" '- 'tt I opogrnp r-----· .. j •. lnney,snu-a.Fsts an ---I 

: I 
: ' 
i ' 

i; Topography ••••••• : G.D. WiFe,nssistant ________ I 

- : I 
I 

Topography .•••••• 1 F. H. Gerdes, assistant; Clar­
ence Fondall, sub-aFsistant. 

8 Hydrograpby _ Lieut. Comg. J_ J. Guthrie, 
U. S. N., assistant. 

«• .... - - - -: 

l ; 

Hydrography -----; Lieut. Ccmg. T. S. Phelps, 
U. s_ N., assista.at. 

I 
Hydrogmphy -----l Lieut. Comg. T. S. Phe1pi1, 

I us. N, ........ 

Tidal ol:se-rvationll .I 
I 

I 
A. C. Mitchell •. ----······ 

Localities of operations. 

Prt>lirninary base measured at the en­
tr.mce of Perdido bay, and triangula­
tion comm<Cnced in the lower and up­
per reach~s below Soldier's creek. (Ste 
also Section VIII.) 

'1'opography complete1l at tlw entrances 
of tl1e \Vc-thlocco-chee and Homosassa 
rivers, Fla., and joined north and south 
with finished plaae-table work. 

Details of coaRt topography executed be· 
tween Ocilla 1iver and St. MrLrk's har­
bor. Fla.., and v;esiwarcl of St. Mark's 
harbor, completing the Eh ores of OyBter 
and Dickerson's hays and part of 
Crooked river. (Se~ also Section III.) 

Plane table survey of the shore~ of Santa 
Marfa de Galvez a.nd Ea.st bays, em­
lorncing also tlw shores of Blackwater 
bay, northward to the mouth of Yellow 
river. ('5ee also Section VIII.) 

Hydrographic resurvey of the S€a-Horse, 
North West, and North Key channels 
into Cedar Keys harbor, Florida. Sonnd­
iug" canied frum Sea-Horse reef on 11. 
line southw11.rd to Tampa bay, and from 
the reef due w~st nearly to the meridian 
of Pensa<:ola. and thence north ward 
into port. (!iee also Section VIII-) 

.Apalachicola harbor, Florida, thoroughly 
sonuded in connecLion with the bydro­
grnphy of the adjacent parts of St. 
George's sound, completing work east­
ward to Cat Point, and supplementary 
sounding!! made along shore from South­
west Cape to Crooked river. 

Hydrogrnpby of Santa Maria de Galvez 
bay completed, including East bay. 
Soundings extended in Blackwater bay 
northward to Eagle Point, and in Es­
cambia bay from Pensae-0la harbor up­
wards to Live Oak Point. (See also 
Section I.) 

Series with self-registe1 ing tide.gauges at 
St. Mark's, Florida, Dog island, New 
inlet, St. Vincent's island, and at War­
rington navy yard. (See also Section 
VIII.) 

I ________ ; Views •••••••••••• ! 
I . 

W. B- McMurtrie ______ ---- Coast features drawn for charts of Cedar 

SllCiloN YIU. 

Prom Mobile bay to 
Vennilion bay, in­
cluding the coRSt 
of Ail•bama and 
MU.•issippi. and 
paTt of the coo.st 
of Louitiiana. 

1 j- Triangulation .••• .I Stephen Harrls,snb-assi.stant; 

r 
R. E. Halter, aid ; C. S. 
Peirce, aid. 

I 

2 Triangulation·---- J. G. Oltmanns, sub 
ant; G. U. Mayo, aid. 

keys, St. George's sound, and Penas.cola 
harbor. (See also Section VJII.) 

Triangulation extended fmm Point For­
tuna, Luuisiana., southward and east· 
ward acrOllS Itile au Breton sound, and 
connected with that of the .MiaaUliippi 
delta. 

Triangulation westward from rote Blanche 
island, Louisiana, COlllpleting pr-O"Umi­
nary work in Cote Blanche ba.y. (See 
also Section VII.} 



 

GECTION VIII­
(Coutinued.) 

SJ:CTJON IX:. 

From Vermilion bay 
to the Rio Grande 
boundary, includ­
ing pal't of the 
coast of Louiaiana 
and the coaat of 
Texas. 

15 c 
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I Operatione. 

1--
• Topography ••••••• 

Persons conducting opera~ 
tions. 

Malcolm Seaton, sub-assi>t­
ant; W.W. Harrliag, aid. 

4 Topography 
magnetic 
men ts. 

aurl F. H. Genie«, Rii\.,ietant; J. 
elc- G. OltmannB, su!J-nssistant; 

C. Feu<lall, sub-assistant; 
G. U. Mayo, aid. 

5 

6 

7 

Topography and 
magnetic obscrva- i 
tions. 

J. G. Oltmanns, sub-Msist­
ant; G. U. Mayo, aid. 

Hydrogra.phy _ ---- Lieut. Comg. John Wilkin­
son, U.S. N., a.ssi~tant. 

I 

I 
Hydrogra.phy •••• -1 

I 
l 
I 

Tides and cuncnts./ 

I 

Lieut Comg. J. J. Guthrie, 
U.S. N., wsista.nt. 

H. Mitchell, aAAistant; W. 
T. Bright, aid; L. M. 
Johnson, aid. , 

Localities of operations. 

Detailer! topography of north shore of 
La.ke Pontchartrain, Luuisiana, from 
Bayou Bonfonca. wc,tward to a station 
heyonrl llagge1l l'oint, and of thE> south 
shore from Hayou Coushon to Ilayou 
Tchoupitoulas. 

Plane-table survey completed of the eaA­
ern part of the lliis-<issippi deltii, em­
bracing l'a<se a Loutre and the Nor\11, 
Northel\st, and Southeast Passes, with 
tbe intermetliate bnvs and the •hores 
of Bay Rondo. Mag;.etic ckmcntM de­
termined at three stations on the tlelta. 
(See alw Section VII.) 

Topography of Cote Bbnche bay from Cot-e 
Blanche islanrl westward, and opposite 
shore of Marsh island, completing the 
preliminary survey of the bay. Mag­
netic elements determined at Cote 
Blanche island. (Sec also Section VII.) 

Resurv-cy of Mul1ile harbor, including 
the lower parts of the Mobile, Sp>lnish, 
and Tensaw rivers, and reconnaissance 
through the channel of Mobile bay to 
the Lower Fleet. (See also Sections I 
and IV 1md Gulf Stream.) 

Passe a Loutrc, Northeast, North, and 
Southeast Passes of the Mississippi 
ri rnr thoroughly sounded, from their 
re~oecti 1·e lmrs to the head of the 
p..;..._,,. (See also Section VII.) 

Special observations ou the tides aud 
currents of Mobile bay and harbor at 
stations 'on the outer bar, in the l:'p· 
per Fleet, and at the mouth of Ala­
bama river, with current observations 
on Dog Island bar, Choctaw bar, and 
also at the mouth of Spanish river. 
(See also Section l.) 

·---. •• • Tidal ob&eTVations. A. C. MitchelL •• _______ ••• 
1 

Series commenc.ed with self-registering 
tide-gauges at Passe lt Lou trc and 
Southwest Pass, (Missis•ippi delta,) and 
at Isle l>ernihc. (See aloo Section VII.) 

I 
---- ----1 

I 
I 

1 

Views •••••••••••• W. B. McMurtrie ---··----

I 
Triangulation .•••• I 

I 
Sam'l A. Gilbert, assistu.nt; 

Charles Hosmer, aid. 

Perspective drawings of Chandeleur Is­
land light anrl its i-icinity, and of Passe 
a Loutrc entrance and light for charts. 
(See also Sections III, IV, VI, and 
VII.) 

Extension of work coa.stwise from Aran­
tlail Pass, sollthward and westwud to 
Laguna Madre, and triangula.tion of 
Corpus Christi and NM1)etl b0.ys, Tex. 



 

114 REPORT OF THE SUPERINTENDENT OF 

APPENDIX No. 1-Continued. 

Limit• of scctious. · Parties Operations. Persons conducting opera· 
tions. 

Localities of operations. 

SECTION JX­
<.:ontinued. 

SECTION X. 

WeKtern coast of the 
U. States, from the : 
San Diego bound­
ary to tbe forty- · 
£econd p:nallel,in­
cludinir the coast 
of CaliforniH. 

SECTION XI. 

"\Ve•lern coast of tlie 
U, :,ilakn,fromthe 
tw t )- -~te·ond pi.n­
alltl t-0 the north­
WCt'lt'rn boundary 
inthHl' g the COH•t 
of Or t·gon e.nd 
that of Wnshing- , 
ton Ttrritory. I 

No. 2 Topography--·--· W. S. Gilbert, sub-arnistant; 
T. C. Bowie, aid. 

3 Hydrograpby .• 

' 

Lieut. Comg. W. Bonck<en­
dorlf, U. l:J. N., assistant. 

1 T1iangulation ••••• I V{. E. Grccnwell,assistant 

2 Triangulation and 
as.tronomkal, and 
ruagneUc obser­
vations. 

George Davidson, assistant; 
E. H. Fauntlerny and A. 
'.l'. Mosman, aids, (part of 
season ;) Jill'. Gilliss alld 
Horace .A!lderson, aids, 
(part of season.) 

3 TopographY---·--·i Vi'. llf. John•on, &ub-assiet-
' nnt; C. l\L Bache, sub­

assbtant, (part of season ) 

4 Topography •••• ___ A. F. Rodgers, as8istant; C. 

5 

1 

l\L Bar-he, Rlll>-a"8iotant, 
(pa1t of season ;) David 
Kerr, aid. 

Hydrograpby •••• .' Commander James Alden, 
! U.S. N., assistant. 

i 
Tidal observations.I Lieut. G. H. E11iott, U. S. 

i 

Triangulation and 
top<.grapliy. 

engineers. 

James S. Lawson, suh-asslst­
ant; .A. T. l\losinan, aid. 

Plane-table survey of the shores of San 
Antonio, Musqnit, and St. Charles's 
bays, Tex., completed, including al8o 
St Joseph'• island, or the outer coast 
of T~xas between Matagorda inland and 
AraDsas Pa"s; part of Mustang islan<l ; 
and the reefs alld shell banks, with 
part cf the shoHs of Aransas l•ay. 

Soundings inside of Matagorda bay, Tex., 
extended from the Pntrance northward 
and eastward to Palacios Point, and 
canied westward to Indianola and 
Well Point. 

Primary work completed between San 
Pedro anrl t'anta Barbara, on ihe coast 
of Santa Barbara channel. Prelimi­
nary bases measm·ed and triallgulations 
made on Santa Iiosa and San Clemente 
islands. 

Primary triangulntion of the coast of 
Californiaextt'nded from Bodega Head, 
northward, to Rnesi"n river, with 
secondary and tertiary triangula.tion to 
include Bodega bay and the coast ad­
jacent. Observations for latitude, lon­
gitude, azimuth, and the magnetic 
clements. 

Plane-table survey of Santa Cruz island 
continued, and topography emnmenced 
on the shores of Half Moon bay, Cal. 

Coast t.opngraphy between Duxbury reef 
and Point Reyes, C1'L, comp~eting the 
survey of the shores of Drake's bay; 
also plane-table survey of the shores 
of Petaluma creek, \San Pablo bay,) 
from its entrance upwards to, and in­
cluding, the town of Petaluma and 
Lakeville. 

Soundings completed at the mouth of 
Salinas river, (Monterey bay, Cal.,) on 
Oakland bar, (resurvey,) with current 
observations; aad a.t Tongue shoal and 
Hog'a Back, Sacramento river. Peta· 
lnma. creek, (San Pablo bay,) sounded 
out to Petaluma, and coast bydrograpby 
extended from Duxbury reef, north­
ward, and above Point Reyes, includ­
ing Dr11.ke's bay and lagoon, and 
Tomales bay. 

Series kept. np with self-registering gauges 
at San rn .. go and San Frandsco. (See 
also Section XL) 

Prellrninary baae m<>a.sured at Gray's har• 
bot', W. T., and triangulation com­
pleted from the entraU<.'fl to the mouth 
of { hehalis river; work continued in 
the Gulf M Georgia, iucluding lllea&nre· 
ment of the preliminary hlu!e on &ndy 
Point, and topography co~ on 
San Jnan h!land, WH.ldngton 1110und. 
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' ' ---- ----~-----~-"- ------------
S&CT!ClN XI­

(Continued) 

I 1--------1 Astronomical ob- Lieut J. M. Gilliss, U.S. N.; Sola.~ eclipse o\)~erved at Muck prairie, 
near Fort Steila.coo111~ W. T. 1 for longi­
tude purposes. ! I 

1--··--··1 

servations. A T. Mo•mau and James 
Gilliss, aids. 

I l 

Tida.l observa.tions _i Lleut. G. H. Elliott, U. S. 
engineers. 

Regular nbservatiom continued with self­
registerin~ ga.uge, at A-storia.. (See -a.lso 
Section X.) 

APPENDIX No. 2. 
List of Army Q!Jicers on Coast S1trvcy dufy 11farch 1, 1860. 

_____ I _______ -----

Officers. Rank. 1 Date of attachment. 

ThomlU!J.Cram ____ --------------;Captain topogrnphic»l engineen; ---------------------------!March 26, 1858. 

W. R. Palmer ___ •. ---- -- ·--- - --- - _j_ __ ..• do .•• - ••. - . _ •• do -- . - .•• -- • - .. - - .. -- -- .• --·. ·--·-.: November 17, 1857. 
I I 

'M. L. Smith ·--------··----------·i-··---do ••••••.••••• do -----------·---------------------!December 9, 1856. 

E. B. Hunt. --- -- •• -- •• -- --- ---· - . ! Captain engineers ••• -- _ •• --- •• -- -- .•••• --- •••• -- .•• _ •••. [ 'May 5, 1851. 

A. P. Hill •••• --------·----------·,' First lieutenant 1st artillery ------·-----····-·-·----------1November23,1855. 
I i 

George Bell •••• -------------------1------do ____ ........ do·-------------------·--·-··------ 1
, November la, 18!>9. 

R G. Cole.----------.---- •..••••• [ first lieutenant 8th infantry .• ____ ---------- ___ .---------.: June 11, 18.'i!l. 

Vr. R. Terrill -------····---------.1 First lieutenant 4tb artillery·-·--·····--··-··----··-----··: March 19, 1858. 

J. R. Smead ··-·------------------1 First lieuteuant 2d artillery •••• ----·----·---··---------··· !fay 21, 1859. 

Thoma.s Wilson------------·····--! ~'irst lieutenant 5th infanti-y .•••••• -----·-----------------i May 26, 1857. 

0. D. Greene·---·--·-·--------···! Second lieutenant 2d artillary ·----------·------·--·-·--·-· November23, 1859. 

APPENDIX No. 3. 
List of .Anny Offeeers on Coast Survey duty September 1, 1860. 

Officers. Rank. Date of attat'hment. 

Thomas J. Cram------·---------·-· Captain topographical engineers--········-··-·---··------- !\{arch 26, 1858. 

:.· ~- :::::::::~:~::::: ::::: ::: ::: :::::: ::::: :: :::::: :: ::: : :::::::: :::: :: :::: :::~: ::. :1/ 

E. ll. Hunt ••••••• --····-·······-· Captain engineers··-····---·----------·--····--··------·, 

November 17, 1857. 

December 9, 18.56. 

JI.fay 5, ISIH. 
I 

W. G. Gill .••••••••••• "'--·-·-··-- First lieutenant 4th artillery •••••••••••••••. -----·-·······i June 16, 1860. 

A. P. Rill---···-·--·-·----------· 
N. H. M:cLea.n ·-----···-·-----•·-­
George BelL •••••••••••••••••• --·· 
R. G. Cole _______________________ _ 

W.R. Terrill------·····------·--· 
J. R Smead-------------------··· 
Thomas Wilson·-·--·------------· 
W. Cr.Ug. _______________________ _ 

0. D.Greene •••••••••••••••••••••• 

Firat lieutene.nt 1st e.rtillery ···------···------------··-···' November23, 1855. 
I 

First lieutenant 2d infantry •••••••• •--·-----·------·--·-··) March 21, 1860. 

First 1ieutenant 1st a.rlillery ••••• _ - --- •• __ •••.• ---· -···-- ·1 November 15, 1859. 

First lieutenant 8th lufantrr-------------·---------------·1 June 11, 1859. 

First lieutenant 4th artillery. --- -- . ---- - . ----- • ---- - -----·, March 19, 1858. 

First lieutenant 2d artillery. - - - . --- • - • • - · - - • -- -- --- - -- ----\ May 21, 181>9. 

First lieutenant 5th infantry •••••••••• ······------------·-\ M11.y 26, 1857. 

First lieutenant 8th infantry •• --- • -·---- · -- • - - • --- ---- ·-· -
1 

March 9, 1860. I 
Second lieutenant 2d artillery.---------·-----·-----------·\ November 23, 1859. 
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List qf Navy Qffecers on Coast Survey duty March 1, 1860. 

Vessels. Locality of sen•ice. I __ Officer~:"-"" Rank. Date of attachment. 

Office-work __________ .\ S.S. Lee----·----·-! Commander .• ----------· 

Do-----···----·I W. T. Muse •• -------1--------do _____________ _ 
Do·------------i Silas Bent. _________ Lieutenant--·---------· 

~::::.:~::::::: ~:" t_:M_-~::.i ~=·:::b:~~::r·~~=:_ :~~~=:::: 
Schooner Varina .•. ____ . i Section V •.• ___ • ______ I C. M. FauntleTOy ••• -1--·--· - .do.·-- --- . --- -- . 

' I 

Schooner Arago --------i Section VI ___________ _\ "\Vm. Ronckcndorfl'- •• (. _______ do .•••••• ·------

Steamer Corwin ••• --··. i Section VL ___ •• --- --·I John \Vilkinson •••• .I. -. --- .. do. - •• --- . -----. 

Steamer Vix:<m •••• ---· -1 Sect'.on VII. -- •• -· ___ -I T. S" Phelp~ •• -- ----\--. - _ ..• do. - • ---- .. - --- . 

Steamer Walker •••••••. Scct10n "'l"III-------·-· J. J. Guthr1e ----·-·i··----·-do ..•• ----------

Steamer Active _________ Sections X and XL •... James Alden.---···· Commander--------·--· 

J. G. Mitchell .•••••• Lieutenant.·-------·--· 

James Suddards _ •••. Pas1red assistant surgeon •• 

APPENDIX No. 5. 

August 8, 1869. 

February 27,1857. 

March 1, 1860. 

Al'ril 23, 1858. 

October 15, 1858. 

November 13, 1858. 

November 10, 1859. 

Jnne 2.'>, 1859. 

August 23, 1859. 

October 10, 1859. 

May 18, 1849. 

June 14, 1858. 

July I, 1857. 

List qf Navy Officers on Coast Survey duty September I, 18GO. 

"Vessels. Locality of service. Officers. Rank. 
I I Date of attachment. 

Office-work.----------1 S. S" Lee -----·-----1-C-om_m_a_n_d_e_r ___________ -_-_-.---.---.1 August B, 1859. 

Do. ____________ ! Silas Bent __________ ! Lieutenant--·-··------- March 1, 1860. 

Do·--·---------1 J. J. Guthrie _______ J
1

._ ...... do .••.•••.•••••. October l0, 1859. 

St.Jamer Bibb ------····i Repairing at New York.I A. Murray •• ________ Lieutenant commanding •• April 23, 1858. 

Steamer Vixen •••••.••• / Section L--··-····-·· T. 8. Phelp.s •••••••. --·-----dO------········ August 23, 1859. 

Steamer Corwin--------!. Section L---··--··--- J. Wilkinsou •••••••• -·-··--·do •••••••••••••• June 25, 1859. 
I I 

Schooner Crawford .. --·· I Sec.-tion I ............. J. P. Bankhead •••••• ---- ___ .do-·-····· •••••• 
1 

October 16, 1858. 

Schooner Varina •••• ----1 Section IL ••• ___ ·----: C. M. Fauntleroy ••••••• _____ do ••••• ___ --····· November 13, 1858. 

SteamerHetzel.---···-·r Section III •. _________ . W. T. Muse-------- Commander- •• -----·---· February 27,1857. 

Schoo!ler .Ar~go ---·---- i:ect'.on IX ••••••• ____ ," W. 11.onckendorff ____ Lieutenant commanding •• November 10, 1859. 

Steamer Act1ve. ________ 
1 

Sections X and XI •••• _ James Alden. _______ l Uommander •••• ----- ---·1 May 18, 1849. 
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APrENDIX No. 6. 
Iriformati'on furnished fwm the Coast Survey qffice by mlflwrify of the Tteawry Department in 

reply to spe.cial earls during the year 1850-' 60. 

Date. Names. Dat" furni8hcd. 

18.69. ! 

Oct. 8 A. "\V. Sha.ffer, esq·--·-----------·--·------! 
Captain T. J. Lee •• --- - -- ---- - • -- -· - -- - • ---! 

Bearings from stations on Hudrnn river, ne\\r Catskill, N. Y. 
Variation of the rnagnetic needle at Snea<l station, Ya.. 

Nov. 

Dec. 

16 
26 
11 
11 
17 
21 

3 
6 

2() 
21 
22 
31 

Professor A. Guyot, Princeton, N. J __________ i 
J. A. Milliken and L. H. Eaton ______________ ! 

T. B. !kooks, Monroe, N. Y -----··--·-···-·! 
G. W. Blunt, esq, New York·-----·--------! . _______ do ________________________________ i 

Hon. I. I. Stevens ·-- •• -- -- .. --- . -- - -- • --- . ; 
G. W. Blunt, esq., New York·--------------! 
George Harding, esq., Philadelphia •••••••••• ! 
Hon. Alexander Ev1tns ·----------- .. -------·: 
Hon. Jedediah Jewett, m"yor of Pottland, Me •• 
Lieutenant John :Mullan, U.S. A------------

G codetic elcmcn ts of tlJ e earth. 
Geographical position> near Cherrytleld and Bangor. Me. 
Magnetic elements at stations on the Atlantic coast. 
Hydrogrnpby of Atehafalay" bay, La. 
Hydrngraphy of coast of North Carolina. 
Tracing from hydrogrnphic Bheet of Canal de Haro, &c., ,V, 1'. 
Additional bydrography of Atclufalaya hny, La. 
Shore-liue measuTCm<.\nts. 
Distances near :b-.renchtown rind Elk Landing, HJ. 
Tracing from the survey of Portl,.nd harbor, Me. 
Computed predictions of moon culminations. 

186(). 
Jan. 5 J. H. Kroehl, New York _________ ·----·.--·., Hydrography of the ,-icinity of Dfamond reef, New York. harbor. 

Feb. 

6 Edgar Burroughs, esq ---------··-----------' Topugrnpliy of Bil.ck bay, Va. 
12 B. Callan, esq·-----··----·----·--------·-·: Geodetic elements of the earth. 
13 John Downes, esq.----------------·-----·-! Helghtof Agamenti<·usstation, N. H. 
16 Hon. D. L. Yulee -·----------·-----·------: Se<> roulc dbtances along the Atlantic and Gulf coast. 
17 James Anderson. esq., Roek\•ille, Md _________ ( Magnetic variation near \~"ashington, D. C. 
19 Captain D. Leadbetter, Mobile ••••••••••••••• j Hydrograpby of Mobile bay, La. 
24 G. L. Hicba.rdson, esQ---·-·--·----·--------1 Elements for projecting maps. 
25 

1 

W. H. Mailler, New York------------------! Hydrography of Coenties's reef, New York harbor. 
29 Hon. D. L. Yulee ••• ·-- ·---- _ •• __ •••• --- - -- Distm1ccs between ports on the Atlantic and Gulf of Mexico. 
30 I G. S. Quackenbos, New York----------------1 Variation of the maguetic needle near Washington, D. C. 
4 1 T. Doane, es<i-·--·--·-·--·-··----·--------

1 
Descriptions of stations in Boston harbor. 

8 I G. L. Ilicha.rdson, New York.·--------------: Tracing from the 8tirvey of Boston harbor. 
9 ' Captain J. H. Simpson, U.S. A-------·--·--·! Meteorological ol>Servations at San l<'rancisco. 

16 G. \V. Blunt, CHI, New York·----·----·----! Hydrography of the Hudson and East rker~, N. Y. 
16 ·w. G. Bogart, esq. ---- -- --- _ -- • _. -- •••• --· i Maximum width of Hudson rh·cr, N. Y. 
28 Remy Toland, csq ••• ---------------- ···--·: TracirJg from survey of the vicinity of Pensacola, Fla.. 

March 2 H.B. Dawson, e&J---------·---------------1 Hydrogmphyof Lake Borgne, Lfl. 
9 Hon. J.C. Burch--------------·------·----' Tradng: from the hydrogrn.pbic sheet of Crei;cent City harbor, 

I
; Cal. 

19 John Trautwine, esq •• ·----··---··-·--·--·- Geodetic element.a <.;f tbe earth. 
26 W. Gill, esq., Richmond, Va--·- ----·-----· Topography of the city of Wchmond, Va. 

April 6 M. Semple, esq., l:'liila<lelphia ______________ .: Magnt0t\c ""riation in la.t. 38° N'., long 79° >V. 
9 Hon. D. L. Yulee •••• ·---------····--···--· See. route di•t:i.nccs between ports on the Gulf of l\Iexico. 

19 E. M. Stanton, esq., 'W'ashington, D. c _______ Tmcing from survey of the vicinity of Oakland, Cal. 
2() John Downes, esq -------···-·-··----·---··I Latitude of Webb's station, Md. 
2l A. M .• Lea, esq·--------·-;··--··---------·j Material for map of t~ie vicinity of Aransas, 'fox. 
30 Captam D. LeHA1bette.r, Mob1le _____________ •. 

1 

Hydrography of Mobile bay. 
9 General Duff Greene.-----··------·-··---·· i Soundingi>iu the Rig::olets, La.. . May 

12 Commander T. T. Hunter, U. 8. N •. -------·-i Hydrography o_f the entrance ar;d ~ar of S~. Augustme harbor. 
30 O. O. Walden, esq ••• ·--- -- •• -- •••• _ •• --- •• , Depths on sections across the F londa sti·a1ts. 

June 2 A. M. Lea, esq_- - ---- ·-·- __ ---- __________ • -1 Distances and miimuth_ between Aran~s lipht ~?d Mazatl~n. 
4 A.. S. Easton, esq ---------··--- -----··--··· Top<igra.phy of the we"tern shore of San hancl8CO bi\y, C..l. 
9 Light-house Board.·-·----·--···----· -·-··-1 Tracing from the hydrographic sheet of Newark bay, N. J. 

11 F'. L. Olmstead. ____ • --- _ ··--- _ ---- -· --·. __ 1, Hydrography ,of East river, liarlem river, aud Spuytcn Duyvel 
creek, :N. Y. 

14 James Blair, esq ••••• ·--------·----· --··-- Hydrogruphy of Brunswick harbor, Ga .. 
28 Marshall Parks, esq., Norfolk-·----------··- Soundings in the Nmth river, VIL. • 
12 G. W. Blunt, esq., New York---··--··---·-- Lines of soundings from Charle,:;ton to Fern .. ndm,., Fla. 
ZO ·-------do ••••• -------·-··---------------- Off-8 hore hydrugmphy from Cape HenrytoCarysfortreef, Fla.. 
Z1 Capt.a.in E. B. Hunt, C()I'pS of eogineerd ------· Hydrogrnphy of Key West harbor arul approaches. 
27 Hon. D. L. Yulee __________________________ Tracing from by1lrographic sheet of <A•dM Keys, Fla. 

Aug. 7 Joecph 0. Chaires, esq., •rallahassee, Fla ••• ·-· Local fe,.turcs of St. George's sonnd, Fla. 
8 Hon. D. L. Yu lee •• ----- ·--· ---- ·--. ------ Se" route distances Gulf of Mexico and Pa.cific ocean. 

Sept. 19 C..'ity of Portland, Me _____________ ---------- Topography of Portland harbor, Cape Eliza.beth, &c. 
19 W. A. 'Thornton, esq., Enfaula, Ala •••••••••• Notes of me1idian-line determination at Eufaula. 

July 



 

APPENDIX No. 7. 
Stafatici qf field and o!Ji.u-wark ef the T!nitcrl Slate• Ooa•t Survey durin:J tlw year&-

--------- -------· 1Pr;v~111~,- 1~14.-J 1~45.11846.11840. 1-184~, I 1849. 

to l81·t: I 
--'--!-- --1---1---1---1 -- -I 

lleconnai.,ance- I I 

18:.0. 1~51. 
1852. I ;~~~- '._:'. !85~-11&56.1-·-;;~7. I ;8"8._, __ , __ _ 18;19. I Total. 

Are:,infllqnor~mil~s .............................. 1 9,fi.l;J, l,l·JO 3;i:m I 1,8."3~ 12,950 3,94~ I' 10,t:·1~ j :f,mm ~1,:.10 j l,70~ 
Parties, ndmb1.r of, in each year ................ , • , ., 4 2 4 ;.i 5 , b 1 4 6 i 6 

1, 708 7% 

13 

1,487 4,012 I 2,s;;s 
5 i • 8 

709 

~~ . I ! 
1'rima1y,n11mHerof........................ ...... 1 ll l ........ 1

1

........ J 1 ........ 1 1 ........ !.. ...... 
Secondary, number of .•• , ................... , .. ,., i 2 .... 

1

....... .. . . . . .. 2 1 4- I 3 3 

L•11gth of, in mile• ................................ ! rn 

1 

........ 1........ 9i 13 6jf lij 2 

Triaognlation- / 

Extent of gent<rn.1 conH, iu miles ...... , .......... , 570 li9 16~ 123 159 llil 2~.) 2L6 243 

Extrmt of shl)rc-Jini:-, in ii:iiles, including hily.;.:, ~OUhds, 

ilj 

1, 703 

2'l0 

18! 

~l,OR9 

9,1 

3/i 

2,,101 

246 

24! 

-i, 7~9 

lii8 

9il 
2, 7931 

3'20 

1,640 
3::17 

4 
3! 

3,033 
~i8 

Aren,l11E<1unremile• .............................. 

1

. 9,076 795 2,166

1 

l,IB.J 11,!lO:l 1 2,;,g.21 4,091 I 2,0971 2,465 

island•,andrivers ............................... 11588 589 5J4 I J,Ol8 I .141 700 I,:tJS 730 I,097 I,!04 884 l,269 I l,41JI 
Horizontal angle stntim,. occupied....... . .. ...... • 750 120 80 19i mo 98 204 157 l84 2'2:J 2'2l 204 4!0 

1,sg;, I 1,481 I 

544 3[:l,5 

J, j].') 

3e4 

603 
11 

14 

19 

Geographieal position• determined. .. . ... .. . ...... 1,1&1 14i 148 372 194 2'27 319 294 307 446 346 388 

Venicnl angle station• occu)lied. .... ......... ..... 15 2 5 7 3 1 18 13 ll'l 14 7 89 

Elevations determined, number of.................. 44 12 7 46 44 I fJ9 2'2 53 66 9 127 

Partieo, number of, in each year. • .... .... ......... 4 5 8 7 8 10 13 14 14 13 18 17 

At!tronornicnl opcralions-

St•tion• occupied for •zimuth. ..... .. . ... ......... 9 8 2 2 3 3 4 4 6 6 91 5 
Station• occupied for latitude...... .. .. .. .. • .. . .. .. 9 B 5 3 B 2 4 6 8 17 20 ! 6 

584 

:1 
17: 

1,:MU I 

l 

12 
20 

2 

Stntiono occupied for!ongitudc .... • .. . .. .. • .. .. • .. 1 1 . • .. .. .. 2 3 3 7 :J 7 18 ~I I 4 1 1 
Permauem langhtu)e statiomf...... • • . • . . . .. ... . • . . . . ..•• H l 1 2 1 1 2 3 : 5 5 5 4 3 1 

Speclnl longitude •talion• for occultations, &c...... • • .. • .. • . .. .. .. • .. .. .. • .. .. .. . . .. .. .. . . .. .. .. . . ... • .. .. 1.... .. .. ! ... .. ......... 
l'arlie•, number of, in each ,.ear. .. .. .. .. .. .. .. .. • • 1 a 2 2 a 3 5 5 : 6 4 7 7 6 4 

Mnanelic station• occupied, number of. ................ , ... 14 21 ~ 19 4 ll 9 • 10 8 13 9 8 23 

Parties, number of, in each year........ .. .. .. .. .... . .. .. .. • 2 3 3 3 3 5 4 ! 3 2 3 6 3 4 
Topography- ! 

Area ~urveyed, 1quare mile11. •. •. .. • • • • • • • • .. • • • • . • 61131 195 503 750 595 471 532 65~ : 681 65:J i 554 513 6.56 536

1

· 

Length ofgenernl e°""t, in mile•................... 414 !JO 168 119 !J7 18.) 95 133 l!60 236

1

1 251 174 176 165 

Length of shore-line, in rndes, including riVtffB, 

creek•,audponds ............................... 7,667 424 879 11120 1,460 I,703 I,709 I,551 11760 1,737 '. 2,100 1,798 2,138 2,:l98 

Lengtbofroads,inmiles .......................... 11,734 3:l5 997 1,402 I,3J4 640 504. 511 :;oo 7:12: 502 616 73:l 7JO 

Parties, number of, in each year, .... ... ........... 6 5 6 8 9 9 11 ! II 1:1 131 17 12 17 

Bydrogrllpby- I I 
Parties, num~er or, in ea~b year. .. .. .. .. .... .. .. .. 2 : 5 _ 6 6 8 • 11 

0 

!~ 
0

12 ,. 9 , 9 10 I 1~ 
Numl>erofmrlesrun\\hdesouudmg .............. 129,~14 1,e5, 3,4:: 3,~9 3,138 s,o~: 4,29~ I ~,99., I~,oiJO 9,o34 9,0oO 1 9,141 13,lla 
Aren90und•dou1,oqunre 1m1 ...................... 9,601 663 5,, 514, 979 2,180 1,335 -,012 .i,2oa 2,82.1 2,061 

1

1,937 3,4.13 

)lit .. rnn additionnl,ofourslde ordeep-•easoundmgs. 1,800 11620 . . .. . ... .. . . .. . . 210 I 2,240 .. . .. . . . I, 19~ 2,037 360 1, 902 2, 793 , .5,219 

llouuding•, number of ............................ • 1808, 147 l~O,ff,li 12.5, l /3 220, 402 22B, 40'2 i'J3:;,ooJ l:l65, 824 l:l64, 718

1

1371,660 288,37::; 
1
305,377 162,454 l:;oo,sw 

Sounding• in Gulf ~trearn forlemperature.... ...... ........ .... .... 118 581 207 425 ................................ : 110531 257 310 
Tidal stations, permanent.. .. • ... .. • • .. .. • .. • • .. .. • • • .. • .. • 2 2 2 3 3 I 3 4 4 I 7 7 I 7 

17 

12 

15,305 
3,743 

1,202 

439,614 

8 

i77 

4 i 

Iii 

20 j 

l I 
3 

2 

l 

2:1 

a 
4 
3 

1,003 

309 

3,913 

1,404 

23 

a 
12,:m 

i 

2 
5 

2 

30 

4 

700 
172 

3,408 
870 

23 

10 

8,884 

2, 70511' 799 
3,218 2,092 

506,0:J4 :;13.607 
4781 .172 

8 10 

1,1s21 5:i,:lo4 

3 

Gf 

3,7;}4 
35!! 

~,09~ 

344 

794 
17 

31 

21 

24 

5 

JO 
5~ 

163 

47, 782 
4, 113 

20, 082 

4,628 

8, 369 

235 

568 

77 

119 
76 

is I 204 
4 

4761 15,607 
163 3,247 

2,:J:l4 I :JI!, 10:1 
431 24,077 

22 

9,103 

4,300 

2,3.S:J 

398,053 
114 

10 

156, 701 

43,997 

27,644 

.J,800,MS 
3, 715 

..... 

....... 
(X) 

~ 
~ 

~ 
~ 
"'! 

~ 
00 
t"1 

~ z 
;a 
z 
~ z 
~ 

~ 



 

.APPENDIX No. 7-Continued. 

I~~·;~:.·/ 184~ 184.). · 1 le46. 11847. ~818. T1-;1~. i 1850. i l~~l~--1-~;;- 1~.-r854. 1~~;5, 1-~856.T 1857. 1·-;;;;r~~~ I Total. 

-Hy-drog-r-nph-y----------I j--1-1--,---- --,---- ----,-[--___ ,_,_, __ , --
Tidal •tati~ns occupied tempororily ... ... ... .. • .. . 127

1 

14 i :~J I 3!I 33 29 351 41 I 51 7fi 78 B9 [ 80 77 74 50 26 I 952 

Ttd•I Pllrlles, numberof, in each year.............. 2 5 ! 5 5 5 8 11 j Jt I N 9 ll I rn · 13 14 14 13 10 
Current •Utinn• occupied ..................... , .. • .. • .. • .. 27 ; 42 41 59 54 28 44 j 41 24 89 . 10 84 84 I51i 47 38 I 868 

Currcmpnrtie•,numberof,ine•cbyear ................... j 3] 5 3 3 4 6 41 7 7 :; ~I 5 6 fi 2 2 
SJ"'•imens of botto1n1 number of................... 1,029 I !, 776 i 89 129 371 769 287 3Sl 278 215 I 141 135 · 25:; 14ti 422 668 164 8,255 

lletordo- I 1 j 

'I'riaugulatlon, originals, number of rnlumes........ 97 [ rn 17 :l3 Ji 3'2 38 40 I aa 3:J I 64 46 1 79 oo 7G w , 94 893 

As!ronomicol Obeervations,origlnal•,n111r1betofvol<. l7 I 10 11 10 16 22 i:! :ro I 41 48. 29 881 ;J,) 121 35 63 27 566 
lllagnetical observations, original•, number of voi... 4 I 2 1 6 7 4 3 51 5 7 i 6 4 ·r 33 13 4 10 9 123 

1Juplic&1e•oftheahove,numberofvolumes ....... 27· 26 :J2 :l2 44 49 19 2.11 45 7:l. 76 84 1:19 IUL 140 168 77 I,155 

Computations, nun>ber or volume ................ ,. 7B' 25 17 21 26 2.1 57 2·1 40 7~ I JOI 9l I 109 99 s:i 101 88 J,0!\5 

lJydro~rophic •oundings and angles, origimll•, vols.. 186 i 22 26 152 54 1"4 134 170 213 206 i 183 66 :l3:l rn; 319 322 306 J,044 

llydr"l!mpllie soundio~rnnd nnglos, duplicates, vol•. 28 ' 2 5 4 II II 12 l:J [ 16 / 27 I 15 7 26 27 :JI 20 19 263 

Tidal and current observntion•, originals, vols •• .. .. 127 i 2:l 47 51 44 40 67 ~8 : 114 · 139 ' 1231 70 1Y6 !ID 213 104 75 I ,6:ll 

Tidalandcurrento ... ervntion•,duplicate•,vols ..... i ........ : 2:l 47 51 44 41 79f :J85 13~] 114 7!1 87 JOO 67 74 57 l,44:l 
Shoel• from self-regi•tering Ude-gang••, numh<r or . .I. ....... · .......... , ........ , ................ , ,. ... ·)........ ~IJ I 72 106 80 103 I 119 HI 149 71!6 

Thia! roducdon., numh•r of volume• .............. J ........ ; 46 94 10~ 88 80 16 58 I' 22 26 ' F 99 79 7;1 63 64 5~ 979 

Total number of volume• of records............... 566 I 191 297 4;i2 J;il •l:ifl 481 529 914 763 728 O:H 1, 115 82' 1,021 1,02~ 804 11,152 
Maps and ehuts- j 

Topographical m•plO, original .................... "I 168 J 14 rn Sl.) 29 20 22 :JO 41 47 M 4fi :;5 51 74 44 36 771 

Hydrographlc chart•, original•..................... 142 1 II 8 rn 18 21 16 20 I 47 56 56 :;2 . 6:; G~ 51 33 37 7ll 

R•dUotiOns from original sheets, nurnhcr of ••••• ····[ 15] 9 15 16 17 J:l 18 22 I 26 18 ;l5 27 · :JG 39 40 :15 9~ 50:1 
Tmal number of manuscript m•p• and charts ...... ., 325 i :£! - 39 59 64 "4 56 n Ill \SI I 11:, IQ4' 156 1;;~ 165 112 163 I,983 

Numlnirufskerclw•madelnfieldnndntlice .... 311! 24 :J:J :J'J 29 48 81 85 126 137 JO:t 1111 1:12 12:1

1

13'2 127 :J;;:l I,980 
&ugmving and printing......-. I i / 

Engraved plates of finished chart<, numherof,. .... -: 5 , 2 3 5 3 6 3 s / 6 5 4 ! 2 7 3 , 7 6 8 80 

Eu~raved plut.es of prt'Hminary chart~, skete-hes and '1 I i j ) 

dmgr•m• for the Coast Survey reports, number o( • ........ 1 ••••••• ., .. .. 4 5 7 6 10 I' 38 20 39 42 46 t.I 51 25 21 355 

EtecuotJpeplatesrnartcineachyea.r ............. ,.',,,, .... !: ....... ! ........ ,.... 1 7 6 25 16 23 47 ~ 77 GO 69 W O!i 87 582 

Finiohed charl• published in each year ............. : ........ ! 41 3; 4 3 f JO 3 1 \ 6 6 3 I 2 B 3 5 6 6 i5 
Prehmilinry charts an!l hytlrographic sketches pub- I ) 1 I 

li•l1<•d ................... ,, ...................... 1 ......... ; ........ 'l'""'"i ~ 4 I 21 4 10 ! 3S 19 :JI I 31 31 38 11 ~1 l:> 295 
Printcdshert'4ofmap:o1an1lelrnrtJitdi,.,.tributed ..••••• , .••••••. 1 16Y 416 1 J77ns l,HJ.l. 2,923 l,848 :3'26 j 5,649 !i,7!J9 8,0-N 1 5,1~ 5,:-iu:i 8,8;)8 19,1-17 4,209 10~-1~6 81,271 

Printl-'dtl'.heetsofdi1todepi..J!'l.itl',lwith~aleagent'l ..•. 1........ ..••• ... 880 j ],()1'fl 4,981 l 5,016 1,506 a,115
1 

;i,168 6,Bflll 4,:n.> ! 3,2:Jl 2,;,77 2,89fl tHK l,il7 :l,!i~4 48,249 
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APPENDIX No. 8. 
General list qf Coast Survey discoveries and devclopmentS:to 1859, Incliisfoe. 

1. Only eighteen feet at mean low water found on the rock one mile to the southward of 
Seguin island, coast of l\faine, 1859. 

2. Temple's ledge, near Cape Small Point, Mc., 1857. 
3. True position of the Hussey rock, in Casco bay, determined, correcting the erroneous one 

assigned on previous charts, 185\J. · 
4. Determination of the position of a sunken rock on which the steamer Daniel Webster 

struck, in Casco hay, on the evening of the 13th of October, 1856. 
5. Determination of the dimensions of Alden's rock, near Cape Elizabeth, Me., 1854. 
6. Determination of the position of the "Hue and Cry," the "Old Proprietor," and other 

daugers off Cape Elizabeth, Me., 1859. 
7. Huzzey's rock, south of Fletcher's Neck, Me., determined in position, 1859. 
8. Development of a four-fathom bank off Cape Porpoise, Mc., 1859. 
9. Fishing ledge, off Kennebunk, Me., thoroughly sounded, 1858. 
10. A rock one mile to the southward and westward of Boon island, with seventeen feet 

water. The sea breaks on it in heavy weather, 1858. 
11. Development of a rock off Ogunquit., bare at low tides, and very little known, 185!). 
12. Development of Boon faland ledge, coast of Maine, 1858. 
13. A rock off Cape Xeddick, Maine, determined in position, 1858. 
14. A detached rock two-thirds of a mile northward and east.ward of York ledge, Me., 1858. 
15. Determination of the position of a rock more than a mile off the mouth of York river, 

Me.; bare at low tides and dangerous to coasters, 1858. 
lG. Development of Duck faland le<lge, 1858. 
17. A fishing bank sounded out off Wood island, coast of Maine, 1859. 
18. A very dangerous rock, with only six and a half feet •rnter, off the entrance to Ports­

mouth harbor, N. H., about four nautical miles eastward from the Whale's Back light, 1858. 
1!). A rock with twelve feet at mean low ·water, about four miles and a third eastward of the 

Whale's Back, 1858. 
20. Determination of rocks off :Marblehead and Nahant, 1855. 
21. A rock (not on any chart) in the inner harbor of Gloucester, Mass., discovered in 1853. 
22. A hank ninety miles eastward of Boston, with about thirty-six fathoms of water, prob­

ably a knoe connected with Cashe' sledge, but with deep water between it and the ledge, 1853. 
23. Boston harbor; Broad tfound channel thoroughly surveyed and marks recommended, 

1848. 
24. Several rocks in the fair channel-way in Boston h11.rbor entrance, 1854. 
25. An extension of the sand-spit to the southward of Sunken ledge, Boston harbor, since the 

survey of 1847, 1858. 
26. A bank (Stellwagen' s bank) with ten and a half to fourteen and a half fathoms of water 

on it, at the entrance to Massachusetts bay, and serving as an important mark for approaching 
Boston and other harbors, 1854. 

27. Extension of St.ellwagen' s bank to the southward and eastward some sixtt"\Cn or seventeen 
square miles, enclosed hy the twenty-fathom curve, 1855. 

28. Changes in the vicinity of East harbor, (Cape Cod,) 1857. 
29. A da11gerous sunken ledge (Davis's ledge) to the eastward and in the neighborhood of 

Minot's ledge, 1854. 

30. Development of a reef extending between Minot's and Scituate light, 1856. 
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31. A sunken rock, with only six feet on it at low water, off Webster's Flag-Staff, Massa­
chusetts bay, 1856. 

32. A dangerous rock near Saquisb Ilead, entrance to Plymouth harbor, 1856. 
33. Three rocks determined in position, partly bare at low water, off Manomet Point, .Massa­

chusetts bay, 1856. 
34. Determination of a very dangerous rock off Indian hill, and four miles southward of 

Manomet Point, Massachnsett.s bay, with as little as six feet vrnter on it, l 85G. 
- 35. Determination of the position of a small rock with less than four feet at mean 1oK water, 
near the channel and in the vicinity of Great rock, Hyannis harbor, l\fassachusett~, 1859. 

36. Pr<ibable connection of George's bank and the deep-sea banks north and east of 
Nantucket, 1855. 

37. The decrease of depth, with general permanence of form of George's bank, off the coast 
of MassachusettR, 1857. 

38. A shoal spot near Little George's bank, 1857. 
39. Non-existence determined of "Clark's bank" and" Crab ]edge," laid down on certain 

charts as distinct from an immense shoal ground off Cape Cod pen1nsula, 18:}6. 
40. Nantucket shoals; Davis's New South shoals, six miles south of the old Nantucket South 

shoals, in the track of all vessels going between New York aud Europe, or running along the 
coaRt from the eastern to the southern States, or to South America; discovered in 1846. 

41. Two new shoals north and east of Nantucket; discovered in 1847. 
42. Six new shoals near Nantucket; the outermost fourteen and a half m1les from land, and 

with only ten feet water; diRcovered in 1848. 
43. McBlair' s shoals, off Nantucket; discovered in 1849. 
44. The tidal currents of Nantucket shoal8 and the approaches, 1854. 
45. Davis's bank, Nantucket shoals; discovered in 1848, and survey finished in 1851. 
46. Fishing Rip, a large shoal extending north and south, about ten miles to the eastward of 

Davis's bank, and thirty miles from Nantucket, with four and a half fathoms; surveyed in 1852. 
47. A ridge connecting Davis's New South shoal and Davis's bank; found in 1853. 
48. .A small bank or knoll with but five fathoms on it, about five miles east of Great Rip, 

·with twelve fathoms between it and Davis's bank and Fishing Rip, the water gradually 
deepening outside of it to the northward and eastward beyond the limits of the series of shoals, 
1853. 

49. Discovery of Eclw:uds's shoal, one mile and seven-eighths southward of Nantucket light-
hoat, 1855. 

50. Examination of the interference tides of Nantucket and Martha's Vineyard sounds, 1855. 
51. The study of the tidal currents of the Vineyard and Nantucket sounds, 1857. 
52. Contraction of the inlet at the north end of Monomoy island, and opening of a new 

entrance to Chatham harbor, 1853. 
53. Muskeget channel; surveyed by Lie11t. C. H. Davis in 1848, and Lieut. C.H. McBiair 

in 1850. 
54. Discovery of two shoal spots, with twelve and thirteen feet water, eastward from Great 

and Little Round shoals, Nantucket sound, l856. 
55. Determination of two shoal spots near the northern extremity of Davis's bank, with 

fourteen and eighteen feet water, 1856. 
56. Further development of Edwards' s shoal, three-fourths of a mile from the Southern 

Cross Rip, Nantucket sound, 1856. 
57. Shoal sand ridges discovered northward of Great Point light, Nantucket sound, 1856. 
58. Important changes in geographical feature at the southeastern end of Martha's Vineyarq1 

Muskeget channel, 1856. 

16 0 
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59. Numerous rocks in Martha's Vineyard sound, Long Island sound, and the various bays 
and Iiarbors connected with them. 

GO. Luddington rocks determined in position, about ten yards apart, a mile and a half 
(nautical) southwest, by compass, from New Haven light, 1858. 

Gl. The tidal currents of Long Island sound, 1854. 
62. The tidal currents of Hell Gate, 1857. 
G3. Least 1n1ter on the Hell Gate rocks, determined by dragging, 1857. 
64. Tidal currents in East river, N. Y., and surface and sub-currents investigated m New-, 

York lmrbor, the lower bay, and on the bar, 1858. 
65. The currnnts of the great bay between Massachusetts, Rhode Island, Connecticut, New 

York, and New .Jersey, 1855. 
66. Gedney' s channel into New York bay, having two feet more water than the old channels. 

Had the true depth of this cbaunel been known in 1778, (then probably existing, as seen by 
comparing old and new charts,) the French fleet under Count D'Estaing would have passed 
into tlie bay, and taken the assembled British vessels, 1845. 

67. Tlic changes in New York harbor, near New York cit,y, between 1845 and 1858. 
68. Increase of depth in Buttermilk channel, ascertained and made known in 1848 by survey 

of Lieut. D. D. Porter, "U. S. N. 
69. 'l'he existence of a seventeen-foot spot on the shoal off the battery, New York harbor; 

the extension of the shoal towan1s the channel, and the shoaling of the water generally between 
the shoal m1d shore, 1859. 

70. Shoal in the main ship channel of New York harbor, 1855. 
71. The exi,;tence and character of sub currents ascertained as bearing on the physical 

conditions of New York harbor, 1859. 
72. The tides of Hudson river, 1856. 
73. Sandy Hook; its remarkable increaRe traced from the surveys of the topographical 

engineers and others, and by several successive special surveys made between 1844 and 1857. 
74. Delaware bay; Blake's chanuel at the entrance, discovered in 1844; open when the 

eastern channel is closed by ice. This discovery has served to develop strikingly the resources 
of that portion of Delaware. 

75. Blunt's channel, in Delaware bay. 
7G. Changes in th<:J Delaware near the Pea Patch, 1847. 
77. 'l'he true extent and position of the dangerous shoals near Chincoteague inlet, Va., 1852. 
78. :Metomkin inlet, Ya., shoaling from eleven to eight feet in the channel during 1852. 
'79. 'fwo channels into Wachapreague inlet, Va., one from the northward and the other 

from the eastward, both with seven feet water at low tide, l 852. 
80. A shoal half a mile in extent not put down on any chart, five and a half miles east from 

the north end of Paramore's island, Va. It bas but four fathoms water on it, and nine fathoms 
around it, 1852. 

81. Great :Machipongo inlet, Va. Found to have a fine wide channel, with eleven feet water 
on the bar at low ebb, and fourteen at high tide. Good anchorage inside in from two to eight 
fathoms. The best harbor between the Chesapeake and Delaware entrances, 1852. 

82. Two shoals near t11e entrance to the Chesapeake, one four and three quarter nautical 
miles SJ<j, by E. from Smith's island light-house, with seventeen feet water upon it, the other 
E. by 8. nearly seven and three quarter miles. from the same light, with nineteen and a half 
feet upon it, 185a. 

83. Only three feet water upon the "Inner Middle," the shoal part of the Middle Ground, 
west of t11e "north channel,'' at the Chesapeake entrance, 1852. 

84. A twenty-five fathom hole two and a half miles W.SW. from Tazewell triangulation 
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point, eastern shore of the Chesapeake; all other charts give not more than sixteen fathoms in 
this vicinity. 

85. A shoal at the mouth of the Great and Litt1e Choptank, in Che!3apeake bay, 1848. 
86. 1'be soundin~ and measurement of Hie bars in Rappahannock river, 1855. 
87. The general permallence of the Bodkin channel and shoals in its vicinity, at the entrance 

of the ratapsco river, between 1844 and 1854. 
88. Changes developed in the shore-lines at the entrance of Little Annemessex river, Chesa­

peake bay, 1859. 
89. A shoal (New Point shoal) in Chesapeake bay, with sixteen feet water on it, southeast 

from New Point Comfort light-house, off Mobjack bay, 1854. 
90. Re-examination of York spit, Chesapeake bay, and least water determined, (nine feet,) 

1855. 
91. York river, Va., as a harbor, 1857. 
92. A. reconnai;,,sance of the Wimble shoals, near Nag's head, coast of N. C., 1854. 
93. Submarine range of hills beyond the Gulf Stream tracked from Cape Florida to Cape 

Lookout, 1855. 
94. Deep water found on Diamond shoal, and a dangerous nine·feet shoal off Cape Hatteras, 

1850. 
95. A new channel, with fourteen feet water, into Hatteras inlet, formed during the year 

1852, which is better and straighter than the o]d channel. 
96. Changes at Hatteras and Ocracoke inlets, 1857. 
97. The general permanence in depth on the bar of Beaufort, N. C., with the change of 

position of the channel, 1 ~54. 
98. Changes on the bar of Beaufort, N. C., 1857. 
99. The well-ascertained influence of prevailing winds in the movement of the bars at Cape 

Fear and New Inlet entrances, and the gradual shoaling of the main bar; the latter fact being 
of great import_ance to the extensive commerce seeking that harbor, 1853. 

100. Changes in the main Western and New Inlet channels in Cape Fear, 181i5. 
101. Frying Pan shoals, off Cape Fear, N. C.; a channel of two and a half fathoms, upwards 

of a mile wide, distant eleven nautical miles from Bald Head Iight·house across the Frying Pan 
shoals. A. channel, extending from three to four miles from the point of Cape Fear, to eight 
or eight and a half miles from it, with sufficient water at low tide to allow vessels drawing 
from nine to ten feet to cross safely. 1\. channel at the' distance of fourteen nautical miles from 
Bald Head Jight-hom;e, one mile wide, ·with three and a half to seven fathoms water on it. 
The Frying Pan shoals extend twenty nautical miles from Bald Head light-house, and sixteen, 
seventeen, and eighteen feet water is found seventeen and eighteen nautical miles out from the 
light, 1851. 

102. Shoaling of Cape Fear River bar thoroughly examined for purposes of improvement, 
1852. 

103. Changes of shore·line and hydrograpby determined at the Cape Fear entrauces, N. C., 
1858. 

104:. Changes of the Cape Fear bars and channels, 1857. 
105. Changes at the entrance of Winyah bay and Georgetown harbor, and the washing 

away of Light-house Point at the same entrance, 1853. 
106. Less water found off Cape Romain by preliminary examination than has been hereto­

fore assigned, 1859. 
107. Maffitt's new channel, Charleston harbor, with the same depth of water as the ship 

channel, 1850. 
108. The changes in Ma.ffi.tt's ehannel, Charleston harbor, S. C., from 1852 to 1851. 
109. Increase of depth developed in Maffitt'a channel, Charleston harbor, S. C., 1858. 
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110. Changes in the main ship channel, Charleston harbor, 1855. 
J 11. Changes in Lhc channels at the entrance of Charleston harbor, 1852. 
112. The remarkable discovery of continuous deep-sea soundings off Charleston, and of 

soundings in the depth of between four and five hundred fathoms beyond the Gulf Stream, 

1858. 
J 13. Development of the changes affecting the entrance to North Edisto river, S. C., 1856. 
114. Discovery of a new channel between Martin's Industry (shoal) and the southeast 

breakers, Port Royal entrance, S. C., 1856. 
115. Discovery of cold water at the bottom of the ocean below the Gulf Stream, along the 

coasts of North ~nd South Carolina, Georgia, and Florida, 1853. 
116. 'l'he discover.'· of the cold wall, alternate \varm and cold bands, and various other 

features of the Gulf Stream, especially such as concern ifa surface and deep-sea temperatures, 
and its distribution relative to the shore and bottom of the ocean. 

117. Various facts relative to the distribution of minute shells on the ocean bottom, of 
probable use to navigators for recognizing their positions. 

118. Examination of Doboy, St. Simon's, and Cumberland entrances, 1855. 
119. A shoal inside of the entrance to Amelia river, Fla., 1857. 
120. Hetzel shoal, off Cape Canaveral, Fla., 1850. 
121. Temperature of 34° beneath the Gulf Stream, thirty-five miles east of Cape Florida, at 

a depth of three hundred and seventy fathoms, 1855. 
122. Further explorations in developing the character of the Gulf Stream in the Florida 

channel, 1859. 
123. A harbor of refuge (Turtle harbor) to the northward and westward of Carysfort light­

house, :Florida reef, with a depth of water of twenty-six feet at the entrance, 1854. 
124. A new passage, with three fathoms water, across the Florida reef to Legare harbor, 

under Triumph reef, (latitude 25° 30' N., longitude 80° 03' W.,) which, if properly buoyed, 
will be valuable as a harbor of refuge, 1852. 

125. A safe rule for crossing the Florida reef near Indian key, 1854. 
126. A new channel into Key West harbor, 1850. 
127. Co-tidal lines for the Atlantic coast of the United States, 1854. 
128. Rules for navigators in regard to the tidal currents of the coast, 1857. 
129. Isaac shoal, near Rebecca shoal, Florida reef; not laid down on any chart, 1852. 
130. Channel No. 4, a northwest entrance into Cedar Keys bay, 1852. 
131. Directions for entering the harbor from Crystal River offing, western coast of Florida 

peninsula, 1856. 
132. A new channel discovered, leading into St. George's sound, (A.palachicola, Fla.,) at the 

east end of Dog island, and anchorage connected with it, 1858. 
133. Shoals near the east and west passes of St. George's sound, (A.palachicola, Fla.,) and a 

new channel found between St. George's and St. Vincent's islands, 1858. 
134. Mobile Bay Entrance bar; in 1832 only seventeen feet at low water could be carried 

over it; in 1841 it had nineteen, and in 184 7 it had twenty feet and three-quarters, as shown 
by successive surveys, 1847. 

135. The diminution, almost closing, of the passage between Dauphine and Pelican islands, 
at the entrance of Mobile bay, 1853. 

136. Horn Island channel, Mississippi sound, 1852. 
137. The removal of the east spit of Petit Bois isl.and in the hurricane of 1852, opening a 

new communication between the Gulf and Mississippi sound, and rendering Horn Island Pass 
more ensy of access by the removal of knolls, 1853. 

13~. The accurate determination of Ship shoal, off the coast of Louisiana, in connection with 
the s1te for u 1igbt·house, 1853. 
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139 . .An increase of depth of water on the bar of Pass Fourchon, La., 1854. 
140. Deep-sea soundings in the Gulf of Mexico, 1855-' 56. 
141. Tidal phenomena of the Gulf, 1855. 
142. The changes at .Aransas Pass, Texas, as bearing on the question of a light-house site, 

1853. 
143. Co-tidal lines of the Gulf of Mexico, 1856. 
144. On the effect of wind in disturbing the tides of the Gulf of Mexico, 1856. 
145. Development of a bar at the entrance of San Diego bay, Cal., 1856. 
146. A shoal inside of Ballast Point, Sa.n Diego bay, with only twelve and a ha1f feet water, 

not laid down on any chart, 1852. 
147. The determination of the position arnl soundings on Cortez bank, off the coast of Cali­

fornia, 1853. 
148. Complete hydrographic survey and determination of a point of rock on Cortez shoal, 

1856. 
149. Tides of San Diego, San Francisco, and Astoria, 1854. 
150. The non-existence of San Juan island, usually laid among the Santa Barbara group, 1852. 
151. Co-tidal lines of the Pacific coast, 1855. 
152. Determination of Uncle Sam rock, 1855. 
153. Investigation of the currents of Santa Barbara channel, 1856. 
154. Red sand marking the inuer entrance to the Golden Gate, 1855. 
155. Channel sounded out between Yerba Buena and the Contra Costa, San Francisco bay, 

1855. 
156. A reef developed off the Contra Costa flats, San Francisco bay, Cal., 1858. 
157. Whiting's rock determined in position, near the ''Brothers,'' at the entrance of San 

Pablo bay, Cal., 1858. 
158. Further development of the extent of Commission rock, San Pablo bay, 1856. 
159. Changes in the channel entrance of Humboldt bay or harbor, Cal., 1852 an<l 1853. 
160. South channel, Columbia river, surveyed and made available to commerce, 1851. 

Changes of channels, their southward tendency, anJ a new three-fathom channel from Cape 
Disappointment due west to open water, Columbia entrance, 1852. Further changes, 1853. 

161. The depth of water on the bars at the entrance of Rogue river and Umpquah river, 
Oregon, 1853. 

162. A shoal at the northern entrance to the Strait of Rosario, W. T., giving good holding 
ground in thirty-three feet, 1854. 

163. Boulder reef, northwest of Sinclair island, Rosario strait, partly bare at unusually low 
tides, and surrounded by kelp, 1854. 

164. A bank of three and a half fathoms, about a mile off the southwest point of Sucia island, 
at the northern entrance of Washington sound, W. T., 1858. 

165. Belle rock, in the middle of Rosario strait, visible only at extreme low tides, 1854. 
166. Entrance rock, at the entrance of Rosario strait, 1854. 
167. Unit rock, in the Canal de Haro, W. T., visible only at extreme low tides, 1854. 
168 . .A. three·fathom shoal in the Strait of Juan de Fuca, off the southeast part of Bellevue, 

or San Juan island, 1854-. 
169 . .Allen's bank, .Admiralty inlet, W. T., 1857. 
170. A five-fathom shoal in the Strait of Juan de Fuca, between Canal de Haro and Rosario 

strait, 1854. 
171. A bank in eleven fathoms off the southern entrance to Canal de Haro, 1854. 
172. The non-existence of two islands at the northern entrance of Canal de Haro, laid down 

on charts, 1853. 
173. Various surveys and charts of small harbors on the Pacific coast of the United States, 
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and a continuous reconnaissance of the entire western coast and islands adjacent, a great part 
of which was imperfectly known. 

174. Winds of the Western Coast of the United States, 1857. 

Additional list for 1860. 

I. A ledge with four fathoms water on it discovered S.SW. l W. (true) and a mile and a 
quarter from Pemaquid light-house, coast of Maine: 

2. Numerous dangerous reefs and ledges developed at the entrance and iu the approaches of 
Damariscotta river, Me. 

3. Two rock's, one with three and a quarter fathoms, the other with only ten feet of water, 
and a ledge with three and a half fathoms, found in the channel of Booth bay, Me. 

4. J ctfrey' s bank and Jeffrey's ledge, off the coast of Maine, thoroughly sounded out. 
5. Determination of the position of White Rock ledge, at the entrance of Saugus river, Mass. 
6. Discovery of a rock with only seventeen feet of water at mean low tide in the Narrows of 

Boston harbor. 
7. Special investigation of the currents of Boston harbor. 
8. Special tidal and current observations at the mouth of Scusset river, (Cape Cod bay.) 
fl. Discovery of a shoal lying N.NE., over six miles long, and twenty-four miles southeast of 

Davis's South shoal, with ten to ten and a half fathoms of water. 
10. Extent of the sea encroachment at Cape Hatteras, aud changes found near Hatteras 

inlet, N. C. 
11. Greater depth found through the channel of Coosaw river, S. C., (inland passage,) than 

has been hitherto supposed to exist. 
12. Changes in shore line and in depth observed in Ossabaw sound, Ga. 
13. A new channel developed leading into Sapelo sound, Ga., three-quarters of a mile south­

ward and better than the one in use. 
14. A shoal spot found off the coast of Florida, ten miles from land and fifteen miles NE. of 

Indian River inlet. 
15. Tennessee shoals, Florida reef, developed, giving only twelve feet of water on the outer 

shoal. 
16. The position of a sunken wreck determined and marked, lying off Grassy key, Florida 

reef, and near the track of vessels. 
17. Further investigation of the character of the Gulf Stream in the Florida straits. 
18. Indications noticed of a deeper and better channel forming to lead to the East Pass anchor­

age, St. George's sound, Fla. 
19. Changes in the depth of water observed by comparison of soundings at Perdido entrance. 
20. The currents of Mobile bay specially investigated. 

APPENDIX No. 9. 
Letter to the Secretary ef the Treasury, Btati"ng the position ef a roc'kfound qff Pemaquid Point aml 

ef others in tlte channel, qf Booth bay, Me., determined by Lieut. Comg. T. S. Pludps, U.S. N., 
.Assistant Coa.J3t Survey. 

BosTON, November 12, 1860. 
Sm: I have the honor to communicate, in extracts from a report of Lieut. Comg. T. S. 

Phelps, U. 8. N., Assistant Coast Survey, the particulars of several dangers to navigation, 
found while prosecuting the in-shore hydrograpby of the coast of Maine, in the vicinity of 
:Muscongus bay, with 1he steamer Vixen. · 
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"A small ledge, •with four fathoms on it, was discovered a mile and a quarter S.SW. ! W. 
(true) from Pemaquid light-house; also two rocks and a ledge in Booth bay, with the following 
distances and bearings from Burnt Island light-house, viz: 

"A rock with three and a quarter fathoms on it, i:;ix hundred yards south, (true.) 
"A rock with only ten feet of water on it, eleven hundred and twenty-five yards S.SE., 

easterly, (true,) and three hundred and ninety yards from the neare8t point of Squirrel island. 
"A ledge with three and a half fathoms on it, and eight hundred and twenty yards distant, 

S. by E. ! E., (true.) 
"These rocks are in the channel way in beating into Booth bay, between Squirrel i~land and 

South Port ledge.'' 
I would respectfully request authority to publi8h this communication in the form of a notice 

to mariners. 
Very respectfully, yours, 

Hon. HOWELL COBB, 

Secretary ef the Treasury. 

A. D. BACHE, 
Superintendent U. S. Coast Survey. 

APPENDIX No. IO. 
Report ef Lieut. Oomg. J. Wilkinson, U. S. N., Assistant Coast Survey, giving the be,arings and 

ranges/ram the Corwin rock, in the ~Narrows ql Boston harbor. 

u. s. COAST SURVEY STEAMER CORWIN, 

Boston Harbor, Septembe,1· 4, 1860. 
Sm: I communicate herewith the bearings and ranges of the rock discovered in Boston 

Narrows during the recent examination made in that 1ocality in pursuance of your instructions 
to me, dated July 14. This dangerous obstacle to navigation through the Nanows lies near 
mid-channel in four fathoms water, and has probably been encountered by Yessels. Tower 
rock, (or ledge,) upon which many were supposed to have struck, is much nflarer False Spit, 
and tbe sailing line passes between the two rocks, the distance between them being eighty-five 
yards. 

Bearings from Corwin rock. 

False Spit beacon, (E. AN.,) N. 74° 20' E., true. 
Narrows light-house, (NE. ! N.,) N. 33° E., true. 
Nix's Mate b~acon, (NW. AW.,) N. 61° W., true. 

Ranges. 

SW. corner of Nix' s }fate beacon wall and foundry chimney in navy yard. 
False Spit beacon and Boston light-house. · 
The newly discovered rock is of irregular shape, with a base of about a hundred and thirty 

feet in circumference and rises to a peak, with a depth on its crest of seventeen feet at mean 
low water, or fifteen feet and three-tenths at low water of spring tides. * * * 

Very respectfully, your obedient servant, 
J. WILKINSON, 

Lieut. Oomg., Assistant Ooast Survey. 
Prof. A. D. BACHE, 

Superi,ntendeni U. S. Coast Survey. 
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APPENDIX No. 11. 
Letter to the Secretary ef the Treasury, communicating particulars rel,ative to the position mid extent 

ef the Asia Rt'p and Pl1elps' s bank, off Nant-ucket, i11 extracts from tl1e report ef Lieut. Oomg. T. 
8. Phelps, U. S. N., Assistant Coast Survey. 

NEW YORK, November 14, 1860. 
Sm: Information having been received from Messrs. E. & G. W. Blunt, of New York, that 

her Britannic Majesty's mail steamer Asia, Captain Lott, had, on the 16th of August last, 
passed through a tide rip to the southward and eastward of Nantucket, upon which a sounding 
of eleven fathoms was obtained, a surveying vessel, under the command of Lieut. Thomas S. 
Phelps, U. S. N., Assistant Coast Survey, was despatched to make an examination of the 
locality. This resulted in finding the shoal reported by Captain Lott, and also·in the discovery 
of another of much greater extent. 

I have the honor to communicate, for the general benefit of navigation, the following 
extracts from Lieut. Comg. Phelps's report: 

"Near the position given by Captain Lott, of the Asia, is a small, well-defined rip, corre­
sponding with his description, it being about a mile in length and a quarter of a mile in width, 
with eleven fathoms on the shoal. IIalf a mile to the eastward of this lies the south point of 
another shoal which extends to the N.KE., six and a half miles, with but ten and ten and a 
half fathoms of water upon it. in several places. 

"These shoals are distinctly marked by the rips on both the flood aud ebb tides, hut with 
deep and smooth water between them. 'l'heir position is between the-

{ 
40° 46' N. } { 69° 19' W.} 

Latitudes Longitudes 
40° 53' N. 69° 25' W. 

and about twenty three (23) miles SE. by E. from Davis's South Shoal light-vessel.' 1 

An examination was made of a number of other rips in the vicinity, but no shoals or banks 
were found except those above described. 

I would respectfully request authority to publish the above. 
Very respectfully, yours, 

Hon. HOWELL CoBn, 
Secretary ef the Treas1try. 

A. D. BACHE, 
Superintendent U. S. Coast Survey. 

APPENDIX No. 12. 
Extracts from the report C!l Li'eut. Gomg. G. M. Fauntleroy, U. 8. N., Assistant OOOBt Survey, 

relative to the bar and channels ef Ossahaw sound, Ga. 

UNITED STATES SURVEYING SCHOONER VARINA, 

Ossabaw Sound, Ga., May 4, 1860. 
DEAR Sm: The channel outside of Ossabaw sound is narrow, and the entrance leading in is 

nearly six miles to the southward of it. The entrance can be approached with confidence, as 
the soundings shoal gradually from eight to three and a quarter fathoms, and that depth can 
b.e carried in nntil the north point of Ossaba.w island bears west, where the water dE>iepens to 
six and seven fathoms. Thence on, the water shoals until within one mile and a half of the 
north point of Ossabaw, nearly abreaat of the" point of bare shoal, where the channel is sud-
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denly obstructed by a belt extending inward for nearly two miles, over which but fourteen feet 
can be carried at 1ow water, to deeper soundings and a safe anchorage off the west point of 
Raccoon island, clrn>e to, in six and seven fathoms, sticky bottom. 

The line of shoal water extending from the north point of Ossaba'v islanl to seaward, and 
to the southward for four miles, on the one hand, and a line of breakers (north breakers) 
extending from the point of Great Wassaw island eight miles to the southward, on the other, 
form this channel. 

There is a slue or swash across tbe north breaker looking directly into the open way of the. 
sound, through which at least ten feet may be carried. When buoyed out this pa8sage ,v\ll 
doubtless be much resorted to by coasting steamers and others, that n°'v, for the moRt part, 
avoid the main entrance because of its distance and indirection. 

There appears also to be a cLauuel branching off from the main, in the vicinity of the first 
buoy, at the entrance looking toward Pi11e island, passing around the north side of Raccoon 
island, and leading into the Y ernou and Little Ogeechee rivers; but until the soundings have 
been plotted it is quite impossible to form a correct idea of the depth or character of the water 
in the sound, as the bottom is very irregular and uneven. I shall therefore confine myself to 
tbe narration of such general features as have presented themselves during the progress of the 
survey. The soundings have been carried up the rivers as far as the triangulation extends, 
and have been connected with those executed by the party of Lieut. Comg. 1faffitt. in the 
Romerly marnh. For a distance of bveuty·five miles up the Great Ogeecbee, as far as the 
crossing of the Albany and Gulf railroad, there is much traffic carried on in smaU schooners, 
and this region produces its millions 1vorth of rice and cotton, which finds its way through 
these inland waters to the Savannah market. It ii:; desirable, therefore, that this river should 
be sounded out to the chief landing at the point of crossing above mentioned. 

The bar buoy and the next one in turn (there liaving been originally five buoys in all) haYe 
not been in place during our sojourn here. The readjustment of them should he deferred until 
the reduction of our soundings, when the exact positions necessary for their occupations can 
be indicated. * * * 

From a comparison with the hydrographic reconnaissance made of the channel-ways of 
Ossabaw by Captain Mackay, U. S. A., in 1846, it would seem that great changes have since 
then occurred, and aU for tbe· worse. 

The seaward face of Ossabaw island has certainly undergone considerable change of feature 
since that portion of the shore-line embraced in my projection was executed. The triangula­
tion point "north Ossabaw island No. 2" has washed away since the commencement of our 
survey, and the spot is now marked by a large tripod erected by my party. 

* * * * * * * * * 
Yours, very respectfully, 

CHAS. M. FAUNTLEROY, 

Prof. A. D. B.ACHE, Superintendent U.S. 
lieut. <Jomg., U. S. ~N., Asst'.~tant Ooa1:;t Suri,ey. 

Coost Survey. 

APPENDIX No. 13. 
Lettet· io the Secretary qf tlte Treasury, descriptive of a 1lew channel into Sapelo sownd, developed 

by Lieut. Comg. (J. M. Ji'auntkroy, U.S. N., .Assistant CoMt Survey. 

COAST SuRYEY OFFICE, May 12, 1860 . 
. SIR: I send her~with an unfinished i)roof of a chart of Sapelo entrance, which I think will 
interest you. It shows a new channel jnto Sapelo, developed by the Coast Survey. The 

17 c 
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hydrography is by Lieut. Comg. Fauntleroy, U. S. N., Assistant in the Coast Survey. Lieu­
tenant Bent makes tlie comparison of the old and new ehannels as follows: 

"The new channel crosses the bar three-quarters of a mile to the southward of the old one 
now in u::;e, and has much the appearance as if it was forcing itself through the bar, which at 
this point is only about one hundred feet in width, and with eighteen feet of water upon its 
shoalest part, the soundings showing twenty feet on either side, and deepening gradually both 
to sea mird ·aml ill-shore along the channel coast. There are eighteen feet of water on the bar, 
but only seventeen feet in the old channel. In the latter the bar is fully a mile in width, and 
the slightest deviation from the channel course would carry a vessel into sixteen or fifteen feet. 
Tho new channel, on the contrary, is wide, and the bar being so narrow affords great advantage 
to vessels of large draught.'' 

I would respcotfolly request authority to publish the information in reference to this new 
channel. 

Y cry respectfully, yours, 

Hon. HOWELL Conn, Secretary qf tlw Treasury. 
A. D. BACHE, Superintendent. 

APPENDIX No. 14. 
Leiter to the Secretary ef ihe Trea.mry, u-ith extracts from the report of Lieut. Comg. Jolin Wil­

kinson, U. S. N., As3istant Coast Survey, relative to dangers to navigation on the Fwrida reef, 
off Long key and Grassy key. 

Co.A.ST SURVEY OFFICE, July 7, 1860. 
Sm: I have the honor to transmit, for the information of the Light-house Board, extracts 

from the report of Lieut. Comg. John Wilkinson, U. S. N., Assistant Coast Survey, with a 
sketch showing the position of Tennessee shoal, Florida reef, and also the position of a wreck 
off Grassy key, determined in the course of the season's work of his party in the steamer 
Corwin. 

''A careful examination was made of Tennessee shoal, which is more properly a group of 
shoals bearing 8. by E. (by compass) from the east end of Long key. The outer and most 
dangerous one, with only twelve feet of water on it, is upon an elbow of the reef, and so close 
to the edge of it that vessels bound to the ·westward, and keeping the shoal water close aboard, 
are in great danger of running upon it, as there is deep water (twenty fathoms) within a cable's 
length to the southward. Several -vessels are said to have struck there, but it is almost impos­
sible to obtain reliable information where such casualties occur upon this coast. It is certain, 
however, that the shoal receives its name from a ship that was wrecked there many years 
ago. As it would be impracticable to mark its place permanently by a beacon, I would respect­
fully suggest that a buoy with heavy moorings might stand, which would be a great aid to navi· 
gation through the straits." 

* * * ''In the course of the season's operations the position of a sunken 
wreck off Grassy key was determined. It lies in twelve feet water, on the northern edge of 
the Hawk channel, and bears south, by compass, distant about two miles from the middle of 
the key. As it is a dangerous obstac1e to navigation, few even of the coasters knowing its 
exact locality, its position was marked by a pole as well secured as our means would permit. 
A buoy sl1ould be placed on the obstruction.'' 

I would respectfully request that the enclosed tracing may be transmitted, with a copy of 
this communication, to the Light-house Board. 

Very respectfolly, yours, 

Hon. HOWELL CoBB, Secretary qf tlte Trewiury. 
A. D. BACHE, Superintenaenl. 
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APPENDIX No. 15. 
Letter to the Secretary ef the Treasury, giving tne position of a shoal spot recently formed off 

Warrington navy yard, (PeMacola,) as determined and communicated by Lieut. Comg. T. A. 
Craven, U. S. N. 

NEW YORK, November 15, 1860. 
Srn: I have the honor to communicate that having received information from S. Thayer 

A.bert, esq., civil engineer, Pensacola navy yard, of the existence of a shoal spot in the 
channel leading into Pensacola bay, Lieut. T • .A.. Craven, U. S. N., commanding the U. S. 
steamer Mohawk, made an examination of it at my request, and reported tlie following result: 

"The shoal, which has but 20 feet of water upon it at mean low water, lies SE. from the 
navy yard, and about midway between the main and Santa Rosa island. 

''The following bearings from it determine its position, v1z: 
Hospital, (magnetic,) NW. ~ N. 
Church, (magnetic,) N. 
Chimney, (navy yard,) (magnetic,) NE. by N. 
Fort McRae, (flag-staff,) (magnetic,) SW. by W. l W. 
Fort Pickens, " SW. 
"This shoal is evidently of recent formation, and supposed to have been caused by a sunken 

tree or log." 
I would respectfully request authority to publish this as a notice to mariners. 

Very respectfully, yours, 

Ilon. HOWELL COBB, 

Secretary of the Treasury. 

A. D. BACHE, 
Sitpenntendent U. S. Coast Survey. 

APPENDIX No._ 16. 
Tide tables for the use of navigators, prepared from the Coast Survey observations lnj A. D. Bache, 

Superintenderd. ( Furni8hed by aiitTwrity of the Treasury Department to E. and G. W. Blunt, 
New York, and revised October, 1860.) 

The following tables will enable navigators to ascertain the time and height of high and low 
water in some of the principal ports of the United States. The results are approximate, the 
-observations being still in progress, but they may safely be used for practical purposes. The 
number of places of observation, and the time during which many of them have been made, 
are steadily on the increase as the Coast Survey advances. 

The tides on the coast of the United States, on the Atlantic, Gulf of Mexico, and Pacific, 
are of three different classes. Those of the Atlantic are of the most ordinary type, ebbing 
and flowing twice in twenty-four hours, and having hut moderate differences in height between 
the two successive high waters or low waters, one occurring before noon, the other after noon. 

Those of the Pacific coast also ebb and flow twice during twenty-four hours, but the morning 
and afternoon tides differ very considerably in height, so much so that at certain periods a rock 
which has three feet and a half water upon it at low tide may be awash on the next succeeding 
low water. The interva.ls

1 
too, between successive high and successive low waters may be very 

unequal. 
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The tides of ports in the Gulf of Mexico, west of Cape St. George, ebb and flow, as a rule, 
but once in twenty-four hours, or are single day tides. At particular parts of the month there 
are two small tides in tho twenty-four hours. The rise and fall in all these ports is small. 
East of Cape St. George the rise and fall increases ; there are two tides, as a rule, during the 
twenty-four hours, and the daily inequality referred to in the Pacific tides is large. 

Tbese peculiarities require a different way of treating the cases, and in some of them separate 
tables. 

I propose to enable the navigator to find, from the Nautical Almanac and the following 
tables, the time and height of high and low water at any date within the ordinary range of 
difference produced by winds and other variable circumstances. I will endeavor to divest tho 
matter of unfamiliar technical expressions as far as practicable, though for shortness' sake, 
eome such terms may be employed after defining them. The discussion of the Gulf tides-has 
not been carried so far as to enable me to present the results in as definite a form as the others. 

As is well known, the interval between the time of the moon's crossing the meridian (moon's 
transit) and the time of high water at a given place is nearly constant; that is, this interval 
varies between moderate limits, which can be assigned. The interval at full and change of the 
moon is known as the establishment of the port, and is ordinarily marked on the charts. As 
it is not generally the average of the interval during a month's tides, it is a less convenient and 
less accurate quantity for the use of the navigation than the average interval which is used on 
the Coast Survey Charts, and is sometimes called the ''mean'' or '' corrected establishment.''* 
The following table gives the principal tidal quantities for the different ports named in the 
first column, where they are arranged under specific heads. The third column of the table 
gives the mean interval, in hours and minutes, between the moon's transit and the time of 
high water next after the transit ; the fourth, the difference between the greatest and the least 
interval occurring in different parts of the month, (lunar.) A simple inspection of this column 
will show how important it is to determine these changes in many of the ports where they 
amount to more than half an hour, or to more than fifteen minutes from the average interval. 
The fifth, sixth, and seventh columns refer to the height of the tide. The fifth gives, in feet, 
the average rise and fall, or average difference between high and low water. The sixth gives 
the greatest difference commonly known as the rise aud fall of spring tides; and the seventh the 
least difference known as the rise and fall of the neap tides. 

The average duration of the flood or rising tide is given in the eighth column; of the ebb 
or falling tide in the ninth; and of the period during which the tide neither rises nor falls, or 
the "stand," in the tenth. The duration of the flood is measured from the middle of the 
st.and at low water to the middle of the st.and at high water, so that the whole duration from 
one high water to the next, or from one low water to the next, should be given by the sum of 
the numbers in the eighth and ninth columns. At most of these places given in the list a 
mark of reference has been established for the height of the tide. I have omitted the descrip­
tion of these marks, (except in the following localities,) as of no particular interest in this con• 
nection. 

BENCH-MARKS. 

Boston.-The top of the wall or quay at the entrance of the dry dock in the Charlestown 
navy yard, is fourteen feet r"lo (or 14.69 feet) above mean low water.t 

New York.-Tbe lower edge of a straight line cut in a. stone wall, at the head of a wooden 
wharf on Governor's island, is thirteen feet 1Vo (or 13.97 feet) ~lhove mean low water, The 
letters U. S. C. S. are cut in the same stone. 

"This tenu was introduced by the Rev. Dr. Whewell, who ha.s done so much for the investigation of the la.w$ ot the tides. 
t In consequence of ..iterations m..de to the wall during the year 1860, the coping ia seven hundred.tbs -0£ a. foot~er tb.a!l 

formerly. · · .. ·· 
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Old Point Comfort, Va.-A line cut in the wall of the light-house, one foot from the ground, 
on the southwest side. is eleven feet (11 feet) above mean low water. 

OliarT.eston, S. 0.-The outer and lower edge of embrasure of gun No. 3, at Castle Pinckney, 
is ten feet io~ (10.13 feet) above mean low water. 

TABLE I. 

Tide table f<J1' tlu CtJall/, of lk Unib!d Stat.ea. 

PORT. STATE. 

INTERVAL BETWEEN 

TIJllE 01" MO-ON 1!1 

Tll.dfSIT A.ND TIME 

or !UGH W.&T£R., 

ltl8E .A.HD PALL .. XJl:A.N DUR.A. rlON OF-

1---------1---~---~----1-------~---
e ~~~ ~ I . I 
-~ j j~~ = ~ I ! I ! ~ ~ = 1~Wd ~ 't: e:s 0 ,o :i::; 

~ iS ti~ i I :- z £ r3 ~ 

________ 1_. _______ / ____ 2_. ___ .:_--_-_--3~.~~=1 4. I 5. 6. I 7. -8. 9. 10. 

COA.8'J." J'l\{)JI POl\.TLA.ND TO NEW "'Y01lll· I 
Hanni welt's Point, Kennebec river ...•••.. 1 Maine ....... ,. u•• 

Portland ................................ · j' .... do.··· ...... ·••· 
Portsmouth. .............................................. ,, N~w Harnp.sh;re.., .. 
Newbury-pon....... •• . .. .. . . . . • • • . • •• •• •• . . Massachut-ietts .... , 
Bockpmt ................................... do ............ .. 

Salem •••••••••••••••••••••••••••••••••••••••• do ............. . 
Boston Light .......... , ...................... do ............. . 
Boston .................................................... do ................ . 
Plymouth • .fl. .. .............................. do ............. . 

Wel\t\e-et ................ •••••••• •.••••.. ..... do •.•••......••. 
Provincetown• ................................ do .......... ,, ... . 
Monomoy ..••••• ·••••• •••• ••••••••.••••.. •••• do ...... •..•.•.. 
Nantucket ............................... , , ...... do •••• •• , , , ••... 

Hyannis ............................................ do ••••••. ........ 

Edgartown ••••• , ................. , ••••••.••. do ............. . 
Holmes'e Hole .............................. .•. . do ............... . 

Tarpauli::n Cove ............. •••••••• •••...•••• do ..... , •.......• 
Wood's Hol<i,north Bide ...................... do •••• ,, ....... . 

Wood-'• He1le~ soutti •id.e ..••••• ••••• ••. , ..•. . do .............. . 
Menemslla Bight ••••.•••••••• ..,.......... • •. do ............. . 
Qulck:'s Bol-e, north side ....................... . do ............... . 
Quic:k'"a Hale., aDU.th Bld.e .. •••••.•••••.•...•.•. do ...... •... , ..... . 
Cuttybook ................................... do ............. . 
KetUeCove ................................ do ............. . 
Bird f.SJla.nd lltht ••. .•• , ................. , • , ••.. do •• ............. 

New Bedftlrd entrance, (lllllllplinf Rock) •.•.. do •••••••••••••• 

New{Jort....... •••••• •••••••••• •••• ...... Rhoe!" lsland .... .. 
Point .Judith ................................. do ............. . 
Block IlllaD4 ................................. do ............ . 

Montauk Point, I .. I .• •••••••••••••••• .... New York ........ . 
Bandy Hoolt .......... , ........................ ,do .•••••...•••.. 
New York ....................... _ .............. do .••...•...••.. 

JlUD&OJI JUY•B. 

Do1il>'• Perry • ••••• •• • ••• ••••• •• • •• • • •• .. New York .•••••••. 
1'atrytowri •••• •• •••••• •••••••• ................. . do .................. . 
Y4tplall<>lt'a Point.... • •• • • • • • • • • • • • • • .. • • • • , • clo •••• , ••••••••• 
Weat Point .. ~ •••••••• •••• ••••• , •••• •••• •••• do ........ •••••• 
l'mlctikeepale. • • • • • • • • • • • • • • • • • • • • • • • • • • • ••• do •••••••••••••• 
TivoH ....................................... do ............ .. 

~::.:.:::::::: :::::::::: :::: ::: :: : ::: ::: : :::::::::::: :: :::: :: 
Greenn.b ... •• ... ~ ..... · • • ··• • • • •. • • ..... : •.......... • do. .-........... .. 

/a..11 .. 
11 15 

11 25 

11 23 

11 ll2 
10 57 

11 l3 

11 l!! 
ll 27 

11 19 

11 5 

11 ll2 
11 58 

12 24 
12 ll2 

12 16 

11 43 

8 4 
7 59 
8 34 

7 45 
7 31 

7 36 
7 40 

7 46 
7 59 
7 57 
7 45 

7 32 

7 :J6 

8 20 
7 ll9 
B 13 

9 l!I 

1157 

10 8 

11 2 
l!l 34 

1 24 
3 23 
4 fl!) 

5 >12 

li..m. 

l 14 
0 44 

53 
5(1 

42 
so 
:15 
43 

51 

l 13 

4V 
37 
37 

30 
34 

:n 
49 
5:), 

45 

l 0 

l 15 

l JO 

49 
1 0 

45 

41 

24 

46 
41 

1 11 
47 
-13 

44 

58 
:14 
37 
54 

51 
46 
55 

.40 

Feet. 
8,J 

8.9 

8.6 

7.S 
8.6 
9.2 
9.3 

10.0 

10.2 

11.2 

9.2 
3.8 
3,1 

3.2 

2.0 

1.7 
2.3 
4.0 
1.6 
2.7 

3.7 

3.1 

3.5 

4.3 

4.4 
3.B 

3.9 
3.1 
2.8 
1.9 
4.8 
4.3 

3.6 
3.5 
3.1 
2.7 
3.2 

4.0 

3.8 
2.7 
2.3 

Feet. 
9,3 

9.9 

9.9 

9.1 

10.2 

10.6 
10.9 
11.3 
ll.4 

13.2 

10.8 

5.3 
3.6 
:l.9 

2.5 

1.8 

2.8 
4.7 
2.0 
3.9 

4.3 

:l.8 

4.2 
5.0 

5.3 
4.6 
4.6 
3.7 
3.5 

!!.4 
5.6 
5.4 

4,of I 

4.0 
3.8 
3.2 
3.9 

4.6 
4.4 
3.0 

2.5 

F~ct. 

7.0 
7.6 
7.2 
6.6 

7.1 
7.6 
8.1 
8.5 

9.0 

9.2 

7.7 
2.6 
!l.6 
l.8 

L6 

1.3 
1.8 
3.1 

l.2 
1.8 

2.9 

2.3 

2.9 

3.7 
3.5 
2.8 
3.1 

2.6 

2.0 

1.8 
4.0 
:J.4 

!!. 7 
!l.7 
2.5 
2.0 

2.4 

3.2 
3.0 
2.3 

1.9 

/&.m. 
6 16 

6 14 

6 !22 

5 16 

6 Ji 

6 l9 
6 20 
6 13 
6 13 

6 6 
6 16 
6 !IS 

6 I!:! 
6 44 

6 51 

6 41 

6_ 9 
6 51 
5 17 
6 14 
6 31 

6 519 

fi :u 
6 17 
6 51 
6 50 
6 Ill 

6 12 
6 23 
6 17 
6 IO 

6 B 

6 5 
6 6 
5 2.5 
5 28 

5 41 

5-«! 

5 18 
5 1 ... 

1 .. m. 
6 ll 

6 l!l 

6 7 
7 9 

6 9 
6 6 
6 6 
6 13 
6 17 

6 17 

6 10 
5 59 
5 44 
5 41 
5.29 

5 21 

6 17 
5 31 
7 JO 
6 14 
5 54 

5 55 

5 54 

6 4 
5 5S 
5 33 

6 3 
6 JO 

6 2 

6 7 
6 15 

6 25 

6 18 
6 20 

7 12 
7 10 

6 44 

6 54 

7 !I 
7 23 
71ill 

h.m. 
0 22 

20 

21 

24 

30 

G 
15 
II 

29 
15 

21 
36 

9 
9 

!14 
12 

34 

38 
59 

4 

39 
40 
39 

29 

42 

23 

1 0 
5 

31 
21 
28 

17 
13 
l6 

llO 

22 
25 
31 
90 

•Prom Ma,jor J. D. Graham's ol>oervationo. 
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TABLE 1--Contlnned. 

IHTZRVA.L JIETWl:BN 

TIM.I: OP XOO!f18 

TR...LHSIT ..&.ND TIWK 

07 .BlO-B W .AT•R.. 

au& •MD PJ..LL. XICJ..N ttt11U.TlOM OP-

STATE. 

] ~1~ I ~ al .:; I 
I .S ~jj§ :]l ~ :g .:; 

I .Cl-~ g I ~ ;,. ~ '° 
I 

! ~ ~_; m ·s. : 1 I :g § 
------· ------------------!-----_A ___ --~----"'-- --"'-- __ r.. __ 1 __ 14 ____ ,,, __ 

I. I 2. 3. 4. 5. fi. 7.' I 8. 9. JO • 

. LONO ISL~NTl SOUND. I A. "'· 1'~ ;30: F•22et:~7'11. &33~.~2 F•2::·24. , II 66. ':1<5~ 1>56• :'.,10. ,.~ m251~ 
Watch Hill ..... , ........................ , Rhode Island . ••••• 9 {) ~ ~ 
Stonington ....................... ~ .•.....••. : Connecticut.. . . . • . . 9 7 

Little Gnll island ................ •• ...... ' New York ..... • 9 38 l ~~ ~·."s" 23 •• 91 ~-.31 1. 65 561 66 2261 ~ 
Ne-w London .................. ~, ............ ' Connecticut......... 9 28 ~ "" ,.:; -

Newllaven ··········•••••••·•··········l····do............. ll 16 
6 5 
6 7 
6 24 

6 31.1 
6 35 
6 33 

33 

30 

2:i 
H 
Ill 
43 

Bridgeport ......................... • • • • • • • ••• do. • • .. • .. .. • • • • l1 11 
OysterBay,L.l. ........................ 1 NewYork......... ll 7 

Band'• Point, L. I. ....................... ! .... do.............. ll 13 
New Rochelle ............................... do.............. 11 22 

Tbrog'• Neck .................... "'""'j"'"do......... ..... 11 ~O 
<:OA.ST 0-F NEW JEJU9£Y, 

Cold Spring ialet ............... .. . . • . ... .. . New Jersey .... ,... 7 32 
Cape May landing ...................... 1 •••• do.............. 8 19 

DEL&W.a...RE BAY •ND IUV£1t. 

Delaware breakwater...................... Delaware ........... . 
Hij:bee's, Cape May ............................. New Jersey ........ . 
Egg Island Jigbt.. ...... ••.••• ...... •••••• do ............ .. 
Mah-0u'ariver ............. ........... •••••• Delaware .......... . 
Newcastle .••••..• ..... , ....................... do ...... , ........ . 
Philadelphia..... ... • •• . .. • • • • .. . • .. • • • . . . Penn•ylvania. .... .. 

C'Blt9.&.P.R.J.Jl'£ BJ..Y A.JID RIVE&l!!I. 

Old Point Comfort ................. •• 00 •·1 Virginia .......... • 
Point Lookout •••••• , , ..... , .. • • .. .. ... • Mnryland .......... i 
Annapolis ..................... , . • • • . . . . . . • . ..• do •• , , , •••••••• 
Bodkin light ................................. do ............. . 
Baltimore .................................. ..•• do .................. . 
Washington ............................... Dist. of Columbia,, 

James ri""r, (City Point) ..... ... • • • .. .... Viq:inia ........... . 
:Richmond .................. , ................ do ............ .. 
Tappahannock, .............................. do ......... , , 

(l0A.8T or NOR.TR 4JllD llOUTJt C.t..llOLlN.A., 

Q&ORGu., .. urn FLOlllDA... 

Hatteraa Inlet ........... , ... , .. .. • • .. ... • N ortb Carolina .. .. 
Bcaul'ort ................................. l .... do .......... . 
B&ld Head ............................... 

1 

..... do ... , ......... . 
Smithville .................................. do ............. . 
Wilmington ........................................ . do .............. . 

Georretown e-ntrance.............. . . ... . .. . . ... .. Sooth Carolina ..... .. 
BllH's Ilila.nd bay .............................. 1 .•.• do ............... . 

Chtrleston, ( eu>tom-house wharf) ............ do .......... , ... 
St. Helcna8ottod ............................ do ............. . 
l,0-rt Pulaet.1, (Savannah entrance)........ Georgia •... , ....... . 
Savannah, (dry dO<>k wharf) ................. do.~ ........... . 
Doboy Light-ltOOl!e ........................... do ............. . 
St. Simons ......................................... . do ................. .. 
Fon Clinch .. , , .............. , , ...... , ....... , . Florida ••. , . , , ••••. 
St. Jobn'~ river ................................. d.-o-•••• , ••••••••• 
St. Auguati11e ..... .............................. ...... do ....... •••••••• 

~::~:::: :.: ::::::::::: ::::::::::::: ::::::::::::: :: :::: 

8 0 
ll 33 

9 4 

9 5:! 
11 53 
13 44 

8 17 

12 58 
17 4 
18 8 
18 /;II 

2ll JO 

14 :f7 

16 M 

12 58 

7 4 
7 26 
7 !16 
7 19 
9 6 
7 56 
7 16 
7 116 
7 6 
7 llO 
8 13 
7 33 

7 43 
7 53 
7 SIB 
8111 
8 34 

8 113 
e 40 

l 8 

l 3 

51 

31 

32 
:J9 

w 
43 

51 

4B 
24 
4t 

60 

45 
40 

48 
44 

52 
1 0 

l 6 

46 

57 

50 
:w 
ll8 

1 0 
.fl! 
57 
48 

1 0 
'40 

51 
ll5 
46 

1 6 
48 
.j3 

51 
49 

5.9 

6.5 

7.3 
7.7 
7 .6 
7.3 

4.4 

4.B 

3.5 

4.9 

6.0 
5.9 
6.5 
6.9 

.'2.5 

1.4 
0.9 
1.0 
1.3 
3.0 

2.8 
2.9 

l.6 

2.0 
2.8 
4.3 

4.5 
2.7 
3.8 
4.8 

5.1 
5.9 
7.0 
&.5 
6.6 
6.8 
5.11 
4.5 
4.51 
1.15 
l.8 
1.51 

6.2 

8.0 

9.2 

B.9 
8.6 
9.2 

5.4 
6.0 

4.5 

6.2 

7.0 

6.9 
6.9 
6.8 

3,0 

l.9 
1,0 
1.3 
1.5 
3.4 
3.0 

3.4 

1.9 

!2.2 
3.3 
5.0 
5.5 
3.1 
4.7 
5.7 
6.0 

7.4 

B.O 
7.6 
7.8 
8.11 

6.7 
6.5 
4,9 
1.8 
11.ll 
·11.1> 

5.2 

4.7 

5.t 
6.4 
6.6 
6.1 

3.6 

4.3 

3.0 

3.9 
5.1 

5.0 
6.6 
5.1 

2,0 

0.7 

o.e 
0.8 
0.9 
2.6 
2.5 
.!l.lfl, 

1.3 

1.8 

51.2 
3.4 
3.8 
2.2 
11.7 

3.7 

4.1 
<1.4 
5.9 
5.S 
5.4 
5.4 
5.3 
3.'l' 
3.6 
1.2 
lJI 
o.s 

B 2t 
B l 
6 B 

5 li5 
5 51 
II 50 

11 B 
11 ll 

6 15 
6 26 
5 52 

6 11 
5 6 
4 52 

6 1 
Ii 59 

6 11 
5 23 
5&4 
5 :f7 

5 14 

4 .1-3 
5 21 

6 7 
6 11 

6 16 
6 1 
4 45 
6 4 
6 20 
8 19 

6 13 
5.f!I 
li 4 
e 11 
6 10 
e 11 
Ii !IS 

II IS 
•. o 

•• 
IS lll 

6 18 

6 15 

6 6 
6 0 
6 27 

6 ll 
A3 
7 6 

6 25 
6 19 
6 1$ 
7 8 
G 33 

6 49 

• 51! 
7 31 

7 6 

6 7 
• 10 
6 17 
691t 
140 
8 111 

6 6 
8 1 
6 ll2 
G 3$ 

11111 
G llO 
6 11! 

6 17 
6 9l 
811 

•• 
58 
~ .. 

19 

20 

'JEi 
19 
311 
~ 

47 

15 

14 
3$ 

32 
15 
44 

32 
3$ 

50 

4ll 
31 
SIS 
30 
35 
311 

33 
23 
116 
14 

UI 
1111 

* 19 
13 
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TABLE I-Continued. 

PORT. STATE. 

I. 2. 

l.NTEJtV.r..L EET'f\o'EEN' 

TllrlE or MOON'S 

'Tlt.A.N1!UT ..L.ND TIME 

-OPl!lGll WA.TB.&. 

llt&E ~ND r .A.LL. KR.Alf 'D'tillATIOM OP'~ 

iii !---~ \ ~ ~II 
-=!$~ ~ .E g ~ I . .,; 
a ti~ ~ ~ ~ I ~ ~ l ~ ------------1---,---,---

3. 4. 5. 6. 7. I 8. I 9. I IC. 

-V-OA_8_T_O_F_JIO_ll_T_Jl_A._N_D_SO_UT_U_C_4_11_0_Ll_!f_4_J !-------:-----!------------·---i---------
GROB.Ol:J.. ... MD Pt.OR.ID.&.-Continued. 4. m. A. m. Feet.. Feet. Fut. It. m. A."'· Jt. m. 

Key West ••••••••••••• ,................. Florida ••••• , •• , •• 

Tonugas •••••••••••.••••..••.••••••••••••••• do ............. . 

Tampa Bay, (Egmont key) ................... do ... , ••••••••• 
CednrKeye, (Depot key} .... , ............ f .... do ............. . 

St. Ma.rk's ............ ., •• , .......... ····1····do ............. . 
WUTERN COA.l'T, 

Ban Diego, .............................. i Caliromia .... , ... . 
t:San Pedro ••.•••• ,.,,., •••••• ,, .•••••.•••. ! •••• do .......... , .. ,,, 
Cuyler:! harbor ........................... ~ ..•• do ... , ••..• , .• , .. 
San Luis Obispo ........................... ! ..... do .......... ,, .. . 

Monterey ........................... ............... 1 ..... do ................ , 

South FaralJone .............................. 1 .•• •• do .............. .. . 
San Fnne~co, (north beac!J) , ............... i ...... do ... -u ,. ........... .. 

l\farc Island~ (San Francisco bay}•••• .... · .••. do ............... . 
Benieia . ...... , ............ ,. ... , . , ..••...•... ! •••• do., .......... , , . 
Ravenswood ............................ .i, ... do ............. I 
B"1l.,1a .............................. ···+···do ............. . 
Hu.mbaldt bay ............... ············1 .... do ............. . 
Port Orford , • • • • •• • • • • • • • • • • • • • .. • • • .. .. • O"'gon Territory ..• 
A•toria ..................................... 00 ••••••••••••• , 

Nee.ah harbor ...................... ""I Washington Ter'Y. 
.Port Towns bend• •• .......... , . . . • • . .. • • • • • . •.• do • .•. ,. ••••... , . 
Steilacoom* ................................... 1 •••• do ....... .......... . 

Semi-ah-moo Ny• .................... ····! .... do ............. . 

9 30 1 1.5 1.3 1.5 0.9 6 :;5 5 2!I 0 J:!. 

9 00 l :12 l.2 1.5 0 .6 6 43 5 40 
lt 21 l 33 1.4 l.8 l.O 6 :16 6 11 4a 
13 15 

13 as 

9 38 
9 39 
9 !!<; 

10 8 
10 22 

10 37 

12 6 
13 40 

H IO 
12 36 
ll 17 

12 2 

11 26 
12 42 
12 33 
3 49 

4 Mi 

4 50 

l 55 
2 0 

l 35 
l 48 
I 2 

1 52 

49 

l 16 

l 4 
l 15 

l 0 
57 

1 54 

1 11 

l 6 

l 13 

l 28 
l 3 

I 6 
I 2 

3.7 
:J -.. 
J.7 
3.6 
3.4 

3.6 

3.6 

4.8 
4.5 
6.3 
3.6 

4.4 

5.1 
6.1 
5.6 
4.6 
9.2 
5.7 

:l.2 

2.9 

5.0 
4.7 
5.l 
4.8 

4.3 

4.4 

4.3 
5.2 
5.1 
7.3 

4.7 

5.5 

6.8 
7.4 
7.4 

5.5 

11. I 

6.6 

l.6 

l.4 

2.~ 

2.2 
2.8 
2.4 

ll.5 

2.8 
2,6 
4.1 
3.7 
4.P 
2.7 
3.5 

:1.1 
4.6 
4,8 

4.0 

7.~ 

4.8 

6 bl 

6 12 

6 22 
6 18 

6 13 

6 25 

6 31 

6 18 

6 39 
6 13 
6 ll6 
6 15 
6 19 

6 19 
6 19 
6 3 
6 2() 

6 34 

6 3 
6 II 

6 13 

6 11 

6 0 
6 5 
6 5 
5 58 
6 2 

6 9 

5 51 
6 7 

5 59 
6 ll 
5 59 

6 0 
6 1 
6 28 

6 6 
5 52 
6 25 

6 19 

30 
30 

34 

*See remarks on page 144 and following. 

Note.-The mean interval in column 3 bas been increased by 12h. 26m., (half a l!tean lunar 
day,) for some of the ports in Delaware river and Chesapeake bay, so as to show the succession 
of times from the mouth. Therefore 12h. 26m. ought to be subtracted from the establishments 
which are greater than that quantity before using them. 

The foregoing Table I gives the means of determining, roughly, the time and height of high 
water at the several ports named. The hour of transit of the moon preceding the time of high 
water is to be taken from the Almanac, and the mean establishment being added the time of 
high water results. Thus: 

Exampl,e I.-It is required to find the time of high water at New York on November 5, 1854. 
The American .Almanac gives Oh. Om. as the time of transit of the moon on that day. The 
mean interval for New York, from Table I, column 3, is Sh. 13m., ·which, as the transit was 
at Oh., is, roughly. the time of high water. The moon being full, the height is that of spring 
tides of column 6, viz: 5.4 feet. If the soundings on the chart are reduced to low water spring 
tides, 5.4: feet are to be added to them to give the depth at high water. If the soundings are 
reduced to mean low water, the rise and fall of mean tides being 1.1 foot less than for springs, 
the rise or increase of depth will be half of this, or O. 6 of a foot less than 5.4 feet, which. is 
4.8 feet, .or nearly four feet t-en inches. 

Exampl,e IL-Required the time of high water at BOston on January 23, 1851. From the 
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American Almanac we find the time of the moon's southing or transit on that day 5h. 18m. 
a. m., and from Table I the mean interval at Boston dry dock is Uh. 27m. 

\Ve have then 5h. 18m. time of transit. 
To which add 11 27 mean interval from Table I. 

16 45 time of high water, or 4h. 45m. p. m. 
If the Greenwich Nautical .Almanac is used, add 2m. to the time of transit of Greenwich for 

every hour of west longitude and its proportional part for less than an hour. It will suffice to 
take the half hour which may be over any number of hours, as the correction for less than this 
would be less than one minute, and need not be taken into account. Thus, Boston is 4h. 44m. 
west of Greenwich. The correction to be applied to the time of transit of the moon is, for the 
four hours, eight minutes, and for the forty-four minutes, one minute. The time of transit on 
the date assumed in the preceding example is l 7h. 9ni. of the 22d, or 5h. 9m. a. m. of the 23d, 
to which add nine minutes; the correction just found gives 5k. 18m., as before ascertained from 
the American Almanac. 

In using the United States Nautical .Almanac, in the astronomical part of which the transits 
of the moon are given for the meridian of Washington, the corrections required may, in this 
first approximation for the Atlantic coast, be neglected. To find the time of the next following 
Jow water add, from Table I, the duration of ebb tide. 

This gives 4k. 45m. p. m. timo of high water. 
6 13 duration of ebb tide from Table I. 

10 58 p. m. 
By subtracting the duration of flood tide we obtain the time of the preceding low water, 

lOh. 32m. a. m., recollecting that 4h. 45m. p. m. is the same as l6lz. 45m. reckoned from mid­
night. 

The height of this tide, corresponding to the transit of 5Jt., will bring it nearly to a neap 
tide, and the rise and fall obtained from column 7, Table I, is 8.5 feet. The next following 
high water may be had by adding to the time of low water the duration of flood from Table I. 
Thus: 

lOh. 58m. p. m. time of low water January 23. 
6 13 duration of flood from Table I. 

Sum 11" 11 or 5h. 11 m. on January 24. 
Or, having found the time of high water the time of the next following high water may be 

found by adding the duration of flood and ebb together, and their sum to the time of high 
water found, thus: 

6h. 13m. duration of ebb tide, from Table I. 
6 13 duration of flood. 

Sum 12 26 
4 45 

duration of whole tide. 
p. m., January 23, time of high water. 

Sum 17 11 or 5h. llm. a. m., January 24, time of the next succeeding high water. 
Subtracting the same quantity will give the time of the preceding high water, thus: 

4h. 45m. p. m., or 16lt. 45m. from midnight, is the time of high· water. 
12 26 duration of flood and ebb tide. 

4 19 a. m. of the 23d for the !}receding high water. 
The duration of the flood and the ebb being reckoned from th1'l middle of one stand or slack 

water to the middle of the next, the time of beginning of stand ·of ebb or flood will be found 
b bt . . 

Y su ra.ctmg half the duration of stand or slack water given by column 10, Table I, from the 
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time of high or low water, and the time of the end of the stand of ebb or flood by adding the 
same. .A uearer approximation to the times and heights of high water may be obtained by 
the use of Tables II and III. 

TABLE II. 

Intervul between the time of moon'• transit and the ti1lt< of high waler for d;jfrrmt hDllr. ef tramit, and .for several d(f}trffil ports. 

I I I I ' I. i ,----I I 
Time of moon's' Roston, Ma!s.) New York 1 Philadelphia., Old Pt. Com-: Baltimore, ' Sm1tl1ville, ! Ctmrleston, '.Ft. Pulaski, Sa-' Key V"\'est, '.San Francieco, 

tram:;i.t. l N. Y. --p~ _i_fmt, Ya_:__I Md. ! N. C. l S. C. ! vananll, Ga. i Fla. ': Cul. 

I i r ~ 11 ~ I r ~ 1 l ~ 1 rn , 1 ~ 1 i ~ --i ~ : 1 n ;; ~ 
1~ i!LI~ iJ l~

1

H il
1

i.i lil!~I~~ 
6 30 11 19 8 5 l l 8 0 6 !15 7 13 7 J9 7 12 9 :l3 ! 12 IS 

i B IL 7 
7 30 

8 0 
8 30 

9 0 
9 30 

lO 
10 30 

ll 0 
lJ 30 

11 25 

11 as 
11 43 
11 47 

I B 17 l ]5 I 

I : : : : I' 

1148 I s34 139 

!~ !: I : : ~ : ·1, 

11 47 I 8 31 I 41 

1143 I B25 137 

8 7 

8 15 

8 24 

8 33 
8 40 

8 45 

s 48 

s 48 

8 46 

8 40 

(\ 3'l 

6 ~9 

6 44 

6 49 
6 52 
6 .54 
6 53 
6 52 

6 50 

6 48 

TABLE III. 

7 17 

7 23 

7 28 

7 33 

7 37 

7 39 
i 4-0 

7 40 

7 :l6 
7 30 

7 ~4 

7 38 

7 45 
7 48 

7 50 

7 50 
'; 47 

7 44 

7 41 

7 )6 

7 28 

7 34 

7 39 
7 42 
7 43 

7 41 

7 37 

7 34 

9 49 

10 

10 

10 

IO 

10 

6 

6 
3 

9 5!l 

9 56 

9 ts 
9 40 

12 23 

12 29 

12 34 

12 37 

12 36 
12 34 
12 30 
12 24 

12 17 

12 9 

l'ih"'1ring tli.e riu andfall qf tidea, a11d e-01rection• to be arpli<d to determine the cbp'h at high waler of wrmtling• on charts riferrtd w ,,,..an 
law water, and to low •oaf.er .!priiig tidts. 

~~------~-~-~~~-~~~---~--~-----~-~--,-------~~·-.---~-~-~~-,.-~~-

Time Of Boston, Ma15:e. New York, N~ Y. ll PJiiladelphta.) Pa& I 0-ld Pomt Comfort, Va. l Baltimore, Md~ I Time or 

moon'., I 1 
--- moon•s 

tran•tt. ~ _s_. ___ c_._ ~ _u_._ ~!~j_a_. -l-c-·-1-A_._1_s_._!_c_._\~ i_a_._ 1_c_._i _ _:::_ 
~- ~ ~ ~. ~ ~1~1~1~ ~1~1-1~1~1-1·&~ 

0 11.2 10.6 ll.3 4.9 4 .5 4.9 6.3 i 6.2 ! 6.3 l 2.9 : 2.6 2.9 I l.5 I 1.4 I 1.6 - (I 

1 11.a 10.6 11.:i 4.9 4.11 4.9 6.4 I 6.4 ! 6.5 a.o i 2_1 j a.o i 1.5 I J.4 I L6 i 1 

: 11,!l 10.S 11.2 4.7 4.4 4.8 6.6 I 6.5 I 6.6 2.9 I 2.7 II 2.9 1.5 i 1.3 ! J.5 !I 

l0.6 10.3 10.0 4.:J 4.2 4.6 6.6 ! 6.5 \ 6.6 2.6 I 2.6 ~.8 1.4 I L3 1.5 : 

6 

7 

i 
9 

10 i 10.l 10.0 111.7 4.5 4.3 4.7 5.7 . 5.7 5.8 2.8 • 2.7 !!.9 1.3 l.4 1.6· Ill 

11 i 10.7 I 10.l! 11.tl 4,8 4.5 4.9 6.0 I 6.0 6.1 3.0 I 2.8 3.0 1.4 I l.4 1.6 11 

18 0 
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TABLE III--Continued. 

! Sniit.hvH!t•, N. C'. j Charler:t-<1t1, l-:3. C. I) Fort Pu\a~ki, Savannah lj Key West, Fla. II. San Franci-sco, Ca.J. I . 
'"f'itne: oC/ r entrance. Time of 
UHJnu':- .' . j moon's 
t.an<it --;--i---,---T •

1
. i- i j' I I f 1' I • I transit. 

· ·, ,\. 
1 

n. 1 c. 1 A. : n. 
1 

c;. 1 A. I B. • c. , A. 
1 

B. I c. A. I B. c. 
1
1 

---;;:::: Feet. i Feet. ·~:--:;;:::-: .l'ht. : Peet. i Feet. i Fat. .Peet. T-;::-i Feet. i Feet. ! Feet. 1-.;.::-1 Feet. I Hour. 

i n n n 1~ ii 1 g ~·~ 1 r~ n 1 t~ ~-11 :; n 1 n n 1 : 

: ~·~ : ; :·~ !:: !:: !:~ ::~ ~:~ ~:~ i ~:~ ~:~ Ill ::~ ~:~ I ~.~ ~~: ~ 
6 J.8 4 ;i 4.5 4.~ 4.6 5.1 5.b 6.4 6.8 0.9 LO 1.1 2.7 3.1 3.6 G 

7 J.8 4.l 4.4 4.3 4.7 5.1 6.0 6.'1 6.9 0.9 l.l 
1 

1.2 3.0 I 3.3 3.7 

I: ~-~ :::. ::~ i·~ ~:! i ~:: ;:~ u ~:: ~:: ~:! 1

1 

::; ~:~ , •. ~:: !:~ l~ 
ll !i.O 4.7 5 o 5.ti i 5.Zi .'J.9 7.8 7.2 'i.8 L.5 1.4 I 1.5 4.2 ( J.8 4.3 11 

In the Re the vnriationr; in the interval between the moon's transit and high water are shown 
for some of the principnl ports contained in Table I. These variations of intervals depend 
upon the age of the moon, and, as they go through their values in half a lunar month, are 
known as the half-monthly inequality of interval. 'l'he table extends from the Oh. of transit, mid· 
llight of the calcndllr day, or full of tlie moon, to 1 q hour&. The numbers for change of the 
moon corrc8pon<l to those of Oh., and for 13 hours (or lh. p. m. of the calendar day) to 1 hour, 
and so on up to 23 hours. Tbc ports for w·hich the numbers are given are designated by the 
heading of the column. 

'l'he mean interval, it will be seen, does not occur at full and change, but nearly two days 
afterwards, on the Atlantic coast. At Key West it occurs more nearly at full and change, and 
at San Francisco still more nearly. 

The same remark applies to the heights i spring tides occur about two days after the full 
and change of the moon, and neaps two days after 'fhe firnt and last quarters. The use of this 
table of nearer approximation is quite as simple as that of Table I. 

Rule to find the lime of Mgh water.-Look in the Almanac for the time of moon's transit (or 
southing·) for tlic date required. In the table corresponding to that time will be fonnd the 
numbcr to be added to the time of transit. 

Example IJ!.-Requircd the time of high water at New York October 1, 1856. Using the 
United States Nautical Almanac we find the time of moon's transit lli. 24m. astronomical 
reckoning, or lh. 24m. p. m. calendar time. From Table II we have, under the heading of 
New York, for lh. 30m. (the nearest number to lh. 24m. in the table) 8h. lOm. 

Thus, to Vi. 24rn., time of moon's transit, 
Add 8 10 interval found in Table III. 

The sum 9 34 p. m. is the time of high water on the 1st of October, 1856. 
If the sum of these numbers had exceeded twelve, the tide would have belonged to October 

2, and we must have gone back to the transit of the day before and computed with it to obtain 
the ti.de of October 1. 

Rule to find tlie height ef high icater.-Enter Table III, column 1, wit.h the time of moon's 
transit. In the column headed with the name of the place, and marked A, will be found the 
rise and fall corresponding to the time of transit; in column B the number to be added to 
i;nundings on the chart, where the soundings are given for mean low water; in column C the 
11umbeT to be added to charts of which the soundings are given for low water spring tides. 

In the foregoi1 g example (III) the time of transit being 1 and 2 hours, we find from Table 
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III the rise and fall of tides on the 1st of October, 1856, between 4. 9 and 4. 7; the number to 
be added to soundings given for mean low water 4.£') foot. (column B,) and for low water spring 
tides (column C) 4.9 feet. 

Having found tbe time of high \\'ater, that of low water may lrn obtained, nearly, by adding 
the duration of ebb from column 9, 'l'able I. The time of the next preeedin;:; low \Vater may 
be found by subtracting the duration of flood from column 8, Table I. Tlic timo of the next 
following high water may be found by adding the dm:ation of both floocl and d11; and of the 
next preceding high water by subtracti11g the same uurntiou of the whole tide. 

Example lV.-To find the 11ext high water followiug tlrnt of Example III. 
The duration of flood, column 8, Table I, for Kew York is Gh. Om., and of ebb, from column 

9, is Git. 25m.; the sum is 12h. 25m. 
To 9h. 34m. p. m., October 1, time of high water founu, 
Add 12 25 duration of flood and eLb. 

Sum 21 59 or 'JJ,. 59m. a. m. of October 2, the time of the next high water. 

TIDES OF THE PACIFIC COAST AND OF PAilT OF TfIE COAST OF FLOIUDA. 

On the Pacific coast there are, as a general rule, one large ancl ono small tide during the 
day, the height of the two successive high waters occurring one a. m. the other p. m. of the 
same twenty-four hours, arnl the intervals from the next preceding transit of the moon are 
very different. The inequalitier; depend upon the moon's declination; they disappear near 
the time of the moon's declination being· uothiug, an cl are greatest about the time of its being 
greatest. The inequalities for low water are not the 1mme as for l1igh, though they disappear 
and have the greatest value at nearly the same times. The tides of the southern part of 
Florida and of the western coast of that peninsula, as far as St. }Ltrk' s, are of the same char­
acter. 

In Puget's S)Und the inequalities for the interval of high water and for the height of low 
water follow this rule; but ihose for the interval of lo"· water and height of high \Yater di sap· 
pear about one day before the moon's declination is greatest, and aTe greatest about four or 
five days before the greatest declination. 

When the moon's declination is north, the highest of the two tides of the twenty-four hours 
occurs at San Francisco about eleven and a half hours after the moon's sou thing, (transit;) and 
when the declination is soutli, the lowest. of the two high tides occurs about that interval. 

'l'he lowest of the two low waters of the day is one which follows next the highest high 
water. The nature of these tides will probably appear more plainly from the annexed 
diagrams. In them the height of the tide is set off at the side on a scale of feet, and the 
hours of the day are at the top. At 12 noon, for example, the tide-gauge marked 6.7 feet. 
Joining all the heights observed in the twenty-four hours ·we have a curve like that marked in 
the figure. The two high waters are a and c, the two low waters b and d. If a is the Jiigh 
water which occurs about twelve hours after the transit of the moon, when the declination is 
south, the ebb a b is quite small, and the high water, a, is much lower than the next high 
water, c. If the moon's declination is north, it is the large high water, a, of the second 
diagram which occurs next after the transit, and about twelve 11ours from it. At Key 
West the contrary obtains, diagram 1 applying when the moon's declination i;; north, and 
diagram 2 when south. Tables IV and V give the number to be added to the time of 
moon's transit to find the time of high water almost a;;i. readily as in the former case. 
They are of double entry, the time of transit being, as before, placed in tho first column. 
The number of days from the day at which the moon bad tho greatest declination is 
arranged at the top of the table. Entering the first column with tho time of transit, and 
following the line horizontally until we come under the column containing the days from 
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the greatest declination, we find the number to be added 
to the time of the transit to give time of high water. 
If the moo:1' s declination is south, Table IV is to be used; 
if north, Table V. 

Tables IV to IX, inclusive, have been recomputed, using 
more complete data for the inequalities above referred to, 
find to those for San Frnncisco similar tablet! have been 
added for San Diego, Astoria, Port Townshend, and Key ·, 
·west, Fla. For the other places on the Western Coast 
given in Table I the following rules will give sufficiently 
close approximations. 

To obtain the times of high or low water for San Pedro, 
Cuyler' s harbor, and San Luis Obispo, compute first the 
time for Sun Diego by Tables IV, Y, or VIII; then add to 
the time thus obtained 30 minutes to obtain the time for 
San Luis Obispo, and subtract 13 minutes for Cuyler' s 
harbor. At Sun Pedro tho time of high or low water is 
sensibly the siime as at San Diego. 

0 

For Monterey, South Farallono, l\fore Island, Benicia, Ra­
venswood, and Bodega, compute first the time for San 
Francisco, then subtract from the time thus obtained lh. 

44m. for Monterey, Ili. 2!1m. for the South Farallori, and 4!tm. for Bodega; and add 34:m. for 
:Mare island, Ill. 4rn. for Benicia, and 30m. for Ravenswood. For Humboldt bay, Port 
Orford, and N eeah harbor, compute first the time for Astoria, then subtract from it 40m. for 
Humboldt bay, 111. 16 ?n. for Port Orford, and Dm. for Neeah harbor. 

For Steilacoom and Semiahmoo bay, compute first the time for Port Townshend, and add to 
it 57m. for Steilacoom, and lh. for Semiahmoo. The approximation will be only a rnugh one 
for Steilacoom. 

For the heig·hts, Tables VI, VII, and IX for San Diogo can be used without change for San 
Pedro, Cnyler' s harbor, and San Luis Obispo. These tables for San Francisco are also appli­
cable to :Monterey, South Farallon, and Bodega. For Mare island add 1.2 foot, for Benicia, 
0. 9 foot, and for Ravenswood, 2. 7 feet to the quantities for San Francisco. 

For Humboldt bay, Port Orford, and Neeah harbor, the tables for Astoria may be used, sub­
i:racting J. 7 foot for HmnboJdt bay, and 1. O foot for Port Orford. For Neeah harbor the tables 
will give approximate results without change. 

For Semiahrnoo bay, add one foot to the quantities in the tables for Port Townshend. For 
Steilacoom, a rough approximation may be obtained by adding 4. 6 feet to them. 

For the coast of Florida, compute the times of high or low water for Key West, and subtract 
12m. for Indian key, and add 26m. for Tortugas and lh. 5Im. for Egmont key, 3h. 45m. for 
Cedar keys, and 411. Sm. for St. Mark's. For the heights, add half a foot for Indian key, and 
use the tables without change for Tortugas and Egmont key. For Cedar keys and St. Mark's, 
the results could not be obtained with much accuracy in this way; special tables will be pre· 
pared for those places. 
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TABLE IV.-KEY WESf. 

----,------------------ -----------

~ SOUTH DECLI!iA.TION.-DAY::! PROM MOON'S OREA.TEST DECLI~ATION. 
0 

Before- After-
s ·~ 
.... "' i § I 7 6 I 5 I 4 3 1 __ 2_________ ' \)-- ----- ----- -------

3 6 

---1--- ---!---,----, ---:---------i---1--- --- --- --- ----·---

0 00 

0 30 
1 00 

1 30 
2 00 

2 30 
3 00 

3 30 

4 00 

4 30 

5 00 
5 31) 

6 00 
6 30 

7 00 

7 30 

s 00 

B 30 
y 00 

g 30 

10 ()() 

10 30 

JI 00 

JI ro 

h.m, It m.. A..m. h.m. h...m 1 h.m. h.m. h. m. k.m. h m 
9 40 9 30 9 lB 9 07 9 OJ I 8 49 8 44 8 40 8 10 8 45 ' 
o 33 9 23 9 IL 9 oo 1 s 54 : s 42 s 37 s 33 • a:i s 39 1 

g 26 9 16 9 04 8 53 8 47 J 8 35 ' 8 3[J 8 ~6 8 26 8 32 

9 20 9 I 0 8 5i'I 8 47 8 4 l i 8 29 S 24 8 20 8 20 8 25 

9 13 9 03 8 ~I s 40 8 34 I 8 22 ' 8 17 i 8 13 8 13 8 10 ' 
9 08 B 58 8 46 S 35 8 29 ' 8 17 ' 8 J2 ; 8 08 8 08 8 H 

0 04 8 54 8 42 8 31 8 !!.> i 8 J3 i 8 08 ~ 04 8 04 8 10 
9 00 8 50 8 38 8 2i 8 ~l I 8 OY ' 8 01 8 00 8 OD I 8 06 

9 00 8 30 8 38 8 27 8 21 ! 8 09 I 8 04 8 00 , 8 00 I 8 06 

9 03 8 53 8 41 8 30 8 24 ' 8 12 1 8 07 8 03 ' 8 03 8 09 
9 09 8 59 8 47 8 36 8 30 I 8 J 8 8 I :J 8 09 8 09 ' 9 15 

9 17 9 07 8 55 S 11 8 3S \ 8 :l5 S 21 8 17 8 11 ! 8 23 

o 29 9 19 g 01 s al.i B 5o. \ s 38 : s 3~ 8 S!B i 8 29 ; fl. :.u 
g 40 g 30 9 1s 9 01 g 01 1 s 49 1 s H s 40 · e 40 i ~ 46 

9 56 9 46 9 34 
11 

9 23 Y l7 I 9 05 9 ~O 8 51l : 1' 5Q ! 9 OJ 

10 07 9 57 !/ 45 IJ 34 9 23 i 9 J6 9 JI 9 07 I 9 07 9 13 

10 13 IO 03 9 51 9 40 9 34 i 9 22 9 17 1 9 13 ! 9 J3 9 19 
10 14 IO 04 ll 52 9 41 9 35 I 9 23 9 rn Y 14 9 H 

1 
9 20 

10 13 10 03 9 5l 9 40 9 34 I 9 22 9 17 : 9 °13 9 1:1 ' 9 19 

10 10 IO 00 Q 48 9 37 9 31 I 9 19 9 11 ' \J 10 g JO I 9 16 

10 05 9 56 9 44 9 33 9 27 ! 9 15 9 10 9 06 9 OS . 9 12 

IO 03 9 r.a i Q 41 9 :rn 0 ~4 : 9 rn 9 07 : D 03 9 03 I 9 09 

9 55 9 45 9 33 9 22 g 16 I 9 OJ 8 59 8 5.~ i il 55 I 9 OJ 
9 47 9 37 II 2.) 9 14 g 08 I 8 56 8 51 8 47 ' 8 47 l 8 ~3 

-----------------------------' ---- I 

TABLE V.--KEY WEST. 

h.m. 
8 54 

8 47 

8 40 

8 31 

8 27 
8 \)\) 
t< ill! 

8 14 

8 14 

6 17 
8 ::23 

s :n 
8 43 

8 !'"l-4 

g 10 

9 21 

9 :li 

9 28 

g 27 

9 24 

9 20 

ti 17 

9 011 

!J 01 

8 52 

8 46: 

8 39: 
8 34 i 
s 30 i 
f". :16 ~ 

e 26 · 

0 29 
8 :is 

8 43 

9 06 

9 22 

9 33 

9 :l9 
9 40 

9 39 

9 36 

9 3Z 

9 29 I 
9 2l I 

9 l~ ! 

---- -- -- ----------------
KORTH PECLINATION.-Da.YS F"ROM MO-ON'::i OR.ZAT£BT I>EC'LUIATION. 

Before- Afti.:!r-

h. fl1 I 

g l6 ' 

9 U9 

9 01 I 

6 56 I 

8 49 

s 4-1 \ 
8 40 I 

8 :313 
8 J9) 
8 4.5 ! 

b 53 

9 0:-1 

9 H\ 
9 j~ 

9 43 
g 49 

9 50 

9 ~9 

~ 46 

9 42 

9 39 
9 3[ 

9 23 

h .. m. 
'9 'li 

9 20 

8 J3 
9 07 

9 OU 

8 5J 

8 51 

8 47 

8 47 

8 50 

8 56 

9 04 

9 16 

9 '27 

9 43 

9 54 

JO 00 

10 01 

10 00 

9 57 

9 53 
g so 
9 4~ 
9 3~ 

h.m. 
9 :!7 

9 30 

9 23 

9 17 

g JO 

g 05 

g Ill 

8 Ci'? 

8 [17 

9 co 
9 U3 

9 14 

9 26 

9 :n 
9 53 

JO 04 
JO 00 

lU 11 

10 10 

JO 07 

10 03 

10 00 
9 .52 

9 44 

,§ - I ' I I - -;- - - - - ----

-"" __ 1 __ 1_ --6- __ a ____ 4 __ i __ 3--l--2 __ : __ i __ l __ o_J_1_\ _2 ___ 3 ___ 4_\_~_1_6_ 1 __ 1_ 

I ' I I ' I 

A.m .. j A..m. h.m.. lt,.m. h.m. h.m. 11..m. I h.t11. \ A.1" km.\ h m h.m. A.tn. 1 h.m.1 h.m. lt.m. 

0 0 I 9 l!9 9 311 9 43 9 .53 10 1l6 IO 16 JO 22 I 10 22 l 10 22 I 10 18 IO OG '1 9 06 i g 43 i 9 :H I 9 27 
0 30 I 9 2'.l 9 291 9 :in 9 46 9 59 JO 09 10 15 I HI 15 JO 15 I JO I l g 59 I 9 49 ! 9 35 I 9 27 g 20 

I o J 9 Is 9 2-2 9 l!9 9 :J9 9 52 10 02 lo os 1 rn 08 10 os i 10 04 g 52 I 9 42 J 9 w i 9 ~>0 g t3 

~ 3~ : : : : ~: : ~ : : 11 ~ ~: : !! i 1: :~ I l ~ ~~ I 1: ~~ I : :~ : : : : : : ~ ' ~ ~~ I : : 
'i! ;JO s 57 9 04 9 11 9 21 9 34 9 44 ! 9 50 I 9 50 i 9 50 i 9 46 9 34 9 24' 9 11 ; 0-; i E 55 

3 0 6 .S:J 9 00 9 07 9 17 9 30 9 40 I g 46 I 9 46 l 9 4tl \ 9 42 9 30 9 20 ' 9 07 8 58 I 8 5l 

3 ao s 49 e 56 9 o:i 9 13 9 26 9 36 j 9 4i! ,I. 9 4'i i 9 12 j 0 311 11 !16 9 Hl , g o:i s 54 f s 47 

4 0 8 49 8 56 9 03 9 13 9 26 9 36 1'.' 9 12 9 42 I 9 H 9 38 9 26 9 16 I 9 031 8 54 i 6 47 
4 :io s 52 s s11 u os u 16 9 29 o 39 9 45 ; 9 45 ! 9 45 I 9 4l 9 39 g 20 ! 9 o~ s 5• · s 50 

Ji 0 8 58 9 05 9 l!l 9 22 9 JS 9 45 '1• 9 51 • 9 5l l 9 51 1' 9 47 9 :!5 9 25 9 U I 9 0~ 8 56 

530 1100 913 9ll0 930 943 953 1' 9~91' 9591 9591 95j 9431 933, 9~0 911 904 
9 () II 18 9 ll5 9 32 9 42 9 55 10 05 l 0 11 10 11 I 1-0 11 I IQ 07 9 55 9 4.\ g 3~ 9 23 9 J6 
9 30 9 119 9 3S 9 43 9 :;:i 10 00 10 16 : 10 •2 I 10 22 !U 2~ 10 18 JO lJ6 !} 5!i B 43 9 34 9 27 

7 o 9 4V 11 s2 9 59 10 ~ rn 22 19 3l? i 10 3@ I iu 3S I 10 3t! ·,, to 34 10 22 1 10 12 9 59 ll sa 9 -43 

7 30 9 54! 10 113 JO 10 10 00 10 33 IO 43 I JI} 4-9 I 10 49 j IO 49 I lO 4.5 10 33 . 10 23 lO JO JO Ol 9 "4 
8 u JO e2 1CJ 00 10 16 10 26 IO 39 JO 49 i 10 >Ii Ii 10 55 JO 55 i lO .IJ JO 39 ! JO Sl9 10 16 JO 07 LO 00 
a 30 I lo 03 10 10 10 17 10 27 10 40 10 50 i 10 •56 10 ~ I JO 5G i w 5~ w 40 i Jo ;!(I rn 17 10 oa LO 01 

9 o lo ll2 10 oo to 16 io 26 to 39 JO 49 1' Jo 55 j 10 ss i io si; / Jo 51 w 39 / JO 29 rn rn IO o1 Ul Dil 

II 30 9 59 10 00 10 n ll) 23 10 33 JO 46 HI 52 ; w 59 r 10 5'J i 10 48 10 36 I 10 26 JO J3 10 0-1 9 ... 
lo 0 !I 66 19 11!2 19 Oii 10 J9 11> 32 10 42 I 10 -13 I 10 48 JO 46 I 10 44 i lU :u. 10 22 10 Oll ~o 00 ll 53 

~~ ~ : : : : l:: ~: : ~: : ~: :: I :: ~ l ~~ !~ ~~ ~ I ~: ~ ! ~: : I :~ ~~ l: : : ~ : : 
u 30 111 ~ 9 411 t :50 io oo io 13 10 23 10 29 j 10 !l!I w 291 rn >151 10 I:J ! JO 03 9 so 9 41 11 lit 
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TABLE IV.-SAN DIEGO. 

-~ 

g S:Ot'r>t·H bECUNJ.TJO-N'.-IHY:S li'ROM MO.ON'S GllEA.TE:ST DECLINATION. 

E ~ 1---
.s. Before-

; £ :--~ 6 5 j 4 . 3 , 2 I l 1 o 
'"' i . 1 I : 
~-1-----1-i-'-1-1--

h. m. ! h. m. h,, m. h. m. ] h. m. , h. m. h. m. ! h,, m. ! h. in. 

0 0 1 9 2.5 9 40- !J 52 i 10 3 ' JO 12 ' 10 20 i J[) .25 i JD 29 

o ~u 9 I.'i 9 ao s 42 , 9 ri3 10 ~ 10 10 , lo 1.s i to 19" 
J 0 9 s Q 23 i 9 35 ' 0 46 y ,,5 10 3 JO 8 ! lG 12 

1 30 9 1 9 16 9 Q8 , 9 39 9 18 9 56 W I ! 10 5 

2 u 
2 3() 

J 0 

3 30 

4 0 
4 30 

5 0 

5 30 

6 0 
6 3D 

7 D 
7 ;)() 

8 0 
8 30 

9 0 
9 30 

10 0 

JO :JO 

11 0 

11 30 

8 54 

R 49 

8 48 

8 48 

8 56 

9 15 

9 37 

9 55 
10 Ji! 

10 JS 
JO 20 

10 22 

10 24 

10 18 

10 JO 
JO 0 

9 53 

9 45 
9 36 

y 9 

9 4 

9 3 
3 i 

9 7 
g ll 

9 3} 

9 [12" 

10 JO 

10 27 

10 33 

JO 35 

10 37 

10 39 
10 33 

10 25 

1(.1 15 

!II 8 

10 0 

9 51 

g :11 

9 15 I 

9 15 
9 15 
g ]!_} 

g 23 

9 42 

10 4 

10 22 

10 39 

10 45 
10 47 

10 49 

10 51 

JO 45 

10 37 

10 27 

10 20 

10 12 

10 3 

9 3':! 

9 2i 

9 ZG 

!f 26 

9 30 ' 

y 34 • 
9 ;}3 

10 Jj ' 

lo a3 i 
JO 50 ' 

10 5G 

9 '1l 

9 3G 

9 35 

9 .?J 

9 30 
y 43 

10 2 

10 24 

lO 42 I 

10 59 : 

11 5 
10 5S 11 7 

I 
110!119 
ll 2 ' 11 II 

10 53 
10 48 

10 38 

10 31 

10 23 

11 5 
10 57 

IO 47 

JD 40 : 

IO 32 

949 \)541 

9 44 9 49 ' 

943 9481 
9.13 g~sf 
!) 47' 9 52 I 

g 51 9 56 l 
10 10 : ] 0 l.;l i 
10 32 10 37 i 
10 50 ! IO 55 i 
117 11121 
ll 1J II 18 i 
u 15 11 20 I 
11 17 ' 11 2-2 

1119 1 1124 
11 13 !· 11 18 

11 5 i 11 IQ 

10 55 ' 11 0 

y .')8 

g 53 

9 52 

9 52 
9 56 

10 0 

JO I9 

10 41 

JO 59 

JU 16 

Jl 2l 

ll 24 

11 26 

11 28 
11 22 

11 14 

ll 4 

10 48 i JO 53 tr> 57 

10 40 ; 10 45 10 49 

lo 36 I lo 10 
__ _L __ 

After-

I ' I ' ' ! _1_1_2 _!_:i_i_1_j_s_l_;;_
1

_7_ 

h. m. / h. m. , h. m.. ! h. m.1 h.. m. A. m. ! h. m. 
10 29 ! JO 25 : 10 J9 I 10 10 ' 10 0 I 9 471 9 30·, 
10 19 10 15 10 9 IO o j 9 50 g 27 9 2n 

IO 12 10 8 rn 2 \ 9 53 1 9 43 9 3Q 9 13 
lo s 10 1 9 s5 I o 46 I 9 36 9 2a 9 6 

9 58 9 54 9 481 9 39 i 9 29 9 16 B 59 

953 949 943 9341 924 911 854 

: :~ : ~: : : I ~ ~ I : ~ : :~ : ~ 
9 ss 9 s2 9 -16 ! 9 a1 I 9 21 9 t4 s 51 

lO 0 9 56 9 5Q I 9 41 I g 31 9 18 9 1 
10 19 10 15 10 9 ~ 10 0 l 9 50 9 37 9 2[J 

io 11 io 31 lo 31 I lo 22 i la 12 9 s9 9 42 

10 59 10 s.; 10 49 I 10 40 I 1-0 30 ta 17 10 o 
IO 16 ll 12 11 61 JV 571 10 47 10 3-1 10 17 
11 22 11 1s l l 12 11 3 I lo 53 rn 4o lo 23 
JI 24 IL 20 IL 14 i 11 5 10 55 10 42 10 il5 

:: :: ;; :: ;; :: 1

1
:1: ~ 1.· :: !~ I :~ :: :~ :~ 

11 2~ 11 18 ll 12 J " 10 53 IO 40 10 23 
11 11 u 10 l! 4 . io 55 I 10 45 10 a~ 10 IS 

11 4 ll o rn 54 I rn 45 / 10 :J5 io 221' 10 s 
10 57 ~ ]0 53 10 47 ) 10 38 I 10 28 10 15 9 58 

lv 49 1 10 45 10 39 1 IO 30 110 20 lo 7 I 9 50 

~--~--~'~-~ -~~----_:-~J--~ 
TABLE V.-SAN DIEGO. 

NORTH DECLINATIO.N.-DA.YS FR.OM MOON'S GREATEST DECLINA.TIOl'f. 

Before- After-

0 
_1 1_2 1_s 1-4 _5 j_c I 
1T~ I :·:~ II !E 

"_-_" _____ 1_-_ --!~~~6~~~-, -5-- - 4 3 I 2 1 " 

h.m. I h.m. !-h.--,-,.--. -:--:-1-:-~ k.m, 
0 0 

0 30 

0 

30 
2 0 

l~ I 
6 0 
6 30 

7 0 
7 3() 

8 0 

8 3() 

\) 0 

g 30 

0 0 

~~ I\ 
1 3ll 

~~I l~11~1lE ~·~ 111~ l~ 
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4 30 a oo: a so 4 2-0 5 9 ~ 39 5 58 5 44 r, 2i 5 9 4 w 4 29 

5 0 3 :J2 3 56 4 26 5 15 5 15 6 4 5 51 5 33 5 15 4 56 4 3" 

5 30 3 41 4 5 4 35 5 24 5 M 6 U 6 0 5 42 . 5 2·1 5 5 4 44 

6 0 :J 52 4 16 4 46 fi 35 6 5 6 24 6 11 5 53 5 3J 5 1(i 4 :lJ 
6 30 4 l 4 25 4 5.'l 5 44 6 14 6 33 6 20 t) 2 5 44 5 25 G 4 
7 I) 4 8 4 3iJ 5 2 5 .51 6 21 fi 40 6 27 6 9 5 51 : 5 3'2 5 11 

7 30 4 15 4 39 5 9 5 58 6 28 6 41 6 34 G 16 ; 5 58 ,; 39 '' l~ 
6 O 4 18 4 42 5 12 6 1l 31 G 50 1l 37 6 11' 6 :; 4~ 5 ~1 
s :io 4 w 4 43 s 13 i; 2 6 3'..! s r.1 6 38 6 )!(! 6 2 · :. 43 s 2:l 
9 o " Is 4 42 5 rn 6 i 6 31 6 50 6 a; 6 J 9 ti 1 5 42 5 21 
9 30 4 15 4 39 5 9 5 M 6 28 6 47 6 :J4 6 rn ii 5~ 5 J9 5 J 8 

IO 0 4 10 4 ;J.j 5 4 5 53 6 $! 6 42 6 29 6 J1 5 53 5 34 5 ]3 

ID 30 4 6 4 30 5 O .5 49 6 19 6 38 6 )!(i 6 7 5 49 5 30 5 9 

l1 O 4 ·O 4 lH 4 54 5 43 6 13 6 32 6 19 6 I 5 43 5 :H 5 3 

ll 30 3 54 4 18 4 4B 5 ;n t; 7 6 26 6 13 5 .'>5 :> 37 5 18 4 !>7 

19 c 

I 
IL.m.! 
4 33 I 

4 26 

4 20 

4 14 

4 9 
4 6 
4 4 
4 5 I 

4 y 

4 1-1 

4 20 

4 29 

4 40 

4 ,19 ; 

4 .i5 

3 

" 6 

" 7 
;; 6 

5 3 
4 ;,s 
4 54 

4 48 

4 42 

h.m. 
·1 15 
4 8 I 

J •> 

3 55 

3 Jl ! 

3 4~ 
:J 46 

3 ·17 

3 5t 

3 5G 

4 :1 

4 11 ; 

4 :22 i 
4 3] 

4 :~-:' 

4 45 

4 48 

{ 49 

4 48 

4 45 

·1 4-0 
·1 ~ 

431) i 
4 2i i 

;,.. flt. 

3 57 

3 50 

3H 

3 :l8 

3 ;13 

3 30 

3 .:18 

3 :Ji.I 

3 3~ 
1 

;j 44 

:J 53' 

4 4 
4 13 i 
4 20 i 
4 2T 

4 30 

4 31 

4 30 

4 27 

4 22. 
4 18 
4 l;l 

4 6 

A.1n. 
3 4.) 

:i 3~ 
3 3'2 

J '.ft) 

3 21 

:1 18 

3 16 

3 17 
3 ~! 

3 26 

3 :tJ 

3 4l 

3 .5~ 

4 l 

4 8 
4 15 

4 18 

4 19 

4 18 

4 15 
4 l(} 

4 6 
4 0 
3 f>I 



 

HEPOHT OF TffE SCPEIUNTENDENT OF 

If we disrcgarLl the daily incqualit.'·, the column headed San Francisco in Tal>lo II would give 
us, as in the cxumpleil on the Atlantic coast, the menns of determining the time of high water. 

E'.J:an1ple T~-Rcqufre<l tlie time of l1igh water at :~·forth Dench, San Francisco, Cal., on the 
Ith of Fehrnary, 1853. 

J:.;t. The time of the moon's transit at Greenwich, from the Nautical Almanac, is 1 lh. 41 m.; 
the lougitude of San }1rancisco Sh. lOm., requiring a correction of 16m. to the time of transit 
for Sau Prancisco, ·which is thus found to be 11 lt. 57 m. 

2<l. The moou' s declination is son th, and at the time of transit about hvo days after the,, 
greate::;l. Entcri1112: Table IY, we ±ind 12ll. (or Oli.) of tranHit, the nearest number to llh. 57rn. 
which the table gives; and follm\·ing tho Iino horizontally, until ·we come to two days after the 
greatest <ledination, we fin<l l::lh. 1-!m. 

To llli. 57m., time of transit of tlie moon, February 7, San Fmncisco, add 13h. 14m., from 
column Oh., transit, arnl two days after greatest doclirrntion; the sum, 25/i. J lm., or lh. l lm., 
Fe lunary 8, i,; the time of high water, cunesponding to the transit wliich we took of February 
7. If we desire tho tide of February 7 we must go back to the moon's transit of the 6th. The 
exarnple was purposely assumell to show this ca,,c. 

1171. Olm., time of transit Fchruary G, 1853. 
13 31 number for llh. transit, and one day from greatest declination. 

Sum 2-1 32 time of high wutor Oli. 32m. a. m. February 7. 

Tlic ltdgld qf ltigli 1cater.-Tilc Leight of high water is obtained in a similar manner by the 
use of Table YI and Table VII, euteriug these i11 the same way with the time of transit and 
days from the greatest ucclination. Table VI ii; for south declination, alld Table VII for north. 

TABLE \T-KEY WEST. 

oo I .g I 
s ·~ I ----------- -- ------ --- - -------------------~·-----------------·-~----

'c § ! Before- After-

~= 1- 7-~-- 6 --l--;-!_4_;-~--/ -;;- /·-1- o :-·~-r-2_:_-;-_/~ I 5 () , 7 

Hour. Feet. i Fed 
1 

.fht. ' Feet. i F"t· 1 Feet. ) Feet. -;,::-1~1--;.;-i Pat. I Feet. /--;:;- - Feet. Feet. 
0 l_;, l.fi 1.8 1.9 2.0 2.0 ! 2.0 ~.O I 2,-0 , 2.0 i 2.0 1.911.8 l.7 1.5 
1 1.5 1.6 · is 1.9 2.0 2.0 1 2.a 2 o 1 2.0 

1 
;.i.o 1 2.0 1.9 l.s 1.7 1.3 

2 1.5 1.6 !.8 l.9 ;J.O ' 2.0 I 2.0 2 0 I 2.0 ' 2,0 2.0 I 1.9 l,8 1.7 1.5 

~ l.4 1.5 1.7 l.B 1.0 ' l.9 l.U 1.U : 1.9 1 !) 1.9 1.8 II 1.7 1.6 1.4 
4 1.3 l.4 1 6 1.7 l.B 1.8 1.8 l.8 1.8 1.8 1.8 1.7 1.6 1.5 1.3 

BO-U1Il l>E('Ll:'><ATION.-DA.\.'S FRO~I MOON"'S GRKATE~T l>B-CLUl..LTlON, 

5 l.2 l.3 l.5 1.6 1.7 1.7 1.7 1.7 1.7 1.7 l.7 l.611.5 1.4 1.2 

6 1. l l.2 1.4 1.5 l.6 l.fi 1.6 1.6 J.6 l .6 l.6 l.5 1.4 1.3 l. l 

7 l.l 1.2 1.4 l.5 l.6 1.6 1.6 1.6 1.6 1.6 l.6 1.5 l.4 1.3 1.1 

8 1.2 1.3 1.5 1.6 l.7 1.7 1.7 1 7 1.7 1.7 1.7 1.6 1.5 1.4 l.Z 

9 l.3 1.4 l.6 1.7 1.8 1.8 1.8 !.8 1.B 1.8 I.e J. 7 l.6 1.5 !.3 

10 1.4 1.5 1.7 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 J.8 1.7 l.f; l.4 
11 1.5 l.6 l.8 1.9 2.0 2 0 2.0 2.0 2.U 2.0 2.0 1.9 ).8 1.7 l,!; 
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TABLE VII.-KEY WEST • 

• '!' 
§ 
0 

s ·~ 
~ § Defore-

~ ' ~ 7 

1 

6 

1 1 

4 3 2 I 

1 

~ -r~-\ --------6--

1

---

Hour. Feet_-•--;:::;-' Feet. 

1 

F"t. : Feet. Feet. Feet~·---;::;----;::;-~· Fcrt. I Fed. -;..eel. Feet. i Feet. 
0 l.7 1.6 1.4 !.3 i 1.Z j I.I l.O 1.0 1.1 J.l 1.2 l.:l l.·l 1.l> , 1.8 

I 1.7 1.6 1.4 1.3 1.2 1.1 1.0 l.0 1.1 1.1 1 2 1.3 1.•! 1 fi l.E 

ll 1.7 l.C 1.4 l.3 1.2 1.1 1.0 1.0 1.1 J.l l.i! 1.3 l.4 J.G 1,8 

3 1.6 1.5 J.3 1.2 l.l 1.0 0.9 0.9 l.O l.O l.l I.~ l.3 ].;, 1,7 

4 1.5 1.4 1.2 1.1 l.O 0.9 0.8 O.R 0 9 0.9 l.O l.l l 2 IA l.fi 

G 1.4 l.:J 1.1 1.0 0.9 0.8 o.7 0.7 0.8 0.8 O.;l 1.0 l.l t.:l l.5 

6 1.:l 1.2 1.0 0.9 0.8 0.7 0.6 0.6 O.'i O.i O.b 0.9 LO l.~ 1.4 

7 1.3 1.2 1.0 0 9 O.S 0,7 0.6 I 0.6 0.7 0.7 0.8 0.9 l.O l.~ l.< 

8 1.4 1.3 1.1 1.0 0.9 0.8 0.7 0.7 0.8 O.~ 0.9 l.O l.l 1.3 1.5 

9 

10 

ll 

1.5 

1.6 

1.7 

1,4 

1.5 

1.6 

1.2 
1.3 

1.4 

l.l 

1.2 

1.3 

1.0 i 0.9 
: 

l.l f LO 

1.2 1.1 

0.8 

0.9 

1. 0 

0.8 

0.9 

LO 

0 9 

1 0 

1.1 

TABLE VI.-SA:S- DIEGO. 

0,9 

1.0 

1.1 

1.0 
1 1 

l.~ 

1.1 
l q 

I.3 

l.2 
l.3 

l.4 

1..1 

1..5 
I.ti 

l.G 

1. 7 

1.8 

Jr' I SO'tJTII 1'ECLDlA._TI0~.-0_11.ya FRO:'l'l Moo~'s OREA'rES'T DECLlNA-Tios. 

! ;;] Defore I After-

~ ~ - !--------------------------
~ 7161;;14!3 21110 i 1: 2 :3 4"~!617 
~ -;::;-IJ~ Feet, i--.;::-1 

Feet. Feet. I Feet. 
1---;::--! Pce-:.- 1~ .Peet. Feet. Peet. 

1

--;:;; 

0 4.7 I 4 .. 'l ! 4.:1 I 4.2 4.1 4.1 4.1 4.1 I 4."2 I 4.;{ 4.5 .).J J.5 .5.~ 
4,6 4.4 4.2 I 4.1 4.0 4.0 4.0 1.0 I 4.l 4.2 4.4 :..O 5.4 5.7 

3 

1 

::~ :·: ~:~ I ~-~ ~:~ ~:: ~:~ ~:: I ~~~ ~·~ ~.~ ::: ~-~ ~:~ 
3.8 3.6 3.4 I 3.:l 3.2 3.2 3" 3.2 . 3.3 :J.4 3.6 4.2 4.f. 4.9 

5 

6 
3.6 3.4 3.2 J,l 3.U 3.0 3,0 3.0 :J.l 3" :i.4 4.0 •l.1 1,7 

7 

8 

9 

1Q 

11 

3.6 

3.7 
3.8 
4.4 
4.7 
4.8 

3.4 

3.5 

3.6 

4.2 

4.5 
4.6 

! 3.2 I 3.1 3.0 3.0 3.0 3.0 3.1 ;i .. 2 

3.3 3.2 3.1 :l.1 3.1 3.1 :i.2 3.:l 

3.4 

:1 .'i 

!:~ 11,· ~:! !:~ ~:~ ~:: ~:: ~:~ ~:~ 
4.3 4.2 4.1 4.1 4.1 4.1 -. 4.2 4.3 

4.4 4.3 4.2 4.2 1.;:! 4.2 1.:l 4..1 
--- _11 __ , __ -------

3.f) 

4 9 

4.5 

TAHLE vn.--SAN DIEGO. 

"" NORTR DECLlSJ..Tto"'l'·-DA-VS FROM MOON~S GREATEST DECLlNA..TlON .. 

8 5 --------r-----

4.0 

4.l 

4.2 

4.8 

5.1 

4.4 
4.5 

4.6 

5.2 

5.5 
5.6 

15 c Before~ Aftc-r-

S g ; . I 1 -~-~-- ----;---~---i----

4.7 
4.8 

4.9 

5.5 

5.8 

5.U 

f: 1 Is lsi1Ja!2l1 1 o I 1 213!1;5 6.' I I i I I I ' - ----------1--1--1--.---:--- ---,--.--,--.--,--
110-ur. Feet. Feet. Feet. l .Peet. I Feet. i lf'eet. 1 z.·e~t. Z.Cet. ! Peet, Feet. ' .F'ed. ' Fed. ' 1'Ect. Feet. i Fut. 

! !:~ ::: ::~ I ::~ I ~:~ ~·~ ~~: ! :~~ ::~ ~:~ ~.·~ ~ ... ~ ~~~ ::~ ::~ 
"" ..5.4 5.6 5.8 5.9 6.0 6.0 6.0 6,0 5.9 5.8 5.G 5_;1 5.0 4.fi i 4.3 

5.5 I 5.~ I 5.7 

5.2 I 5.3 I 5.4 

5.0 I 5.1 

1

, 5.2 

4 

5 

6 

7 

8 
9 

JO 

II 

5.1 
4 8 
4.6 

4.6 
4.7 
4.8 

5.4 

n.7 
5,8 

5.il 

5.0 

4.B 
4.8 
4.9 
5.0 

5.6 
5.9 

6.0 

5.0 5.1 5.2 

.s.1 5,2 I s.a 

6.1 6,2 6.3 

6,2 6.J 6.4 

::: !:~ II :: : 

·~~~--'~--~-'-~-' 

5. 7 

5.4 

5.2 

5,2 

5.J 

5.4 

6.0 
6.3 
6.4 

5.7 

5.'l 

5.2 

5.2 

5.3 

5.4 
6.0 
G.3 

6.4 

5.i 
5.4 

5.~ 

5.2 

.5.3 
5.4 

6 G 

6.3 

6.4 

5.6 

5. l 

5.1 
5.~ 

.5,J 

5.9 

6.2 

6.3 

5.:> 

,),0 

5. 0 
5.1 

5.2 

5.8 

G.1 
6,;l 

J.a 
J.0 

4.S 

4.8 

1.9 

.5.0 

5.6 

5.tl 

6,0 

:J.0 

4, 7 

4,5 

4 6 

4 .7 

5.3 

5.G 

5,7 

4.7 
1.4 

4.2 

4.3 

4 4 

5.0 

5.3 

.i.4 

4.3 

4.0 

3.8 

3.8 
3.9 

4.U 

4.6 
4.9 

5.0 

4.Q 

:J,1 

3.5 
3,:; 

3.G 

3.7 

4.3 

4.6 

4.7 
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TABLE VI.-SAN FRANCISCO. 

SOUTII DECt.t,;ATJ'!JX.-DAV!; FROM MOON'S GRE:ATE~'.l' DECLIXA.'l'IQN. 

____ ~----------B_e_·r_"'-"----,-------------- _[ _____ · ~-------~A-fter-
1 2 I .4 I I 6 0 --·-- ---1 ------ __ , __ / ____ _ 

Feet. Feet. Feet. ' Feet. Feet. , Feet. I Feet. ! ~'ect. Feet. 

' I ' ---· ----.----;---,---:---· 
Hour. 

:J 

4 

10 
]] 

Jt"'i:et. 

4.8 

·I.; 

4.6 

4.3 

·1. l 

4.1 

1.2 

4.4 
4.5 

4 7 

4.8 

Feet. 
4.7 
4.6 

4.J 

4.4 

4.2 

·1.0 

4.D 

4.1 

4.3 

4.4 

4.6 

4.7 

Fef.t. 
4.J 

4.4 

4.3 

4 •> 

4.0 

3.c 
3,8 

3.l~ 

4.1 

4.2 

4.4 
4.:J 

Feel. 
.1,:1 

-1. ~ 

4.1 

4 0 I 

3.8 

3.G 

:J.G 
3.; 

:1.~ 

4.0 
4 .. 

4.3 

Feet. 
1.:! 

'1.~ 

4.1 

4 () 

:i.P 

:J.G 

3.7 

3.9 

4.fl 

4.2 
1.3 

1.~ 4.3 4.3 I 4.5 4.7 : 4.8 : 5.0 'I 5.3 5.[• 

4.1 4.2 4.'2 I 4.:J •1.4 ' 4.6 I 4.7 I 4.9 5.2 5.4 

4.fl 4.1 4.1 4 2 4.3 ' 4.5 4.6 ! 4.8 i 5.1 5.3 

3 9 

3.7 

:J.5 

3.5 

3.6 
3.S 

3.9 

4.1 i 

4.2 

-t.U ! 

3.3 

3.6 

3.G 

3 7 

:~. ~ 

4.U 

4.Z 

4.3 i 

4.0 4. l 4.2 4.4 I. 4.~ Ii 4. 7 I 5.0 .';.2 

3.8 3.U 4.0 4.2 4.:J 4.5 ,1· 4.8 5.0 
3.G 3.7 3.8 4.0 4.1 4.3 4.6 1.8 

~:~ ~:~ ~:! r~ n 
1

11.i 
1

1 n ~:f 
4.2 4.3 4.4 4.6 4.7 4.9 5.2 5.4 

4.3 4.4 4.5 4. 7 4.8 5.0 5.3 5.5 

TABLE VII.-SAN FRANCISCO. 

-~ NORTIJ: .DEL'LI:SATION.~DAY.S FROM Moos's GREATEST DECLINA.TlO!'f. g 
E ·;; Betorc- ! I Alter-

~-~ I § -------------------, - 1---,---------
_ ... _____ 7 __ ·----, __ s ____ 

1 

___ 

1 

__ 2_, ___ I _______ i __ 1 __ ~ _____ 3_. __ 1_f __ 5-l--6- __ 1 __ 

JJo;r· F;~~· p;~~· F;~~· F~~~· I ~~~~· i F:~~· J:~~~· P~~~· F;~~· ,/i F;~~· F;~~· i F;'.!' I F;,e~. 1

1 

F:~:· F:~r; 
1 5.3 5.4- 5.6 5.1'3 l 5.8 5.9 5.8 5.8 5.7 5.6 5.4 5,3 II 5.l 4.8 4.G 

Q 5.2 5.:i 5.5 :3.7 !>.7 :>R 5.7 5.7 5.6 5.5 5.3 .5.2 5.0 4.7 4.5 

:i .a.1 5.:2 5.4 a a a.o .5.t· 5.6 5.6 .5.5 5.4 5.2 .5.1 4.9 4.6 4.4 

; ~~~ ~.~ ~·~ ~:~ ~:~ ~:~ ~:: ~~: ~~: ~-~ ::~ ::~ I ::~ II !:: !:: 
6 4.7 4.8 5,0 5.2 i 5.£! 5.3 5.:} 5.2 5.1 !J,O 4.8 4.7 4.5 4.2 4.0 

4.8 4.9 5.1 5.3 5.3 !'.i.4 5.3 0.3 5.::? 5.1 4.9 4.8 4.6 4.:3 4.1 

8 ~j,f) .5,1 5.:J -~ !""J 5.5 5.6 5.5 5.3 5.4 5.3 5.1 5.0 4.8 4.5 4,.3 

y ~).l !'1.~ .C..4 5.6 5.6 .'l.7 5.6 5.6 ,;:) 5 .5.4 5.2 5.1 4.9 ' 4.6 

4.8 

4.9 

4.4 

4.6 

4.7 
10 .5.3 ."1.4 !Lfi 5.e .:i.8 5.9 5 8 ;'i.8" 5.7 :i.6 5.4 

5.5 

5 3 

5.4 

.';.l 

5.2 11 -5.4 !'>.5 5.7 5.9 5.9 6.0 5.9 5.9 5.8 5.7 

7 I ,, __ ---- ,,_ ---1 
Hour. Feet. I' 

0 8.0 

s.o I 
7 .8 1:1 

7.5 

7. l 

s 7.0 

7 .B 

7 .6 

f .-0 

6.8 
7 .0 

7.3 
:~~ \,II 

9 #.<.) 7.8 
10 7.~ 8.2 

__ 1 ~---8__1. __ i __ 8.4 

7_:.! 

~.o 

7, l 

7.5 

8.0 

8.4 

8.6 

TABI,E VJ.-A6TORIA. 

t!;Ol'TU nECL1NA'I'lO~.-DAVS FROM MOON'S GREA.TEB'l' DECLJNA.'t'IONo 

----- ---------

1 I
' 

D(·forc- After-

: -~--1 3 ~ I 1 i Q 1 l I 2 3 4 I .5 I 6 7 

Feet. \-;:-- ~e:~1-;.::-\1---;e~;-1-;.;-1-~=-- Feet. Feet, . Ft?et. --;::;---;;:;. 

~.5 8.6 8.6 I 8.6 s.6 j e.5 1 8.4 B.3 8.1 7.7 7.4 7.6 

: ~ ::~ ::: ::: I ::: I :.: : ::: ::~ ~:~ ~ :~ ~ :: ;:~ 
~:~ ~.: ~:~ ~:~ I ~:~ I ~:~ ~:: ~·= ~:~ ~:: ::~ ::~ 
7,3 7.3 7.3 7.3 I 7.3 I, 7.2 7.1 7.0 6 .8 6.5 6.1 !L7 
7.1 7.1 7.1 7.1 7.1 7.0 6 9 6.8 6.6 6.3 5.9 5.5 

7.2 7.3 7.3 7.3 I 7.3 I 7.2 7.1 7.0 6.8 6.4 (J.1 5.7 

. 8.• 7 8.7 B.7 8.6 S.5 8.4 S.2 7.11 7.5 7. 
fi ::~ p ::~ II ::! II ::~ ~:: ~:~ H ~:; ;:: :::1 

---'----
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TAULE YII.-ASTOilIA. 

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

};'ORTH J)£CLINAT10N.-1U.YS FROM }HIO"\"'S G-REATEi;q DIWLISA'li:ON. 

Bpfore- Aft.er-

~ i 6 5 3 2 6 7 

---------------
Hour. 

() 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

6 

7 

8 
• 9 

10 

JI 

Fea. 
7.4 

7.4 

7.2 

f3.9 

6.5 
ll.l 

5.9 

6.1 

6.4 

6 9 
7_3 

7.5 

6.1 

6.4 

6.5 

tL5 
6 G 

6.6 

Feet. 
7 .1 

7 .1 

6.9 
6.6 
6.2 

5.9 

5.7 

.5.8 

6.2 

fi.7 
7 .l 

7 .!l 

5.8 
6 _] 

6.2 

6.2 

~.3 
6.::J 

Peet. 
6.9 

6.9 

6.e 
6.G 

6.1 

5.7 

5.5 

5.6 

6.0 

6.5 

6.9 
7. I 

5.4 

5, 7 

5.8 

il,8 

5,9 

5,9 

Pat. 
6.8 

6.8 
(LU 

6.;J 

5.9 

6 ,4 

6.8 

7.U 

Feet. 
6.8 

fl.8 

6.6 
6 3 

~.9 

5 . .J 

r •. s 
6.:1 

6.7 
6. 9 

Feet. 
fi.h 

6.8 

6 6 
6.a 
5.9 

~.::. 

5.3 

5.5 

5.8 

6.3 
6.7 

6.9 

:Peet. 
tl 8 

6.8 
6.6 

6.3 
5-,Y 

5..6 

;i.3 

f>.8 

6.3 
6. 7 
6,9 

Felt. 
6 8 

6.8 

6.6 
6.3 
[i,9 

5.6 

5-4 

5.5 

5.8 

6.4 
6.8 

6.9 

Fat. 
fi 9 

6.9 
6.7 
6.-1 

6.U 

.5.5 

.5.6 

5.9 

6,4 

6,9 

1.0 

TABLE VI -POHT TOWNSHE:S-D. 

}<""'i!ct. 

7 .o 
7 .o 
6,8 

6 . .J 
6,1 

.'L5 

6,0 

6.5 
6 9 

7 -1 

Feel. .Feet. 
i 1 • _., 

7 .I 7 .3 
6.0 I 7.1 

6.6 6.8 

5.1 5.9 

'" 8 u,O 
6.2 G 3 

6. 7 6.8 
7.l> :, 7.:l 

7 2 7.4 

Fo:t. 
~ f_) 

6. 7 

6. 4 

Feet 
:::i.n 
e. {~ 
i .t 

7. I 

fi.";" 

6.2 fl ;"j 

6.3 ll,7 

G. 7 j 7 .0 
7.2 7.G 
7.6. 7 ,9 

l.!:i 8, l 

Feet. 
t::.4 

8.4 
f.;] 

'.u 

7'1 

f5. ~ ... 

7.1 

7 4 
i ,\) 

8.~ 

8.5 

NO-RTll l)EC:LlNATlON -P-~¥:S FROM MOOS~S GREATEST PECLl:il\TIO~. 

Before-

5.6 
5,9 

6.0 

6.0 
6 ,1 

6.1 

1''ed. 
6.4 
6 . .) 

6.4 
6.1 
5.8 

5. 7 

5,9 

Feet. 
6.9 

7 .0 

6,9 

6,G 

6.3 

6.2 ' 

6.4 ! 
6.2 6.7 

fi.3 6.8 

6,3 6.8 I 

6.4 6_9 ' 

~~--1-~~-

Feet. 
'i.:l 

r 3 i 

7.2 

6,9 

6.6 
{),.') 

6.7 

7.0 

7. L 

7.1 
7.2 I 

Feet. 
7.4 
7 ,;) 

7.4 

7.1 

6.8 

6.7 

6 '.! 

7.2 

7.3 
7_3 

7.4 

Fert, 
i .5 

i .6 

7.2 

6.U 

6.8 

7 .0 

7_3 

7.1 

7.4 
7 .5 

7.2 \ j',4 7.,-) 
I 

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

TABLE VII.-PORT 'IOWN::iHEND. 

Feel. 

7 .6 

7.5 
7.2 

6.9 
6.; 
7.0 

1.3 

I '~) 

Fert. 

1,LJ 

6.9 

6.t-J. 

7.0 

7.3 

';,4 

7.G 

Aft.t!r-

4 .5 6 

Feet. 

7.6 

7 . .J 

'i.4 
6,9 

5,8 

7 .0 

1-<ei. 
7.6 

7.7 

7.6 

7.3 

7.0 

G.9 

7.1 

7 .:l 7.4 

7.4 7 .5 

7.4 7 . .J 

7.;; 7.6 

7.ti 7 .6 

Fed. 

7 ..... 

7 .-4 

7 .l 
i ,0 

';',2 

7 .5 

j .fl 

7 .G 
7, 7 

f. 7 

Feet. 
7 -~ 
E.0 

7 .9 

7.6 

7 .3 

7 .2 
,. .4 

7 .8 

7.8 
i .9 

7 .9 

--·- -- - ---~--

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

!_~ 1------------------~TH D'ECLINATHJN.-D.A.Y.-; FROM MOOIN~S OREA'ri.ilT J)EC_L_l~ATJ()N. ---

';; g Before-
1 

___________ Aft=------ ___ _ 

_ § -7 I 6 5 4 l 3 i 2 i l I 0 ' 1 • 2 : 3 I 4 : 5 6 7 

:our. -;::;--;:::- -;;::; Feel. i•~ Feet.: Fed. ---:::---i-F<ct. :--:;;:::-1 Feet, : Feet. /---:;::-- Fut. Feet. 
0 7.6 7,9 8.3 8 l 7.8 7,3 i 7.0 6.8 6.7 6.7 l 6 7 ! 6,7 . 6.6 6.ii 6.3 

1.1 s.o s.4 6.2 1.9 7.4 - -;.1 s.9 6.s 6 s I 6.~ 6.8 1 6.7 s.6 6.4 
2 

3 

4 
5 
6 
7 
t; 

9 

10 
ll 

7.6 

7.3 

7.0 

6.9 

7 .1 

7.4 

7.5 
7,5 

7,6 

7.6 

7.9 

7.6 
7.3 

i.2: 

7.4 

7.7 

7.S 
7,8 

7.9 
7,9 

8.3 

8.0 

7.7 

7.6 

7.8 

6. l 
8.2 
8 2 
8 3 

8.3 

8.1 7.8 7.a 7.0 6.8 6.7 ti.7 ) 6,7 fi-; ~ fi.fi G_:1 6.3 

7.8 7.5 7.0 6.7 6.5 G.4 6.4 r 6.4 fi-4 1 6.3 -0:2 6.0 

7.5 7.2 6.7 6.4 6 •1 6.1 6.1 ti.I G.J 6.0 .5.9 5 7 

7-4 7.1 6.6 6.3 i 6.1 6.0 6.0 G.O 6,0 1dl 5.B 5.6 

7.6 7.3 6.8 6.5 6 . .3 G.2 6.2 6.~ G '> U.1 6.0 5.8 

7.9 7.6 7.1 6.8 6.-0 6 .. "i (L5 G 5 6,;j Ci 4 6.3 6.1 

8.0 7.7 7.2 6.9 6.7 6.6 6.6 6.6 6.6 ! 6.5 ' 6.4 6.2 
8.0 7.7 i 7.2 6.9 6.7 6.6 5.6 6.6 6.6 6 5 6.4 6.2 

S,l 7.S,. 7,3 7.0 £.~ 6.7 G 7 6.7 ti.7 1 G.G 6.5 6.3 

8.1 7.8 7.3 7.0 6.8 6.7 6.7 6.7 6.7 6.6 6.5 6.3 

NoTx.-To use these tables with a. chnrt on which the soundingi'i are referred to m~an low wat~r, subtract 1.2 foot from the nmu.hers in the tables 
from Saa Diego to Astoria, 1.7 foot for Nee-all harbor, 2.3 for Port T-ownsbend, and 2. 7 for Scmiahmoo and Steilacoom. 
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Example VL-In Example V, to obtain the height of tide on February 7, the declination 
being south, we enter Table YI for San Francisco, with Oli. of transit, and two days after 
greatest declination, and find that the tide will be 4. 5 feet above the mean of the lowest low 
\\·ater, or that 4.5 feet are to be added to the soundings of a chart reduced to the mean of the 
lowest low "·aters of each day. If the soundings of the chart are given for mean low water, 
then 1.2 feet ought to be subtracted from the Tables VI and VII; thus, in this example it would 
be 3. 3 feet. 

The approximate time of tho successive low and high waters of the clay will be found by 
adding the numbers in Table VIII to the time of the first high water already determined. The 
table gives the numbers for the different days from the greatest declination. 

Tablt• eo11tairiiri9 numbirs to be added to the time ef high water found fr<Jm Tabla IV and V, to obtain the successive lii9h and kw u:tlters. 

TABLE VIIL-KEY WEST. 

NORTil DECLINATION. I 
! 

SOUTH DECLINATION. 

------- ----------r-----~-1 

I L 11 . . I Low wat~r. ,l lligh water. ow water. I ~ow ,,~atcr. I High water. Low wnter. 
(Large.) ! (Smnll) (Small.) I (Small.) 

1 

(Large.) (Large.) 

--------,,_-.--1--,,,-.-,-•. -r-~~.:.--r--,~-:~--1 n. m. h. m. 

J 
:
4

7 s 2il i El 10 , 17 38 r 5 J6 I 12 33 17 •16 
s 42 i rn :u ' r; 40 \ 5 18 I 1:1 18 17 50 

~ 6 ();) l'2 55 17 4l 4 .1)8 l 12 03 17 56 

~ 6 24 l:l 17 17 44- 4 3.'i 11 44 17 .59 

0:: l 3 0 :J!J 13 ~3 17 39 4 11 11 18 17 58 
2

1 

7 V2 l:J 5'2 17 40 3 50 JO 58 17 58 

13 14 Ol 17 39 3 :J!J 10 46 17 56 
0 18 14 HJ 17 42 3 37 l(J 46 17 59 

I 
l 12 14 10 17 48 3 44 10 46 17 52 

4

23 6 57 13 !'18 17 51 3 57 10 5'1 17 47 

6 39 13 41 17 53 4 QI 11 19 17 48 
~ 6 15 13 18 17 53 4 43 11 38 I 17 45 

~ [' .,7- 5 51 12 59 17 53 5 09 1;) 03 ! 17 44 : ~ ~: : ~~ ~ -~ ~--J~-~--'- ~~ : 
TABLE YIII.-SAN DIEGO. 

§ 0 I o ·,.: S-OUTH DECLIN"A.TlON. NORTH DECLINATION~ 

SJ I 
ag r 

~ ill (Small.) (Large.) I (Large.) (Large.) (Small.) i 
J,.ow wa.ter. 

(Small.) 
~ i Low wat€r. Ii High water. I Low water. 

1

1 Low W<lter. High water. I 
~~ ( ____ , ____ ------ ---- j- -- - ------ -''-----l------~--

1 ~I:~: II::~ =~ ::~ 1 ::: 
l! \( ~~: 
~ 
"' 

2 

1 

0 

r 1 

I~ 

~ \l 

5 00 ll 34 18 34 7 ()() 13 10 Ill 10 
47 

34 

4 24 

4 17 

4 12 

4 14 
4 21 
4 38 

5 01 

5 2.'l 

5 49 
6 18 

11 12 I 18 25 7 13 13 3" 18 19 
10 54 

1

1
11 

18 ~o 7 !l6 13 .5(1 1s 24 
10 38 18 14 7 36 14. 00 18 :JO 

10 28 18 11 7 43 14 16 JS 33 

10 20 i 18 OJ! 7 48 14 24 18 ;J6 

10 20 

1

1 18 oo 7 46 14 24 18 38 

IO 28 18 04 7 3<l 14 l6 18 40 
10 40 I is 02 1 !!:! 11 01 1s 42 
10 58 17 57 6 59 13 46 18 47 
1l 18 l7 33 6 35 13 26 18 51 

11 « 17 &5 6 11 13 00 18 49 

~w woo se m~ D« 

: j :!! 4 ~ 

3 ~ 
2 
l 
0 

2 

3 
4 
5 

6 

7 J 
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TABLE VIII.-SAN FRANCISCO. 

SOUTH nECI.rSJ..TIO:X. NOR'I'I1 DECLlN.ATIO:S. 

-----11---- ----

1 

h. ffl· 

r 1 s 5s 

~~~; :~ 
• t 1 I ; ~ 

r l I 4 17 

~ l; 11 ~ 

!!' • 

High water. 
(Large.) I

,!, Low water. 

. (Large.) 

1 Low\1vatn. 

I ~Lar-ge-.) 
----1---. ---

;; 7~ i ~~ -:~ I 
~: :~ ! ~: ~~ I 
u 34 ' 1e 21 

11 0\) II 18 05 

JO 34 I 17 5-1 1

1 

10 06 17 :l6 

10 oo 11 30 I 

~~ ~~ ~~ ~ Ill 

10 26 17 27 

10 4li 17 ~ 

11 10 17 38 ' 

11 36 11 42 I 
12 04 I 17 49 I 

h. m. 
5 44 

6 06 

6 S28 

6 47 

7 05 

7 18 

7 ;JO 

7 JO 

7 15 
7 01 

6 46 

6 28 

6 00 

TABLE VIII.-ASTORIA. 

High warrr. 
(Sn.1al!.) 

h m. 

11 46 

12 18 

12 50 
13 ;JG 

14 00 

14 :2!l 

14 54 

15 OD 

14 58 

14 18 
14 34 

14 14 

13 ;}D 

13 2·1 

12 JG 

Lo'v "~-'at(>r. 
(i'mall.) 

h. ,n, 
17 44 

17 :H 

IS 04 

18 2l 
18 37 
18 [)t} 

19 06 

19 12 

19 15 

19 15 

lY 15 

19 10 

rn o4 
l!l 00 

18 53 

8 .g 
5 .~ 

SOUTH :OECLIN4TION. !(OJtTl! DECLZNA.TlO.N. 

eg . . 
0 "' I I : ~ I Low water.

1 

Hi1Ih w11ter.

1

!_ l..O\Y \ll.'at~r. g ~ (Small ) (Large.) (Large.) 

---,1-----;:-6 .... 38. --,:--lt.---1 
r - 12 59 

I ~ 6H El:r.J 
. 5 5 55 12 13 

l: J c: 1 4 5 34 11 47 
~ 3 5 2ll 11 !l7 

ll2 509 1107 
5 05 11 01 

O 5 H W a 
( 5 05 10 51 

j 
2 5 ll 10 55 

3 5 18 11 03 

~ 6;7 ~ : :~ ~~ 
611 llli:i 

635 1219 

h. m. 
19 17 

19 15 

19 14 
19 09 

19 03 

18 54 

18 52 
18 -16 

18 42 

18 40 

18 41 

18 39 

18 41 

18 40 

ie 40 

Low '''ater. 
(Large.) 

h. m. 
6 lB 

6 42 
7 01 

7 22 
7 36 

7 47 

7 51 

7 53 

7 51 
7 45 

7 38 

24 
7 06 

6 45 

6 21 

High water. 
('5nmll.) 

h. 
12 03 

12 29 

12 49 
13 Vi 

13 35 

13 55 

14 Ol 

14 09 

H ll 
14 07 

13 59 
13 47 

13 27 

13 07 

12 43 

LOWWl\ter. 
(Sm•l!.) 

h. tr. 

18 41 

18 43 
16 H 
18 49 
lS 5[> 

19 04 

19 00 

19 12 

19 16 
19 18 

19 17' 
19 19 

19 17 

jg 18 

19 lil 

7 I 

~ I ~ 
4 ~ ~ 
3 J "' 2 

l 

0 

l 1 ., I 
3 

4 ~ ~ 
5 l < 
5 

7 

151 
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TABLE VIIl.-PORT TOWNSHEND. 

,.'ll :::: .,.,"D d 
~ = 

SOT!Tll DECLINATION. NORTJ{ DErT.IN.l.TrnN. g ·5 

:1 E ~ 

r 
Low water. / 

: I s.;:; 
~;; 

Luw water. High water. Low water. I High water. I Low water. s 
~~ ~@ 
"'"' I d ... 
Q I I I 

:::: 
--------

k. m. h. •n. It. m. r.. m. h.. m. h. m. 
r 1 6 0:5 I~ 26 18 05 5 39 rn 26 lB 31 7 l 

I 6 6 38 lel 14 18 20 5 06 11 38 lB 16 6 I 5 7 18 14 14 18 40 4 26 10 38 17 56 5 e "' 

\; ~ 8 13 15 .52 19 23 3 31 9 OQ 17 13 4 r ~ 
"" ~ 36 16 52 20 00 3 08 8 00 16 36 3 I "" e 43 17 30 20 31 3 01 7 22 16 05 2 

s 1;2 17 04 20 36 3 32 7 48 16 00 l J 
0 7 40 16 28 20 32 4 01 8 !H 16 04 0 

r l 7 rn 15 5'2 20 le 4 26 9 00 16 16 1 l 

I ~ fi m 15 14 19 59 4 45 9 38 16 37 

I 
2 

L~ 6 38 14 32 19 :J8 5 Ou 10 20 JG 58 3 
~ 

~ 4 6 24 14 02 19 frJ 5 20 10 50 17 14 4 "' i < I G 6 10 lJ 26 19 00 5 34 Jl ~6 17 36 5 l< I 
6 5 59 12 50 lB 35 5 45 12 02 18 01 I 6 

l 7 5 4:2 I~ 26 18 28 6 O'l rn 26 18 08 
I 

7 
-----

The days from the greatest declination are written in the first and Inst columns of the table. 
The second, third, and fourth columns refer to south declination, and fifth, sixth, and seventh 
to north, and the reverse for Key West. The second column gives the number which is to be 
added, according to the declination, to the time of high water, obtained by means of Tables IV 
and V, to give the next low water, ·which is the small low ·water, b, of diagram I. The third 
contains the numbers to bo added to the same to give the secornl or large high water, c, of dia­
gram I. Tbc fourth, the numbers to be added to the same to give the second or large low water, 
cl, of diagram I. The succeeding columns give the numbers to be used in the same way for 
north declination to obtain the low water, b, (large,) of diagram II; the high water, c, (small,) 
and the low water, d, (small,) of the sam<~ diagram. The rise and fall of the same successive 
tides may he obtained by inspection from Table IX, in which the first column at the side con· 
tains the time of transit, and the successive columns the numbers corresponding to that time, 
and to foe number of days from greatest declination. The arrangement of this table is like that, 
already given. 

The numbers for the small ebb tide, ab of diagram I, or c d of diagram II, are first given; 
then those for small low anll large high waters, b c for diagram I, and d e of diagram II; next, 
the large ehlJ tide, c d of diagram I, or ab of diagram II; and lastly, from the large low water 
to the small high water, de of diagram I, or b c of diagram II. 
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TABLE JX.-KEY WEST. 

B14A t.L E'BB TIDE• SMALi, LOW TO L.Al!.GR RHHI WATER-. 1.,, 

I ~ ,... Do.ya from moon's grea.tc121t deel-inntio-n. Days- from moon'll greatest deelinntion. ...YJ 

! I Ilcfore- I ! After- Ilefi>re-
1 

Aft«r- 1.! 
.§ 1l&lsl4J3i2:1[ o l1!2iai4'j'5'6 1!1[6:a!4:1:il2'1i o :1!2 3 ,, 1 11

1 ~ 
::__1-1-1-1- I- -:-1- - -1-1-1-i- _jl_J_il_jl __ -!-i--!-[-1-- -:-1-
H I Ft Fl I Fl.I Fl: Fl' Fl I Ft I Ft Fl.' Fl.' Ft.; Ft ·1 Fl; Ft Ft., Ft.I Ft •. Fl. Ft.' Fl i F1.; Ft.! Fl. I Ft.: F·. F •• Ft.: Ft Fl I Fl H. 

-() 1.6 1.41 I.I, Lo: 0.8 0.71 0 ;j 0.7 0.7! 1),8; o.sj 1.1) I.2! J.:.i i.s: 1.41 lA: L.511.6! 1.611.7: Lil L7 i l.ij 1.6i 1.1: 1.i l.6 L5i, 1.4: 0 

1 61t.4)'1 JI 1.01 o e 0.1
1 

o.•1 o.7 o.;1 o.ej o.9j u! L2j J.5 1.s! l.4l L4I 1.r.i J.6! 1.6
1

1.11 1.•I 1.1 I 1.7'l 1.6i 1.;j 1.;; J.6 Le•! u\ 1 
2 u>! 1.4 1.11 ].()\ 0.8 0.7 0.71· 0.7 0.7• 0.81., -0 !lll 1.1( 1.2 1.5 l.R: 1.41l.4:1.5:. 1.6: 1.6. 1.7' 1.•:. 1,7 I 1.; 1.6: 1.•11,;i l.6 1.;;, J.',\ 2 
3 l.5

1

11.31 l.U: o.u: 0.7
1

1 

0 6: 0.6 0,6 0.6i 0.710.f 1.ol 1.1! l.4[ J.7j 1.3 J.3i J.4j J.51 15] 1.6i 1.6j 1.6 / L.6, 1.5'. 1.6i I 6
1
11.:; 1.4,! 1.:',: 

' I ' ' I ' I I I ' ' I : ' i L.3 1.1! o "i o.•: o.5 0.4i o.41 oct ~.4''. o.5!• c.tl1. 11.~ u.9, 1.2 1.5: 1.1, 1.1·. 1.21 1 :., 1.31 1.4· l.4'i l.4 1.4' i.:r 1,4 1 L.4j l.a; L'<i 1.1 1 

~
5

1 
11.1,1 o.~

1
0.6; 0.51

1 
o 3

1
. 0_2:,· 0.21 0.2 0.2 -0.3i 0.41o6i0.7 1.0 1.3! o.~I o.9i i.o1 1.1i 1.1] 1.2, 1.2j 1.2 i 1,2j l.l: 1.;i11.211.1: 1.ol o !I 5 

' . ' ' I I • ' I ' ' ' I ' • ' I I l.Oi O.~ 0 5lj 0.410.2
1 

O.l; 0.1 0.1 O.li 0 2; 0.:1[ 0,5; 0.6 0.9

1
1.~'. 0.EI. 0.8: 0.9• L01 1.0' LI LJ: 1.l ; 1.1 LO l.!! 1.111.0 0 ~; O t 

1.01O.BI.0.5. 0.410.2j 0.1( 0.11· 0.1 0,1' 0.2[ o.3[ O.&: 0.6 0.9 l.21 0.EI o.s' 0.~1, 1.0\ 1.0: I.I 1.1: l.l l Ji LO 1.1\ 1.1j 1.0. o.~10 fl 7 
e I 1.11 o.91 o.ej o . .s, 0,3, o 2. 0_2 0.2 tt.2, o.ai 0.4! o.61 o.; 1.n 1,3' o_s1 o.s

1 
1 o; J.I' 1.1 i.2 1.2: 1.2 1.2

1
1.1 1.2[ 1.21 1.1_ 1.ol o ! s 

9 I.JI' Lii o.e! o.;l o.s!J a.410.4' o 4 oA\ o.51 o.~( o s\ o.9, U!lt 1.s\ L.JI l.1 1 1.2" i.aj 1.a, l.4 !.4 1.4 1.4 1.3 1.4' l.411.a·, 1 llj l Jl 9 
HJ. L.5

1 

1.3
1 

1.uj o.91 o.7 o.~/ o.~1 o.6 o.6: o ;: o.e/ i.oj 1.1 1.4 1.71u11.3
1

J.4j1.5; 1.s 1.6 1.6[ I.6 u, 1.5 1.6; 1.61 1.s
1 

J,411.: 10 

JI I l.61l.4
1

l11l.ll!0.8: o_,) O.•J 0.7 11.110.810,9! l.1i 1.2 1.5 1.8t l.4: L4i l.I'>i 1.6i 1.6; 1.7 1.7' 1.7 I l.7 1.6 l.<j L.711.6; 1.511.4 LI 

T.ADLE IX-KEY WEST-Continued. 

LA.RGE BBB Tll>E. L.&RGE LO'W TO &JI.A.LL Hll:iH W .!t.TER. ·:;; 

~ 
... ~ Daya from moon's gren.test de<:-Jination. Days from moon's greatet:t declinatio-n. .~ 

6 ~ e Before-- j I Afier- i Before- I Aft('t'- = 
'e I j____ I i I 'c 

~ 7 sjs14::11ll 1
1! o \1 213:4 51s:1\1\s1~:4;a 2;i: o 1 2 '3 4 5 G'r/! 

-1-- -:--1-1- - -1-11_ - - --.-·-:-!-'.- -:-,-:-1-11-,-;--,- -1,-1-
H. Ft. Fl.j Ft. Ft.' Fl~I Ft Ft, Ft. Ft. Ft Ft Fl. Ft Ft.

1 F~, Ft Fr. Fl: Ft Ft Fr.' Fl_ Ft. , ~ Ft' Ft Ft Ft Ft_: Ft: H. 
c 1.4, 1.61 J.9

1

2.ol ll ~ 2.a

1

2.3\ 2.a , i!.3 2.~2 2.1 1 1111.e 1.s 1.., 1.s l.5 i." t.4 l.4 l.3 1 ·' 1.3 i t.3 l.4 1.:1 1.:i t .4 i.~ t.6I 0 

l 1.411.611.9 ll.o/ 2.2ll 2.3 2.31 !1.:t 12.3 2.2 2.1 I 9 1.81 1.5 1.21 1.6
1 

I.5
1 

1 •. 'i 1.4 1.4
1 

I.3 1.3: 1.3 J 1.3 1,4° 1.3 I 3 1 1.4 1.5
1 

J.6 l 
2 1.4 l.6

1 
1.9

1

2.oj 2.2 2.3 2.31 2.:1 i 2. 2. 2.1· 1.ll 1.8 1.5 1.2! 1.6 l 5 l 5 1.4 l 4 1.3 l.3 I 3 l.3 1.4 1.3 1.3 1.4 1.51 l.6l 2 

:J l.:ll l.Si I.Bl 1.91

1

2 I 2.212.21 2.2, 2,2 2 I 2 0, I B I.< 1 4, 1.1 1.5 1.4 1.4 I 3
1 
I.~ !.!! 1.2 1.2 l 2 1.3'. 1.2 1.2 l.3 IA· l SI 3 

.. 1.~I 1.3' 1.6 1.7 l 912 0 l!.O 2,0 l 2.0 i.9 I.E. 1.6 1.5, 1.2, .•. · O.!ll Ull. 1.2·. I.~. l.l, I.I 1.0 •. 1.0· 1.0 I 0 I.I 1.0 LO,. I.I l.21 1.:J.·: 4 :; o. 1.1/ 1.<111.5 1 7 1.s1
1 

i.sl 1.s 1.s l.7 I.6 1.4 1.:1 1.0: o.;1 1.1i lo' 1.01 o.91 o.9
1 

o e: o.s o.s o.s 0.9:; o.e o.s· o.9 1.oi 1~1 s 
I I I I . ' ' ' ' ' ' I ' 6 o.e 1.01 1.a 1.4) 1.6 t.7 1.1: 1.7 i l.7 1.6 I.Ii i.:i 1.2 o 91 0.1111.0, o.9; o.9 o.t< o.s o.•, o.7 o.7 o.7 o e1 o.7 0.1, o.a 0.11

1
1.oi 6 

7 o ~ i.oi 1.3 t.41 l GI i.7) t.7· 1.7 1.7 t.6 1.s, 1.a 1.2 o.9: ll.1\1 1.0: o.9; o.9 o.8': o.s o.7i 0.1
1 o.7 o.71 o.s1 o.7 o.7 o.s o.9; 1.0

1 
1 

e Io. Lll 1.4 ls i.1
1

1.ej t.e
1
1 1.s 1 s J.7 1 6. 1.4 1.3, i.o! 11.1! 1.1! i.o: 1.0' o.9~ o.9' o.e

1 
o.s! o.s o.e. o.9: o.s o.s· o.D. 1.ol ui a 

9 l.J 1.al 1.6 1.71 I !I !!.0 !!.O II 0 I II 0 I.II I.8 I 6 I 5' I.SJ: o.~·, l.3i u1: 1.2 1.1: I l i.o: 1.01 l.O l.O: I.I 1.0 1.0 I.I l.!l! l.3 9 

JO l. l.611.81I.II2.112.21 !J.!.!1 11.2 ! 2 lil 2.1 ll.o:. 1.8 l.7" 1.4.i l.l 1.511 1.4: L4i l.3
1 

1.3. 1.2: l.l!i I 211.2: 1.:i 1.2 Ul! 1.3, 1.4I! 1.s'. 10 

I I 
, , , 1 r 1 1 ..i ' , , 

ll l.4l l.6 1.9 2 fl !!.!! 2.3 2 3I !!,3 '?. 2. 11.1,
1
· 1.9

1
• 1.81.' l.51 1.2 I.ti; L5j J.5: 1.4. L4 1.3: 1.3, l.3 1."I, l.4 1.3 l.3, l.4 l.5I 1.61 II 

I I I I I ·' I ! ' ' ' 

20 c 



 

154 REPOHT OF THE Sl"PERlXTJ<:KDEXT OF 

TABLE IX.-8AN DIIWO. 

!iM.\.LL t:tlB 'rIOEi OR t'R.OM SMALf, HfGH WATER TO SHALL LOW WATER.; FROM SM-'Lf, LOW WATElt TO .C.A.RGC JIIGll WATER· i~ 
~ --·---·----- -- -------- --- ---- - -----i ~ 

Days from moon~s greate~t declination. Days from moon's grt'a\est declination. I ~ 
g -·-~---·- -----~-· -~-----·- g 
~ Before- After- Before- After- 5 

'c' i : 'c 

~ _:_li~/~i~ ~:~ l i 2 I 3 4 : 5 i 6 I' 7 1615 i 4 3 J 21
1 

1 I 0 i 1 i 2 : 3 I 4 516 17 A 
u. n . .n.: Ft I Ft.! n. ! Ft. Ft Fi. Ft. i Ft.1 Ft. n 1 Fl.: Ft.!~-;;/-;- ~I-;- ~-1 Ft. ~-:-~!Ft : Ft '.n Ft. -;.-/ n 1-;,I--;;, 

o 4.013.4\ 3.o, ~.6) 2.:ii 2 1 2.u. 2.0

1

2.1, 2.3 2.7, 3.21 3 <( 4.6, 1>.2
1 

il.11 4,l 4.7, 4.5 4.4; 4.:;

1

1 4.2 4.2: 4.1 4.1: 4.o 4.o, 3.9: 3 9J 4.0 o 

3.P 3.~ 1 2.< 2.4: 2 1: 1 Y L• i.~, 1.9: 2.1 2.& 3.ci a.u1 4.4
1 

so 4.9
1 
4.~ 4.5

1 
4.a, 4.2

1

· 4.1, 4.o 4.01. 3.~i 3.9
1 
3.s~ 3.s, 3.•: a .• 

1

. 3.s

1 

. 

.2 :.i.D 2.9'. 2.5 'il.1; i 8
1 

t.6 i.5: LS' 1.6/ I.S 2.2. 2.ii 3.3) 4.1; -t.7; 4.Bj 4 4 4.2: 4.o: 3.9
1 

:i.e; 3.7 3.7
1 

3.6
1 

3 6) ::t.5
1 

3.s; 3.4i 3.4 3.5 2 

3 i 3.(1 2.4: 2 (J 1.61 l.3 I.I lo: l.U I.I' 1.:; 1.7. 2.21. 2.fi·. 3.6! 4.2 4.1, 3.~ 3.7i 3.5 3.413.313.2 3.2· 3.1·;· 3.lj 3.0\ :i.o:. 2.s12.~I 3.01 3 
4 2.2 I.6

1 
1 2' -0.1-, o.5:.' o.:;I o.~,: 0.2 o .1/ o.;, o.&' 1.41 2.!n 2.~i 3A a.:ii 3.1

1

2.Bi 2.7 2.6 2.51 2.4 2.412.;,12.3(' 2.21 2.2: 2.11 2.11 2.2 

s · 1.7 1.1 o.7: o.3; o.oi -.2 -.3 - 3 -.2[ o o o.4 o.~; i. 
1

2.3'. 2.9, 2 s12.u 2 4' 2.2 2.1
1

. 2.011.9 I.911."' 1.s, I.7' 1.7, i.t[ t.6j 1.11 5 

6 J.e 1.2: o.i-: o 4! 0.1: -.1,-.2 -.2 -.l! 0.1 o.c,: 1.01 t.6' 2.4! :i.o 2.9' 2,;12.512.3 2.2 2.1J 2.0 2.0, I.911.9' I <i i.s: r.•11.•: 1.s 6 
7 2 3 1.;: 1.:i: o.~· o.610,4 o.3, o.;, 0.4

1

! o.G l.u u.: :1.1[ 2.Yi 3.5: 3.413.> 3.o: 2.8 ~.7j 2.6! 2.5 2.&j 2.4
1 

2.4i 2 ~' 2.3: 2.1!! 2.2i 2.3[ 
8 2 912.J'. l.~ i.sl l,211.0 O.Y u y J.C l 2 1 f. ~.1: 2_·,13 ~14.I 4.o( 3J::! 3.6i 3.4 :J.3[ 3.2\ 3.l. 3.1 3.l·i 3.u; 2.9! 2.9: 2.~12.8i 2.9l 8 

11 :J.7
1
13 1' 2 71 2.~1 2.l' l !<I J.; l.>11.8 2 0 2 4 2 ~I 3.ol' 4.3• 4.9 4.8,1 4,f,14.4'

1
,. 4.2 4.1.' 4.0

1

' 3.9 3.9 3.l:I 3.~: 3.;1 3.7. 3 ~i 3.6 3.7· 9 
I I ' I I I ' ' I ' , I 

JO: 4 2 3.6 3 2 2.81 2 51 2 3 2.2 2.2 2.oi 2.:. 2 £ 3.4! 4.0. 4.8: 5.4 5.311 5.l 4.9: 4.7 4.6; 4.5\ 4.4• 4.4' 4.3! 4.:>j 4.214 2, 4.1! 4.l\ 4.2110 

11 1 1.aj 3.7 _a .. :i. 2.~ 1 2 6'. 2.1 ... 2 .. ~_' 2.1_2_.4! 2._61_3.v _:i.5: 4.J! 4.9/ s . .> 5.4
1 

5.> 5.o: 4.e 4.71 4.61 4.5 4.5 4.41 4.41 4.31 4.3' 4.lij 4.2; 4.ai 11 
- .... - -· -· - I I I _J __ , ·-·--··· ·-·'-'-·--··, ' I' 

.F'ro1n a to h •••... ................................ Dfrtgrnm I. From b to c ••••••••••••••• ............................ Diagrd.m I. 
FIOUl c to d •• , • •••••••••••••• , , ••••••••••••••••. Diagrau1 11. Fro1n d lo e ............. , ••• , ............... ,,, .•• DingtRrn II. 

TABLE lX -SAN DIEGO-Continued. 

-~ L•RGE EllB TIDE, 011. J'ROM: L.\.ltOE HfGll Wa.TER TO LARGE LOW WATER. FllOM. LARGE 1,ow WA.TEll TO SM4LL BIOll W£TF.B.. i ·ii ;; 
;; 

"' "' 
-- -·--D-ay--,.,-f-ron_1 _m_O<l_n ~:~r_e_n_t~--at de;~;~~t:~-~---------- l------·-D_a_y_s-fr_o_m_m_o_on'~ greatest dtclination. I ~ 

~ '------ ·-·-------~-----,-------- "------ ------
I 

. i 
Before- After- Before- After- ~ 

C - ----- - - - ~ - --- I i - - ~ - -- - - - r 'o 

.§ ' 7 6 ' 5 I 4 I 3 2 i I 0 I 2 I 3 I 4 I ii I 617 J 7 i 6 I 5 I 4 1 3 2 I 1 I {j 11 ! 2-; 314. 5~· 6 : 7 1.§ 
~,_,_ - ~--l---1-· - -.-:-'-11'-l_ -11--:-1-11-1-, -1-1-1-I-!-- - -1-_::_ 
H •• Fl.'Ft. Fl.I Ft.I.Fl. Ft.

1

F •. Fl. Ft. Ft. Fl 
1

n. Ft. Jil . .El., Ft.iFt. Ft. i;1./F1. Ft.1Fl·jFl.1Ft. 1Ft. 1Fl.,FI. Fl. Fl.iFt· H. 
o 5.2

1 
5.o 6.21 6.£ 6 9 1.1, 1.2 7 2 7.1 6.9, 6.5 6 o 5.4 4.614.o/ 4.1; 4.3

1 
4.a( 4-'l 4.8 4 9 s.ol 5 ol' s.tj s.11 5.!i .'i.2

1
5. 5.3/ 5.2 o 

l 5 Q 5.6 6.0j 6.41 6.7' 6.9
1 

7 0 7 0 6.9 G.7' 6.31 5.81 5. 4.4 3.8
1 

3 Si 4 I 4 3' 4.!11 4.6 4.714 ~· 4.8 4.\114.9,5,0

1

5.0 5.~ !\.115.0 1 
ll 4.7, 5.3

1 

5.<

1

6.l; 6.4 6.6 6.7 6.7 6.6 6.il 6.0: 5.5: 4.9 4.1

1

3.5
1 

3 613.8 4.0: 4.l!j 4.3 4.4 4.5: 4.ii
1 

4.6,, 4.6 4.7 4.7 4.~1 4.S/ 4.1 ll 

3 4.2 4.8 s il 5.6
1 
5.~ s.1 6.2 6.2 6.1 s.sj 5.5 5.o; 4.4 3.6 3.o

1 

3.J a.3 3.5: 3.7 3.8
1 

3.914.-0

1

' 4.0J 4.1 4.Ii 4.2. 4.> 4.3

1

4.al 4.2 3 
4 3.4 1.n 4.11 4.s s 1 s :1 5 4 5.4 5.3 5.1, 4.71 4.2 3.6 2.e 2 2 2 ~ 2 5f 2.1I 2.~! 3.0 a.1 a 2 a.2; a.3 11.31 3.-1! a.4 a.s 3.51 3.4 4 
s 2.9' 3.5 3.~1 4.31 4.6 4.s

1 
4.9 4.9 4.8 4.6! 1.21 a.71 3 i 2.a 1.11 l.t 2.0 2.~l 2.4j 2.s; !!.6 2.7 2.712.e 2.si 2.ti: 2.IJ 3.o 3.o! 2 9 5 

11 a o 3.6 4.•·i 4.41! 4 7 4.Y
1 

s.o s u 4.9 4 '14 a 3.813 2 2.4j 1.si l.l 2.1 2.3 2 5'
1

2.e· 2.1
1 

2.s 2.sl 2.9 2.9f 3.0
1

1 
a o 3.1

1 
3.11 3.tJ 6 

7 3 .5 4.1 4.;;i 4.9
1 

s 2 .> 41 .; 5 5.5 5.4 s l! 4.s' 4.3' 3; 2.~ 2.31 2.4 2.0 2.81 :i.*l J 1! 3.l!/ 3.31 3.:J J.4 3.4! 3.5 3.5 3 61 3.v, 3 li 1 
s 4.1. 4.71 ::;) 5.51 s s' o.ol 6.J 6.1 6.o 5 • 5.4 4.9! 4,3 3.512.DI 3.f a2 3.4' 3.6

11a.713.83.9!' 3.9[ 4 o 4.ol 4_1\ 4.1 4.2' 4.2 4.1 ~ 
i ' ' I I I , ' I , I I 9 4.9] 5 .• '>i :"i.~16.:Jl 6.6 6.8 6.9 6 9 6.8 6.tlj 6.2 0.71 5.1 4.3

1 
3.7

1 

3.1-14 0

1

4.2 4.4 4 l), 4.614.7\ 4.7i 4.8 4.BI 4.9: ~.9 5.0i 6.0 4.9 9 
10 & 4 6 0/ 6.1, 6.8 7.1 7.3 7.41 7.4, 7.3 7, 1i 6,7 6.215.6 4.8J 4.2 4.~ 4.5 4.7 4.9

1 
li.OI :>.1: 5.2

1 
5.2

1

' 5.3 5.3: :i.4
1 

a.4
1

5.515.5
1

5.4 10 

11 s.s ~. o~6_9l .~_~j-~5~~:=~·.4 '.:.l:~~J_ ~1 u11 o: 4.414.6! u: 5.o
1 

s. 1j s 2j 5.31 5.3 ~i.4! 5.4: s.51 5.5
1 

s.6 u 1 5.5

1

11 

Fro1n-ctod ....................................... Diagra1n I. Fronidtne ...................................... ~ •.• l>iagram I. 

Prom" to b .. ................................... Diagram II. From b tu c •• •••••••••• ., ........................ Diagram JJ, 
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TABLE IX.-SAN FRANCISCO. 

\SKA.LL £llB TlDE,Oll rROM UIAI.L HlO.R WATER TO -Slt~LL LOW WA..'TY.1'... \ fll()M. SM;IJ.,l,L 1.ow WATE'R TO L• R.GE: ntan W4TE:ll. .!:! i l ------------·· -- ---- --------- -- :----------~------·-- ----------------- ---- ----------, ~ 
~ 1 Days from moon'!"; greatest decli11ation. j Days frnm rnoou'i; greare5=.t df'clinatinn. 

g l ---i---·--------------:---· --~--------------

~ I Before- -I I After- I ____ 1~:f:e- After- g '-
0 

.Ft. 

~ 1~1~11'.~l~i~ ~11·~1~1~ ~'~1~1~11_1_1_ -,~:~1~11·~ _ _:___ 2 4; 5 6 :~ = 
Ft. I Ft. Ft I Fl.~ Fl. Ft. Ft. I .Ft., F" Ft Ft.11•t., Ft. Ft. Fl 1 Fl. Ft. Ft. Fi.' Ft. Ft. Ft , Ft. l Ft. Ft : Ft.' Fo.' Fl. 

0 4.7; 4.0i 3.4! 2.9,, 2.4 2.0~ 1.81 l.7j 1.7 1.9 ~.:i ~-6 3.1 3.7 4.4; 5.2 4 9 4.6 4.5 4 0 3.7 3.4' 3.2
1 

3.1 3.-0
1 

3.1< 3.1. 3.;~ 0 

4.sj a.~J J.~ 1 2.1'. 2.2 i.8\ L6: t.5j 1.!t •.7 2.01 2.4 2 9!/ 3 5 4.2 5 01.i 1 4.4 4.3 3.ts! 3.5 3.2 a.o: 2.tJ 2 e' 2 9; 2.9 a.1 

.Fl.' 
3.4 :L5i 
3.2 3.3 
3.0 2 4 3 , 3 6' 3 o' "5

1 
0 0 I 6 1 l 41 I•' I., l 5 l R

1
., .;:ii 2 - 3 3' "ol 4 8' 4. , " 4 1

1 ~ 61 ., 3 "0 2.8'. 2.7 2,6' ~.i· 2.·,: Z." . • . . . ... -· . . . I "''i ·" . . . ~--1 .. • ' '· ' • 1 .J, '·-.' . ' .. '1 ~. "· - I ·- - - , 
3 4.o: 3 3: 2.1\ 2.2: t.7

111.3j u
1 

1.011.0 1.2 1.s' i.9J 2.413.o: 3.7[ 4.5 4 r' 3 9, 3.s: a.a1 a.o 2.< 2.5, 2.1 2.3; 2.1
1 

2.1, 2.6. :i.7 ~.s. 
4 3.6[ 2.9\ 2.3 1.8\ J.3 0.9j 0,7i 0.6\ 0.6 O.f I.I, J.~ 2.01 ;).6; :J.3' 4.1 3.8 3;, 3.41 2.912.6 ll.3 2.1, 2.0 1.9! 2.Q~ 2.0 2.2. 2.31 2.4 

5 3.2'. 2.sl l.91 1.4 o.~I o.5 o.a: 0.2' 0.2 0.1 o:;-; 1.1/ 1.s
1

2.2 .. 2.91 a.7

1
3.4

1 
a.1: 3.o; 2.,;, 2.2 J.9 t.7· 1.6 l.D. 1.6; 1.6 Le l .Yj 2.0 

• J I I ! I l ' I I ' ' I ' I c. . 
6 a.2. 2.5': l.9: 1.4: O.~, o.&·. 0.3j 0,2i O.l!r {l.4

1

0.7,1.ll 1.6

1 

SU! 2.\Jj 3.7 :l.4 :J.l :l.O 2,,,, 2.2 l.!l 1.7. I .u l.:I 1.6 l.6 l.8 1.9; 2.0 

3.1 

a 

fi 

7 7 3.4;_ 2.7] 2.111.6; l.l 0.7: 0,5! 0.4i 0.4 0 6 0.9, 1.3! 1.8 2.4, 3 Ii 3.9/ 3.fr :J.3' 3.21 2.7: 2.4: 2.1: 1.9' 1.8 1.,, 1.8. l.8 2.0· 2.1: 2 2 

s 3.Bi a.ii 2 . .012 o
1 

1..'', 1.1; o.9i o.s; o.s
1 

1.oll Lai 1" 2.2

1

1 2.s
1
. 3.51

1 
4.311.01 3.7: a.6: a.Ii 2.8' 2.5 2.a 2.2 2.1; 2.2, 2.2 2.4· 2.5; 2.6 

9 4.J, 3.4: 2.s: 2 3, I.8·! 1.4; 1.21 1.1
1

1.1

1

1.a I.6
1 

2.0 2.5 3.I :i.s1 4.6

1

4.3_ 4.o .. 3.9·. 3.41 3.I 2.0 2.6 2 5 2.4: 2.a· 2.5 2.7 2 8! 2.9 

Jo 4.o) 3.8] 3.2[ 2.1) 2.2 u; i.oi u; 1 s I.7\' 2.0: 2.4 2.9
1

3.5: 4.2i. 5.o 4.7; 1.1· 4.3
1 

3.s. :i.r, 3.2 a.o 2.9 2.e
1 

2.9
1 

2.9 a.1 1 
J.2· 3.3' 10 

11 4.71 4.0I' 3.4[ 2.9', 2.4\ 2.o\ 1.s! 1.;
1
1 1.7 1.9 :i.2' ~.6 3.1, 3.7, 4.4; 5.2.

1
· 4.9

1
: 4.6

1
. 4.a, 4.o

1 
3.7 3.4 3.2 3.l 3.01

1 
3.t, 3.t

1 
:i.a'

1 
3.4·

1
· 3.5· 11 

l 1 ! I I : I i I 
------- -- ---------- --------------------------

From a to b ......... ............................... DiagTam I. From h toe •••••••••• ,., ................. , . , ..... Diagra1u I. 

From c to d •• , ••• .............. , ................... Diagram II. Front d to c •• •• ,., . , , . ,, . , ......................... Di::t.gra.Jn II. 

TABLE IX.-SAN l<'RANCI:SCO-Continued. 

\ t.AtlG-& '&B.ll T1DE1 oa 71l0ll. l.A.RO'& lUOR WATER TO L\RGE L-OW WATER-\ FR.OM L.\.RC1E LOW w .t.Tl>R TO SMALL HlOH WATER. 

g I Days frow moon's greatest declination. ! ·-~------- Days from moon~i; grea.te~t declination. ~ 
i 

1
1 

·:1 l 
S Before- After- Before- After- .-: 
~ ·~ 

~!7 6 514 a\2 o 1:2
1

3 4l5j6 717\61
1
5:4\3·,2 1;0 1 1 2 1 a 1 .i

1
a ~ 1 1\~ s I i l ' I ' i : ' ' I i ' ' <> 

-;:- --;; -;,- Ft.! Fi. 1· F" .~ ·1').: Ft .. Ft. I F1. II 1"1. R. j n. in.! Ft.'.~: ~~lR:i~i Ft. R. -;;: Ft.' Et. F1.1 n. i il. j /';,' F1. R. ;-;. 
u 3.9 t.6 s.21 5.7 6.2' 6.6 6.s\ 6.Y 6.9 6.7 6 4 6.o 5.5; 4.~: 4.2, 3.~: :i.7! 4.o! 4.1, 4.6 4.9 s.21 .'i.41 5.5 s 61 5.6 5.5; 5.:i' 5.2' 5'12' o 

1 3.7 4.415.o; 5 5 11.0' 6.4

1

6.6! 6.1 6.1' 6.516.2 s.1:< 5.3( 4.7: 4.<l' 3.2; 3.51 3.sl 3.9: 4.1: 4.7 J.o: 5.2! 5.3 5.4 1 s.3' 5_3i .5.1! 5.o: !LO 1 : I 3.5
1

4.2 4.s'. 5.3, s.a; 6.2 6.4, 6.5 6.s
1 

6.3\ 6.0 .>.6' s.1'. 4.5: a.s; :i.o: a.:i( a.6i a.< 4.2 -1.s 4.s! 5.ul 5.I s.2' 5.1· s 1'. 4.s! 4.B 4.B. 2 

~ a.2 3.9 4.s'. s.o! 5.5 5.9 6.1; 6.2 G.2
1 

G.o

1

. 5.7 5.a 4.si 4.2! 3.5'. 2.7; a 01 a.al 3.4 ~ 9· -1.2 4.5 4.71 4.8 4.9 4 ~ 4.8
1 

4.6· 4.5 4.5 3 

4 2.8 3.s, 4 Ii 4.6j 5.l\ .. 5.& 5.7; 5,S 5.B: 5.6 '" 4,s, 4.4: 3.8; 3.1: 2.31 2.6i 2.9\ 3.0• 3.5: 3.P 4.l' 4.3j 4.4 4.5 4.4', 4.4: 4 2: 4.1 4.1 4 
5 2.4 3.Jl' 3 ,, 4.!lj 4.7, 5.1 5.3; 5.4 5.4

1 
5.2i 4.9 4.5 4.0, 3.4[ 9.7 1.9: 2 2[ 2.5i 2.6, :u, 3.4 ~.7 :J.9; 4,0 4.1 4.0: 4.0 3.~ 3.7 3 7 5 

6 2.4 3,J 3.7' 4.2 4.7~ 5.l 5.3' 5.4 5.4[ 5.l!i 4. 4.5 4.0j 3.41 2.7 l 9: 2.2! 2.5j ~ 6 3.l· 3,413.7 :J 9: 4,0 4.1 4.0 4.0 3. 3.7 3.7 6 
7 2.6 3.3 li.9! 4.4 4.9( 5. 5.5' 5.6 5.6: 5.4\ 5.1 4.7 4.2\ 3.6\ 2.9 2.\ 2.4\ 2.1; 2.8· 3.3' 3.6 3.9, 4-~'. 4.2 4.3 4.2 4.2 4.0 3.9 3.9 7 
8 · 3.0 3.71 4.3' 4.~ 5 3 5.7 5.9

1 
6.0

1

6.0\ 5.8; 5.5 5) 4.6: 4 oi 3.~ 2.5f 2.8: J.J: 3.2: 3.~· 4.0 4.3 4.a. 4.6 4.7 4.6 4.6 1.4 4.3 4.3 8 

11 \ 3.3 4.o1

1

4 ~ 5.1 s.6!

1 

s.o 6.2, 6.3 6.3'. 6.1i s.11 5 4
1

1 

4.9: 4.3
1 

3.6
1 

2 s! 3.1! 3.4! 3.5

1

4.o· 4.:i 4.61 4.~; 1.11 5.o 4.9' 4.9' 4.7' 4.6 4.6: u 

10, 3.7 4.4 5.015.5 6.0 6.4 6.6' 6.7
1
, 6.7: 6.5! 6.2 5.Bi. 5.3! 4.7

1
· 4.0 3.2

1
: 3.5: 3.813.9 4.4' 4,7 5.0' 5 2! S.3 5.4 5.3 5,3 5.1 5 o' 5.0 JO 

11 3 9 4 6 5 2 • ' I I ' I I ' ' O' I 5 5 • 6 • • ' • ' 5 3' • 2 ' 2 JI · . . I a.1 e.2 6.6 6.ts
1 

6.llj 6.9 6.7: 6.4 6.o, s.s
1 

4.9! 4.2 3.4j a.7[ 4.o! 4.1! 4.6. 4.9 J.-. ii.4! . I"· "·" "·" . ,,_ · •· 

I From e to rl ........................................ Diagrain 1. 

FrCH\l " l<> ~ ...................................... l>iagram 11. 

From d tot ........................................ Oiag1a1u I. 
From b to c .................. , ....................... Uiagran• 11. 
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TABLE IX.-ASTORIA. 

I 

-~ &:Jl&.LL EBB TIDE, OR FROM 5HALL RI6H WATli:ll TO S!llALI. LOW WATEll.r Fir.OM &MA.LL LOW WATER TO LAROE HlGH WA.TE&. l 

f I .. :;:-~·"'iT"·-·~·:,_ ' II ' ''.~·;~··1~i···-· .... ~~- ' I ~ 
~ ;_1_[_~[_:__ ~ ~1_2_~~-J_~·~ 1~·-~[_:__j___6__:___6__1_7_ ~I~ 1-~~ ~1~ ~I~ _2_~_4__ _:__;___6__ ~ ~ 

A:n1n n\nln nJAln.Jnjn 1 nn n/nin nJn1n1n.)A n njn n An. n[nln 
0 7.4

1 
6.7\ 6.015.415.0: 4.6! 4 514 5: 4.61 4.-; 15 I 5 5 6.2 6.!I 7.8 8 0 7.8 7.5

1

7 216 8 6.4 6 3
1

6.2
1 

6.1

1

6.;i 6 2 6 3 6.31 6 3 6 4 0 

1 7.s 6.sl 11.1 5 a
1

s.i 1 411 4 6
1 

4 6 4-' 4.8,. s.2 s.6 6.3 1.0
1 

7.9 s.1j 1.11j 1.6 1.a 6 s 6.s 6.4
1 

6.3 6.2 6.3 6 :i s 4 6.416.4 6;, l 

I! 1.2\ 6.51s.s.5.2, 4.e\ 4.4[ 4·~i ~-~14.4 4:, 4.9 s.a ~·": s.1
1 
~ s: : s 1 7.6

1
1.:f 7.oj G.6, 6.216.~16.o ~·9i a.o 6.v 6.1 6.1 CJ.1, ~ 2 I! 

3 s.a . .s.&l i;.2
1 

4.6
1

4.2
1 

a.fl 3. ·t 3. 'I a f 3 9

1

4 .• J, 4.7 .,.4
1 

6.1 ,.o[ '·~11.01 6.,16 41 6.o s.61 s.01 s 4 "·31 5.4 s 4 5.5 5.s
1 

5 . .s1 ... 6 3 
4 5.91 ~-~ 4.5

1

3.91 3.5, 3.1, 3 0, 3 o, 3.1 3 2 3.6 4.0 4.71 5.4 8 3: 6.f> 6.3

1

6.0I 5.7 1 i>.3 1 4.~: 4.11]

1

4.7 4.6, 4.71 4.7 4.P 4.8 4 814.U 4 

6 4.8'4113412.~ 2.4 ~-o 1s1 1.9,2.o 2.112s 29 36 4.3 s.2 541 s214.9 4ti 4.2'3.> 3.7 361:!5 36•3.6 3.7 3.7 37 :18 6 
s s.!1

1
4.5 3.s 3.2

1 
2 e1

1

1 

2.41 2.a
1

1 ~ 3, 2 4 2.51 \l.!J 3 a 4.o1

1

4.7 5.6: 5.s: 5.6 5.3
1

5.o: 4 s 1 4 \l 4.1 4.o
1 

3.9
1

4.1114.u 4.1 4.1[ 4.1

1

4.2 5 

7 s.o! 4.al 3,6 3.o; 2.61 2.2: 2 1' 2 112.2
1 

2.:J'\
1

2.1
1 

2.1' 3.B 4 5
1 
s 41 s 61 5.4f 5.1l 4 sl 4.414 Q1 a uj :is( a 1( a.s1a.s

1
a11 a.s1a9 4.0 1 

s s.s, 4.s; 4.11a51 a.1
1 

2.7: 2 t! 2 6i 2.;. ~.s, 3.2, as. 4 3
1 

5.o
1 

5.91 6.1
1
s9 s 51 s a: 4.s1 4 5 4.4l 4 314 214 314.:il 4.4 4.4 1 4.4 4 s s 

9 s.aj s 61 4.914.313.9: a.s, 3 413.4
1

3.513.6
1 

4.u; 4 4: 5.1 s.~ 6.71 6.9
1 

s.1 6.4: 6.11s;i5.3 s.2i s.1 so s.1 s.1 5.2 s 2 5 ll[ 5.3 9 
111; 1.01. 6.:i 5.6

1 
s.u: 4.o, 4.21 4.J 1 4,1, 4.2 4 :Ji 4 7. 5.1 5 s 6.5 7.41 7.6

1
7.411.1

1
6.8, 6.4 1 6.1115.V s 8 5.7 5.815 s[ s 9 5 9 5.Y

1
6.0 10 

II 1 7.3 6 6: 6 91 5.314.9 4.5 4 4
1

4.4: 4.5 4.615 0 5.4, 6 1 6 8i 7,7\ 7.9
1 

7.717.4 7.1. 6.71 6.a
1

6.'1: 6.lj 6.0 6.1 6,1 6.2 6.216.2
1

6.3 1l 

I

I ;,om
1

ato~ ........ 
1 

•••• ~ ......... i •••• 
1 

......... '. •• D:agram I. Ii t'rom6to

1

c .•• ~ •••• 

1 

................. 

1 

............ Diagro~ I. 
From c to d ............... .................. ........ Diagmm 11. From d toe ......•............................•.. Diagram II. 

TABLE IX.--ASTORIA--Continued. 

f I' L.1.kGE EBB TIDE, Oil PllOlll LARGE HIGH w A.TEii. TO LARGE LOW w AT£n.

11

1 _____ '_"_o_"_L_A_'_"_"_L_o_w_w_•T_•_"_T_o_•_><_A_L_L_R_"'_u_w_•_T_•_"_· ___ _ 

:!' Days from moon's greatest declination. I Days from n\oon~ greatest declination. 

! II Before- II I Alier- I Before- I .A.~er-

J _1_11~!-j_4__l~;~1,'~ ~1~1~1'~ -~.l~/~)_:_11_1_f ~~I~-!~!~ ~1 ~ ~1~ ~ ~ -~1___6__~ ~ 
I 'Ft I I " ! ' ' ' • ' I ,Ft. Ft , . Fl.: .n. Ft , n , Ft. I Fj Ft./ Ft. Ft. Fl.: Ft.! Ft. Ft. I Fr. Ft.: Jt. ! .f'I.; Fl. Fl., Ft. Fl. [Ft. Ft. Ft. Ft Fl. Ft. 017.0I 7.71 8.419.0i11.4 9.S, 9.11 9.91 9.o: 9 71 9.3 8.!J 8 2 7.5: 6.6

1

6.4; 6.6 6.11, 7.21 7.6: 8.0 B.118.1! 8.318.2 8.2 8.1 B.I 8.1 8 O 0 
1 1.1 1.s 8.5: 9.11 9 51 9.9;JO o w.o

1 
9.~/ 9.s; 9.4, g a s 3 7 6i 6.7 6 . .o: 6.• 7.o. 7.3: 11! a.1 s.2i a.3 s.4 s :i s.3 s.!l s.!l s.2 s.1 1 

2 6.8 7 •1s.2i8.lli 9.21 9 6 9.;I 9.7 9.619 5 9.J. 8.7 8.o, 7.3 6.4 6.2
1

6.4 6.1j 1.0
1
1 7.4! 7.b 7.918.0 11.11 s.o 8.0' 7.9 7.11 7.9 7.8 II 

3 6.2 6.9! 7.GI s 21 B.6 9.~I Y.1 9.1: 9 ol s.9j s.;. 8.1 7.4
1 

6.7 5.B s.6, 5.f 6.1 6.4 6.s! 12 1.~ 7.4 7.5 7.4 1 •. 1 1.:1 7.3 7.3 1.2 3 
4 s 5i 6·2r S,gl, 7 s; 7.9: 8 ~: 8.418.4 8,;Ji 8.2, 7 8

1 

7.41 6.7) 6.0 5.11 4 9: ii.I 5.4 5.7: 6.1J 6,5 6.6, 6.7 6 816.i 6.7 6.tl 6.6 6.G IL5 4 
s 4. a.5, 6.2 6.ei 1.211.1 1 1.0 7.71 7.61 7.5 7.1 6.7J 6.o, a 3 4.41 4.2 4.4 4.7 s.oi 5.41 l;.8 .'>.9 6.u 11.1

1 
s.u 6.0 i>.11 5.9 5.9 5 e s 

6 ~.4 5.lj s.~ CJ.4
1 

6.8, 7.2 7.:i 7.3: 7.21' 1.1) 6.7 6.ai 5.6: 4.9 4.o
1

' a.sj 4.o 4.3 4.6.: 5.o1 s 4 5.5 5.6 5.715.6 5.6 5.f> 5.5 li.5 5.4 6 
7 U 5.3, 6.016 6i 7.0' 7.417.r•1 7.~ 7.4 7.3, 6.Y fi.5j i>.8 5.1 4 2 4.0

1
· 4.'-1 4.5 4.8: 5.2i 5 6 5.7, 5.8 5.9 5..8 5.B 5.7 5.7 5.7 5.6 7 

8 5.l 5.6
1

6.5 7.1 7.5
1 

7.9/ 8.0I B 0 7.9, 7.8
1 

7 4 7.0116 3 i>.6 4.7 4.5, 4.7 5 0 5.3, 5.7[ 6.l 6.2'16.~ 6.4 6.3 6.3 6.2 6.2 6.2 fi.1 8 

9 5.:i 6.6, 7.317.9
1 

B.3 8 7 8.8, S.8 8.i: 8.6, 8 2 7.8 7.l 6.4 5.5 5 J! .'>.5 .:u1 6.1 fi.5J 6.!ll 7.0 7".1 7 ll 7.1 7.1 7.0 7.11 7.0 6.11 9 
10 6.:J 7.31 8 o B.6' !l.u, u.11 9.5 9.5 9,4; 9,31 s.9 s.i>, 7.8

1 
1.1 6.2 6.o' 6.2 6.5 6.a: 7.217.6 1.1 7.8 7.9 1.11 1.e 7.7) 7.7 7.7 7.6 IO 

11 6 91 7.6/ 8.3 B.919.31 9.'il 9·~/ 9.8
1 
!>.ii 9 6: l>.21 B.E' 8.1, 7.4 7.5 6.3f 6.5 6.8 7.ll 7.5 7.9 8.0I 8.1 8.2 8.1 S.1 8.0 8.0 8.0 7.9 11 

Fr-0m e to d .... .••..•..•..• , .............. , ••• •••• Diagram J. 
From a to 6 .... ........................ , ... , .•.••. Diagram I l. 

From d toe ................................................ Diagram I. 
Fro-111 9 tac ••• ,. ........................... , , • • ..... , Diagram f[, 
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TABLE IX.-PORT TOWNSHEND. 
·1 1 ----~--r·;-

~ .. 
1 
•MALL ra11 TtDE, 0-a Pilon ilH.A.LL llIGn w..1.TER TO sHALL Low w.A.TEa. !

1 
Fnox u1A.LL Low WAT£a TO L1..'l\GE a1cIJ w.LTE-a. 

1

1 ·_;

0

:_· 

__ Oay~ from moon 1s great~t deehoatinn.. Days from moon's greatest dnclina.tioa. 

; T~ I I I ' ~~·~ I I l I I ·~·~ ' I 1- ' ""~ ' II ~ 
~ ·_7 

__ ~1~ ~ll_~J~_ ~l~1~.~l~1~l~1._'.'._.1_~!~!-~J~1~ .~i~11~!~i~ ~~~ ~:_:;_1~ :.__, ~ 
I I 

• I . ' I I I I I ' ' ' I 
Feet Ft.• Ft Fl.

1 
Fl. Ft. Ft. 1 .Fl. Fl ! Fl. [Ft.\ Fl : .H. Fl., Fi. 1 Ft. i Fl.' Ft. Ft.' Ft 1 fl [ rt. I, Fr. 1 Fr. Ft 1 

.l"t Ft Ft fl .F'! 1 
() 4.5 I 5 6 6.9 8.01 B.61 s u: 8.b 8 •I 8 ;I 8.7 8,51' 8 0 7.316 615.51 3.5[ 3.9, 4.6. 6.0, 7.2 8.4 Y.01115 9.61 9.4 Y.2 8,7 8.2. 7,9 7 11 0 

I ' I I ' I l ' I I ' ' ' I I I 
l 4 515.6 6.9 8.0 ~ t), 8.9 8.S 8 818 7• 8 7~ f'.t.51 8 (\ 1 3 6.61 5 ~1 3.5 3.9 4.6; 6 Cl 7 21 8.4) 9.0

1 
9.:.

1 
9.61 9.4 9 ~ B.7 S ~ '; 9 --; 11 

~ 4.4 5.5
1 

o.e 7.9 1 s ;I B.8' s 1
1 
s; 8.6: B.61 e.4, 1 9: 1.2 6.5: s 41 a 4 a.s] 4.515.9'1.1 s.a' s.111 9.419.f•, 9.3 g 1 8.6 8.J '-" ; u

1 
" 

s 4.1 I 5.2 s.r. 7.6: s.2\ ~·"I' s.4
1 
8)

1

8.3: 8.3' 8.1; 7.6! 6.!I 6.>il 5.ll 3.1' 3.s'
1 

4.2 s 6° 6.e s.o: s 6' 9.l 9.2• 11.0 s s S.3 7 s 7 ;, 6 i; 3 
·1 ' I I I ! F ' I I I ' I I I 4 3.5 4.615 s11.f11 6 1.91 1.e

1 
1 e 1.1, 7.7

1
1 . .01 7.0' 6.3 5.6

1 
4 • .0

1
2.s 2 9( 3 6

1 
5.01 6 2 7.4: s.0

1 
s.5. 8.6 s 4 8.2 1.; 1.2 6.9 6.1 • 

5
6

1 3114.2 5.516.6' 7 21 7.5' 7.4 7 4 7.~ 7 317.1; 6 6! 5.9 5.2 4,J, 2.l 2.5 3.21 4.6 5.~ 7.0 7.6 Bl: 8.2 8.0 7.8 7.3 6.8 G.5 5.7 
3.1 4.2~ 5.5 6.6j 1.2i 7.517.4\ 7 4! 7.3' 7.: 7.Ji G.6~ fi.9~ .s.2~ 4.Jt 2.1 2 .. 1)

1 

a.2
1 

4 6
1 
s.e 7.0

1 

:- 6; B t s.2 so 7 s 7.3 6 s s 5. 5.~ 1 
G 

• 7

8

1 3.3 4.4j 5.'i' 6.t<J 7 41 7.71 7 El 7.t>/ 7.bl 7.5~ 7.Ji 6.8~ 6.Ii -5.4i 4 :i: 2.3 ~.71 3.4 4.81 6.0 7.2, 7.8
1 8.3~ t:!.4: 8.21 8.01 7.5 'LO 6.7 5.9 

3.5 4 6i 5.~1 Lo( r.-6i 7 9 7 8 ,. -€1 j,jl 7 -;1 
j 5 7.0 6 3 5.tij 4 5, 2 •• ) 2.~I 3 6 5 01 6 ~ "L4 8 t) 8.5 8.6 8.4 R 2 '7.7 7.2 6 9 6 11 8 

913.7 ! 4.SJ 6.1 1.2; 7.8/ s:118 o; s.ol 7.if; 7.9; 7.iJ i.2\ 6.:) 5.e 4 7~ 2.7 a.1j :J.e: s.2: 6.4-; e' s.2 8.7 s.e s 6
1 

s -iJ 7.9 7Al 7 1 6 ~· g 

in 4.1 I s.2j s 5) 7 61 s.l! s.5 s 4 s.< s.a! s :i s.1. 7.61 6.91 6.21 s 1j a.1, a 5 4.2 5.6 6.8 s.o s.6 9.1 1 9 2 9.o a.a 8.3 7.s 1 '' 6 1' 10 -i I i I ' I , I I I I I 
lJ 4.41' 5.51' 6 fl 7,£1 8 51 8.8 8.7 8 ;18,6\' 8 6 8,4! 7.9: 7.2

1 
ti S1 5 41 3 4 :JS 4.5 5 9

1 
7.1 8.3 8 9, 9.4 9.5, 9,31 9.1, 8.6 8 l 7.8 7.0

1
11 

\ I I I ) I l \ I I I I ' I ' ' I \ I 

TABLE IX.-PORT TOWN.~HE'.'<D-Continued. 

-~ I L,A.llGE EDB TIDR, OR FllOll L .. B<lE ll!Gll W&TU TO LA.II.GE LOW W.1.TE1'· I FROM SMHL [,OW W4TEB. TO L .. RGE HIGH WATU. " 

i '-----··~·•fro~ moo~':!:eatestdecli11:iion.- .... - ·-1 ··-- ··-·-~·Daysfrommoon'•greatestdeclination. 1 ~ 
E I '1 I ·1 i I s ._ Before- 'I After- . Before-. I Aftm-. : ~ 
0 j ' ! ) 0 r

1

· 7 

1

6 1 s 
1 

4 1 3 1 2 11 1
1 

o 1 1 , 2 i :J 1 4 1 5 1 6 : 7 :--;T~r~T~~~-: 0 , I 1 2 \ 3 i 4 
1
: ~-6-.-- ~ 

I I I I : j j : i l ! i ! I ! i ! i J i ! : ,I i ' : : = 
---1-.-!1-:--.-1-1-1-:-1-,-1-:-:-·-1-1.-:~-:--:-1-1-!~·1-1-,---

Fert.I Ft., I'?. Ft./ Ft.: Ft.1 l'l· I Ft. 
1 

Ft. Ff. Ft.: Ft. J F!.; Fi. 1.n ! Ft . Ft. 1 .F!., Jil. ! .F!., Fl •. Ft .. Ft. 1 Fl. 1 Ft. Fl. Fl., Ft.: Ft.'· Ft. 
o 1 6.a 

1

s.;[4.1[ a.n1 2.41 SU\ 2.21, ;a.2, 2,31 2.:i; 2.:. 3.o: 3 7i 4.4i s.~\ 7.5: i.1· 6.4' s.o: 3.8: 2.6 2.0] Lf•! 1.4\ 1.6 1.s, 2.3 2.e. 3.l: 3.9, o 
6.s 1s.1:4.1[ 3.o1 2.4: 2.1i 2.2i 2.2[ 2 3i 2 Ji. 2 s, :J.-0: 3.7, 4.4 s.s. 7.~! 7.1: 6 4; 5.oi 3.8. 2.6 2.0:. ui J.4i i.6, 1.s; 2.3 2.s: 3 i. 3.9~ i 

2 6.4 5 ;,14.0·! 2.9i 2.3' 2.01 2,Ji 2.ll 2.2
1 

Sl.l!, 2.4, 2.9: 3.6: 4.3 5.4·, 7.4.i 7.0, 6.3
1 

4.9, :J.7, 2.5, l.9: 1.4! l.:l! J.5 1.7, 2 2 2.7 3.0 3.8: 2 

3 6.1 1s.o:3.712.6! 11.0, 1.7(. 1.s1 u1 ui J.9( f!.1; 2.61 3: 4,0
1 
s.i! 7.~: 6.7i. 6.o: 4.6 .. · 3.4 2.2 .. i.s: 1.1 t.r

1 1.2: I.4l 1.9: :u' 2.7. :.u 3 
_. 5.5 4.4; 3.li 2 oi l.4 I.Ji 1.2 l.2, l.3

1 
I.Ji 1.5, :i.0

1 
2.-i 3.4

1 
4.5, 6.a: 6.1, 5.4, 4.0' 2.81 l.6 1.0 o:; 0.4[ 0.6: 0.8! 1.3, 1.8: 2.1' 2.9

1 
4 

5 .5.1. 4.Cj 2.7: 1 ft LGi 0.7~ 0 8! 0,8
1 

0.9' O.!J'. 1.1:. L6\ 2.3-. 3.0=. 4.li &.I'. 5,"; S.tl 3.61 2.4. 1.2 Q,6: 0.1 1. \J.010.2
1 

{),4 0.9; 1.·(. 1.7' ~.5: 5 
6 I \ I l l I : I i : l : J ' i ; ! I • 0.6! I s.1 4.n 2.711.61 Ul

1 
0.1

1 
o.e 1 o.s

1
0.9 0.9i 1.1 1 L.61 2.a. :t.(); 4.Ii s.1! 5-'. s.o: 3.6. 2 4i ui 0.1: v.111 0.2, &.4 o.9; 1.4 1.7 2.s 6 

7 1, 5.3 4.lli 2.9, 1.S\ l.2'. 0.9i 1.0<1' t.11: l.l 1.1 1 1.3': 1.13' 2.5, a.214.3:6.J: 5.S! 3.2 3.8
1 

2.6: 1.4: 0.8: o.:J': 0.21, 0.4, 0.6! 1.1':. 1.6: 1.11:. II •• ,: 7 

I l I I I • I I I ' ' ' I I ' : I 5,5 4.4 3.11 2.0J J.4, 1.11 i.21 1.2/ !.3! J.;J! LS! 2 01 2.1: 3.4: 4 .. 'ij 6.5[ 6.IJ. 5.4! 4 0 2.8[ 1.6 1.0: 0.5: 0.4\ 0.6 0.8 1.3. 1.8! 2.1, !l.ll' 8 
5.7 •

11 

4.6[ 3.3) l!.2j 1.6
1
, l.3J l.4j l.4j l r.\ 1.s1 ul2.212.9j 3.6j 4.'7j 6·716.3: 5.6, 4.2 3.o. 1.8 1 2 o.7: n.e

1 
o.e: J.o: 1 "· 2.0

1 
2.3 3.1! 9 

10 '1· 6.1 5.G, 3.7, 2.61 2.0j l.7i I.Si 1.8

1

. 1.9 1.91 2 l; 2.fi, 3.3i 4.0i 5,1' 7.li 6.<i 6.0' 4.6 3.4 2,2. l.6, l.t\ 1.01J.2,l4: l.~ 1 2.4, 2.71 3.5: 10 

JI 6.4 s.3
1

1 4.o/
1 

2.91
1
' 2.3J 2.ol 2.1, 2.1 2.21 2..2! :u: 2.9: 3.61 4.31 sA! 7.4! 7.o: 6.3: 4.9 3.1l 2.s

1 
1.0., l.4:,. J.s

1
i.s

1
'.1.7·.·. 2.212.1:

1 
J.o:.· :i.e .• · H 

I I . ' I I I I I I I I '· I I 

ExamJjle VIL-Thus, in Example VI, the high water of February 7th was found to be 3.3 
feet above mean low water. The declination being south, Diagram I applies, and this l1igh 
water is the small one. To obtain the fall of the next low water or small low water, we enter 
Table IX, for San Francisco, with Oh. of moon's transit, and two days after the gTeatest decli­
nation in the first part of the table, and find 1. 9 foot, which will be the difference in the height 
of this high and low water. Entering with the same transit and day in the second part, we 
find 3.0 feet, which is the rise of the large high above the small low water; the difference 
between 1.9 and 3.0 or 1.1 foot is the difference of height of the two successive high waters. 

It is easy to see how, in this way, the soundings of a chart can be reduced to what they 
Would be approximately at a1J the SUCCeS8iVe high aud }ow waters. 

TIDES OF THE GULF OF MEXICO. 

On the coast of Florida, from Cape Florida around the peninsula to St. Mark's, the tides 
ar<i of the ordinary kind, but with a d.o1:ily inequality which, small at Cape Florid~ goes on 
~ncreW1ing as we pro~ed westward to Tortugas. From the Tortugas to St. Mark' Iii the daily 
mequality is large and stmsibly the same, giving the tides a great resemblance to those of the 
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Pacific coast, though the rise and fall is much sma1ler. Between St. Markt s and St. George's 
island, Apalachicola entrance, the tides change to the single day class, ebbing and flowing but 
once in the twenty-four (lunar) hours. 

At St. George's island there are two tides a day, for three or four days, about the time of 
the moon's declination being zero. At other times there is but one tide a day, with a long 
stand at high water of from six to nine hours. From Cape St. Blas to and including the 
mouth of the Mississippi, the single day tides are very regular, and the small and irregular 
double tides appear only for two or three days, (and frequently even not at all,) about the 
time of zero declination of the moon. The stand at high and low water is comparatively 
short, seldom r xceeding an hour. 

To the west of the mouth of the Mississippi the double tides reappear. At fale Demiere 
they are distinct, though a little irregular for three or four days near the time of the moon's 
zero declination. At all other times the single day type prevails, the double, tides modifying 
it, however. in the shape of a long stand of from six to ten hours at high water. This stand 
is shortest at the time of the moon's greatest declination, sometimes being reduced to but one 
hour. At Calcasieu the tides are distinctly double, but with a large daily inequality. The 
rise and fall being small, they would often present to the ordinary observer the same appear­
ance as at Isle Derniere. At Galveston the double tide;; are plainly perceptible, though small, 
for five or six days at the time of moon's zero declination. At other times they present the 
single day type, with the peculiarity that, after standing at high water for a short time, the 
water falls a small distance, and stands again at that height for several hours, then continues 
to fall to low water. Sometimes it falls very slowly for nine or ten hours following high water, 
and then acquires a more rapid rate to low water. At Aransas Pass and Brazos Santiago the 
single day tides prevail. Small, irregular, doubic tides are only perceived for two or three 
dayt-i at the moon's zero declination. At all other times there is but one high water in the 
day, with a long stand of from six to nine hours, during which there are often small, irregular 
fluctuations or a very slow fall. In the following table the mean rise and fall of tides at the 
above stations are given. 

The highest high and the lowest low waters occur when the greatest declination of the moon 
happen;; at full or change; the least tide when the moon's declination is nothing at the first or 
last quarter. The rise and fall being so small, the times and heights are both much influenced 
by the winds, and are thus rendered quite irregular. 

TABLE X. 
Rise and fall at several stations on the G ul/ of Mexico. 

I Mean rise and fall of tides. 

·-------,-----
1 i 

-
_______________________ j ___ ?i_i_ean. At moon's greatest( At moon's least _ declination. 1 deelinatlon. 

Stations. 

·- ---------
i 

St. George's island, Florida. _______ •• ___ ._ •••••••••• ···-. ____ I 
Fett. F,g. Ftd. 

1. 1 1.8 0.6 

l'ensacola, Flor[Ja ••••• ·-·-· ______ .•• _______ •••••• __ •••••••• 1. 0 l. 5 0.1 

Fort Morgan, Mobilt: bay, Alabama ••••••••••••••••••• -------- 1. D 1.5 0.1 

Cat island, M:i&issippi .•••••••••••••••••••••••••••••••••••••• 1. s I. 9 0.6 

South t 1' Lo · • 1 wes ass, u1s1ana ............... - ..... ~---·-------·-···----
Is\,, D~rn.iere, Louisiana ••••••••••••••••••••••••••••••••••••• 

Entrance tu Lake Calcasieu, Louisiana •••••••• •••••••••·······I 

1. 1 l. 4 ().5 

1. ! 2. 2 O.T 

l. 9 2.4 l. 7 

Galveston, Texas•·-- ·--·-····················-····--·-····I 
~::::~::is~c~~----------------·-··-·················1 

' ·-···-·--- .. -----··--··-- ---------··--

1.1 1. 6 0.8 
1.1 1. 8 o.s 
0.9 1. 2 Cf. 5 
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'IO DE'IEHMINE TUE RISE AND FALL OF THE TIDES I<OR ANY GIVE~ TIME FROM HIGH OR LOW WATER. 

It is sometimes desirable to know how far the tide will rise in a given time from low water, 
or fall in a given time from high water, or to approximate to the time which has elapsed from 
low or high water, by knowing the rise and fall of the tide in the inten·a1. If the proportion 
of the rise and fall in a given time were the same in the different ports, this would easily 
be shown in a single table, gi\·ing the proportional rise aod fall, wbicb, by referring to Table 
I, showing the rise and fall of the tide at the port, would give the rise and fall in feet and 
decimals. The proportion, however, is not the same in different ports, nor in the :mmc ports 
for tides of different heights. The following Table XI shows the relation between the heights 
above low water for each half hour for New York and Old Point Comfort, and for spring and 
neap tides at each p]ace. Units express the total rise of high water above low water, and 
the figures opposite to each half hour devote the proportional fall of the tide from high water 
onward to low water. For example, at New York, three hours after high water, a spring tide 
has fallen six-tenths (sixty hundredths) of the whole fall. Suppose the whole rise aud fall of 
that day to be 5.4: feet, (Table I;) then, three hours after high water, the tide will have fallen 
3. 24 feet, or three feet three inches, nearly. Conversely, if we have observed that a spring 
tide has fallen three feet three inches, we may know that high water has passed about three 
l1ours. 

TABLE XI. 

Giving the height o/ the tide above low wat,erfor every half hour before or after high ivater, the total 
range being taken as equal to 1. 

I New YoTk. Old Point Comfort. 
'rime before or l 

after high water. j'-----
1

,------1 I 
; Spring tide. Neap tide. [ Spring tide. i Neap tide. 
1 I j f __ . ____ _ 

h. m. 
0 0 

0 30 

1 0 

1 30 

2 0 

2 so 
3 0 

3 30 

4 0 

.. 30 

5 0 

6 30 

6 0 

6 30 

--1-~:-1 
! o. 98 

o. 94 

0. 89 

o. 80 

o. 7Z 

0.60 

0.0 

0.39 

O. 2B 

o. 18 

0.09 

o. 05 

o.oo 

1. 00 

o. 98 

(). 93 

0.86 

0.72 
o.&9 
0.45 

o. 31 

o. 19 

0. IO 

0.02 

0.00 

············! I 
TIDES IN COASTING. 

1. 00 

0. 98 

0.95 

o. 8'3 

(). 80 

o. 70 
0.59 

0.49 

0. 37 

0.26 

0.17 

1. 01) 

0.98 

O.H 
0. 87 

0.78 
o. 68 

0.67 

o.u 
0.34 

0.22 

0.13 

0.08 0.05 

0. 03 0. Ol 

o. oo _L ___ ~_:__ 

By observing the time of high water and low water along the coast we find the places at 
which they are the same. The map of co·tidal lines (Sketch No. 65, C. S. Rep., 1857} shows 
that it is high water nearly at the same hour all along the coaAt from Sandy Hook to Cape 
Cana.vera.l; <>f cour5e not in bays and harbors and up the rivers, but on the outer coast~ 
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It is high water exactly at the same hour all along the line marked XII, seen on the chart, 
near Sandy Hook, and north and south of Hatteras, and, with small interruptions at Cape 
Lookout and Cape Fear, all the way to near Cape Caiii;,veral. This same line extends east­
ward to near Block island, and south of Nantucket, and then passes away from our coast. .At 
full and change of the moon, along this line, (approximately,) it is high water at twelve o'clock, 
Greenwich time, the local time of high water depending upon the longitude of the place; or, 
to speak more correctly, in the average of a lunar month it is high water so many hours after 
the time of the moon's passing the meridian of Greenwich. By these lines, called co-tidal. 
lines, we can determine what tidal currents the navigators must expect to meet in coasting; ' 
and for this purpose we divide the ports of the coast into two sets, those south and those north 
of Now York. 

The sailing lines of coasters, bound to southern ports this side of the straits of Florida, are 
marked upon the map, and also of those bound through tho sounds to eastern.ports, and outside 
to Halifax and European ports. 

VESSELS TO AND FR01-i PORTS SOUTH OF NEW YORK. 

South of Sandy Hook, New Jersey, the line of XII hours is nowhere more than 18 miles 
from the coast; that of XI~ nowhere more than 35 miles; that of Xq nowhere more than 48; 
and XI nowhere more than 110. The distance of these lines of XII to XI hours, (corre­
sponding within four minutes to YII and VI of New York time, for different parts of the 
coast, is shown from Table A, where the first column gives the name of the place, and the 
second, third, fourth, fifth, respectively, the distances of the co-tidal lines of XII, XIt xq, 
·and XI hours. The distances are measured from the ports on perpendiculars to the co-tidal 
lines. They may be taken as if measured on the parallel of latitude at all the points for the 
line of XII hours, and at; all between Sandy Hook and Cape Hatteras for the lines of XIl 
and XI~ hours. 

A. 

Distance from coast, measured on perpendicular to co-tidal liues. 

Names of locations. 
I 

I 

I 
' 

Sandy Hook-··-·······----------········---­
Barnegat .••••••••••••••••••••••••••••••••••• 

1 
Cape May ••••••••••••••••••••••••••••••••••• 

Cape Henlopen ••.•••.••.••.• ------- ••••••• ···1 
Assateague ••••.••. -------------------------­
Cape Henry •••••••••• ---- - ..••••.••••.•.••••. 

Cape Hatt .. ras .•.• ---- •••••. --·-· ••••••••••••. '. 

At XII hours. 

Namical milt•. 

12 
2 

15 
18 

7 

12 

---·------------
·--· ------------Ocracoke inlet ••••••••••••••••••••••••••••••• I 

Cape Lookout •••••••••••••••••••••••••••••••. I 
Beaufort entrance, North Carolina. •••••••••••••. i ----------------
Cape Fear •••••••••••••••••.••••••••••••••••• !' 
Cape Roman •••••••••••••••.••••••••••••••••• 

Charleston light •••••••••••••••••••••••••••••• : 

Port Roy1>lentw.nce •••••••••••••••••••••••••• / 

Tybee entra.nce ---------- ·--···-------------.! 
Bt. Mary's entrance •••••••••••••••••••••.••••• i 
St . .John's entrance ••••••••••••••••••••••••••• 
Cape lJ111Ll.veml.. _. _ ••••• __ •••••••• _ ••••••• _ •• 

Cape F\oTl:da ••••••••••••••••••••• ~·- •••••••••• 

6 

--··-----------~ 

-------------·--
3 

f> 

6 

12 

1'7 
16 

--·-------~---·~ 
-

I 

At Xlt hours. At Xli hours. 
I 

At Xl hours. 

I 

J.\"autical mik•. Nautical milt•. Nttuti<;al m1lu. 

32 53 100 

29 39 73 
3() 46 92 

33 47 92 

u 36 82 

28 43 JOO 

8 20 I 63 

11 26 71 
7 18 66 

15 24 63 

6 16 55 

10 21 67 

15 27 70 

17 29 '18 

17 31 82 

26 4'0 119 

85 48 .................... -------
----· ----·'* ............ _ .... 

~--------------- --------·--··-
-----·---------- ---------------- ----··---· ---· 
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The co-tidal lines are in such directions that at 10, 20, and 30 miles from the coast, between 
Sandy Hook and the St. John's, there is but a variation of seven minutes, and even to Cu,pe 
Canaveral only of eight minutes. 

Keeping ten miles from the shore the coaster would pass from 12 hours at Sandy Hook to 
11 hours 45 minutes at Hatteras, aHd increase again irreg11larly to 1'..!. hours 1 minutes at the 
St. John's, as shown more explicitly in table B. These three tracks of 10, 20, and 30 miles 
are inside of the cold wall of the Gulf Stream, and generally in the cold current, except at 
Cape Canaveral. 

B. 

Names of stations. 

Snndy Hook--------------------------------·--·· __________ / 

~:~:e:r:~ ---~-----·_-_-_-_-_--------~--~~~---: :~~ ~: ~ :~::: :~:~ ~: :: : : ::: : :: I 
Cape Ilenlope:n .•••••• --·. ----- .. ---- ••• --- ·---. ____ . _______ \ 

Assntcague ___ ••• ---- ----. ----- •••• _. ---- .• __ •••••• , •••••• -1 
Cape Henry ••••••••••••••••••••••••••• ---···--------------· 

Cape Hatteras ••••••••••• --------------·-··----·-··-·····-·· 
Ocracokeinlet •••••••••••••••••••••••••••••••••••••••••••••• 

Cape I.ookout ______________________ ··--------------------·-

Beaufort entrance, N. C --------------·--·-··---------···---­

Cape Fcar----·····-----·-·----·--------------------------­
Cape Roman--------·····------·--··--·---·---------------·i 
Char!eS'ton light _____ • ___ --- ••••• ---- ___ - -- _. - --- • ----. ·-- --

Port Royal entrance. ____ .------ •••• _---· ••• -··-·- ____ ••••• _ -1 
~:bee en.trance .•••••• -------- -- -- -- -- -----. ---- -- --- - • -- - --

, Marys entrance •••••••.••••••••••. ~-------·------------1 

St. John's entrance·------------··--------------------------

Cape Cafiavcral ••••••••••• -----------------·---·------------Cape Florida. _____________________________________________ _ 

Co-tidal hour at 10, 20, and 30 nautical miles from tho 

coast, perpeudieular to the cnast. 

Twenty ~iles off. I Thirty miles :~.· 
i 

Ten miles off. 

h. m. "- m. h. m. 
12 0 11 52 11 45 

11 52 11 41 11 35 

12 5 11 53 11 45 

12 7 11 57 11 48 

12 0 11 4S 11 37 

12 5 11 48 11 42 

11 45 ll 30 11 22 

11 47 11 36 11 25 

11 45 11 30 11 20 

11 55 11 38 11 25 

11 3B 11 25 11 18 

ll 45 11 33 11 24 

11 52 11 38 11 25 

11 57 11 45 ll 32 
11 55 11 43 11 30 

12 B 11 57 11 47 

12 7 11 57 11 50 

12 8 ----------------!---------------· 
13 10 I ------·-·-------1------------·---

I 

It follows, then, as a general thing, from these two tables that the coa;;:ter, in pa:<sing from 
Sandy Hook to the St. John's would have the tines the same, within some fifteen minutes, as if 
he remained .at Sandy Hook; so that having, for example, at high water, he would, acconling 
to the elapi,;ed time, have the ebb and flood alternating every six hours and a quarter, nearl_y, 
as if he had remained near Sandy Hook. As the Hood tide sets in generally to the north­
ward and on shore, and the ebb to the southward and off shore, he would know by the time 
that elapsed from his departure and the period of the tide at which he started what tidal 
currents he might expect to meet as he passed along the coast. Thir<, of course, is not peculiar 
to Sandy Hook as a point of departure, but would be true for any of the entrances given in the 
table, taking care not to mistake the time of tides within for that at the entrance. 

By r.eferring to George W. Blunt, esq., I have obtained the tracks of sailing and steam 
vessels passing from New York to ports to the !lonth of it, as shown by the lines on the chart 
accompanying this paper. (See Sketch No. 65, C. S. Rep., 1857.) Tracing these on the map 
of co-tidal lines, I have determined how the navigator would find the tides as he passes from 

21 c 
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port to port. The resulhi are shown in the annexed table, (C,) in which the port between 
which and Sandy Hook the mariner passes is at the head of the table, and, at the side, the 
place off which the co-tidal hours will be found, as stated in the table. 

01f-

c. 
--- ------ --- ---~-----

Co-tidal hours on saWng lines measured on paralleJs- of latittJde of places nsmed in the first column, 
between NNv York and-

I I I l i 
Delaware : CheFapeake f 0-cracoke Cape Fear. Chadeston.

1

'. Savannah. I' St. John's. Cape 
bay, ! bny. I inlet. ! Florida. 

~~~~~~~~~~~~~~-· -~~~ . i~~~~11~~~~ 

h. k. I h. m. h. h. m. I k. i h. m. k. ''" 

:::~~~:t~~-k:.:::::::::::::::::::::::::::::::: :~ 5~ ~~ 5~ Ii, ~~ 5~ ~~ 5~ ~: 5~ I ~~ 5~ ~~ 5~ ~~ t;~ 
Cape Mar. • •• • .... • .. .. • • • .. .. • ... .. • .. .. .. . l~ 10 11 52 11 45 11 45 ll 45 • 11 45 11 45 II 45 
Cape Henlopen ..................................... •••H 11 5l 1 11 43 11 43 11 43 I 11 43 11 43 11 43 

Ags:11r-:tgue ........................................... ···-: 11 5:3 \ 11 3.1 11 33 ll 33 r 11 33- 11 33 ll a3 

~:::~~:~2~~,·::::::::::::::::::::::::::::::: :::::·::::::i .... '.~ .. ~~ .. 1 ~~ ~: ~~ ~: ~~ ~: f ~~ :: ~~ :: :~ :;: 

~~:f~~:;:::: ::::· :·: : ::i.· . :. : ::J ::: 1 

•• ~:§ ;; E I ;; ~I I 1; ~ ;; ~ 
Cape}(omm<. ........................................................ ! ........... ,............ 11 46 I 11 46 11 19 .......... .. 
Charlcstonlight •••••.•..••••••.•••••.•..••••..•.....••••• • •••••.•••••• !••••• .. ••••••1 ............................ ~ 11 52 ( 11 18 •••••••••••• 

~.:.~e:o:::~:::a.~~~::~:, ~:: :~:~: ~:::: ~:: ~ :: : : ::: : : : :: ::::: :: : : : : : :::::I:::::::::~:: .... : ::: :: : : :: :::::~. ~ ~:i .... ~~-. -~· .! ~~ ~: : : :::: :: :: :: 

g§~ig::'.::: :: :: ::: : ::: :: ::::: :: :: :::/ :: :: : :::::::::j : ::::: +: ;:: :::!: :::::~:: : ·:::::::: 
. : ' ' 

Thus, from Sandy Hook to Delaware bay, starting with 12 hours 5 minutes, off Barnegat 
tlierc would be, at the same instant, 11 hours 57 minutes, and off Cape May 12 hours 10 
minutes, so that the navigator would have the same succession of tides whether he remained at 
Sandy Hook or passed onward to Delaware bay, or whether he came from Delaware. bay to 
Sandy Hook. So from Sandy Hook to Charleston he will find, at the same instant, :I.2 hours 5 
minutes at Sandy Hook, 11 hours 57 minutes off Barnegat, 11 hours 45 minutes off Cape May, 
and so onward upon the parallels of latitude for the several points. For all practical purposes, 
then, of coasting, the succession of the tides, and, ef course, ef the tidal currents ef flood and ebb will 
be the same a8 if t71e navigator remained rdationary. Leaving at low water he will meet the flood 
for G hours 15 minutes, and then the ebb for another 6 hours 15 minutes, and so on. It is the 
simplest of all rules that has thus come out of this investigation. That remarkable change of 
the temperature between the waters of the in-shore cold current and the warm waters of the 
Gulf Stream occurring in so short a distance that Lieutenant Bache called it the "cold wall," 
takes place at distances off the coast of from 110 to 29 miles, (see Table D,) between Sandy 
Hook and Cape Canaveral, measmed, from the several points named in the table, at right 
angles to the direction of the course, or measured along the parallels of latitude of the points, 
at distances from 195 to 28 miles, between Assateague and Cape Canaveral, (Table D.) The 
points where the parallels north of Assateagne meet this division line have not been accurately 
determined. 

The annexed table shows these distances measured at right angles and on the parallels. 
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D. 

Distance from coast to " cold wall" of 
Gulf Stream, off-

\ MeMmed at 1 Measured on 

I 
rlgh t .. nglcs pamllcl of 
to coast. latitude. 

I ---------------- -----------------
! 

I 
Sandy Hook ·----······--··-··-···--·i 
Barnegat •..•• -----···--·-----·--·--· 
Cape May-------·-----------·····--· 

Cape Henlopen ••••••• ---·--···-·--·-·' 
Assntenfrue .. _ ................................................... .. 

CapeHenrr------·-·-·······-······­
Cape Hatteras .• _.·-- •. _ •••• ··-- •••••• 

Ocracoke inlet •.•.•••.•••••••••••.•• __ 

Cape Lookout····---···----···--····­
Dcauf01t entrance ••••••••.•••••••••••. 

Cape Fear ••••.•.••.. , .••.•.•••..••.. 

Cape Romon ••••••••••• --- .••..• -·-. _ 

Charleston light. ••••••••••••••••••••. 

Pert Royal entrance--------·····-···-

Tybee entrance ••••••••••••••.••.••••• 
1 

St. Mary·s •••••••••••••••••••.••••••• 

St. John's •••••••••••••••••••.••••••. 

Naut. mile.•. 
170 

135 

137 

137 

!)5 

92 

30 

53 

53 

62 

51 
57 

61 

79 

79 

90 

85 

Naul. mi[eo. 

i •••••• - - •••• 

i·-·····-···· 
: 195 

l 107 

31 

52 

65 

97 

103 

95 

97 

95 

87 

82 

Cape Cai"ievera.I. .••.••••••.•••••••••• _ 29 28 

Cape Florida •••••••..•.••••.••• _ ••••.•.••••....•.•.••••.••••• 
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The coasting line of thirty miles keeps inside of tho cold wall all the way to Carfaveral, and 
a11 the routes traced on the clrnrt from Sandy Hook to soutlicrn ports are 011 tlrn irn.;i<lo of it. 
The Gulf Stream lines, as drawn on the chart, slww Low the route to Bermuda and to the 
Bahamas cuts the alternate bands of warm and cold water of the Gulf Stream. 

Vi~sels to and Jrom ports east f!f 1'teu• Yod.:. 

The plate shows the sailing lines of veesels bound from New York to eastern ports and to 
Halifax, outside. The annexed table (E) gives the Greenwich time of high water off tho 
several points named in the first column on the routes to and from the places named in the 
heading of the table. The distance:5 are measured at right angles to the co-tidal curves. 

E. 

Co-tidal h!>ms on sailing lines between New York ancl-

Off-

Newport. Portsmouth. / Portland. 
I 

-------:----,----
Sandy Hook.·-·-···--·····---~~--~~------~~--~~--··--~~--~~--·---~~--~~-- ·---~~--~·~--1-.:'~--~~-- 11 ~ m~ 
Throg's Point-·--···-···· 16 16 16 16 16 16 16 16 16 15 I 16 16 --·-····-· 
F" b • - I 13 48 13 48 13 4'8 I 

is er-s Ill and •••• ···-.... 13 48 13 48 13 48 ID l" I 
12 16 

i.·····
1

•
1
••

3
·-

0 Block island •• _ •• _........ 12 16 12 16 12 16 12 16 ~ " 1 

New Bedford I Nantucket. I ~~:~n~ Halifax. 

Monomoy •••• _. __________ -··········· ·····-·····- ---·····-·-· 16 10 16 10 16 10 ········-·-

CapeCod ••••••••••• ·-···· ---··--·-··- -···--·····- •••••••••••. 14 35 14 35 14 35 12 15 

Cape A.nn ···········-··-· --······--·· --·····-···- •••••••••••• 

1

............ 15 CH> 14 40 ····-····-

Portland ••••••••••••••••• ······-··--· ••••••••••••••••••••••...••••.•••••. ··········-- 15 30 ····-·•••• 
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Jn passing from N cw York to an eastern port the first great change in the tides and tidal 
~urrPnt:< iR behvcen ihe East river and Long Island sound; the difference between Governor's 
island and Negro point, on Ward's island, at the eastern entrance to Hell Gate, is two hours 
and forty-five minutes. Between this point and Throg' s Point tbe change i.s small. The 
mar·i11cr is now ill ihe full tide of the sound, and between Throg'R Point and Fir:;her's island 
there is a difference of time of but two hours and twenty minutes, the greatest part of which is 
at the head of the sound and at ib; entrance, that is, near Thmg' s Point and Fisher's island. 
From off New London to off Sand's Point the difference is but one hour and forty minutes, so 
that if the mariner, instead of 1·emaining at Throg' s Point, passes onward to Fisher's island he ' 
would lose but half a tide in the whole passage. In other words, he would have the same 
i:mccession of rise and fall, according to tho time elapsed, whether stationary or passing onward, 
within two hours and a half, or less than half a tide. 

'l'he ticlal current lines show that even a less allowance i3 to be made for the change of 
cunent than for the ehangc of tide; the difference in the change of current.between Throg's 
Point and Fisher's island, along the middle of the sound, being of no practicable importance. 
PasRing out of Long Island sound the tidal hours grow earlier, uptil off Block island that of 
Sandy Hook is again reached. The co-tiual line of Sandy Hook and Block island being the 
same, it is the struggle of tho same tide through New York bay and the narrow East river, and 
obstructed Hell Gate, and through Fisher's island and Long Island sound, and to Throg's 
Point. The tidal currents meet near Throg' s Point. 

The lower part of N urragansett bay has the co-tidal hour 12 hours, nearly. Buzzard's bay 
has nearly the same co-tidal hour, the tide wave reaching the shore at nearly the s&me time all 
around the bay. 

It would be impossible to give in a small compass a minute account of the tides of Martha's 
Vineyard and Nantucket sound. In general it may be said that as far as Holmes' s Hole and 
\Vood's Hole they resemble those of Block island sound, and afterwards those of Mouomoy, at 
the eastern entrance; but this generalization is unsatisfactory without more details than there 
is space here to give. In these sounds take place the remarkable change of between three 
and four hours, the greatest change of our coast, dislocating, as it were, the times of high water 
at places south and west and east and 1wrth of Nantucket. The whole of this change takes 
place beh('een the eastern entrance of Nantucket sound and the western of Martha's Vineyard, 
giving rise to quite a complex condition of both tides and cunents, which it has occupied much 
time to uuravel. The clominant co-tidal line of our coast, from Block island to Cape Canaveral, 
is that of 12 hours of Greenwich time; that of our eastern coast, from Nantucket to Passama­
quoddy, is, in general, 15 hours. Passing out of Nantucket sound coasters carry nearly the 
same co-tidal hour to Cape Cod, and thence vary their time about half an hour in passing to 
Boston, to Portsmouth, to Portland, or to Passamaquoddy. It has long been known that the 
tidal almanac for Boston might practically be used for eastern ports. Vessels from New York 
to Ilalifax, and New York to Europe, which keep outside, and should keep well off the 
Nantucket shoals, and off George's, as shown by the track on the chart, vary their co·tidaJ hour 
but little, keeping between the lines of 12 and 11~ until quite well on their course, and beyond 
Cape Suble. 'l'Jie same rule wilJ apply to their case as has been given for vessels between 
New York and a southern port. 
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APPENDIX No. 17. 
Lecture on the Gulf Stream, prepared at tlie rcque8t qf the Amc1·ican .Association for the Advance­

ment qf Science. By A. D. Badie, Supt. U. S. Coa.st SmTey. 

By request of the :.issociation,at their last meeting &t Springfield, I present. a summary of the 
results of the Gulf Stream explorations made by the officers of the Coast Survey. The Gulf 
Stream is the great hydrographic feature of the lJ nited States coast, and no survey of the 
coast could be complete for the purposes of navigation without it. Hence the explorations 
have been early undertaken, and thoroughly carried on. But as it required peculiar means, 
and special adaptation in the officers to this line of research, and did not require a continuous 
survey, the work has been executed from time to time, as means and officers could be had, 
without interference with the more regular operaticns of the hydrography. An act of Con­
gress which refern to tliis survey requires the immediate presentation of its results to 
Collgress, and they have, therefore, been discussed as soon as procured, and have been given 
to the public. 

This is the great sea mark of the coast of the United States, both Gulf and Atlantic, and its 
qualities as hindrances and aids to navigation require that the navigator should be well informed 
in regard to them. 

In order to present an inte111gible summary of the results obtained by the Coast Survey in 
the short time allowed for a lecture, it is necessary to condense the subject very considerably; 
to omit matters at all extraneous to the subjects in hand, and to confine myself to a brief and 
direct statement of the uieans employed in examining the stream from its swface to its depths, the 
methods qf studying the results, and qf tlie results tllem.selt'es. 

The temperatures in and near the Gulf Stream are among thP most striking of its pecilliarit,ies, 
and therefore have formed one principal object of observation. It will be necessary, in order 
to briug the subject within limits, to confine myself chiefly at this time to the consideration of 
this class of facts, and to the results and laws connected with them. 

I shall proceed, therefore, to consider the subject under the following heads: 
I. The instruments for determining depths and temperatures, and for obtaining specimens 

of the bottom. 
II. The plan of research. 
III. The method of discussion of the results. 
IV. The results, consisting of type curves, of the law of change of temperature, with depth 

at several characteristic positions. Type curves, showing the distribution of temperature 
across the stream, represented by two sets of curves, one in which the variable te@perature at 
the same depth is shown, and the other in which the variable depth of the same temperature 
is represented. Upon the diagrams showing these latter curves the figure of the bottom of 
the sea is given where it has been obtained. 

Discussion in regard to the cold wall, vrhich is one of the most interesting features of the 
approach to the Gulf Stream. 

V. The limit pf accuracy of the re;mlts. 
VI. The figure of the b~ttom of the ocean belu"- the Gulf Stream. 
VII. The general features of the Gulf Stream as to temperature. 
These points are illustrated by diagrams, enabling the eye to follow the results as they are 

-stated. 

I. INSTRUMENTS. 

1. For temperatures.-The instrument for determining temperatures should fulfil the two condi­
tions of registering its indications and of ueing unaffected by pressure. The common mercurial 
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thermometer, while it answers perfectly for the determination of temperatures at the surface, 
fails in both the conditions stated. The ordinary self-registering thermometer, or self-register­
ing metallic thermometer in the watch form, as made by Breguet; llfontandon, and Jiirgemien, 
when pro;·ided with a suitable cover to protect it from pressure, answers a good purpose, and 
has been extensively applied in the course of the observations. .As a rule, it is only the mini­
mum temperature thermometers that must he used, us the temperatures decrease generally in 
descending. An ordinary self-registering minimum thermometer placed in a glass globe was 
succes>ifnlly used by Commander Charles H. Davis and by Lieut. G. M. Bache. It has the dis­
advantage of taking the temperature alowly, and of being inapplicable below a certain depth. 
Small hollow cylindrical brass vessels, which were divided in two parts, closely fitting by 
grinding, and within which the Breguet thermometers of the watch form were placed, were an 
improvement upon the globe, as taking the temperature of the sea more n1pidly; but, besides 
the difficulty of making the joint tight, they were crushed by the pressure at even moderate 
depths. The substitution of the globe for the cylinder extended the range of these instruments, 
but the thermometers wore often crushed or injured by the access of the sea water to the inte­
rior of the globe. Six's self-registering thermometers, as bearing considerable pressure without 
injury, and ·without rendering the indications erroneous, and as requiring no case to enclose 
them, except to prevent breaki11g from accidental knocks in handling, are very useful. They 
are still favorite8 with many of the officers, though others complain of their great liability to 
derangement, especially if the mercury is not perfectly clean, when the mercurial column easily 
separntes, and some skill is required to bring it together. These instruments are, from their 
cheapness, still furnished to the parties, and are used successfully at depths reaching about one 
hundred fathoms, and on occasions considerabl7 lower. Keeping them in order requires the skill 
of an experimenter rather than that of an observer, and hence they do not satisfactorily fulfil the 
conditions of the prohlem. Tho metallic thermometer of Joseph Saxton, esq., of the United 
States Office of Weights and :Measures, is based upon the coil form of that of Breguet. Two 
stout ribands of silver and platinum are coiled and carefully united with silver solder, the more 
expansive metal in the interior. A. coil of gold, to which each is soldered, serves to prevent 
tlie tendency of the silver and platinum to separate. The lower part of the coil is fastened to 
a ·brass stem, which passes up through tho axis of the coil, while the opposite end to that at 
which the stem is attached is firmly fastened to the base of a short cylinder, which keeps that 
end of the coil from turning, and so gives the whole motion of tlie opposite end of the coil to 
the stem, which in turning indicates the turning of the coil from the relative expanding or con­
tracting of the meta.ls composing it. In this short cylinder are the wheels which serve to 
magnify the motion of the coil, a ban<l upon the dial indicating the motion, and pushing before 
it a registering hand, moving with sufficient friction merely to retain its place w11en thrust for­
ward by tho index hand of tho thermometer. These instruments are graduated by trial. The 
brass•and silver portions receive a thick coating of gold by the electrotype process, to prevent 
the action of the sea water upon them. When kept clean by frequent wa!!hing in fresh water, 
and in good order, and frequently compared with the standards to guard against accidental 
derangements, these thermometers answer admirably all the required conditions. The length 
of the coil measured along its axis should not be less than six inches, as the interposition of 
wheels to magnify the motion should as far as possible be avoided. The water being all around 
the coil, which is a good conductor and has a low specific heat, the instrument readily feels the 
temperature of the part of the sea where it is exposed, and registers it to less than half a degree 
(say ():l.2) with certainty. The box which covers the coil and indicating part of the thermo· 
meter is merely to protect it from accidental injury, and is open so as to permit the sea water 
to pass freely through it. Sketch No. 19 gives a . view of Saxton's metallic thermometer, 
~nd itR Yarious parts in detail. Although there seems no reason to doubt that this instrument 
18 free from any el:foct from pressure, it was deemed desirable to try it actually by extreme 
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pressure, and a series of ex~eriments made by J. M. Batchelder, esq., showed that at pressures 
less than that corresponding to 600 fathoms the effect was lcsR than one degree, (. 25 to 1° ;) 
and at pressures from 600 to 1, 500 fathoms tho clrnngo amounted to little more than from 7° to 
9° Fahr., the index returning when the pressure was removed. For great depths, the effects 
of pressure must be ascertainetl, as it is specific in each instrument, and prnlrnbly chiefly depends 
upon some mechanical defect in the construction, as in the soldering.* The apparatus used in 
these experiments on the eITect of pressure was a very ingeuious one for testing h~'draulic 
engines, by Mr. Thomas Davison, of the Novelty Iron Works of New York.-(Fig. No. 12, 
Sketch No. 20.) · 

2. For deyJt!t.-When the depth becomes considerable, the usual sounding line fails entirely 
to give it, especially if there is a current, and more especially if there is besides a counter 
current. The amount of "stray line" is variable. This subject has been ably examined of 
late years by Commanders 1laury and S. P. Lee, Lieutenants Berryman, Brooke, and others of 
our navy, and by Commander Daymau and others of the British navy, and especially by Pro­
fessor Trowbridge, of the Coast Survey, in his memoir read beforn the association (''Deep Sea 
Soundings, by ,V. P. Trowbridge, Assistant U. S. Coast Sun·e~y") at the meeting in Baltimore, 
and republished in the American Journal of Science and Arts, vol. xxviii, for the year 1858. 

The use of Ogden's 'tr Ericcson' s leads to 100 fathoms is still con tiuued liy some of the 
officers of the survey. though at such deptlis nothing Leiter than the c:ommon sounding line is, 
in fact, required. Massey's leaJ, with W"oltrmrn's wheel as aa indicator, has been exteusively 
used of late years. :M:r. Saxton' 8 indicator is more simple than ~fassey' s. but acts upon foe 
same principle. To remedy the defect of the turning of the cord of the lead line, two indi­
cators are applied, one on each side of the axis. Professor Trowuridge's lead, modified some· 
what from that described at the meeting of the Association in Baltimore, has recently been 
tried with good success by Lieut. Comg. Wilkinson in the last soumfoig;; across the straits of 
Florida for the telegraph to Havana. The most reliable observations heretofore made in the 
Coast Survey have been with Massey's indicator. TJ1e errors are not such as to affect the devel­
opment of the laws of change at the moderate depths reached in most of the observations, and 
at great depths the changes are very slow. The new apparatus will haYe the advantage of 
saving a great deal of time, and therefore avoid inaccuracies from change of position during 
the sounding. 

3. For obtaining specimens ef the bottom.-Tbe only .satisfactory test of having reached the 
bottom of the sea at considerable depths being the bringing up of a specimen, this has been a 
subject of constant study with us. The different instruments invented by Lieutenant Stell­
wagen, Commander Sands, Lieutenant Craven, Lieutenant Berryman, Lieutenant Brooke, and 
other officers of our navy, are all in use for different kinds of bottom, and according to the 
preference given by different hydrographic chiefs. The one most commonly used in these 
explorations has been Lieutenant Stellwagen's invention-a cup placed below ihe sounding 
lead, covered by a valve of leather, which slides up the stem of the cup and opens when the 
lead is descending, closing when it is raised. The weight of the lead, and tlie tnrnillg of the 
cord generally, suffice to sink tho cnp into the bottom, filling it; and when the vah-e is made 
to close tightly by a piece of flexible leather below the stiff disk, the specimen i;; not washed 
out as the lead is drawn up. In Commander Sandti' s sounding apparatus a 8pring keeps an 
outer eylinder over an opening in an inner hollm•· one, until it reaches the bottom, when the 
outer cylinder is forced upwards, and the opening at the side of tl1e iuner one, which, having 
a conical termination, penetrates the bottom, permitting a specimen of the bottom to pass in. 
On raising the lead the spring forces the outer cylinder over the opcntng, preventing the spe-

0 Gulf Strea.m Explorations, Third Memoir; Proceedings Amer. Assoc. Adv. Sc., 13th meeting, SprfogfieJd, 18.59; o.nd 
Ap.{lr6ndix No. tl>, O. S. Beport, 1859. 
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cimen from being washed out. The only very deep soundings being, as a general rule, in soft 
bottom, Sands' s specimen cylinder is admirably adapted to that class of work. 

JI. PLAN OF TIIE WORK, 

The plan of the work was simple. The temperatures were to be ascertained at various 
depths, at different distances from the coast, on sections as nearly at right angles with the 
stream as practicable, the sections starting from some point well known in position. The tem­
peratures were to be taken at distances diminishing as the changes of temperature were more 
rapid. So in regard to depth; the observations were to be multiplied in the strata of rapidly 
varying temperatures near the surface. So in regard to position, when the cold water near the 
coast was rapidly exchanging for the warm water of the Gulf Stream, the sections diminishing 
in distance a:; the source of the warm water was approached. 

The vessel's position was determined with refei-ence to some prominent point, Sandy Hook 
or Cape }fay, for example. 'l'he course run was perpendicular to the supposed axis of the 
stream, SE. Several position" were taken np in succession, and at each the temperature ascer­
tained at the surface, at 5, 10, 15, 20, 30, 50, 100, 200, 300, 400, or GOO fathoms, or depths 
found to apply more satisfactorily, under the general rule, to the positiwi and section. Having 
crossed the stream, any position found to be desiral,ile could be assumed on returning, and the 
extreme position reached was verified by the return to the coast. 

The summer season was selected for the standard observations for various reasons, but chiefly 
for two, namely, that the weather permitted more accurate work, and the phenomena were 
more likely to be those of equilibrium when the surface water was more slowly changing its 
temperature. Our little vessels could not, without considerable danger, be exposed to the 
roughness of the wind and water in the Gulf Stream in winter, and when we attempted com­
parative winter observations disappointment was often the result. The loss of one valuable 
officer and ten of his crow, and the extreme peril of another, in autumnal explorations of 
the Stream, has but too fully justified these precautions. The propriety of the selection of the 
summer for making the observations was completely proved by the success in determining the 
laws of temperatures. 

Thei,;e observations were but incidental to the hydrography of the coast, and hence were 
only prosecuted when means could be spared from other more pressing and regular parts of.the 
work. It was only a favorable conjunction in regard to officers, means, weather, adaptation of 
vessel, and the like, which gave results even when attempted. Too mnch credit cannot be 
assigned to those who have succeeded in this laborious and perilous work, and their names 
have been kept in close connection with their results whenever and wherever brought before 
the public, and have been carefully preserved in the archives of the survey. Charles H. 
Davis, George M. Bache, S. P. Lee, Richard Bache, John N. Maffitt, T. A. Craven, Otway H. 
Berryman, B. F. Sands, and John 1Vilkinson, make up the list of our successful observers in 
this field within the last sixteen years. Their names you will see attached to the sections run 
by them on the general diagram of the Gulf Stream (Sketch No. 21) presented to you this 
evening. The first was run, in 1844, from Nantucket southward and eastward by Commander 
C. IL Davis, now the accomplished superintendent of the Nautical Almanac, and the last, in 
1860, by Lieutenant John Wilkinson, from the Tortugas southeast to the coast of Cuba. The 
work still goes on perseveringly. 

The number of sections nm has been fourteen; the number of positions on these sections 
occupied three hundred; and the number of observations made for temperature thirty-s~x hun­
dred. The limits below which the stream and the adjacent waters have been explored for 
temperatures are from latitude 23° N. to .41° N., and frQIJl longitude 83° W. to 66~0 W.; from 
near Havana to near Cape Cod, and from the Tortugas to 9~0 E. of Cape Henlopen. The 
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distance along the axis of the Gulf Stream to the most northeastern point in the North Atlantic 
measures nearly 1,400 nautical miles. 

III. METHOD OF DISCUSSION OF REST;LTS. 

These have generally been discussed by diagrams; sometimes by analyticnl formulae. The 
former method is generally best adapted to the character and degree of accuracy and circum­
stances of the observations. The diagrams finally adopted, after trial, were chiefly of three 
different kinds: one for the discussion of the change of temperatures with depth; the two 
others for the change of temperature with position as well as depth. Of the first of these dia­
grams, Nos. 1 and 2 (Sketch No. 19) are specimens. The depths constitute the ordinates, 
and the temperature the abscissre of a curve, showing the law of change of temperature with 
the depth. Upon the horizontal lines at the top of the paper th~. temperatures from ten 
degrees to ten degrees Fahr. are written, and on the vertical line at the side the depths. The 
separate observations being represented by dots, the curve is drawn with a free hand among 
them. 

The next two classes of diagrams give the distribution of temperature across tbe sections; 
in the first, the temperature corresponding to the same depth; in the second, the depths 
corresponding to the same temperatures. In this latter the figm·e of the bottom. is shown when 
ascertained. In both classes the distances from the cape, or headland, city, or inlet, which is 
tlie origin of the section, is marked, and the several positions occupied for observing, so that 
the abscissre of the curve are the distances from the point of beginning. In the first, (see 
Diagram No. 4 1 Sketch No. 19,) the temperatures are marked on the vertical lines at the left 
side of the diagrams, the ordinates of the curve thus corresponding to temperatures. In the 
second, (see Diagram No. 9, Sketch No. 19,) the depths are similarly written, the ordinates 
thus corresponding to depths. The notes or legend shows in the first case to what depths the 
curves correspond, and in the second to what temperatures. The observations at each position 
being plotted according to its temperature or depth in the two classes of diagrams, the curve 
is drawn with a free hand among the points. 

It should be observed that the discussion of each season's observation was, in general, made 
separately, and that the results of one, two, or three seasons grouped were announced sepa­
rately, leaving to the new obser~ations to confirm or refute the conclusions drawn. It is a 
remarkable fact that, with i:,uch difficulties in the way in the character of the phenomena to be 
observed-in the diversity of seasons and of observers-that the phenomena have always been 
readily deducible from the observationl"\, and that the separate discussions have been confirma­
tions, the following of the preceding; in fact, that the nature of the medium in which the work 
has been performed, in its relations to heat, has more than compensated for othP-r difficulties, 
and that the result3 are more accordant than the elaborate ones obtained from the progress of 
temperature below tlie surface of the ground by the experienced and skilful obserYers who 
have made them. Few observations have been rejected in the whole series. 

I need 11ot notice special diagrams, which will be explained when your attention is called to 
them. 

Where the character of the diagrams to be made had been definitively fixed, they were pre­
pared under the direction of the chiefs of parties, so that I was relieved of the personal labor 
of repreaenting the results. In the subsequent general discussions I was greatly assisted by 
Prof. Pendleton, U. S. N., and by Prof. W. P. Trowbridge, Assistant U. S. Coast Survey, who 
has made a general review of the ,.,h;ie of the results, preparatory to their publication in a. 
volume of the Records and Results of the Coal'lt Survey. 
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IV. RESUI,TS. 

I. Type curres qf law ef temperature with depth at the most characteristic positions.-Tbe two 
most characteristic positions are in the cold current between the land and the Gulf Stream and 
in the axis of the stream itself. 

(a.) Diagram No. 1, Sketch No. 19, is a specimen of the type curve in the cold current. The 
long tongue from the surface to about 50 fathoms in depth is the overflow of the warm water 
of the Gdf Stream, the temperature varying from SP to about 55°. The temperatures in the .. 
mass of water from 50 fathoms down to 500 fathoms are just such as would take place in a · 
mass of ·water heated by conduction from the surface; the Jaw i8 that of a logarithmic curve in 
which the condnding power of sea· water is the modulous of the ~ystem. 

A comparison of many of these curves with the logarithmin form showed that it was appli· 
cable i:o them within the limits of the probable error of the observations. Taking the warm 
stratum from the Gulf of liexico above, and the cold polar strntum below; the mass of the 
water is heated by conduction. The bottom of the sea ha;o; not been reached under the axis of 
the Gulf Stream north of Cape Lookout, on the North Carolina coast. 

Tbis form of curve wns deduced iu 1844 from the observations of Commander Charles H. 
Davis, and "-as t11e first discovery made in connection with the then recently commenced sys· 
tematic exploration of i:he Gulf Stream by the Coast Survey. 

(b.) Nos. 2, 3, and 3 bis, Sketch No. 19, are specimens of the type curve in the Gulf Stream, 
taken from the sections off Cape Henry, Cape Hatteras, and Charleston, being characterized 
by the comparatively short beak or projection, and the persistence of the higher temperature 
to great depths, as 55-~· to 425, 550, 450 fathoms, giving the peculiar shape to this curve between 
50 and 500 fathoms. 

II. Type curves qf distribution of temperofare across the stream. (a.) Curves of temperature 
at the .same depth.s.-The sections made are the following, beginning the enumeration at the 
Gulf of Mexico: 1. 'l'ortugas to Havana. 2. Sombrero key to Salt key. . 3. Carysfort L. 
H. to Cuba. 4. Cape Florida to Bernini. 5. Off Cape Canaveral. 6. Off St . .Augustine. 
7. Oif St. Simon's, Georgia. 8. Ofl' Charleston. 9. Off Cape Fear. 10. Off Cape Hatteras. 
11. Off Cape Henry. 12. Off Cape May. 13. Off Sandy Hook:. 14. Off Cape Cod, being, on 
the average, one to each huIJdred miles along the axis of the stream. These are marked on 
the grmernl diagram, (Sketch No. 21,) the names of the explorers being stated in the column 
which gives tl1e point of origin of each section. 

The Sandy Hook curves, Nos. 4 and 5, (Sketch No. 19,) are among the best of the type 
curves of temperature at the same depth, though among the earliest determined. The overflow 
of the Gnlf Stream into the long spur occupied by the cold current between it and the shore, 
mixing in a degree with the cold water, is well shown by the curves (a, b, and c) at the surface, 
5 and 10 fathoms, and the still greater admixture with the cold water at 20, 30, and 50 fathoms, 
(d, e, f.) , The whole space from the shore to 240 miles is occupied, however, with compara­
tively cold water. Then is met the sndden rise to the Gulf Stream, shown especially below 
50 fathoms, and termed so appropriately by Lieut. Geo. M. Bache the "cold wall," that navi· 
gators have not hesitated to receive the term into 11se. Next the hot water of the Gulf Stream, 
rising to a maximum of 82°, then falling to a minimum of 80°, rising to a second maximum of 
81 ! 0

, falling to a second minimum of "Z8°, and rising from this towards a third maximum. With 
these results the curves at 5 and 10 fathoms, and those at 20, 30, 50, 70, 100, and 150 fathoms, 
agree, and with characteristic differences those of 200, 300, 400, and 50-0 fathoms. 

The co1d wall at 20 fathoms shows a rise of 19° in 25 miles, three-quarters of a degree to a 
mile, and at 200 fathoms of 16° in the same distance. At the surface it is noo.rly 8° in 60 
miles. The cold water between the Gulf Stream and the shore has two well-marked maxima 
and two minima in it, of which one seems to correspond in position to the sudden deepening of 
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he water 100 miles from Sandy Hook, as shown by the Coast Survey off-shore chart between 
Gay Head and Cape Henlopen. 

These results are more distinctly seen by grouping the curves into natural groups and taking 
the mean of t11eir indications. Diagram No. 5 (Sketch No. 19) gives the group of six curves 
from the surface to 30 fathoms, of four curves from 40 to 100 fathoms, both inclusive, of 200, 
300, and the single curve at 400 fathoms. 

Similar groups are shown on Diagram No. 6 (Sketch No. 19) from Cape Henry, the cold 
wall, three maxima of temperature and three miuima being very distinctly seen. The results 
of three different explorations of this section by three different officers in three different years 
are shown upon the same diagram. The coincidence of resu1t could hardly be better. The 
average of the whole of the observations is shown on No. 6 bis, (Sketch ~o. 19.) 

The cold wall here gives a change of 22~0 in 50 miles from the curves between 0 and 30 
fathoms, and 13° in 50 miles in the mean of 200, 300, and 400 fathoms. 

The average of the three years comes out beautifully on Diagram No. 6 bis, (Sketch No. 19.) 
The Charleston curves are shown upon No. 7, (Sketch No. Hl.) They are less regular than 

those just given, for reasons which will appear when I come to speak of the second class of 
diagrams. 

The conclusions deduced from the examination of all the sections between Cape Florida and 
Sandy Hook is, that the Gulf Stream is divided into alternate bands of hot or warm and cool or 
cold water, the most distinct of which is that containing the axis of the Gulf Stream. 

That between the stream and the coast there is a fall of temperature so sudden that it has 
been aptly called the cold wall, less distinct at the surface, and when the overflow from the Gulf 
Stream passes furthest towards the shore, but still distinctly marked even at the surface. 

Navigators have noticed t.hose changes of temperature, and have supposed themselves at each 
occurrence of warmer water to be in the hottest water of the stream, and so have been greatly 
embarrassed,:and have deemed the plwnomena and limits of the Gulf Stream to be very irregular. 

The cold water between the Gulf Stream and tho shore has also bands less regular than those 
beyond the axis of warmer and cooler water. 

The intrusive cool water in the Gulf Stream on the Sandy Hook section was distinctly recog· 
nized in 1846 by Lieut. Geo. M .. Bache, who, from the facts observed, supposed it to represent 
a division of the warm water of the stream into two branches. 

Passing through the Straits of Florida, between the" keys and reefs and the coast of Cuba, 
we have, after going beyond Cape Florida, a different type curve. The cold wall is less dis­
tinctly marked, and the rise of temperature is less marked. It rises, however, to an axis near 
the coast of Cuba. Throughout the length of the strait there is but one maximum of tempera· 
ture, and the bands belonging to the .Atlantic regimen do not occur in the straits.-(See Diagrams 
Nos. 3, 4, 5, 6, Sketch No. 20.) The cause of this change of regimen will be seen in presenting 
the other form of diagram. 

(b.) Curves of depths at the same temperature.-! have selected curves from the southern por­
tions of the work partly because the bottom has been sti·uck in the sections, and the diagram 
shows its sections as well as those of the stream, and partly to show how fully the deductions 
in regard to the divisions of the stream apply to these as well as to the more northern sections. 
The Charleston section of Lieut. Maffitt is given on Diagram No. 9, Sketch No. 19. The sur­
face curve, notwithstanding the disturbance by a storm, shows the cold wall, (see also Diagram 
No. 7,) the ax.is and two other maxima; the corresponding minima, a maximum within the cold 
current, which is not, therefore, as has been empposed, cut off at Hatteras, the curve of 72° 
reaching to the coast, and 770 nearly reaching it. The Cape Florida diagrams (Nos·. 3 and 7, 
Sketch No. 20) give two.maxima, with indications of a third, and the corresponding minima.. 
The oold wall cannot be recognized upon it probably for the want of one or two more positions. 

The form of the bottom delineated on these two sections, namely, the Charleston and Cape 
Florida seetions, is remark.able, and appli~s to the sections between them as far a.s explored. 
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First is a geiJtle slope; then a sudden descent; a second steep pitch to a considerable depth; a 
range of hills; a valley, and a second range. 

'.fhe correspondence of these features with the bands of temperature is plainly marked. The 
cold water lies in the valleys, and passing along the Lottom rises upon the tops of the hills. 
The discovery of this range of hills was made at nearly the same time by Lieut. Maffitt on the 
Charleston section, and by Lieut. Craven on the St. Simon's section. Diagram No. 9, Sketch 
No. 19, shows this connection in a very striking manner, as does also No. 7, Sketch No. 20, and 
the figure of the bottom of the Straits of Florida shows why there are no bands formed p~ior to ·, 
passing Cape Florida: in other words, why the regimen of the stream is different in the straits 
and in the Atlantic. In the straits we see (No. 9, Sketch No. 20) that after leaving the United 
States shore, and the comparatively flat surface extending to the reef, there is a rapid descent 
towards the Cuban side of the strait, the axis of the Gulf Stream being found in the deep hol­
low of that side of tlie strait. These results, with a more elaborate discussion of them, were 
presented at the last meeting of the Association. It would seem from the configuration of the 
bottom that the cold stream at the bottom of the Straits of Florida divides, one portion passing 
to the north and west into the Gulf of Mexico, and the other around the western end of the 
Island of Cuba. 'l'hat the polar stream still occupies the bottom of the strait is shown by tem­
perature of 35° Fahr. being reached at 600 fathoms from the surface off Havana. 

Do these bands correspond throughout their length to the form of the bottom of the sea? 
'l'his is not yet made out, many as have been the attempts to reach the considerable depths off 
the more uortheru sections. Three officers have attempted to sound out the Cape Cod section, 
but the cold wall is all that has been reached thus far. Tho range of hills nearest the coast 
has been traced from the coast of Georgia, by Commander Sands, to off Cape Lookout. 

3. The cold wall.-The cold wall extends, with varying dimensions and changes of its pecu­
liar features, all along the coast where the stream has been examined. A diagram showing the 
features of the cold wall on the various Atlantic sections, and those of the Strait~ of Florida, 
is given in No. 10, Sketch No. 19; and Table No. 1 shows the distance of the cold wall from 
the coast, and the dimensions of the Atlantic bands of the Gulf Stream. 

TABLE No. I . 
.Distance of the cold wall from the shore, and widths of the several bands of cold and warm water of 

the Gulf Stream, measured on the lines of the section . 

:;; .,; ... 
-~ " ~ s !3 ~ ., 0 .. 11::::: 

~ s f .s ~ .,, e .,, .a .. 
.-:i .-d a..:i .,, <£l S..; a...; -= 81 I sJ o.~ = - . .,, [;! 0 ,,; .... '3! .,, = 

Names of sections. f-"' ~~ .!:l,.o ~.,, -... 
<i:I ~~ 02 :5 a 0 .8 ... a -0 ... '$ g '$ 8 "'"' c :. c 0 0 'g "' 

....... 
0 0 .. .. = El ;S JI: 

~ 
~ .:J -= ti ~ JI: -s 0 

~.g :s ~ ~ ~ :::! 
A ii: ~ II; ~ 

Sandy Hook---------------·---------·--- 240 60 30 37 117 60 50 Indef. 

Cape May------------·---·-------------- 125 55 30 40 1Z5 70 65 70 
Cape Henry. _____ ••• ________________ .---- 95 45 32 4!1 lH 80 60 50 

Cape Ha.tte:ras ••••••••••••• ---- _ ·----. ---· 30 47 25 4'5 117 3T 75 70 

Cape Fear----·----------··-·----·-··-·-- 60 30 20 37 87 30 60 15 
Charles.ton •••• _._ •••• __ •••••• _ ••••••• --·· 6Z 25 15 so 67 28 85 ............. 
St. Simon's •••• ___ •• _____ •••••••• ____ .--· 87 25 18 20 58 25 25 
St Augustine 

--------------------~--·---- 70 10 13 u ~7 n lit 
Cape Ca.lla.veral 

-------------------------- 3£) 28 --·----· ---· ---- 35 u 12 
Cape Florida 

------·----~-----~----------- 10 25 ·-- .. ---- ---·----· 2fi Ii ..iMOO•·•••• ·""'-·-· .. --
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The table shows that at Cape Florida and Cape Hatteras the cold wall is nearest to the 
coast. The distance of the axis of the stream from its coast will be found by adding half the 
numbers in the second column to those in the first column. It is obvious from these numbers, 
when taken in connection with the longitudes of the points where the sections originate, that 
the earth's motion is not the sole determining cause of the direction of the axis of the stream, 
a result which a more elaborate investigation of the movements from parallel to parallel con­
firms. In the portions of its course between Cape Florida and Mosquito inlet (3!;<=' of latitude) 
the curve is actually slightly to the westward. 

The table shows a width in the Gulf Stream proper along the Atlantic coast of from 25 miles 
off Cape Florida to 127 miles off Sandy Ilook. The warm water at, say, fifteen fathoms varies 
from 30 to 150 miles in width. 'l'he stream widens each way from Cape Florida. The;,;e 
several divisions of the Atlantic stream lose a portion of their distinctness as we pass north­
ward and eastward, the stream widening. 

V. LIMIT OF ACCURACY OF THE DETERMINATIONS. 

There are two modes by which the limits of accuracy of these results may be tested, by one 
of which their permanency is also tried. In this latter mode the sections are run over in 
different years, or in the same year, by different officers, so as to connect the observations of 
one year with those of the next, or of one officer with those of another. Table No. II shows 
that the relative results are reproduced from year to year with less variability than those of 
the mean temperature of the section, and hence the permanency of the bands, and the possi­
bility of observing them with the requisite precision must be admitted. On the Cape Henry 
section, which was explored three times, the position of the cold wall and of the axis of the 
stream were reproduced within 5! miles, aud those of the succeeding points of maximum and 
minimum temperatures within 7! miles. As the positions at sea are liable to an uncertainty 
of some three to five miles, it must be admitted that the permanency of the bands and the 
accuracy of the observations of them are fully found. The Cape Henry section was run over 
by Lieuts. George M. Bache, S, P. Lee, and Richard Bache; the Hatteras section by Lieut.s. 
Richard Bache and J. N. Maffitt; and the Charleston section by I~ieuts. J. N. Maffitt and T. 
A. Craven. 

TABLE No. IL 

Talk showing th.e probaUe uncertainty in the determinat·ion cf maximum and minimum, point,.s by 
running tlie same section over in different years by dijferent observers. 

Dates and namee of observers. 

Lieut. G. M. :BQche. 1846. -----------­

Lieut. S. P. Lee, 1847. _ ---------- ---­

Lieut. R. Eache, 1848 •••••••••• ----

Heanafor1hree years---------------

Probabl• emn- for each year •••••• ---· 

CAPE HENRY SECTION. 

Mea.n distances from the sho:re, in miles, from the curves represe11ting the groups. 

~ I ~ I I 
!!= ! ·~ I ; c ~ I ~ ·rs !l "" = a ~ 1· ? 

Ill 8 - 'E - ~ 
~ I ~ rll l ~ I ;§ I ~ 

-----1----+i----1----1-~.---!----
218 I 260 I 320 I 93 

91 

91 

135 
146 

146 

18?' 

185 

180 

215 2~1 337 I 
2s1 I 328 \ 

869 

378 

S7il 197 

142 184 I 210 
--2;;-I--~ ___ s_r_:i 

5.;;---~1-;.:;-1--~I I I 

11.31 I 6. '11 7. 18 
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TABLE No. II-Continued. 

CAPE HA'ITERAS SECTION. 

------··-------------- ------ ------------------------------
Mean distances from th" shore, in miles, from the curves representing the groups. 

.. >i ! 
I 

I 

e: "' I Dates and names of observers. 
.:; a ~ .... 

ii d H a • a "' d 
~] s .. -= a a .... ""' ""' 0 

"' "' 1: 'E ""' "' 0 0 
'O .M " <> 

~ :El JJ "' 0 < en ,,... 
------------- ----1-----1-----1-----1-----1---- -----
Lieut. R.Bache, 1848 •.•••••••• ________________ II 90 134 162 214 276 I 
Lieut.J.N.Maffitt, 1853 .•••• ···----- -----····· 75 125 , 157 211 256 

355 

322 

Means for two years ••••••••••••••••• ==ii--;;- --1;;-1--1-;;;- 212 266 ___ 3_3_8 

-- 1------ ' 
Probableerrorfore'lchyear •••••••••. ----------1 6.4 4.3 

1 
2.4 1.5 15 16 

5. 85 I 5. 3 :--3:-1: 5. o 1· Means for both sections ••• ·-·--·----- 6.4 10. 4 

I I 

Average uncertainty of maxima and minima ••• --- • --- ---- •• -----· -~- ••• --- • • • 6. 9 miles . 
.Average uncertainty of cold wall and axis-----·------------------------------ 5. 5 " 
.Average uncertainty of a.II the other points---···-··--····--·----------------- 7. 4 " 

11. 6 

The other mode of testing the result is by the comparison of the remarkable points in the 
different sections, each one belonging to a different position, and therefore being entirely 
independent of the other in its determination. It is established as a general law that this 
cold wall and axis of the hottest water change their position from the surface to the depth of 
six hundred fathoms slowly and by an ascertained progression, and that the succeeding maxi­
mum and minimum points arc at the same distance from the shore, nearly, at different depths, 
or in a vertical line at all the different depths. The positions of these points, as ohown by the 
observations at different depths, became thus the test of the permanency of their positions and 
of the accuracy with which they have been ascertained. The Table III gives the probable 
error of the mean of the determinations of each point including the cold wall minimum, the 
axis maximum, and the successive minima and maxima to the fourth minimum, inclusive. 
These results show that the cold wall minimum is ascertained, on the average, within 0. 83 
mile, the axis maximum within two miles and a half; the second minimum within two miles 
and a half; the second maximum and the third minimum, and third maximum, within four 
miles; and the fourth maximum within eight and a half miles; all being satisfactory except the 
last, which, of course, is in reality loosely defined. The Hatteras result for the axis of the 
stream makes the probable error considerably larger than it would otherwise be, probably 
from the fact that the proximity of the bottom of the sea makes the result less permanent than 
in the ot1ier cases. Without this result the mean probable error would be 1.1 mile. 
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T.A.ELE HI. 

RECAPITIJLA.TION. 

Showing the valtle qf the pmbable error qf determination ef tile bands for each section, and the aver­
age of tlte whole. 

Probable errors. 

Sections. - ·--·- -~ ------ ----- -- ----

1st min. 1st max. 2d min. f 2a max. '_sa_m_in_._

1

_sd_m_ax_ .. _! 4th min. 

Sandy Hook-·---------------·----· ·----·---· 
1 

• 76 . 00 ll 3. 94 7.\l!) •••••••••• 1 ......... . 

Cape May····-··--··-------···-··· . 82 1. 25 2.H _ 1. 57 ,.......... 4. 03 [ 4. 87 

Ca.peHemy,(3years).---·-···-----· .84 .61 .55 I 1.70 1.06 .94 ! 3.U 

Cape Hatteras, (2 years)------··----·i·······-~- 6. 77 6. 36 I 9, 31 5. 69 6. 23 J----------
Cape Fe1u ----------------------··· ---------· 1.2l> -----_.

7 
•• 

2 
•• 

1 
.... 

2 
•.• 

0
•

9
••• 2.98 I 3.49 j 13.37 

Charleston. _______ . __ •• ___ ••.••••.. I 1. 25 1. 5 7 2. 40 • 82 \ ••• --- ----

~t. Siroon'•· - --- --- --- ·---- • - - -- - - - - . 00 • 74 1. 27 . 41 '·--------- -------··· i··------·· 
~p~~=~::a~·-·:.·.·_-_-:: :: :~~~ ::: : : : : :: l: :~ : :: ! ·--· -~~~ - _; _ - - --~ ~~-- : ::: : ~:::: C :~~ :~::: 

I ' I ---------1---i ___ , ___ _ 
• 83 2. 41) ( 2. 49 I 4. 00 I Mea.n probal>le error--·-······----·- 4.01 3. 71 8.45 

! I 
-----------...--'....----~--------- ---~----------------~-------

While these results are so permanent the mean temperatures of the sections change consid­
erably from year to year. 'l'he average temperature between the surface and 400 fathoms 
beyond, or outRide of the cold wall on the Sandy Hook section in 1846, was as hig·h as that on 
the Cape Henry section in 1848, and that on the Cape Fear section in 1853, and within a 
degree of that of the St. Augustine section in 1853, while the Cape Hatteras section in 1848 
and 1853 differed two degrees in mean temperatures. Again, the temperatures from the 
surface to 30 fathoms just below the axis of the stream in the Sandy Hook section in Augm;t, 
1846, was either as high as or higher than those on the Canaveral section in June, 1853. In 
general, the Cape May section in 1846, and the mean of the Cape Henry sections of 1846, 
1847, and 1848, are warmer at the same depths than the sections south of it were in 1848 and 
1853. 

These results show that there are great changes in temperature from year to year, and 
probably from season to season. Some progress has been made in connecting these results in 
a general way with the changes. of weather in the Gulf of Mexico. 

The depth at which the results are easily determined, and where they are characteristic 
and as permanent as the phenomena permit, is thirty fathoms. 

VI. FIGURE OF THE BOTTOM OF THE SEA BELOW THE GULF STREAM. 

We have seeu that in cross section there is a great re11emblance in the bottom of the sea off 
our coast to the region of land more removed from the coast line in the interior. The top of 
the first range of hills (see Diagram No. 9, Sketch No. 19) is 1,500 feet above the valley to 
the eastward of it, distant 12 miles, and the top of the second range 600 feet above the same 
valley, distant 15 miles. The first slope is 125 feet and the second is 40 feet to the mile. 
The bottom of the sea from the Tortugas section to that of Cape Florida rises from 800 to 325 
fathoms, a.nd from the same point descends in passing northward and eastward. The Cape 
Florida. section should then present a ridge of comparatively cold water, since the division into 
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bands should app1y along the stream as well as in the direction of its cross sections. The 
temperature of 40° is in fact reached on that section at 300 fathoms, and, as well as can be 
judged from the results in t.he separate sections, there are divisions of this sort. The diagram 
(No. 2, Sketch No. 20) shows whera the curve of 50° and 45° are found upon the different 
sections, and indicates a rise on the Charleston section and a sharp descent from Charleston to 
Cape Fear. 

VII. GENERAL FE.A.TURES OF THE GULP STREAM. 

Upon the general diagram now presented to the members (see Sketch No. 21) the general 
features of the Gulf Stream are represented from the Tortugas to the Cape Cod section. Pass­
ing along the Cuban coast, the temperature in June was found to be about 84°, or 8° above the 
mean temperature of Key West, as given by the surgeon general's report. The current here 
is feeble, but sufficient to cause it to be sought by sailing vesse1s working to windward, and even 
by steamers. -

Issuing from the Straits of Bernini, the stream is turned northward by the land, which con­
fines and directs its course. Its effective velocity is not derived from difference of tempera­
tures, as the observations abundantly show, the greatest relative differences being, in fact, 
crosswise of the stream. The direction is here a little west of north, and the velocity is from 
three to five miles per hour. The temperature bands now begin. The bottom of the sea, 
which was one slope and counter slope across the Florida straits, is here corrugated. The 
depth, instead of being unfathomable, as has heretofore been supposed, is but 325 fathoms, in 
which the two currents from the poles at the bottom and from the Gulf at the top must pass 
each other; while the surface water is above 80°, that near the bottom is as low as 40°. The 
stream just north of Mosquito inlet begins to bend to the eastward of north, and off St. Augus­
tine has a decided set to the eastward. While flowing thus onward the warm water seeks the 
sides of the channel overflowing towards the coast of Florida and towards the Bahamafi, but not 
as rapidly as it leaves the north. Between St. Augustine and Cape Hatteras the set of the 
strflam and the trend of the coast differ but little, making five degrees of easting in five degrees 
of northing. At Hatteras it curves to the northward, and then runs easterly, making about 
three degrees of northing in three of easting. In the latitude of Cape Charles it turns quite 
to the eastward, having a velocity of one and one mile and a half the hour. 

That this curve follows the general sweep of the coast under water appears most probable; the 
coast line, the curve of 100 fathoms, and the ranges of hills discovered by Lieuts. Maffitt and 
Craven all seem to indicate it. That the direction of the stream is given in a general way by 
the configuration of the bottom of the sea it is hardly possible to doubt, while admitting that 
it receives modification from other and perhaps more general causes. The after progress of 
this mighty stream, and of its branches if it does divide, remain yet to be traced, and so also 
its heading in the Gulf of Mexico. 

I forbear to mingle doubtful speculation upon causes with the inductions in regard to tem­
perature which it has been the object of these observations to supply~ and of this lecture to 
bring to your notice. 
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APPENDIX No. 18. 
Report i<> the Superintendent by Assistant L. F. Pourta"lcs, in charge <if thefirdd and qffice work, 

rilating to tidal observations. 

Co.AST SURVEY OFFICE, October 1, 1860. 
Sm: I have the honor to submit the following report on the field and office work performed 

by the tidal party under my charge during the past year. 
Field·teork.-The permanent stations at which the tides have been observed for a long period 

are the same as in former years: Boston, New York, Old Point Comfort, Charleston, and Fort 
Clinch, Fla., on the .Atlantic coast, and San Diego, Sau Francisco, and Astoria, on the Pacific 
coast. To these may be added Eastport, Me., and Tortugas and Pensacola, Florida, which, 
although not intended to be kept up as long as the other permanent statious, will still be in 
operation for several years. These statiom1 are all supplied with self-registering tide·gauges, 
with the exception of the one in Boston. The results obtained have generally been satisfac­
tory. 'l'he most complete sets are those of Boston, Tortugas, San Diego, San Francisco, and 
Astoria. At the other places the interruptions to the series are chiefly to be attributed to the 
insufficient stability of the wharves on which the clocks of the gauges rest. Experiments have 
been directed to try the efl:'ect of placing the self-registering apparatus on solid land, and to 
communicate with the float-box by means of a wire enclosed in a tube. The results have not 
yet been reported. Heretofore the self-registering observations were found impracticable at 
the northern ports during the winter, on account of ice forming in the float·box. At the sug­
gestion of Assistant H. Mitchell, the gauge at Eastport was kept at work suc.:cessfully by covering 
the surface of the water in the float-box with a layer of a few inches of kerosene oil. This 
expedient will be applied next winter at all the stations at which it may be necessary. An 
improvement, first suggested by Mr. S. Walker, has been int.roduced by Mr. Saxton in the last 
tide-gauge constructed. It consists in making the part of the receiving l:tnd delivering rollers 
on which the cords of the weights are wound of a conical form, so that the power of the weight 
on the receiving roller increases as the paper accumulates on it, and decreases on the delivering 
roller as its effective diameter diminishes by the delivery of the paper. The same weight ope­
rates both rollers. 

The stations on the Western Coast have been contin~ed under the efficient supervision of 
Lieut. G. H. Elliot, U. S. Engineers. 

Of temporary stations, the one at the Washington navy yard is still in operation, under the 
charge of Mr. Donn, of this division. The series is quite sufficient fo1· ordinary purposes, 
but the gauge is sometimes found of use in training new observers. 

After Mr. Wiirdemann's death the charge of the stations in the Gulf of Mexico was 
intrusted to Mr. A. C. Mitchell. His first action, under your instructions, was to remove the 
tide-gauges from Charlotte harbor, Egmont key, and Cedar keys, Florida, and to establish 
four new stations at St. Mark's entrance, Dog island, Cape St. George, and St. Vincent's 
island, (west entrance to St. George's sound.) They were set up near to each other for the 
purpose of investigating the change from the semi-diurnal to thB diurnal type, which occurs 
in that region. After a few months it was found that the stations at Dog island and Cape St. 
George might be dispensed with, as the change from one type to the other was very gradual. 
Those two gauges ha.ve therefore boon removed lately to the Southwest Pass of the .Mississippi 
and to Last island, on the coast of Louisiana. The performance of those gauges has been 
quite satisfactory. 
Wear~ again indebted to S. T. Abert, esq., civil engineer of the Warrington navy yard, for 

another year of excellent self-registering observations, taken at that place under his <ltU'e. 

2S c 
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A self-regfotering tide-gauge established at Cape San Lucas, Lower California, by Mr. 
Xantus, under the direction of Lieut. E!liot, has labored unoer great difficulties from the 
unfavorable location at which it was first erected. The water was not deep enough, and the 
float-box was sanded up at every gale. The low waters observed are therefore very defective. 

The uncertainty and slowness of correspondence with the observer made it very difficult to 
remedy the evil. This gauge has lately been reset in a more favorable location. 

All the tidal stations had, at the beginning of the year, their sets of meteorological instru­
ments made more complete. Plottings of the observations have been communicated to the 
meteorological department of the British Board of Trade. I would especially call your atten­
tion to the very full set of observations furnished by Mr. Wilson, the observer at Astoria, 
Oregon. 

The following table contains a list of the observations received during the year. The tidal 
observations taken by hydrographic parties for the reduction of soundings arc not included; 

LW of tidal ob•uvatimu r«eived during lk year ending &ptmWer 30, 1860. 

I I t ~ ~ Time of occupation. I ...... ~ .. : I 
Name of !ltation. : Name of obsf:rver. j ._ ~ 5 · 

.; I I" c";o_e~ 1 ~ l - - g ! 

Remarks, 

al j i ~ ' ~ ~ .,_ j From- ! To- ~ I 
----- ,-------i--,-- - I 1------·----1-----

1. Eastport, Me .•••••••••.••••.• ; G. B.Vose •• H••••I S.R.' Permanent.I Jan. 9,1:860: Sept.30,1860 266 I 
Boston DryDoek ............. 1 T.E. Ready ••••... 1 Staff ..... do .•••. : Oct. 1,1859 : •••••• do •••••. 366

1 U.. Governor's blaad, N. Y .•..•• ! R. T. Ba11Sett ...... ·i S. R ....... do ••••. ! ...... do ...... ! Dec. 29, 1859 00 . l Observations made •t Brookl3•n 
Do .................... i······do ............. 

1 

.. do .. ; ...... do •••.• i Apr. 7,1~ SepL301 1860 176; f duringthecoldweal.ber. 

Brooklyn, N. Y ••••••••••••.• ;······do ••••••••••. Box .. i ••••. do .••• ~Oct. 1,1659 •••••. do.... 100 I Day observa.tiom1 only during 

: • 
1 

: • su111111er. 
III, Old Point Comfort, Va ....... 1 M. C. King ........ I S. It. 1 ••••• ilo ••••• i···· .. do ........... do...... 366 

~""ashin_gton NavyYnrd,D.C.l Samuel \VaJkcr •••• , .. do •• \. Temporary.l,_······do ••••• Nov.19,1859 50- More than a mont.hlostbyfreez-

1 
ing in winter. 

Do ................... i John W.Oonu_ ••.... do. 1 ..... do ..... ! Nov.20, 1859: l!ept.:JO,lBfiO 316 
i I ' • V. Chnrle•ton,S.C ................. 
1 

Wm.R.Herron •••J··rlo .. l Permanent.! Oet. 1,1859 !······do .... H 366 
VI. Fort Clinch, Fla ............... i J. A. Wal.ker •••••. l .. do •• :·····du ••••• , •••.•• do •••••••••• do...... 366 

Tnrtuga.s,FJa ....... u•••••••j H.Benners ........ j .. do.~· Temporary.[ Sept. 2,1859 i Sept. 1,1860 366 

f;lJnrlotte Harlx>r,Fla •••••••• : G. w.Maslin ...... ! •• do •• : ••••• do ..... '1 Aug. 3,185il I Oct. 20,1859 79 
Egme>ntKey,FJn ............ ' C. Keyser ......... , .. do .• ; ..... do ••••• Sept. 1,1859' Nov.12,1859 73 

I I i ! Jo<n VII. Cedar Keys:, Fla .............. A. Steele ..... •••H"i''do •• 
1 
..... do •.... : Sept. 2, ovu Nov. :21 1859 62 

St. Mark's, FJa ............... i p, H.Donegan .••.. 1 .. do .. ~ ..... do ..... ; Dec. J,1~9 Sept. l_,1860 276 

vrn. j 
I 

x. ~ 

Dog Island, Fla .•.•••••..•••• 
1 
...................... 

1 

.. dn.,' ...... do ..... ~ Dec.14,1859 Jan. t.8,1860 36 

Du ............... ····ID. M.Hodges ........ du ...•••. do .•••• 
1

Jan.21,1860 Junel4,1860 146 
Newlnlet,Fla ............... :, G.W.Ma.lin ...... 1 .. do •• ' ••••• do •••.• ;Jan. 8,1660 Juneii!'.1,1860 167 

St. Vincent'•, Fla ........... < C. Keyser ......... : .. do ••••••• do ..... ; Jan. 13,1860 July l.>,1660 1115 
Do ................... : G. W. MasHn ...... 1

1 

.. do ••••••• do ••••• 1July1!6,1860 Sert. 1,1860 :l8 

Wnrrington Navy Yard, Fla •• , S. T. Abert •• , •••••.• do. -J-··• ,do ..... Aug. l~, ll!.59 Sep&. s, lBfiO 3861 
Southwest Pa~, La. •....•.••.. C. Keyser .......... i .. do •• , ....... do ...... July 30,1860 Aug.23,lSOO 25 

Lutlsland,La .............. : PeterWilson ...... ! •• do •• ! ••••• do ..... Julyl2,1860 Aug.31,HlllO 51 \ 

CaP"SanLuc••,LowerCal .. ; J.Xantus ......... \ .. do .. i ••••. dn ...... .Apr.30,1859 Ajtr.17,1860 3541 Hanylowwatenlo&t. 
Do ................... ; •••••• do .......... .i Box . .i. .... do ••••• I Apr. ltl,1860 May 9,1860 21 
Do .................. : ...... do ........... ! B. R < ..... do ••••• j May lll,1860 Junel7,1860 39 

Bau Dic-go,Cal. .............. : A.Caosidy ......... \ .. do •. I rermanent.f Aug. 1,1859 Jnly 1,1860 ~

3311
33&_, 

Fort Point, Cal •••.•••••••••. , H. K Uhrlandt •••• l .. do ••••••• do ..... 1 .. , ••• do ........... do...... -

XI. I Astoria, Ore .............. ····l Louis Wilson •..... 1 .. do •• 1 ••••• do ••••• l ...... do ••••••••••• do •••••• 
; -·-·- I : I ~·--'---...'.------------

Otfice-ivork.-The following persons are now employed in this division: R. S. Avery, J. 
Downes, J. W. Donn, Ch. Balmain, J. R. Gilliss, M. Thomas, and S. D. Pendleton. Sub­
Assistant C. Fendall, and Messrs. J. Gilliss, L. M • .Johnson, and B. H. Todd, were temporarily 
attached to it for short periods of time. The details of dates of reporting and of detachment 
will be found in my report to the Assistant in charge of the office. 

Mr. Avery has been employed on a revision of some of the reductions of tide.s.~ perma~nt 
stations. He ltas also made a partial discussion of the anomalous tides of T!iliiti.from 9~eer~ 
vations obtained from the French authorities of that island at the solicitation of Captain J. 
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Rodgers, U. S. N., some years ago. He was also occupied in reducing the decomposed tides 
from the stations on the coast of Florida, and other miseellaneous duties. During the period 
of my absence from the office last summer he bad charge of this division. 

The le.rg-e amount of work required to bring up to date the graphical decomposition of the 
tides observed on the coast of Florida and to keep pace with the observations, has engaged 
the whole time of Messrs. Downes, Balmain, and J. R. Gilliss, with occasional help from 
others. The set, " Cape Florida, Indian Key, Key West, and Tortugas," was finished several 
months agD. The set, "Tortugas, Charlotte Harbor, Egmont Key, and Cedar Keys," is 
nearly finished, and the set from the new stations now occupied is but little behind the obser­
vations. Mr. Downes made also the plottings of meteorological observations alluded to ahove. 

Mr. J. W. Donn has· attended to the reading off of the sheets from the self-registering tide­
gauges, except those of the Western Coast, which were read off in San Francisco by H. E. 
Uhrlandt. 

Mr. Dorm has also kept the register of tl1e observations, received and acknowledged the 
receipt to the observers, and, besides, has had charge of the self-registering tide-gauge at the 
Washington navy yard. 

Most of the ordinary reductions have been made by M. Thomas and S. D. Pendleton. 
Very respectfully, your obedient servant, 

L. F. POURTALES, 
Assistant U. S. Ooa;;:t Survey, in charge ef Tidal Division. 

Professor A. D. BACHE, LL. D., 
Superintendent U. S. Coast Survey. 

APPENDIX No. 19. 
Repoi·t ef Oapt. W. R. Palmer, U. S. Topographical, Engineers, Assistant CO<USt Survey, in charge 

ef the qffice, and sub-reporf.s ef the cliief s qf qffece divisions. 

U. S. COAST SURVEY OFFICE, October 4, 1860. 

DEAR Sm : In conformity with the regulations which require the Assistant in charge of the 
office to present to the Superintendent of the Coast Survey an annual report of the operations 
and progress of the work executed in this office, I have the honor to submit the following 
report: 

The duties of each division of the office, and the occupations of each employe, are fully 
shown in the accompanying sub-reports of the chiefs of divisions. 

The office-work of the survey, having for its object the highly important part of reducing 
the work of the field parties to the forms necessary to bring the results within the reach 
of the public in the shape of finished charts, &c., of the most accurate and reliable character, 
its organization, dnties, and labors, have always demanded and received constant care and 
watchfulness. 

As new discoveries are made, new facilities afforded, from whatever 8ources they may be 
derived, it is essential that they he rendered available whenever the interests of the 1mrvey 
are th~reby advanced, especially when rapidity of execution, increased economy, and accuracy 
can be attained. · 

In the Computing Division the highest mathematical talent is requisite, in order to reduce, 
by the niost approved methods, the geodetic observations upon which the d1arts are based. 

In the Drawing Divisiou years of experience and special qualifications have always been 
required for the accurate and minute delineations necessary for the use of the engraver. The 
Superintendent is aware of the great difficulty of obtaining first class engravers. The care 
bestowed upon the critfoal examination of their labors demands and receives unwearied atten­
~ion; the great ~p~nse of engraving, in the best style of the a.rt, is also well known; and had 
It not been for the discovery of the electrotype process, and its prompt introduction and 
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improvement in the Coast Survey office, the annual expense of engraving would have rendered 
it impossible to have produced more than a. small .proportion of the finished charts that have 
been issued within the last few years. 

Especial attention has now been devoted, for more than a year past, to imp:roving the 
process of reducing the original field sheets by means of photography, in order to insure 
further rapidity, economy, and accuracy in the work of the Drawing and Engraving Divisions. 
It was for a long time doubtful whether photography could be successfully applied in reducing 
original drawings from a large, such as a Tlf~oo. to a smaller, as an -8 0 ~ 0 0 scale, the photograph. 
preserving at the same time the just proportions and distinctness oft.he original. These doubts ' 
have, after much labor and study, been entirely removed; and thus the means have been found 
by which a very great saving of time and labor may be effected. He~etofore these laborious 
reductions have been made by hand, requiring months of labor on the part of the most skilful 
draughtsman, to produce results which are now effected with greater accuracy in a few days. 
It might be supposed that the reduced drawing thus obtained at comparatively small labor 
and expense was now complete, and could be placed at once in the hands of the engraver, 
thus securing at one operation the advantages that have been referred to; but it was soon 
seen that the labors of the engraver might be lessened and facilitated by resorting to a modified 
system, which it may be well to explain in detail. In the process of engraving from a finished 
drawing by hand reduction much time is consumed in determining and selecting the true 
outlines; in this a sound judgment and considernble acquaintance with and knowledge of 
all topographical features is required; and even when an engraver possesses these qualifica· 
tions there is a great probability of some errors occurring from the confusion occasion~d by 
such a mass of minute details. The modified practice now adopted is to make in the Drawing 
Division a tracing of the general outlines of the original sheet; this tracing is sent to the 
Photogrnphic Division, where three photographs are taken, two on the reduced scale required, 
one of them upon glass, the other upon paper ; the third photograph is made upon paper of 
double the scale of the other two, to enable the engraver to see more readily and distinctly the 
topographical details. The photographs arc returned to the Drawing Division, the first merely 
for veritication; which done, it is sent to the Engraving Divi8ion, when every line, as it is 
seen in the reduction, is at once entered in the copper; thus far the work of the engraver 
is almost a merely mechanical process. Upon the two paper photographs the topographical 
features are represented in the Drawing Division by conventional colors, in accordance with 
special rules. The colored photographs, after having been verifieci, a1·e taken to the engraver, 
who fills in the outlines already engraved by following strictly the topographical features rep· 
.resented by the colors; as it is necessary in this process to use a separate system uf signs 
applicable to the engraver's art for representing these different topographical features; he 
is furnished with samples of each feature, in accordance with the special rules adopted by 
the Superintendent. Here again a saving of labor is effected; for by the former system the 
draughtsman was obliged to fill in the whole she-et with these topographical details, the engraver 
merely making a copy of the drawing, and constantly repeating the identical strokeB of the pen 
of t.he draughtsman; this double work is now avoided, as is clearly seen. l present the fore· 
going as a general sketch, or explanation of tlte process now used; va.riati9mJ from this 
system are necessary in some particular C$\ses, as when the different features change wddenly, 
or when the locality is one of complex contour, when, in addition t-0 the ooloring, the proper 
conventional signs, the hachuring of the hills, kc., must be indicated upon the photographic 
print, by pen-work in ink, to prevent confusion or mistake, and further facilitate t1w l•bor 
of the engraver. 

The advantages of the use of photography in thisuftiee1 a.sI have described it, a.re three.-fold: 
First. The increased accuracy attained in the reductions; for by uaing the pkotQi?Bph • 

upon the glat>s the effect& of the shrinkage .of the paper and other sources ef err.QI" bwidental 
to hand r~duction tµ"e avoided. . · · ·. · 
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Secon.d. The increased rapidity with which the office is enabled to issue the results of the 
work. 

Tltird. In the saving of expense. 
The experience already gained shows conclusively that a great saving of time resnlts 

from this process. Formerly the engraving of the chart was often delayed until the finished 
drawing was completed, whereas now the engraver may begin his 'vork the moment the out­
line of a single field sheet is given to him; other parts will always be finished before he is 
ready to commence upon them. 

The want of facilities like these, and the fear of incurring too great an expense, have been 
the chief reasons why the Engraving Division has always been so much in arrears; and in 
order to bring up the back work, it is a measure of true economy to at once increase and 
strengthen this important division of the office. The value of the maps is enhanced, in my 
judgment, if they are given to the world in the least possible time (compatible with the requisite 
accuracy) after the field-work has been completed. 

I do not think sufficient data exist to enable me to gi·ve a11ything like an accurate estimate 
in figures of the amount of money saved by mea11s of photography. It is estimated in the office 

, at about 33 per cent. upon the expenditures of the Drawing and Engraving Divisions; but the 
proceases have not been long enough in operation to enable me to verify this. I am certain 
that the same annual expenditure in the Drawing and Engraving Divisions enables the office 
to complete the maps at least 33 per cent. faster than heretofore. 

The Engraving Division should, I think, be increased at this time to an extent which would 
insure the completion of our first class charts, &c., in one-half the time they have heretofore 
required; and this can be accomplished by the addition of two more first class engravers. I 
therefore re8pectful1y recommend that immediate steps be taken to secure the services of 
two engravers possessed of the necessary qualifications. 

<At the date of my last report, (October 1, 1859,) First Lieutenant J. R. Smead, 2d artillery, 
was assigned to the charge of the Engraving Division; he also conti\;lued in charge of the Mis· 
celhmeous Division for the larger portion of the year. 

First Lieutenant N. H. McLean, 2d infantry, joined this office in March last, having succeeded 
to the vacancy occasioned by the detachment of First Lieutenant J. P. Roy, 2d infantry, 
from duty on United States Coast Survey; and after acquiring some general knowledge of th"l 
office duties, has now been assigned to the charge of the Miscellaneous Division. 

The different divisions of the office will now be referred to in general terms. 
Oomp'lll,ing Division.-This division remains under the charge of Assistant C. A. Schott. 

He has been assisted in the labors of the division by Assistant T. W. Werner, Messrs. E. 
Nulty, J. Main, G. Rumpf, J. Wiessner, and W. D. Starke, as regular computers; Mr . .T. H. 
Patton performing the duty of clerk. Assistant A. S. Wadsworth, Mr. B. H. Todd, and R. 
Freeman have also been temporarily employed in the division. 

Tid.al Divi.mm.-Assistant L. JI'. Pourtales has continued in charge of this division. His 
special report11 on the progress of the tidal reductions and discussions are made directly to 
the Superintendent. Messrs. R. S. Avery, John Downes, T. W. Donn, and Charles Balmain 
have bee& employed as regular computers in this division ; )fr. Pourtales has also occasionally 
received ~id from other employes on the survey during the iutervals of their field duties, as is 
stated in his report, hereto appended. 

Drawing Diviili<m.-First Lieutenant Thomas Wilson, 5th infantry, bas been in charge 
thr0ttgbout the ycea:r. 

It is with great regret that I make known officially to the Superintendent the death, on the 
&th t>f August last, of A88istant W. )f. C. Fairfax, late senior draughtsman in this division. 
Bia •>dt1&dlepo:rtment &nd his many private virtues endeared him to all who had the ple'asure 
ofaiscBCEtuaietanetk .. His aeqtlirementa in his profession were of the highest ortler. He had 
heen ~cted. with, the Ooast Survey since 1843, and the vacancy occasioned by his loss cannot 
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be easily filled. Lieutenant Wilson alludes to his death, and the loss the Drawing Division 
has sustained thereby, in appropriate terms. I would refer to his interesting repott for more 
detailed information in relation to the duties of this division. 

Engraving Division.-First Lieutenant J. R. Smead, 2d artillery, formerly in charge of the 
Miilce11aneous Division, was, at the date of my last annual report, transferred, as before 
mentioned, to the more important charge of the Engraving Division. 

I have already stated, somewhat in detail, the improvements adopted, and in progress, by 
means of the successful application of photography in the reductions, and alluded to the 
necessity of adding to the force of this division. 

The Superintendent will perceive, from Lieutenant Smead' s detailed report, that this division 
has made very satisfactory progress under his judicious management. 

It is my painful duty to announce to the Superintendent that this division has also met with 
a serious loss by the death of Mr. J. Y. N. Throop, a first-class engraver, who died on the 
3d of July last. He had been attached to the Engraving Division for more than six years. 
He possessed great merit and experience, and particularly excelled as a letter engraver. 

Electrotype and Photographic Division.-This division, in which some of the most interesting 
and useful results to the Survey have been produced, still remains under the charge of Mr .• 
George Mathiot. Mr. Mathiot has been assisted by Mr. D. Hinkle, of whom he speaks, in bis 
report, in the highest terms. Mr. Hinkle has been zoalous and active in prosecuting the 
experiments for the photographic reduction of maps. 

These experiments, the result of which I have alluded to in the first part of this report, 
have involved much labor and study, while, at the same time, the current work of electrotyping 
has not been neglected. 

Fifty-one plates have been electrotyped during the year-nineteen in alto, and thirty-two in 
basso. One plate has been extended in size, and four plates electrotyped for other &epart­
ments of the government, and fifty-four plane-table sheets have been reduced by photography. 
The engraving of these, from the time gained, is nearly finished. It is therefore apparent 
that the useful results which I confidently anticipated at the date of my last report have 
already been realized. 

Experiments will be continued for bringing, if possible, into successful use the photo­
lithographic process, which I have reason to hope will soon be found advantageous for the 
more rapid publication of our coarser charts and sketches • 

.A.rcltivc8 and library.-Eight hundred and four volumes of original and duplicate records, 
and sixty-three original tl)pographical and hydrographical sheets have been added to the 
archives of the Survey during the past year. Eighty.four volumes have been purchased for 
the library, and ninety added by presentation during the same period. 

I would respectfully call tho attention of the Superintendent to the necessity of providing 
increased accommodation for the preservation of the archives and valuable engraved plates. 
Constant additions have so completely filled the limited space available that it is very difficult 
at this time to preserve the archives in the order that they should be to render them. aooes· 
sihle to those who wish to examine the records. 

MiJroellaneoua Division.-To the .:.:hief of this division is iutrnsted the charge of the printing 
of the maps and charts of the Survey, and also their distribution, and that of the annual report 
of the Superinteudent. First Lieutenant N. H. McLean, 2d infantl'y, has been recently 
assigned to this duty. 

The number of impressions taken by the printer, and the distribution of the ·maps, eharts, 
and Coast Survey reports, are shown by Lieutenant J. R. Smead in his report. -

Carpentry.-In the carpenters' s.hop Mr. A! Yeatman remains in charge wi mastt>r carpenter, 
assisted by two workmen. The work has beeb. perffil"med in the usual aa~ry f.111lDDr. 

There have heel\ made during the year various ·Btand.ii aftd ··case& for instmments, ~ve19' 
tables, wood-work for self-registering tide-gauges, d:r&wing board.a, ·.casea fm.-:map.&'tmd ree01'd&1 
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cylinder cases for magnetic clocks, implements for photographic purposes, packing boxes for 
instruments, the necessary repairs to instruments and Coast Survey buildings, and, in addition, 
a large amount of miscellanous work. 

Instrument slmp"-The force in this shop consists of Mr. J. Yierbuchen, master instrument 
maker, five workmen, and one apprentice. During the year 21 instruments for geodetic work, 
21 for astronomical, 5 for magnetic and telegraphic, Hi for hydrographic, 18 for drawing, 91 
for engraving, and 26 topogrnphical instruments have been made, and 84 geodetic, 8 astrono­
mical, 6 magnetic and telegraphic, 39 hydrographic, 25 drawing, 14 engraving, aud 46 topogra­
phical instruments have been repaired, in addilion to a variety of miscellaneous work for the 
use of the office and parties in the field. 

Please find submitted, also, the report of duties performed in the Hydrographic Division, 
during the past year, under the direction of Commander S. S. Lee, U. S. navy, hydro6raphic 
inspector, and furnished to this office. 

In conclusion, I would tender my thanks to Com. S. S. Lee and Lieutenant 8. Bent, U. S. 
navy; ProfessorW. P. Trowbridge, .Assistant in the Coast Survey; Samnel Hein, esq., general 
disbursing agent; and Joseph Saxton, esq., assistant in weights and measures, for the aid they 
have given to this office on frequent occasions. 

First Lieutenant .A. P. Hill, 1st artillery, U.S. army, continues as general assistant. His 
experience, capacity, and knowledge of the duties of this office are well known to tLe 
Superintendent. 

I beg leave to repeat my statement of iast year, that the clerical force of this office is, in 
my judgment, entitled to an increase of compensation. Their duties, I am confident, are quite 
as onerous as those of the clerks in other bureaus of the government; yet they receive a 
much lower compensation. 

I have the honor to be, very respectfully, your obedient servant, 
W. R. PALMER, 

Captain Topographical Engineers, AsBist. 0. S., in charge rf otfi<:e. 
Prof . .A. n. BACHE, Supei·intendent u. s. Coast Survey. 

Repm·t Qf Lieut. Silas Bent, U. S. N., on the details qf occupation in the Hydmgraphic Division 
of the Ooast Survey <;/fie". 

WASHINGTON CITY, October 1, 1860. 
Since joining this office in March last the general hydrographic duties have been under my 

supervision, and have consisted chiefly of the examination and verification of original hydro­
graphic sheets, as they have been turned in by the parties afloat, together with the angle and 
sounding books belonging to those surveys; the examination of the sheets reduced for pub1i­
cation and the plotting upon them of the light-houses, light-vessels, beacons, and buoys, as 
determiaed by our own parties in the field, or from data furnished by the J_,ight-house Board; 
the making or revising of sailing directions and sailing lines; the description of dangers and 
plotting of mid-channel, tidal, and current stations, and the results of the observations taken 
at them. Upon these Mr . .Arthur Balhach has been generally engaged as draughtsman; in 
addition to which, however, h"8 has been subject to constant calls to supply informatiQn required 
from the office1 which his long experience on the survey has made him particularJy familiar 
with; the correction of buoys on published charts and the examination of proofs from newly 
engmved charts, &c., &c. 

Mr. L. Karcher, draughtsman, was transferred to this division in the latter part of April. He 
has since been employed in making projections for the hydrographic parties; comparative 
tracing• of various localities, of which two or more surveys have been made, w as to exhibit 
the changes that may have occurred; the plotting of supplementary work furnished from the 
field; replotting work originally made in advance of the astronomical determina~ons, &c., &c.. 

Mr. W. B. McMurtrie, draughtsman, reported for duty temporarily in this division in .August, 
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and has since discharged duties similar to those of Mr. Karcher, except during some ten days, 
when he was employed .in sketching views. 

Jfr. W; S. Simpson and Mr. Orton Willfoms have recently been appointed aids and assigned 
to this division to prepare themselves as hydrographic draughtsmen for duty afloat. 

Report of Assistant Charles A.. Schott, in charge of the Computing DiviBion. 

Co.a.ST SURVEY OFFICE, Ociobe1· 1, 1860. 
In conformity with the regulations of the office, I herewith respectfully submit the annual 

report on the work done by the various computers for the year ending October 1, 1860. 
The general organization of the division has not been changed, and it has proved, as in 

former years, effective and sufficient to meet all requirements. The number of computers 
remain nearly as before, the present force barely sufficing to keep up all the routine computa 
tions. The revision of the astronomical and magnetic work is in a very forward state, and the 
geodetic computations are as far advanced as the present state of the field-work admits. With 
an assistant the daily observation of the sun's disk (weather permitting) for number and posi­
tion of the solar spots has been kept up regularly since the beginning of the year. 

During my absence from the office on a magnetic survey in Sections I, II, and III, between 
August 1 and September 26, Mr. James Main took charge of the division. 

Mr. John Wiessner was re-assigned as computer under date of August 20. Mr. William D. 
Storke having been ordered to field duty, Mr. B. H. Todd was appointed on the 17th of January 
to supply his place. Mr. J. T. Hoover, who had been clerk to the division for several years, 
was transferred to your office, and his place was filled by Mr. J. H. Patton, who reported for 
duty on November 28, 1859. 

Assistant A. S. Wadsworth has temporarily assisted in the reduction of magnetic and astro­
nomical observations. He has been thus engaged since the first week of June, and also accom­
panied me on the magnetic survey in August and Sept.ember. Sub-Assistant C. Fendall has 
also been engaged on astronomical work since the middle of July. 

The work done by each computer during the year will appear from the following detailed 
statement: 

A.Bllistant Theodore W. Werner reduced Assistant Davidson's triangulation of San Francisco; 
a part of the Santa Rosa triangulation, Section VII; the triangulation of Damariscotta river 
and Penobscot bay; of Espiritu Santo bay and vicinity, 1859; of the Gulf of Georgia, W. T., 
1859; the triangulation on the Mississippi delta, 1859; of Isle au Breton sound; of Charlotte 
harbor, and of Santa Cruz island. He also made a preliminary reduction of the Chatham bay 
triangulation, and reduced the horizontal angles observed at Station Humpback; made part of 
the reducti-0n of the horizontal angles observeri at Howard, Western Ridge, and Cqamcook; 
tabulated Assistant Davidson's horizontal and vertical angles at Sulphur Peak; made an abstract 
of the angles at Ross mountain, and a new reduction of the azimuth at Station Yard, and com-
pleted the reduction of the secondary triangulation south of Cedar Keys. . 

Mr. Eugene NuUy reduced the azimuth ob.served at Table Mount, Cal. i the observations for 
time, latitude, and azimuth made at Port Royal, 1859; the observations for latitude and azimuth 
at Howard; the observations for time, latitude, and azimuth at Sulphur Peak; the azimuth at 
East Base, (Edisto;) the observations for latitude and azimuth at Apalachicola, and the azimuth 
and latitude at Ross mountain, Section X. 

Mr. Jam.es Main revised the reductions of ob$ervations for latitude at Statio.llB Smithville, 
Howard, Calais, Mount Rose, and Apalachicola; revised the reductions of observations for 
azimuth at Smithville, Mount Desert, Port Royal, Howaril, East Ba.ae, Edisto, Sava.nnah Ex­
change, Humpback, :Mount Rose, Apalachicola., Cat island, Lower Kissisaippi, and. ltast Base, 
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(Galveston island.) He also made a second reduction of the magnetic observations at Port 
Royal, Smithville, Wes tern Ridge, Howard, and Cl1,nncook, an cl reduced tho occnltations 
observed at Point Hudson, W. T., for longitude, and has been engaged in various other astro· 
nomical computations. 

Mr. Gottlieb Rumpf revised the triangulation of Cape Fear; Teduced tho triangulation near 
St. Augustine, and the horizontal angles in connection with the Port Royal azimuth; revised 
the triangulation of Muscongus bay and mouth of the Penobscot; tbo triang.:111:-ttion of San 
Antonio and Copano bays, and those of St. Simon's and Sapelo .sounds, and the triangulation 
of the Gulf of Georgia, W. T. He also revised Assistant Farley's triangulation of the mouth 
of James river, 1859; reduced the additional triangulation of Beaufort river; rnYi><e<l the 
triangulation of the :Mississippi delta; made an adjustmeuL of the triangulation of tlie James 
and Appomattox riven;; reduced the Hudson river triangulation; made a preliminary adjust­
ment of the primary triangulation near Epping base; rel1uced part of the triangulation south 
of Cedar Keys; made out the horizontal angles of Assi,.;tant lloutclle's primary triangulation 
in Section V, and attended to tho insertion of gec1graphicaJ positions in the registers. 

Mr. Jolin Wicssner reported for duty August 20, and has been engaged in the completion of 
the adjustment by least squares of the primary triangulation between Kent Island base and 
Washington; also in making miscellaneous geodetic computations, and in the reduction of tho 
primary triangulation in Section V. 

Mr. Williarn D. Starke, reduced the triangulation from HomosaRsa river to Raccoon Point, 
Section VII, and the triangulation of Cote Blanche bay, 181i9. He was transferre<l to a field 
party December 8, and again reported for duty July 16, 18GO, after which he re<luced the 
horizontal angles observed at Howard and Western Ridge, and partially reduced the triangu­
lation south of Cedar Keys. He also attended to clerical duties. 

2Jir. B. H. Todd reported for duty January 17, and assisted in reducing the triangulation of 
St. Simon's sound and in the reduction of star places for the latitude of Port Royal. He also 
made a second reduction of the additional triangulation in Section III; reduced the triangu­
lation of Crescent City, Cal.; assisted in reducing the triangulation of the James and Appo· 
mattox rivers, and the additional triaugulation in Section II and Section V. Ile wus trans· 
ferred to a field party August 20, and again reported for duty September G, and has since been 
occupied in clerical duties. 

Mr. John T. Hoover attended to the clerical dutie" of the division, and assisted in the 
preparation of the geographical positions for the Superintendent's report of 1859. He was 
detached from the division November 23. 

Mr. J. Houston Patton reported for duty November 28, and has attended to the clerical duty 
of the division, besides assisting in special observations. He computed the San Nicolas trian­
gulation of 1858, and prepared illustrative diagrams relating to magnetic discussions. 

R. Freeman has supplied the extra copying required for the use of field or office parties. 
Mr. Ledyard was engaged in the division during part of the month of July. 
Since January 1, 118 reports have been submitted on various subjects connected with the 

division. Notice of my labors in relation to solar spot observn,tions, terrestrial magnetism, 
and the solar eclipse of July, will appear in another part of the Superintendent's report. 

Report of Assistant L. F. Pourtal,e,s, in charge ef tlie Tidal Divi."iion. 

Co.AST SURVEY 0Fll"ICE, October 1, 1860. 

The following report on the occupation of the computers in this division curing the pa.st 
year is respectfully submitted: 

Mr. B. S • .Avery made a revision of the tidal reductions of the series observed at Old Point 
24 c 
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Comfort1 he also reduced the tidal observations of Tahiti, Cape San Lucas, and the decompoi'ed 
tides of the several stations occupied simultaneously on the coast of Florida. During my 
absence from tho office in part of the months of April and June, and from June 9 to September 
15, :Mr. AYery had charge of this division. 

Mr. Jolin IJownelS was employed in reading off the hourly heights of the tides from the self. 
registeriIJg observations of the coast of Florida. He has also plotted the meteorological 
observations taken at all tl1e stations on the Atlantic coast for transmission to the meteorological 
department of the Brititsh B()ard of Trade. 

Jllr. J. W'.. Dunn has read oil' and tabulated the self-registeriug observations; has kept the 
register of the observations received, and corresponded with the observers. He has also had 
charge of the :,;elf-regi;;tering tide-gauge at the Washington navy yard, and hm1 made ordinary 
reductions, and done nriscellaneous work . 

. Zlfr. Chas. Balmain reported for duty January 7, and has been engaged in ,decomposing the 
tidal curves of the Florida stations into their component diurnal and semi-diurnal waves. 

Jlfr. J. Gil[i,~s was engaged during the month of December, and until January 19, in miscel­
laneous work, but chiefly in working out the daily inequalities of some of the stations :iu San 
Francisco bay. He then left the office for field-duty on the \Vesteru Coast. 

JJir. J. R. Gilliss reported for duty April 16, and has been employed since in plotting and 
decomposing tidal curves from tlrn Florida and Gulf stations. 

Mr. L. 11L Johnson was employed in ordinary reductions from February 24 until April 18, 
when ho joined tho party of Assistant H. Mitchell. 

JJfr. B. H. Todd was employed in ordinary reductions from .January 3 to 16, when he was 
transferred to the computing division. 

Sub-Assistant C. Fendall made graphical decompositions of tides in October and part of 
November, 1859, during the interval between his 1·eturning from field-duty in the north and 
proceeding to the south. 

M. Tl1omas and S. IJ. Pendleton have made ordinary reductions of tides for most of tlie 
permanent statiom•. 

Report cj' Lieut. Thomas Wilson, U. S. A., Assistant in charge of the Drawing Diviswn. 

CO.AST SURVEY OFFICE, October 1, 1860. 

I have the honor to submit the following report of the operations of the Drawing Division 
since November 1, 185!): 

The division has remained under my charge since the d:tte of my last report; for a full state· 
ment of the work accomplished during the year I respectfully refer to the lists presented below, 
where arc mentioned in detail the duties performed by each draughtsman, and the maps and 
sketches completed or in progress. 

The division has experienced a severe loss during the yearin the demise of Assistant W. M. 
C. Fairfax, draughtsman, who died on the 8th of .August. He ranked at tho head of his pro· 
fession, and for seventeen years (since 1843) bad devoted himself to his duties with unremitting 
fidelity and remarkable success; his exquisite reductions on the soho and 4 oJooo scales are 
monuments of his extraordinary skill, and they can never be excelled; this loss will always be 
felt, and his place will be difficult to fill. 

The number of draughtsmen proper is three less than at the close of la.st year; two tracers 
for photv9raph'!fhave been added to the force. Until the beginning of the year the subject of 
projects had been an exclusive branch in the division, and the entire time and attention of a 
first class draughtsman had been given to it. I have since given my best personal attention to 
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the study. Forty-one projects on the full scale for charts of various scales, from 4 0 0
1
000 to 

~' and of sketches, have been drawn, submitted, and approved during the year. In the 
previous year nineteen projects on the foll scale had been submittc<l and approved. The 
success of reduction by photography for the so~·oo scale and analogou:; charts is uo longer a 
matter of question; the re;;ults speak for themselYes, and in the future this method alone will 
be followed, except in cases to be mentioned presently. The mode of proceeding is as follows: 

The triangulation points of the sheet to be reduced are first examined to determine if they 
agree with the standard geographical position of the same points furuisheu by the Computing 
Division; first, as regards their own relative position, and then in reference to the projection. 
found on tlie sheet; if any irregularity is found, it is corrected by the most approved means. 

The features, both natural and artificial, of the sheet, are then generalized according to rules 
adopted for the use of the Coast Survey office, a careful study of the sheet being made with 
regard to the peculiarities of the locality, and the demand specially made of features to be 
preserved for topographical re0ord, and for use in navigation, features which, in some localities, 
are insignificant, being of primary importance in others. A projection of the limits of the 
sheet is made on tracing vellmn, and the generalized features traced thereupon, lines, &c., 
being made of such size and thickness as will conform (when reduced to the lf-Oioo scale) to the 
rules given for the published maps on that scale. The tracing is made step by step, adjust­
ments being made for shrinkage or other irregularity. 

A photograph of the tracing is then made on glass, aud sent to the Drawing Division for 
verification; this is returned for use in the Engravillg Division, the outline being t.raced from it, 
and entered in the copper. 

A photograph on paper of the same scale is taken to be colored, according to the established 
rulP.s for representing topography, (where masses are of such a size m; to warrant it,) and to be 
:finished by a competent draughtsman, with the incidental features that are too small to be 
represented in such a manner. 

Where the character of the locality is one of complex contour the photographic print i .. 
made on the 40J 0 0 scale, bachured in the Drawing Di vision, and then reduced Ly photogr,1phy 
to the~ scale for tho use of tho engmver. 

The prints of the different sheets are put down in their proper places on the p-'ojected limits 
of the map to be published, and having been colored and finished by pep·work in detail are 
ready for the engraver. 

I take great pleasure in here commending the very valuable services of Mr. E. Hergesheimer, 
draughtsman, whose time has been almost exclusively devoted co this branch of the service; 
his thorough knowledge of the subject, and his energy ann zeal are perceptible in the progress 
which has been made. 

Hand reduction is still employed for charts far advanced in engraving. Even in such cases, 
however, a great saving of time and labor hn.s been gained in the use of colors, the prominent 
idea being to replace by them well-de:finf'd masses of woods, sand, marsh, &c., &c., int1tead of 
indicating them by the old style of elaborate pen delineation. 

Th~, great assistance given by photography renders unnecessary the employment of other 
draugntsmen to fill the placefl of those who have left during the year. 

Assistant W. M. O. Fair.fax was employed upon the reduction of topography of coast maps and 
charts; No. 8, from Seguin Is1and light to Kennebunkport, Me., scale 80-b-o-oi No. 9, from Cape 
Neddick, Me., to Cape Ann, Mass., n!ooi Nos. 35 and 36, Chesapeake bay, from Pocomoke 
sound to entrance, Md. and Va., so-iooi No. 37, from Cape Henry, Va., to Currituck sound, 
N. C., ~i No. 41, Albemarle sound, (eastern sheet,) ao&ooi and No. 93, from Lake Borgne 
to La.k:e Pontchartrain, La.; also upon the reduction of the topography of general coast chart 
No. VI, from Ocracoke inlet, N. C., to Charleston, S. C., scale ,oo~oooi and No. VTI, from 
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Winyah bay, S. C., to SL John's river, Fla., scale Ttro\nnr· The office lost his valuable services 
bv hi.s death, whit:11 occurred ou tlie 8th of August. 

• AMislrvd JI. J. l1IcClery has been employed upon the reduction of the topography of coast map 
and c:liart .No. 21, N cw York bay and harbor, 80 i-00 ; he has also filled in the topogrnphy of that 
chart upon an outline drawn by photography, scale ,l<1-hrni aud has also hachured part of the 
chart on a -:i:-otoo scale, which by photography has been reduced to the so!oo· He has been 
engaged u1wn the reduction of a photogral>lied outline of coast map and chart No. 9, from 
Cape N eddick, Me., to Cape Arm, Mass., sidnnr; and has completed the reduction of the 
topography of coast map and chart No. 31, (additions,) Chesapeake bay, from head of the bay 
to the muuih of Magoth.r river, Md., sotnnr· He has been also engaged upon the reduction of 
the topography uf coast maps and charts Nos. 84 and 85, from Ocilla river to Cape St. Blas, 
Fla., scale ind;-u-tri ou g·eneral coast chart No. IV, from Cape }fay, N. J., to Currituck sound, 
N. C., scale -,nn;\r 60, and No. YI, from Ocracoke inlet, N. C., to Charleston, S. C; on the 
topography of the chart of Hempstead harbor, L I., 20! 00 ; and on that of the commissioner's 
map of New York harbor scale TU-~uo· He has al:m beeu engaged upon the reduction of 
the topography of geuernl coa8t ehart No. XIV, from Choctawlrntchee bay to Pensacola 

bay Tin?-,nrn· 
.JJ'Ir. E. Herueslieimer, until the 5th of December, was engaged in reducing topography for 

a chart of the Sheepscot and Kennebec rivers, Me., scale 4 0-tao• and on verifications' and pro­
jections. From that time until the 1st of July he assisted Mr. Whiting in the preparation of 
the new instructions for the Drawing and Engraving Divisions. Since the 1st of July he has 
been occupied in tbe generalization of sheets for photography, aud in that department of the 
work has been engaged upon the following coast maps and charts, scale 81,-h0 , viz: No. 8, 
Seguin i:;land, to Kennebunkport, Me.; No. 9, from Cape Ncddick, Me., to Cape Ann, Mass.; 
No. 11, from Plymouth harbor to Hyannis harbor, Mass.; No. 21, New York bay and harbor; 
No. 46, from Cape Lookout to Bogue inlet, N. C.; No. 4 7, from Bogue inlet to Barren inlet, 
N. C.; No. 48, from Barren inlet to Lockwood's Folly inlet, N. C.; No. 54, from Fripp's inlet, 
S. C., h> Ossaliaw sound, Ga.; No. 60, from St. Augustine to Tomoka creek, Fla.; No. 81, from 
Chassahowh1-:;ka river to Cedar keys, Fla.; No. 108, Matagorda and Lavaca bays, Texas; and 
on San Francisco bay. He has also made experiments in reducing by photography the hydro­
graphy of preliminary sea-coast chart No. 11, Ioiu-00, from Cape Hatt.eras to Cape Lookout, 
N. C., au<l has likewise v<;irificd the photographed negatives before they were engraved. He 
has now in hand the chart or the Sheepscot and Kennebec rivers. 

JJJr. A. LfoJenkold haB comp1<>ted the reduction of the hydrography of coast map and 
chart No. 14, from Buzzard's bay to Block Island sound, R. I., s-o-~n' (additions,) and has 
continued that of the topography of coast ~ps and chartR No. 36, Chesapeake bay, from York 
river to Cape Henry, Va., 80 ~00 ; No. 68, Flo1"1a reefs and keys, from Key Biscayne to Carys­
fort reef, ~ 0 h0 ; No. 100, from Point-au-fer to M..-irsh island, La., 80{)00 ; and of the topo­
graphy and hydrography of coast map and chart ontithd 'Vashington sound, &c., 80tr0o; also 
upon the reduction of the topography of general coast chart No. VII, from Winyah bay, S. C., 
to St. John's river, Fla., T<nloooi that of the topography and hydrography of No. X, Florida 
reefs and keys, from Cape Florida to Cape Sable, 4 ;;o'oooi No. XlU, from W accasassa bay to 
Choctawhatchee bay, Fla., 400\-.nf; and No. XVI, from Galveston 'Bay to the Rio Grande, 
Texi•s, 'Hlo-o-o· He has made additions to Alden's reconnaissance of the w~stern coast, YToi-Dlfo> 

and has been engaged upon progress sketches, projections for field parties, projects, projec· 
tions on copper, verifications, and miscellaneous duties in the division. 

llfr. W. P. Schultz reduced the hydrography of the Patuxent river, (lower sheet,}~' and 
was engaged upon projects, progress sketchea, G-ulf Stream diagrams, and sketches, until the 
4th of February, when he was discharged. 

Mr. L. D. WiUiamB has made additions to preliminary sea-coast chart No. 3, from Oape 
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Smallpoint, :M:o., to Cape Cod, Mass.; Nos. 11 and 12, from Cape Hatteras to Cape Fear, N. C., 
-200

1
000; has continued tho reduction of the hydrography of general coast chart No. YI, from 

Ocracoke inlet, N. C., to Charleston, S. C., 40<>'000 ; and that of the topography and bydro­
graphy of the Hudson river chart, 61li.u-u. He has also reduced the topography and bydro­
graphy of St Mary's river, Md., £U-hru; made additions to the Congress nrnp, diagrams of the 
Gulf Strnam, explorations, and projections on copper, and has 1ecn employed upon verifi­
cations. 

Mr . .A. Strausz was employed upon the reduction of preliminary sea-coast chart No. 2, from 
Isle au Haut to Cape Elizabeth, lrfo., 2 o 0

1
0 0 0 ; also upon tho reduction of the hydrograpby of 

preliminary sea-coast chart No. 25, from Santa Rosa sound to Mobile bay, Ala.,-:nni'-000 ; and of 
the hydrography of coast maps and charts No. 9, from Cape Keddick, ~fo., to Cape Ann, :Ma~s., 
soiooi Nos. 28, 29, a11d 30, from Cape :May, N. J., to Great Machipongo in1et, Va., soi.oo-; 
No. 37, from Cape Henry, Va., to Currituck sound, N. C., 8 -0 i\u-oi No. 48, from Barren inlet 
to Lockwood's Folly inlet, N. 0., -.-0-~-00 ; No. 58, from St. Mary's river to St. John's river, 
Fla., B<>i\oo; No. 70, from Long key to Bay Pine key. Fla., ,,-0t 00 ; No. 85, from east end of 
St. George's sound to Cape St. Blas, Fla., -,.0 ho; and No. 108, Matagorda and Lavacca bays, 
Texas, so~o1f· He made additions to the chart of Portland harbor, life., 2 0 i. 0 0 ; reduced the 
hydrography of Hempstead harbor, Long Island, 2 0 ~ 0 0 ; and that of Port Royal, &c., S. C., 

6 0 i 00• Ile made additions to the reduction of the hydrogrnphy of the east enhance to St. 
George's sound, Fla., TO~oo; executed a new edition of the chart of Wa;;hington sound, &c., 
200

1
000; and has been employed upon. projections on copper and projections for field parties. 

llir. 1¥. T. Martin has filled in topography upon a photographed portion of the outline of 
coast map No. 48, e 0 ch-o, from Barren inlet to Lockwood's Folly inlet, N. C., 8 0 ,1 0 0 ; completed 
the topography of No. 47, from Bogue inlet to Banen inlet, K. C., 1nrh0 , (upon a photographed 
outline;) and has been engaged upon that of No. 81, from Chassabowitzka river to Cedar keys, 
Fla. He completed the reduction of the topography of coast map and chart No. 92, from 
Round island to Grand island, La., 1; 0 ~ 00, (additions;) and bas been engaged upon that of No. 
93, from Lake Borgne to Lake Pontchartrain, La., 50 ~ 00 ; and No. 108, Matagorda and Lavacca 
bays, Texas, 8 "~ 0 0 . He commenced the reduction of the hydrography of James River entrance, 
Va., so--ll'f1ii reduced the hydrograpby of the "Rigolets," La., 2 o ~ o u; has also been engaged 
on verification. 

JJfr. J. J. Ricketts entered the office on the 5th of Ja.nuary, and left it for field duty on tho 
15th of April. He was occupied while in the office upon the reduction of the hydrography of 
general coast chart No. IV, from Cape May, N. J., to Currituck sound, N. C., 400

1
000 , and 

preliminary sea-coast chart No. 14, from Cape Roman, S. C., to Savannah, Ga., 200
1
000 • He 

also reduced the hydrography of Bull's bay, S. C., 6 u~ou· 
Mr. W. B. McMurtrie was, oil tho 2d of January, temporarily assigned to duty in the office, 

awaiting instruction for the field, which be received on tho 1st of March. While in tho ofilce 
he reduced the hydrography of Sapelo sound, Ga., 3 "6 0 0 , and was engaged in lettering and 
inking topographical sheets, and miscellaneous duties. 

Mr. L. Karcher was assigned to duty in the office on the 21st of December, 1859; worked 
on the reduction of the hydrography of preliminary sea-coast chart No. 25, from Santa Hosa 
sound to Mobile bay, Ala., 200

1
000 , and that of coast maps and charts Nos. 33, 34, and 35, 

Chesapeake bay, from Hudson river, Md., to York river, Va., scale "''-J-r,o-. He made additions 
to the hydrography of the east entrance to St. George's sound, , o ~ou-, and completed that of 
Apalachicola bay, 40 ~ 00 _ Besides making a comparative chart of Pensacola harbor, Fla., 
TI>to-o, and projections for field parties, and replotting certain hydrographic sheets, he was 
engaged upon progress sketches and lettering. Mr. Karcher was transferred to the Hydro­
graphic Division on the 19th of April. 
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. 
Mr. "11. B. Li,nton has been engaged upon the reduction of the topography of coast map and 

chart No. 74, from Lower Matacumbe key to Cape Sable, Fla., 80t 00 ; and of Portland harbor, 
Toho· He has reduced bydrography for the chart of Patuxcnt river, Md., (upper sheet,) 
IJotoo• and has been employed on the topography of the lower sheet, sotoo· He has reduced 
the topography and hydrography of St. Simon's sound, Brunswick harbor, and Turtle river, 
Ga., 40h 0 , and has made additions to tho reduction of the topography of Pensacola bay,-:ro-h.-; 
1rns reduced the hydrography of St. Augustine harbor, Fla., aoloiri that of San Pedro harbor, 
Cal., :nrfiooi and the topography and hydrograpby of Crescent City harbor, Cal., :ro-tH· He 
has also been employed upon progress sketches, diagrams of magnetic results, tracings, pro­
jections for field parties, and in lettering reductions. 

Mr. F. Fai,ifax entered the office on the 6th February, and has been engaged on the topo­
graphical reduction of Portland harbor, ni-o-o· He bas reduced the topography and hydro­
graphy for a map of North river, Va., 40f>-00, and the topography of St. Augustine harbor, 
Fla., ;n;-!ooi has redrawn the triangulation sketch of Hudson river, N. Y., 21nhnn-, and Too'if·ooi 
and has been employed upon projections forfield parties, progress sketches, statistics, in letter­
ing reductions, coloring maps, and in tracing. 

Mr. J. W. Maedel entered the office on the 1st of November, 1859, and was employed on 
tracings until the 19th of January. Since then he has been engaged in making tracings of 
original sheets for the photograph. 

Mr. B. Hooe, Jr., has continued on tracings. 
~Ir. W. IL Gardner entered the office on the 1st of December, and has been engaged in 

tracing original topographical sheets for photography. 
Mr. A. J. De Zcyk wa:s employed in the office from the 17th of May until the 5th of Septem­

ber, and bas been employed upon tracings and statistics. 
M1·. W. Faiifax entered the office on the 10th of September, and has been engaged iu 

tracing. 
Mr. H. Lindenkold, on contract, reduced the hydrography of coast map and chart No. 8, from 

Seguin island to Kennebunkport, Me., 80i 00, and the remaining topography and the hydro­
graphy of No. 100, from Point-au-fer to Marsh island, La., 80~00 . 

Mr. TV. Grupe, on contract, has reduced the remaining hydrography of general coast chart 
No. IV, from Cape May, N. J., to Currituck sound, N. C., 40<fo1J0· 
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List cf maps and slcetches completed or in progress d~wing the year ending November 1, 1860, 
arranged in order qf' sections. 

Name. I 

SELTION I.-lba«I qf Maine. New Hampshire, Ma.smchu- \

1

, 
8tlt8, and Rhode bkrid. 

Progress sketch A_ - - - • - - - - - - - - - - - - - - - - - - • - - ••••. i 
Progress sketch A bis---···--··------------------: 
Preliminary sea-coast chart, No. 2. from Isle-au-haut I 

to Cape Elizabeth, :Maine---------·--·-·------· 
Sbeepscot and Kennebec ri vcrs, Maine_________ _ __ 
Portland harbor, .Maine_ •• _ •••• - ••.•• _ •. _ •• --· ••. 
Preliminary sea·coast chart, No. Cl, from Cape Small 

Point, M,.ine, to C,.pe Cud, 1fasoac1rnsetts .••••••• 
1 Coast map and chart, No. 8, from Seguin islaud light , 

to Kennebunkport, M,.ine. - •• - - •• - • -- - -- - -- - ·-·I 
Coast map and chart, No. 9, from Cape Neddick, \ 

Maine, to Cape Ann, Massachusetts·-------·----, 
Coast map and chart, No. ll, from Plymouth harbor ! 

to Hyannis lmrhor. l\fassachnsctts--------·------! 
Coast map and chart, No. 14, from entrance to Buz- I 

zard's hay to entrance to Block island souud, 
1

1 

Uhode Island, (additions).--· - • _. __ • --- . --- ____ ', 

SECTION II.-Coast qf Cormecticut .• Yew York • .:Kew Jer- j 

sey, and Ddaware, north of Cape HenlDpen. : 

Progre~s sketch B •• - • _ - • __ - - •• --- - • -- • -- __ --- ---1 
'l'riangulatiou sketch, Hudson river_--------·----­
Triangulation sketcl1, Hudson river---------------· 
Hempstead harbor, LJ:ing island ---·-----·---··---

1 Coast map and cha.rt, No. 21, New York bay and I 
hn..bor _ .......... - .............. - ................ ----·----- .. ------·\ 

Commiililioner' s map, New York bay and harbor. __ • _ i 
TI udson river, from entrance to Sing Sing, New York. 1 

SECTION lll.-Coast qf De"4ware, south of Cape Herdo­
pen, .Maryland and Vir9inia, north qf Cupe Hmry. 

Progress sketch C.------------------------------1 
General ci>ast chart, No. IV, from Cape May, New , 

Jersey, to Currituck sound, North Carolina .•••••. 
Coast map and chart, No. 28, from Cape May, New 

Jersey, to Isle of Wight, Delaware •••• ---------­
Coast map and chart, No. 29, from Isle of Wight, 

Delaware, to Chincoteague inlet, Virginia •••• ----

Coast map and chart. No. 30, from Chincoteague 
inlet, Virginia., to Great Machipongo inlet, Va. •••• 

Coast map and chart, No 31, Chesapeake bay, from 
head of the bay to mouth of the Magothy river, 
Maryland, (additions) _ --- ___ --- - -- _. _. --- - --- -

Coo.&t mf\p and chart, No. 33, Chesapeake \lay, from 
Hudson river to Potomac river, Maryland _______ _ 

Patuxent ti'Ver, Maryland, (upper sheet)----------­
Patuxent river, Maryland, (lower sheet) ----------­
St. Mary's river, Maryland • _ --- _ ---- --- ·----· --- -
Coast map and chart, No. 34, Chesapeake ooy from 

l'otomac river, Maryland, to entrjUlce to Pocomoke 
1mund, Virginia·--------------·------------·· 

Coast map and chart, No. 35, Chesapeake bay, from 
Pocomoke sound to York river, Virginia ________ _ 

Coa.s~ map and cha.rt, No. 36, Chesapeake bay, from 
York river to entrance, Virginia _______________ _ 

James river entrance, Virginia ____ ·---·----· •••••• 

&cnoN IV.-eoa.t qf V'eyinia, aoutJ. ef ~Henry, 
and NOf"lk Ctirvli:na, rwrth of ~ .Aar. 

Progress aketcb D ------------------·-----------
C~ map and c:hart, No. 37, from Cape Henry, Vir-
Ng1nia, to Currituck sound, North Carolina--------

Orth river, Virginia. •••••••••••••••••••••• ------

l:lcale. Description. I Remarks. 

I 1---
1. --- ---- --- --- --- . -------.I 
1 ·--- - -----. ···--· ---- -· ----1 

1-600,00fJ 
1·400,0()0 

1-200,0()0 
1-40,000 
1-20,000 

1-200,000 

1-80,000 

1-80,000 

i Prelimin:ny chart----------1! 
I Finished map ____ --------
1·--- .. do. _____ ·-----·- -·--1 
j Preliminary chart • _____ •• -1 
I Finiobed map and chart __ •. 

1 
j •••••• do •.••••••••••.••••. 

1-80, 000 t---- .. do. - •• -- • --· -- - • -- - -

I 
1-80,000 i·····-do •••••••••••• - ••••. 

1-400,000 
1-200.000 
1-100;000 

1-:l0,000 

1-80,000 

1-20, 000 
1-60,000 

1-400,000 

1-400,000 

i 
I 

'=========================~ ' --------------------------i 
1-----·--------------------
1 Finished mttp and chart _ ••. 

j-''"'."'.J:_ m_•~: :::::: :: : : : : 

j _________________________ _ 

1 Finished chart ___ ••• __ ---· 

Complcteol. 
Do. 

In progress. 
Do. 

Completed. 

l n progress. 

Do. 

Do. 

In progress ; outline 
by photography. 

Complete.I. 

Do. 
Do. 
Do. 
Do. 

In progress ; outline 
by photography. 

In pmgre~s. 
Do. 

Completed. 

In progreu. 

1-80,000 Finished map and chart---· Completed. 

1-80,000 •••••• do·---------·---···· In progress; outline 
partly by photogra­
phy. 

1-80,000 , •.•••. dO---------------·-· In pre>gress; outline 
by photography. 

1-80,000 ______ do·----------------- Completed. 

1-80, 000 ------dO------------------ In progress. 
1-30,000 Preliminary chart-·------· Do. 
1-60,000 Finished map------------- Do. 
1-60,000 ______ do-----------------· Completed. 

1-80, 000 Finished map and chart - •• -j In progress. 

1-80, 000 _____ .do.-----------------1 Do. 

1-80,000 1-··--·do ••• ---··•··-·-·••• Do. 
1-80,000 Finished map. -- -- - __ - -- •• Do. 

1-M0,000 
----------------~------··· 

Completed. 

1-80,000 Finil!hed map and chart ___ • In progrellS. 
l--40,000 Finished ma.p. --- • __ •• ____ Completed. 
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List Qf maps and sketches, &:c.-Continued. 

Name. I ----------------------
SECT I ON IV-Continued. I 

Coast map and chart, No. 41, Albemarle sound, 
(eastern sheet) __ -- - • - -- -- - - -- -- - ----- --- • - -- -I 

Preliminarv sea-coast chart, No. 11, from Cape Hat-
teras to Cape Lookout, Nor th Carolina_ - - - - - - - • - -j 

Preliminary sea-coast chart, No. 12, from Cape , 

Scale. 

1-80,000 

1-200,000 

-----·----------
Description. Remarks. 

Finished map and chart _ _ _ _ In progress. 

Preliminary chart---------- Do. 

Lookout to Cape Fear, North Carolina-----------! 1-200,000 i-···--dO------········--·-
Coa•t map and chart, No. 46, from Cape Lookout to i I Do. 

Bogue inlet, North Carolina • --- _. - -·· •• ___ •• _.] 1-80, 000 Finished map and chait • --- In progress; outline 
by photography. Coast map and chart, No. 47, from Bogue inlet to I 

Barren inlet. NurthCJLrolina. ·-----·-····------· 1-80,0001···---do _________________ _ 
Coast map and ch"rt, No. 48, from Barren inlet to , 

I.ockwoo<l's Folly inlet, NorLh Carolina. __________ , 1-8'1,000 ------dO---·--·-----------
Diagrams of Gulf Stream temperature -- - - - - • -- ____ j_ _ --·. ---· - - -- Diagrams_ --- --- - - -· - _ •• --

SECTION V.-Oxut of North Carolina, south of Cape Fear, 1

1 

I 

Do. 

Do. 
Completed. 

South Carolina, and Georgia. I 
l'rogr~ss sketch E.----·-------------------------1 1-600,000 !~--------------------------
General coast. chart, No. VI, from Ocracoke inlet, 

North Carolina, to Charleston, :,)outh Carolina.___ 1-400,000 I Finished chart------·----·· 

Do. 

In progress.. 
General coast chart, No. VII, from '.Vinyah bay, 

South Carolina, to St. John's river, Florida_______ l-400,0()() ------do •••••••••••• _____ _ 
Preliminary sea-coast chart, No. 14, from Cape Ro- I Do. 

man, South.Carolina, to Savannah, Georgia-·- __ • 1-200, 000 Preliminary chart__-·· ••••• Do. 
Bull's bay, South Carolina----------------------· 1-60,000 ------do ••. -------------·· Completed. 
Coast map and chart, No. 53, from Rattlesnake 

shoals to St. Helena sound, South Carolina -------1 
Port Royal entrance, and Beaufort river, South Caro-

lina ________________ --------·----·----------· 
Coast map and chart, No. 54, from Fripp's inlet, South 

Carolina, to Ossabaw sound, Georgia • - - - - •••••• _ 

Sapelo sound, Georgia •• ·---------···-···--··-··-
St. Simon's round, Brunswick harbor, and Turtle i 

river, Georgia ___ - -- - ---- --- ---- - -- - -- - ••• --- -

SECl'ION VI.-Cbast of FloridJ,from St. Mary/• rivw to 
St. Jouph's bay. 

Progress sketch F, {showing a geneml reconnaissance) 
Progress sketch F, (reefs and keys)---···---------­
Coast map and chart, No. 58, from St. Mary's river 

to St. John's river, fi'lorida ------····--······--

St. Augustine harbor, Florirla ---·---·-·---·-···-· 
Coast map and chart, No. 60, from St. Augustine 

harbor to 'Tomoka creek, Florida----··--·--··--­
Coast map and chart, No. 68, from K~y Biscayne to 

Craysfort reef, Florida._----·-_-----·- ________ _ 
General coast chart, No. X, from Cape Florida to 

Cape Sable, }<'lorida. _________________________ _ 

Coast map and chart, No. 70, from Long key to Bay 
Pine key, Florida.. - - ·- - • ---- - - - -- - -- - --- __ ---­

Coast map and chart, No. 74, from Lower Mata-
cumbe key to Cape Sa.ble, Florida---····-·----·-/ 

SitOTION VII.-°"'81 qf Florida, wut ef St. Jo«ph' 8 bay, 
and Alabama, eaat if Mobilt bay. 

Pro!;I'ess sketch G------······-······•·--·-·· •••• 
General coast chart, No. XIII, from Wacca.sa.ssa bay 

to <Jhoctawhatchee bay, F'Jorida -···-····-······ 
Coast map and chart, No. 81, from Chassahowitzka 

river to Ceda.r keys, Florida_. __ •••••••• ·--.·--­
Coast map and chart, No. 84, from Ocilla river, 

Florida, to Crooked river, F'Jorid.i. _ •• - •• _ •.••• _. _ 
CQMt map and chart, No. 85, from ea.st end of St. 

George's island to Cape St. Blas, Florida •••••••• _ 
S~. George's sound, entrance, (additions)---·-·····-

1-80, 000 

1-60,000 

1-80,000 

1-30,000 

Finish.id map and chart _ _-__ In progress. 

Preliminary chart---·····- Completed. 

Finished map and chart---- In progress; outline 
by photography. 

Finished map··-··-··----- Completed. 

1-40,000 ------do •• --····-·-··-··-- Do. 

1-1,200,00() 
1-400, 000 

Do. 
Do. 

1-80, 000 i Finished map and chart·-·- In progress; outline 
by photography. 

1-30,0llO Preliminary chart __________ Completed. 

l-80, 000 Finished map and chart··-·-] In progress; outline 
by photography. 

l-80,000 ------dO------------------ Completed. 

1-400,000 Finished chart·----···--·- In progrelll!. 

1-80, 000 Finished map and chiirt •••• Do. 

1-80,000 •••••• do---·-··-·--·--·--· Do. 

1-600,000 Completed. 

1--400, 000 Finished map and chart---· In progrflffl. 

1-80, 000 •••••• do----····---------- In pr-Ogre!IS; outline 
by photography. 

1-8-0, 000 •••••• do.................. In progtess. 

1-80, 000 -·· ••• do ................. __ Do. 
1-4:0, 000 Fint.hed map ••• -- ---- •••• cOmp1eted. 
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List of maps and sketches, d'.-c.-Continued. 

Na.me. 

SECTION VII-Contlnued. 
' 

Apalachicola bay, Florida ____ -------· -·····------i 
Preliminary i\ea~coast chart, No. 25, from Sa.at.a Rosa l 

sound to Mobile b11y, Alabama. .• --.------··-··--\ 
Pcusacol11 barb-Or, Florida, (additions). ____ . __ ._. - _ . 1 

Pensacola harbor, Florida •. -·---------·----·-----! 
Escambia and Santa Maria de Galvez bays, Alabama •• ! 
Deep-l!ea soundings, Gulf of Mexico ··--··-·----·--i 
S:tcCTION VIII.-Oiast qf Alaba11ia, wut of ,!Jobile bay, i 

Miui&!ippi and Louiliiana, ea•t ef l'ermition bay. ' 

Progress sketch H -- - • ·- --·· ---- __ .. --···· --- • --: 
General coa~t chart, !"~· ::CI:', from Cbo?t~whatchee I 

bay, Flonda, to M1ssrns1pp1 ddta., Lout8lana ___ • __ , 
The Rigolets, Louisiana-------- ..... ___________ _! 
Coast map and chart, No. !12, from Round island to , 

Grand isla.nd, Louisiana, (additions).·-· .• ___ •• --' 
Coast map and chart, No. 93, from Lake Borgue to i 

Lake Pontchartrain, l.ouisiana ____ •••• -· •• -- - • - •
1
1 

Coast map and chart, No. 100, from Poilit-au-fer to 
1 

Marsh island, Louisiana ••••••••. ---- •••••••••• ; 
I 

SECT10N IX.-Cbaa qf Louiaiana, w..t; of Vermilion buy, l 
and of Te:ras. · 

Progress sketch L •••••• _ •• - - - ----. --- • -- • -- •••• , 
General eoast chart, No. XVI, from Gah·estou b"-Y ! 

to the Rio Gra11de, Texas------------·---------! 
Coast map and chart, No. 108, Matagorda. and La- i 

Scale. 

1-4.0, 000 

1-200,000 
1-30,000 
1-30,0GO 
1-30, 000 ! 

1-1,210,000 

1-61)0,000 

1-400, 000 
1-20,000 

Description. Remarks. 

Finished map •.••• - • _ ... - _. Completed. 

Preliminary cb&rt- ••• _. _ ·-. 
Finished map ____________ _ 
Comparative chart. ________ ; 
Preliminary chart._. __ •. _ •• · 
Sketch .••• -------·-------

... _ ..... --- -- .... -- .... ·- ~-- .... __ .. ! 

ln progress. 
Completed. 

I.JO. 
In progress. 
Completed. 

Do. 

Finished chart------------: In progress. 
Finished map ••.•••••• ----i Completed. 

1-80,0liO Finished map and chart ____ ; Do. 

1-80,000 ______ do·-----·----------- In progress. 

1-Sll, 000 .••••• do ••• -------·-·· ---·i Do. 

1-G00,000 Completed. 

1-400,000 Finished chart----·-------' In progress. 
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vacco. bays, Texas •• _ ••• __ • ____ ••• ________ • _ - - ! 

C°:tA~:~s:t;~~~~x~~: -~~~·-~r~~-~~t~~~~~~-~~~-i 
1-BO,l)OO l!'iniRhed map and chart __ . _ ! In progress; outiina 

1-80, 000 ---- __ do _____ • ____________ i 

SECTION x -Coast of Oalifomia. i 
Progress sketch J, (from Sau Diego to Point &.1). __ _! 
Progress sketch J, No. 2, (from Point Sal to Tomales / 

bay) •••••••• -------------------······--- .... i 
Alden's reconnaissance of the western coast, 1addi- ! 

tions) ••••••••••••••••• _ ·-·· __ • __ •••••• __ •••• i 
San Pedro h.arbo1-, California ---- ---- --·· - .•••. ---, 
Sm Francisco bay and harbor. California_ - - - - - • - - - -1 
Crescent city ha.rbor _________________________ ··-·i 
SEal'IoN Xl.-Cbast of Or69on and Wukington Perriiory. i 

1-600,000 

1-600,000 

1-1,200,000 
1-30,000 
1-80,000 

1-20, 000 

Progress sketch K __ ---· •••••••••••••••• ---·. ---i 1-600, 000 

Sketch •••••• _____________ , 
Preliminan· chart. _________ , 

Ffoished ~3[> ··----------.!, 
______ do .. ---------·-· ____ ; 

I 
I 

'--- ---- ----- ------- ----- --i \ Preliminary chart ___ • ____ .: 
Finished map a.nd chart--·-· 

by photography. 
Do. 

Completed. 

Do. 

Do. 
Do. 

Completed; outline by 
photography. 

Completed. 

Completed. 
Do. 

In p1·ogress. 
Washington 1SOund and approaches, {new edition) ---' 1-200, 000 
C~st map and chart" E," Washington sound, &c ••• l 1-90, 000 

D1~=:~~l~=r~t~n~-~i~~i~~~=~~~~~~~~~~~r:.1 .. -- .. ··--·- -· Diagrams.-·- - -- •• - - - • -- - _ 1 Cowpleted. 
Mitchell's improved 11.pparalus for measuring our- j 

rents, and improved form of pi!ell for securing sea ! i 
atrnctnres •••••• _ ---------. ---·· _ •••• ----.-·-II·- .... __ . ___ --1--_ ..... ------. _ ···- __ ---- Dra.wn in Pllblication 

, Di\•ision. 
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RPport of Lieut. J. R. Smead, ll. S. A., in cllarye ef the Engraving Division. 

ENGRA. VINO DIVISION, 

U. S. Coast Survey Qffece, October 1, 1860. 

I have the honor to present the annual report of the operations of this division, which has 
lJeen under my charge since the date of the last report. 

:Mr. Edward Wharton has been continued as assistant in the division, and I take pleasure ·, 
in acknowledging that I am indebted to him for lns courtesy, industry, and experience. 
His worth and efficiency are so well known in the office that I need not remark further 
in this connection. 

l\Ir. C. C. Callan replaced :\fr. William l\I, :Maynadier as clerk July 1, the latter having 
been transferred to the Miscellaneous Division. !fr. Callan gives me much ii)atisfaction in the 
performance of his duties. 

The force at present consists of twenty-four engravers of various degrees of skill, from the 
beginner to tb~ finished workman. A list is given below, with the class of each (as topo­
graphical, letter, or miscellaneous engraver) mentioned, and the work accomplished by each 
during the year. 

Thiti force, small as it was, when the amount of work accumulating from both hand and pho­
tographic reduction is considered, has been still further reduced by the death of Mr. J. V. N. 
Throop on the third of last July. }fr. Throop was an old and skilful letter engraver, and had 
served six years in this division. I trust the vacancy may soon he filled. 

The same need of first class experienced workmen exists now as formerly, and to a greater 
extent; for, as the "·hole work expands, the demand upon the Engraving Division increases, and 
that for work of greater excellence, as the preliminary and sketch work of former years, is now 
being replaced by finished maps and charts, "·hich latter, in addition to accuracy, are expected 
to exhibit the highest style of the art. 

The amount of useful information placed upon onr c:harts and sketches, in the form of notes, 
sailing direction8, description of clangen;, light-house, tidal, and other tables, has increased 
from year to year, and E<till continues to increase, making it very difficult to provide for this 
branch of the engraving with the present force of letter engravers. 

An increase of one first class letter engraver, and the permission to give out on contract some 
first class topography, would enable this division to complete in the next year au amount of 
·work greater in proportion to the expenditures than in any preceding year, and for the simple 
reason that, the engraving force would be Letter balanced as to its different classes, and work 
could be laid out to greater advantage. 

'l'he means to carry out the suggestion contained in the above statement are available, and 
can be secured immediately upon the receipt of the proper authority. 

'l'he engraving of the finished charts of Rockport harbor and Lynn harbor, Mass., Hemp -
stead harbor, L. I., York river, Va., (upper sheet,) Albemarle sound, N. C., 80! 00, (eastern 
sheet;) Albemarle sound, N". C., 80 3-o-0 , (western sheet;) coast chart No. 91, Tmo• (Missis­
sippi sound;) San Francisco bay, Cal., -;,-0 h-0 ; and new editions of Muskeg.at channel, Mass., 
and Captain's island east and west, Long fafand sound, httve been completed. 

The following second class charts and sketches have been completed: preliminary sea• 
cm1st chart No. 4, 2001

0- 1nr; preliminary chartt; of Patuxent river, Md., Sapelo sound, Ga., 
Bull's bay, S. C., and San Pedro harbor, Cal.; also eastern part of St. George's sound, Fla., 
Rigolets, La., and Crescent City harbor, Cal. 

Plates of the following first class charts have been prepared for preliminary editions: Coast 
chart No. 8, (Casco bay, &c.,) eoinnr; coast charts Nos. 34, 35, and 36, (the lower Chesa­
peake series,) soh--o; Portland harbor, Maine, St. Mary's river, Md., Port Royal entrance, 
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S. C., coast chart No. 71, (Flo1·ida reefs and keys,) .-o~ooi and coast chart No. 108, (Mata­
gorda bay,) so~oo· 

The following first class finished maps and charts of the ~;i,00 series, viz: Nos. 9, 11, 12, 13, 
14, 21, 29, 31, 32, 33, 68, 92, 106, and 107, embracing rnoRt of the important points of the 
Atlantic and Gulf coast, haV(» been pressed forward as rapi<lly as the euµ:raYirig force would 
allow, as also the followiug import.ant harbor and other charts, Yiz: Sea eoast, Nos. 3, 11, and 
14, 200\ 0 (} series, Hudson river, N. Y., Rappahannock river, Va., and Sau PalJlo bay, Cal. 

Mr. McCoy, topographical engraver, has engraved a portion of the topography uf cuast map 
aud chart No. 29, so&oo, directly from the plane table sheet, the outlines having been first 
engraved from a photographic rerluctlon, thus demon15trating the practicability of this most 
economical method, at least in the case of engravers who, like Mr. McCoy, possess superior 
skill. He has completed specimens of topographical sigw;, &c., to he used as standards in the 
division; also the topography of Hempstead harbor, Long Island sound, and is now engraving 
coast chart and map Nu. 11, Plymouth lrnrbor tu Hyannis harbor, }lass., 81d-uu; upon which he 
has made considerable progress. 

Mr. Kwigltt, letter engraver, has engraved the title and 11otes on coast chart No. 36, -,·-,,too; 
title and soundings ou coast chart No. 35 80-{rn 0 ; note8 and lettering on coast chart No. 34, 

80-hnr; and on chart of San Francisco bay -. 0 i,-0 u; also miscellaneous work on coast charts Nos. 
13, 15, 17, 19, 108, and other charts. 

JJir. Rolle, topographical eugraver, has completed the topogTaphy of coast chart No. 31, 

8 o-1000, additions to the topography of Alden's reconnaissance of the Wes tern Coast; and has 
made progress on coast chart No. 9, ·8 d 00• 

Mr . .bnthqffer, topographical eugraver, has been employed during the whole y~ar upon the 
topography of coast chart No. 32, -,lfho· 

~:fr. Sengtcllcr, topographical engraver, has completed the topography of coast chart No. 12, 
suhoi and bas nearly completed the sauding of coast chart No. 68, .,0 &00 • 

Mr. Phillip8, topographical engraver, bas been employed principally upon the ouflines and 
topography of coast chart No. 34, 80 .Ji-00 ; but has also executed addition« to topography on 
coast chart No. 92, "lroiroir; retouched the topography of :Mnskcget diannel and mouth of Chester 
river, and commenced the sanding on coast chart No. i:ll, t!"!r~vo· 

Mr ... ~Jetzeroth, topographical engraver, has completed the sand on coaRt chart No. 13, inrloo; 
engraved outlines of Portland harbor and additional topography on the Peusacola harbor chart, 
besides some miscellaneous work, and has made considerable progress on the sandiug of coast 
chart, No. 31, s-u-!oTi· 

Mr. Blondeau, topographical engraver, has completed the topography of San Pahlu bay, 
Califoruia, -.-oho; and has commenced topography on general coast chart No. II, -4-0 w\-00• 

Mr. Evans, topographical eugraver, has been employed principall.Y on the Hudson river 
chart, e-0 { 00, besides some miscellaueous work. 

Mr. Barnard, topographical engraver, has engraved outliues of Hempstead harl1or and St. 
Mary's river; has retouched topography and sand on Nantucket harbor; sea-coast chart Ko. 4, 
2011

1
0 011 ; Salem harbor trouui York river, Va., ro-lUTt; aud completed srrnding- of coast chart 

No. 92, so~ooi and l1as nearly completed the sanding of Cbesapeake Lay, 1'\o. 3, n-~oo· 
Mr . .A. Maedel, topogrciphical engraver, has completed tho topograpliy of coast chart No. 

40, 8ohu, and some miscellaneous work, and is now engraving topography on the chart of 
Rappahannock river, Va., (lower sheet,) -t 0 h-o· 

Mr. Kondrup, miscellaneous engraver, bas completed souudings, &c., on Chesapeake, No. 6, 
n-/io-0 ; some miscellaneous work; and is uow for advaiiced on i'irst class outlines of coast chart 
No. 21, .-0-~ 00, from photographic reductions. 

Mr. E • .A. Maedel, letter engraver, has eugraved title letteriug aud soundings on coast chart 
No. 71, 1<o~lJ1fi title and gei1eral lettering on coast chart No. 34, 8uh 0 ; notes and lettering on 
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coast chart No. 35, 80 h,0 ; on coast chart No. 8, so1ooi made corrections on coast charts 
15, 16, :md 17, and has done some miscellaneous work. 

]Jfr. Ogilvie, Jetter engraver, has engraved the titles and notes on coast charts Nos. 40 and 
41, ~; also the titles and some lettering on coast chart No. 8, 8 0~00; Portland harbor, 
Maine, .,-0~00 ; Port Royal entrance, S. C., 6oi\-01r; soundings on Patuxent river, Md., 1nrh0 ; 

notes and lettering on coast chart No. 108, 80 ~00 ; and some miscellaneous work. 
llfr. Langran, letter engraver, has engr:wed title, notes, &c., on Lynn harbor, 20 Lnri Hemp­

stead harbor, Long Island sound, :1-0-li-uoi Sapelo sound, Georgia, 30 ~-o-o; made additions and 
corrections for new edition of Muskeget channel, 60-h; 0 ; notes on Port Royal, and considerable 
miscellaneous work. 

1Jir. Peiersen, miscellaneous engraver, has engraved soundings, lettering, and notes on Port­
land harbor, Me., 21,-fi-00 ; title notes and lettering on Patuxent and St. Mary's rivers, Md., and 
Crescent City harbor, Cal., Tl!~ olf; notes and additional soundings on coast chart No. 91, 

8 0 ~, 00 ; notes on I,ynn harbor, 20 ~-a-ir; soundings on Hempstead harbor, " 0 -~00, and some mis­
cellaneous work. 

ltir. Bartle, topographical engraver, has completed the topography of Rockport harbor, 
Mass., :rn1'-mri and engraved that of Lynu harbor, Mass., 20! 1n1-; also the sanding of St. Mary's 
and Patuxent rivers, Md., -. 0 -h-0 ; and Hempstead harbor, Long Island sound, 20-/i-noi and the 
outlines of general coast chart No. X, 400

1
000 , and coast chart No. 8, 8 0~ 00 ; besides being 

employed on progress sketches, diagrams, and miscellaneous work. 
JJ:lr. W . .A. Thompson, topographical engraver, has engraved topography of St. George's 

sound, Florida, 4 u ~00; and of York river, Va., (upper sheet,) 6 0 ~ 0 u; also marsh on coast 
chart No. 31, 8 0 ~ 0 0 ; and additions to the outlines on coast chart No. 35, 8 u ~ 0 0 ; besides pro­
gress sketches and miscellaneous work. 

11Ir. Klakring, miscellaneous engraver, has been constantly employed on miscellaneous work, 
principally additions and corrections, both in topography and lettering. 

Jllr. Benner, miscellaneous engraver, bas engraved topography on Crescent City harbor, 

20 ~ 00 , and the sketch of Rigolets, La., , 0 i 00 , besides progress and other sketches and some 
miscellaneous ·work. 

Messrs. Sipe and J. G. Thompson, miscellaneous engravers, have been principally employed 
on diagrams, progress sketches, and miscellaneous work. 

Mr. TVells, miscellaneous engraver, since bis employment, has been practicing to acquire 
skill in stamping figures; also some miscellaneous work. 
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List of maps, preliminary charl8, and sketche.~ engrnvecl or engraving 
October 31, 18GO, arranged in order of sections. 

during the year ending 

N ... me. l Scale. Dei;cription. Remarks. 

---~--.~-- ------ ------------ -------
SECTION I. 

Progress sketch A·-------------- --- --- - -- .. --- ••• --·. ---· ! 
Do ••••. A bis •• ----····-···-··---------------------! 

Preliminary sea-euast chart, No. 3 .•••..•••.•••••.••••.•..•••. 
Preliminary sea-coast chart, No. L .......•••• ···--· .••....... 
Coast chart, No. 8, l'eguin I.land light to Kc nelmnkport. • ••••. 
C<>ast chart, No. 9,Cape Ncddick, !\I.e., to Cape Ann, :Ma&s •••••• 
Coast chart, No. 11, Plymouth harbor to Hyannis har\Jor, .Mass •• 
Coast c1 art, No.12, Nantucket sound, Mass .••...••••••••••••. 
Coast chart, No. 13, Buzzard's bny and Martha'• Vineyard ---- .. 
Coa&t chart, No.14, Point Judith to Block l•land sound •••••••. 
rortland harbor, (new edition) .•••••••••••••• ··-··· •••• ----·· 
Rockport harbor, Mass •••••..••.••.• ----·----·-----· .•••.... 
Lyr:n harlJor, Mass .•••••••••••••••••••••••••.••••••••• ···--· 
Musk.egetehannel, Mass., (new edition).-----··-·-·----·-----· 

SECTION Il. 

Progress Hudson rinr triangulation···--· .••••••••••••••••••• 
Coast chart, Ne. 15, eastern part of Long Island sound·--- .••.. 

Coast chart, No. 16, middle of Long Js1and sound •••••••••••••. 
Coa8t chart, No.17, Lone: Island sound, western sheet ....•••... 
Coast chart, No. 19, l\liddle part, southern coast, Long I~l•md 

sound •••••••••• ··----·--·---- ••.••• ---·--··---··---- .... 

Coast cl1art, No. 21, New York bay and harbor ______ .••••••... 
Captain's island, east and west. •••..••••••• ···--· •••••••••••• 

Hempstead harbor .•••.•.. -··--· •••••.•..• ·---·· ••.• ---- •••. 
Hudson river, N. Y., (lower sheet) •••• -··--·· •••••••••••••••. 

SKCTl-ON Ill. 
Progrefs sketch C ••• - ••••••••••••• --····-··· ••••••••••••• 
Coas_t c_h~rt, No 29, Green Run inlet to Little Ma<:hipongo inlet, 

V1rg1ml)O •••••••••.•••• ·--- .............................. . 
Chesapeake bay, No. 1, head of bay to Magotby rjver .••••. ---­
Ch~SGpeake hay, No. 2, M•gothy to the Hudson river •••••.•••• 
Chesapeake bay, No. 3, Hudson to l'otomae 1her, Md ---· .•••• 
Chesapeake \Jay, No. 4, Potomac river to Pocomoke BQund .••••. 
Chesapeake bay, No. I'>, Pocomoke sound to York river ••••.•••. 
Chesapeake bay, No. 6, York river to entrance of hay .••• _ •••. 
Putuxent river, Maryl&nd .••••••••••••••••••••••••••••••••••. 
St. Mary's river, Maryland •••••••••. -···--···--··-····--·---­
Rapp&hannock river, Va., (lower sheet) ••••••••••••••••••••••. 
York river Va., (upper sheet) •• ·-·· •••••••••••••••••••••••••• 

SECTION IV. 
Progress sketch D .••••••••••• ···---- --·--- ---- •••• ··---· ----
COfll!t chart, No. 40, Albemarle sound, west ••••••••••••• ···-·· 
Coast chart, No. 41, Albemarle sound, cast ••••••••••••••••••• 

8ECTlON V. 
ProgTess sketch E .•• --· •• --- •••.•• -· ••• - - --· ••••••• -- •• -- -- · 
Prtliminary llea·coal!t chart, No. 14, Cape Roma.n to Tybee, Ga. 
Ch11.rleston harbor, South Carolina •••••••••••••••••• --- ••••••• 
Port Royal entrance, &>uih Carolina •••. --··-·-· •••••••••••••. 
Bull's bay, South C&rolina._ ••••••••••••••• ---·· •••••• -··· -··· 
Sapelo sound, Georgia .•.• ·--·-···---· .... -·--· •••••••• ···-·· 
St. Simnn'a aound and Brunswick harbor •••••••••••••••••••••. 

S:mrroN VI. 
Progress sketch 1!' ••••••••• ··-· •••••••••••••••••••••••••••••• 

Do •••••• F, (lower sheet) •••• ------·----··----- •••••••• 
Ge.neral waat chaTt, No, X, Florida reefs and keys, Cape Flor-

1da to Care Sable.- ••••••••••.•••••••••• ····-·----····--·· 
Coast cha.rt, No. 68, l!lorida reefs, Key Biscayne to Cary&fort 

reef •••••••••••••••••••••••• ~ •••••••••••••••••••••••••••. 
Coast cti.rt, No. 71, Florida reefs, New(ound Harbor key to 

Boca Grande key ••••••••••••••••••••••••••••••• ······--·-
St. Augustine harbor, Florida ••••••••••••••• - •••••••••••••••• 

1-400, 000 
l-G00,000 
1-200,000 
1-200, ()00 

1-80,000 
1-80,000 
1-80, 001) 
l 80,()00 
1-80.000 
1-S0,000 
1-20,()00 
i-2o:noo 
1-20.000 
1-60, ()00 

:Sketch···--· ....••.••••. l 
.. --·do _______ ..... ------\ 
Preliminary chart. •••••.. ' 

i ......... do ____ ... __ ................. . 
I Finished map and chart · 
l·-----<lo ............... .. 
1-·---·<lo. ·-·- ·-·- ---· ... . 
I::::::~~::==~-.:::·.::::==~ 
: .•••.. do •.•••••.•••••.••. 
' li'inishecl harbCJt' chart. .•. 
; .••••• do ••••••••••••••••• 
. ••••. do •••••..•••••••••• 
Finished chart .•••••••••• 

1-400, 000 ; Sketch •••••••.•••..• 
1-80, 000 ' Finishecl map and chart, 

, (new edition) 
1-80, 000 ' .••••. do .•••.. _ ••• ·-· •••• 
1 80, 000 

1 
•••••• do .•••..•...•. -·---

1-80,000 

1-80,000 
1-20, 000 

1-20,000 
1-60,000 

Finisl1erl ma.p and chart, 
(additions./ 

Finished map and chart, 
Finished chart, (new edi· 

tion.) 
Finished harlior chart ---­
Fini•hed chart •••••••• _ •. 

Engraved. 
Do. 

EngravinCY 
Engraved~· 
Engraving. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Engraved. 
Do. 
Do. 

Engraved. 
Do. 

Do. 
Do. 

Do. 

Engraving. 
Engraved. 

Do. 
Engraving. 

1-400,000 Sketch .••••. __ ••.. -----· 1 Engraved. 

1-80, 000 i Finished map and chart. 
1-80.000 1------00 •••. ----· --·- ----
1 so;ooo : ...... do •..•••••••••.•••. 
1-80,001} , ______ d<> .... ···--· ------· 

I 

1-80,000 ! •••••• do ••••••••••••••••. 
1-80,000 : .••••. do •••••••••.•.•.•••. , 
1-80,000 11····-:d?··--·-····-----·· 
l-6G. 000 Prellmmary chart •••••••• 
1-GO, 000 i l<'inished chart .••••..••.. 
1-60, 000 / .••••• do .••••••••••• _ •••• 
1-60,000 [ •••••• do ••••••••••••••••• 

! 
1-400, 000 fikekh .••• _ •.... ·--·-· 
1-80,000 Fini~hed map and chart 
1-80,000 •••••• do •••••••• ---· •.•. 

1-600,000 Sketch .•.•••. - -- - ••••••. I 
1-200,000 Preliminary C'bart •••••••. 

1-30, 000 Finh<h<ed map .••••••••.. 
1-60, 000 Prdiminary cba1t •••••••. 
1-60,000 !::::::~~::::::::::::::::: 1-30,000 
1-40,000 ' Preliminary chart, (tJeW 

' 
edition.) 

!-1,200,000 Sketch. __ •••••••.•..•••• 
1-400,000 ••• ••• do ••••••••••••••••• 

1-400,000 General coast chart..·-·-· 

1-80,000 Finished map and chart. 

1-80,000 .••••• do .••••••.•••. ---·· 
1-30,000 Preliminary cha.rt •••• _ •••• 

Engra,~ing .. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Engraved. 
Engraving. 

Do. 
Engraved. 

Engraved. 
Do. 
Do . 

EngraYed. 
Eu graving. 
Engraved. 
Bngradng. 
Engraved. 
Engraving. 

Do. 

Engraved. 
Do . 

Engraving. 

Do. 

Do. 
Do. 
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List ef maps, preliminary charts, &':c.-Continued. 

Name. Scale. Description. Remarks. 

SECTION VII. 

l'rogreos sketch G ••••••••••••••••••••••••••••••••••••••••••• 1-600,000 
1-40,000 
1-30,000 

Sketch .••••••••••••••• __ Engraved. 
Et\Stern pa.rt of St. Gcorge•s sound, Florida •••••.••••••••.••••. 
Entrance to Pensacola bay, Florida •••••••••.•••• -----· •••••. , 

Preliminary chart •• -..... Do. 
•••••. do •••••. -·--··.... Do. 

SECTION VIII. 

Progress sketch H ••.• ·-··-····· ----· ····----···-·· •••••••••. , 
Coast chart, No. 91, Bonserour's boy to Round island, Miss ••••• ' 
Coast chart, No. 92, Round it;la11d to Grand island, Miss •••• --·· 1' 

Rigolets, Louisiana •••••••••••••••••••••••••••••••••••••••••• 

SECTION IX. 

Progre"'! sketc11 l .......................................... . 
Coa<1t chart, No. 108, Matagorda and Lavaca bays •••••••••••••• 

8EC'l'ION X. 

1-600, 000 
1-80. 000 
1..so: ooo 
1-20,000 

1-600,000 
1-80,000 

Progress sketch J, (lower sheet) •• • ••• •••• •• • • ••• •• • •••• ••• ••• 1-600, 000 
Do .•••• J, (middle sheet)............................. 1-600, 000 

San Pedro harbor, Califo>nia.... .••••••••••. .•••••• •••• •••••• 1-50, 000 
San Francisco bay. California................ •••• •••• •••• •••• 1-50, 000 
San Pablo bay, California.................................... 1-50. 000 
Alden's reconnaissance, {western coast) •••••• ··----·· •••••••••• '1-1, 20(), 000 

Cresent City harbor •••••.••••••••••••••••.•••••••••••••••••• 
Humboldt I.Jay •••••••••••••••••••••••••••••••••••••••••••••• 

SECTION XI. 

1-20,000 
1-30,000 

Sketch .•••• - .•••••••.••. 
Finished map and chart.. 
.••••. do .••••..••••••••. 
Preliminary chart •••••••• 

Sketch •••••••••••••••• 
Finished map a.nd chart .. 

Sketch .••••••••••••••••• 
... do _______ ···---·---

Preliminary chart •••••••• 
!Cinished harbor chart •••• 
.•••.. do·--···· .•.••.•••• 
Reconnaissance, I sheet, 

(new edition.) 

Engraved. 
Do. 

Engraving . 
Engraved. 

Engraved. 
Engraving. 

Engraved • 
Do. 
Do. 
Do. 

Engraving . 
Engraved. 

Do. 
Do. 

Progress sketch K •••• ••• ••• • •••• •• •••• •••• •••••• •••• •••• •••• 1-600, 000 
.Alden's reconnaissance, (western coast).---··---··---····- .••. !-1, 200, 000 

Sketch .••• _ •••••••••••• _ Engraved­
Reconaa.issance, Z sheets, 

(new edition.) Do. 
Washington sound, Washington Territory···---·--···-----.... 1-200 1 000 Rennnaissance ··-··· -·-- Do. 

MISCELLANEOUS. 

Sketch showing progre8i! of Coost Survey •••••••••••••••••••••. l-5, 000, 000 Sketch •••••••••••••••••• 
Dfagram of temperature ln Florida straits ••••••••••••••..••••. -· •••••• ___ • Diagram •••••.•••••• ----

Diagram of Girard College observations .•••••••••••••••••••••• -.·.--·.-.·.-_-__ -· __ ·_+.· .. -·.· __ .ddoo·.·-·.·.·.-. ·.·.·.·.·.·.·.·.·.·_·_ 
Dia.gram of Trow bridge's apparatus ••••••••••. _ ••••• __ ••••••• 
Diagram of Mitcheffs apparatus ..••••••••••• ···-··-·-· •••••. -····-----·- •••••• do ••• ·-·-········-­
Diagram of Magnetic obsenations •••••.•••••••••••••••.••••. ------·-···- •••••• do •••••••••••• ··--· 
Diagram of Gulf Stream observations, 1858 ____ ---------·-·-·· ·-·······-·- .••••• dn .••••• ·-·--· ·-··· 

Do •••••••• --- ..•.• do ••••••••. 1860 ____ ••••••••••••••.••••• ··-- •••.•••• -do ••••••••••••••••• 
Gloucester harbor, Mass •••• •••• •••••. ••••• ••• • •••• •••• •••••• 1, 20, 000 ' Finished chart ••••••••••• 

Salem bMbor, Mase_ •••••••••••••••••••••••••••••••••••••••• 
Wellfleet harbor, Mass .••••.••••.•••••. -----·--·-··----·-·--­
Boston harbor, .Ma8'1 •••••••••••••••••••••••. -··· •••••••••••• 

Plymouth harbor, Maas •••••••••••••••••••••••••••..••••. ·--· 
Nantucket harbor, MPEs ••••••••••••••••••••••••••••••••••••• 

New London harbor, Long Island sound •••••••••••••••••••••• 
Sheffield and Cawkin's Island harbor, Long Island sound ••••••. 

Oyster and Syosset bay, Long Island sound •••••••••••.•••••••• 
nlack Rock and Bridgeport harbor, Long Tuland sound •••••• __ _ 
Mot1th of Connecticut river •••••••••••••••••••••••••••••••••• 
llell Gate, New York •••••••••••• ·--- .•••••• ---····-··· •••••• 
Delaware bay and river, New Jersey, Pennsylvania, and Delaware. 
Mouth of Chester river, Maryland •••••••••••••••••••••••••••• 

Cape Fear river, North Carolina. •••••••••••••••••••••••••••••• 

1-25,000 •••••• do ••••••••••••••••. 
1-i>O, 000 •• __ •• do ••••••••••••••••. 
l-i0,000 .••••• do ••••••••••••••••• 

1-20,COO -···--do .•••••••••••••••• 
1-20,000 •••••• do ••••••••••••••••• 

1-20, 000 •••••• do ••••••••••••••••• 
1-20, 000 •••••• do .•••••••• ··-- •••• 

1-30, ODO •••••• do ••••••••••••••••• 
1-20,000 •••••• do •• ---···-····----
1-20, 000 •••••• do.··-- •••••••••••• 

l-i>,000 ···--·do._ ••••••••••.•••• 
l-86,000 •••••. do ••••••••••••••••• 
1-60,000 •••••• do ••••••••••••••••• 

1-30,000 •••••• do ••••••••••••••••• 

Engraved. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Retouching and 
correcting. 

Additions. 
Corrections, 
Retouching and 

correcting. 
Correction.a. 
Retouching and 

correcting. 
Conection11. 
Retouching and 

corrwtio1111. 
Do. 
Do. 
Do. 

Additions. 
Do. 

Retouching a.nd 
correcting. 

Correctione. 
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List of Coast Survey maps, pre:U1ninary charts, and sk'.?.tche.s engraved, geographically arranged,. 

1. LIST OF MAPS AND CHAnTs ENGnAYED. 

No. I. 
2. 
3. 
4. 
5. 
G. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

·22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 
31. 

32. 

Richmond's island, Maine . · · · · · .. · ... · · · · .... · .. · . · ............ . 
K ewburyport harbor, .Massachusetts· · · · · · · · · . · · · · · · · · · .......... . 
Ipswich and Annissquam harbors, Massachusetts · · · · · · .......... . 

Rockport harbor··· · . · . · · · · · · · · · · · · · · · ·do· · · · · · · · · · · · · · · · · . · · .. 
Gloucester harbor ...... · · · · · · · · · · · · · · ·do · · · · · · · · · · · · · · · · · . · · · . 
Salem harbor · . · ........ · · · · · · · . · · · · · · ·do · · · · · · · · · · · · · · · · · . · · · · 
Lynn harbor · . · · ... · · .. · . · · .. ·· · · · · · · · ·do · · · · · · . · · · · · · . · · .. · · · . 
Boston ha1·bor-new edition, 1859 · · · · · · ·do······ · · · · · · .. · ... · · ·. 
Plyn1outh harbor · · .. · · · · · · · · · · · · · · · · · ·do· · · · · · · · · · · · · . · ...... . 
Provincetown harLor . · .. · · · · · · · . · · · · · · ·do · · · · · · · · · · · · .. · ..... · . 
!fonomoy ;shoals · · · · · · · · · · · · · · · · · · · · · ·do· · · · · · · · · · · · · · · · · . · · · · 
Bass River harbor ...... · · · · · . · · • · · · · · · do · · · · · · · · · · · · .. · ...... . 
W ellfteet harbor· · · .. · · · · · · · · · · · · · · · · · ·do· · · · · · · · · · · · · · · · ..... . 
Nantucket harbor ...... · · · · · · · · · · · · ····do.· .. ·. · ·. · · .......... . 
Muskeget channel-new edition· · · · · · · · · ·do ... · · · · · · · · · .. · ..... · . 
Hyannis harbor· · ...... · · · · · · · · . · · · · · · ·do· · · · · · · ·. · · .......... . 
Harbor of Edgartown ... · · · · · · · · · · · · · · ·do · · . · · . · · · · · · .. · ...... . 
Harbor of Wood's Hole · · · · · · · · · · · · · · · · do · · · · · · · · · · · · · · . · ..... . 
Harbor of Holmes' s Hole and Tarpaulin Cove, Massachusetts ....... . 
Harbor of New Bedford, Massachusetts· · · · · · · . · · · · · · · · · ......... . 
General chart of the coast from Gay Head to Cape Henlopen ...... · · 
Fisher's Island sound, Connecticut· · · · · · · · · · · · · · · · .. · · .......... . 
Harbor of New London · · · ·do· · · · · · · · · · · · · · · · · · · · · · · · · ..... · •... 
Mouth of Connecticut river· do. · ... · · · · · · · · ... · · . · . · · ........... . 
Harbor of New Haven, Connecticut-new edition, 1852 ........... . 
Harbor of Black Rock and Bridgeport., Connecticut-now edition, 1852. 
Harbors of Sheffield and Cawkin' s island, Connecticut-new edition, 

1852 .................................................... . 

Huntington bay, New York······ . · · · · · · · · · · · · · · · · · · · · · · ·. ·. · ... . 
Oyster bay or Syosset harbor, New York···· · · · · · · · · · · · · · ........ . 
Harbors of Captain's island, East and West Connecticut · · .......•.• 
Hempstead harbor, Long Island, New York · · · · · · · · · · · · · ·• . . . . . . . 

Hart and City island and SJ.chem's Head harbor, N"o\V York- ..•...•. { 

Hell Gate, New York····· · · · · · · · · · · · · · · · · · · · · · · · · · · ......... . 33. 
34. 
35. 
36. 
37. 
38. 
39. 
41). 
41 •. 
42. 
43. 
44. 

Long Island Sound-east· · · · · · · · · · · · · · · · · · · · · · · · · · · · · ...... · .. · · 
Do .. · ·do · · .. middle · · · · · · · · · · · · · · · · · · · · · · · · · · ...... · · · · · 
Do···· do · · · . v.·est · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

New York bay and harbor, and tho environs, New York, No. 1 · · · · · · 
Do .. · •.. do ..... ·do ....•. do ........ · . · ·do · · · · ·No. 2 · · · · · · 
Do······dO······dO······dO······ .•.... do ·····No. 3 ······ 
Do .•.... do ..•.•. do ...... do ....... · . · · ·do · · · · ·No. 4 · · · · • · 
Do ...... do •••... do . . . . . do ...... · · · · - ·do · · · · ·No. 5 ..... . 
Do ...... do ...... do ...... do . · · · · · · · • · · · do · · · · ·No. 6 · · · ..• 
Do •.. · .. do ...... do ...... do· · · · · · • · · · · ·do · · · · · · · · · · • • ..• 

Western pa.rt south coast of Long Island, New York · · · · · · · · · · · · .... 

1-20, 000 
1-20. 000 
1-20, 000 
1-20,000 
1-20, GOO 
1-25, 000 
1-20,000 
1-40,000 
1-20,000 
1-50,000 
1-40,000 
1-40,000 
1-50,000 
1-20,000 
1-60,000 
1-30,000 
1-20,000 
1-20, uoo 
1-20,000 
1-40,000 

1-400,000 
1-40,000 
1-20,000 
1-20,000 
1-30, 000 
1-20,000 

1-20,000 
1-30, 000 
1-30, 000 
1-20, 000 
1-20, 000 
1-10,000 
1-20,000 

1-5,000 
1-80,000 
1-80,000 
1-80,000 
1-30,000 
1-30,000 
1-30,000 
I-:rn,ooo 
1-30,000 
1-30,{)00 
1-80,000 
1-80,000 
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No. 45. 
46. 
47. 
48. 
49. 

50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
5l:J. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
GS. 

REPORT OF THE SCPERINTENDENT OF 

Middle part south coast of Long Island, New York.· .......... · · · · . 

Eastern part · · · ·do· · · · · · · · · · · ·do · · · · · · · · do · ... · · · . · . · · · .. · · · · · 
Little Egg harbor, New Jersey.· .... · .......................... . 
Delaware Lay and river-sheet Ko. 1, Delaware ................. · .. 

Do····· ·do··· · · · · · ·do No. 2, Delaware, New Jersey, and Penn-
sylvania · · · · · . · ..... · ...................................... . 

Delaware bay and river-sheet No. 3 . · · .... · ................... . 
Patapsco river, Maryland . · .................................... . 
Har bur of Annapolis and Severn river· · · · · · . · · ... · · · .... · · ... · · .. 
Mouth of Chester river, Maryland ..... · · ........................ . 
Entrance to York river, Virginia · · .. · · · · · ...................... . 
Pasquotank river, North Carolina . · ............................. . 
Albemarle sound, North Carolina-sheet No. 1 · · .. · · · ..... · ... · ·:. 

Do .... do· · · · · · · · · ·do· · · · · · · . do No. 2 · · ... · · • . . . . · ... · · · . 
Beaufort harbor · · · · · · do · · .. · · · .. · · · · · · · · ............... · · · · 
Charleston harbor, South Carolina-new edition, 1858 · ·. · · · · ... · · · . 
Key \\"est harbor and approaches, Florida . · ....... · ........... · .. 
Eastern part St. George's sound, . · .. do · · .. · · · ..... · ............ . 
Entrance to Mobile bay, .Alabama ............................... . 
I\fobile bay, .Alabama ......................................... . 
Cut and Ship Island harbors, Mississippi .................. , ...... . 
Coast chart No. 91, (preliminary edition) ......................... . 
Entrance to Galveston bay, Texas, (new edition, 1856) · · · · · · · ... · · · · 
San Diego bay, California · ·. · . . . ..... · .....•..••.......•.•...•. 
Entrance to San Francisco bay, California ........................ . 

2. LIST OF PREJX\U:NAUY CHARTS AND SKETCHES ENGR.A YED. 

1-80,000 
1-80, 000 
1-30,000 
1-80,000 

1-80, 000 
1-80, 000 
1-60, 000 
1-60, 000 
1-40,000 
1-60,000 
1-60,000 
1-80,000 
1-80,000 
1-20,000 
1-30,000 
1-50,000 
1-40,f'OO 
1-40,000 
1-80,000 
1-40,000 
1-80,000 
1-40,000 
1-40,000 
1-50,000 

1. Alden's rock, Maine···· · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1-1, 000 
2. Eggemoggin reach, Maine . · ... · · · .. · · · · . · . · · ........ · .. · ... · · · · 1-20, 000 
3. Kennel.Jee river.··. · ·do· · · · . · · · ·. · · · · · · · · · · · . · · · · · · · · · · ... · · · · 1-30, 000 
4. Portland harbor.····· do··· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · · · · · 1-20, 000 
5. Portland harbor, (commissioners' line,) Maine . · · · .•. · · ......... · · · · 1-10, 000 
6. York River harbor, :Maine· · · .. · ...... · · · · · · · · · . · · · · .. · • · · ... · · · · 1-20, 000 
7. Portsmouth harbor, Ne,.,.· Hampshire ... ··· ... · ... · ·. · ..... · ... · · · · 1-20,000 
8. Stellwagen' s Bank-2d edition-Massachusetts · · · · • • • ••. · · .... · · · · 1-400, 000 
9. Boston bay-··· ......... · ....... -do··· ....•.... ··· · · · ···. · · · · · 1-175,000 

10. Current chart, Boston bay ........ do ........... ·. . . . . . . . . . . . . . 1-100, 000 
11. Minot's ledge· .................. do·............ .. .. .. .. .. . . .. 1-10,000 
12. Sea-coast of United States, No. 4, south part of Massachusetts . . . . . . . l-200,000 
13. Nantucket shoals, }lassachusettR, (new edition). . . . . . . ........... · . 1-200, 000 
14. Tidal currents, Nantucket shoals, Massachusetts. . . . . . . • . • •.••• · . . . 1-300, 000 
15. Sow and Pigs reef· · · · · . · · · .. · ...... do ...•.............••.. 1-240 & 1-20, 000 
16, Tidal currents, Long Island, New York· ..........•............ ·.. 1-800,000 

17. Pot rock and Ways reef .. ··•· . ·do .... ·· . · · · • • ..• · ·• · · · · · · • · • • • · 
18. Hudson river, lower sheet •..... do.. . . • • . • • • . • . . . . . • . . . . . . . . . . . . 1-60, 000 
19. Buttermilk channel ......•..... do ..........•.... · · ..... · ... · · · . 1-5, 000 
20. Beacon ranges, New York harbor ........... · ••••. · · ·. · . ·. . . . • . . . 1-4-0, 000 
21. Romer shoals and Flynn's knoll, New York .•..... ·•·•···•·..•••••• 1-40,000 
22. Changes in Sandy Hook, New Jersey ..... , •.••..•. · · · · · • . • • . . 1-1 Q & 1-40, 000 
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THE ~NJTED STATES COAST SuRVEY. 

Sea-coast of Delaware, Maryland, and part of v irginia .......... · .. . 
Delaware and Chesapeake bays· · . ·. · · .......................... . 
Cliesapeake bay, (upper series,) Sheet X o. l. · · . · ................. . 

Do-··· .. ····· ·do····· ... do· ·No. 2· ··. · ................. . 
Do .. · .... · · · . · do · · · · . · · · do · ·No. 3 . · · · · . · · .............. . 

Patuxent ri\·er, Maryland· . · · . · · · · · · · .. · · · · · · · · · · · · .. · ......... . 
St. ]\fary' s river . · .. do· · · . · ..... · .. · .. · .. · · . · · · · .............. . 
Chincoteague inlet, Virginia · . · · · · · · · · . · · · · · · · · · ·. · · · · · · · · . · · .. . 
Sea-coast of Virginia and entrance to Chesapeake bay, Virginia· - · .. . 
James river, (upper sheet).· ..... · .. · ·. · .. · .. · · · · .. · .. do···· · .. . 
Rappahannock river No. 1 ... - .... · •. · ..•. ·. · · · · · · . · · · ·do···· · .. . 

Do······ do .. No.2 ........ ······ ...... ·········do···· ... . 
Do ...... do· .No.3 .•.................... ·· .... ·do······ .. 

Do· · · · . · do· ·Ko. 4 ..... · · · · · · · · . · · · · · · · · · · · · · · ·do· · · · · · · · 
Do· .• · .. do- .No. 5 .. · .. · .. ·. · · ·. · · · · · · · · · · ·····do········ 
Do-··· .. do· ·Ko. G ..... · ··· · · · ·· · · ·· · ··········do········ 

York river, from King's creek to 'West Point-······ .. ·. ·do········ 
'Vac1iaprnaguc, J\facliipongo, and l\fetompkin inlets· · · · · · ·do··· · · · · · 
Ship aH<l San<l Sl1oal inlets.· .. ·· · · · · • · · · · · · · · · · · ······do··· · · · · · 
Entrance to Chesnpm1kc b:-iy · · · · · · · · ·. · · · · · · · · · · · · ····do··· · · · · · 
Cape Charles and vicinity . · ·. ·. · · · · · ·. · · .. · · · · · · · · · · ·do··· · · · · · 
Cherrystone inlet···•·· ..•.•.. · .... • ..... ·. ·. · · · . · · · ·do··· · · · · · 
Pungoteagne creek .. · .. · . · .. · ·. · .. · .... · - · · · · · · · · · ··do··· · · · · · 
Fishing or Donoho' s batter_r, Maryland .. · .. · . · · · · · · · · · ·do··· · · · · · 
.Albemarle sou11d, North Carolina . · .. · .. · · · · · · · · · · · · · · · · · · · · · · · · · 
Diagrams showing the effect of the wind in elevating and depressing 

the water in .Albemarle sound · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Hatteras shoals, North Carolina····· · · · · · · · · · · · · · · · · · · · · · · · - · · · · · 
Cape Hatteras ...... do· · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · 
Hatteras inlet ..... ··do······ (fourth edition)· · · · · · . · ·. · · · · - · .. - . 
Ocracoke inlet . · · · · ·do · · · · · · · · · · · · · · · · · · · · · · · · · · · · - · · · · · · · - · - -
Sea-coast of North Carolina from Hatteras to Ocracoke · · · · · · · · · · · · · · 
Wimble shoals, North Carolina··. · .. · .. · .. · · · · - · ·. - .. · ......... . 
Beaufort harbor . · · · · ·do - . · - . · · · · .. · .. - .. · · · · · · · . · · ........... . 
New river and bar.·· - do .. · · ... - · .. · .... , ·. · · · • ·. · ·. · ·. · · · · ... . 
Frying Pan shoals · · · · do - . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . - . 
Cape Fear river and New inlet, North Carolina · · · · · • · ·. · ·. · ·. · ... . 
Entrance to Cape Fear river, (new edition,) North Carolina .. · . . . .. . 
Cape Fear river from Federal Point to Wilmington, North Carolina-·. 

Gulf Stream explorations, 1853 · · · · · · · · - · · · · · · · · · · • · · · • · · · · · · · · · · 
Diagrams, Gulf Stream explorations, 1853 ........ · ..... · .. - · - · · · · · 

Gulf Stream explorations, 1854 - · · · · · · • · • · · • • • • · · · · · • · · · · · · · · · · · · 
Diagrams, Gulf Stream explorations, 1851 · . · · · · · · · · · · · · · · · · · · · · · · · 
Gulf Stream explorations, 1855 · · - - . · · .. · - - · · · · · · · · · · · · · · · · · · • · · · 
Co-tidal lines, Atlantic coast .. · .. · .. · .. - . · · · · · · · · · · · · · · · · · · · · · · · 
Diagram of secular variation of magnetic dip, Atlantic coast · · · · · · · · · 
Cape Roman shoals, South Carolina · · · · · · · · · · · · · · · · · · · • · · • · · · · · · · 
Sea.coast of the United States, No. 14, South Carolina· · · • · · · · · · · · · · 
Winyah bay and Cape Roman shoals · · · · · · · ·do · · • · • · • · · · · • · • • · · · · 
Winya.h bay and Georgetown harbor· · · · · · · ·do · · • · · • • · · • · • • · · · • • • 
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118-127. 
128. 
129. 
130. 
131. 
132. 
133. 
134. 
135. 
136. 

REPORT OF THE SUPERINTENDENT OF 

Bull's bay · · · · · · · · · · · · · · · · · · · · · · · · ·Sou th Carolina· · · · · · · · · · · · · · 
Comparative chart, Maffitt' s channel·· · · · · · ·do · · .... (new edition)· · 
JHailitt's channel, sections .. · ............. ·do ................ · .. 
North Edisto river, (new edition) .. · ....... do · ................. . 
Ro111erly marshes · · · · · .... · .............. do ..... · · · · · · · · · · ... . 
Savannah River entrance, Georgia · · · ·. · · · · · ... · · · · · · ..... · ·. · · · · 
Savannah city, Front and Back rivers, Georgia .. · .............. · ·. 

Savannah river· • · · · · · · · · · · · · · · · · · · · · ·do· · · · · · ·. · ...... · · · · · · · · 
Sapelo sound· . · · · · · • · ·. · · .. ·. · . · · · · ··do· · · · · · ............. · · · · · 
Do Loy bar and inlet· · · · · · · · · · · · · · · · · · ·<lo· · · · · · .............. · .. 
St. Simon',; ~ound and Brunswick harbor· ·do· · · · . · .............. · · . 
St. A.ndrew' s shoal · · · · · . · ... · · · · · · · · · ·do· · · · · · .. · ..... · · · · .....• 
St. :Mary's bar, and Fernandina harbor, Florida, comparative chart : · · 
St. l\Iary' s river and Fernandina harbor·· ·do··· · · ................ . 
St. John's river, from eutrance to Brown's creek, Florida · • · · · · . · · · · 
l\{osquito inlet· · · · · · · · · . · · · · · · · · · · · · · · · · · •····.do· · · ·... . · · · · • 
Cape Canaveral · . · ............•. · · · . · · · · . ····.do. . · ....... · .. 

Florida reefa · · · · · · · · · · · . · · · · · · · · · · • · · · · · · · · · · · do· · · · · · · · · · · . · 
Turtle harbor .. · · · · · · · ........... · ... · · · · · · · · . do. . . . . . ...... . 
Bea<:ons on Florida rcefa ................. · . · . · · . do. . . . . . . . .... . 

1-40,000 
1-5,000 

1-50,000 
1-10,000 
1-30,000 
1-20,000 
1-40,000 
1-30,000 
1-40,000 
1-40,000 
1-60,000 
1-20,000 
1-20,000 
1-25,000 
1-40,000 
1-60,000 

1-200,000 
1-40,000 

Cofli11' s l'atches · · · · · · · . · · · · · . · ....... · ... · · ... do . . . . . . . . . . . . . 1-20, 000 
Key Biscayne, Cape Sable and Lase,'3 ..... · · · · . · . · . do. . . . . 1-60, 000 & 1-400, 000 
Legare anchorage . · · ........................... du. . . . . . . . . . . . • 1-20, 000 
Key West harbor, (second edition) ................ do. . . . . . . . . . . . . 1-100, 000 
Key West tidal diagrams··· ..................... do. . . . . . . . .... . 
Rebecca shoals · · · · · · · · · · · · · · · · · ............... do. . . . . . ...... . 
Reconnaissance vicinity of Cedar Keys · · · . - ....... do ... - . . . . .... . 
Channel No. 4, Cedar Keys· · · · · · · · · · · · . · ....... do. . . . . . ...... . 
Cedar Keys and approaches•••• · · · · · · · · · · · · · · · .. do. . . . . . . . . . .. . 
Ocilla river · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·do. . . . . . ...... . 
St. :Mark's bar and channel · • · · · · · · · · • · · · · · · · · · · . do. . . . . . . . .... . 
Middle or main and western entrances, St. George's sound, Florida .. . 
St. Andrew's bay· · · · · · · · · · · · · · · · · · · · • · · · · · · · · ......... .-do .... . 
Entrance to Pensacola bay. · · . · · · · · · · . · · · · · · · · · .......... do .... . 
Sea-coast of part of Alabama and :Mississippi ...................... . 
Mobile bay, (second edition,) .Alabama·· ......................... . 
Horn Island pass and Grand bay, Mississippi ... ·. · · · · · · · ...... · · · · 

Do. · · · · · · · · · · ·do. . . . . . · .... do· · .. (new edition) .. - . . .... . 
Pascagoula river · · .... · . . . ......... do ....................... · .. 

Biloxi bay···· · · · · · · · · · · ·. · · ... ·.·do··· · · · · · · ·. · · · ... · · · · · · · · -
Cat island tidal diagrams · · · · · · · · · · ·do···. · · · · · ........ · - . · · · · · · 

1-600,000 
1-300,000 

1-30, 000 
1-50,000 
1-20,000 
1-40,000 
1-80,000 
1-40,000 
1-30,000 

1-200,000 
1-200,000 
1-300,000 

1-40,000 
1-20,000 
1-40,000 

Pass Christian · · · · · · · · . . . ......... do . . . . . . . . . . . . . . • . .. . . .. · . . • 1-40, 000 
Delta of the Mississippi, Louisiana ..............•....•••........ · 1-60,000 
Gulf of Mexico, with profiles of deep-sea soundings, (new edition)···· 1-2, 400, 000 
Barataria Bay entrance, Louisiana .........•.............•..... · ·. 1-30,000 
Pass Fourchou. · · · · · · · · ... do .......•.• •. • · ·. • · •.••• ~ .•• · .. • · · • · 1-10,000 
Tim bullier Bay entrance. . ·do ........... · .... · · .... · · ....... · · · · 1-20, 000 
Isle Demi ere, or Ship Island shoals, Louisiana· · · · · . . . . . . . . . . • . • . . . . 1-80, 000 
A tehafa1aya bay .•••..........•..••. do. · · . · • • · ...... , • . . . . . . . . . 1-50, 000 
Entrance to Vermilion bay and Calcasieu river, Louisiana · · •. 1-30,000 & 1-40,000 
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THE "C'NITED STA'fES COAST SURVEY. 

Sabine Pass, Texas ............................................. . 
Sea-coast of Texas, from Galveston south··· · · · ................... . 
Sea-coast of the United Slates, No. 31, part of Texas .............. . 

San Luis Pass, Texas . · · · · • . · · · · · · · · · · · · · · · .. · · · . . . . . . , ........ . 
.Aransas Pass, Texas, (2d edition) . · · · .... · · · · · . · . . . . . . . . ........ . 
Entrance to Brazos river, Texas · · . · · · · · · · · · · · · · · · .•............. 
Entrance to Rio Grande river, 'l'exas · · · · · · · · · · · · · · · · · · · · · . · · · ... · 
Diagrams of heights and lunitidal intervals of diurnal and semi-diurnal 

tides in the Gulf of Mexico · · · . . · · · · · · . · · · · . · · · · · · · · · . . . · · · ... . 
Co-tidal lines, Gulf of Mexico, (2 plates) . · · · · · · · · · · · · · · · · · · . · .... · . 

Type curves · · . · · ·do. · · · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Wind curves, Cat island · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · . · · 
.Alden's reconnaissance, 1V estern Coast; lower sheet, San Franci:>co to 

2-03 

1-40,000 
1-:-200,000 
1-200,000 
1-20,000 
1-30, 000 
1-10,000 
1-20,000 

San Diego, (new edition,) California· · · · · · · · · · · · · · · · · · · · · · · · · .. · 1-1, 200, 000 • Cortez bank···· · · · · · · · · · · · · · · · ·. · · · · · · · · · · . · · · · · · · 1-100, 000 & 1-1, 200, 000 
San Diego entrance, (new edition,) California· ... · . . . . . . . . 1-150, 000 & 1 ·25. 000 
Geological map of San Diego, California... . . . . . . . . . . . . . . . . . . . . . . . . 1-1, 608, 228 
Catalina ltarbor · · ................. · .... · ..... · ........... · ·.... 1-15, 000 
San Pedro anchorage and vicinity of Santa Barbara, Califomia, 1-20, 000 & 1-40, 000 
.Anacapa island, (sketch,) Californin .. · · .. · ·. • · . · · · · · · · · · · · · · · · · · · · 
A.nacapa island and east eud of Santa Cruz island, California· · · · · · · · · 
Prisoner's harbor, Cuyler' s Larbor, and rn.Jrth anchorage San Clemente 

island, Califor11ia .............. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Santa Barbara, California · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Eastern entrance to Santa Barbarrt channel, California· · · · · • · · · · · ... 
San Simeon, Santa Cru:r,, San Luis Obispo, and °Coxo harbors, Cali-

1-30,000 

1-20, 000 
1-20,000 
1-80,000 

fornia ........... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. · · . . 1-20, 000 & 1-40, 000 
Poiu t Corwcption, California · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1-40, 000 
Point Pjfios · · · · · · · · ··do···· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1-20, 000 
Moutere-y harbor· · · · ·do · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1-40, 000 
Monterey bay. · · · · · · . do· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · 1-60, 000 
Geological map of Monterey, California·····• · · · · · · · · · · · · · · · · · · · · · 1-150,000 
Santa Cruz and A.no l\uevo harbors, California··.··.····· 1-1,200,000 & 1-40,000 

San Pedro harbor · · · · · · · · . · · · · · · · · · ·do· • · · · · · · · · · · · · · · · · · · · • . . 1_-20, 000 
Entrance to San Francisco bay· · ... · · .. do ............ · · ... ·. . . . . . 1-400, 000 
San Francisco city, (new edition) ... · ... do .. · ........ · ·. . . . . . . . . . 1-10, 000 
Geological map of San Francisco··· · · ··do···. · · · · · · . · · ... · · · · ·.. . 1-150, 000 
South Farrallone island . . . . . . . . . ...... do ....................... . 
Tidal diagrams, Rincon Point ...... ·· .. do .. · .. · ..... · · · ... · · · .. · · 

Pulgas base .... · ....... · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
San Antonio creek ......... · · .... · · .. do· · · ... · · .•. • • • • • · • · · · · · · 
Mare Island straits ..................... · ..... · . · · · · · · · · · · · · · · · · 
.Alden's i·ecmmaissance, Western Coast: mitldle 8hcet, San Franci:,;co to 

Ump qua river, California and Oregon····· · · · · · · · · · · · · · · · · · · · · · · 
Mc.Art.bur's reconnaissance, Western Coast, from .Monterey to mouth of 

Columbia river-sheet No. 1, (3d cditiou) · · · · · · · · · · · · · · · · · · · · · · · 
Mc.Arthur's reconnaissance, Western Coast, from .Monter<:y to mouth of 

Columbia river-sheet No. 2, (3d edition)···· · · · · · · · · · · · · · · · · · · · 
Me.Arthur's reconnaissance, 'Vestern Coast, from Monterey to mouth of 

Columbia river-sheet No. 3, (3d edition)······ · · · · · · · · · · · · · · .. · 

1-400,000 
1-20,000 
1-30, 000 

1-1,200,000 
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In. 
lfl4. 
195. 

19G. 
197. 
ms. 
199. 
200. 
201. 
202. 
203. 
204. 
205. 
20G. 
207. 
208. 
209. 
210. 
211. 
212. 
213. 
214. 
215. 
216. 
217. 
218. 
219. 
220. 
221. 

222. 
223. 
224. 
225. 
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Aid en's "reconnaissance, Wes tern Coast-northern sheet. · · · . · · · · · · · · 1-1, 200, 000 
Poiut Reyes aud Drake's bay, California ..... · ...• · · .. • · · · · · · · · · · · 1-40,000 
Geological map of Point Reyes, Ca1ifornia. · ...... · - .. · · · · · · · · · · - · · 
lJ um bold t bay, (new edition) . · · · .. do · .... · ..... · · · · · · · · · · · · · · · · · 
Trinidad bay····· · · .. · · · · · · · · · · ·do···.·· . · .. · · · · · · · · · · · · · · · · · · 
Shelter cove, Mendueino City, Crescent City barbors, and Port Orford 

or Ewing harbor, California and Oregon. · . · · ... · · · . · . · · · . · · · · · · · 
Crescent City Larbor, California· ............... - · . · . · · · · · . · · · . · · 
Urnpqua ri,·er, Oregon···· .. - · · .. · ......... · ... · · · · · · · · · · · · · ·. · · 
l\louth of Columbia river, Oregon, (2d edition)· ... - · · ... · · .. · · · · · · · 

Do······ . · . do .. ·· · ·-do···· · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · 
Entrance to Columbia river·· do·· - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Tidal diagrams, Rincon Point, San Diego, and .Astoria, California ·and 

1-30,000 
1-20,000 

1-20,000 
1-20, 000 
1-20,000 
1-40,000 

1-200, 000 
1-40,000 

Oregon.··· - · · · · · · · · · - · · · · · · · - · · · · · · · · · · ·. · · · ·. · · - · · · · · · · ... 
Co-tidal lines of Paci.fie coast.·· - .. ··· · - · ·. · ·. - · · · · -~· · · · · · ·· · · · · 1-10,000,000 
Cape Di;,;appointment, 'Vasbington Territory . · ... · · · · · · · · · · · · · · · · · 1-20, 000 
Shlll\lwater bay ................. da~ ............ · · ... · · .... · · .. · 1-80, 000 
Alden's reconnlli~snnce, Western Coast, from Gray's harbor to Admi-

ralty inlet, Wo..~hington Territory...... . . . . . . . . . . . . . . . . . . . . . . . . 1-600,000 
Grenville harbor. 'V~tc11iugton Territory.......................... 1--20,000 
Cape Flattery and Keu-ah hurbor, do...... . . . . . . . . . . . . . . . . . . . . . . . 1-40, 000 
Palse Jl11ngeness · · · · .. • · • · ...... do...... . . . . . . . . . . . . . . . . . . . . . . . 1-30, 000 
Kew Dnngeness · · · ... · · · · · · · · · . do. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-40, 000 
Washington sound · · · · · · · · · · · · · ·do·... . . . . . . . . . . . . . . . 1-200, 000 & 1-600, 000 
Port Townshend, (new edition)· · ·<lo.••... . . . . . . . . . . . . . . . . . . . . . . . 1-40 000 
l>uwi'lmish hay and Se7ttt]e harbor· do.·· .. · • ·.... . . . . . . . . . . . . . . . . . 1-40: 000 
Smith's or Blunt' s island··· · · · · · ·do···· · · · · ·. · . · · · · · · ·. . . . . . . . . . 1-20, 000 
Port Ludlow· · · · · · · · . · · · · · · · · · ·do. · · ... · · · ... · · . · . · . . . . . . . . . . . 1-20, 000 
Port Gamble···· • · · · · · · · · · • · · · ·<lo··· · · · · · · · · · · · · · · · · · · · . . . . . . . 1-20, 000 
Olympia liarbor .. · · · · .. · · · · ····do-···· - · · · · · · · · · · · · · · · - · ·..... 1-20,000 
Steilacoom harbor · · · · · · · · · · · · · ·do· · · · · · · · · · · - · · · · · · · · · - · · · ·. · · 1-30, 000 
Bellinµ;harn bay······ · · · ········do········· ... · ·. · · · · · · .• · · - .. · 1-40,000 
Blakely harbor· · · · · · · . · · · · · · · · . do· . · •......... · ... · . •. . . . . . . . . 1-10, 000 
Semi-ah-moo bay. · ........... · .. do .........•... · .... · · . . • . . • . . . 1-30, 000 
Base apparatus ............................................... . 

Self-registering tide-gauge ................•.... · · · .. · • · .. · · · · · - . 
Craveu's current indicator . · · - - ...... • ......... · · · · · · · · · · · · · · · · · 
Craven' s specimen box for deep-sea soundings ...• · · .... · .... · ... · · 
Mitchell's sea-coast tide-gauge ....................•.............. 
Figures to illustrate Appendix No. 33, 1854 ...... · .....• · •......•. 
Diagrams of secular variation in magnetic declination, 1855 ......... . 
Lines of equal mngnetic declination ...•..•.••... · . . . . . • . . . . . • • . • . 1-1, 500, 000 
Boutelle' s scaffold for stations, and Farley's signals . . . . . . . . . . • .•.•. 
Boutellc's apparatus for measuring preliminary bases.: .. • · •.. · • · .. · 
Diagrams to illustrate earthquake waves at San Diego and San Fran-

crnco ..........................•......•................ , ..... 
Diagrams of secular variation in magnetic declination, 1856 ......•... 
Sands' s gas-pipe tripod. · · .......... • •.. • · · · · · • • • · · · · · · • · · · • · · · · 
Sands' s specimen box for deep-sea soundings and revolving heliotropi;, • 
Map of magnetic declination .....•..••...• · • · · • • • • · · · · · · · · • • • • · · • 



 

No. 226. 
227. 
228. 
229. 
230. 
231. 
232. 
233. 
234. 
235. 
236. 
237. 

238. 
239. 

240. 

241. 

242-261. 
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Map of magnetic dip and intensity· · . · . · ........................ . 
Apparatus for measuring minor ba<ies. · · . · ....................... . 
Polyconic development of sphere ..•. · ....... · - - . . . - ..... - ...... . 
Diagrams illustrating telegraphic methods for difference of longitude .. 
Diagrams showing injury to boilers of steamer Hetzel.·· - · · ...... . 
Prnject limits for charts 2 0Tilooo and 40 -ifrr-o-o· • • • • • • • • • • · · · · • · - · · • · · · 
Diagrams oi' wind::; of the \Vestem Coast· · ... · · · . · - .. · ....... - - .. . 
Diagrams illustrating loss of magnetism - · - . · · · · ·. · ·. · · . · · · · · - · ... . 
.Apparatus for measuring preliminary base lines · · - · · - · · · · · · · · · · · · · . 
Trenchard' s tide-gauge · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Mitchell's tide-gauge. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · . 
Diagrams illustrating the descent of sounding weight and line in deep-

sea soundings-··.· ·. · ....... - · .......... - .. · ... - ........... . 
Project limits fo1· finished maps, -.uh<r, on tl1e .A.tlantic and Gulf coasts 
Three sketches illustrating the Superintendent's paper on currents near 

Sandy Hook· · · · · · · · · · · . · ·. · . · ..... · · . · .. · .. · · . · ............ . 
Diagrams of magnetic aml meteorological observations at Girard Col­

lege, Philadelphia, in 1840-'41-'42-'43-'44, and '45 · · · · · · · · - · · · · · 
Diagrams of observations for temperature. wind, and atmospheric pres· 

sure, made by Dr. E. K. Kane, U. S. N., at Van Rensselaer harbor, 
in 1853 and 1855 . · .. · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · . · · . · · . · · 

Progress sketches··.··. · ·. · · · · · · · · · · · · ·. · · · · · · · · · · · · · · · · · · · .. · · 

Report qf !Jfr. George JJiathiot, in charge f/ the Electrotype Di.vision. 
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UNITED STATES COAST SURVEY OFFICE, September 17, 1860. 
I respectfully present tlie following report of the operations in this division since the date of 

my last annual report, September 17, 1859. 
By the electrotype process we have made fifty-one plates; of tbis number, nineteen were in 

alto and thirty-two in basso. We have also made fonr plates for other departments of the 
government. One plate has been extended in size by the electrotype process. 

In my last annual report I announced that the reducing of the charts by photography was, at 
last, after years of experimenting, in successful operation in the office. The beginning thus 
announced has proved the commencement of a very important and valuable branch o:' the office­
work. During t11e year the photographic reduction of charts has been steadily in use, and before 
long will entirely supersede hand reducing. In December lust the first effort at tho regular em­
ployment. of photography in the office was made. Mr. W. H. Gardner was then detailed to assist 
me by making tracings from plane-table sheets, and Mr. E. Hergesheimer in preparing the 
projections and overseeing the work in all matters relating to geographical positions and correct 
delineations, where the experience of a skilful draughtsman is i·otp1ircd. In February this 
force was increased by the addition of Mr. F. W. ~facdel to assist i:1 tracing. Under the 
arrangement thus made seventy-nine plane-fable sheets were traced and photographed by the 
first day of July last, when the success of the photogn1phic method was deemed so certain that 
it was established as a regular office method, and the preparation of tracings, and all matters 
relating to positions, delineations, &c., became the duty of the Drawing Division, the photo­
graphing of the tracings being assigned to this division as part of its regular duty. Under 
this last arrangement the photograph has increased in utility and value. Some of the finest 
charts of the survey have been reduced by it, and are now being engraved. I append a table 
of the photographs made s:ioce December 12, from which it will be seen that there have been 
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reduced not less than fifty-five sheets, comprising the major part of eight coast charts. Coast 
chart No. 29, which I stated in my last annual report as having been successfully reduced and in 
the hands of the engraver, is in the course of completion. The reduction of coast chart 
No. 21, (New York bay and harbor,) which I also announced as being partly made, has been 
retraced, in order to make it conform to the rules for tracing which were estabfo;lied for giving 
uniformity to the charts. The San Pablo chart, which I reporteu last year as being reduced, 
·was laid aside for the same reason. 

The methods employed in the photographic reductions are mainly the same as stated in my 
last report, excepting that, instead of furnishing the reduction to the engraver on paper, it is 
now given on glass, or what is termed a "collodion positive." By t!rn use of glass all the 
errors and difficulties arising from hygrornetric action are avoided. Instead of a isheet of gela­
tine paper to transfer the design from the reduction to the copper, a plate of mica can be used 
over quite a large portion of the design on the glass, with the certainty of conformity- with the 
projection on the copper; the time saved by a voiding the delays from hygrometric changes, and 
in making small transfers, being of great importance in the cost and time of getting out the 
chart. In this way the work of coast chart No. 9 (Kennebunkport to Cape Ann, Mass.,) has 
been very rapidly executed. 

Instead of furni:,;hing the engraver, as formerly, with a finished design of the chart, together 
with the original or plane-table sheets to assist hirn in entering it in the copper, he is nm\ 
furnished with the outlines only, and of but a portion of the chart at a time. This outline is 
the photograph, (Lim colludion positive,) on glass, of the tracing, and has the latitude and 
longitude lines numbered to conform with the projections on the copper plate. As there is 
nothing on the glass phtte but what is to be transferred to the copper, the work is thus uner­
ringly entered in the copper. 'While the engraver is cutting in the outlines, a paper print from. 
the negative of the tracing is placed in the hands of the draughtsman, who indicates the filling 
of the outlines merely by colors, irnstead of endeavoring, as formerly, to present the finished 
appearance of the chart by elaborately dnrnring the topographical signs for wood, marsh, &c. 
Using these for such parts only as are too small to exhibit the colors plainly, the engraver 
enters the filling from samples of wood, marsh, &c. In this way uniformity is produced in the 
appearance of the charts, and errors prevented. Advantage of this mechanical method is 
t.aken further to assist the engraver by supplying him with an enlarged photographic print of 
the outline, in which the minute forms he has to engrave, and the smaller patches of color, 
will be seen at a glance. This enlarged print is generally on a scale double that of the chart 
scale. The adYantages incidental to the photographic method have gained for it high favor 
with the engravers. 

Of the relative cost of tho photographic and hand methods of reducing an exact estimate 
cannot yet be made; but from the work of the past year I think the photographic method will 
turn out to cost about one-sixth of the hand-work. Of the comparative value of the two 
methods, I can say that there is no doubt of the very great superiority of tho photographic 
method; for it turns out that so great are the incidental advantages in the process of engraving 
tbat the savings from these alone will thrice repay the cost of the photographic reduction. 

With regard to the accuracy of the photographic reductions, nothing remains to be desired; 
experience having showu that they are superior to the hand reductions in this respect. Fears 
were at first entertained that, in engraving the chart from detached portions of the reductions 
non-conformity of adjacent parts would arise; but the experience of the year has shown that 
the junctions of the adjacent sheets can be made as well on the tracing as on the reduced 
drawing, and consequently no overlapping or ill-fitting of the photographs has appeared. 

During the year the development of photography has been closely watched, with a view to 
t~ie further application of the art to the purposes of the survey. The processes of photo· 
lithography and carbon printing have received especial attentionj but little ro::perime-nting, how-
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ever, has been done in these, the large amount of photographic work executed having precluded 
this, and left but little time for investigation except in the direct line of the work. Several 
practical applications of photo-lithography have lately been macle, both in thiR country and in 
Europe; yet all the specimens exhibited have indicated that the art is still too crude to be 
employed for the pur1Joses of the survey. The great vrospect of celerity of execution which 
this new art holds ont still makes it attractive, and it should by no means be neglected by 
the survey. 

Though I think the photo-lithograph too imperfect at present to he used for the 1rn1)1ication 
of our charts, I stilt hold the opinion expressed in my last report, that tho ordi11ary photo­
graphic process may be advantageously used for the publication of some of our smaller eharts 
and ~ketches. I had hoped that a trial of this would have been made in the past year, and 
still hope that the office will order the experiments to be made. 

During the year I have been assisted hy Mr. D. Hi11kle. Again it becomes my duty to 
commend him for his application to the work. Excepting the arra11gcments for making the 
tracings noticed above, there has been no additional force in this division; and the large amount 
of photographing executed, in addition to our former regular duties, is in a great measure the 
result of his industry. 

The following summary shows the number of plane-table sheets rnduced by photography for 
the charts to. which the material on them applies: 

Coast chart No. 9. · · · · · . · · · · · · · · · · - • · ·. · · · · ·. · · · · · · · · · · · · • · 
Do.· ... ·. -11 ............. • ..... · .................. ·. ·. 
Do······. ·21 ··· .... ·. ·. ·. · · · · ·· · · ......... · - ·. · · · · · · · · 
Do···.·· .. 47 ........... ·. · .............. ···. ··· · ······ 
Do ..... ·. · 48 ......... · ....... ·. ·. · ........ ·. · . · · · . · · · . 
Do.· - ..... 54. · ... ·. · ... · · ·. · · · · · ·. · · · · · · · · · · · · · · · · · · · · 
Do · · · . · · · · 81 · · · · - · · · · · · · · · · · · · · · · · . . · · , · · · · · · · · . · · · · - · 

Chart of San Francisco bay. · . · . · · · · · · · · · ........ ·. · - · · · · 

List qf plate_s electrotyped in alto. 

8 sheets. 
1 sheet. 

16 sheets. 

3 " 
4 " 
2 " 
7 " 

12 

No. made.

1

11 N'ame of chart. No. made. 

P-o-r-tl_a_n_d_h_a_r-bor _______ -_-_-_-._-_-_-_-_-_-__ -_-_-_-_-__ -_-_-_-_-__ -_-l---1--1 Captain's island, east and west.--------------~--~--
Sapelo sound ••• ·-··-·----··------------··--· 1 11 Chesapeake bay, No. 4 ---------------------- 1 

Name of chart. 

Chart showing progre~ of the survey___________ 1 : Boston harl.ior •••• - •• -----·----·······---··- 1 
N 'i ew Haven harbor·--·-------·--------·-··-- 1 ii Ha.mpstead harbor •.•• ----------------------
Washington sound.·-·-·-----···--------·---- 1 Ii Gulf Stream diagrams, plate No. L-------·---
Sea·coa.st chart, No. 4---·····---·------·----· 1 \ Gulf Stream diagrams, plate No. 2-----··-··-· 

&.ll Ftanci&e<> baY--------··-·-·-·-··--·····-- 1 ! Muskeget chttnnel ------···-----------------
Rockport ha.rbor·-------·-·-------··--------· 1 . Part of general coast chart, No. 11----·--····-
Crescent Clt.y harbor ••••••• - •• ·-····-····-·-- l ! 

1 
l 

1 
1 

1 
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List of plates electrofypeil in basso. 

Namc-o~-cha~~--------, No. made-.-i-------Na~e of chart. l No. made. 

I I 

1 l'l-S-ea---co-a-st-~h-a_r_t_, -N-o-. _4 _____ -_-_-_-_-__ -_-_-_-_-__ -_-_-_-_-__ -_-_, 
Wood's Hole ..•. -- •. -- - • - ---- - ----- - - ••••••. 
AnniEqt1Rm and Ipswich harbors_. -- - •.•• -- •• _. 

Provincetown h1nbor---··---------·--···- •••. 
Pat:1psco river _______ ------ ______ ..... ______ .. __ _ 

Muske get channd -- •• _. -- •••••• - •••••• ---. _ •. 

Cape Fear river·-··········---······-········ 
Port Gamble ___ ----_·-·--. ____ ---· --- . --- __ . 
Chart ~howi ng µrogrcES of the surycy - •••••••••. 
Map of the World •..••.••••••••.•••••••• ___ _ 
Entrance to Brazos :river .......... ___________ ~------

Atchafalaya boy .•••. __ ••••• --- ••• ---·. -- •• --

S11pelo sound •••• ·--------···-···-----·---· __ 
1 Charleston harl>or _ .•. __ • __ ---- _ ••• --· •••••• · 1 

Mare Island straits _________ -----------------· 
I 

2 I s,m Franc1scobay •• ----------·----·---·-----
l I nack~ort harbor. _________________ • ____ • ____ 1 

1 ii San Diego baY------···-----·---------------
1 York river entrance _____ --------------------

i Cre;cent City harbor ••• -----·--·--·-·------­
II Captain's island, east and wesL----·---------· 

j ChcRapcakc bay, No. 4 ····------------------1 
1 

1 

1 
1 

1 

' Boston harbor. ____________________________ _ 

i Rali1pstead har!Jor .•••••••• -------~-------·­
Gulf Stream diagrams, plil.te No. 1-----------­
Gulf Stream diagrams, plate No. 2------·----­

I l"hshington sound------·---·----·--··------
:! Romerly manhes _ ---- ·-----------------·-·· 

1 

1 
1 
l 
l 

l 

1 
2 

1 
1 

1 
1 
1 

1 

Report ef Lieutenant J. R. Smead, U. S . .A., in charge qf the Miscellaneous IJ~vision. 

COAST SURVEY OFFICE, Washington, October 1, 1860. 
The Miscellaneous Division, consisting of the printing office, the map room, and office for 

distribution of the maps and charts and of the Coast Survey reports, has continued under my 
charge since the date of my last report. 

Tlie records of the division are kept by Mr. Y. E. King, who also has charge of the map 
room, and distrjbution of maps, charts, and sketches, and Coast Survey reports, assisted by 
:Mr. T. R. Alexander from October 1 until April 23, when he resigned his position, and was 
succeeded by Mr. C. C. Callan, who was transferred to the Engraving Division July l; since 
that date :Mr. ,V. M. Maynadier has assisted Mr. King. 

In addition to these duties, Mr. King assists in the clerical duties in the office of the assistant 
in charge. In the :Miscellaneous Division Lis services are invaluable, from his intimate acquaint­
ance with the details of the duty and his steady application to its performance. 

Mr. W. Mertz backs and stretches the printing paper, and backs and repairs plane-table and 
other sheets for use in the Drawing Division of the office. He has given entire satisfaction 
during the year. 

In tlie printing office, Mr. Rutherdale, as printer, with his assistant, Mr. _:Barrett, have been 
industrious, and very constant in their attendance. 

I have caused to be prepared, and herewith respectfully submit, a statement of Coast Survey 
maps, charts, and sketches distributed during the year; also a statement of the distribution of 
Coast ·survey reports, and of the maps, charts, sketches, and miscellaneous matter printed, 
since the date of the last annual report. 
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list ef Coast Survey maps, charts, and .~ketche.~ distributed during the year, for sale, i1se if qjjice, 
and gratuitously. 

' ~-1,--~~~~-,-I~~~~~-.-~~~~~ 

Names or maps. II Turned over \ For use of i Gratuitously i Total. 

1 
for sale. \ office. \ distributed. I 

~~~~~~~~~~~~~~~~~~~~~~~! 1~~~~- -~~~~ 
Richmond Island harbor _____________________________________ j 10 

York River harbor·--------------------------------------·-· 

Newburyport harbor • --- • --- : • •.••••••• -- • - --·. -- .... --- •••• 

Ipswich and Annisquam harbors •• ---------- - --·. --- -- . --- - • --

Gloucester harbor. __ •• -- •••• -- •. ----. ----. ----. - • --- • --- ----

15 
22 

15 

l 

l 

1 

Salem harbor •• --- -- . --- •. -- • - • - --- - - -- --- ---- - - - -- - - - - - - -- -1·. --- --- -- --
\Vellfleet harbor ____________________________ ·----·----------. 5 I 
Boston harbor, 41f~uo _ ••• ---- ••• --- • -- - ---- --- ---- -- . --- ---· ! 124 

Boston harbor, xTI\~ ----------------------···-------------·i 56 
1 

3 

6 

2 

11 

2 

3 Plymouth harbor. __ •• --- • --- • -- ---- ---- -- ---- ------ --- • - --- 15 
Sea-coast of United SU\tcs from Plymouth, Mass , to Saughkonnet 

river, R. I ••• ----_ --- _ .• _ ---- --- • --- • - - ---- -- .• -- ---- ----

Provincetown harbor·---------------------------------------

Harbor of Wood's Hole ••••• ---------------------------------

N an tuck et harbor. _ - •• - • - . - - - - • - - - • - • - - - •••• - • - - - - - - . - - - • - - -

12 

21 

33 

1 

10 

4 

1------------........ _______ _ 

H .. rbor of Hyannis. ____ •• __ • - _. - • _ - - - - . - •.• - ••• - •• - - _ - - - • - - •• - • - - • - • - •••.••• _ •• _ •• _. 

Harbors of Holmes's Hole and Tarpaulin Cove. _____ -- -- . --- • --- 15 3 

General coast chart from Gay Head to Cape Henlopen----------- 20 8 

Long Island sound, eastern sheet·-··--··--··----------------- 7 6 

Long Island sound, middle sheet . --·- --· --- ·---. - --- - ---- - --­
Long Island sound, wei;tern sheet.-------------- - --- -- . --- --·· 

Fisher's Island sound.·-·--·-----------------------------·-· 

Harbor of New London ___ .------ --- - --- --- - ---- - -- --- - -- - - --

Mouth of Connecticut river----------------------------------

Harbor of New Haven. --- . --- __ • ---- -----. ---- --- •• - - --- - • --
Harbors of Black Rock and Bridgeport--·------------------·--

Huntington bay •• _. - • --· ----- - ---·- -- -- - • ---- -- ·- --- ---- • --
HEU"bors of Sheffield and Cawkins islands-----·--------------·-­

Oyster bay, or SyOBSet harbor.---·---- - ----- --- - ---- -- - ------ -
HMtand City islands and Sachem's Head harbor _______________ _ 

Hell Gate. _____ ------.------------- --- ___ •••••• --- • ---- --·-

New York bay and harbor and the environs, :rrlinr- _ ... - .. - - - • - -
New York bay and harbor and the environs, 1!1!fo~-----------·-· 

Eastern part of south coast of Long Island •• _ •• --- - --- -- - ---- --­
Middle pa.rt of south eoast of Long Island·------·----_ •• __ -- ••• 

Western part of south coast of Long leland-------·------------­

Delaware bay and river, upper sheet.--· --- --- ··----- --- • --- -·­
Delaware bay and river, middle sbeet.-------·--------------·-­

Delaware bay and river, lower sheet---------------------------

Pata.psco river ___________ • --- ••• -- -- -- ---- ---- --- - - -- --- - - - -

Mouth of Chester river _ ---··---- _ ---- ·-·--·--· ---- -·----- ---
Harbor of Anna.polis and Severn river ••• --- ____ ••. ---- .• -- •••. 

York River entrance •• --·-·· -·-· ··--- - ---· _ ---- --- -- -- -- - -- -

Pasquotank river •••••• ---- _ --···. -- • - -- - - • --·. - -- ·- - --· - - • · 

Beaufort hat'bor • -- _ •• --·- --·- •• -- ••••••• - • ---·. -- -- - - - - - - • -

Cape Fear River entrances············--------·-------------· 
Cape Fear rlver from Federal Point to Wilmington - ------- ·---·· 

2'1 c 

5 

5 

20 

45 

20 

20 

10 
30 

16 
20 

10 

l 

11 

176 

10 

7 

10 

118 

118 

118 

60 

9 

9 

ro 
11 

11 
17 

2ll 

I 

10 

7 

4 

10 

1------------
i 1 

1-----------­
i.-----------

I 
l 

1 

3 

l 

28 
s 
3 

s 
7 

14 
8 

11 

6 

6 

6 

6 

4 

32 43 

33 49 

38 61 
74 89 

46 49 

30 36 

38 45 

95 230 

33 91 

93 Ill 

37 59 

94 119 

!>O 83 

10 11 

36 36 

u 42 

33 61 

72 85 

72 87 

71 83 

29 53 

28 83 

26 46 

20 41 

25 35 

25 55 

24 41 

25 46 

22 32 

45 49 

19 31 

68 272 

54 67 

47 57 

H 60 

39 164 

39 171 

41 167 

49 120 

24 34 

42 67 
70 86 
27 39 

72 89 

68 91 
SI 57 
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----~--~---·-------------

I 
I Tnrned o\·cr : 

for sale. 

! ' 
' ' For use of I Gratuitously I 

office. dbtributed. I 
Total. 

-- ___ ! ______ i !.-----
I 

Charleston harbor------------------------------------------! 

Cat and Ship IHland harbo<s---------------·--------··---·-··-i 
l\fo bile bay ____ •••.• __ • _. ___ •.•• _. _. _. _ •• _ •• _ . ___ • ___ • ____ _i 

:Mobile Bay entrance------------------------ ___ ·----···----! 

15 

21 

3~ 

2 

2 

14 

5 

Gah·eston entrance _ ... _.,. .. __ ... ___ .............. _ ................................. ___ ....... --! 
35 i 
10 1------------

Key ·west harbor 'md approaches.··- --- --- ••••• _. -- • - --- - -- --i 21 f 10 
Pensacola harbor._. ____ ---- ______ ·--·--_. ________________ --i 22 ) 9 

~n:r~~:~0t:;u~ ;r-a~:,~:;,~ ~~1~.-~:: :: : : : : :: : : : : : : : : :: : : :: : : : : : :i ____ . ___ -~. _; : 
Sketches of-I~ern.1ehec llivt:r entrance ........... ~ ........................................ __ ! .......................... I 4 

lllinot's ledge-----------···----------··-------\ 2~ \ ___________ _ 

ComparatiYe map of Hudson river.----------------!------------! 1 
I ' 

Little Egg 11arbor ---· ····------ ----------------i------------1 2 
i 6- I 12 Delaware and Chernpcake bays ___________________ ; 1 I 

8ea-eonst of Delaware, :Mary1and, and part of '1...-irginia ... !-- ......................... j 2 

Chincokague inleL •• _____________ ·--- ____ ·-·---i 6 i-----· ··-· 
I I 

Sea-coast of Virgini.i and entrance t-0 Che>apeake bay_ 1 54 I 
Norfolk harbor_---- ••• _______________ .--------· i ·--.----... ·I 
Hampton Ruads ---- ________ ----·· -------- •• _ ---1--- ••• ··-·-· i 

24 I Albemarle >otmd -----·-----------------------·-! i 

5 

3 

9 

2 

C£imparntive chart, Beaufort harbor _ --- • --- _ •• -··· i-· ------ . ---1-- -----· -· · · 
Ocracoke inltt_ _. _. ____ • __ •• -- - - ______ -- _______ -1- -----------1 3 

Hatlera.s and Ocrncoke iulet" --------------------· f-··--··--·--;·------- ··--
Comparative chart of Cape Fear entrances-- - . _____ -[- - - - - - -- - ---1- -------- -· · 
New inlet, Cape Fear river.·--·--·-·-------------i-···--·-·---!---····-···· 

Frying ran shoals -- _ --- --- -·--·-- ---- ___ -----. : .• ------- ---!---_ ·-·-- ... 
New river and liar.------------·----------------: 1 · 1 
Sea-coo.st of South Carolina •• ____ .___ •• ·-- _. ____ -[--. ________ _ 

North Edisto river ______ --- • ---·-·--·· -· ---- ---- :- . - . --- . ---- -- -- ----- ---

Rt. Helena sound-------·-----------··----------------------

Winyah bay and Genrgetown ha1'bor ---·----------
Entrance to Savannah i·iver ________ ---· ---- _____ _ 

Savannah city, Front and Back rivers·--·---··----· 

St. Simon's sound and Brunswick harbor------··---

7 

91 

91 

7 

Romcrly marshes------------------------------· 6 

St. Mary's bar and Fernandina harbor------····---, 3 

St. Mark's bar·--------·-·----------··-···-·---· 6 
St. John's riYer from entrance to Brown's creek.----' 15 

Comparative chart, St. J;ihn's river---------------'---------·--
! 

~~~~:~:]~:~~~~~-:-: ~ ~~ ~~~~ ~~~ ~ :~~~~ ~: ::~:~~~~~:I~~~~~~~ -~~~~ 
St. Andrew's bar-------------='·--·--- _________ _! 7 

Sea·coost of Alabama and !Iiooisaippi ___ •• ___ •• ____ I 22 

St. Louis bay and Shieldsboro' harbor.-------·----·-----------· 

Biloxi bay-----·-·----------·-----·-···-··-·-------·-------
M.i&&iil>lippi City harbor •••••• ____________________ .... -------· 

6 

f> 

5 

3 

2 

6 

3 

4. 

z 
1 

l 

28 

26 

56 

27 

20 

36 

56 

58 

113 

3 

6 

1 

8 

24 

G 

6 

14 

16 

16 

Ii 

1 

6 

2 

1 

2 

4 

1 

1 

2 

7 

11 

10 
10 

6 

6 

G 

10 

2 

2 

1Z 

3 

9 

13 

1 

8 

2 

45 

49 

109 ·, 

61 

30 

61 

87 

73 
116 

7 

28 
2 

10 

103 

8 

12 

7fl 

19 

25 
43 

l 

8 

2 
l 

1 

2 

6 

1 

1 

2 

14 

108 

106 

22 
12 
9 

15 

27 

2 

2 

19 

6 

16 

39 

3 
9 

3 
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LIST OF COAST SURVEY :MAPS, &c.-Continued. 

I 

Names of maps l'tun~:d over 
for sale. 

For 11~(· of 

of1i~e 

\ Gr.1tuiton~lr 
i <l slr, \Jutcd 

------ ~~-~---- ----- _i 

bkctches of-Grand 16hmd Pass·-·----------------------·---· 

Delta of l\liesissippi ••••••••••• ---·--·- ····-·-·-· 

Ship Islan<l shoal. ••••••••••••••.• --------------
Eeconnai:·s~1ncc of coast o-f Texas ________ -- ____ - ---

I 
• - - - - - - - - - ... 1 

I 

·--------- .. -1 5 

3 

l\!atagorda u«r - - - - - - - - - - - - - - - - . - - - - - - • - - - - .. - - . i. - • - •• - - •. - . :- •. - - - .. - - - -
, I 

San LuL::5 ] \.les ..... _ ..... __ _,. ______ ....... __ .. __ .. __ .. ___ .. _ ... __ , ... __ ... ____ .... 
1 

.. _ ..... __ _ 

Rcconnai>'rn.uce of the w~stern «HtA of th~ C nited 

States from. San Dicg(_) to San .Fran.ci.sco ............... .. 13 10 

Ueconnaissauce ·cf tlie 1,\·estcru coa.6t of th~ Uuit~d 

States from San Franci•eo tu Umpr]Ua rfrcr. ··---- 13 1 10 

Reconuaii=8ance of the western const of the United I 
Sta ks from Um P'l ua ii ver to the bound«ry •.• - - - 18 11 

Cort~z bank - - ••••••. __ •• ____ .• ___ •. _. _ ••.• _. __ ' •.••• J. __ ....... _. 
Plisuncr"s, Cuylcr's, ancl San Clemente lrnrl.Jors ••••. ·--·-··--5---l·--_-_-_-_-_-_-_·_-_-_·_ 
l:;."l.n Clemente bland, southeast end._ •• _ •• __ .•••.. ; 

Santa Barbara .••• --- --- _. _. ___ . ___ . ----- _____ . '. 
Anacapa i~lauJ. ___ •. ____ . __ • _________ . ____ • ___ . i 

S:ta Si111€on 1 &inta C1uz, San Lui~ OUir:pol alHl Co:xo--\ 

San~• Crnz and Ai'io Nue~-o ---- •..• ___ . ____ -·--·· '. 

San p.,t]rn lrnrLor __ ••••••••••••• _. . • • _____ • _ .• _ , 

~fouterey harbor_ -- ·-- •.•••••.••• ---- ••.. ______ . 
Sa.n J:f'randsco city __ ., __ .,. ______ .,. __ .. ____ ,.. _________ ! 

San Pablo Lay •••• --··_ ••••••• ---· •••• __ ••••• --· 

Humboldt bily • --- •••. - ••• _ -· --- • _ ••••• __ •••••. 

Trinidad bay.----- •••• ·--- ••• __ . __________ • ___ .: 

Port Orford, bheller Cove, Mendocino City, aad 

Crescent City lmrbors. --·-. ---- ••.•.• __ .• ---­

Entrance to Umpqua rh·er. •••••••.•• - •..•••••••. · 

5 

(j 

5 

5 

5 

7 

5 

5 

Entrance to Columbia river ••.••• ··-------·------' 6 

Bhcalwater bay -- ---· •••••••••••••••• ---- •••••. 1- ••• --·· -· -· 
lk=nnaiEsance from Gray's barb-Or to Admiralty 

inlet ••••••••••••••.•••••••••••••••••••.••.• -; 5 

------·-----( 
g 

I 

Cape Flattery and Nee-ah harbor - __________ . --- •. ' --- . --- • ---· ___ ••••• __ •. 

l<'alse Dungeness harbor •••..••.••••••••••.•••••• i 5 1 ; 

Port Townshend. ___ ._ •••••. --- - --- ..• ---- ----·. \ •• • --- --- ••• I. .. ·--·-· -··J 
Washington sound ••••••.••••••• --------- - --- • --1-·. --- ---- --l 7 
Port Lurllow. _________________________________ _i 6 .•••••••..•. 

i 
Port Gamble.-·----·--- ••. ---- --- • ----- •• ------1· .•. - · · - --·· .. -·-· --- ···: 

I 
Blakely harbor •• ___ • _. __ ••• __ •• _ - ••• _ •••••• - •• • I G - - • - - - - - - - - - ( 

Bellingham baY---------·----·---··-------·····; 6 ---------···. 

Steiln.ooom harbor-····-··---··--·-----------·· \ 6 )·--·-----·--: 
Semi-ah-moo bay ___ --- ••••. _ •• _ •• ·-- ••••••••• --!- --- -· -----· i ·• • • ••·· • --·: 

I ( 

Measurement of Epping base •••••••••••••••.••• --1-----··--···1' 18 i 
Eggemoggin rt-JI.ch ••••.••••••••••• ------------··! : ---------~·-! 
Current d1&rt, Boston harbor ••. __ •••••• _ ..•••• -- - 1 \ 

Stellwag,,n's bap.k ·------··-··-----·--··-···-··-1 1 1--·---------1 
Sow and PigsTeef •••••••••••••••••••••••. -----· 3 J------·--·-·1 
Rome"t shoal and Flynn' a knoll.---- --- - -·. - -·- - - -i-. - - - · - -- -- · .... ·-- --- - - -I 

2 

~ 

~j 

" ... 

2iJ 

20 

20 

6 

6 

6 

10 

l l 

9 

10 

6 

8 

JI 

6 

B 

8 

9 

[I 

5 

8 

9 

10 

3 

12 

50 

12 

10 

IO 

JO 

10 

9 

I 

4 

4 

l 

3 

1 

211 

Total. 

:i 

14 

12 

3 

3 

l 

43 

43 

44 

6 
11 

6 

u 
17 

14 

15 

12 

13 

4i 

6 

8 

14 

14 

14 

12 

9 

14 

10 

9 

12 

57 
18 

IO 
16 
16 

16 

9 

19 

8 

12 

2 

6 

l 
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LIST OF CO.AST SURVEY MAPS, &c. -Continued. 

-i-------

office. 
Turned over Names of maps. For use of Gratuitously i Total. 

I 
i 

for sale. I 

-S-k-et_c_h_e_s_o_f ___ C_h_a_ng_e_s-in_Sa_n_d_y_H_oo_k _________________ -_-_-_-_-_-_-_-_-_-_-_-__ -_-_/ 9 1------_-_-_-_-_-_-_-_-_1 

Wachapreague, Machipongo, and Metomkin inlets ••. ; 8 1--------·-·-

~i:t~ibntedj ______ 

5 I 14 

5 I 13 

Ship and Land Shoal inlets .••••••••••••••••••••••. 
1 
..••.•.•.... ----······--

ChP-rrystone inlet ............................... .. 

Pungotea.gue creek ••••••••••••••••••••••••••••••• 

Fishing or Donoho"s battery ••••••••••••••••.••••. 

Sea-coast of North Carolina •••••••••••••••••••••••. 

Hatteras shoals •••••••••••.•••••••••••••••.•••••. 

Hatteras inlet •••••••••••••••• ---- •••••••••••••••. 

Wimble shoals ••••••••••••••••••.••••••••••.••••. 

Winyah bay and Cape Roman shoa.ls •••••••••••••. 

Bull's bay ••••••••••••••••••••••••••••••••••••••. 

St. Andrew's shoals •.•••••••••••••••••••••••.••••. 

Mosquito inlet ••••••••••••••••••••••••••••••••••. 

Cape Canaveral ••••••••••••••••••••••••••••••••••. 

Rebecca shoal. .................................. . 

Turtle harbor •••••••.•••••••••••••••••.••••.••••. 

Coffin's Patches ................................. . 

Entrance to St. George's sound ................... . 

Horn Island Pass •••••••••••.••.•••••••.••••.••••. 

Pascagoula river-··-··· ............................... . 

Pass Christian •••••••••••••••••••••••••.••••.••••. 

Pass Fourchon .................................. . 

Aransas Pass .................................... . 

Sabine Pass .................................... .. 

Entrance to Rio Grande river ••••••••••••••••.••••. 

San Pedro anchorage ••••••••••••.••••••••••••••••. 

Mare Island straits .............................. . 

Point Conception ••••••.••••••••••••••••••••••••. 

Point Piiios .••••••••••••••••••••••••••••••••••••. 

Point Reyes and Drake's tiay .................... .. 

Cape Hancock ............................. , .... .. 

Duwamish bay and Seattle harbor ................ .. 

Diagrams to illustrate the secular variations in the 

magnetic declination .......................... . 

Lines of equal magnetic declination .............. .. 

Lines of equal magnetic dip and horizontal Intensity. 

Map of the world on a polyconic development of the 

sphere ....................................... . 

Diagrams of wind, we11tem CO!ll!t ••••••••••••••••••• 

Diagrams of wind, Atlantic ooast ••••••••••••••••• _ 

Deep-sea sounding apparatus, (Berryma.n's) ........ . 

Diagrams, difference of longitude between Savannah 

nnd Fernandina 
~---·-· ........ ··-- ..... ·--· .......... . 

C-0-tidal lines, Atlantic coast.··-··· ............... . 

1 

1 

6 

6 

5 

l 

6 

5 

6 

6 

1 

6 

6 

3 

1 

1 

15 

20 

20 

2 I 2 
I 

2 I a I 

6 

I 
It 

4 12 
I 1 

I 
l 

2 4 

1 I 1 

2 

I 

a 
2 3 

7 13 

6 I u 
7 lZ 

6 6 

6 8 

6 1 

5 8 

3 5 

2 2 

4 10 

3 9 

3 8 

2 2 

2 4 

7 7 

8 14 

5 5 

7 7 

7 12 

7 7 

7 13 

86 92 

11> 16 

94' 100 

41 62 

57 77 

21 21 

16 16 

11 11 

21 41 

Total ·····-· •••••• •••••••••••• ·····• ···-·· ---2,_1_4_5_ ---,-9-3- ---3,-Ml-9- ----6-, 2-3-7 
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Pim'ibution matk rfuring tJu y6lr of Re]!C1U of tJu United Slalf!3 Ooast Survey for th~ yum 185 l, 1852, 1853, 1854, 1855, 1856, 1857, 
and 1858. 

I Rept. o~;~-1 Re;.o~~: ~~t. of 18&3.:~ept. of 185;
1 

~e~t. of 1&>5; ~•pt.~ l~T~e~-:f~~t .... of ~~-
\. 2i l~1 12iil!!I 12i1~112i1~1 I :_~_~i l~!t ~ .. Names of Statea, &.c. 

·:sis\..:~ E -=~~la...:!·~ .a ...: 1 s ...:r~I= -c :::_~~ 
\g\.g 1;;·.g l~:.§ 1 !1E --l \5 .gl = 0 
1--\·;;:" - z1s,,,,1·z s1·-I= S: - ;;::.::,·;:; s. ;_~~ ,;; 
~1E 1 0 21i!li.Oji:; ~;c -g1~10, Z: oi~ 1 t; ~ ~ 0 

. _:_T: ... i_::._1..::._,_:_ ..::_ 1 _:_i_:__j~i-= i..::...,_e:_: -=--'"- \-=+= . . -- ....::_ ___::_ 
Maine •••••••••••••••••••••••••••• 

1 

.... j .... ; .... 1 .. ·· .... ; .... , .... ,. ... ! I :····\ 1 [ 2 [ 7 i •••• ' 78' 4 82 

New Hampshire ................ l ····1 l) 1 •••• Ii l l····) l 1····i····1····I .. ····j l 1
1 

.... 1 i 46 3, 49 

Vermont •••••••••••••••••••••. 1 •••• 1 ... ·1··"'1····'1 .. ·· .... :····i· .. T"" ··;·:····1 .. ··i .... , 6 l .... !I ~; 29 30 
Massachusetts • • . . • • .. • • • ••••. 2 1•••• 2 2 3 5 , 5 , 3 1 8 j o , 3 8 

1 
3 12 ! 3'i I 3 . 3o 238 2:; 26:! 

' I I 1 ' ! I ! I I ' Rhode Csland .................. 1 .... ., .•.. .- ................ 1 •...•.•. , ................ I .... , .••• 1 •.• .,.. ••• 34 3 :n 
' ; I ' ' ' I ] ' ' I I 

Connecticut ••••. ··············i'····.····l···· I I 
1
1.... 1 I 4 ..... 

1

. 4 I, J ; .•.• I 3 1. 3, 3 .... 1. 79 1 I I I ' ! ' ( ' l \ 
NewYork .................... : 4 i···., 4 7 <'"·/ 7; JU .••• , 10110 ; ••• .- 10 2-2 ..... 2"2 '51

1 
.... : 51 373: 34 

NewJe,.,,ey ................... I .••. : i! 1, ••• 11 1 ii 2. ll' 3 1 I!1 2, 1 2[ 1 3.JO'. ..• ! 10 80; 6 

Pennsylvania .................. I l I···. I l : 2 l ... ·I 2 I l i 1 2 i 2 i 1 3 : 'l 3 i I 4 ; oo i l I 27 ; 266 ' 25 

~~~7:,~:::.::::::::::::::::::::::i::::;:::·i::::i:::: ::::!::::i::::1:::+·~·i:::: ··J·a a ;·j:::: ··;·i 1~ 1::::: 1~ • g~ 
1

····;·~ 
Uistnctof C<>lumbta .•...••.••• 1 21···· 2 2 I. ... 2 ! 7 I .... \ 7: 7 '. •.• 7 1 9 9 2:J ; •••. 23134 

1 
.... \ 34 141 •••••. 1 

,~irgrnia ..... :···· •............. I 
1 
... , 1 -~··!···· .... ; 2 I, ••• \ 2 2 , ..... 2 1 2 i···· 2 2 

1

•••• 21 8 \•H• 1 8 9-5 2 
North Carolma ................... .,.... • ............... 1 .... 

1 

.... I···· .... , .... [ .... ···· ···· .... 1., •.••• ., 1

1 

.... 1 1 42 

8ouU. Carolina ................ r •••• I l ••• ·I I I I •••. i 1 l .... • 1 I 1 I.••· 1 1 1 .... 1 I I I 2 1 I 3 9il : 4 

~el·ob~ta ....................... : .... I•••· ' .... I,., ...... \. ••. 1 •••• 1 .... , .... ····!·· .. 1····1····!···· 1 !""' 1 7 1 .... 1 !~ '. .... . 
~a nma ................... • ,"""l"" ,. .•••..•••.. ···-,····1· .. ·1··" .... , .... ··;·1 .. ··1····1····1 ... ···1 ~ l""J 3 ~ ·····" 
l\f!ss1ss1pp1 ••••• • • .•• . . • •• •••• 1 I.... 1 l ! ... . I I •• .. 1 : I .. .. I 

1 
'. •• .,

1 
1 l . .. . I 2 . . . . 2 20 ...••• ( 

Lou1s1ana ••••••••.•.•.•..••••..••• ; .... 

1 

.... 1····1···· ........ ····!····! l •..• 1: l !···· lj f 1 : .... 

1 

l 4

1 

.... 1

1 

4 J6 2 
Oh10 .......................•.. l 1 ..... l I 1 .... 1 l •••• :····\····I···· ····J····1····~ .... · .... 3 1···· 3 16 1 17 107 15 

6 

407 

8G 

!?!JI 

96 

141 

97 

4! 
10-2 

43 

35 
20 

38 
]~2 

Kentucky ..................... 
1 
.... 1 .... 

1 

.... 1····:···· ........ 1 
.... 

1 

.... !···· .... 1
1 

.... : l i····i I I l 
1 

.... I 3

1 

... ., 3 38 4 

Teunesl!if"e ····················l·•··l···· .......... \ ..... 11 ............ 1 ......... \ .......... ····:···i····i· ... \ ........ 
1 

•..• 1 .... ) l 1 ~ 5 
1 

34 

Indtano ....................... ; ... ·1····"···1·· .. 1····1···· l I·· .. 1 I 1 1 .... l l I 1 i .... 11 3 :···" 3 6 j····i 6' 59 1 ...... 

1 
59 

111mn1s •••.••••••••••••••••••• ., .... 
1 
•••• 

1 
.... 1 ............ : .... 1 

.... 

1 

.... 

1

\ .... 
1 
........ J" ... 

1 
.... ;····1·· ··;····l····i !> 

1 
I , s 56 ia 1 69 

Missoun...... ... . . . . . . . . . .•.. 1 ........ ' •••• 1 •••••••••••••••• 1•••• ... • • ••••••• , ••• , 1 •••• ~ ............ i.... . . . . 6 1 •••• ' t'i 39 40 

.Arkansas •••••••••••••••.••••• 1 .... 1 •••••••• j .••.•.•••.•• I •••• ! ••.. ,. •.••.. [ .... \ •... ]···· ···-!-··· .... J.. .. • .... 121 .... I 2 5 ······l 5 

Michigan .......................... ( .•• ·I- ••. 'I 1 • • . . l ! 1 : ••.• \ I I 2 '. •. · 1 2 2 I •.•. 1 ~ I 3 . • • . ~ ~ i... 2 it9 6 I 3.'\ 

FJonda ........................ j .... 
1 

............... ····1"···:···+···1····i'··· ... :···· ... T"""'","•··j .. ·· 11 .... 
1 

I, 38 .••.•. : 38 
Texas ........................ 1 ... T ...... T .............. ., ............ i. ... 

1 

.... ···· ........ .! ................ I···· ...... 14 · 1 
1 

1;; 

~':'."· ··:············· .. ······![ .... \ ........ l .... 11···· ····(····(··· ... l"···(· ... l .... 1 .. J· .. !··1 .. l: .... , .... 1 •••• : I"'"'. ~ rn 4. H 
~ JSeons1n ·~······•••••· ••.•••••.•••••••••.••••••.•••• 

1 

.... 

1 

............. 
1 
•••• 

1

•••• 

1 
•••• 

1 
~ ····~···· •••• 1 j'''"i / 26 30 

C•ltfornm ..................... , 2[ l 3 .••• l l •••. 1 l 1 1 •••• [ 1, I, 1 II -1···, l 1 3, 1
1 

4I 19 3\ 22 

Minnesota ····················l····I····'-··· .... 1 •••• 1 ... .' .... ~ .............. 1····:···· ........ I l····i 1 2 ! ... .' 2 i 2, 9 

o::gon •••••••••••.•••••. ····+···i····1···· ····11···+··1····'···· .... / .... [ .... ···-'.···-, .. ··!··· .... 1····1·"·1····:····1······1 5 2, 
"•l1mgton Terntory .......... 

1 

.... 

1 

.... ···· ···· ···· ···· .... 1 .... ···-,····(···· ......... ···· ... 1···T···1 ···1· ....... ,...... 3 3 

Nel>raskaTenitory ................ ····'-··· •.•.•••. ····i····l·· .. l···.l ... l ... 1 ....... ., .... \ ............ 1 .... 1 \····! I I I l 
Kanea. Territory •••••••.••.••. 1 •.•• 1 ... .' ........ !···· .... 

1 
... .' .... 

1 
..•. 1 .... ,. ... I .... [•· .. [···+·· ..... "'"\" ................ ; 2 •••.•. 2 

New Mexico Territory ........ 

1

1 ... .' •••• 1 ................. 
1 
.... l .... 

1 

.... ' .... ! ••. · l·· .. 
1 

••• [ ••• l ... 
1 
.... [ .... , ........... , ..... ' ..... 1 

......... . 

Utah Terri1ory. •• •• ••••• • • .. ••. •••·I···· I···· I··· ! .....••. ] ... ·I···· .... I···· I···• ••• .i···· i· • • ·1· ....... 1. ···1'-··· ....... ·:· ..... I ................ . 
Coast Survey office &assiotants 6 i····I 6 51···· 5 [ 15 •••. 15 [ 7 !····I 7 11

1 
.... II, 111

1 

.... 11 39 •••• j :J!J / l76 ....... 176 

Officorsof tbe army ............... 1 .... 1··· ............ 
1

1 .•• .I. ....... 
1
'. ... i ••.. j···· ....... l ... 1 ........ I···· .... ····i······I 172 ••..•. 172 

:UemberaofCongress •••••••••• 1 7 1 •••• 7 11

1

'. ... 11 11 / •••. 17 161 .... 16 161 .... 161271 .... 1 27 52 .... 1 ~, 134 134 

Officersofthenavy ••••..•••••• 1 •••• : ••• + .......... ···.,···+··· ····l····j····J···· .... :···+···1···· .... 1 •••• 1 •... 1···-'······I 93 •••••• 93 
Exec111ive departments ........ ! .... 

1

'. ... 1.... . .. . . ...... 1 .... 1 .......... ···I· ........... I ... ., .... ····I· ... I. ... !.. ., ...... ····/ 38 .••••• , 38 
llevenue bureao •••••••••••••• J ....... 1 ....... " •••.••.• 1 .... : •...•••......•..•••. 1 •••••••• 1 •••• ···"···-1-··J ... ! .... ; ...•. , 20 ...... 

1 
20 

Nationulobservau•ry ••••.•••••• 1 •••••••• ! ..••.... 1 •••• ····i· ... i •••.•.•• ···+··· ............... J ... t ... T .. J ... I···· ...... I 30 : .•.••• 1 :lll 

~~;:·:ouse Board ••········•·I····/···+··· .... / ........... .[. ... , ........ 
1 
.................... j .... :····/· .. :· .. ( .. ,. .... : ~ ' ...... 

1 
~ 

Fore•.!' pen .•••..•..••..••..• 1 .... 1 .... 1 .... ····:···· ····! .. ··;····1··~· ···-,1·· .. 1····1··:· .... ··3·T·6·· .... 1 .. 6. 16·~;·.····i"~·j ~J •••• ·1 !~~ 
~n ....................... l_.:_111=1~~1=~t~l=-l~1~1~1~1-~i~1-l-i~1-1-=-11=1-1- =!-~ 

Total ................... 131 3 I 34 37 I 6 43 / 71 j 7 [ 78 64 7 / 71 , 81 I & j 87 1 1~7 j 7 l:J4 l996 
1 

8 
1
1,004 

1
3,448 178 

1
3,6116 

Aaregate •.•••••••.••••••••••••••••••. , • • • • • •• • • . • • . . . . . .. . • • . 5,077 
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Statement if Coast Sun,ey maps, clwrfs, and sketnlies pri'.nted during t71e year. 

SECTIOX I. 
No. of 

impre:-:sions. 

Sketch A .. ·····.····· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 30 
Skcteh 1\ bis. • · · · · · · · · · · · · · · · • · • · · · · · · · · · • · · · • • • • · • · · · · · · · • • · · · · · · · · · · · · · · · 30 
.Mouth of Kenne bee ri\·er · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · 2Q 
Portland harbor .... · · ........ · · · · · · · · · · · · · · · . · · · · · ·. · · · · .. · · · ... · . · ... · · · . . 100' 

Eggc1uog:12"in reach · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · 25 
Sow and Pigs reef. · · · . • • • • • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 50 
Provinceto\n1 harbor · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 210 
Harbors of Ipswich and Annisquam · · · · · · · · · · · · · · · · · · · · · · · · . · · · · · · · · · ·: . · · · ·. · 163 
York River harbor···· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 100 
Boston harbor, scale y-, 5

1
000 · • • · · • • · • • • • • • • • · · • • • • • • • • · • · · • • · · • · • • • • • • • • • · • • · 100 

Boston harbor, scale -roh;-o · · · • · · · · · · · · · · · · • · · • · · · · · · · · · · · · · · · · · · • · · · • • · · · · · · · 264 
IIarbor of 1\

1
{ ood's Hole···· · • .. · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 202 

Sea-coast chart No. 3 · · · · · · · .. · · · •. · · · · · · · · · · · · · · · · · · · · · · ·. · · ·. · · · · · · · . ·. ·.. 20 
Pl,rmout.li harbor.···· .. · · · · · · · · · · .. · · ·. · · · · · · · · · · · · · · · · · · · · · · · ·. ·. · .... · ·. . 225 
Sea-coast chart from Plymouth to Saugl1kormet · · ... · ·. . . . . . . . . . . . . . . . . . . . . . . . . . 217 

Stell wagen' s bauk · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · · · . · · · · . . 60 
Newburyport harbor············ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · ·.. 100 
Harbors of Holmes' s Hole an<l Tarpaulin Cove · ·. · · · · · · · · · · ·. · · · · .. · · · · ... · · ·. . 25 

SECTTOX II. 
Hudson river triangulation· · · · · · · · · · · · · · . · . · · .. ·· . · · .. · · · ..... · .... · · ... · . . . . 60 
Mouth of Connecticut river· · · · · · · · · · · · • · · · · · · · . · · · · · ... · · .. · · . . . . . . . . . . . . . . . 205 
Geueral chart of the coast from Gay Head to Cape Henlopen· · .. · · . . . . . . . . . . . . . . . 20 

Sea-coaRt chart No. 7 · · .. · .. · .. · .. · .. · .. · · · .. · · · · · · .. · · · · .. · .. · · .. · ·........ 10 
llell Gate. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ... · · · . . 232 
Harbor of New HaYen · · · · · · · · · • · · • • · • • · · · · · · · · · · · · ... · · ·. . . . . . . . . . . . . . . 227 
Long Island sound-eastern s11eet · . · · · · · · · · · · · .... · . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Long Island sound-middle sheet· · ·. · · · · .. · . · ·. . · .................... ·. · ·.. . 16 
Long Islun<l sound-western t'heet · · · .. · · ... · · · .. · .. ·... . . . . . . . . . . . . . . . . . . . . . . lG 
New York bay and harbor and the environP., sheet No. 1 ................... , . . . . 45 
New York bay and harbor and the environs, sheet No. 2.......... . . . . . . . . . . . . . . 45 
~ew York bay and harbor and the environs, sheet No. 3...... . . . . . . . . . . . . . . . . . . 45 
~cw York bay and harbor and the environs, sheet No. 4.......... . . . . . . . . . . . . . 45 
New York bay and harbor and 1he environs, sheet No. 5 ........•.............. , 45 
New York bay and harbor and the environs, sheet No. 6.... . . . . . . . . . . . . . . . . . . . • 45 
Romer shoal and Flynn's knoll · · · · . . . • . • . . . . . . . . . . . . . • . . . . . . • . • . . . . . . . . . • . . . 65 
Captain's island, East and West········.......... . . . . . . . . • . . . . . . . . . . . . . . . . . . . 200 
Hempstead harbor · · · • · · · · · · · · · · · ..• · ·. . . . . . . . . • . . . . • . . . . . . . . . . . . . . . • . . . . . • 20 

SECTION III. 
Sketch C . ·. · · .... · ·..... . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 30 
Chesapeake bay, sheet Nu. 1 . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
·wachapreague, Machipongo, and Metomkin inlets •.••.. · • · • · • . • • . . . . . • • . • • . • . . . 50 
Patapsco river. . . . . . . . . . . • • . • . • . . . . • . . . . . . . . . . . . • . . . . . . . . . • . . • . . . . . . • • . • . . . 208 
:Mouth of Chester river.... • . . . . . . . . . . . • . . . . . . . . . . . • . • . • • . . . . . . . . . . • . . . . • . . . 100 
Delaware aud Chesapeake hays .......... , • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • 105 
Sea · t f v· · · d 59 -coas. o ngmm an entrance to Chesapeake bay ••.• • · · · · · · · · · · · · · · . · · · • · · · 
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No. of 
impres~ivns. 

Delaware bay and river, sheet Xo. 1 · · · ·. · .. · ................................ . 
Delaware bay and river, sheet No. 2 · ·. ·. · · · · · · · · ............................ . 
Delaware bay nnd river, sheet No. 3 · · · · · · · · · · · · .. · .......................... . 
Sea-coa;:;t of Delaware, ~Iarylat.d, and part of Virginia · · ·. · . · · · . · · ............. . 

SECTION IV. 
Sketch n ................................................................ . 
Cape Fear River entrances ...... · · · · · ·. · ................. · ................. . 
Cape Fear river, from Federal Point to ·Wilmington .......... · · . · ....•.......... 
Albemarle sound ................. · · . · · .................. - . . . . . . . . . . . . . . . . 
Frying Pan shoals ................... · .... · .. · · · . · ....................... . 
Beaufort harbor. · . · . . . . . . ....... · · ... · .. · ·. · . · ........... · ............... . 

SECTION V. 
Sketch E, and sub-sketches· · · · . · · · · · · · · · · · · · · · · · · · . · .... · · · · · .. · · ... · ·. . . .. 
Charleston harbor . · ... · .......... · .. - · · · .................................. . 
Romerly marshes· . · . . .......... · · . · · · . · ·. . . · .......... - ...... · .......... · . 
St. Simon's sound and Brunswick harbor. - . - ... · ............ · ............•..•.. 
Bull's bay·· ...... · ...... - ................................................ . 

SECTION VI. 
Sketch F · ·. · .. ·. · ·. · .. · ....... · · .. · ·. · ... · .................•............. 
Florida reefa · · . · · · · · • · •.•. · · .. 

SECTION VII. 

220 
rn5 
201 
9• 
~;) 

30 
50 

2G5 
115 

.--
i I 

100 

90 
122 

67 
6 

20 

60 
20 

Sketch G · · - · ..... - - · - . · .. · . · .. · · · · · · . · ....... · · . · · ... · · · · · · · · · ... · · . · · . , · 30 
St. George's sound. · .. · . · · . · .. - · · · · .. · . - .... · .. · ..... · . · · · · · · · · · . · · · · · · · · · · 45 
Pensacola harbor·· ......... · .... · · .. · .. · ·. · ............. · .. · ·. · .. · .. · · ... ·.. 121 

SECTION VIII. 
Sketch H · ·. · .. · ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 30 
Biloxi bay· .......... · ......... · .... · · .. - .............. · · · . · ·. · · . · - . ·. · · .. · 150 
Mobile bay ......................... · ................... · ..... · .. ·... . . . . . . 91 
Entrance to Mobile bay .. · ........ · .. · · .................. · ........ · . . . . . . . . . 107 

SECTION IX. 

Coast of Texas, from Galveston bay to San Luis Pass· . · · . · · · · · · · · · · · · · · · · · · · · · · 20 
Coast of Texas, from San Luis Pass to the bead of Matagorda bay···· ·. · · . · · · ·. · · 10 

SECTION X. 
Sketch J-lower sheet ............... · ................ · · · · · · · · · · · · · · · · · · · · · · 30 
Sketch J-middle sheet ................................................. · . . . 30 
Humboldt bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 20 
Santa Cruz and Ano Nuevo ......•.....•........•..................... · . · · · · · 116 
San Diego bay ........................•................................ · · · · 126 
Mare Island straits . . • . . . . . . . . . • . • • . . . • . . . . . . . . . . . . . . . . . . . . . ..... · · · · · · · · · · · 17 5 
Ent.ranee to San Francisco bav· ........................ · · · · · · · · · · · · · · · · · · · · · · 109 
Reconna.is::iance of the wester~ coast; of the United States from San Diego to San 

Francisco ••••••.................................... · · · · · · · · · · · · · · · · · · · · · 25 
Reconnaissance of the western coast of the Gnited States from San Francisco to 

Ump qua river •.•••..•.....•........••••• , ...... · · · · · · · · · · · · · · · · · · · · · • · • · 25 
Prisoner's., Cuyler' s, and San Clemente harbors··•··· · · · · · · · · · · · · · · · · · · · · · · · · · · 60 
Crescent City harbor ...•.........•........ · · · · • · · · · · · · · • · · · · · · · · · · · · · · · • · • · 30 
Sa.n :?edro harbor •......•.••..•......•.. · · · · · · · • • · · · · · · • · • • • • • • · · · · • • · · · • · • • • 20 
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SECTION XI. 
No. of 

impressions. 

Sketch K · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • 30 
Reconnaissance of the western coast of the United States from Umpquat river to the 

boundary · . · · · · · . · · .. · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 25 
Canal de Haro· · . · · · · · · · · .. · . · · · · · · · · • · · · · · · • • • · .. · · · · · · · · · · · · · · · · · · · • · · .. · 72 
Washington sound··· · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · • • • • · 233 
Semi-ah-moo bay···.·· · · · · · · · · · · · · • · · · · · · · · · ·. · · .. ·. · · · · · .• • • · · · · · · · · · · . · •. 100 
Cape Flattery and Nee-ah harbor· · · · · · · · · · · · · · ....... · · · · · .. · · . · · · · . · • .. ·.. . . 150 
Bellinglian1 bay· · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · · · · • · · · · · · · · · · · · ·. · ·. 43 
Port Lndlow · .. · . · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . · · · · · 65 
Port Gamble · · · • · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · 205 

MISCELLANEOUS. 

Diagrams showing limits of 80·hio finished maps · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · 
Proofs from finished and unfinished plates · · · · .. · .. · . · .. · · · · · · · · · · · · · · · · . · · .. · . 
81.:ale of letters . · ......................... · ............ , . . . . . . . . . . . . ...... . 
Scale of shades .................. · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 

Chart of the PleiadeB · · · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Diagrams of observations at Girard College . · · . · · .. · . · · . · · · · · · · · . · · .... · .. · .. · . 
Gulf Stream explorations · · · · .. · · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Diagrams for Tidal Division . · · . · · · · · . · · · · . · · .. · . · · • · · . · · · · · · · · · · · . · · · · . · · · . · . 
Project limits, 400

1
000 • • · · · · · · • • • • • • · • · · · • • • • • • • • • • • • · • • • • • • • • · · • · • • • • · • • • · • 

Sketch of progress ........... · · · · · . · . · ......... · .... · · · · · · · · · · · · . · · · . · · · · · · 
Magnetic declination .. · .. · .. · . · · · · · · · · · · .. · .......... · · · · · . · · · · · · ·. · · ·. · · · · . 
Magnetic dip and horizontal intensity. · .. · .. · ..... · .. · .. · · · · · · · . · . · · .. • . · · .. · · 
Map of the world, on a polyconic development of the sphere. · · · • · · · · . · . · · · · · • · · . 
Contact slide apparatus .. · .... · · · · · · · · · · · · · . · · · . · . · · • · · · · · · · · · · · · · · · • · · · · · · · 
Mitchell's tide· gauge .. · .... · .. · · · · · · · · · · · · · · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · 
Trenchard' s tide-gauge · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Approximate co·tidal lines, Atlantic coast· · ·. · . · · .. · .. · .. · · · · · · · · · · · · · · · · · · · • · · 
Diagrams of ·wind-Western Coast · · · · · · · . · · . · · . · . · · .. · · · · · · · · · · · · · · ·, · · · · · · 
Map of Washington · · · . · · . · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · 
Saxton's tide-gauge ........... · . · · . · · . · · ............. · · · · · · · • · · • · · · • . · • . · • · 
Deep-sea soundings, Gulf of Mexico ....•..•............ · .. • •.•••••••••. · · • · · · 
Improved deep-sea sounding apparatus •.•.•.••••......•. • .. • . • • • · • • · · · • · • · · • • · 
Mitchell's sub-current apparatus .•......•.......•..•.•• · •• ·. · · · · . • ·• · · · • · • · · · 
Circular protractors. · · · ............................•.••••......•...•.•..•.. 

Total .....•...................................•..•..•...•...•. 

APPENDIX No. 20. 

60 
1,852 

50 
50 

268 
55 
20 

940 
20 

562 
100 
100 

80 
50 
50 
50 
50 
54 

208 
50 
34: 
30 
62 
12 

12,679 

Reports of .Assistant H. L. Whiting, on topograpliical, contour, hydrographic detai"ls, and re.duction, 
on photography, and on the scale o/ sltades suitable for compkte maps. 

COAST SURVEY OFFICE, .,April 10, 1860. 
DE.A.R Sm : In continuation of the subject of generalizing details in making reduction for 

cha~t~ on the scale of~ and smaller, opened in my letter of January 6, the following 
addit10nal particulars are communicated for the guidance of the office. 
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GENERALIZATION OF CONTOUR AND OTHER NATURAL FEATURES FOR REDUCTION TO 80 ~ 00 • 

Conlour.-The feature of contour is in itself so varied a subject that it is impracticable to 
give definite rules which will cover all cases. The draughtsman or reducer must have some 
latitude, and exercise judgment and discretion in the modification and generalization he applies 
to the matter before him. Some rules can be observed, however, which will lead to system iu 
the process of reduction and uniformity iir tbe results. 

In reducing contour the peculiar formation of the country should be carefully studied, and 
the general character of the mountains, hills, or undulations, made the hasi:< of generalization. 
Main ranges and general forms of hills should be preserved, >d1ile smaller det:iils of brnken 
and irregular contour, which are overcome by the general feature>i of ihe hill or range, may le 
modified or omitted, according to their conspicuousness and extent, and the incapacity of the 
scale to express them clearly. 

In cases of particularly broken and irregular coutour, such as Cape Ann, Cape Cod, and 
parts of the coast of Maine, the reduction and generalization must be made more in reference 
to the size and natural conspicuousness of individual features, at the same time studying the 
general formation and rising of the laud from the shore. Certain general forms and features 
can sometimes be traced even in the most broken and apparently irregular country; and as 
these would be all that could be clearly distinguished in a distant view of the coast, they should 
have a corresponding conspicuousness and cxprcE<sion on our coast charts, which, on the smaller 
scales, are intended to represent, as it were, such a diminished or distant view. 

Where a low, undulating· country is to be reduced, with slopes varying from one to ten 
degrees, and elevations from twenty to three hundred feet, the very nature of tlie contour will 
admit of the full representation of snch slopes and forms, :rno, thnrefore, the generalization 
should be made with the full number of 20 feet curveR. The rule beiug to generalize minor 
features and irregularities of not over one hundred metres in extent, or of from five to fifteen 
feet in height. 

Where slopes from five to twenty degrees predominate with heiglits from 50 to 500 feet, the 
generalization may be made with 40 feet curves, modi(ying minor details of from 100 to 150 
metres in extent, with heights from 10 to 80 feet. 

In section8 of still bolder and larger features of contour, as on onr wesiern coast, where 
slopes from ten to forty-five degrees occur, with elevafions of 1, 000 and 2, 000 feet, the general· 
ization may be made with 100 feet curves, and minor details of from 100 to 200 metres in 
extent, and from 20 to 50 feet in Leight may be modified or omitted. 

In all cases wher~ 40 and 100 feet cun•es are used in reducing and generalizing contour, 
when features of characteristic importance occur above, beticcen, or bdow these curves, such as 
summits, spurs, and ridges, and the sloping bases of hills, &c., auxiliary curves shall be used 
as a guide to the engraver a11d in hachuring. 

As different feat.ores of contour on the same map, or in the same locality, may require the 
use af all these curves of generalization, a distinct sign shall be used for each curve, viz: 

For 20 feet curves, a full line. 
For 40 feet curves, a dashed line.* 
For 10() feet curves, a dashed and dotted line. 
For auxiliary curves, a dotted line. 
Important summits should be noted by figures. 
A few experiments with different subjects carefully treated would be the best practical illus­

tration of these rules, and the best guide in their future application. 

0 The dashes ueed llll! a r.ign for 40 feet cmves shall be longer than those ueed as the sign fm: fences or secondary roads, so 
1111 not to oonruae with theae signs. 

28 0 
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Salt mar8h.-N ext to contour, salt marsh is perhaps the most important characteristic and 
unalterable natural feature of our coast topography. 

In reducing large tracts of salt marsh, the general character and condition of the marsh and 
of the surrounding country should be com;idered. If it i;; a broken, i,ioft marsl1, full of fibrous 
creekB, like that in San Francisco bay, its generalization would require different treatment in 
reduction from IJ1e firm and uniform marslies of Delaware bay. In one there.is a vast number 
of small creeks breaking up the entire mass of the .marsh with comparatively few leading to 
landings, or fast land. In the other case each creek almost leads to some pond or other source,·, 
or is the outlet of some frel?h water stream from the back country. The . Bame size and 
character of creek, therefore, has a <liffereu t significance, according to the kind of marsh through 
which it runs, and the importance it may have as a peculiar feature. 

In generalizing details in salt marsh the following rules may be observed, viz: 
All main creeks which aro 10 metres wide, or more, and ~which can be distinctly shown by 

double lines, shall be represented as given on the field-maps. Small fibrous creeks branching 
from tl1ese main creeks, and not leading to any important locality in or through the marsh, may 
be omitted. Small pond8 and water holes, if not over 100 or 150 metres in extent, may be 
omitted. Small hammockB of fast land, near the general outline of fast land at the' head of 
coves, &c., and such as are not conspicuous landmarks, or important for landings, &c., may be 
omitted when of less size than 100 or 150 metres. Minor irregularities of 100 or 150 metres 
]n the outline of fast land surrounding tracks of salt marsh may be generalized to uniform 
sweeps and lines. Small detached patches of salt marsh of 100 or 158 metres in extent, within 
the general limits of fast land, may be omitted. 

The limits of fast land or sand beach, bordering salt marshes, should be shaded by grassing 
or dotting, to indicate the general rising of such land from the level of the marsh; this will 
define the outline distinctly, and give a good contra::;t and effect to the different features. 

Sand beaches and sand hills.-Tho outside line of sand beaches forms a large proportion of 
the main sea-coast, and will come under the rule for reducing and generalizing shore-line given 
under that head. · 

The inside line of beaches bordering on ponds, marsh, or fast land, is generally more irregular 
than the outside line, and may be modifit·d and generalized in the same way as the outline of 
marsh and fast land by blending small irregularities of 100 or 150 metres into general sweeps 
and lines. 

Sand hills on many ocean beaches are a conspicuous feature, and often important landmarks. 
The general formation and condition of these hills should be carefully studied, and the reduc­
tion made to express the general characteristic effect. .A.s a general rule, the outside range of 
sand hills and bluffl'l E<hould be reduced as closely as the f'cale will admit, particularly on southern 
beaches where there is no high land :·hawing bebind tbem. Irregular masses of sand kno1ls, 
&c., back of the general sea-line of hill8 or bluffs, can be generalized and blended as their con· 
dition and form may require. Individual knolls of 100 or 150 metres in extent, and not more 
than 10 feet high, may be omitted at discretian. On heaches where few sand hills occur, those 
that do exist should be represented even if quite small. 

Single trees and clumps of trees growing on ocean beaches should be represented in the 
reductions, particularly where the beach is far from the main land, or where the country is i;iot 
generally wooded. Where a larger ex.tent of woods occms the general outline should be well 
defined. If it is open and irregular in its growth, small patches of trees and open spaces of 
100 or 150 metres in extent may be generalized and blended in the general.mass of wood. 

Woods.-The natural growth of woods forms a distinguishing and conspicuous feature in 
many sections of our ma-coast, and their importance as a topographical feature may be classed 
with their conspicuousness. In the northern section£>, where they have been pa.rti!l-lly ~leared 
off, and where they are scattered unequally over different kinds of contour, they beoom.A 
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a. secondary feature. In some of the southern sections where they form the general back­
ground of the coast they form a first class feature; and, again, as on parts of the coast of Texas, 
their entire absence becomes a peculiar eharacteri;;tic of the coast. In the first case, sm:;tll 
patches of woods of 100 or 150 metres in extent, and eve11 larger patches of irregular and 
open growth, are often obscured by more conspicuous contour, aml may be omitted at discre­
tion. Irregularities in the outline of large masses of woods, both iu 11illy country and in the 
middle and southern sections, may be genernlized in the manner of other outlines and to the 
same extent, 100 or 150 metres. 

Small detached patches and open spaces of 100 or 150 metres i11 extent, where they occur 
among larger rnas.,es, may be omitted or filled up, respectively, at discretion. 

In sections of the coast where few trees exist, and on islands anu beaches remote from the 
main shore, omissions should not be made, but small clumps and even single trees should. gen­
erally be represented. 

Fresh manJh.-On our sea-coast fresh marsh is not a general or extensiv<:. feature, and not 
naturally conspicuous. Small detached pieces of fresh marsh, from 100 to 150 metres in 
extent, when they occur among broken and wooded hills, may generally be omitted as an inex­
pressive feature. Where they indicate hollow,.; or stream beds they s!Jould be expressed, 
within the capacity of the scale, say to 100 metres in extent. The mtlrgins of ponds and the 
sources of streams, where they occur in open and cultivated land, should be indicated within 
t.he capacity of tbe scale, to show distinctly, say, from 50 to 100 met.res. 

Slwre-line.-The limit of land and water is the most striking and important outline which 
exists in nature, and it should be the strongest and most conspicuous line of boundary between 
natural features represented upon a map. To give proper effect to this feature in publications, 
the actual shore-line should be made strong and conspicuous, aud represented Ly a full black 
line of not less than three metres thick, and may, in sourn characters of shore, be made five 
metres thick. Besides this, which we may term heavy line, the immediately adjoining topo­
graphy should be distinctly and strongly represented by its proper sign; and if it be 0f sand, 
marsh, level upland, rising hill-sides, or rocks, the representation should be slightJy.strongcr 
1han that used for the same sign further back from the shore. This ·will give a more striking 
contrast to the limits of the land and water, and will show the detail outline of bays, coves, 
points, islands, &c., in strong relief, which is important. While the strength of the shore-line 
and tone of the adjoining topography are increased, tl{e lo\Y water sanding, and one, two, and 
three fathom curve 1munding, where given, should be made as light and open as the sign will 
bear. This will still further increase the contrast between the land and water, and be a marked 
improvement in the general and detailed effect of the maps of the Coast SurYey, which unite 
the properties of both maps and charts, and particularly req11ire distinctness and naturalness 
in each of these characteristics. The example prepared as a sign for ''wet sanding'' will 
show the degree of tone and effect to be produced in representing this feature. 

In reducing and generalizing the detailed irregularities of shore-line, a careful study should 
he made of the general character and formation of the adjoining topography, and not only the 
mere water line be generalized, but the character and formation of the coast blended in the 
general representation. 

Ia the shore-line of a broken and rocky coast, like parts of Maine, Cape Ann, &c., irregu· 
larities of rocks and ledges1 which (\re evidently of the same character as the general coast 
line, may be generalized to a greater degree than irregularities of the same dimensions, but of 
different nature. Thus the small, smooth coves, which sometimes occur along the shores of a 
rocky C(){\JJt, have a different topograpliical character from the general formation, and should 
he noticed with particularity. In the same sense a point or ledge of rocks, breakiIJg out from 
a generally smooth shore-line, should be more miuutely represented than the same point need 
he if occurring with a mass or continuation of similar rocky points and ledges along a naturally 
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rough and broken coast. As a general rule, therefore, the irregularities of shore-line on a. 
coast of uniform clwracter may be modified and generalized to a somewhat greater degree than 
where the character is varied, and detailed irregularities of from 30 to 50 metres in extent be 
blended in the general representation. 

'l'bis "·ill apply particularly to the rocky shore-line of New England, to hard marsh shores, 
such as occur in bays and sounds, and to coral banks, like the shores of the Florida keys. 
The shore-line of sand beaches and of bays and rivers of earth formation are generally more 
sweeping and uniform and can be reduced with slight modifications; where irregularities dq 
exist, they are more apt to be in the banks, bluffs, and ravines immediately bordering the 
shore than in the actual water-line, and should be treated more as features of contour than of 
shore-line, and generalized as their character and importance may require. Where small 
banks and bluffs, with gnllies and ravines, do occur,_ they ~re generally in a shore either level 
or sliglitly nmlulating, and are features not generally involved with other details, likely to 
obscure or confuse tl1em; and as they are clm;ely connected with the actual shore-line, the 
generalization should not be as great as IJ?<LY be made with the same class of features further 
inland. A limit of 50 metres in extent should include all the ordinary details to be omitted 
or generalized. 

The shore-line of islands comes under the same rule as applied to main shore-line. In caBes 
of small islands, single rocks, &c., which occur in localities of hydrographic importance, they 
should Le strongly and distinctly represented, and if quite small they should be exaggerated 
to the size of 25 metres, and no siugle rock near a channel way, or so distant from shore as to 
be dangerous to navigation, should Le represented less than this size. Where a number of 
rocks are clustered together, making the mass conspicuous, the individual rocks may he indi· 
cated by a smaller sign if necessary. 

Low water.-Low water, both to the field topographer and hydrographer, and in the office 
operations of drawing and reducing, is the most uncertain and difficult to determine and express 
of any natural feature of the survey. 

The question of the determination of thi;.; feature in the field at once presents a practical 
and physical difficulty of seriou~ importance. The means and methods of the topographic 
and hydrographic work have conditions both in favor and against assigning tbe determination 
of it exclmlively to either of these departments of the survey. 

There are circumstances and cases where the topographical survey could not embrace all 
features of low water unless at great dis1\dvantage and expense, and even then imperfectly 
and inconsistenly with hydrographic results. On the other hand, the hydrography could not 
develop a11 the irregularities of low water by t,he ordinary process of field-work. In bays, 
coves, rivers, &c., where the character of the shore is irregular, the condition of the shore at 
low water gm1erally corresponds to that of high water, and the points, islands, banks, &c., of 
such shores, afford facilities for the topography to determine the low-water line with rapidity 
and accuracy, with all minor details commanded and determined. The same degree of detail, 
however, could not he obtained by the usual hydrographic process of work. 

Shoals off-shore, in the middle of large sounds and bays and ex.tensive flats, either connected 
or unconnected with the main shore, can be determined more favorably and economio!llly by 
the hydrography. They come within the full scope of that work. and 01tn generally be ~om­
manded by sounding lines and angles in a satisfactory manner. The position being remote 
from shore, often of soft and undefined suhi;tance, impracticable for occupied stations, makes 
the determination by the topographical parties difficult and objectionable. 

A question of accuracy is involved in this matter ooyond .the mere process of the survey. 
The hydrographic results are based on a condition of tide not naturally visible, being "mean 
low water;" where the limits of shoals and middle grounds and ex.tensive tlat.s are redaeed to 
the same plane, the results coincide with the soundings and the development of :the bottom, 
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which is important in relation to navigation. In the irregularities or extent of low water 
nearer the land this condition is not so essential, as the shore iR more cautiously approached 
by vessels, and therefore less dangerous in navigation. 

In consideration of these factH, the actual survey of low water may be advantageously 
assigned, in division, to both the topographical and hydrographic parties, un<lcr the following 
general rules: 

1. All low-water limits, extending from the shores of bays, sounds, rivers, &c .. and around 
islands, shall be determined, in all tho necessary detail, by the topographical parties, to a 
distance averaging one-quarter of a mile (400 metres) from shore, tho survey to be made as 
nearly at medium tides as practicable and consistent with the general progres,; of the work. 

2. In cases of off-shore shoals, middle grounds, flats, &c., and all low-water lines extending 
beyond the prescribed limits of the topographical survey, the determinations shall be made by 
the hydrographic parties, and com1idered as their especial duty. 

3. Where cases of peculiar character and condition occur, making it advisable to modify 
this rule, full official authority shall be had to deviate from it, with a distinct agreement and 
understanding between the field, topographical, and hydrographic parties in regard to the case 
in question. 

4. In addition to this assignment of the field-work, each p11rty shall include as much of the 
low-water determination, beyond the limits prescribed as its particular duty, as can be com­
manded and determined in the regular operations of each party, not interfering with proper 
progress. Thiii will serve as a test to both operations, and aid in adjusting differences which 
may occur. 

Thi;,i reference to field-work is made as a preface and guide to the office adjustment of work 
already done, and as a basis for the rule;; and reasons for adopting or relying upon one standard 
of party results rather than another. The same argument holds good in favor of inclining to 
the hydrographic results for off-shore low water, and the topographical results for low water 
near the main land, in the office as in the field. 

Frequent instances of disagreement in results occur under circ1.mstances of doubt as to 
whether the differences are errors of survey or the result of changes which have occurred 
between the dates of the separate surveys. As a general rule, in adjustinp: such cases, the 
natural formation and character of the coast shall be considered; and if it is one liable to 
change, and the error is not so great as to require •revision of field-work, and the different 
surveys are equally reliable, the result;; of the last sm·vey made shall be taken. If this does 
not cover the case, and there arc no data by which to determine changes or errors in either 
survey, the·results con,forming most naturally to the Blwrounding topographiccil and hydrograpldc 
details shall be adopted. If doubt still exi.i::its, the subject shall be referred to the Superin­
tendent to order a resurvey. 

Returning to thB consideration of the office reductiolls and gnnernlization of low water, I 
would remark: 

l. The sign for low water shall be that uniformly used for sand, Yiz: dotted work, and in 
t11e style called "irregul.o..r sanding." The arguments in favor of this sign and of discarding 
the sign of mud are, :first, the greater proportion of sand in 101v water formation to any other 
material; second, the uncertainty as to whether the r;hoal is mud or sctnrl, bein;; in most cases 
remote from shore,.and only observed upon from distant stations; third, the uniformity and 
consistency of this sign with that used for the one, two, and three fathom shoals, which is 
sand, even where written indication is given of different character of bottom, as l:lticky, soft, 
&c.; fonrt.h, the advantage of a uniform and given sign for a uniform feature. 

2. The style and tone of this sanding shall be a, medium between the high water and ''wet 
sanding/' ma.king it conform more to the tone of the latter, in order, as stated under an other 
head, to give contrast and relief to the shore-line, or limit between land and water. The out-
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side limit,.; of shoal8 left dry at low water, being the low water line, shall be a dotted line, but 
slightly closer and more distinct than the line of the one, two, am1 three-fathom shoals. The 
main level of low water flats and shoals shall be as open as the sign and scale wiU bear. 

3. 'Vhere features of peculiar character occur in the body of low water shoals and flats, or 
where Emch shoals are composed entirely of materials other than sand or mud, the following 
signs shall be used, viz: 

Ledges of solid or broken rock: imitation of rock, showing strata, &c. 
Loose stones, boulders, &c. : imitation of large and small stones, &c. 
Oyster beds and shell banks: imitation of shells. 
Coral reef: imitation of coral. 
4. ln generalizing the outline of low water freedom may be taken with small irregularities 

as in other outlines, and modifications made where occasion demands to a greater degree than 
with high water-(etails of 100 metres in extent being blended and omitted in expressing 
general lines and curves at discretion. "Where figures of soundings occur along the outline of 
low water, showing the depth of small coves or holes, the feature shall be exaggerated, if 
necessary, so as always to show the sounding figures dearly and distinctly within the space 
indicated. 

In generalizing the outliue of rocks, ledges of i;tones, coral reefs, &c., small irregularities may 
be modified as above; au<l small detached features of 50 and 7 5 metres in extent be omitted 
where they come within the general limits of the shoal. 

II. liYDROGRAPHIC REDUCTIONS 

In treatillg the subject of hydrographic reductions the following views are presented for 
consideration: 

In adopting a system of rules and signs the question of minuteness and complexity should be 
borne in mind; the reductions and generalizations made to conform to the capacity of the scale, 
and the signs adopted, both for natural features and individual objects, should be simple, distinct, 
and characteristic, and s~fficiently descriptive to give proper information, and guard against 
confusion and mistakes. 

"While the main question under consideration is to free the charts from an excess of detail, it 
may still be nece:;:i;Hy to add certain details where important features require them; and the 
advantage of sbowi.ng the channel ef deepest water by some proper and conspicuous sign is one of 
much interest . 

.A uniform system of lettering, in the size and character of letters used, will tend to a more 
ready understanding of the maps. The size and style of figures for soundings is a question of 
mechanical practicability which is already undergoing some tests in the engraving process. 
Experiments are being made with punches, which, if successful, will tend to uniform and 
satisfactory results. The abbreviations for the characters of bottom are already well established 
nnd sufficiently good. 

The above remarks are made on the present condition of the work as a preface to the general 
remarks which follow, and as pointing to the reasons and objects for change and improvement, 
for wbich I would respectfully recommend the following rules and signs: 

1. The actual shore-line, as the most important and conspicuous limit of distinct natural 
features, ;hould be the strongest line used as a corresponding conventional sign. This has 
been cstablisl1cd under another head, and is to be a ful1 black line, from three to five metres 
thick, according to the kind of shore to be repn::sented. 

2. Low water, as an extemive feature, and its outside limits, as the ''low-water line," are 
to be represented according to the rule and sign established by dotted work. The low·water 
line to be i·educed and generalized in its details, conforming to soundings and hydrographic 
results, as circumstances may require; under the rules given. 
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3. The sign and style for representing the one, two, and three-fathom shoals shall be uniformly 
of dotted work,in the manner termed "irregular sandfrtg." The limit of each shoal being the 
one, two, and three-fathom "curye" shall be a dotted line, from which a narrow border of 
shading by closer dotted "\York shall be made, blending with the more open tone of main 
surface of the shoal, which shall be of a uniform and even tint. 

These dotted lines, and the tone of the different shoals, shall be made gradually more light 
and open as they increase in depth. 

In reducing and generalizing these features from the original hydrographic sheets small 
irregularities may be modified as in other features of the 'vork, blending small points and coves 
into such general sweeps and lines as can be clearly expregsed on the reduced scale. 

A general rule sha11 govern the reduction of these details where they are connected with 
figurel'I of sounding, which is to make all points and spots and all coves and holes sufficiently 
large to show the outline of such details separate and distinct from the sounding figures. 

The style, tone, degree of closenees, or openness ot' the sign for this sanding, shall be in 
exact accordance with the sample given. 

4. In preliminary sketches, or in charts where the fathom shoals are not sanded, the fathom 
''curves'' shall be indicated by dotted lines with the si.gn for the denomination of each curve 
given as now used, viz: 

Single dots for one-fathom curves. 
Double dots for two-fathom curves. 
Triple dots for three-fathom curves. 
The number of dots and the distance between each group shall be so separated and distinct 

as to make the sign for each curve plainly distinguishable. Where small features and irregu­
larities in these curves occur the dotting may be brought closer together at the particular 
point. in question if it is necessary to do so in order to show the detail curve of the line, &c. 
The same rule with regard to surrounding the soundings; figures shall be applied, as in dotted 
work, so as to avoid all confusion and indistinctness of details and figures. 

These curves may be reduced according to the ru1e estahlished for the sanded shoals, 
generalizing minor irregularities of 100 metres in extent at discretion. 

5. Rocks "awash" shall be shown by the usual sign of a black star; the length of the 
crossing lines where a single rock is indicated shall be fifty metres; where a .:'.luster of rocks 
occur, they &:r be shown less than this size if de8irable, but not less than thirty metres. 

6. Sunken rocks shall be shown by the usual sign of a black cross; the length of the crossing 
lines shall be fifty metres for single rocks, and from this size to thirty metres for clusters of 
rocks at discretion. 

7. The size and style of sounding figures shall be according to the samples given, and aH the 
figures, with their fractions of the same denomination, 8hall be of equal aud uniform height. 

Fractions of fathoms of one-fourth, one-half, and three-fourths may be used where required, 
but all fractions of feet shall be omitted. Three sizes of figures only !'ball be used, the largest 
for off-shore and deep soundings; the second or medium size, fon;ounds, bays, uncl waters where 
the details do not require very close work; the smallest size in narrow channels and circum· 
scribed localities, where the figures require to be numerous-and close, and not to be generaHy 
used unless the work requires it. 

The following signs shall be used for the artificial details connected with bydrographic 
matter~ 

Revolving light: white spot, fifty metres, rayA fifty metres. 
Fixed light: black spot, fifty metres, rays fifty metres. 
Lighted beacon: spot :fifty metres, rays fifty metres. 
Light-ship: ship 100 metres, rays 100 metres. 
Bell-boat: boat 100 metres, mast 100 metres. 
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Dark beacon: sides of triangle fifty metres. 
Spindle: spot fifty metres, stake seventy-five metres. 
Can lmoy: diameter seventy-five metres. 
Nun buoy: diameter seventy.five metres. 
Spar buoy: length 100 metres. 
The question of uote8, tables, reference!'!, &c., in text, which accompany our charts, is one 

depending so much on Jocal peculiarities and conditions tliat no precise rule can be given in 
regard to it. In arranging and preparing these matters as items of information, I shouHl 
recommend having as much put upon the face of the chart as practicable, such as signs, sailing 
courses, ranges, &c., represented and drawn rather than described. 

Jn developing and indicating the navigability of bays, harbors, rivers, &c., uniformly and 
consistently with the depth of water which can be carried into such waters over outer bars and 
through outer channels, I would recommend the following general rules, which in some cases 
will free the map from considerable detail, and at the same time add to its clearness and effect: 

1. In maps of bays, harbors, &c., where the depth of water at the entrance is more than one 
fathom and less than two fathoms, the "sanding" of the shoals on such a map shall be made to 
one fathom only. 

2. Where the entrance has a depth of two fathoms and less than three, the sanding shall be 
made for one and two-fathom shoals only. 

3. Where the entrance has a depth of three /atlwms and over, the sanding shall include the 
one, two, and three-fathom shoals. 

4. Beyond this depth, and for all entrances between three and five fathoms, the channel of 
deepest water shall be indicated by a full line, with the exact depth of such channel in feet 
written along this line near the bar or entrance of the bay or harbor in question. 

5. Where a bar or spit makes off or produces breakers, &c., near the entrance of harbors of 
shoal entrance, they may be indicated by dotted lines if of greater depth than the main channel. 
'I'hus, a one-fathom harbor with the one-fathom shoals sanded may have a two or three-fathom 
outside bar indicated by dotted lines, (as by rule.) 

We buve thus at a glance the capacity of each harbor indicated, and while the deeper harboni 
and channels arc defined and classified, as ·San Francisco, Portland, Newport, New York, 
Norfolk, &c., the harbors of lesser capacity are not closed, and the details of bottom, currents, 
buoys, figures, &c., felt much more clearly and distinctly than when expressed9over sanded 
and darkened ground. 

III. REDUCTIONS BY PHOTOGRAPHY. 

The reduction by photography of the original field-sheets of the Coast Survey to the smaller 
publication scales has proved, so far, successful, and is so much more rapid and accurate in its 
results than the best methods of hand reduction heretofore used that it will be considered as 
the basis of the rules and process of reduction to be adopted, and which I herewith present for 
your approval. 

Some general directions may be given establishing system and uniformity in the office opera· 
tions which will tend to facilitate the preparation of work, and insure accuracy in final results. 

In takiug up the project of a coast chart, after being thoroughly considered and adopted, the 
following rules i;hould be observed: . 

1. The examination of field-work and the topographical and hydrographic material for the 
map. Investigation as to when the surveys were made; who by; iithey have been verified in 
the field; the da.te of this verification; if the section of coast invvlved is lianle to change, &c., 
with the question of examination or resurvey of changes, if already made or necessary to be 
made. 

2· Inquiries instituted to collect all collateral information, such as names, &c., which may be 
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wanting; application to Light-house Board for light-housei;i, buoys, &c., and all matters referring 
to them. Application to War Department for signs for forts, &c., and other matter referable 
to it. 

3. Consideration of title for maps, names of field aseistants, &c.; uotes, tables. &c. A 
manuscript sbould be carefully made of title, note8, tables, &c., to be a .fac Bi mile of that to be 
engraved, and adjustments, alterations, &c., made upon it, perfecting all its arrangement before 
the engraving of title and notes is commenc.:d. 

4. After examining the material to be employed, the projections, points, joining of sheets, &c., 
should be tested, and all errors of shrinkage and disagreements not referable to field-work 
should be reconciled and corrected. 

5. Before tracing and generalizing the field-sheets thus prepared, the outlines of detail 
should be examined by an experienced draughtsman, and all cases of faded or indistinct work 
carefully gone over, and all lines and objects to be traced made so distinct that there will be 
no liability of error or omission in discerning them through the vellum or tracing paper used. 

6. An accurate projection, corresponding to the projection of the field-sheet to be traced, 
should then be made on vellum, and the details of the field-sheet traced in outline, equalizing 
and generalizing errors of shrinkage, &c., minute by minute, on the new projection. Joinings 
of different sheets which may have irregular shrinkage or other minor disagreements should be 
adjusted and made to coincide on this vellum projection. 

7. In tracing the details from the original field-sheets the generalization should be made, for 
which rules have been given for each particular feature. shore-line, roads, enlarging them if 
necessary to the width required as the sign, omitting private roads, &c. Shading of town and 
village blocks and streets, giving the proper sign for single houses, out-l10uses, &c.; omitting 
unimportant buildings, &c., fences; omitting lots less than 100 metres square; mart>h, with the 
accompanying detai!R of creeks, pondR, hammocks, &c., generalized according to the rules 
given. Woods, freRh marsh, &c., generalized according to the rules given; contour generalized 
according to the rule given, with the 20, 40, and 100 feet curves drawn according to the sign 
given for each, &c. · 

8. The style of this tracing should be adapted to the purpose of photographing, for whicb it 
is especially intended, giving proper distinctness and effect to the reduced photograph. The 
traced lines should be made in pure black ink, and all outlines, as shore-line, roads, &c., should 
be stronger and heavier than contour Jines or lines of secondary features. 

9. 'l'his tracing should be carefully examined and compared witl1 the original s11eets traced, 
and all omissions and errors corrected; the number of the sheet and the date of the tracing 
written in sufficiently large figures and letters on the tracing to be read distinctly when 
photographed. 

10. Duplicate photographs should then be taken on ~; one for the purpose of hachuring 
where the details of contour require it as a guide tor engraving, and the other for reference to 
the contour lines in verifying the bachuring made. 

11. Duplicate photographs should then be made of the same tracing on • v ~ 0 a· One on 
glass for the engraver for tracing outlines and contour; the other on paper, to be colored and 
worked up by the draughtsman as the guide and standard for signs and detailed repre­
sentations. 

12. The working up of the photographed reduction must depend on the character and detail 
of the natural features and the closeness of the work reduced. Rules have been given for all 
the natural and artificial signs, and a system of colors as substitutes for the details of signs for 
a~l feature>i in masses. There may be cases, however, of complex and varied details where the 
simple legend of color will not answer as a full guide to the engraver; in Emch cases the signs, 
hachuring, and other details to be exp.ressed must be worked up fully and completely by pen 
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work, in the st:de and according to the precise rules given for the features and detail~ in 
question. 

13. Having completed the arrangements and operations above specified the work is ready for 
engrnving. Tliis i;,; a process <lepeuding for its excellence upon the practical and artistic skill 
of the engraver; and in this fact has existed the greatest difficulty and want of uniformity in 
the former publications of the survey. But it is expected that the rules, signs, and directions 
which have been provided for every feature and department of this work will insure uniform 
and certain results. While the maps are relieved from confusing and minute details, such 
features only are required to be represented as come within the full capacity of the scale, and 
with the sign given for each feature when followed in outline and in tone; in accordance with 
the sample and rule provided a series of maps should be produced in harmony with each other, 
and possessing tlie uniform characteristics of the country and of the survey. 

14. All provisional matters involved in the publications should be prepa"red for as early as 
practicable. For instance, the position and character of forts, light-houses, &c., should be 
given to the engraver with the first of bis work outlines, in order that he may accommodate 
the detail of his work to the sign which is to be represented. 

15. To facilitate the engraving operations and insure uniformity in details, punches and dies 
·will be made for small signs where practicable, such as houses, light-houses, buoys, sounding 
figures, sunken rock!:', &c. Gravers for lines of certain and established sizes, both for outline 
1vork and for hachuring, can also be made. 

Thus different operators of varied ability, skill, and taste can work independently of' each 
other, and yet tlieir work when brought together will not be strikingly dissimilar, except in 
point ot execution. 

16. In no instance is a reducer, draughtsman, or engraver to depart from the rules aud si~ns 
prescribed for the representation of the work unless by special official authority, and with full 
underbtanding of the necessity and advantage of :mch deviation from rule. 

IV. SCALE OF SHADES. 

I present herewith a report on the scale of shades adapted to the hachuring of hill contours 
as determined by the operations of the Coast Survey, and required for their representation on 
the published maps. 

This subject has been ably and elaborately treated in former dit:H.:ussions by Lieut. A. A. 
Humphreys and Assistant W. M. C. Fairfax, and the merits and demerits, both in general and 
detail effect, of the different systems of shade and hachuring fully considered and argued. I 
will not, therefore, go over this ground again in presenting the results of the inveE>tigation of 
this subject, which you directed me to make. 

Practical difficulties and objections were found to exist in all of the former systems of shade 
used; some in the mechanical process of drawing and engraving, others in the effect produced. 

To develop tbe c<Jpabilities of the different. scales of shades a careful practical test has been 
made of tliose deemed most worthy of trial by applying them in hachuring a subject of natural 
coutour which had been closely surveyed-involving varied and extreme slopes-the result has 
been quite satisfactory, and has led to the construction of a scale of shades combining the 
merits of the different scales tested, with some modifications and additions, which is herewith 
presented for your approval. 

It is proper to state here the reasons why neither of the already existing scales were adopted, 
and also to give the basis and reasons in favor of the scale proposed. 

1. IJehman's scale, as reported by Lieut. (now Capt.) Humphreys and :Mr. Fairfax., and 
proved by the tests now made, has not sufficient range, and any other conventional sign for 
rock8, &c., above 45°, (which, its advocat,es contend, is a recognized part of his system,) is 
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deemed inferior to hachuring where hills of rock formation are unbroken in surface, which is 
common in nature. 

2. Capt. Humphreys' s scale has strength and range, without a sufficient variefy, and lacks 
contrast between important slopes. 

3. Mr. Fairfax's scale is a comliinal 1011 of otl1ers, and Las been carefully studied and con­
structed. The subject was taken up by him for the same reason which led to the present 
investigation, viz: the inadequateness of other scales. The system and p hilo,:ophy of his scale 
are excellent, and have been taken as the basis of the new scale proposed; but in the extreme 
ranges, both of the upper and lower slopes, he has carried his lines and spaces to an imprac­
t.icable degree of fineness. 

The new scale proposed is based upon the strong aud effective line of Lehman, from 5:.:i to 
25°, its best section, and from 25° to 40° it follows the line or curve of natural sines. This 
gives at 5° a proportion of one part of black to eight of white, and at 40° four partt'l of black 
to one of white. Within this range the scale has been found to answer all practical demands . 
in representing natural contour, and is considered the be1:>t gradation of light and shade which 
experiment could develop. Beyond these well known and mathematical bases the scale is 
extended in the higher range to 75°, and in the lower range to 1°. This has been dolle by 
continuing the same strength of line, as at 5°, with an increase of 25 per cent. of white for 
each degree from 4° to 1°, inclusive, which gives a distinct yet pleasing contrast between 
these important slopes. In the higher range the unit of black is increased 25 per cent. for the 
first 5°, and 25 per cent. each foi; the next three divisions of 10°, leaving the last 15:.:i of slope 
from 15° to 90° in full black. 

This construction and arrangement has been the result of careful and labored practical 
experiment, both in drawing and engraving, and it is believed that the scale in its whole 
range wilJ be found practicable in execution and graphic in effect. 

There is nothing original in this scale, and no merit is claimed for it other than in the 
experiments which led to its adoption; they have been the same which I 1rnve endeavored to 
apply to all the subjects under examination and revision during my winter's duty, and based 
upon the principle that one fact is worth many metaphysical opinions and theories. 

I have had great assistance from Mr. E. Hergesheimer t11roughout the whole of this investiga­
tion, and aided by his experience, judgment, and artistic skiH. :Mr. .McCoy has also devoted 
his attention to the 1mbject, and his practical 11pplication of the new scnle to the engraved 
specimen of a portion of Cape Ann bas been one of the most valuable and satisfactory auxiliaries 
in our operations. 

I append a report of :Mr. Hergesbeimer's on the details of the scale given, with original and 
photographed specimens. Also a photographed copy of the experimental drawing8, with a 
copy of the engraved example by Mr. McCoy. 

All of which is respectfully submitted. 
Very respect.fully, yours, 

Prof. A. D. BACHE, Supt. U. S. Coast Survey. 

DEAR Sm : I respectfully report herewith the 
different scales of shade to the same hill curves. 

HENRY L. WHITING-. 

COAST SURVEY OFFICE, April 28, 1850. 
results of our experiments of applying the 

1. Capt. Humphreys' 8 1JCale gives so much importance to the range from 0 to 5°, with so little -
shade in the higher slopes, that too little modulation of shade is left in the range from 50 to 
20° to produce the graphic effect demanded by the s o };.," Coast Survey maps. This latter 
range (from 5"' to 20") being the slope most frequently met with on our coast. 
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2. Lehman's scale has much in it that is valuable and desirable to retain. The graduation of 
shade from 5° to 25° produces the best effect possible, in order to leave sufficient shade before 
5° and after 20° for the lower and higher slopes. This is the portion of it which Assistant 
W. M. C. Fairfax has retained in his valuable scale. 

3. The scale based upon the proportions of natural, sines has also been e:x:amined and found 
to fail in its effect in the most important slopes, (those from 5° to 20°.) It is entirely too 
light from 0 to 10°, and being of equal proportions of black and white at 30° leaves too little 
Bhade from 10° to 30°. 

4. Mr. Fairfax's scale, which continues with Lehman's from 5° to 25°, and then, by a line 
parallel to the curve of natural Bines, terminates in a horizontal tangent at 60°, is found to 
produce an effect Buperior to the others mentioned. 

It has been found desirable, however, for the best representation of the higher and lower 
slopes to modify this scale below 5° and above 40°, leaving the intermediate range unchanged. 

The lines of llfr. Fairfax's scale, below 4°, if practicable, are of a fineness very difficult to 
engrave; again at 40° he exhausts so much of the white (on 8 " ~"" scale, unity 100 to the 
im:l1) that it is not desirable to attempt to 1>how any less quantity. 

The engraver can easily cut a line finer than that given by Mr. Fairfax at 5°, but more than 
one shade below 5° sbould not be attempted. So in all slopes below 5° it is found best to use 
the same line aud open the hachures as follows: 

For 4° with a line rfoo of an inch thick, open 25 per cent. 
30 " " " ,, " 50 " 
20 " ,4 Lt " " 75 " 
l" " 

,, 
" " " 100 " 

At 40° the white left between the hachures is '3~o of an inch. Less should not be attempted 
to be shown. Retaining the same white through all slopes above 40°--

At 45° increase the distance between the middle of hachures 25 per cent. 
55° " " " " " 50 " 
65° " " " " ... 75 " 
75° " " " " " 100 " 

'l'be best distance between the hachures for~ scale is found to be 100 to the inch; 75° 
may be considered the limit, beyond which no scale need be carried, for beyond that not suf­
ficient cosine is left in any natural formations to admit of representation by hachures. 

Proportions of black and u:hite for 80 ~ 0 0 scale, unity of 100 to the inch from 5° to 40°, for 
the other slopes unity as given below: 

1° · · .. 1 black, 21 white, unity .• ·· .. • · • · · · • • · • · · · 
2° .... J do. 18······dO••••••••••••••••••••••• 
3° .... 1 
4° .... 1 
5o •... 1 

10° .... 1 
i5.:. •.. · 1 
20° .... 4 
25° .•.. 5 
30° .... 3 
35o .•.. 7 
40° .•.. 4 

do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

15~ · · · · . do ......••. - .. · · · · • · · · · · · 
12£ ····.do·· .... ·· .... · · · · · · · · · · · 

8 •• · • · . do ........•..•....•..•... 
3~ ·····do ...................... . 
2. • · · · 0 do 0 •••••••••••••••••••••• 

5 · • · • · ·do· · · ... · · · - · · · · ..• · · · • · · 
4 ·.··•.do .. · .. · ....•. · · · · · · · · · · · 

2 · • · • · ·do· · • · · · · · • · · • • · • · • · - · · · · 
3 · · · · · ·do·· ... · • • • · · . · · · · · · • · · · · 
l • • • · ··do ....•••.••••.•.•.• · • · . · 

50 to 1 inch. 
57.1 do. 
66j do. 
80 do. 

100 do. 
100 do. 
10-0 do. 
100 do. 
100 do. 
1-00 do. 
100 do. 
100 do. 



 

4-5° .... 5.f do. 
55° .. · ·6! do. 
65° .. · · 7~ do. 
750 .... 9 do. 

THE UNITED ST.ATES COAST SURVEY. 

1 white, unity·· .... · ........... · 
l ···· .. do· .....•................ 
1 ·· ... -do· ..................... . 
1 ····.-do ...................... . 

Respectfully, &c., your obedient servant, 

H. L. WHITTNG, Esq., Assistant U. B. Coast Survey. 

APPENDIX No. 21. 
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80 to 1 inch. 
66j do. 
57.1 do. 
50 do. 

R. HERGESHEIMER. 

A resolutionprovidingfor the observation ef the edipse of the sun, on the 18th day of July, 1860. 

Resolved iYiJ tile Senate and House ef Representatives ef the United States of .America in Congress 
assembkd, That the Superintendent of the United States Coast Survey be, and he hereby is, 
authorized and directed to furnish a vessel and provisions for the conveyance to the most suit­
able point on the eastern coast of this continent for observing the total eclipse of the sun, which 
will occur .::in the eighteenth day of July next, of astronomers, not exceeding five in number, 
and their a.-sistants, to be selected by the said Superintendent of the Coast Survey: Provided, 
That the United States shall not be liable to any other charge on account of the said astrono­
mers and their assistants than their conveyance and provisions, as herein provided, and that 
they shall furnish their observations for the use of the Coast Survey, without further charge 
to the government. 

Approved June 15, 1860. 

Report to the Superintendent ef the United States Coast Survey on the expedition to Labrador t-0 
observe tlie toted eclip..~e ef July 18, 1860, organized under act ef Congress approved June 15, 1860, 
by PrefeBsor Stephen A.l.exander, LL.D., ef tlte College of New Jersey. 

SIR: As astronomer in charge of the expedition sent out under the auspices of the United 
States Coast Survey, to observe the total eclipse of the sun of July 18, 1860, I beg leave re. 
spectfully to report that, in furtherance of the objects of the expedition, the northern extremity 
of Aulezavik island-very nearly in the path of the central eclipse-was selected as being the 
position in the vicinity of which our station was to be sought. 

We reached the place in question on Friday evening, July 13. On our arrival we found the 
aspect of the coast to be bold and rugged in the ext1·eme. It in effect presented the appearance 
of a nearly uninterrupted chain of mountains of awful grandeur. Even the occasiopal lower 
elevations among them had the aspect of being enormously difficult of access. 

But another and utterly discouraging obstacle had already manifested itself for several miles 
before we reached the point in question. The mountains of this lold coast were themselves 
partially covered with snow, and all along the bat.les of those rnountain8 reposed a quiet, well­
defined belt of mist; though the sea further from the shore was free from the same, and the sky 
superbly clear. 

This rendered it at once evident that a position fully opeu to the ocean was not for one mo­
ment to be thought of, but that, on the contrary, if a suitable station were attainable at all in 
that vicinity, it must be one between which and the ocean the mountains themselves should 
interpose ao effectual barrier to an interference continually to be reproduced under the same 
law of condense.tion. With this view, the inlet around the northern portion of the island was 
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penetrated and examined, with the hope of attaining a station which should at once be free 
from mist, and at the same time afford (in the judgment of the commander) a safe harbor for 
the steamer, which would otherwise be much exposed. 

This investigation was decided upon, with the approbation of my associates, though it was 
foreseen that if even eucccssful, we should in all probability find ourselves to the south, but, 
as we hoped, not much south, of the path of the centre. 

Our alternative was to pass considerably further to the north, to prosecute a precisely simi­
lar investigation there, and that in the immediate vicinity of the most dangerous portion of the., 
coast which we had yet seen, and in the event of no success to double Cape Chudleigh, and 
seek for our station somewhere in the vicinity of Ungava bay. 

This, apart from other considerations, would have involved the loss of much of our remaining 
and increasingly precious time, and such an increased consumption of the coal on hand as might 
have seriously inconvenienced, if not indeed hazarded, our safe return, though the steamer, on 
quitting the harbor of Sidney, had taken all the coal that she could well carry, and, through 
the providence of her commander, a schooner had been chartered to meet us with a new supply, 
on our return voyage, at a point about halfway down from our station to Sidney. 

Penetrating carefully, therefore, the inlet (see Sketch No. 38) in a direction a little towards 
the southwest, we soon found what presented the appearance of a fine plateau, but which 
proved, upon investigation, to afford a series of terraces, admitting of a great variety of eleva­
tion if belts of fog should be found to interfere, and also shut out, by what proved to be a 
double range of mountains, from the intrusion of the ocean mist. 

The efficiency of this barrier in this very respect exceeded my highest expectations, the mist 
creeping over, indeed, and descending below the 1ops of the highest hills, and yet, under ordi­
nary circumstances, but rarely finding its way, even hy small portions, within the area thus 
defended. The harbor thus shielded was, moreover, (in the judgment of the commander,) 
admirable, the holding ground especially good. 

The elevation of the principal station above the level of the sea is 110 feet, while the peaks 
behind this are 2, 150 and 1, 7 29 feet high, respectively. These heights were determined by 
Prof. Venable, Dr. Barnard, and Mr. Lieber, as is stated in Prof. Venable's report to me, 
hereto annexed. 

The latitude of the principal station, at which a small temporary observatory, containing the 
transit instrument, &c., had been erected, as determined by the observations of Lient. Ashe, 
Prof. Smith, and myself, was found to be 59° 4 7' 49 11 N.; and the longitude at present apparent 
upon comparison of the standard chronometer (Dent, 2602) with the local time is 4h. 16m. 538. 
west of Greenwich.* 

It seems not inappropriate to insert in this place the report of the frequent comparisons of 
chronometers made in duplicate by Mr. Goodfellow and myself, the results of the several com· 
parisons being marked with the appropriate initials to indicate the respective observers: A., 
Alexander; G., Goodfellow; and in one or two instances, T., Thompson. 

In the instance of the standard (Dent, 2602) and that of the sidereal chronometer, (Hutton, 
207,) the times indicated by each at the same date are given, while for all the others the differ· 
ence between the chronometer in question and the standard is given, this diflerence being 
always that of time of chronometer compared minus that of the standard; so that + denotes 
fast; ~, slo\v. 

0 Afterwards, when errors from Greenwich time and rates had been well ascertained, foUDd to be 4A. Him. tll1.-(See Ad· 
dendum on the longitude by chronometers.) 
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Date. I' Obs. Standard, Dent) Bond k Son,! Hutton, 207, \Arnold .t Dent,\ .Ke~se.l'!i 1285. 1~Flet<>her, 1739. Dent, 2126. Dent, 2157. JI Alexander. 

f!60z. j 177. \ (•idercal.) ' 802. i ; ------ ________ ! _______ _ 
--:-- i 1- I I_ ---' --

1000. h. t ,, t I ti \ h.. I II I h. I u h. l A~ I 1J 

June29 A. 5 04 00 i + 34 55 41 6 52 44.9 -3 57 59 .• 2 I -t> 8 29 5 ' - 14 18.2 ! ............ . 

G. , ............. ! f;!).3 44.5 I 59:1 i 8'.!97 18.3 i"""· .. ••••• 

8.9 + 41 54.2 
9.2 54.5 

30 A. I 5 o~ oo I 56 5 6 57 45.9 I i;s.6 I :19.3 23.8 i ............ .. 
T ............... 1 66!>, 4.5.7

1 

584! 39.4 2~.8 , ............. . 

10, l + 41 .53.l 
111.a 5.).0 

July l ...... , (Sunday) .... 1

1 

.............. \""""""•• ................. '........ . ........................................ . 
ii A. I.............. 5.8 ti ....... ...... 55.2 I 59.2 

3 ~: 1 .••• ~-~-·~ ... 1 ~-~ ! ... ~-~~-~.... ::~ :-5 
36.8 ll.9 + 41 58.4 ·············· 
37.0 ll.7 

I 
G, I 5 B ll \ 58.S I 7 13 00 51.~ 1 

4 ~: .... ~--~·-~:~·1 ~::: l"·;·;~-~~····1 :::: : 
5 •••••• 

1

1 (No comparisi°n) .......... 1 ............. .(. ............. 
1 

6 ~: 1"··~--~--~"'I + ~:-~ : ... ;·~~-~""I ::~ I :~.: 
I ~: 1····;·;;··;·5• 1 :·: l .. ·;·;;·~~····1 ::: I ~:: : --~:·r~~:~~~~~:~: : .... ····;~:~··11':::;:~~: :~:~:r ...... :~:: .. 11 .. ·; -~~- ~~:~ .. 

IO A., .............. ,+ 3457,2 .............. 1 -35714.6 -51096.6 

G. I 5 11 15.;, I 57.2 7 44 ()5 I J4 6 ' 26.3 
11 ~: 1· .. ·;·~·;···I ::~ \'"·;·~;·~~ .... ! ~:! I 37.4 

H2 A. .. ............ 
1 + :14 56.0 .............. , --3 57 l.3 1-5 JO 4~.6 

G. 5 13 50.5: 55.7 ll 7 54 40 I 1.5 I 48.2 

13 A. • ... ··········I 56.2 ........ ...... 56 55.2 I 59.0 

15 .• ~ ... , •••• ~-~~.'.~.~ \ ........ ~:~ ..... ~ .. ~-~ ............ ~~:~ •• 1-4 1Q ::~ 
: I !: l .... ~.~-~...11, ::~ 1 

... ~.~-~:~.. : ~-~ I ... '.~.~~- .. 
21 1· A. I ............. ' 45.8 i··.... .... .... 55 52 9 I -4 17 27 .6 

G. I 8 07 3.5 : 45.8 11 24 10 "3.3 I 
!!21 ...... i {Sunday) .... \ .............. 

1 

............................ , ......... . 

23 :: .... ~·;; .. ;:~-1 :.: i···~·~;·~~.... ::: I 
2.> I A. 8 30 .52.3 i + 34 '46.0 I 0 4 00 1-3 55 3.'>.0 

1!61 !: .... ~·;;; -~~···1 ::: 1 ··~ .. ;·;;.... :·~ 
27 i ' ' A. • ............ I 47.l ...... •••••••· 17.0 ' 

i G. 5 14 34 I ~7.l 8 55 10 17 0 I 32.S 
28 I :: ! .... ~ .. ;·;~:;·, ~::~ ... ~.~~·;·· .. , ~~:~ I :::~ 
: 

1 
...... 

1 
(Sundny) •••• : .............. 

1 
.............. 

1 
....................... .. 

I A. 1 ............... , .50.91 ............. 1 -3 54 59.6 -4 19 5.6 
I G. 5 9 4 i 00.7 9 1 40 I 59.3 5.4 

Aug. I !: .... ~·:i;,·~···1 ~:~ ... ~.~~·;··"1 :~·: ::~ 

: 1 ~: :·::;~~j :: 1
:; ~:~:r ::: :: 

l\B,3 - 5 g 03 
42.:J 12.4 + 42 00.5 ' .............. _ .. 
4.~.') 12.3 [)).5 - 5 8 28 

4'!.3 l~.l 2.8 ............... 
46.3 12.3 2.8 i - 5 8 30.2 

' . .......... ................. ; ............... : ............. . 
59.0 16.7 
as.:i lll.G 

18.l 

18.3 

22.3 

22.2 
23.9 
2.3,5 

2.),3 

25.6 

27.6 

33.8 27.8 

43.l 33.0 

43.6 29.4 

16 @.7 '+ 23.0 
28.3 13.0 

34.9 10.0 

:l5.0 10.3 

1() 47.8 4.4 

47.7 4, 7 

17 2.0 -0 0 1.0 

7.0 3.2 
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• Cbronomet-er &topped and reset. 
t Kessel aet to mean time, Of A July 15. 

t Cl1ror1o~terstopf)t'!d from some unkn.own ~ause:. 
§ Vompanson M minutes later tlJa.11 on t.he 27th. 

!·············· 

N'oT&.-From t.be recorded ettot from Grieen"·ict1 mean lime~ 88 reported by ~P. _M.em.n. Blunt of_ New Yor~, ~ll the 27th of. July,~ oftb!! Stand­
~ cbtcm<>met-er and ofDettt,~li6, as l\rell aa froni comparit&oti ofi.ubseqt1ent rateiil, 11 ts rendered cenam that.a. m1~&ake _ofCtnt; m1ollte was u1a<le m deter­
mmhtt the ettor of Dent, 2U.l6 froau ~ Startd1'rd 00 the 29th of June and tb&l ttu1 err(){' was perpelmtted unttl July 16A m<'lu-s1ve- the*"°'*" on)y ba.ving 
been comptteQ tn the in&flrim.

9 
One aninutc ahould therefore be added to every numbel' in the column of Hent, f.l12o, to the dite of July 16, indu.ive: 

-l!t 11 readi"IJ +lib.I,""· 
• Aeomparmmnf ntu llvm.,,.._ made it abundftll\ly probable that tbe ,..,..,.,.... d1te to Ke,..u, l~"i, on the !U•tof I111y,were 31a.6 &\\d 37•.7 te11pf!c· 
tlve~y, it1Hell:ll of 27•.6 and Sl7s..7: tltia IMrins rather to be aiJPtt:hended, because tbc firuree w~re u.ote~ in penc:il and afterwa.nh ''inked over .. " The cor­
rttt1on tl1m 1-ttdicated 1 .. bNoo apptled tn the cornpuutlon of longitude by the clJronome-ter in quemou. 
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The chronometer employed in making our observations was Bond & Son, 177. 
A combination of observations made by Lieut. Ashe, Prof. Smith, and myself, gave for the 

error of this chronometer at the time of the total eclipse: chronometer too.fast for mean time 
(civil reckoning) at the place of observation 4h. 5Im. 58.92.s; while another combination of 
consistent reomlts of my own observations, made both before and after the meridian passages of 
the sun, gave for the error at the same epoch 4h. 51 m. 57. 86s.; the mean of the two is 4h. 51 m. 
58.39s. This must be in!!rcased 0.36s. if the equation of time as given in the American Nautical 
Almanac be made use of instead of that given in the British N. Almanac. 

As soon after we left New York as was found to be convenient I called together all who were 
expecterl to take a part in the observations, and gave them an exposition of the phenomena to 
be >:ought for, illustrating my remarks b:· reterence to numerous diagrams as I proceeded. 

After this a special assignment of all the observations was proposed, and as far as might be 
settled. 

My secretary, Mr. Henry, then made careful copiP.s of the several programmes, and they were 
distributed severally to tho:;e to whom they belonged. Several matters alluded to in each were 
also further elucidated by me in personal communication with the observers themselves. 

Thµ, special assignmeDt was finally made as follows, agreeing in many respects with the pre· 
liminary arrangement made in conference at Washington: 

The transit ob1:1ervations 'vere assigned to Lieut. A.she. 
We had completed our selection of station and made some preliminary observations on Sahu· 

day, the 14th. On Monday the temporary observatory already alluded to was set up. Lieut. 
Aslte took up his lodgment with his instruments on shore, while Prof. Venable and l\Ir. Lieber 
took up their quarters in a tent at the meteorological station; and Messrs. Goodfellow and 
Walker had their magnetic observatory and encampment completed, they having, indeed, made 
some arrangements on Saturday. The preliminary arrangements of the meteorologists were, 
blown down, but were restored on the following Monday. 

Lieut. AsLe met with so many obstacles from the interference of daylight, great fickleness of 
the weather, and almost. continmtl clouds at night, and sometimes also from storms, to say nothing 
of unexpected mechanical difficulties and olistacles, that, after a persevering and faithful trial, 
he waR compelled to abandon the hope of any result from the transit instrument, aml we were 
obliged to trust to our sextants only. 

To Mr. Henry was assigned the charge of calling the seconds of time audibly whenever re· 
quired, while the passing minute was watched for and furnished by :Mr. Fisher, one of the 
engineer's assistants. 

Mr. Henry was likewise so to arrange as to note the intensity of light during the total obscura· 
tion of the sun, by ascertaining the distances at which printed books and the chronometer could 
be read. 

The other special arrangements were as follows: 

To Lieut. Ashe, Prqf. Smith, and myself, associated as time observer3 : 

Before the beginning: 

1. YiRibility of the border of the moon before she touches the sun. Time and distance at 
·which the same may occur. 

2. Agitation of the sun's lirub before tLe first contact in the region where the first contact 
may be anticipated. 

At or about the 1ime of beginning: 

(a.) Time and position of the first contact. 
3. Adhesions and distortions as the eclipse begin1'. 
4. Dark line.s. (Baily beads.) 
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As the eclipse advances: 
5. Early and subsequent distortions of the cusps. Color and shading of the same. 
6. Projection of the moon beyond the sun. Time and extent to be noted. 
7. Bright band along the moon's edge. 
8. Contact with different portions of the solar spots, with distortions, if any. 

(May be an apparent repulsion; may he a drawing over the luminous material.) 
9. Flashes or corruscations of light across tbe moon. 

10. Peculiar color of the moon's disc and of the solar spots. 
11. Peculiar illumination of a portion of the moon's disc; also singular spots on the same. 

Immediately hefore the total immersion: 
12. Formation of Baily beads. 
13. Dark lines beside or among them. 
14. Rapid changes of the last visible portion of the sun. 

At the total immersion: 
(b.) Time of total immersion, and point at which it takes place. 
15. Flashes or rays as the sun disappears or immediately thereafter. 
15 (bis.) Superior brightness of the corona towards one side, especially along the moon's 

border where the sun has just disappeared. 
16. The color of this light, whether a red band appear just after the sun bas disappeared, 

and if there be visible a dark line between this red light and the white. 
17. 1Vhether the corona consist;; of two distinguishable portions. Whether, at least, there 

is not a manifest intensity near the moon, with a rapid degradation, insomuch that 
the outer portions beyond all this are comparatively quite dilute. 

18. Peculiar radiations; also their changes and directions; (perpendicular to the moon's 
limb, or otherwise.) 

19. Don Ulloa' s spot. 
19 (bis.) The lunar spots and shadings. 

20. 
21. 

22. 

(c.) 
23. 
24. 
25. 

26. 
27. 
28. 
29. 

30. 
(d) 
31. 
32. 

Just before the emersion: 
Increased brightness of the moon's edge, and when and where it occurs. 
The red light along tho edge and the dark line between it and the white, to be looked 

for as before. 
Flashes or bright points just about the time of the immersion or a little beforn. 

At the emension: 
Time and the position of the point at which it occurs. 
(See margin of preceding page.)* 
Baily's beads and the accompanying dark lines. 
Rapid changes of the portions of the sun first visible. 

After the emersion of the total eclipse and before the end: 
Flashes; color of the moon; illumination of the disc, as before. 
Bright band again. 
Projection of the moon beyond the sun. 
Contact with the solar spots and distortions, &c., of same as before. 

At the end of the eclipse: 
Distortions and adhesions, (Baily's beads.) 
Time of last contact. 
Agitation of the limb where the moon left. 
Whether the moon is visible beyond the sun; time and distance at which the same may 

occur. 

•On which wu written, croaswi-23 Differences in the appea.rancea ae seen by the bare eye. 
30 c 
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To President Barnard: 
Before the beginning: 

(a) Visibility of the border of the moon before she touches the sun; time and distance at 
which the same may occur. (Observations to be made by reflexion from an artificial 
horizon.) Afterwards variation in intensity of light and color of the sky, clouds, 
and landscape. 

During the time of the total eclipse: 
Being seated at the telescope a little before to observe with respect to the 1·ed or violet elou'ds. 
1. The time of their first appearance, or, if one should appear later than another, their 

;;everal times. 
2. Their position by means of an arrangement of wires or lines in the diaphragm of the 

telescope, as represented in the following drawing: 

s 

N 

The bold line P F being adjusted by the diurnal motion nearly parallel to the equator. 
3. Their size, form and growth, or other changes of form. 
4. Their color and its changes. 
5. Try the color through various screens. 
6. The width of the corona, as compared with the distances between the rings of the 

micrometer and whether its breadth around the moon is uniform. Incidentally, as 
the eclipse diminishes, projection of the moon beyond the sun. 

At the end of the eclipse: 
Visibility of the border of the moon after she has left the sun; time and position as before. 

To Pref. Venable : 
Before the eclipse: 

1. Position of the solar spots by an arrangement of wires or rings in the diaphragm of the 
telescope, thus: 

N. 

The bold line P F being adjusted by the diurnal motion so as to be nearly parallel to the 
equator. 

At various times, just before, during, and after eclipse. 
1. Visibility of the border of the moon before she touches the sun; time when this may 

occur and the distance from the sun. 

NoTit.-The lll'l'll.ngement for an lll'tificia.l horizon could not be carried into effect for a telescope of the size of that used 
hy Dr. Barnard, but it was prepared for his &11110ciate, Lieut. Comg. Mnrray, who ohBerv&d with th& telescope of a sextant, 
and wae ~ucceosful in detecting the phenomenon in question, viz: the projection of the moon'• limb beyond that of the sun, 
"" •tated m the report under lu appropriate headlnr. 
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2. Polarization of the atmosphere. 
3. Changes in the intensity of light as the eclipse advances. 

Just before the total eclipse: 
The time of the first appearance of the corona and the part of the moon's border where it 

thus appears. 
During the total eclipse: 

Whh respect to the red or violet clouds to observe-
(a.) The time of their :first appearance, or, if one should appear later than another, the 

several times. 
(b.) Their positions, as near as can be estimated, or else by the arrangement of intersecting 

lines, if they can be -introduced. 
(c.) Their form, size, and growth, or other changes of form. 
(d.) Their color and its changes. 
(e.) Try the color through various screens. Notice, if it may be, whether tbe corona is of 

uniform breadth all around the moon. 
Afte..- emersion from the tofal eclipse: 

4. Flight of the shadow. 
5. Changes of the intensity of the light as the eclipse recedes. 
6. Visibility of the moon after she leaves the sun. Time, &c., as before. 

At some convenient time, in conjunction with the commander and Mr. Lieber: 
Elevation of the station above the level of the sea. 

Miscellaneous: 
Plan of meteorological observations is already understood. 

Mr. Liiber: 

Temperature (according to plan) in shade and sun, in conjunction with Professor Venable. 
Observations of the dew-point. 
Barometric observations. 
Polarization of the corona. 
Color of the sky, clouds, and landscape, and direction of clouds; force ond direction of 

the wind, 
Topographical sketch of station. 
Geological description of station. 

In C<Yn,j'l#lClion with tlLe commander and Prqfessor Venable: 

Elevation of the station above the level of the sea. 

Lieut. Comg. Murray : 

Tidal current, deep-sea soundings, and temperature observations; also topographical and 
flying survey of the station, as enumerated by the Superintendent. 

Observations specicl1y connected with the eclipse : 

Elevation of the station in connection with Professor Venable and Mr. Lieber. 

Before the beg: nning: 
1. Visibility of the border of the moon before she touches the sun, (to be tried with a 

telescope looking into an artificial horizon· better a horizon of oil than of mercury;) time when 
this may occur, and the distance from the' sun. 
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Incidentally, in conJunction with time observers: 

At the beginning: 
(a.) Time of fin;t contact, as seen in artificial horizon. 

Between the beginning and the total eclipse: 
(b.) Bright band along the moon's edge. 
(c.) Distortion of the cusps; color and shading of the same. 
(d.) Projection of the moon beyond tbe sun. 
(e.) Contact with different portions of the solar spots, with distortions, if any; (may show 

an apparent repulsion, or may exhibit a drawing over of the luminous material.) 
(f.) Flashes, or corruscations of light across the moon. 
(g.) Peculiar color of the moon's disk and of the solar spots. 
(lt.) Peculiar illumination of the moon's disk; also singular spots on the same. 

Just before the total obscuration: 
2. First appearance of the corona, and the position of the 'portion at which it first shows 

itself. 
During the time of the total obscuration: 

3. A search for the supposed new planet. 
4. Number and position of stars; and whether any of them are red, or otherwise colored. 

Ju;;t before the immersion: 
5. Bringing back the tekiscope to the sun, to observe whether the corona lasts after the 

emersion of the first beam of light; and if so, how long; when it ceases to be seen; 
and around what part it is last visible. 

To )fr. Robert Platt, acting sa17ing·rnasler : 

1. Changes in the intensity of the light as the eclipse advances. 
2. ·whether, just before the total eclipse, long stripes of light and shade are to be seen 

moving across the landscape, and if any of these are colored. 
3. Whether there is not a sensible quiYer or tremor in the last beam of light visible at the 

total eclipse, just before the same disappears; whether, at the same moment, the 
shadows of bodies are wavering, or colored at the borders. 

When the sun is totally hidden: 
(a.) To notice w1iethcr a faint beam of light extends from the eclipsed 

sun, or beyond the corona, on both sides, in this direction. 
(b.) Whether, in the progress of this scrutiny, the comet is visible. 
To observe the extent of the corona with the bare eye and with an opera 

glass; and whether the outside, or any other part, be color1::d; and 
whether the corona has any motion. 

To Messrs. Du Barry and TVilson, master's mates : 

To observe in the camera obscura before the eclipse begins: 
(a.) Whether the image of the moon be visible before she touches the sun; also the time 

when this happens, and the distance from the sun's limb. 
After the beginning, and before the total eclipse: 

(b.) \.Vhether a bright band be visible, bordering the edge of the moon's image, especially 
soon after the beginning of the eclipse, and also when the eclipse is largely advanced; 
same soon after the total eclipse, and near the end. 

(c.) Any distortion or any coloring of the cusps, and the time when the same may occur. 
(d.) Color of the moon's image, or of solar spots, especially any peculiarity in the same 

when viewed through various colored glasses. 



 

THE UNITED STATES COAST SL'"RVEY. 237 

During the total eclipse: 
(e.) To mark the extent of the corona, and the position and form, &c., of the colored spots 

around the dark body of the moon. 
(f.) To note the extent and mark the boundary of the corona. 
(g.) To ascertain the effect of colored glasses on tho spots and on the corona. 

After the eclipse: 
Repetition of observations before, viz: those marked (b,) (c,) and (d,) reRpoctively. 
Mr. Du Barry to pay especial attention to the effect of the colored glasses, and :Mr. Wilson 

to the marking of positions. This division of labor will be especially necessary during the 
brief period (3:i- minutes) of the total eclipse. 

To Jfr. French, chief engineer : 

Approach of the shadow from the west just before the total eclipse, as seen in the darkening 
of both tLe sky and the earth; and whether dark stripes are not seen flitting across the land­
scape just before the eclipse is total; and whether there is not a tremor of the last visible Learn 
of the sun. 

Force and direction of the wind; whether it is increased, or not, ai:; the total eclipse comes 
on; and whether it blows from the shadow as the shadow approl-tches, and again back from the 
shadow as it recedes; and whether there is a lull in the middle. 

Whether either the aurora or comet is visible. 
Flight of the shadow eastward. 

To Mr. Nones, assistant engineer: 

The approach of the shadow from the west, as seen by its darkening the sky and the 
landscape. 

Tint of the sky, especially overhead; also that of the clouds, and the direction of the clouds. 
If any stars are noticed, to observe their color, especially that of one near the zenith; see, 

especially, if any be red. 
To notice if them are any traces of the aurora borealis. 
To observe the intensity of the light during the total eclipse, by noting how near the eye 

mm'\t be brought to see the seconds on a chronometer; also, how near tho eye must be brought 
to read several sizes of print, marking the distance in inches at the bottom of the page in 
pencil; and remembering or noting also the distance for the chronometer, and whether the 
light increases towards the middle of the eclipse. 

Flight of the shadow eastward. 
Then, as soon as may be after the total eclipse-

To notice whether the flowers have closed their blossoms. 

To Mr. Osborne, surgeon's steward: 

1. Electrical observations. 
2. Approach of the shadow from the west, as seen by the darkening of the sky and landscape. 
3. Force and direction of the wind; especially whether the wind is increased as the dark 

shadow approaches, and is from the shadow as t.he shadow approaches, and again 
back from the shadow as it recedes; and whether there is a lull in the middle. 

4. Whether there are any traces of the aurora Lorealis; or whether the comet can Le seen, 
or any red stars. 

5. Whether the circle of light around the moon appears broader towards any one side; and, 
if so, which? 

At the suggestion of Professor Venable, I also drew up a list of phenomena to be looked for 
by the seamen. It wag committed to the care of Lieut. Comg. Murray, who kindly undertook 



 

238 REPORT OF THE SUPERINTENDENT OF 

to have it properly communicated to the seamen. Through him, also, I received their report, 
which will be found to contain some valuable items, and which appears in its proper place. 
The programme which I prepared for them is as follo-ws: 

To be noted by the seamen : 

1. The fading of the light, and the color of the sky, clouds, and landscape. 
2. Whether they can see a star a little below and to the right of the sun before the eclipse_ 

is total, and for a little while after the sun begins to be seen again . 
.After the eclipse is total: 

3. Color of the sky, the landscape, and the clouds. 
4. How many stars they can see, and their color; if any were red when they saw them. 
5. Tho approach of the shadow, as shown by the darkening of the sky and landscape towards 

the west. 
The degree of darkness; to be noted by seeing how near, in inches, the eye must be brought 

to read a printed page; the number of inches to be marked on the book, so as to be recorded 
afterwards. 

Dark and light stripes flying over the ground just before the total eclipse. 
Also, the quivering of the last beam of the sun just before it disappears. 
6. At the same time, the like motion in the edges of the shadows: perhaps, too, the edges of 

the shadows may be colored. 
7. Size of the bright ring around the moon; noticing whet.her the ring is a quart6r as broad 

aR the dark moon, or twice as broad, or how many times. 
8. Whether the force of the wind is increased as the shadow approaches; and whether the 

wind then blows towards us from the shadow; and whether, as the shadow leaves 
it blows back to us again from it; and whether there is a lull in the middle of the 
to.tal eclipse. 

Description if the telescopes emp!,oyed. 

The telescopes were all achromatic refractors. 
That made use of by myself was made by Utschneiderand Fraunhofer, aperture nearly three 

inches; focal length of object glass, fifty· one inches; amplifying power about eighty, for the 
partial eclipse. That used at the total obscuration not yet determined; aperture reduced when 
the sun was bright. 

Dr. Barnard used the telescope obtained from Columbia College, New York; aperture three 
inche1>1; focal length, forty-five inches. 

Lieutenant Ashe used a forty-two-inch Dolland, aperture (probably) not far from three inches; 
amplifying power about forty. 

Profesl!!or Smith had a telescope by PlOssl of three inches aperture and thirty-two inches 
focal length; diagonal eye piece; amplifying power not yet ascertained. 

Professor Venable, a Dollond of about forty inches focal length of object glass; aperture three 
and a half inches, nearly; amplifying power not yet ascertained. 

Lieutenant Commanding Murray, for some observations, made use of a large comet seeker, by 
Fritz; aperture, seven and a half inches; focal length, five feet; power low. For other observa­
tions he made use of the telescope of a sextant, as hereafter described. 

The photographers made use of a five feet refractor by Fritz; aperture four and a half inches. 
(This description, though confessedly imperfect, is all that can at present be given.) 
'l'he telescopes had secure foundations constructed of sand, gravel, and large stone; sometimes 

packed hard in boxes and portions of casks to bind the supportslaterally; then,such as required 
to be adjusted equatorially were brought nearly into place on the day before the eclipse, and 
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although the sudden outburst of stormy weather compelled a partial dismounting of tte instru­
ments the same evening, yet all wero in place for a preliminary drill next morning. 

The construction and arrangement of a separate building for a camera obscura could not be 
effected until almost at the last moment, when there was so much else to do. Then, to my 
very great regret, I found that our spare telescope, already in place, did not admit of such an 
adjustment of the eye piece as would give a distinct imago; I spent some minutes of the last 
preparatory hour in trying to arrange it, but without success; so that, although we had a divided 
circle, and a vertical and a horizontal movement of screen, all ready for marking positions, I 
was compelled to abandon the whole. 

A brisk wind, W. by S., seemed to be carrying the floating clouds before it, and this, together 
with the breaking of the clouds, gave an almost immediate prospect of a clear sky behind them, 
and thus gave us hopes that tho phenomena might be successfully observed, especially if the 
wind should somewhat abate; for when the weather became clear at all, our experience had 
shown it to be very clear.* 

The violence of the wind did, indeed, abate, but the clouds were not all dispersed, though 
large openings appeared. How far the clouds interfered will, however, be gathered from the 
synopsis herewith presented of the observations themselves. 

SYNOPSIS OF THE OBSERVATIONS. 

1. In accordance with the plan already exhibited, the moon was sought for before the first 
contact, by Dr. Barnard and Lieut. Comg. Murray, but without success. 

2. Agitation ef the sun's limb nea" to tlwpoint ef first contact.-An agitation of the sun's limb, 
near to the computed point of first contact, was suspected by me some seconds before the 
indentation was observed, but the appearance was not sufficiently decided to be accepted 
as real. 

TIMES OF THE CONTACTS. 

3. The observaiioM ef the time-8 ef the four pri?Wipal oontacts are here arranged together for 
convenience of reference. 

Beginning ef the eclipse. 
Time by chronometer. Observer. 

A. m. a. 
1 0 3.4 ............................... · · · · · · · · ·Alexander. 

56.0t ....................... · - . - .. · · · · · · · · ··Ashe. 
8.0 estimated. { . · . · · · · - · . · - · • · · - · · • · • · • · } . Barnard.t 

11. 0 certain. · · · · · · · · · · · · · · · · · · · · · · · · · 
14.5§ ............................... • ...... ·Smith. 
15. 0 .................................. · · · · .··Venable. 

Total immersion, or beginning ef the total, obscuration. 

2 5 27.0 (Last fragment lost in clouds.)······ ······Smith. 
23. 0 .. .' ...........•...•.••......... · · ... • - - ·Barnard. 
29. O ....•........................•.•........ Venable. 
29.8 ........................................ Alexander. 
32. O • • • • • • . . . . . •...•.••...••••••........••.. Ashe. 
32.0·· ...............•...................... Murray. 

o This state of things did not enforce upon me the separation of the astronomers, (who could, indeed, hardly have then 
been fixed for .uady observation elsewhere,) and the state of things when the total o!Jscuration tQOk place would have ren-. 
dered su.:h an arrangement, almost to a cet'talnty, useless. 

t Believed to have been &a.O, instead of 66•.0. Correction assented to, as probable, by Lieutenant Allhe. 

t See Dr. Barnard's report,· annexed to this. See Professor Smith's report. 
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End of the total obscuration. 
lime by chronometer. Observer. 

h. m. •. 

2 8 28.8· · · · · · · · · · · · · · · · · · ·· · .. · .... · .. · .... · ... Ashe. 
30. 0 • · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·Alexander. 

End ef the eclipse. 
3 17 0.3· ·· · · · · · · ··. ·. · ··. · · · .. · · ..... ··· .. ···.-Murray. 

1.0 · · · · · · · · · · · · · · · · · · · · ·. · · · · · · · · · · ·······-Ashe. 
1.0 • · · · · · · · · ... ·. · · · .. · · ... · ·. · .... · .. · · ... Srnith. 
1.0 · · · · • • • • · · · · · · · · · · · · ·. · · · · · · ·. · · · .. ·····Venable. 
1. 7 · · • · · · • • · · · · · · · · · · · · · . · · · · · · • . · · · .• • • · · ·Alexander. 
2. 0 · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ., Barnard. 

SAME IN MEAN TIME (CIVIL RECKONING) .AT THE PLACE OF OBSERVATION. 

Beginning qf the eclipse. 
Time. Observer. Color of screen. 

h. m. s. 

8 8 5. () · · · · · · · · · · . · · · · · .Alexander · · · · . · · · . · · · · · · Green. 
7. 6 . • . · · · . · · · .. · · · . Ashe . · · . · . · · . . . . . . · • .• · Orange. 

. · · .Barnard. · ·. · ·. · .•..... 9.6 estimated. } {Compound . 
12. 6 certain. Red and green. 
16. l · · · · · · · · · .. · ····Smith.····· · ·. · · · .. · · •. · N entral. 
16. 6. · · . · . · .... · .... \Tenable . · .... · .... · .... Green. 

Total immersion, or l"Jeginning of the total obscuration ef the sun. 

9 13 23. 6 [Lastfragmentlo.rin clouds] Smith ..... ' ......•...... Neutral. 
29. 6 · · · · · ·. · · •. · ·.·.Barnard.···.·· ...•.... · .. 
30. 6. · .... · · · · . · · . · . Venable· · · . · · · · · · . · · · · · ·Bare eye. 
31.4. · .... · · · · . · ·. · ·Alexander··· · . · · · · · · · · · ·No screen. 
33.6. • .............. Ashe ..........•... · · ... No screen. 
33.6. · .......... ·.·.Murray···. · ·. · · · .. ·· .. -No screen. 

End ef total obscuration. 

9 16 30,4 ......•.•... ····Ashe .................. ·No screen. 
31.6 · ·. · · · ... · .. ···.Alexander .••..• · · .. · ····No screen. 

End qf tke eclipse. 

10 25 1.9· · · · ·· ·. ···.···-Murray.· ....... · •. ···.-Red. 
2.6 · · · · · · · · · · .. • ... Ashe .... ·. · · ·. · · .. · · · .. Orange. 
2. 6 · · · · • · · · . · . · · . · . Smith . · . · . · ..••..... • ... Neutral. 
2.6 · · · · · · · · · ·.····.Venable . · .............. Orange. 
3.3 · · · · · · · · · · · · ····Alexander ... ·· · · · ·. · · · . -Neutral. 
3. 6 • · · · • · · · · · . · · · · . Barnard ................. Compound red and green. 

NoTE.-The times thus reduced should in every case be diminished Os.4, if the equation of 
time, as deduced from the .American Nautical .Almanac, be substituted for that obtained from 
the British Nautical, Almanac. 

I felt '"'·ell satisfied with my own observation of the first contact, and it is confirmed by the 
photographic impression No. 1, which was taken at the moment that the call was made for the 
minute, some ten or twelve seconds later. The precise second at which this occurred was not 
seized upon, though most of the other impressions afterward have the exact second re-0orded. 
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The observation which I made of the toial immersion wns nl"o f'at.isfactory. Of the emnsion 
from tbe total eclipse I ·was doubtful between two seco11ds, tlie clouds iuterferiug too much; 
but the time ag1·em; very wf'll ·with thak reported 11y Lieut. Ashe, 1Yho was the only other 
observer who caught t.he Pnwrging beams, if indeed lie was not the md~· one wbo actnally saw 
the very first emersion, for he described the first visible portion as having appeared to him like 
a bright :"tar. 

The positions of the points of contact, as near as they could well be estimated, will be 
apparent from the diagram here presented. (No. 1, Sketch No. :rn.) 

OTHER OBf'EHY ATIOX8. 

(4.) Brigid band bordering that edge of the moon ichich icas prqjected on t11e 8un'.s disc.­
This phenomenon, first noticed by myself in 1831, and to which I have on variom• occat1ion,; 
called the attention of others, was Yisihle on thii; occasion in my telescope at about Sh. 13m.,* 
and especially at Sh. 17m. 15s. 

The phenomenon was more distinctly visible through the green and the lilue screens, resp cc ti vcly, 
than J;hose which were violet or neutral, and above all through that of an orange tint. Again, 
at 9h. 39~1n., the orange colored screen showed the phenomenon by for tlie bcd~thcn violet, 
green, blue, in their order; neutral tint the least. 

Prof. Venable saw the sun brighter along tlte bordei· of the moon, though he hesitates to 
call the appearance a bright band; time, Slt. 151n. 10s,.· and at several other times in the 
progress of the eclipse saw it through green and through orange screens, respectively. 

Prof. Smith remarked, after the fin;t immersion, and till the moon approached a dark spot, 
a yellow band separated from the white liglit of the sun by a distinctly dad~ line. This be 
states was seen in the centre of the -field, and was not due to any lack of achromatism there, at 
9'1. 36m. 17s. 

Prof. Smith again saw the light, in connection with a peculiar illumination of tl1e moon's 
disc, to be more fully described hereafter. 

He made use of a diagonal eye-piece, as before stated, and his 8creen glass exhibited a neidral tint. 
Lieut. Commanding Murray noted, at 9h. 31 m. l 3s., a bright yellow border; and at 'Jh. 44m. 

lls. a bright edge around the moon; 't. e., the part of it projected on the sun's disc. Also a 
discernible line around the portion of the edge yet remaining vrojected nt 'Jh. 4Gm.. 30~. 

It will be remembered that his telescope was the large comet-seeker; his .~creen glass had a 
ud color. 

The phenomenon in question is distinctly represented in the photographic plates; the light 
from near the border ef tlte sun being most perceptibly affected-as I have heretofore had 
occasion to observe in other instances. 

Photography has also before this confirmed all that is here related. The bright band is 
unquestionably pictured in the copies of daguerreotypes of the eclipsed sun taken at Mr. 
Campbell's observatory in New York, under the supervii;.ion of hfr. Campbell and Prof. Loomis, 
in May, 1854. 

(5.) Roughness ef the moon' 8 edge, and a distortion ef the cusps (one or both) qf tl1e uneclipsed 
portion of the sun.-This roughness is distinctly represented in photographic plate No. 1, which 
was taken a few seconds after the beginning of the eclipse; and in other of those plates, taken 
when the light along the moon's edge came from near the suu's border. 

Lieutenant Ashe mentions two high mountains of the moon, which be saw at the immersion, 
just under the upper cusp. 

A distortion of the sun's (apparent) upper cusp was not.iced by Professor Venable at 
Sit. 15m. 10s., (screen glass green;) also at Sh. 59rn., (screen glass orange;) again, at 9h. 4m. Gs., 

0 The tilll;lS 11ubsequently noticed in this synopsis are the mean times (ciYil reckoning) at the place of observation. 
Equation-the A.Slorioan. 

31 c 
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he noticed tLe edge of the moon rougher at the upper cm;p, (screen glass, orange;) also, at 
9/1. 4m. 59s., distortion much greater, (screen glass orange.) 

.At 9h. Professor Smith saw the (apparent) lower cusp slightly distorted, or curved inward 
towards the centre; diagonal eye-piece, (screen glass neutral.) 
At--, (time not given,) Lieut. Comg. l\lurray describes the edge of the moon as being 

roughened; again, both cusps distorted, (screen glass red.) 
At f)h. 5m. Professor 8mith says that the concavity of the (apparent) lower portion of the 

crescent appeared irregnl;ir. It was indented in two places; and at 9/t. 6m. another indentia· 
tion \Vas seen forther up, it being about twice as far from the cusp as the second of the pre­
ceding ones, (tlrnt seen at 9h. 5m. ;) diagonal eye-piece, (Rcreen glasR neutral.) 

My own notes mention, at 9h. 15m. 108., a distortion of a cnRp, probably the lower one­
(vision erect;) at 9h. 18m. 328., a slight distortion of hoth cusps, (screen glass, neutral;) at 
9h. 32m. 5G8. I,ieuL Oomg. l\Inrray saw the lower cm~p cnt. off, (screen glass red.) 

Profo:>sor Venable saw a blunting of the upper cusp at 9h. 33m. 51s., (Rcreen glass orange.) 
Lieutenant Ashe reports the (apparent) lower cusp as being blunted, and, at the same date, 

my own note;; state the same thing, but with respect to the lower cusp, vision erect, as I have 
supposed; but it may have happened before I changed the eye-piece; (screen glass orange for 
the one, probably ne11tral for the other.) 

At 9h. 33m. 56s. Professor Smith also saw the (apparent) upper cusp cut 
off, or rounded; and, at 9h. 40111., the upper end appeared bifurcated; one ~ 
of the divisions being prolonged beyond the others, thus: .,.......---~ 
Diagonal eye-piece; (screen glass neutral.) 

Lieut.. Comg. :Murray reports rough edges at lOh. Him. Irregularities were also noticed by 
Dr. Barnard. It may be observed, in general, that the roughness was the most strikingly 
conspicuous of all a very short time before the total obscuration, when all the light was border 
light, as will be more particularly described in ( 10.) 

(6.) Contact 'With 8olar spot8.-At -h. -m. 148., a contact; observer, Lieut. Comg. Murray. 
At Sh. 20m. 36s., contact with the penumbra of a large spot, but vision was indistinct on 

account of a cloud; observer, Professor Smith. 
At Sh. 21m. 98. to 1 Js., my own notes mention a contact with a penumbra; slight cloud passing. 
At Sh. 21 m. 2Ss., immersion of a large spot; Professor Venable: also at 9h. lrn. 20s. the 

apparent lower one of two, and the upper one at 9h. lm. 58s. began to be submerged; and the 
upper one was entirely covered at 9h. 4m. 6s. 

My own notes mention, at 9h. lm. 25s., contact with the penumbra of a spot; at 9h. lm. 36s., 
contact with the dark spot; at 9h. lm. 50s., immersion of the same; at 9h. lm. 59s., immersion 
of penumbra. At 9h. lm. 30s., Dr. Barnard observed the immersion of a spot. 

At 9h. Im. 34s., Professor Smith reports a contact with a small spot in the (apparent) SW. 
quadrant, (actua11y SE.;) at 9h. Im. 48s., the spot was totally obscured. At 9h. lm. 53s., 
and 9h. 2m. Ss., Dr. Barnard again reports immersions; and Prof. Smith, at 9h. Im. 58s., a 
contact with second small spot; at 9h. 2m. 5s., a contact with lower one of the group. 

The following are reported by Lieutenant Ashe: contacts at 9li. 2m. 10s., and 9h. 2m. 33s. 
Emcrsions were observed, at 9h. 29m. 44s., of a spot, and at 9h. 30m. 26s., of a border of 

a spot, by Dr. Barnard; at 9h. 29m. 53s., centre of a spot, by Lieutenant .A.she; and Prof. 
Venable observed the emersion of a large spot at 9ii. 29m. 54s. 

Times. 
;., m. 

9 37 
9 59 

10 2 

Other ernersions. 
Observers. 

a. 

8 · · · · · · · · · · · · ..•....• · •.•..... · • · ... ··.··Barnard. 
23 · · .. - . · · · . · ...•.. : ...•.••.•.•.••••• · · •. · .. do. 
34 (small spot) ....• · •••.•..•..•..••... • ••. Ale:iumder. 
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Times. Observers. 
10 G 48 · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·. · · .. · · ····Barnard. 
10 8 13 · · · · · · . · · · · · · · · · · · · · · · · · · · · .. · · ..... · ..... do. 
10 10 48 · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · ·.· ..... do. 

Colors ef screen glasses. 

Lieut. Co mg. :Murray's· · · · · · · · .. · · · · · · · · · · · · · · · · · · . Red. 
Professor Smith's.··. · · · · · · ·. · · · · ·. · · · · .. ·. · ······.Neutral. 
Lieutenant Ashe' s · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · ·Orange. 
Doctor Barnard's (compound)···· · · · · · · .. · ·. · ·····.Green and reel. 
Professor Venable' s .. · · · · · · · · · · · · · · · · · ... · .. · · · · · · · Orange. 
Professor Alexander's· · · · · · · · · · • · · · · · · · · . · · · . · · · · · ·Neutral. 
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(7.) Flashes or corruscalions ef light across the moon.-Professor Smith remark;; that, at 
9h. 12m., the entry wa;; made in his note-book of blue flashes, but that he is unable to recall 
or locate them. 

(8.) Illumination, or peculiar cdor ef the moon's clisc.-Professor Smith reports that, at 
9h. 9m., a narrow red line or band ·was seen skirting the moon's border, and apparently on tho 
moon's surface. He says, moreover, that,'' at 9h. 36m. 17s., the moon pre:,;ented, more distinctly 
than any time before, the appearance of a hemisphere, and the definition of all portions of the 
phenomenon more perfod, as if seell through tl1e most µerfectly transparent atmosphere. .A.t this 
time a blue band of considerable brettdth surrounded that portion of the moon 'Yhieh covered the 
sun. This band appeared to be made of radiation:; of blue light of diffe1 ent degrees of inten­
sity, in a direction perpendicular to tlte sun's surface. It was bounded by a well-defined line 
on the moon's surface. I was instantly reminded of the 'mirage' l'-O frequently witnessed on 
our voyage to this place, in which the horizon appeared to be skirted by a blue sea-wall. Tbe 
resemblance to an unhroken sheet of water, (varying in thickness or irregularit.'- of surface so 
as to vary the shading,) falling over a mill-dam, occurred to me. At the base, where it was 
in contact with the sun, was a very narrow band or line of yellow light, as noticed in diagram 
~o. 2;" (our own, No. 4, sketch No. 39.) Diagonal e:re-piece; (screen glass neutral.) 

The effect of this is distinctly and beautifully registered on photographic plates Nos. 6, 7, 8, 
and 9, respectively, as is stated also by lf. Dnchochois and Mr. Thompson in their report. 

At 9k. 38m, 13s. Lieutenant Comg. Murray reports ''a bright yellow border to the moon;'' 
and, at 9k. 44m. 11.<;., ''a discernible line around the edge of moon in contact'' with the sun's 
disc, as already stated in ( 4.) 

I have received from Professor Smith the following additional notice of these phenomena, 
under the date of November 3. He says: 

"At the time that the whole hemisphere of the moon towards the earth was visible, the 
appearance was that of the rough surface of the ocean just at late twilight in the evening, with 
one's back to the west. 

"The appearance of the water in one of the stereoscopic views of an iceberg, when seen 
with rat11er faint light, resembles the appearance of the moon at the time. The Lackground 
was that of very early dawn-a slightly roseate hue, fa<ling away into indistinctness from the 
sun. The moon appeared to hang out in space midway between us and the sun. No object 
was ever made to stand out more completely in a stereoscopic picture than did the moon. The 
duration was not more than two seconds. It disappeared as by a diminished transparency of 
the atmosphere at first, and then came those floating clouds which annoyed us so much. 

"I regret that it did not occur to me to be more specific on this point when I made my 
partial-or, as I t1-upposed, informal-report when on the ground. No memorandum was made· 
of the phenomenon at the time. I had just cast my eye down on my book to record the 
appearance of the blue band, and, on looking in the instrument again, the view so overwhelmed 
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me tliat I was for some time lost to every other consideration. It haunted my mind continually 
afterwards, and often now returns with great vividness.'' 

It, ought, as it seems to me, to be noted, in this connection, that Professor Smith's eye 
wa;;, of all those of our company, the least sensible to color, under ordinary circumstances. 

(9.) Projection of the moon's disc beyond that of t/w sun. -As I liad, as I thought, ascertained 
tliat, in other instances, this phenomenon could be bettor seen when the image of the sun, 
reflected from oil, was viewed with a telescope, instead of the sun itself, Lieut. Comg. Murray, 
at my request, made use of nn artificial horizon of oil, defondc"d from tho wind by the ordinai'y 
pent-house, as intimated in the programme furnished to him. 

Viewing the sun in this way with the telescope of sextant, Lieut. Commanding Murray, at 
fJlt. 44m. lls., saw the moon's disc extending beyond the sun's cusps some 15° on both 
sides. 

Acting Sailing :Master Platt repeated the observation witl1 the same instrument, and with a 
similar result, (screen glass rose colol'.) 

~1mong my own notes I find this phenomenon mentioned as having been seen at 9li. 43m. 10s., 
(screen blue;) also at 9h. 45m. 18s.; extent about 8° from tho upper cusp, (e1·ect view;) screen 
glass neutral. 

At 9h. 43m. 44s., Prof. Smith speaks of a bluish light flashing around the lower limb of the 
moon from the suu' s disc, having a curYature the same with that of the moon, seeming for a 
moment to reveal the border of the moon beyond the sun's disc. (Diagonal eye-piece; screen 
neutral.) 

Lieut. Ashe could frequently follow the edge of the moon off the sun 3° or 4°, mentions the 
pl1enomenon especially in connectiou \Yi th that of the breaking off of the (apparent) lower cusp 
at 911. 33rn. 5f5.s. 

(10.) Brmking ef the Vif>ible portiooi ef lhe sun info fragments a very short time before the total 
obscuralfon. Dark lines; Baily beads.-This was a very striking and beautiful phenomenon. 
Some seconds before the last remnant vanished it became rongh and jagged; all the remaining 
portion of the sun presenting in its inner outline very accurately the appearance of the bright 
portion of the moon as seen in the telescope as soon as she is visible after the new mooni the 
southern cusp withal being that most affected. (Fig 5, Sketch No. 39.) 

It was not until the crescent-i;haped fragment became vel'y narrow that the phenomenon 
became conspicuous. I did not observe any tflndency to the formation of the "Baily beads," 
but the remnant of the sun seemed to be broken up and melted away, as a highly ignited metal 
might be under the influence of intense heat, the whole being very similar to the beautiful 
rupture of tho narrow ring of the annular eclipse which I saw in 183l. 

The actually inferi01: brightne1:<s of the sun's border light and the constantly recurring veil 
of passiug clouds together made it possible for me to contemplate thew hole without the iuterven­
tion of a screen. Lieut. Aslie ah;o removed bis screen glass eight minutes before the total 
obscuratioll. 

At 'Jh. 7 m. 1 Ss.; Prof. Venable observed " the formation of a bead" at the upper (southern) 
cusp; "saw two or three form;"* (screen glass probably green.) 

Prof. Smith states that at 9h. 12m. 42s., dark lines appeared, dividing the (apparent) upper 
portion of the fine silvery line of the sun's disc, giving to it a fragmentary appearance; the 
lower portion was indistinct, being partially concealed by clouds. (Diagonal eye-piece; screen 
neutral.) 

The times at which I myself marked the early apptoarance and subsequent progress of the 
phe11omenon in question were very nearly as follows: 9h. 11m. 17s., 9h. l3m. 17s., 9h. 13in. 
25s., the last. mentioned date being about six seconds previous to the t'Otal immersion. 

Lieut. Ai:lhe remarks that when the bright crescent was reduced to a thin line of light it was 

" Time; al.lout 6m.. 121. before that of the total obecuratiou. 
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a beautiful object to behold, extend1ng about 130° round the edge of tho moon; and he add:3 
that shortly afterwards it broke up into fragmeuts. 

(11.) Rapid cltangeB in tlte laBt Vi8iUle .fragments and ngitation, or quivering 
lig!d.-Lieut. Ashe says of the fragments into whicb he saw tht; remnaiit 
seemed to swim from the centre towards the eui<ps." (l\~o screen.) 

of the la8t beams of 

broken that "they 

The report of tl1e seamen stationed on ship l1oard, as rendered by Purser's Steward Collins, 
speaks of the quivering of the beams, but as being very slight. 

12. Appearance qf dark: or variegated stripes pa88ing across tl1c landscape, and a~ritati011 qf i!te 
same.-The report of Pur,.,er' s Steward Collins also says: " We saw a few shades iu the S. SE.," 
(magnetic, i.e., E. bys.,) and .. we observed a slight quivering in the shadows as they flitted 
across the landscape, and that likewise they were of diffm·cnt colors; red, green, and a yellowish 
white." 

( 13.) Diminution of light a.s ihe eclipse advcrnccd, 
U,e .mn.-At Sh. 3Hm., Lieut. Commanding Murruy 
perceptible . 

and appcarancc8 dtiring the total eclipse of 
uotcs the darkness us having been first 

.My own notes mention that at 8li. 38m. 458., the sky was deepening its blue, and at Sh. 
45m., the color is described as being smaltz l)lne.· .At 871. 58m., it had a purple tint. Those 
several appearances are those of the sk;v as seen bebYeen the patches of very white clouds. 

Dr. Barnard describes the change as being "the waning of lJrilliancy into something like the 
feeble and ineffectual radiance so observable occasionally in tlie winter days of New England;" 
and adds that "after this the daylight took on a more lurid character; tlie landscape appeared 
dull and c11eerlesR, yet I could not perceive any change in tints of the objects at hand." 

"The sky," be says, "was very beautiful. At Sh. 38m., l was very much struck with the 
intense blue of the sky overhead, aml also iu the interstices of the cloud" in the vicinity of 
the sun.'' 

"Tl1e clouds themselves being fleecy and thin presented a vast variety of fantastic forms of 
the intensest and purest white, and these by their strong contrast brought out the deep tint of 
the sky more strikingly. At the hour just named the clouds covered about nine-tenths of the 
11eavens. '1 

At about "9h. 8m.," or "just before the total immersi0n, 
the uncovered sky, and found its darkness greatly increased. 
a depth of azure almost equal to that of the ocean." 

I once more noticed the tint of 
It was still purely blue, but with 

At Dk. 7 m., Prof. Venable speaks of the blue-green tints of the mountains, and the deeper 
one of their shadows as being very beautiful. 

Lieut. Ashe sayR (about Sm., before the total eclipse:) "At this time I looked round upon 
acveral objects that were highly illuminated by the sun bcforn, but now a great change had 
taken place; a gloomy, unearthly light fell upon all objects, impressing me with the idert that 
some fearful calamity was about to happen; and I can well imagine that armies engaged in 
deadly strife would lay down their arms when nature cast so ghastly a light upon the battle· 
field." 

From the various accounts of Acting Sailing-Master Platt, the assistant engineer, :Mr. Nones, 
the surgeon's steward, M:r. Osborne, and the seamen's report made by Purser's Steward 
Collins, we obtain very similar information as to the deepening tint of hlue of the sky. The 
clouds are spoken of as grey . 

.At the time qftotal obscuration.-Just before the total obscuration, Mr. Henry observed that the 
clouds in the region of the sun were of a copper color, and when the total obscuration had 
taken place we may gather from the various descriptions in the appended reports, that the 
clouds at a considerable altitude had a: leaden color, while nearer to the horizon, and especially 
to the regions north and south, which seemed to be beyond the dark shadow, red and a beautiful 
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orange color were predominant, the rich orange being most conspicuous near to the southern 
horizon, and the red towards the north. 

"The redness of the horizon," says Dr. Barnard, "was remarkable in the north chiefly, 
perJrnps because the north was the only point of the compass which furnished a horizon down 
to the sea. Looking in that direction the appearance was very like what we see nightly at 
about 11 o'clock.'' 

"It is, however, to be observed that the obscuration of the greater part of the heavens, and 
particularly of the region of tbe sun by clouds, contributed to the remarkable resemblance 
between their light and twilight. In the northern horizon there happened to be but few 
clouds.'' 

''But while the aapect of the lower heavens bore so strong a Rimilarity to the ordinary 
appearance of twilight, it cannot be said that the general aspect of nature, or the kind of 
illumination that prevailed was devoid of a certain singularity which it is difficult to describe, 
and which I have nevet" witnessed under other circnrnstances." 

"It was on this account that, remembering the statements which have been made of tho 
funereal gloom and death-like pallor observed in similar moments before, I looked carefully at 
the faces of those who were nearest to me, in order . to detect, if possible, any such traces 
there.'' 

"I perceived no such change in any of the countenances about me." 
Mr. Lieber speaks of the clouds to the east as being purple. 
Lieut . .Ashe says "the light is totally different from that of morning and evening." 
These phenomena strongly resembled those described by Mr. C. Piazzi Smith, the astronomer 

royal of Edinburg, in his account of observations made at Bue island, Norway, in July, during 
the total eclipse of 1851; and the whole appearance was exceedingly like that which lie has 
so finely delineated. (Edinburg .A8t. 01s., vol. XI, page 275, and flate No. 7.) 

(13 bis.) In connection with this accom1t of the diminution of ligllt, it may be mentioned 
that at 10/i. 8m., when the sun was yet partially eclipsed, the solar faculffi appeared with 
uncommon distinctness on a part of the sun in the ueighborhood of the moon, and towards the 
upper cusp, though still some distance from the sun's border. (First noticed by Lieut. Ashe, 
and then and later by all or nearly all the observers. See reports.) 

(14.) .Approach and departure of tlie dark shadow.-Acting Sailing-Master Platt, whose 
attention bad been particularly directed to these in the programme of phenomena to be looked 
for, saw the darkness advance from the west with a frightful rapidity, and then pass over. It 
appeared like a dark column or a very dark cloud. 

Mr. Nones speaks of the latter part of the shadow as being of a ''dark rose color, which 
could be traced in the valley below.'' 

The approach of the light following the shadow was very distinctly to be marked. 
(15.) Intensity ef light during the total obscuration if the sun.-Lieut. Ashe remarks that the 

degree of darkness was not so great as he would have imagined; he could see the remarks in 
his note·book without much difficulty. 

Dr. Barnard says: ''The darkness was not such as to incommode me in performing a!1Y 
ordinary work. I looked up the bay towards the north, and could have distinguished persons 
and boats at a great distance." Found that he could write with a pencil, and read what he had 
written with great facility: found no difficulty in reading his notes in any position. 

Prof. Venable found that in order to read a newspaper he was obliged to bring it within four 
inches of his eyes; much nearer than usual. 

Mr. Henry read a part of Dr. Hayes' Arctic Boat Journey with which he was not familiar, 
at a distance of six inches, and a much smaller type (about the size of that of which specimens 
a.re given by Mr. Nones in his report) at four inches di.stance. 
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At about this same distance he could distinguish the marks on t11e face of the chronometer. 
He used a lamp when calling the time by it. 

:Mr. Thompson read the fine print of which he has given a specimen at the distance of four 
inches; about half of that at which he usually reads; found it easier to i·ead in the midnight 
twilight in the harbor. (See his report.) 

Mr. Nones noticed tho distances at ·which he read the two specimens attaclrnd to his report 
as being ten and six inches, respectively. Purser's Steward Collins could bnt just discern 
from the 1;teamer' s deck the black tops of the mountains which surrounded him. 

(16.) The corona; its peci1liarities as to e'J.:terior outline, eccentricity, &c.-As already stated in 
the extract from the report of Dr. Barnard, nine-tenths of the sky was covered with clouds; in 
corniequence of this only one of the astronomers (Lieut. Ashe) caught a glimpse of any portion 
of the corona. 

Lieut. Ashe says that "at 27<. 5m. 32.s., (9h. 13m. 33. 2s., mean time,) the last spot of light 
vanished, and a bright halo surrounded that part of the moon that I was looking at; and at 
about 20° in the second quadrant I saw a white flame shooting up to a consideraLle distance." 
His standard of reference was the vertical. (See his sketch or figure 6, of Sketch No. 39.) 
He used no screen glass in observing the to1al immersion. 

'' A dense cloud now passed over the sun, and prevented any further observation being made 
until the emersion." 

Yet through an opening made in the clouds the corona was 8een on shipboard by the seamen 
at a position about three-quarters of a mile to the SW. of our station.* 

The report of Purser's Steward Collins states that "the size of the ring appeared to be 
about one-third as broad as the dark moon, and of a bright radiant color, emitting quivering 
and sparkling beams of ligl1t, but uneven in its size and intensity all around." 

A drawing was made with tho attempt to justify this de8cription. The same was corrected 
under the immediate inspection of Mr. Collins, who was very specific in his statements and 
corrections. He then showed it to those who had witnessed the phenomenon, and they insisted 
upon one or two amendments, with respect to which he was uncertain, and it was then pro­
nounced to be a very exact picture of what they remembered to have Reen. 

I consider it therefore to be a reliable representation of the appearance, as viewed without a 
telescope;+ and all the rather because the beam marked B, in the reduced copy, (Fig. 6, Sketch 
No. 39,) has the position (for direct vision) in which Lieut . .Ashe saw the white flame shooting 
up; and the eccentricity of the corona is manifested in the very direction in which it might 
have been anticipated, (if seen at all,) as we ·were in all probability somewhat to the south of 
the path of the central eclipse. 

(17.) Stars seen during ilre total immersion; also their color.-Lieut. Ashe Raw Capella Rhining 
brightly, but cannot aver that its color was red. 

Acting Sailing-Master Platt still continued to see Capella at about 9h. 20m., or 3k minutes 
after the first emersion of the sun's beams from the total eclipse. 

Mr. Thompson saw Capella shining with a bright white light. 
The report of the seamen speaks of four stars, one (which seems to have had the position of 

Venus) they all describe as appearing yellowish. 
M. Duchochois saw Castor, Pollux, Capella, Venus, and Jupiter. Capella appeared whif,e. 
(1'1 bis.) The proposed search for the intra-mercurial planet could not be conducted because 

of the clouds; nor could I examine the peculiar illumination of the planet Venus, as I had 
myself intended. 

0 About ae far on the other side of us, where I had stationed another observer to notice some of the phenomena, nothing 
could be seen, 1111 be wa.a in a shower of ra.la. 

t In this view several of my colleagues agree with me who witnessed the clearness and precision of the statements of Kr. 
Collins, and the eharacter of bis correctio1111. 
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Lieut. Comg. Murray saw a bright star in the comet-seeker immediately after the sun had 
vani,;hed; position uncertain. (Venus'?) 

(18.) Force ef the wind and character and direction ef the clouds, especially dm·ing tile total 
edipse.--An extract from Mr. Lieber's meteorological report. exhibits: 

'Time. 

h. m. 
8 13 
8 16 
8 20 
8 22 
s 23 
8 26 
8 2'.l 
8 33 
8 34 
8 il6 
8 40 
8 45 
8 50 
!) 06 
9 12 
9 15 
9 16 
9 17 
9 22 
9 25 
!! 31 
9 36 
9 45 
!J 49 
9 55 

10 00 
IO 16 

Wind, force of. Clouds, &c. 

, \V. l>y S. 7 ······-··--···---··----··i Clouds cumulus; fog on mountains 
' W. by S. 5 -····-···----·----------·' Cloude 8 cumulus; fog on mountains. 
I W. by S. 7 ------···--···----·------ Do. do. 
' W. by S ••• _ --- • - ••• --- .• - --- • ----.. Clouds as before; rain coming from W. 

~:: J_5·=~=======::::::::::::::::::' }shadows of clouds now appe~rand from eclipse. 
, W. by S. 7-8 .•••••••••••••••••••••. ; 8§ stratus N.; nimbus E. and W. 
'N,V. 6-11 ..••••.•... ---------·-·····' Cluuds 8; rain just north. 

N,V. 9 .•.•.•••••••••••••••••••••••. 
i NW. 6-8 ('lust~) •.•.•.. -·----····--·· Do. rlo. 
' NW. 5. -- ••• _ ••••. - - - • - • --- _. -----. Clouds 8; open in spaces over sky. 

NW.+-------·-·---·--·-··-··-----·' Clouds 71; thin on horizon, e~pecially to lhe N. 
NW. 4 .••.• ------------·-····------ Clouds 7~; sun not fully visible. 
NW. 3-4 .•• ---····-··--·---·------- Do. do. 
NW .••.. ------·--·--···--·····---· Sky very blue for here. 

~~ ~-=: ::: : :: : ::: ===: :: ::::::: :: : : : } Sky very gloomy; clouds to east purple; lightenlng again. 

\V. 3 •••••••••. ··-···-··-···· ••.••. , Same; much lighter. 
W ••••. ________ • ---· --· •••.. --· •.•. I Much lighteL 
\V. 5 ····--·---·----····--·----····'Nimbus clouds, with thin haze. 

~'.!I 48~~::::: :: : : ::: =:: ::: : : :: : : : : : } Over sky (Gi ; nimbus on high mountains to west. 
W. 8 _. __ • _. ___ •••• _ •• • • ••• • •• ••• • . Clouds G ; cumulus and nimbus. 
W. 3 ------···-·-------·----·------ i Clowl• 5; cumulus moving with winrl. 
W. 3 --·-···-···-··-·--·---------··' Do. do. 
W. 3---·-···----··----··--··-·---- ClcRring; thick fog in south. 
H SW. 2 ••••••••••••••••••••••••••• ., Clouds 7; thin min. 

------------
The wind was fresh for some time before the eclipse, and all the observers near our station 

agree in saying that the wind moderated and had arrived uearly at a lull at the time of greatest 
obscuration, in the midst of which a very sudden gust arose and almost as quickly ceased. 
(Sec the several appended reports of Mr. Thompson, Mr. Platt, and the seamen.) 

Chief Engineer French, however, who, at my request, observed on an eminence, found the 
wind invariably light and from the northwest. He was much more enveloped in clouds than 
ourselves, and could not trace the other phenomena. 

(Hl.) Effect on the temperature.-An inspection of the meteorological report hereto appended 
will show that there was little or no change of temperature during the eclipse. This has also 
been, in other instances, true, when the sun was not eclipsed, though our experience at our 
station has been limited. When a change did occur within the same hours of the day, the 
range amounted to from five to eight degrees. The rise of the thermometer may have been 
prevented on this occasion. 

From the observations of the quartermaster it appears that the thermometer, on ship-board, 
fell seven degrees and afterwards rose five degrees. 

(20.) Polarization ef the atmasphere.-Several observations of this phenomen-0n will be found 
detailed in the report of Professor Venable, who used Savart's polariscope. His closing 
remark is, "I do not think that any conclusions can be drawn from these observations, as 
to any effect of the eclipse on the polarization of the atmosphere, though no observations 
were made, in this respect, during the tot.al eclipse." 

The like conclusion has been drawn by Mr. Lieber from the observations specified in his 
report, though the intensity in the direction south seemed to be increased about the time of 
the total eclipse. The view was at all times more obstructed there than that in a.n opposite 
direct1on. Mr. Lieber used Arago's polariscope. 
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(21.) Electrical phenomena.-Peltier' s apparatus never gave any indications, though frequently 
tried on various occasions by several observers. 

(22.) Photographic impr~ssions of the sun when edipsed and wl1,en not eclip.~Pa.-The perfection 
and importance of these has already been alluded to, as well as some of the phenomena which 
they represent. The report of Mr. Duchochois and Mr. Thompson exhibits particulars with 
regard to times, &c., at which the impressions were taken, and is, withal, specific with respect 
to all the arrangements, as well aR the preparation of the plates. 

(23.) Jilffects on animals.-Six ducks which were on shipboard were observed to put their 
heads under their wings and otherwise arrange themselves for sleep as at the approach of night. 

But a bird of a species not recognized by mi, of great S\Yeetness of song, was distinctly 
heard at 9h. Gm. and 9h. l lm. 15s., and again about two minutes later, when the sun was totally 
eclipsed. 

The record of observations of Lieut. Comg. Murray is drawn from his notes, made at the 
time. Copies of the reports of other officers of the steamer, and that of Purser's Steward 
Collins, which is a synopsis of what the seamen observed, will all he found in their proper 
places. 

Meteoro'logical observations.-These have been systematically conducted under the immediate 
supervision of Prof. Venable, and have been maintained <luring both the voyages outward and 
and homeward, as well as the stations at which we stopped. The observations were made by 
Prof. Venable, Mr. Lieber~ and Mr. Henry, a distribution of labor having been made by them 
in accordance with rules agreed upon among themselves, subordinate to the directions furnished 
by Prof. Henry; and they have had occasional aid from some of the officers of the steamer. A 
copy of their report in full is annexed. 

Magnetic observations.-Appendod also is a copy of an abstract of the report of Mr. Good­
fellow, of the observations of himself and Mr. Walker, in which special reference is made to 
the effect of the eclipse. 

The magnetic observations were made in accordance with your own special instructions, and 
the report is therefore to yourself direct; and in like manner they will report in full. 

Repo1·ts or abstracts from them were called for while the phenomena were yet fresh in the 
recollection of the observers, and a brief synopsis of the observations and some of their 
results was inserted in a bottle and buried near the tide station nuder a cairn, in accordance 
with the plan heretofore made known t-0 you. The paper was signed by myself in character 
of astronomer in charge of the expedition, and countersigned by Lieut. Comg. Murray, who 
also made a similar deposit, under the same cairn, of a chart of the harbor. 

My own account contained a statement of the reasons why the bottle was deposited, and 
Lieut. Comg. Murray gave directions to the finder of the bottles as to the disposal of their 
contents. 

It remains but that I should acknowledge on my own behalf and that of my associates our 
special obligations to Lieut. Comg. Murray for his hearty co-operation in our observations and 
all that could promote them, his persevering kindness in promoting, in otlier respects, our 
comfort and convenience, and our sense of obligation for his prudence and forethought in the 
midst of a navigation and of weather sometimes eminently hazardous. 

We would also speak in terms of high commendation of the skill, zeal, and devotion, within 
his own sphere, of Acting Sailing-Master Platt, especially under the circumstances to which 
we have already adverted; also of the aid we have derived from the ingenuity and skill of the 
chief engineer, :M:r. French, and of the ready co-operation of the other officers, whose obser­
vations, and even those of the sea.men, we have found to be valuable. 

I am, sir, very respectfully, your obedient servant, 

NEWPORT, Rhode IslmuJ,, .August 7, 1860. 
32 c 

STEPHEN ALEXANDER. 
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Observations on the total eclipse qf the s1tn qf JUly 18, 1860, made at the camp qf il1e Labrador 
expedition, Aulezavik island. by F. A. P. Barnmd. 

My observations were made by the aid of a 45-inch telescope, of three inches aperture, 
constructed by Utzschneider and Fraunhofor, belonging to Columbia College, New York. 

In accordance with my instructions, I looked most carefully for any evidence of the approach 
of the moon's limb to the sun before the actual contact, varying my darkening glasses for the 
purpose. 

I could discover no trace of the border of the moon until her actual encroachment upon the 
sun's bright disc made it manifest. I am satisfied, l10wever, that this negative result is no 
sufficient evidence that, with different arrangement;;;, the limb might not be earlier visible. 
With slightly colored glasses, the radiance of the sun itself dazzles the eye_; and with shade::; 
sufficiently deep to subdue this brigbtnes1>; a conclusive observation on this point appears to be 
impossible. A telescope, with an opaque disc at the focus just large enough to intercept the 
sun's light, might allow observation without a Rhade; and, with such an arrangement, it is not 
impossible that the limb of the moon might be seen projected on the supposed atmospheric 
envelope of the sun. -

First conta.ct ef limbs.-The moment I was absolutely certain of a contact between the two 
bodies I noted the time, which, by the standard chronometer,* wtts lh. Om. lls. ] ought to 
observe, however, that I perceived the contact before 1 was sure enough of its reality to make 
a note of it; and, according to my judgment, about 3s. had elapsed after I suspected it before 
I was sure of it. 

Tho effect of unequal refraction, in giving a wavy outline to the entire disc of the sun, 
contributed to this uncertainty. 

Spots, immersion, &c.-As the eclipse advanced, clouds continually drifting .over the sun 
very much interrupted observation. 

I bad prepared in advance a map of th~ spots on the solar disc, made without instrumental 
measurement, but sufficiently exact to serve as a guide in the observation of their immersions 
and emersions. Only three immersions, however, were observable by me, and these occurred 
in a group of spots near to the centre of the sun, at the times, by standard chronometer, as 
follows: 

1st······ · · · · · · · · ·. · · · · · · · · · · · · · · · · · · · · · · · 
2d ...................••••.........•...... 
3d ...................................... . 

lh. 53m. 29s. 
lh. 53m. 52s. 
lh. 54m. 7s. 

Emersion qf s_pols.-The emersions of the spots were more generally observable than the 
immen1ions. Still, it was not possible to secure all; and some which, perhaps, might bave 
been secured, I lost by having my attention directed at the time to other parts of the moon's 
limb. A very large spot or group of spots in the northwest quadrant (southeast in the tele· 
scope) was first recognized at 21i. 2lm. 43s., and its last border came into view at 2h. 22m. 25s. 
Other spots appeared as follows: 

2h. 29m. 7s. 2h. 58m. 47s. 3h. 2m. 47s. 
2h. 5 lm. 22s. 3/i. Om. 12s. 

Total immersion and emersion ef the sun.-The total immersion of the sun occurred at 2h. 5m. 
28s. It was observed through a veil of clouds not sufficiently dense to cut off the direct rays 
of the sun, but quite enough so to render any subsequent phenomena invisible until after the 
emersion had taken place. 

Fading of the sunliyld.-The eclipse had not. far advanced before the diminished brigntriess 
of the solar light became very obvious. Except for the floating clouds, the atmosphere was 

"' Bond & Son, 177, is here referred to, and in the other report• of the aetronomera. 
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clear, and before the eclipse began we had the cheerful and vigorous brightness of a summer 
day. From this, the first marked appearance of cha11ge was the war:;i11g of this brilliancy into 
something like the feeble and ineffectual radiance so noticeable occasionally in the winter days 
of New England. After this the daylight took on a more lurid charncter; the landscape 
appeared dull and cheerless; yet I could not perceive any change in the tints of the objects 
near at hand. The sky was very beautiful. At lh. 30m. I wa8 very much struck: with the 
intense blue of the sky immediately overhead, and also in the intervals of the clouds in the 
vicinity of the sun. The clouds themselves being fleecy and thi~1, presented a vast variety of 
fantastic forms of the intensest and purest white; !\,nd these, 1)y their strong contraRt, 1wought 
out the deep tint of the sky more strikingly. 

At the hour just named the clouds covered about nine-tenths of the Leavens. .At 2/i., just 
before the total immersion, I once more noticed the tint of the uncovered sky, and found it;;. 
darkness greatly increased. It was still purely blue, but with a depth of azure almost equal 
to that of the ocean. 

Appearances during total obscuralion.-The hst direct ray of the sun having been cut off 
while that body was too deeply enshrouded in cloud" to be visible, I withdrew my eye from the 
telescope with a feeling of deep disappointment, and gave my attention to surrounding things. 
The darkness was not such as to incommode me in performing any ordinary work. I looked 
up the bay, towards the north, and could have distinguished perl'lons or boats at a great dis· 
tance. .After look:iug all about me, I took up my note-book and wrote these lines: 

"During the total obscuration the horizon presented the appearance of twilight; in the north, 
especially, it was red. 

''Countenances were not ghastly. 
"Could read and write with pencil with facility." 
Presently after, perceiving that Mr. Henry ·was availing himself of the assistance of a lamp 

to observe the chronometer, I took up my book again and read rny pencil notes, in order tlrnt 
I might be quite sure of the correctness of my statement. I found no difficulty whatever in 
reading them in any position. 

The redness of the horizon was remarkable in the north, chiefly. perhaps, because the north 
was the only point of the compass which furnished a horizon down to the sea. Looking in 
that direction, the appearance presented was very like what we observe here uightly at about 
11 o'clock. It is, however, to be remarked that the obscuration of the greater part of the 
heavens, and particularly of the region of the sun, by clouds, contributed to the remarkable 
resemblauce between this light and twilight. In the northern horizon there happened to be a 
few clouds. 

But while the aspect of the lower heavens had so strong a sim'Jarity to the ordinary appear­
ances of twilight, it cannot be said that the general a8pect of nature, or the kind of illumina­
tion that prevailed, was devoid of a certain singularity which it is difficult to describe, and 
which I have never witnessed under other circumstances. It was on this account that, remem· 
bering the statements which have been made of the funereal gloom and death-like pallor 
observed in similar moments before, I looked rnrefully into the faces of those who were nearest 
to me, in order to detect, if possible, any such traces there. 

The result of this observation I recorded at the time in the brief note above quoted. I 
perceived no such change in any of the countenances ab: ut me. 

Appearance cf the moon's limb during the partial eclipse.-The outline of the moon, as projected 
on the sun, was by no means reguiar. The most remarkable irregularities were observed on 
the (apparent.) upper portion of the oufline. As the crescent grew narrower these irregulari­
ties became more noticeable, in contrast, with the clear, well-defined outline of tbe sun's adja­
cent border-. 

Breaking up of tlie crescent before tqtal obscuration.-Whcn the bright crescent of the sun 
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remaining·uneclipscd bad been reduced to an exceedingly narrow line of light, it broke up into 
several portions. The phenomenon ·was so quickly over that I had not time to count them. 
These were more towards the upper cusp (the actual south cusp) than towards the other 
extremity. I saw no long black lines seeming to divide or cross the crescent, while the breadth 
still remained sufficient to mark them as lines. 

Had I never heard or read any discussion of this phenomenon I should have inferred that 
the breaking up was owing simply to the irregularities of the moon's limb, which already had 
been so distinctly seen, rendered more striking iu the impression produced by them by the 
effect of irradiation dilating the still unobscmred portions of the sun's edge up to the latest 
moment. 

Fincil contact.-The final contact of the two limbs was observed by me at 3h. 17m. 2s. time 
of the standard (Bond) chronometer. I watched, after the contact, for any remaining trace of 
the moon's margin, but could observe none. 

I at no time saw auy of the lunar spots, or any appearance indicative of the presence of the 
body, except its effect. in cutting off the light of the sun. 

Owing to the interposition of clouds during the entire period of total obscuration, the mat­
ters on which I had been most especially charged to observe and report--viz: the appearance 
of the corona; its dimensions; the red or violet clouds usually seen in it; their positfons, forms, 
growth, or diminution; and other analogous matters-were altogether unobservable. 

Respectfully, &c., 
F. A. P. BARNARD. 

Report of Lieztt. E. D. Ashe, R. N., diredor of the observatory, Quebec, on the s&ar edipse of 
July 18, 1860, al Au.lezavik, Labrador. 

Wind from NW., blowing in gusts; large masses of clouds passing from the NW., with clear 
openings. 

My telescope was by Bolland, of 42 inches focus, with an aperture of 3~ inches; the power 
was about 40, and the color of the shade was light orange. It was mounted upon a tripod, 
having a rack and pinion motion, and was so placed that by only moving it in right angles I 
could keep the object in the centre of the field. 

I was comfortably seated, and was intently looking at the point of contact, when, at lh. Om. 56s., * 
the dark edge of the moon was seen upon the sun's surface. I must confess that, nothwith­
standing that I had promised t-0 keep myself quite calm and collected, I was so starUed by the 
phenomenon that I am doubtful of the time to two seconds. 

There did not appear to be any disturbance of the sun's limb before contact, and the moon's 
limb also approached the spots in the sun without any attraction or Npulsion. The time of 
passing 8everal was noted with accuracy. 

About eight minutes before the total eclipse I removed the colored screen from the eye­
piece, and as there was a light thin cloud over the sun, I could look steadily on the bright part 
without protection to the eye. At this time I looked around upon several objects that were 
before brightly illuminated by the sun; but now a great change had taken place. A gloomy, 
unearthly light fell upon all objects, impressing me with the idea that some fearful calamity 
was about to happen; and I can well imagine that armies eugaged in deadly strife would lay 
down their arms when nature cast so gha.st.ly a light upon the batUe field. 

When the bright crescent was reduced to a thin line of light, it was a beantiful object to 
behold, extending about 130 degrees around the edge of the moon. Shortly afterwards it broke 

o Probably 6' , instead of !>G1. 
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np into fragments, which appeared to swim from the centre towards the cusps. At 2h. 5m. 328. 
the last speck of light vanished, and a bright halo surrounded the part of the moon that I was 
looking at, and at about 20 degrees in the second quadrant I saw a white flame shooting up to 
a considerable distance. 

A dense cloud now passed over the sky and sun, and prevented any further observations 
being made until the emersion, the time of which was noted at 2h. Sm. 39s. 

At the time of the total eclipse, the wind, which had been blowing in gusts, now fell, and a 
death-like stillness prevail.:id. A little solitary bird poured forth a melancholy song, and then 
the stillness appeared even greater than before. 

Between the clouds I saw Capella shining brightly with her natural light. 
The darkness was not so great as I imagined it would be; I could see the remarks in my 

note-book without much difficulty. The light is totally different from that of morning or 
evening. 

The cusps were well defined, both during the immersion and emersion, except at 2h. 25m. 54s., 
when the lower cusp appeared to be broken off, instead of coming to a point. I could follow 
the edge of the moon off the sun three or four degrees. 

The faculre on the sun's surface, around the edge of the moon, at the last part of the emer­
sion, were very distinctly seen, (Figure 7, sketch No. 39.) Two high mountains in the moon 
were seen at the immersion, just under the upper cusp. 

I have spoken of the phenomena as seen through an inverting telescope, and a vertical 
and horizontal line supposed to be drawn on the snrface of the sun. 

First contact . · .. · · . . . .. · · · · · · · · · · · · · · · · · · · . · · . · · · · · · · · · · 
.A, bylstlimb······ ·········· ···· ····-·····-·-· 
B, by 2d limb . · · · · . · · · .. · . . . . . . . · . . . .. · . · ..... . 

Total eclipse • • . • . . . . . . . . . • . . • . . . . . . . . . • . . . . . . ...•...•... 
a, by 2d limb, (centre) .•........................ 
D, flattening of lower cusp· .................. - .•. 

Last C011.iact •. • . • • . . . • . • • · • • • • • · · • . - • • · • • · • · · · · · · • · • · · · • · 
F, emersion · · .......... - ...................... . 
E, white flame. 
/, halo. 

h. 

1 

2 

3 
2 

Report of Prof. A. W. Smith---0:lipse cf July 18, 1860. 

m. 3. 

00 56* 
54 09 
54 32 

5 32 
2l • C) 

i).., 

25 50 

17 01 
8 39 

ECLIPSE STATION, .Aul.ezavik island, July 20, 1860. 
81&: I herewith submit a report of the observations made by myself during the solar eclipse 

of the 18th instant at our station on the coast of Labrador. 
The telescope used by me belongs to the United States Naval Academy at Annapolis, Md., 

and was loaned to·Prof. Bache for the purposes of the expedition. From this circumstance, I 
suppose, it was assigned to myself on this occasion. It wae made by Piossl, of Vienna; has 
an object glass of about three inches aperture and thirty-eight inches focal distance. There 
were eight eye-pieces, one with a position micromet.er, which, however, was out of order. 
After trying the different powers upon the sun the day before, I decided to use the lowest, in 
order to bring the whole disc of the eun into the field at once. The telescope is equatorially 
mounted, and was roughly adjusted, so as to keep the sun in the field during tho eclipse while 
clamped in declination. I found, howeve1·, while observing the eclipse, a perceptible want of 
achro1na.tism on the borders of the field, and the tangent screw being too fine t-0 enable me 

o Probably Ga , instead of 561. 
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to bring all parts of the suu' s disc into the centre of the field with the needful despatch, I 
unclamped the declination circle. 

The screen used at every recorded observation gave a white image of the sun. At your 
suggestion, I used an angular eye-piece, which I found generally much more convenient, as 
the instrument was placed quite low; but the use of this eye-piece made it much more difficult 
to recover the sun, when, during concealment by a cloud, it pai:<sed out of the field, or was 
thrown out by accident, which was the case in one or two instances. 

1. The first contact of the moon with the sun was observed at lh. Om. 14.5s., but the• 
indentation, when first detected, was so large as to jndieate that actual contact. occurred some 
seconds earlier. I could not discover the moon before contact, though I .scrutinized intently 
for it. 

2. A bright but narrow band of deep yellow was seen soon after the moon's limb entered 
upon the sun's disc, and was visible, or was seen, till the moon approach·ed the large dark 
spot on the sun. It" may have continued longer visible, but my attention was not subsequently 
directed to it. This was not the effect of chromatic aberration, as the whole band was made 
to pass near the centre of the field, and was separated from the white light of the sun by a 
distinctly seen dark line. 

3. Contact of moon's limb with the penumbra of the large spot, about lh. 12m. 35s., but 
vision was indistinct on account of a cloud. 

4. At lh. 52m. noticed the lm,.,·er cusp slightly distorted or curved inwards towards the 
moon. 

5. At lh. 53m. 33s. contact with sm:i.11 spot in the (apparent) SW. quadrant, (actual SE.) 
.At lh. 53m. 47s. spot totally obscured; at Ili. 5Brn. 57s. contact ·with a second small spot; at 
lh. 54m. 4s. contact with lower one of the group. 

6. At ih. 57m. the concavity of the lower portion of the crescent appeared irregular. It 
was indented in two places, and at lli. 58m. another indentation was discovered still further 
up, the latter being about twice as far from the extremity of the cusp as the second of the 
preceding ones. At this time a bird was heard to sing. 

7. At 2h. lm. a narrow red line or band was seen skirting the moon's border and apparently 
on the moon's surface. At 2h. 4m., (I find an entry was made on my note-book, under this 
date, simply of '' blee flasheR, '' but I am unable to recall or locate them.) 

8. At 2h. 4in. 4ls. dark lines 1tppeared, dividing the upper portion of the fine silvery line 
of the sun's disc, giving to it a fragmentary appearance; the lower portion was indistinct, 
being partially concealed by a cbud. 

9. The last recognition of any portion of the sun's disc was at 2h. 5m. 27s. Whether the 
disappearance was that of total obscuration or was occaRioned by the increased density of the 
intervening cloud I could not decide. 

IO. The ernersion was not seen, either because of the cloud or because the jmage was thrown 
out of the field, and, using an angular eye-piece, I was not able to recover it in time. 

11. The large spot was not seen till 2h. 2lm. 51s. At 2h. 25m. 55s. the upper cusp appeared 
cut off or rounded. 

12. At 2h. 28m. 168. the moon presented, more distinctly than at any other time before, the 
appearance of a hemisphere and the definition of all portions of the phenomenon more perfect, 
as if seen through the most perfectly transparent atmosphere. At this time a blue band of 
considerable breadth surrounded that portion of the moon which covered the sun. This band 
appeared to be made of radiations of blue light of different degrees of intensity in a direction 
perpendicular to the sun's surface. It was bounded by a well-defined line on the moon's 
surface. I was instantly reminded of the "mirage," so frequently witnessed on our voyage 
to this plaee, in which the horizon appeared to be skirted by a blue sea-wall. The resemblauce 
to an unbroken sheet of water (varying in thickness or irregular in surface, so as-to vary the 
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shading) falling over a mill-dam also occurred to me. At the base, where it was 10 contact 
with the sun, was a very narrow band or line of yellow light, as noted in No. 2. 

13 . .At 2h. 32m. the upper cusp appeared bifurcated, one of the divisions being prolonged 
beyond the other. 

14 . .At 2h. 35m. 43s. a bluish light was seen to flash around the lower limb of the moon 
from tlie sun's disc, having a curvature the same as that of the moon, seeming, for the 
moment, to reveal the border of the ml)on beyond the sun's disc. 

15 . .At 2h. 55m. :flashes of yellow light appeared to stream up from the moon on to the sun; 
subsequently they were perceived to be faculre on the sun's disc. 

16. At 3h. Im. another spot appeared. 
17. The last appearance of the moon's limb was at 3h. 17m. ls. It was probably concealed 

from view by a cloud, and passing out of the field I was not, from the character of the ini;tru­
ment and the circumstance that it was not in accurate adjustment, able to recover it before 
the end. 

Of the phenomena specified in the list, to which my attention was specifically called by you, 
I have referred in the foregoing, with one exception, to those only which were actually seen. 
During the entire period of the eclipse I did not, more than once or twice, turn my eyes in 
the actual direction of the sun, being anxious that nothing which the telescope might reveal 
should escape me, and therefore can report nothing of the general appearances to unassisted 
vision. 

I regret that I have not the means at hand of illustrating by diagrams some of the foregoing 
observations, especially those attended by color. 

Respectfully submitted. 
Your obedient servant, 

AUG. W. SMITH. 
Prof. S. ALEXANDER, 

In charge qf U. S. asfronomical expedition. 

Report if Pref. O. S. Venable on the totril eclipse ef July 18, 1860. 

At Ih. Om. 15s. saw the first contact, the moon's rough edge just on the edge of the sun. 
At 7m. 9s. observed some distortion of the upper cusp. The observations were made with a 
screen of green glass. At this time, and several times during the observations, I thought the 
portion of the sun around the moon's edge brighter than the rest, but could not, with my 
telescope, distinguish it as a bright band around the moon's edge. 

At l31n. 27s. saw the large spot (marked in the diagram) submerged without any peculiar 
appearance. I now devoted a short interval to the observation of the polarization of the 
atmosphere, the results of which I have stated below. 

At 4lm. noticed the rapid darkening of the labdscape, and the beautiful tints of the cloud 
shadows on the mountains on the opposite side of the bay. At 51m. again observed a distortion 
of the upper cusp. 

The lower of the two spots of second magnitude marked on the diagram began to be sub­
merged at 53m. 19s. and the upper one at 53ni. 578., without any accompanying and peculiar 
phenomenon. At 54:m. 24s. the upper one entirely covered. At 56m. 5s. noticed the edge of 
the moon rougher a.t the upper cusp. At 59m. the blue-green tints of the cloud shadows and 
of the mountains very beautiful. 

At -m. 58s. the distortion of the upper cusp much greater, and at 59m. 17s. observed the 
foI"mation of a bead at the upper cusp; saw two or three form. The clouds now interfered to 
such an e:x.t.ent· that it was only at intervals that I could catch glimpses of the decreasing 
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crescent, and I made no observation of the peculiar phenomena which could be relied on. 
Just before the total eclipse I looked up from the telescope in despair at the sky, and saw the 
last drop of the crescent flashing and twinkling like a bright and beautiful star through an 
opening in the clouds, then suddenly extinguished at 211. 5m. 29s. 

At 7m. 58s. could read the advertisement print of an ordinary newspaper at four inches 
distance, or, to speak more accurately, I was compelled to bring my eyes much closer to the 
paper to read it than on ordinary occasions. 

Observed the reappearance of the large spot at 2h. 21m. 53s. Saw a bluntness of the upper 
cusp at 25m. 50s. 

About this time observed, with green glasses, the two long bright lines across the sun's 
disc, which appeared to come from the moon's border. They were very bright faculre. I 
observed the time of last contact to be 3h. 17 m. ls. I did not fix the position (by the lines) 
of the first contact, but by recollection I mako it a little more than 45° from the vertex. I 
estimated the position of the last contact at about 48°, or 50° from the opposite vertex. 

With regard to what was specially assigned to me in your programme, viz: the corona and 
roseate clouds, I have to state that the clouds prevented all observation of them. 

The positions of the spots before the eclipse were determined both by Prof. Barnard and 
myself. 

At frequent intervals during the eclipse I made observations on the polarization of the 
atmosphere with Savart' s polariscope. At lh. 19m. hardly any perceptible polarization within 
30° of the sun. Maximum was near the horizon, between N. and NE. ; also very strong in 
SW. At Ih. 34m. no material change; stronger, perhaps, in NW., commencing above the 
horizon, at about 35 or 40 degrees from the sun. At 56m. max., in east. At 2h. 14s. noticed 
a diminution of polarization in SW. In NW. strong, and in N. and NE. same as at first 
observation. At 2h. 3lm. polarization max. in NW. and NE. I do not think that any con· 
clusion can be drawn from these observations as to any effect of the eclipse on the polari­
zation of the atmosphere, though no observations were made in this respect during the total 
eclipse, as I was anxiously looking each instant for the clouds to pass over so that I could 
observe the corona and the accompanying phenomena. 

On tl1e afternoon of the 18th, in connection with Dr. Barnard and Mr. Lieber, I made the simul­
taneous barometric observations for the determination of the height of our station above the 
sea level, as well as of two of the peaks of the mountain chain at whose base we were anchored. 
From these observations I ascertained the height of the station to be 110 feet, and of the 
peaks to be, respectively, 1, 729 and 2, 150 feet above the level of the sea. For the highest of 
these peaks, which is on the northern point of Aulezavik island, overlooking the sea and the 
harbor (Sketch 38) in which the vessel was anchored, I have the honor, in connection with 
Com. Murray and Mr. Lieber, to propose the name of Mount Bache. 

C. S. VENABLE. 

[Extracts from the detailed report of Prof. Venable.) 

''_Earth temperature8, (Aulezavik.) 

"In boring the earth for the burial of the bottles of water according to instructions, I could 
not get the depths therein required. At a depth of three or four feet I either met with 
rocks which required t.he pickaxe, or a soft caving mud. I buried three bottles, which gave 
the following temperatures: 

''Depth two feet, (wet,) temperature 40°. 
:: Depth two and a half feet, {wet,) temperature 40°. 

Depth three feet, (dryer,) temperature 43°.9. 
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''These holes were bored around the meteorological station, 110 feet above the sea level. 
''I tested the temperature of nine springs which had their source doubtless in the winter's 

snows. There was very little snow to be seen on the mountain side from which they sprung. 
They had different elevations, varying from 500 to 100 feet above the sea level. The following 
temperatures were obtained: 39°, 35°, 35~0 , 37°, 39°, 40°, 41°, 37i0 • One pond gave 46°, 
and two small streams at a short distance from their sources gave 45° each." 

''.Atmospheric elecfric:i"ty. 

"For these observations, through tho kindness and skill of Mr. French, chief engineer of 
the Bibb, an instrument was made by which I was enabled to elevate the ball to a height of 
twenty-two feet above the earth's surface. This was done by moans of a pole running in a 
long groove, and elevated by a small pulley. I made repeated trials with the apparatus, using 
both the small reel with the covered wire, and subsequently the lever insulator, with wire and 
handle, but obtained no indications of electric action. The weather was not at any time very 
favorable, due to the winds and moisture. The experiments were made repeatedly on different 
dayf1 by myself alone, and then with Prof. Barnard, and subsequently by Mr. W. A. Henry, 
when the electrometers exhibited a very considerable degree of sensitiveness, and still there 
were no perceptible indications of electricity on application of the ball." 

'' Irebergs, snow, &c. 

"On July 6, in the morning, saw first small iceberg, and small masses of broken ice floating 
about. Saw first snow on the mountains of Labrador. This was in the straits of Belle Isle. 
From this point to Aulezavik icebergs were coni;tantly in view, and snow in patches along the 
whole line of coast mountains, in many places down to the water's edge. I record below 
several notes made on different days. 

"July 7, 8.30 p. m., thirty-four icebergs in sight, varying from thirty to two or three 
hundred feet in height, and from fifty to two or three hundred feet in length. 

"July ,12, 7A p. m., ten icebergs in view; very large. The estimates of their magnitude 
very various. Off Port Manvers the most massive one was i;;een, six or seven hundred feet 
Ion~, and one hundred to one hundred and fifty feet high. Much higher estimates than this 
were made by m~ny. I had one or two opportunities of experimenting on theE>e large icebergs 
with the minimum radiation thermometers. They produced no effect at a distance of several 
hundred yards. From the top of Mount Bache, at the head of Aulezavik harbor, Mr. Lieber 
and I saw thirty-six icebergs to the south and east of the mountain, and to the northeast a 
field of ice many miles in extent. I observed the same field the day afterwards from one of 
the mountains on the main land on the opposite side of the harbor. The advance guard of 
this ice field consisting of hundreds of comparatively small lumps projecting fifteen or twenty 
feet above the surface of the ocean. On the return voyage there were still a great many ice· 
bergs visible. Many, however, had disappeared, broken to pieces most probably by the gale 
of the 22d and 23d of July. There was much more floating ice than on the upwa1d voyage. 
There were several slight showers of snow and hail at Aulezavik, as reported in the journal, 
besides the storm of the 22d. Some few flakee fell on the mountain top on the evening of 
the 18th, and in the gale of the 22d and 23d the mountains were covered down to the water's 
edge. We had no opportunity of testing its depth, as we were very effectually confined on 
shipboard. This newly fallen snow was visible between two and three hundred miles south of 
.A.ulezavik, on the sides of the coast mountains. 

"On an island off the coast near the harbor of Nain, Mr. Lieber found a specimen of red 
snow, which was examined b~ Prof. Barnard with the microscope. The red spores of the 

fungus were very prettily exhibited. .Another specimen of this snow was found by Prof. 
Barnard on the mainland north of Aulezavik harbor. 

33 c 
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'' Mirage and other phenomena. 

''There were many instances of mirage during the voyage. Inversions of vessels in tlie 
offing changing contour and elevation of coast Jines. In my notes I have remarked one or two 
of tliese days. 

"July 1, off Halifax; vessel inverted in the horizon. 
"July 7; a day of grand mirage. Coast lines varying fantastically each moment. Icebergs 

lifted in the clouds and inverted. In one case an iceberg seen on three levels. Cannot speak 
positively of any evidence of lateral refraction. 

"July 8; continuation of same. Tops of icebergs lengthened and pointed. One image of 
iceberg seen for nearly half an hour suspended in stratum of clouds which skirted the horizon, 
the base being far above the horizon. 

''Rainbow. 

''On the top of the peak above thl' meteorological camp were seen by Mr. Lieber and 
myself three rainbows, as represented in Figure 8, (of Sketch No. 39.) First, the ordinary 
bow; then one concentric with this, and having the colors of the spectrum arranged similarly 
with the first. The mountain side prevented a second contact or cutting of these two bows. 
Concentric with tbe first came the ordinary secondary bow, with the colors in inverted order. 
All of these were very bright, the second one not so bright as the other two. 

"Auroras. 

•'Saturday, June 30: aurora, first appearance 8.45 p. m., and continued several hours; base 
of ar;h extended from Gemini, in west, about 120°, having vertex nearly under Polaris. At 11 
p. m. sent streamers up to zenith over Arcturus on one side, and a Aquilre on the other. The 
arch was of pale sulphur color, the streamers varying to bright red. 

"Sunday, July 1: auroral arch of nearly the same dimen!'lions-not so distinctly defined sent 
rays nearly to zenith. Arch of pale sulphur color. Rays varying at times to bright red. 

"Monday, July 2: aurora observed at 8 p. m.; continued with various changes to 12 p. m. 
or later. Arch of nearly the same positions and dimensions as the preceding, but not entirely 
filled out nor so distinctly defined. Rays on both sides of centre, and immediately through the 
ceutre of arch to zenith. Rays varying in color from pale sulphur color to bright red . 

. "WedneE'day, July 4: aurora observed at 9! p. m. Vertex of arch 70° from horizon-formed 
in south. Beams having a dome-like structure. A.rch dense, and of sulphur color. Partia[ 
corona formed two or three times; most imposing at 11 o'clock. Red rays very beautifully 
intermingled with the pale yellow at different times, and giving, as in the other auroras, more 
distinct polarization. Most beautiful beams in the northeast. 

"July 8: aurora observed at 11 o'clock. Streamed up from NW., between Arcturus and 
tail of Ursa Major, flowing up, as it seemed, in the constant continuous vibrations of bright 
waving changing colors, varying from pale straw color through deep sulphur and bright red. 
These irregular beams streamed up beyond zenith, circled around a Lyrro down so far as a 
Aquilre, including in its feathery, flowing curtain-like folds Ursre Minor, sometimes Cassiopeia, 
Cygnus, and Draco; these folds changing form and position most fitfully. At times a perfect 
spiral, then irregular waves. There was now and then columnar structure, and once au arch 
extending from NW·. point under Arcturus to corresponding NE. point of horizon (SE. of 
const., Cassiopeia.) · 

"July 11: observed at 11.30 p. m. A. corona formed at a quarter to twelve on the wing of 
Cygnus, south, beams radiating to all points of compass; oorona disappeared and reappeared 
several times; sometimes an imperfect one, like an open fan in appearance. 'Bright sulph'lll", 
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yellow, and red-colored cloud beams in south at various points. Observed the phenomena 
until half past twelve. Once appeared in the form of two bright wing,;, extending from the 
corona point in Cygnus, nearly along the meridian, anrl almost to the horizon on either side, 
t<jpering graduall,y from zenith to horizon. The color of these alrnosl white-strongly con· 
trasted by dark portions in various points of the he,1vens. The reddish clouds showed i>tronger 
polarization than the pale. The dark portions gave the strongeRt. polarization. 

"July 12: a slight brush observed in south at 10~ p. m. A low arch formed at 11.15-
vertex under Capella. Arch very pale, and indistinctly defined. 

"July 16: distinct flasliing of auroral beams in NE. at 8 p. m. Sun behind mountain on 
opposite side of bay, ( Aulezavik.) These beams vibrated and flashed up nearly to the zenith. 
Sky very much overcast afterwards during the night. 

"July 17: slight exhibition of auroral beams at 11 p. m. 
"July 25: aurora reported at 12 o'clock. Arch formed in southern sky. 
"July 29: aurora at half-past nine first observed. Corona half formed once or t\•:ice, giving 

another exhibition of the fan-like structure, and once the waving, irregular, and curtain-like 
form, at times as!'uming the appearance of the two great wings, neaTly from zenith to horizon, 
across the meridian. 

''August 1 : aurora reported. Corona formed at 2 o'clock a. m. ; arch-base extending from 
point of horizon SW. of Arcturus to point little SE. of Casi>iopeia. Bright beams in the 
southern l'ky. 

''August 2: aurora. A slight brush of auroral cloud at 8~ p. m. 
"August 6: aurora visible from 9 o' cluck p. m. until 3~ or 4 a. m. of 7th. Arch formed early­

about 80° base in northern sky-vertex under Polari:o 20° from horizon. Bright sulphur­
colored beams varying in position visible all night, arch changed to irregular waving curtain 
line. At times beautifully red, especially towards zenith. At midnight, and after, very 
bright. At 2.20 a. m. observed the effects on prepared sulph. quin. paper-exhibited a 
decided phosphorescent glow." 
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MeleOTclogiral obstrvatiom made during tk hou1'1 rort'Mpmu!ing to the ec:lip3e at Aulaavikfrom July 14 to July 23. 

FROH TH& REPORT OF PROFESSOR VENABLE. 

Time. 

I ~ Psychrometer.1 Wind. Cloud. 

BnrometeJ.

1 

~ I I 1 I " 
1 

~ I Dry. / Wet. I Force. I lmectton. Amn11nt.1 Sort. ! ~ 
_l860. I' I>lch~s. 1--· 1·-. 1

1

-.--1 I I I ' 
Jnlyl4-1a.m .......... ll9.18 18 3et 36 0 1···· ............ O J·· ..................................... ! ....... . 

~:::::::::::::1·· .. ~:~; .. ·1· .. ~~· .. 1 !~ I ~: ~ 1:::::::::::::::: ot 1·~1~;;.·~~~~~;~~-:~·~:~~~~::::::::::::j·~···~~ 
JO a.m........... 29.6"7 I 65 j 48 1 46 o ................ 

1 

.... . 

July 15~~ :: :::::::::::! ::~ i ~; i ... ~~ ... 1 
41 l~ i·;.;;..::·~~-\~::::'11 JO ::~~~:b~~~:~~:~~~·::::::::::::::::::·::::: :::::::: 

8 am .......... i 29.-025 i 47 i as I' 37 JO I NW. by w.... JO 1 ........................................ 1 .... .. 

9 a. m .......... ! 29.34 I 44 J :ni 36 JO !It u f NW. by W ""J JO j Nimbus ............................... 
1
1 9 

10 a. m .......... i 211.425 47t ' 3\l 36j JO& H 1 NW .......... 1 9i 'Nimbus, and fog in NW ............... . 

II a.m .......... 1 29.44 44 l

1

, 40 I 37 11 N ............. / 9 Nim.andcum ......................... 1 ...... .. 

Julyl6-7a.m .......... ) 29.72 56 ,I 5<l I 43 4 W.NW ........ I.. Cir.cum.chie!lyonh..-iz.on ............ I ...... .. 
8 a. m .......... ! 58 ~Si I 44t 5 \ll,NW. • • ••• • Q Cir. -cum. strnt. chi~1'y on horizon ............... . 

l~:::::::::::::i"""" ... ~~'"i :: i :~: : ~:~:.:::::: ::::::::::: ::::::::::::::::::::::::::/.~::::: 
lla.m ........... f 69 / l Cir.strat.onhorizon ................ H ........... . 

July 17-7 a. m .......... 
1
1 :.t7f 1 10 Fog rising; apparently clearing; motion ........ . 

29.388 

10 a. ru .•.•.••••• 
::::::::::::::11 

11 a. m.......... lW :l07 

July 18-7 a. m .......... 
1 

29.421 
7 , ~."~ ,a.m ......... / ~·~ 

9k. 6m.. n..m •.•. : 
10 a. 1n •••••••.• 

29.43B 

29.444 

July 19-7 a. m ................... .. 

8 a. m •••. , ............. . 
Y.JO a. m....... 29.6rn 

10 a. m...... ... . 29.5"'22 

ll a. m........ .. 29.522 

July 20-7 a. m .......... \ 29.4oa 
8 a.m .......... 

1 

........ . 
9 a. tn.... .... .. 29,445 

IU a. m.... .. . ..• 29.43-.J 

IL a. m ........ ··I 29.4m 
July 21-7 a. m .......... f 29, 1;)5 

Ba.m .......... 1 29.W 

II a. m.... ..... 29.l!il 

lOa.m.......... !!!1.15 

IL a.m ......... . 
July 22-7 a. m .......... . 

8 a. I.Q •••• ....... 

· 9 a. rn ........... . 

10 a. m ............ . 
11 a. n1 •••••••••• : 

July Zl-7 n. m .......... I 
8 a. in .•..••••. , 

I 
I 

lla.m .......... ! 
\\)a. Jl\, 000 •• ••••I 

\1 a.m.. ! 

!!!1.30 
29.20 

29 175 

29.11 

:19.ll 
28.55 

29.55 

28.60 

41 

41f 

41~ 

43 

48 

I ! 
50/45~1 0 

I ~ 
........ ........ 1 ...... .. 

63t 51 48 I I 

:i:~ :~: 

... ~'. ... 1 ... ~~··1···~ ... 
44j43 40 
44 45 40 

46 45j40 : ,::::::::):::::::: 
~~ ·::::::::1:.-:::::: 

::::::::i::::~::: 46 . .. ~··r·~~--50 

49 

41 

40 

3 

4 
4 
5 

5 

3 

7 

8 

2 

4 
4 

10 

9 

10 

10 

8 

5 

8 
6~ 

8 

5 

to NW. 

Much thinner; brjghtening ............ , ........... . 

Fog; upper cloudi0; move SW .•••..• , ............ . 

Fog risfog; cir. cum. seen above ....... h ! ........ . 
Nimbus,f fog; ~tlrn. abo~e s ..... _. ....... ,u•H••. 
Strat. above motmnless; nun.. mo"-mgNW .•••••••. 

· Nimbus E. by N.; fog on mounta.ins; ••••••.• 

polar liiht on mountains to N. 

Cam. nim. chief in S.; clearing over- .• ~ ..... 
head ; thick to \\". ; tbg to a. 

. . • • .. • . • ••••• , , • • • . • • • . Clear, except few cum. and cam. strat. , ••••..•• 

............................ ~'..Ii.~~~~~ ..... : . . . . . . .. .. .. . .. .. . . . . . . ...... . 
E . ........... ,. 3 Nimbus; no rnot1on ............................ . 

NE . • . • . . . • . . . 3 Cum.; shgbt mm. strat ......... , . • • • ••. 

1

1 
••••••• 

NE........... 4-5 Clom:lingup more and m()fe; sun th.er- ........ . 
momcter in shade. 

N.byE.. •••• ,5 11 Cir.cu(n, strat .................................. . 
N. byE ................ Rain shower . .......................... 11 ....... . 
N.NE. ........ 9 .............................................. . 
N.NE. ........ 9 I Cum.•trat .................................. . 
N.NE. ........ 7 C1r. strnt .............................. 1 ....... . 

SE. • . . . . • • • • • . 9-10 I' ov:rcast ................................. \ 8 

~E ••. , •.•••••••..••••. Ra1n showeT ............... ··············1···· ••· 
N.NE ................. Overcaat ...................................... . 
NW. by W ........... Cleanng up ............................ / ...... . 

NW. hy W .... ........ ! Hazy .................................. 
1
1 ...... .. 

N. by E........ 10 Fog andcl<>uds ......................... 

1 
...... .. 

N. by E.. •••••• 10 Fog on"'"' and land; 9.45,commeneed 8 .. •••• 

N.byW ....... 

N.by W ...... . 

N.by W ...... . 

w ............ . 

w ............ . 

iv ........... ..! 
i 

iO 

JO 

10 

10 

JO 

9.9 

~ning. i 
Rain ........................................... ; •• ,. ...... . 

I::::::: ::::::::::::::::::::::::::::::1:::::::: 
Snow on land to water'' edge.; clouds 

from N\IV. 
In gusts, little rain and snow 1 movjng E · 

rapidly. 

52 
5\1 

4l 9 w ............. 

1 
41! ':fl 9 \V....... •••••. 9 

In gusts; tignl!I of breakiug-; movin1<&.1· 9 •• •~·· 
rapidly, 

Raln atHl snow a little by ftt.s. • ..... • • • • • • • • ... • • • · • 
ltaJn C<'n~d ...... , • • • • • • • • • • • • ..... •• • • • • .. "'" • • • • • 

--------- !.__ __ _ 
------~·-.~------~------------..-- ---~·~~--- --



 

TIIE UNITED BT.A.TES CO.A.BT BV"RVEY. 261 

FJtOM THE BEPOR'.I: OF PROFESSOR 'VENABLE. 

Psycbrometer. I Wind. U1011ds. I ~ .;; 
Time. Barometer. 1l 

I 
i I I . ~ 

----------l-----I·---_:::_ ~ Force. Direction. IA_m_o_u_n_t.
1
1. -------8-ort_. ------- 1 j ~ 

54 I 52 4 NW ................... 1 Clear .................................. \ ....... . 

-;'; 
l'! 
--= 

lll60, Inellec~ 

June30-7 p. m ...•.• ..... 29.76 76 

Sp. m .......... 29.71 72 

9p. m .......... !l9. 71 72 

lOp. m .......... ~.71 72 

July l-7p. m .......... 29.70 74 

Bp. m .......... 29.72 7:l 

9p. m .......... 29.72 72 
!Op. m .......... 29.72 72 

July 2-7p. m .......... !l!l.85 6;J 

Bp. m .......... 29,85 6>1 

9 p. m.. .... .... 29 85 I 61 

~~:: ::::::::::: .... ~:~ ...... ~~~-· 
12 p. m.... ...... 29.85 l 59 

July 4-Bp. m..... ..... 29.00 I 71 
9 p. m..... ..... 29.59 71 

10 p. m...... .. . !19.58 70 

11 p. m...... . .. . 29.57 70 

12 p. m........ .. 29.55 70 
July B-9p. m...... .... 29 80 52 

lllp.m.......... 29.78j- 51 

11 P• m •• , ...... , 29.80 54 
12p.m.......... 29.77 52 

July 11-lll p. m ............ , ..... , • , 

11 p. m. .• •. ... • 29.475 64 

12 p. m......... 29.475 54 

la.. m .. ~·· .... . 
July 12-9 p. m .... , .... . 

JOp. m ......... . 

11 p. m ......... . 
lllp. m ......... . 

29.575 

29.76 

29.76 
29.76 
29. 73 

!il 

62 

6.3 
63 

55 

"3 I 51 4 NW ................... Clear ................................. ~ ....... . 

F. f : I ~::i~ ::.: Jg :: ::: :::::: : :::::::. J i : . 
52 I 49 4 ,W.byS ....... i ........ 1c1ear .................................. ::····"" 

:~.9 I : : ::.~~.~:::::::i·""~"\.~~~~'.::::::::::::::::::::::::::::::::::1·· .. ·;;; 
52 51 2 IN. br W . •..... ! 8 l Fog bank on horizon .............. ••••··l ......... . 
53 50 I l : N."iW ... ···l l 1 ........................................ : ....... . 

~ 50 l J ~ N NW 1 O I ~ 

;· ~· '::::; k:;:::·:H l i::: :: : :::::-::::: :::::::::].:::: 
49 47t 2 B 

49 47 ~ 8 

49 47 3 9 

42i 40i 3 4 
42!- 40i 2 '! 
42 40 

42 4l 

~ 4l 
42 

41 ••• ~~ •• 1 ·· .. ;··. \~:::::: :: : :: : I:::::::: 1 ·~·.:~~.::::::::: :::: :::: ::: : : :::::::::::Ii:::::::: 
42t 40 I l iNE.tN ....... i f !Curn.stmt ............................. 381° 

:: E1 1:::::::: !:::::: :::::: ::::(::::::: :j:::::::::::: :::::::::::::::::: :::: ::::::\:::: :::: 
July l~.~:.·;,;::::::: ::~~ ~ :, ~ I ~ 1·~;.·~;·~::::::1····~·-·1 ~;~.:«~:.:.-_~::.:·1~;;.·~l-~~~~:::::::::::1:::::::: 

7p.m ••••••••.• !lll.620 4Bt 46l: 4-0t 6 ·BW.byS ...... \ 8 JCir.cum.,c1r.•lrat.,hazy,::u.n ......... I ....... . 
8 P• m.. •• • • • • .. 29 .614 49 46 41 6 I 8.BW... •• .. • • 8 ~"·cum., upper movmg to ~E ................. . 
9p.m.......... 29 . .520 4..'i 44 39i 6 S.SW......... 7 Curu.stmt.,ttnn,steady ................ : ...... .. 

JO P· m.. .• .. •. . . 29.54'2 46j. 45t 
1 

:J7l 2 : E.IOE. .. ...... 9 Nearly covered, nim., ewn. ar.d st.rat .... j ....... , 
Sulyl7-10p.m......... 29.420 42t 41 I 36j. s NW.byW.... 3 Motionlessdr.cum.strat. ............. .! ....... . 

11 p. m..... .... 29.:13~ 41 41 36t 7 NW. by W ... . 2 Cum. cir. s1rat ....................... ·i ...... .. 
12 p. m ........ , !19.334 41 41 I 35t 6 N.NW ........ , 2 'I Cir. curu. •trat. No motion .......... "/· ...... . 
la.. m..... .... 29 392 411 41.5 3!1.5 6 NW ........... '1 2 Cir.' a11d banks ofstmt. seaward ........ , ...... . 

July 2.5-10 p. m. .... .... 29.46 58 43 42 4 SW .......... , 7 Ramy round horizon ................... , ....... . 

llp.m ......... ~!1.48 57 43 42 4 sw ........... I 4 Clearingfinely ......................... J ..... .. 

,., ~· :·.~: ::: :: : : : , :: ::: : ... :. . .. :.··I : :.-: : .::: :: : : 1 .... '. .. 1 c·: ~: '."'."'.:.'.'.': ::::::::: :t : :::: 
~~ :: ::::::::::: E:E E :::::::: ::::::::

1 
: ::~~:::::::: f :: ::J:;:;;~;:::: :::jj}:j;j jj~~:~ :; ~~~~:~;;~>:::::: 

Aug. l~ :: ::::::: :::: ::: ~ ···~"· ···~···1 : : ............. / ... ;~"'! ~1~/:;~;.·~~·er New Fountllnnd .......... ·~;: 

Ana.~;;:::::::::::: .... ::: ...... :... ::: :!1 I .... ! ... ·:·~j~:;~~]::::~:::jr.~.fiaL:::::::::::::·:::::: :::::::::::: :::::::: 
B p. m.......... 311.~ 76 53 I 61 j 3 : w. by N ...... i 1 Hazy horizon .......................... 6 

1!:: ::::::::::. :::: ~ =~ j :1 1· ~t JI :::;:::::::::11 ~ j.~.~--~'.~:~i.·.~~~~~~.:.'::::::::::::::::: ..... ~'.: 
Aug. 6-Bp. m.......... ai.oo 75 66 64 ____ 1 __ ~: ..... ·•• .... I .......... ~ .. ::·~~'_~_"_:_·~:.:_==:~·_ .. 6: 
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Spt.~cial report of Mr. Lieber.-Observations with .Arago's polariscope. 

8h. ~Gm., polarizerl light chiefly north, but also a little south; none east and west. 
Sh. 29m., polarized light north; fading east and west. 
Sh. 40m., polarized light strongest north, next south; fading east and west. 
Sh. 50m., polarized light same as above. 

RqJOrt ef the plwtographers. 

Srn: In compliance with your request., that some account of the method pursued in taking 
photographic impressions of the sun during tho eclipse of July 18, 1860, might be given, I 
lierewith append a short sketch of the instruments used, and tho method of proceeding. 

Tho telescope used on the occasion >vas of five feet focal length, mounted equntorially, and 
owned by L. M. Rutherford, esq., of New York, by whom it was kindly furnished to the 
expedition. At the eye-piece end of the telescope was firmly fixed a small camera obscura 
box of a size sufficient to contain a plate five and a half inches square. The camera was 
furnished with a side slide bearing a piece of white paper, upon which the sun's image was 
thrown by the ''finder'' attached to the telescope. The eye-piece was peculiarly fitted in 
order to give the very short exposure which the sun requires to impress its image upon the 
sensitive plate. Covering the Jens was a flat brass plate, having an opening in the centre 
three-eights of an inch in diameter, and moved by a small spring. Upon the circumference of 
the plate are two smaller boles, in which a lever upon the side of the tube catches, and 
counteractR the action of the spring. A piece of string leading through the camera box from 
the outside is attached to the lever. 

The method of proceeding is as follows: The plate is pushed back against the spring, and 
the lever set iu the first of the small holes in the circumference. This holds the plate, so that 
the hole in the centre is just over the eye-piece; the suu' s image is thus allowed to be focused 
upon the ground glass plate in the camera beneath. 'Ihe plate is then puslied back to hole 
2, and the lever inserted, thus cutting off all transmis:sion of light through the orifice at the 
eye-piece. The sensitive plate is then introduced in the ordinary way. The sun's image, as 
shown by the "fiuder" upon the white paper disc, is brought by the "universal joints" to 
coincide with a mark made for the purpose of indicating the central position of the sun's image 
on the photographic plate. The string attached to the lever is then pulled; the lever is thus 
pushed out of the little hole, by which it holds the plate back, and the spring thus coming in 
play flashes across the eye-piece, and the impression is taken. The exposure is simply the 
time occupied by the opening in the brass plate in passing the orifice at the eye-piece, and has 
been estimated to be about the one-fiftieth of a second. The object glass of the telescope was 
adjusted for the difference between the visual and the photographic focus. 

As a matter of experience connected with the successful working of the photographic pre­
parations used in the pictures already secured it might be well to give their composition. 
Thev are as follows: 

O~llo.iion.-Sulph. ether (sp. gr. 0. 72) 4 fluid drachma; alcohol (95 per ct.) 4 fluid drachms; 
iodide of potassium 2.5 grains; iodide of cadmium 2.5 grains; pyroxiline prepared for cadmium 
collodion, 5 grains. 

Silver bath. --40 grains to the ounce, neutral i the nitrate of silver having been crystallized 
three times. 

Developer.-Tlie ordinary sulphate of protoxide of iron solution. 
By these preparations the exposure of one-fiftieth of a second with a magnifying eye-piece, 

and a diaphragm of two inches on the telescope could have been reduced to a. shorter time, 
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inasmuch as the latent image was developed instantaneously anu with great intensity, requiring 
no reinforcing, and thus being a great saving of time. 

Plater; Nm;. 6, 7, 8, 9 show a peculi:u phenomPnon, consisting of a bright and well marked 
Jig ht upon the moon's limb, gradually diffm;ed towards t11c edges after the manner of a halo. 
This is a strong evidence of the sensitiveness of the photogrnphic preparations, leaving no 
doubt that had the corona been visible a photographic impreRsion of it could have been taken 
in the same time of exposure, but with the full aperture of the telescope, and without the 
magnifying eye-piece. 

Owing to the unfortunate disadvantages of the weather but twelve pictures of the edipse 
were obtained, together with three of the full sun after the phenomenon had passed. But 
experience proved that had the weather been fair two pictures in five minutes could have been 
obtained; thus securing a very complete collection of impressions showing every phase of the 
phenomenon. 

During the total obscuration the most beautiful bluish tints were observed, certainly capable 
of strong photographic effects. It is to be regretted that a view of the landscape, with the 
Rplendidly tinted clouds, showing a strong contrast, could not have been taken. 

As incidental information, I would remark* that during total obscuration the stars and 
planets Castor, Pollux, Capella, Jupiter, and Ven us were observed. 

P. C. DUCHOCHOIS. 
A. W. THOMPSON. 

NOTES BY MR. THOMPSON.-During the total obscuration a star of the first magnitude was 
noticed near or about the meridian, some 12 or 15 degrees south of the zenith, (Capella?) and 
was noticed to shine with a bright white Ught. 

The accompanying fragment of newspaper was easily read at six inches from the eye about 
the moment of greatest obscuration. This focal distance is about half the ordinary distance of 
such sized print in broad daylight. 

The bronze tints of clouds toward the sun, the deep yellow twilight toward the north, and 
the sudden gust of wind during the total eclipse were also noticed; as also the astronomical 
phenomenon approaching in appearance to ''Baily's Beads.'' 

A. W. THOlIPSON. 

Abstract ef photographic operations. 

ORIGIN AL TIMES. CORRECTED TIMES. 

Plate No. 1 ... · 1h. Om. 15.48. (Approx.) Plate No. 1 ... ·8k. Sm. 17.0s. (Approx.) 
2 .... (Lost.) 2 ·· .. (Lost.) 
3 .... 1 10 31.0 3 ... -8 18 32.6 
4 .... 1 48 29.0 4 .... 8 56 30.6 
5 ... · 1 53 14.3 5 .... 9 01 15.9 
6- ... 2 26 37.0 6·· .. 9 34 38.6 
7 ... ·2 31 34.5 7. -·. 9 39 36.1 
s .... 2 37 16.5 8 .... 9 45 18.l 
9 .... 2 48 29.3 9 .... 9 56 30.9 

10 ..•. 2 56 47.0 ·10· .. 10 04 48.6 
u ... . 3 01 55.0 11 ... 10 09 56.6 
12 .... 3 12 56.0 12 ... 10 20 57.6 

• M. Duchochois here speaks. 
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PICTURES OF FULL SUN. FULL SUN. 

13 · · · · 3h.1 '1m. 34.0s. 13 ... 1 Oh. 25m. 35. 6s. 
14 .... 4 32 36.0 14 ... 11 40 37.6 
15 .... 4 40 46.0 15- .. 11 48 47.6 

Report qi Mr. R. Platt on the oolipse of Jiily 18, 1860. 

CHANGE OF LIGHT. 

At first no perceptible difference. 
8/z. 10m. 5.''!8. Slight change of light. 
8 13 
8 32 
8 37 
8 40 
8 43 
8 45 
8 47 
8 53 
8 58 
9 00 
9 1 
9 3 
9 8 
9 9 
9 11 
9 15 
9 23 

33 
30 

Slight change of light, so as to see moon. 
Light changing; slightly darker. 
Kind of gray light; slightly dark. 
Light a little more dark. 
Sky appeared very blue. 
Light becoming more dim. 
Growing darker all the time. 
Growing still darker. 
Getting dark. 
Growing darker 
Light appears to be brown. 
Light gradually turning brown. 
Light becoming quite dark. 
Everything becoming quite dark. 
Everything looks very gloomy. 
Had to light the lantern. 
Quite light. 

WEATHER JUST BEFORE THE ECLIPSE. 

Cloudy, and fine rain; clouds moving to the eastward. 
87'. 30m. Rain ceased. 
8 35 Wind blowing in squalls; cloudy, and thin fog over the mountains. 
8 35.30 Rain and strong breezes. 
8 40 Wind moderated a little; clouds begin to scatter. 
8 48 CloudR passing to eastward, and stopped raining. 
8 50 Growing darker all the time. 
8 59 Growing darker a shade. 
9 00 Wind moderating. 
9 05 Clouds breaking a little. 
9 09 Wind moderated a little, and bird singing. 
9 11 Growing cold. 

8 54 
8 54 
8 58 

SHA.DOWS OF BODIES. 

No shadows as yet, only thin clouds. 
Landscape darkening. 
Landscape· darkening. 



 

9h. OOm. 
9 03 
9 05 
9 07 
9 09 
9 09 
9 11 
9 12 
9 H 
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Landscape darkening. 
Landscape appears a brown color. 
Landscape turning dark brown. 
Landscape fast turning dark. 
Everything becoming quite dark. 
Bird singing. 
Can stand the light without a glass. 
Getting very dark. 
So dark can hardly see to write this at ten inchei;1, 

WHEN THE SUN IS ENTIRELY HIDDEN. 

9 17 The wind moderated; bird sang. 
9 18 Venus visible. 
Capella seen 9h. 20m. 

265 

At 9h. 20m. could see the shadow advancing, and as it went over appeared like a dark 
column or very dark cloud. 

AS TlIE ECLIPSE ADV .A.NCED. 

At Sh. 45m. the"' eather misty, and passing clouds; light getting a dark gray; the sky looking 
very blue. 

Sh. 55m. Everything begins to look dark and gray; sky looking very blue. 
9 00 Sky looking very blue. 
9 02 Landscape appears brown. 
9 13 Everything looks very dark and gloomy. 
9 15 The shadow advancing from west, or rather the light. 

R. PLATT. 

Report of Mr. H. B. Nones, Jr., on ihe total eclipse ef July 18, 1860. 

Approach <f the shadow from the west, a.s seen bij the darkening of the sky and landscape.-Land­
scape and sky began to darken when the moon had advanced a little over a third across the 
sun. Latter part of the shadow a dark rose color, and could be easily traced in the valley 
below. 

Tint of sky (especially overhead) and clouds-direction of clouds.-Along the horizon the blue 
became gradually deeper, and overhead much darker; clouds coming from the westward, dark 
gray in color, and becoming deeper as the eclipse advances. 

:([ any stars be red, or any seen, and one near the :renith.-Several stars; pale red. 
To observe the in-tensity <flight during the total eclipse.-Heavy, dull light; to the north, clouds, 

beautifully orange; to the eastward a grand sight, gold and rose color. (Here were inserted 
specimens of print, which were read at distances of six and ten iuches.) 

1f the light increases towards the middl,e ef the eclipse.-Too cloudy to observe. 
Flight o/ the 8oodow eastward.-Too cloudy to observe. 

Very respectfully, 
H. B. NONES, JR. 

34 0 
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Observations ef the seamen, as reported to Lieut. 001ng. Murray, and by him presented to myself.* 

REMARKS OF QUARTERMASTER. 

First dark spot 9h. 5m. a. m. ;t bore S. by W.; barometer, 29.40.; thermometer, 58°, (aneroid 
barometer used;) wind, squally from KW. by W.; force, 7 knots. 

9h. 85m., a few drops of rain; low dark clouds to the NE. 
9h. 45m. clouds thickening in the direction of the sun; wind steady, W.NW.; force, 1 knot; 

barometer, 29.37~; thermometer, 52°; moon bore SW. by S. £- S.; stars to the right of th
1

e 
sun and overhead. 

10h. 35m., willd, W.NW.; force, 6 knots; barometer, 29.37!; thermometer, 51°. 
1 lh. 15m., drops of rain. 
11h. 23m., last dark spot visible; sun bore SW. by S.; barometer, 29.40j thermometer, 56°; 

wind, W. by N. ! N.; force, 3~ knots. 

RE~IARKS MADE DURING THE ECLIPSE OJ<' THE SUN, AS SEEN FROM THE STEAMER'S DECK. 

1. 1'he fading of tl1e Hgld, tlte color ef the clozrcls, landscape, &c.--At Sh. 30m. a. m. the land· 
scape began to wear a darkened appearance, and the water, in places, a greenish color. Sky 
covered with white Deecy cloud.s; thick, smoky mist overhanging the hills to the west. Wind 
strong and squally from NW. by W. 

At 9/i. 5m. a. m. eclipse began to come on upon the upper right hand limb of the sun; light 
fadiug gradually; clouds wearing a dark grayish color; landscape growing dark and gloomy. 
Sun bore S.SW.; wind, squally at intervals. Barometer, 29.40; thermometer, 58°. 

At 9li. 45m., sun passing through thick dark clouds. 
At lOh. the sun emerged into a clear sky; landscape nearest the sun wore a dark, gloomy 

aspect, on the opposite side a grayish colm; wind decreas1ng, and blowing from the direction 
in which the sun appeared to be moving. 

At JOii. 13m., as the sun becomes nearly obscured, the landscape presents a dark, gloomy, 
and dismal aspect; clouds of a dark leaden color. 

2. fVhether we can see a star a z,ittle below and to the right of the sun before the edipse is total, 
and for a littl.e whi7e after the suri begins to appear again. -We observed no star before the eclipse 
became total, when we saw four stars, the bearings of which we noted. The fourth star was a 
little lower than the sun, and to the right of it; apparent distance, a quarter ()f a mile. 

After the eclipse is total: 

3. Color of the sky, clouds, and landscape.-A.t 10h. 15m.t sun totally eclipsed. All nature 
became enveloped in gloom and almost total darkness. You could just discern the black tops 
of the mountains that surrounded us. The clouds, too, were of a dark leaden color. .Just as 
the sun emerges from the clouds, and as the eclipse begins to go off, theu appears, right above 
the left side of the upper limb, patches of bright yellow and purple clouds. The other clouds 
were of a dark heavy color, but soon brightened up. 

4. How many stars they can see, and their colors ; if any are red when seen by 1l8. -Soon after 
the sun became totally darkened, moon bearing SW. by S. ! S. We observed stars. The 
first seen bore SW. by W.; second, W .SW.; third, right overhead; fourth, nearly west, appa­
rently one-quarter of a mile distant from the moon, and of a yellowish color. 

5. The appe,arance <f the shadow as shown lry the darkness ef the sky and 'la;ndscape wwa:rds the 
west.-From the clouds which were constantly obscuring the sun we were unable to observe 
the approach of the ;.hadow·until it actually touched the upper limb of the sun. 

6. The degr~ ef darkn.eas to be noted by Sf',eing how near, in inches, the eye must be brought to 

<> Made on shipboa.rd about I of a mile SW. of the &l!tronomica1 st~io 1. 

t The watch or the clock employed Eeems, from the irubsequCDt d&tes, to have been about 30m. too ftnL. 

t This is a. full hollr in advance of the tme dat.e. 



 

THE UNITED STATES COAST SURVEY; 267 

read a printed pa,ge; the number ef inches to be marked in the book, .'Was to be recorded herea/te1'.­
Everything became dark and gloomy. The degree of darkness was such that we could read 
an ordinary size print at 14 inches from the eye. 

7. Dark and light stripes flying over the ground Just bcfo;·e the total eclipse; also, the quivering 
ef the last beam ef the sun just before it disappears.-W e observed a few shadows flying over the 
ground to the S. 8E. The quivering of the last beams of the sun were very light, as seen by us. 

8. .At the same time the like motion in the edges ef the shadows; pe-rhaps, too, the sltad~ws may 
be ro"lored.-We observed a slight quivering in the shado-ws as they flitted over the landscape ; 
likewise of different colors-red, green, and a yellowish white. 

9. Size ef the bJ·ight ring around the moon; noticing whether tlte i·ing is a quarter as broad as 
the dm·k moon, or twice as broad, or liow many times.-The size of the ring appeared to be about 
one-third as broad as the dark moon, and of a bright radiant color, emitting quivering or 
sparkling beams of light, but uneven in its size and intensity all around. 

10. Wltether tlie force ef the wind is increased as the shadow approaches; anrl wlwthe1· the wind 
then blnws towards us frmn the shadow; and whether, as the shadow leaves it, blows back to us 
again from it; and whether there is a lull in the middle.-The force of the wind was about seven 
knots until the dark shadows made their appearance on the landscape; then it became squally 
and fitful, but gradually decreasing in force as tho darkness increased. I observed that when­
ever the sun emerged from the clouds thoEe gut>ts of wind generally sprang up; wind blowing 
from the direction in which the sun appeared to move in, and gradually increasing in force until 
the sun became totally eclipsed, when it lulled down for a while; force then about one to two 
knots. Wind increased again as the eclipse was 'passing off; direction of the wind unchanged 
during the coming on and passing off of the eclipse. 

JAMES COLLI~S.* 

NOTE BY LIEUT. COMG. :MURBAY.--Six ducks put their heads under their wings, and appa­
rently retired for the night. 

Report ef J. .A. Osborne, surgeon's steward, 01i totaJ, eclipse of July 18, 1860.1· 

At Sh. 4m. a. m. a rainbow from the west, at foot of mountain, terminating in the midwater 
of the bay; sun, at time, luminous; western hemisphere, during the passage of the shadow, 
until the total eclipse, cloudy, gloomy, and dark, as if rain was threatening. 

At 9h. 12m. darkness commenced; an appearance of gloomy night was fast approaching. 
At lOh. 18Am., mist of rain. 
An appearance west, at Sh. 29m., like unto rain clouds i back portion of sky (behind the 

clouds that floated in front of the shadow) very clear and blue in detached parts. 
An appearance over the water of the bay, at Sh. 49m., dark, and general surface of land 

very gloomy, as if obstructed by rain clouds; surface of ground darkened, as if before ram; 
wind, NW. 

Upon the approach of the shadow: 

Wind increased at · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Wind mild at · · • .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Wind increased at . · · · . · · · · · · · · · · · · · · · · · · · · · · · · · 
Wind increased at . · · · . · · · · · · · · · · · · · · · · · · · · · • · · · 
Wind mild at •.••....... · · · · · · · · · · · · · · · · · · · · • · · 
A. lull· .....•................... ' ............. . 

0 Purser's at.ewud. 

8lt. l01n. 
8 27 
8 33 
8 36 
8 45 
9 15 

t Obsenationa made at meteorological observat.ory a short distance NW. of the sta.tion of the utronom.ic;a.l observens. 
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Upon the receding of the shadow: 
Wind became mild at· • · · •..• • · 
Wind mild and sudden, in puffs, at .. · · .... · · •••..• 
Wind increased at· · · · · · · · · · · · · · · · · · · . · · · · · · · · · · 
Wind mild at ... · · · · . · · · · .. · · · · . · · · · · · · · · · · · · · · 

9h. 35m. 
9 42 
9 .56 

10 00 

Direction of wind, NW.; from shadow, at Sit. 27m., mild; back from shadow, at lOk., (gloomy 
E. and W., bright N. and S.) Lull at middle, at 9k. 18m. 

Force of wind: 

At Sh. 5m.· · · · · · .. · · · · 
At 8 15 ........... . 
At 8 36 •.•..•...... 

7 knots. 
4 " 
6 " 

At 9h. 18m .. • · .•.. · · ·.. 1 knot. 
At 10 00 . · · · .... · ·.. 2 knots. 

One star visible in the zenith of our position, ai. clear in appearance as usual with stars. 
No appearance of aurora. Comet not observable. No red stars seen. 

At the time of total obscurity observed no halo or circle as it darkened, a c}oud interfering 
at the time. 

Respectfully, &c., 
J. A. OSBORNE. 

Abstract if Mr. Good/ell-Ow' 8 repo1·t to t!1e Superinten<ient. 

SIDNEY, Cape Breton, August 3, 1860. 
Sm: I have respectfully to submit the following report with regard to the determination of 

the magnetic elements near Cape Chudleigh, Labrador, in connection with the expedition to 
observe the total eclipse of the sun. 

The station selected by the astronomers of the expedition was upon the northern end of 
Aulezavik island, in north latitude 59° 48', Jongitude 4h. 17 m. west of Greenwich. 

The steamer came to anchor near this station on Saturday, July 14. As soon as a landing 
could be effected I went ashore with the dip circle, and made a preliminary series of obser­
vations at five different stations to a.scertain the most suitable locality for magnetic observa· 
tions. The position decided upon was as near the station of least dip as the nature of the 
ground would admit. 

The next day, (Sunday,) the weather being fine and the necessity urgent, I had the tents 
and instruments sent ashore, and by night., with the assistance of Mr. Walker, had made 
partial adjustments of the declinometer and bifilar, in readiness for final adjustment the next 
day. These were not made without great difficulty, owing to the extraordinary changes of 
declination and horizontal force, due, to some extent, perhaps, to the presence of an aurora, 
which, on Monday evening, was observed by Prof. Venable shooting up in the northern sky 
nearly an hour before sunset. 

The adjustment of the bifilar magnetometer was left entirely to Yr. Walker. By Monday 
night both instruments were in adjustment; two sets of vibrations had been observed with 
the declinometer, and one set of observations made for magnetic dip. 

Early on Tuesday morning two more sets of observations were made; half-hourly readings 
of the bifilar were begun, and at 8 a. m. was commenced the series of half-hourly readings of 
the declinometer and bifilar for the twenty-four hours before and after the eclipse. 

Very great changes of declination and horizontal force were observed throughout Tuesday; 
the vibration of the declinometer magnet, embracing an arc of five and a half degree~. 
There is no reason to suspect local attraction; no indications of the presence of magnetic 
oxide of iron were perceived. 
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The observations of both instruments, on the day of the eclipse, were made in accordance 
with your instructions, and the continuous series of half-hourly readings were kept up till 
Thursday at 2 p. m. 

On Wednesday (18th July) and the day following, the changes of declination amounted to 
as much as two and a half and two and three-quarter degrees. On Wednesday the effect of 
the total darkness was apparently to diminish and, for a moment or two, almost to snspend the 
vibrations of the magnet, which seemed as if it were waiting the reappearance of the sun. 

The remaining observations necessary to complete the series were obtained <luring Thursday 
and Friday, the greater part of Friday being occn pied by Mr. W alke1· in observations of 
deflection and vibration, the latter being so arranged as to eliminate as much as possible the 
errors arising from the frequent and irregular changes of declination. 

Observations were made upon the sun for azimuths. 
On Friday evening the instruments were packed and sent aboard the steamer in anticipation 

of her departure the next day. · 
Duplicate records of the observations are now in preparation, and will be forwarded to you 

as soon as possible after the arrival of the vessel at New York. 
Before the work can be computed, it may be desirable to determine the zero of the scale 

and moment of inertia of the declination magnet, unless recent determinations can be made 
available. The great chai1ges of declination at the Labrador station made it impos.,,ible to 
get accurate results for these constants. The approximate declination may be stated as 51;i 
degrees west of northj the dip 82t degrees. 

Mr. Samuel Walker took part in all the obsenmtions. To his skill and experience I am 
greatly indebted for whatever success has attended our joint labors. 

Very respectfully, yours, 
EDWARD GOODFELLOW. 

Prof. A. D. BACHE, 

Supe,rinterident U. S. Coast Survey. 

JlecapiUdatUJn of obMrtxiliomfor ma[/W!iic declination at .Aulezavik, Labrador, 1860. 

Latitude 59° 48' N. 
,. c I 
i:: .S \, Longitude 4-h. 17m. W. of Greenwich~ l ~ 

"* ... » .s 8.Z ~ z l I ~ '=I -;; 'O ~ ~ I Maximum i.caJe Mlnimum scale i ~ ~ i i ~ t S: ~ ?i reading. I reading. 

Date. 

~ ~ J ~ ~ ~ ~ ! /Time,p.m.j Sr;::ale. l,iTime~p.m.f Scale. 
---r-----1----1---- ----------i-----i---1 

1u1~~6 10 79.95 111.a -0.45 _{ ~.11 51 fn 44.1 s~ ~ .i:;,o \ ••. ~".~'. .. 1=/ ... ~·.:-:-... /= 
17 

18 

85 

1B5 

i I I 
-4.78 -11 JI.I ....•• •••.•• .... 16 33 I 3 00 i 170 I 9 00 1J8.9 

19 -;:-1 
84.118 

81.l!O 

76.!12 

81.29 

;:: :: :::: !:::::::::::::::: : ::: / ... ~.~~ ...... '.~~:~ .. : ... ~.~~ ....... ::~ 
1---- -----1 I 

-1.w _, 4() ................ j 5112ao4.1 / .................... j .......... 
1 
....... . 

Magnet b • ., one division scale = 2' .. 34~ 

o I 

:!\lean magnet!" declination, {340 observations). ..... •••••••• ...... ........... • ......................... !il 23.l W. of N. 
L88.st magm>lic declination, (3 p. m., 17th) ... • .... ...... .... • • •• •• • • •••••• •• •• •• •• • • •• •••••• .......... •• 47 55.5 W. of N. 
Greatest mapelie declination, (9 p. m., 17th) •• , • , •• ........ . .. .. .. •• .. .. • .. • •• . .. . .. ••••• ... .. • . .. •• •• liJ 25. 7 W. of N. 
Meandllli'D8lmoftmeutofneedle ...................................................................... 4 07.3 
Leui dlumaJ: mo-.ent of needle............. .... ...... •... .... ••••••.. .••••• .••••••• .......... ...... 2 44.3 
:: .... 1 ... t lliurn&J. mo••ment or .. .,.,die • •• •• .. .. • • . • .. •• •• .. • .. • • • . • • • • • •• • • .. .. .. .. • • .. • • ... .. • • • • .. • •• • 5 30.2 
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Ahstrad ef ohseroaiilmr for magneti~ dip at Atdtzavik, Labrador, 1B 50. 

i 

I 
I 

Date. Needle. 

I 
Polarity. Resulting dip. .\lean for N. and) Mean for both Time. 

8. polarity. needle:S. 
I 
I 

1860. I . ( . ( . I 

.Tuly 16 1 s. Bl 56.2 
1 N. s-i 12.3 8'2 04 .:J 

82 09.l 5tp.m. 
2 B. B-2 13.3 

2 N. 82 14.4 82 13.8 I ! 

Jnly 17 l I N. 82 2'2.4 

l 

I 
s. 82 1.lj. 7 8219.I 

B'J 20.l 11 a.m. 

?_I N, 

I 
82 17.2 

s. 8'2 25,2 82 21.2 
---

July 18 l s. ll2 08.8 

l N, ll2 06.0 82 07.4 
82 09.6 3f p.m. 

2 s. 82 15.0 

2 N. 82 08.4 82 11.7 

' I 

I 

July 19 

I 
1 N. 82 22.6 

J s. I 82 07.8 82 15.2 
82 15.8 lOi a. m. 

2 N. 82 16.8 

I 2 s. 82 16.1 82 16.4 

I I I 

I July 20 1 

I 
s. B-2 13.4 

I 
l N. 82 18.9 82 16.1 

I B2 17.7 llf a. m. 
2 

I 
s. 82 23.6 

2 N. 82 15.1 82 19.3 

Mean ......... ····~· ................... ·············· 82 14.5 

Ah.ttract ef abBolute detmninatUim ef lwrizrmtal foru at Avkzm>ilc, Labrador, 1860. 

lkefrno-meter J) 22 -Magnets bu and s .. 

Date of vibrations. Beginning. 

"· .... 
5 24 

lO 4ll 
1 03 

JO 35 
0 50 

8 36 
10 31 

0 15 
1 18 

2 40 

3 31 

End. 

,\, ..... 
6 10 

lJ 25 

l 39 

10 55 
l 10 
8 58 

10 51 
I) 35 

1 36 
3 01 
3 M 

Horizontal 
force. 

Mean............................................................. 1.703 
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Ab.tr®! of brjilar obaervati01'IJ, corredt!d for temperature at Aulerovzk, Labrlllhr, 1860. 

Mean hori:zontat fore-e, (34R observations) .......................................................... , •••••••••.••• , • 
Greatest horizontal force, (l7Lh,5t- p. m.) ........................................................................... . 
Least horizontal for-ee, (19th, 6i a. mfJ .............................................................................. . 

Mean daily change of horizontal fe>rec. • .......................................... , •••.•••••••••••.•••.••••.••••••••• , . 
Greatest daily change -nf horizontal force, (19th) .............................................. , ...................... . 
Least daily change of b~riz.ontal force, (20tll) ............. , , ................ , •..•••••••••••••••.••••.•••••••••••••••• 

1.690 
1.766 
I.567 

0.0735 
0.1000 
0.0355 

Mean horiz-onta! force, 1,690, letg" ••••••••••••••••••••••..••• , .................................... ,, • , • , •• •••• ••• •• 0.22789 
Mean dip, 82° H1.5, log.......................................................................................... () 86968 

L<>g. intensity ................ , . . • . .. • • • • • • • . • • . • . . • • . • . • • • • • .. • .. • • • . • • • • • • • .. • .. • .. . . • • • • • . . • . .. • • .. • • .. .. .. • .. • 1 . 09757 

Tot-aJ intt?nsity •• . . •• • • • • •• • • . . • ....... ........... •••••• ...... •• . . • .•• •• . • •. ..... • •. .•• . • • . • •• ..... ........ 12.519 
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Remarks by Assistant O. A. Schort on the magnetic constants found for A.ulezavik, LalJrador. 

CO.A.ST SURVEY OFFICE, Washington, n. c., October 1, 1860. 
DE.AR Srn: The magnetic results of the Labrador expedition, made out by Assistant Edward 

Goodfellow, and sent to me in your letter of September 25, have been examined. 
The declination, 51j0 W., compares very well with Hansteen's value (47~" W.) for about 

the year 1820, (as lately published in his "Forandring, &c.") The value assigned by Evans' 
map for 1858, viz: 55° W., I think is too high, in consequence of too large a correction 1iaving 
been used for secular change. On Sabine's map for 1840 the declination given is 52° W. 
The diurnal variation is really very large at Kane's Winter Quarters, and with a dip of 84 ~ 0 

it was but little over 1°; hence with a dip of only 82!0 we might expect to find still less. The 
dip 82l0 compares well with Gauss' computed value, (83°,) and the intensity seems to agree 
with Sabine's deductions. At Cape Chudleigh the total intensity (12. 52) is somewhat less 
than it is at Washington (13.5) or at New York, (13.3.) 

Yours, very respectfully, 

Prof. A. D. BACHE, 

Superintendent U. S. Coast Survetj. 

CHAS. A. SCHOTT, 
.Assistant Cowt Survey. 
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.ADDENDUM. 

Longitude by chronometers. 

The results of the comparison of the other chronometers with that selected as the standard, 
show, in the case of most of them, quite small deviations on both sides from a uniform daily 
rate with reference to the standard. 

This is most readily to be accounted for in so many instances by the hypothesis that all the 
instruments in question preserved a nearly iinif orm sea-rate during the outward and also during 
the return voyage. The error from Greenwich mean time, at the epoch of the eclipse, has 
accordingly been computed on this hypothesis for all ~he chronometers whose regularity (as 
thus manifested and otherwise exhibited) was such as seemed to render them available; the 
hypothesis, viz: of a uniform sea-rate from the day of sailing to the date of the second com­
parison of the instruments with the standard of the Messrs. Blunt, which. comparison was, as 
near as might be, immediately on the steamer's return. For the single day which intervened 
between the first comparison with the Messrs. Blunt' s standard and the time of our departure, 
the shore-rate, already ascertained, has -been allowed in the instances of Bond &: Sons 177, Dent 
2602, Fletcher 1739, and Dent 2126, respectively. 

In the instances of Arno7d & Dent 802, and Kessel 1285, respectively, for which no com­
parisons in New York had been effected, the errors from Green!bich m,ean time for the :first date 
of comparison of chronometers on shipboard, (June 29,) and also for the last date (August 7) 
have, respectively, been computed by first dedU£:ing the error for each of the two chronometers 
by a separate comparison with every one of the other four, (allowance being of course mad8'> 
for their errors and rates,) and then taking the mean of the results in the instance of each. 

·The time is thus made to be dependent on the mean of the rates of the four other chronometers 
from June 27 to June 29 in the one determination, and from August 7 to August 10 in the 
other. As but one of the four rates in question exceeded 2s.5, and none of them had been 
much altered, and all were in the main well accordant, these deduced means of errors from 
Greenwich mean time, including accumulations through such short intervals, must be regarded 
as being in no small degree reliable. 

Between the dates of June 29 and August 7 each of the two chronometers (Arnold &; Dent, 
802, and Kesscl's 1285) has been presumed to have maintained (like the others also) its mean 
sea-rate, and the error from Greenwich mean time, at the epoch of the eclipse, been computed for 
each, independently of any other chronometer. Then the error from the local mean time was, 
in every case, obtained by comparison with the standard, (Dent, 2602,) and thus, with Bond & 
&ns 177, which was the chronometer made use of in our astronomical observations. The 
algebraical difference of the two errors of course gives the longitude. 

The details of the computation are sufficiently exhibited in what follows; the sign + denoting 
too fast, as also a gain in rate, and the sign-, as the case may be, too sww, or a losing rate. 

() hronometer-Bond & Sons,_ 177. 

As determined by comparison with the standard of Messrs. E. & G. W. Blunt, of New York, 
we have, on June 27-

h. m. .. 
Error from Greenwich mean time . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • • ... + 34 56.0 

Daily rate · • · · · • · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · • • • · · + 2.5 

Error from Greenwich mean time, June 28. . . . . . . . . . . ... • •.......... + 34 58.5 
Error, determined as before, August 10 .. - .•....... · .• • ...... · ...•... + 36 17.0 

Gain in 43 days ....................•••••.....• • . • 1 19.5 
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giving a mean daily sea-rate of + ls.85. .Allowing this for mi days, we 
have for-

Error from Greenwich, mean time, at the epoch of the edip::;e ......... . 
Error from local mean time· · .. · · .... · . . . . . . . . . . . . . . . . . . . . ........ . 

Resulting longitude. · · ...... · ... · ...... - · . - ............ . 

Dent, 2602. 

Error, determined as before, on June 27 ............................ . 
Daily rate .......•............................................... 

Error from Greenwich, mean time, June 28 ........ - . . . . . . . . . . . . .... . 
Error from Greenwich, mean time, Aug. 10 ......................... . 

Gain in 43 days ...................... - . . . . . . . . . . - ..... . 
Which gives a mean daily sea-rate of ls.48. Allowing this for 19~ days, 

gives, for the error at epoch, + 3,Js. 82. 
Chronometer, by comparison with Bond & Sons, 177, on the 16th and on 

the 20th of July, found to be too slow··. - . · ............. · .. · · .... . 
Bond & Sons, 177, too fast for local mean time .. - .. - ................. . 

Error from local mean time ..... . 
Error from Greenwich ......... . 

Resulting longitude ....... · .. · .. · · .. · . · · · · · · · · · · · · · · · · · 

Fl£tclter, 1739. 

Error, June .27, from mean time, Greenwich · · · · · · · · · · · · · · · · · · · · 
Daily rate ..... - · .. · - · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · 

Error from mean time, Greenwich, J·une 28 · · · · · · · · · · · · · · · · · · · · · · · · · · 
Error from mean time, GrPcnwich, Aug. ] 0 · · · · · · · • · · · · · · · · · · · · · · · · · · 

Loss in 43 days ....... · ... · ............ · - · · · · - · · · · · · · · -
giving a mean daily rate of - 4s.51; from which we have, at epoch, error 

from mean time, Greenwich, - Oh. 15m. 37s.67. 
Comparison with Bond & Sons, 177, on July 16 and 20, gives chronometer 

too slo\v .......•...... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Error of Bond & Sons, 177, from local mean time ....... · · · . · ·. · · • ... · 

Chronometer too fast for local mean time · · · .. · · • · · · · · · · · · · · • · · · · · · · · 
l!lrror from mean time, Greenwich .. · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

Resulting longitude . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

Dent, 2126. 

Error, June 27, from mean time, Greenwich···· · · • · · · · · · · · · · · · · · · · · · · 
Daily rate ....•...•.••• , . • . . . . • . . . . . • . . . . . . . . . . . . ......... · · · · · · · 

Error from mean time, Greenwich, June 28 · · · · · · · · · • · • · · · • • · · · · · · · · · 
Enor trom mean time, Greeewich, .Aug. 10 · · · · · · · · · · · · · · · · · • · · • • · • · • 

Loss in 4:3 days···· · · · · • • • • · · · • • · • · · · · · • · · · · · · · · · 
35 c 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
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h. m. .. 
0 35 35.25 
4 51 58.75 

4 16 23.50 
------------

0 0 5.0 
0.4 

0 0 5.4 
0 1 9.0 

1 3.6 
============ 

0 34 52.44 
4 51 58.75 

4 17 6.31 
0 0 34.82 

4 lG 31.59 
===:::i: 

14 3.0 
5.0 

------
14 8.0 
17 22.0 

3 14.0 
-------------

0 51 12.29 
4 51 58. 75 

4 0 46.46 
15 37.67 

4 Hi 24.13 
------

0 0 57.0 
1.2 

0 0 58.2 
0 0 37.0 

21.2 
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g1vmg a mean daily rate of - Os.493; from which we have, at epoch, 
error from mean time, Greenwich, + Oh. Om. 48s.42. 

Comparison with Bond & Sons, 177, on July 16 and 20, gives chronometer 

too slo'v · · · · ·. · · · · · · · · . · ......•....•........................... 
Error of Bond & Sons, 177, from local mean time ........ · ....•.. ·. · · · 

Chronometer too fast for local mean time . . . . . . . . . . . . . . . . . ...•..... · · 
Error from mean time, Greenwich · · ........... · ............•...... · . 

Resulting longitude · · · · .. · · .... · · .. · ... · · . · · .. · .. · . · · . · · · 

Arnold &: Dent, 802. 

By comparison with Dent, 2602, on the 29th of June, and a deduction of 
error of the latter, allowing rates already exhibited, we have-

Chronometer too slow for mean time, Greenwich . · ...•.. • .. · ....... · · . 
Compared with Bond & Sons, 177 ..................... · ..... · .... · · . 

Fletcher, 1739 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Dent, 2126 ... · • · · · • · · · · · · · • · • · · · · · · · • · · • · · · • · · · · · • 

Mean error from mean time, Greenwich, on June 29 ..... · · · · .. · .... · ·. 

For August 7 we have, in the eqme order of comparison . ·. · • .. · .... · ·. 
Do ...•.. ···· · ·. · ·. · .. · · · ..........•.•.•................... 
DO······ .......... . ........................................ 
Do.··.··.······· · · · · . · · · · ..........•.................•.... 

August 7, mean.····· · · ·. · ·. · · · · · · · .. · · .....................•.••. 
June 29, mean · . · · · · · · · · · · · · · .. · ..... · . . · · ....................••. 

Loss in 39 days . · . · · .. · . · . . . . . · . . . . . . . . . . . . . .......... . 
When we have a mean daily rate of - 6s. 832, and error from mean time, 

Greenwich, at epoch, - 3lt. 55m. 448.47. 
By comparison on July 16 and 20, found to be to slow for Bond & Sons, 177 
Error of Bond & Sons, 177, from local mean time ....... · · · · · · · · · · .. · . 

Chronometer too slow for local mean time .............. · .. · ....•... · . 
Too slow for Greenv•rich .....................................•..... 

Ro!!!ulting longitude, W .•..•..•...•••.••••....•••..•••••• 

Kessds, 1285. 

Comparing as before, and in the same order, we have, on June 29, for error 
from mean time, Greenwich-

From Dent, 2602 · · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..•...........•... 
Bond & Sons, 177 ...... · · . . . . . . . . . . . . . . . . . . . . . ..........•... 
Fletcher, 17 39 •.......•................•.••...•.•.••....•..• 
Dent, 2126. · •.•......•.........•...•..•.•••.••.•....•..•• · . 

June 29, mean .•. · . • . • • . . • . . . • • • • • . •......••..•..•.•.•.•• ~ ••••..•. 
Add for setting of chronometer •••••..•.•.•.••••••••.• • . • • .. • • • • .. • • 

+ 
+ 

+ 

+ 

'" m. $, 

0 34 33. 75 
4 51 58.75 

4 17 25.QO 
0 0 48.42 

4 16 36.58 
------------

3 57 5:l.32 
3 57 54.20 
3 57 53.46 
3 57 52.44 

3 57 53.10 

3 53 31.29 
3 53 25.25 
3 53 26.98 
3 53 26.97 

3 53 27.62 
3 57 53.10 

4 26.42 
==== 
4 31 12.12 
4 51 58.75 

0 20 46.63 
3 65 44.47 

4 16 30.60 
= 

5 8 22.72 
5 8 24.60 
5 8 23.86 
5 8 22.84 

6 8 23.50 
n5 o.oo 

4 13 23.50 
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On August 9, comparing, in the same order, we Lave ............•..... 
Do ...... · ·. · · · ... · · · · · · · · · .. · · · · . · · · · ........ · ........... . 
Do .... ·· ... ··· ... · . • .. · · • • ·. · · · · · · · · · ... ·. · ·. · .•.......... 
Do .•........................•..... · · · ... · ................ . 

August 7, mean ... · · . . . . •....• · · ... · · · · .. · · · ... · · · · · · · · ... · ..... . 
June 29, mean .• · • · · .... • · • · • • · · .. · · · · · · · · · · · · • • · · · · · · · . · . · · · . · . · 

Loss in 39 days . • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Giving a mean daily rate of - 9s. 253, and error from mean time, Green· 

wich, at epoch, - 4h. 16m. lSs.76. 
Comparison with Bond & Sons, 17'7, on July 16 and 20, gives chronometer 

too slow for Bond & Sons, 177, at epoch.····· · ·. · · · · · · · · · .. • · · · · · · 
Error of Bond & Sons, 177, from local mean time···· · · · · · · · · · · · · · · · · · · 

Chronometer too fast for local mean time· · · · · · · ...• · •... · · ... · · · · · · · 
Too slow for mean time, Greenwich ... · · · . · · · · · · · . · · · · · · · · · · · · · · · · · · 

Resulting longitude.··· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

The several results for longitude are, respectively-
From Bond & Sons, 177 . • . . . . . ............ · · · .. West of Greenwich. · 

Dent, 2602 .. · ........... · · ......... · · · ... · · · · · ·do · · .. 
Fletcher, 17 39 ........... · · • ......... · · . . . . · .... do · .. . 
Dent, 2126 ......................... · · .......... do ... . 
Arnold & Dent, 802 ...... · . · . . .. · ... · · · ... · · · · .. do· · . -
Kessels, 1285 • · • ... · ..... · · ......... · · · .. • ·. · .. do··.· 

Mean of the chronometers ..... · · . - ........ · · · . · · · • · · · do · · · · 

The mean of the first four results is ....• · •.. · · · · · · · • · · · · · · · · · · · · · · · · 

+ 

+ 
+ 
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li. m. I. 

4 19 27.54 
4 19 21.50 
4 19 23.23 
4 19 25.18 

4 19 24.36 
4 13 23.50 

6 0.86 
------------

4 51 48.21 
4 51 58. 75 

0 0 10.54 
4 16 18.76 

4 16 29.30 
------------
4 16 23.5 
4 16 30.7 
4 16 24.1 
4 Hi 36.6 
4 16 31.R 
4 16 29.3 

4 16 29.33 
------
4 16 28. 72 

The nearest whole second is, in both, 29s. We may, therefore, as at present advised, write 
the longitude of our eclipse sta6on as being 4li. 16m. 29s. west of Greenwich. 

If we adopt the equation of time given_ in the British Nautical Almanac, instead of that in 
the American, the longitude will be diminished Os. 36. 

S. A. 
COLLEGE OF NEW JERSEY, Princeton, November, 1860. 

APPENDIX No. 22. 
An account qf the lotal sOlar eclipse qf July 18, 1860, as observed for the Unt'ted States Coast 

Survey near Steilacoom, Washington Territory, by lieut. J. M. Gi"lliss, U. S. Navy. 

PRELIMINARY. 

There seemed too little probability of favorable results from an expedition to observe the 
tote.I eclipse from the west side of the American continent t-0 justify the despatch either of 
many tl.ssis.tants or of an elaborate equipment of instruments. Experienced gentlemen, or 
thoa~ who we~ supposed t.o be so, and were consulted, pronounced that portion of Washington 
Territory which tho total shadow·path would traverse rugged, crossed by dangerous t-Orrenta, 
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caused by the snowi; melting at that season, and covered by dense forests, which would be 
likely to obstruct vision in almost every direction. They thought that a suitable site would be 
attainable only after cutting a path through immense forest trees to some mountain top of the 
Cai,cade range; and to accomp1i1'h this from Seattle, in the direction of the line of totality, 
involved a journey of five or six days on horses, and the fording of a stream (White river) 
which is perilous at all times, but is especially so at high water and with loaded animals. 

Nor were their prognostications ·more flattering for the atmo~pheric condition on the morning 
of the eclipse. The hour of the day was against us, a law of meteorology to which that regiim 
forms no exception, and therefore they could offer few expectations of bright auroral skies to 
serve as encouragement during the certain, harassing forest struggle. They could safely 
promise a large proportion of clear afternoons in July, probably quite two-thirds of the whole 
number; but at the hour at which the eclipse would take place there, they thought we should 
be lucky if the mists rmd fog- banks from the Cascades and Puget sound permitted vision of 
the sun one morning of five. 

Bt!sides these natural hindrances, as the country is a newly settled one, great doubt was 
expressed whether proper transportation could be obtained from the proposed starting points 
for the land journey. Fortunately it was possible to proYide against imch contingency; for 
when the remaining portion of the programme was complete, General Jesup, U. S. A., very 
considerately instructed the quartermaster at Fort Vancouver, on Columbia river, to supply as 
many pack mules as might be required for the service, and thus allayed all anxiety on a very 
important question. 

Having these several obstacles aud risks clearly in view, two aids attached to the U.S. Coast 
Survey were designated to assist me in the observations, and, in the expectation that we should 
occupy an eminence of the Cascade mountains between lakes Kachess and Kitchelus, (lat. 47° 
23' N., long. 121° 28' \V.,) I regarded it indispensable to have as few instruments a~ would 
suffice for the work, and to have them distributed in light packages. 

The assistants appointed were Messrs. A. T. :Mosman and James Gilliss, both of whom were 
then on the West Coast of the United States. The former, who was supposed to be at Gray's 
harbor, was instructed to obtain, by personal examination and otherwise, all pot5sihle informa­
tion of the country between the towns of Seattle and Steilacoom, Puget sound and White river, 
to ascertain whether men and animals could be had in that vicinity, and to report to me, on the 
arrival at Seattle of the steamer with the mail of May 21 frnm New York. Mr. Gilliss, then 
near San Francisco, was directed to meet me at that city, to have tents in readiness, and to 
make arrangements for a proper supply of provisions to last ten persons during sixteen days. 

The instruments required for the party were : 
lAt. A te]e;;cope for my own use, to be mounted eqnatorially. Through the courtesy of 

Commander M. F. Maury, U.S. N., the comet-seeker belonging to the Washington Observatory 
was obtained. It is of the largest size, made at Munich by Merz & Mahler, viz: 3/0 inches 
clear aperture, and 34.6 inches focal length, ·with hour and declination circ1es of five inches 
diameter, and mounted on a heavy stand of brass, adjustable on foot-screws. As it was con­
structed for the Washing ton Observatory, whose latitude is (about) 39° N., and I contemplated 
occupying a station near the parallel of 47° N., a wedge-shaped plate of brass was fitted under 
its polar axis, in order to give the latter the requisite elevation. Its eye-piece all:jo was t<pc­
cially prepared at tlie Coa8t Survey office. Improving upon the device adopted in Peru, in 
185tl, concentric circles, divided by diameters into octants, were engraved upon a plate of very 
thin glass, which was cemented at the focus of the lenses. The inner circle was (34'. 9) intended 
to be (as it was pretty nearly) of the diameter of the moon as seen in the field on the morning 
of the eclipse ; the next one of fi', and the third of 81 greater diameter, &c. The eye-piece 
~agnified 32 times, and was furnished with a revolving disc, fitted with a series of differently 
hnted screen glasses. 
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2d. In accordance with a suggestion from Dr. B. A. Gould, a dark chamber, within which to 
observe the image of the sun when projecte<l upon a screen of white pa per, was fitted to Coast 
Survey reconnoitering telescope No. 10. The instrument i8 a 3-inch achromatic, of 46} inches 
focal length. mounted upon a common tripod of wood that permits vertical and horizontal 
motion«, but which is without clamps or Rlow-motion f'crew,;. [t,; ol1jcct glass appears to he an 
excellent one ; the magnifying power of its eye-piece 50. 

The dark chamber is a box of very thin pine hoards, whose dimensionR are 1-i x 10~ x 9t 
inches. Five sides of the interior are stained with lamp-black, the sixth covered with drawing 
paper. There is an aperture in tho side facing the lust, through which the eye end of the 
telescope passes tightly, and affords partial support to the box, the remaining weight being 
distributed between four brass rods, one end of each of which is soldered to a clamp fitted to 
the telescope tube, and the other ends penetrate corners of the box, where the~' are held by 
thumb-screws. One side of the box is hinged, to facilitate drawings. For observation of the 
magnified image upon the screen, there is au aperture sufficiently distant from the former to 
permit application of the eye without touching the telescope tube by the head. Thus tho 
observer stands with his back to the object, and colored screen glasses are wholly dispensed 
with. The instrument would have afforded more interesting detail::; but for its defective 
mounting, a result I am responsible for, because it \Vas my duty, at least, to have seen the 
stand before unpacking it in 'Vashington Territory. 

3d. For the determination of the latitude of the station and its local time Coast Survey 
prismatic sextant No. 65, made by Pistor & Martins, and a mercurial artificial horizon were 
selected. The sextant is of ten inches radius, and reads by a vernier to 10". 

4th. Three chronometers. One of them was Coast Survey box sidereal chronometer No. 
311, which wa;.i removed from its gimbals and packed in double and padded leather cases, 
fitted \vith straps for suspending it over the shoulders, and a belt to bind it. to the waist. 'l'he 
others were mere mean time pocket chronometer;:, viz, No. 2113, with steel ands ha.nd strongly­
marked second's dial, and Ko. Tf 9. For the nse of the latter instruments I am under obliga· 
tion to Commander M. F .. Manry, U. S. N. Neither of the three can be regarded a first-rate 
one. 

5th. Meteorological instruments. Through the courtesy of Prof. Joseph Henry, these were 
obtained from the Smithsonian Institution. They consisted of a cistern barometer No. 1356, 
reading to in . . 002, and a syphon barometer No. -, similarly divided ; two air thermometers, 
Nos. A, 1637, and B, 1638, divided on ivory scales to l 0

; two wet-bulb thermometers, with 
corresponding numbers, and lettered B, divided in the same manner on ivory, and two black­
bulb radiating thermometers made in the same manner as the others. Each b~rometer was 
securely packed in an inner case of wood, and an outer one of leather fitted with [ransporting 
shoulder-straps. One thermometer of each kind was packed in a sm:ill box, and furnished 
wit.h brass spring bracket and thumb-screws, by which to attach it to any convenient object. 
These instruments were made by Mr. James Green, of New York. 

The remainder of the equipment comprised only a small lantern, a Nautical .-!.lmanac, and a 
table of logarithms. Except the chronometers and barometers, it was packed in three strongly­
made boxes, provided with handles, to be used in case it became noccssar.'' to abandon their 
carriage on mules. When ready for transportation, they averaged rather le,,;s than one hun­
dred pounds each. 

Leaving New York per steamer of May 21, I crosi!ed the isthmus of Panama on the even­
ing of the 29th, and arrived at San Francisco on the afternoon of June 12. Mr. James Gilliss 
joined me at the fatter citv. 

As the steamers from Sau Francisco to Puget's sound do not touch at Seattle, and Mr. 
Mosman had been directed to await me at the latter place, application was matle to Messrs. 
Forbes & Babcock:, the agents of the Pacific Mail Steamship Comp my, to permit a departure 
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from the regular itinerary of the voyage. And not only did these gentlemen promptly concede 
this important service, but they also instructed Captain Hudson, commanding the Panama, to 
facilitate my objects in every other manner in his power-an order which he most liberally and 
cordially interpreted, and executed on that as well as during the return voyage to San Fran­
cisco. 

Two days later the instruments, tents, and provisions were ehippod on board the Panama, 
by which steamer we left San Francisco at noon of 15th June, navigated the Columbia and 
Willamette rivers as far as Portland, in Oregon, and arrived off Seattle at 9 p. m., of the 22d~ 
Mr. Mosman had not been there, and, as I afterwards learned, in consequence of there being 
no regular mail communication with Gray's harbor, his orders were not received until some 
days after my arrival in Washington Territory. On this account he was not able to join me 
until July 8. 

Residents of Oregon and of Washington Territory, who had been fellow passengers with us 
from San Francisco, stated that there had been unusually heavy falls of rain (snow on the Cas­
cade mountains) during the last winter and spring, and, in consequence of a continuance of the 
cold weather to a very late period, the annual freshets in the rivers had been very much de­
layed. We had seen the islands in the Columbia and Willamette rivers overflowed, and 
were told that those streams were, at least, ten feet higher than their usual level at that 
season of the year. It was reasonable to expect that the rivers of Washington Territory, 
which are further north, would be proportionally higher. Of the latter, and of the difficulties 
of crossing them with pack animals, reliable information was gained from an officer of the 
Hudson's Bay Company, who had made many journeys through the Yakima country between 
Vancouver, on the Columbia river, and Nisqually, on Puget's sound. 
· For want of the knowledge which had been expected through Mr. Mosman, as soon as it was 
satisfactorily ascertained that the number of animals required for transportation could not be 
obtained at Seattle, I deemed it proper to proceed to Fort Steilacoom, thirty-five miles fuJther 
south, and consult with the United States officers there. Five hours later we landed at the 
village of the same name, which is located on the sound, a mile and a half to the west of the 
garrison. 

While lying off Seattle a brilliant comet was seen in the northwest. .A.t first I supposed it 
an auroral streamer, but its true character was instantly manifest when an ordinary ship spy· 
glass was turned upon it. This was the first clear evening experienced after passing Cape St. 
Lucas on the 8th June, and though there was still considerable twilight, and the moon was 
four days old, the comro could be traced through more than 10° by the unassisted eye. The 
nucleus was quite disti11ct in the telescope. It was estimated to be about lm. east, and 3° 
south of {1 A.urigm. It was seen on the evenings of the 23d and 24th also. On the latter 
evening its tail was near 15° in length, and the nucleus had evidently moved to the south and 
east. When a telescope was unpacked, on the evening of t,he 26th, the portion of the heavens 
occupied by it was obscured by clouds, nor was it subsequently seen. 

Brief conversation with the officers at Fort Steilacoom showed how little reliable was the 
topographical information previously obtained. They regarded the inference from the high 
water of the Columbia a just one as to the state of White river, but expressed every confi­
dence that a journey to the summit of the Cascade mountains was totally uncalled for, if there 
was no other object in view than to obtain a horizon at sunrise, because they knew of many 
small open prairies west of the :range which would permit vision of the snu almost, if not 
actually, upon the horizon. They were right. T~o days afterwards an appropriate site for 
the observations was found about ten miles S.SE. from the garrison, and we encamped upon it 
on the morning of July 9 following, thus avoiding a hazardous, fatiguing, and costly journey 
to an inhospitable region, where a cloudy sky would most probably have attended us. 
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TopograpMcaL-The spot selected for camp is a knoll of slight eminence on Muck prairie, 
west of the road, and one mile north of where a stream of the same name crosses it. The 
surface of the ground is rolling and the prairie about a mile wide between the nearest eastern 
and western belts of pine and hemlock trees. Two hundred yards north of the camp grnund 
there is a clump of trees extending three-fourths of a mile from the road in a southeasterly 
direction, the eastern boundary of this clump being a nearly north and south line. Between 
the southeast corner of the clump and the eastern belt bounding Muck prairie there is an open 
space of half a mile which permits a view in the direction of sunrise, (at that time of the year.) 
.A.hove the pine and fir-belt seen in this last direction, and some five miles diRtant, a very 
slight eminence of the Cascade mountains is visible, its elevation above the ground line being 
32' 20". Assuming the (magnetic) variation to be 22° easterly, the bearing of the centre of 
the eminence is N. 64° E.; and that of Mt. Rainier, a lofty snow-clad summit of the same 
range, S. 33° E. 

Between the forest bounding the southern line of the prairie and the Cascade mountains in 
that direction, the country is, apparently, much lower. A part of the mountain-ranges con· 
stituting the northern base of .Mt. Rainier is visible over the eastern fir-belt attd between the 
SE. by S., and south points of the compass, the entire chain is seen in broken ranges, the 
nearest of which is estimated to be 25 miles distant. The lowest depression in the range is 
the Cowlitz pass, which bears S.SE. Mt. Rainier appears as a triply pointed cone, covered 
with snow as far dClwn as the forest permits vision-perhaps more than 10, 000 feet! A most 
noble object it is to look upon. 

After the tents had been pitched under the shadow of the trees, near the northwestern angle 
of the prairie, a computation of the sun's amplitude for the morning of the eclipse showed that 
the eastern extremity of the northern bounding pine-clump would obstruct the earliest rays. 
In consequence thereof, a site for the telescopes was selected S. 85° E., and 550 feet distant 
from the spot on which the observations for time and latitude were made. It is ten feet higher 
than the ground at the camp, and commands a better view to the northeast. From a mean of 
all the barometrical observations made at camp and rednced to 32° Fah., and upon the assump· 
tion that the barometer at the level of Puget sound reduced to the same temperature stands 
at 30 in., tho elevation of the camp knoll is 350 feet; that of the telescope knoll 360 feet. 

Adjustments and observations.-On the day after our arrival at camp the cistern barometer was 
suspended from a strong bracket nailed to the large oak tree which over.shadowed the tent, 
and in such position that it was shielded from the sun in the morning by the tent; at noon by 
the trunk of the tree; and in the afternoon hy a screen. Its cistern was two feet above the 
ground. 

The air and wet bulb thermometers, Nos. 1637 A and B, were placed beside it, and the 
latter was moistened at least five minutes before reading it from a cup of water kept near. 

The radiating thermometer was placed in front of the tent and its bulb just clear of the 
ground. 

A wind-vane was made by tying a bit of tape to the highest twig of an oak bush from which 
all the bran.::hes had been cut, and staking the gronnd at the cardinal points. Our sheltered 
posit.on rendered its indications doubtful at times, and, therefore, both the direction and the 
strength of the wind were quite as frequently estimated from the motions of the trees above 
and around us as from the vane. 

These instruments were placed in charge of the assistants, and, except at 3 a. m., from which 
hour I excused them, observations were made tri-hourly until midnight of July 18. 'fhose 
made at brief intervals, on the morning of the eclipse, by Mr. James Gilliss, are incorporated 
in the series. 

At my i·equest Dr. Jo;mph B. Brown, U. S. A., in charge of the hospital at Fort Steilacoom, 
very promptly and courteously promised a corresponding series for the morning of the eclipse, 
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and his observations are given elsewhere. If the temperature shown therein differs from that 
noted on Muck prairie more than the distance between the two places will satisfactorily explain, 
perhaps it may be accounted for by the fact that the thermometers at the latter were freely 
exposed in the open air, whilst those at the hospital are in a sheltered corner under a porch, 
on its south front. 

Meknrologioal o&ervaii.ons on Muck prairie. 

Day and hour. 

'Vind. I 
---,-----,---------,----~ 

z ~ ··~-- g I e ~ - ~ ~ 

~ _ I ~ I ~ I ~ I ~ - 1___1__ ~ I 
July 10, ~=~: ......... 129~~~1 I 71.7 I 72.S ! 6:. 71 Y:>. : W.NW .. .. 1

1 

• I C e.N. W •••• ••••• L .. .,.'"'u' 
3 p. m ••.•••• : 557 j j., 76.6 65. 7 I 92 0 E_NE.. •. . . 2 L'. K. 6 ....•...••••.. : 'VPry hazy. 

6 •••.•••••••• 

1

1 537 76.7 76,7 6!..7

1

! 89.5 E.NE ...... 

1 

2 C. K. and K. S.10.h, Cloudsv-ezy low; at least 10,.000 feet; 

, 
1 1 

Mt. Rainier in sunltght. 
9 ............. j 521 66.5 68.6 60.6 i"" .... Calm...... ... .. C. S. 10 .............. 1 Atmo•pl1ere hazy. 

mid11ight .••••• I 5.16 62.Q 62,6 .57.5 
11 
.•••••••• Cnlm .•.••. j'''" C.8.andK.S.10 .... ;,

1 

Atmo:-pbt!re hazy; heavy bank; cum. 
strat. to nor1bwest. 

July 11, 6 a. m ••.••... '

1 

525 59.4 60,;j 56.8 ( .••.••.. Calm •••... 

1

1 ...... K. s. 10 .•••...•.••.. 1 Atmo-~phere very hazy. 

9a. m........ 514 63.1 64.2 58.91·--······ NV\""....... 2 N. 10 ................. Jlarning slightly. 

noon .•••.• ····i [,42 66.8 66.5 61.2 .i···· .... (.!ahn ••... ·1·· .... G. K. antl ;::;, IO •..•••. 
3p. m ........ I 555 67.8 67.7 60.3 ! ......... NW.byW.. 1 ..... do ............. ! Do. 

6,,,H•••••·•· .562 61.8 62.5 61.8 J········J Cairn •.••••••.••• Rain, HJH•••••••••··l Raiuing st-endiJy, 
9 ............. j 602 58 9 59,0 57 .9 , ........ Calm ............ N. JO ................ I Do. 
midnight. •... 

1 
664 M.9 56,0 55.4 ! ........ 'Calm ............ !lain, JC ............. 1 Do. 

Jul)'l2,6a.m •..•••.. · 682 M.7 56.0 5.0.2 / ••.•..•• i Calm ............ N. 10 ................ / Rainingslig-htly. 

9a.m ......... J' 668 ~S.8 60.1 57.9!·······-~sw .....• 2 K.andK.S.10 ..•... !sunthroughclouds. 

11-oon.......... 567' 6L5 61.8 58.7 !···· .... : S": .... ._. 2 K. s. and N.10 ..••.. ! Sh~~ers at inten·ttls, light. 
:J p. m ........ 

1 
736 65.5 64.5 58.6 / ........ IHL ...... ll K. and K. S.10., .... I Rammg one m!Je to southwest. 

6p.m ........ ; 748 57.7 58.7 57.21 ........ jwsw .... 1

1 

2 N.10 .............. .,iRainingruoderately. 

9?.m .••••.•. jl 766 57.0 58.1 56.31 ........ lw.sw .... 1 N.10 ................ 'Rniningslightlr. 

midruglJt...... 730 55.5 55.6 54.3 /········! Calm ....... 
1 

..... K. S.10 .••••••••••.•• 1 No rain; atmospherecle.a.r. 
Julyl:J,6a.m, .••.•... j /.:kt 55.0 55.::I 54.4 

1 
........ ! NW .•..••. 

1 
l K.andK.s.10 ...... ! Cloudsverylow;atmospbereelear. 

1:l a.. m .••.•... ~ 884 60.B 60.5 56.8 i········i W.NW .... 

1
: IL 7 ..••.•....... ····1 Do. do. 

noon .......... \ 878 6:;.3 6;1.0 57.9 ; ........ ; W.NW.... 1 C. K. and K. 5 ....... 
1 

Do. do. 
~p.m ........ ! SM 67.l 66.8 58,7!, ... , ... 'W.NW .... / 2 C.K.andK.8....... Do. do. 

6p.m ........ '1 828 620 62.3 59,3 •••••••. w.sw .... I K.S.anul'i.10 ...... IRnininglightly. 

9 p. m........ 821 59.7 59.8 55.7 ; ........ W.NW ••.. 1 K. S.10 ............. 1 Moderately dear atmosphere. 
mi-dnight .••..• j 776 56.3 56.7 5..1:7L ...... ~.,NW......... K.9 ...... H .. •nn.-••lBlackeloudtoeastward;soniestan. 

July14,tia.m ........ i 7;;8 !15.0 55.9 53.2!. ••••••. iN.NW..... ;N.10 ................ j 
9a.m ......... \ 754 5~.9 59.0 55..2 \ ......... !NW........ C.andC. K.6 •••...•• 1 SunthroughcloudsoccasionalJy. 

TIOOD··········i 766 67.!:! 68.0 .'>9211 94.0
1
NW....... jC.BfldC.K.4 ..••.... jAlmospherf!modemtelyctea.r. 

:3 p. m ..... ····i 724 70.3 70 .. 0 59 4 80.0 ! West...... 2 K .. 7 ............... ····J Sun ncca~iona.IJy obscuf'ed. 
6p.m .••.•... 708 70.i 70.8 58.2I B5.6 1 NW ........ !- K.S.andS •••••••••• iCentreofRaiuiersee.ntbrougbelouds. 

9 p. m ........ ; 676 5!J.4 59 'l a5·o1-..~ ~······••j
1 NW....... i- O .................... ! Atmospherec)e1rr. 

midnight., •••• i 694 53.2 5:1.l , ........ Unlm ............ i K s.1 ............... / Someclou<ls to south. 

July 15,6• m .•••••.. •1 6G4 53.0 53.6 52.0 I 64.0 i w.sw .... I K.a11dK. s.1 ....... 1 TopofRainJ.,rin cloud•. 
9a. ru .•..••.. ~ 655 65.5 66.7 60.0 [ 87.5 ~ENE...... : K.and K. S. 4 .••.••• [ Haze ff\·er Raiuier. 

noon ......... I ll3tl 72,3 72.8 61.9 f ll'.J 2 JN NE..... 2 j K. !. ................ Clottds •bouteas<em horizon. 

3p. m ........ 1 610 77.5 77.2 6-2.3 1 !18.0' N NE..... 2 K. !............. .... Do. do. 

6pm ........ i 61J 717 72.0 60.31 ........ N\Y ....... 3 KBJJdK.S.8 ....... Sudden•qullllfromnortbwest. 
9p,m ........ : 710 596 597 55.4

1 

....... 

1

iNw ....... 2 jK.S.JO .............. OlstanttlumderbetweenQandlOp.m. 

m1dnigbt. ..... 1 700 57.8 58.l 53.8 •••••••· Valm ............ N. 10 ............... . 
July16,6a. m ....... .i •72 55 S 56.1 62 0 ........ ! W.SW.,.. 2 N 10 ................ Cucadenmgelnvisible. 

Ya. m ....... [ 816 6l O 61.0 54.2 ........ 

1 

NW....... 1 K. and. K. S. 10 ..... . 
noan ......... ·( 851 114.4 64,4 56 . .5 !........ W.SW.... l K. and K. S. 10 •••••• Atmosphere wry e-. 

:Jp.m ........ 
1 

836 67.9 67.o 57.41 91.11 W.8W.... 2 K.s.s .............. . 
6p.n1 ........ 

1 
818 66,6 65.S 55.7 82.0 WNW .... 1 jK.anoK.s.2 ....... TopofRainiervUribJeoyucJoadl. 

9 I'· m ........ , $02 55.2 ll6.5 54.2 ........ \ Cnlm ............. K and Ko!!. 1. ..... . 
mid1ugbt ..•.•. i ~O 49 5 49.& -48,31 ........ I Calm...... 0 ................. . 

July 17, 6 a. m ........ \ 7116 50.2 50.8 4.9.61 55 o I s.sw. •••• &. s.1 ........ , ..... . 
9 a. m........ 7Sll 64.8 64.3 35.8 90.4 Nil........ 2 K. and K S. 2 ...... . 

noon .......... 11111.?02 68 • .0 e7.9 ii7.4 ~-· 1 Wai...... 2 K. a. .... ·····••••••· T ....... Balnierd!lllaet;·.Wili IJqllllllL 

'l'hermomete.rs. 

Clouds. Remarks. 



 

Day and hour. 

1860. 
Ju1y 17, 3 p. m .••••••• 

6p.m ....... . 
9p. m •••••••• 

mi-duight .••••• 
July 18, 4h. Om. a.. m .. 

10 ...••.••• 

20 .•••••••• 

30 .••.••••. 
40 ....... .. 

50 ••••••••• 

5 0 ....••.•. 

10 ........ . 

20 ........ . 
30 ....... .. 

40 ........ . 
50 •.••••••. 

6 0 ....... .. 

!I o ........ . 
noon .......... . 
3p. m ....... . 
6p.m ....... . 
9p. m ....... . 

midnight .••••. 
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lJekorologiool oburvatiom at Aluclc prairie-Continued. 

) Thermometers. \'\"ind 

I ~ ~-· I I 
I ~ ~ ~ I ~ __ ~ __ i l ! 

I,..-,i------1-- I-' 

29.758 72.7 i2A 58.5 j 100.5 N\'V....... r<. : ................. TopofRainier di,;tinct; wiod in squalls. 

7~ 70.7 70.3 58.8 I 77.0 l\'orth,..... 2 · K.S.f............... Do. do. 
700 I 54.3 

1 

54.9 51,0 ].... North...... ; U ................... , 
684 , 50.6 si.s 49.o I.... sw_...... 1 o ................... 1 

686 44.3 4.5.7 44 5 ; .....••. Cairn .... ·1·····. 0 .•...•..•••••••••.. Lt,ght hn:t:e toea:stward. 

6~ 44.5 45.3 44 6 "··· .••• Calm ..... , ...... 0 ................... , Do. 
'678 44.0 45.1 44.3 1 ••• ,, .•. Calm ...••. 1 .••.•. Stratus 1 ..•.••••.••. Rarnierverydistinct. 

U90 43.9 4.5.0 43.9 '•••••··· Calm ...... 

1

1 •••...•.• do .••.••••••.••. Cloudsonl\ttosoutbeast. 
690 44.0 1 44.!J 44.0 i 4-4 O 1 Calm ............ K. S. I. .............. Univ cloud. is on Rmmer. 

:: ~:~i :::~: ~~i :~:~i::~:~:::::1 ::::~::::::::::::::::\ . 
676 43.9 ! 44.0 I 43.811 45.0: S-outh '''"I I K and K. s.2. •H••• Ram1cron]y part1yv1s1bole. 
i}8() 45.8 4-4,9 i 44.0. W.O, S'f1r ........ 1 K. 2 ................. Rainierentirciyhid. 

688 47.3 i 45,91 45.1 I 51_0 s.sw ..... ! K. 3 ............ .- .•. Large cloud to southwest. 

6961 50.o 1 47.o, 46.: I ~.o sw ........ 
1 

; c. s. 3 ............. . 
'720 51.5 ! 49.0 

1

1 48,, I .:>.;,>.O South..... C. S. 5 .••..•.•••••••• Sun olJ.;~ured hr clouds. 

730 51.4 51 2 49.9
1 

........ ~ 5'<'uth .•... C. S.9 ••••••••.••••• 

740 50.1 00.5 j 55.7 I 92.0; SW........ ! K. 2 ................. AtmospheremoderatclycJcar. 

~~: ~ .. ~ ~::; 1· :::: ! ::~ i ~~;t~::::: 2 I~:~·.::::::::-.-.:::::: Atmosphere clear. 

£35.l 72.2 72.1) 58.21 83.0: Nortl1 ..... 2 : O ................... SlightKtonortbeastandsouthsoutb<!ast. 

618 58.7 1 5,8.ti ! 53.9 1 ~~ ...... !: North .•... 

1

1 
:, 0

0 
.. ••·.·•· .• ••••·.·.· .• ·•··.•.• ...... '\~Rainier very indistinct. 

29.618 I 52.5 i 53.1 ! 51.5 ,. ... ····\ North ..... 

Clouds. Remarks, 

NorE.-In the column clouds, C E=ignifi.ett cirrus; K, cumulu.s; S, straws:; N, nimbus; O, clear sky; 10, entirely cloudy. Ill the co-lamn wind, 1 
signities light breeze ; 10 gale. 

Observations for time and latitude were made with the sextant and artificial horizon morning, 
afternoon, and night of every available day whilst we were in camp. The inverting telescope 
and highest magnifying power were used throug·bout. The index error was ascertained both 
morning and afternoon by at least three measurements of the sun's diameter, on and off the 
arc. Whether its steady increase during the earlier days of observation was an actual pro­
gressive change, or only an apparent one, arising from want of experience with that particular 
construction of instrument, I cannot say. 

The computations have been made by Mr. John Wiessner, U. S. Coast Suney, and the data 
and results for latitude are given in the following table: 

July 13, 1860, Sun's lower limb. Inde.x error sextant - 4111,6. Barometer, 29,878 in. Auached thermometer, 65° ,3. Air, IJJc' .o. 
App-arent noon, Sh.. 15m.29i. per No. 2113. 

'rime per 2113.1 Double allitude. I Dour angle, ' I Meridian alti· / Menn. reduct. , .. me-
ridian~ tude,. 

,._ m. s. I " 1 m. •· i I II . r 'I 

11 
8 5 32.4 128 42 4{) - 9 57 + 4 44 64 26 4 

7 47.l 46 u I 7 42 2 SJ 25 51 

8 441.11 49 rn 
I - 6 49 2 13 26 48 64 26 2.2 

J7 34.9 53 10 +2 6 l3 26 48 

i 1 
25 29. l 43 50 

I 
10 0 4 46 26 36 

31 00.6 ll6 40 +rn 21 12 -16 64 26 -06 

8emicl. + 15' 4611,2, Refrac. -97",2. Para!. + 3" .s. Dec.+ 21" 43150".2. Lat. + 47° '5t' 9511 , 2. 

36 0 
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Olmrvatii>m for lntittul-Continned. 

July 16, 1860. Polaris ea~t of" meridian. Index error sextant -6411 .1. Barometer, 29.800 in. Attached thermometer, 51° .8. Afr, ;Sl}:t. 7, 

Time per 2113. IDouble altitud"•·f 

4. m. s. 
18 l1 33.8 

13 6.9 

14 39.8 
15 58.~ 
17 :l-2.l 

18 H 34.3 

o I JI 

93 4 40 No. 2110 fast mean time, Sh. !Im. 50s. 

S 30 Sid. time ohfflrvation, 171&. 45m. 546.6. 

6 40 l a= Jh. 8m. 12<. A= 1° '*3' 15" = 5175". 
7 40 Refrac. 54" .6. h = 4/i. 37m. 42f.6. = 6:9° 2513911, 

93 8 40 ..0. co~. h = + 18l8" .5. 

-~~in. In (t.t. sin. h}•. tang. A=+ 601'.D. 

93 6 38 t sin. Rl11 (.6. -cos. h) (4 sin. b)J = + Qlf .3. 

Lat.+ 47° 3' 11".2. 

July JS, 1860. Altair west of meridian. Index error sextant - 60" .-0. Barometer, 29 .618 in. Attached 52° .a. Air 51° .5. 
Altair's a:-::::: 19h. 44-m. h.. d + 8° 301 1211 .2. No. 2113, fast sid. at transit, !Om. 2&.; losing 3&. daiJy. 

Time per No. 2113.1 Observed double I Sid, int- from Reduet. to m•ri· I Meridian altitude. Mean. I altitudes. ' meridian. dian. 

h. ''" .. ' " m. s. ' " . ' II 

20 8 12 9 102 55 JO + 3 47 + 0 30 51 28 5 

13 19.2 52 0 8 53 2 46 46 

13 51.2 .5() 50 9 25 3 6 31 :a• 281 23''.4 

14 31.6 49 20 10 7 3 36 16 
15 11. l 48 ID 10 46 4 4 9 Retiac. - 45''. 6 
lfi 23.0 47 0 11 58 5 J 31 

17 14.2 4520 Ill 40 5 45 25 

20 18 17.6 102 43 20 + 13 53 + 6 44 51 28 24 

Latitude + 4'0 3' 4" .4. 

Combining the three sets, with weights proportional to the number of observations in each, 
we have for the camp knoll latitude + 4 7° 21 54". l, and for the site on which the eclipse was 
observed-

Latitude + 47° 2' 54". 
The observations and data necessary for the determination of the local time and errors of 

the chronometers are shown in the following tables: 

Cbmparitona of e~. 

Date. No. 2113. 
ll 

No. 739 No. 311. 

1860. ,., .... .. II. ...... .. r. ..... '· 
.l'uly 13 ............. 4 511 o.o 4 58 38.9 5 3 33.:J 

l.S ............ 4 43 o.o 4 f!I 87.s 4 55 '6.7 
16 ............ 11 41 o.o 11 40 47.2 Ill 59 lll.3 

17 ............ 4 44 0.0 4 13 49.5 5 5 8.3 

lB ............ 4 38 o.o 4 37 51.ll 5 3 14.3 

ID ............ 4 10 0.0 4 9 51.l 4 39 17.11 
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Observations for lim<. 

1 I I 
Mean of times 

1 
No. of ob- , Mean of nbst~rved 1 

per No. 2113. 

1

: -servationa, i double altltudeg. I 

, I ! 

JndPx error. 

! 
I 

j Barometer. 
Thermometer. 

Altitude. Air. 

283 

No. 2113, fast 
ofM.T. 

!
,_____ ,.---,,-- --- ----------

1860. 
J>JI)' 13 

14 

15 

h. m.. 11. " I fl !, Irtcke.t. 
4 34 26.9 5 'i n 54.16 -41.ll I ;is.&<1 

n as 49.2 s 91 34.22 i 41.6 .705 
(~) 

Arct.urus ..... 

(2) 4 33 44.8 5 I 77 10.12 
1
, .50.0 .660 

15 (0) 11 15 l.J.2 5 I 92 7.40 57 .5 .610 

16 (0) 11 13 44.0 5 92 20.4 64.1 E36 

16 (~) 11 18 14.2 5 I 89 50.2 &U 836 

16 Arcturus.... 17 7 2.5.1 

5

sj '1, 98 45.32 64.1 .Boi 

17 (~) 41538.4 7037.26 [>7.5 .816 

17 (0) 11 45 23.0 II 5 i Bl 45.10 62.5 . .55 

17 Arc('---

0

11. r)us .•.. 
1 

17 28 2.6 5 i 91 11.4 6"2.5 .700 

18 43220.2 5 I 77 2.10 62.5 .732 

____ 1s_c __ (,_©_,)-'_~i _1_2_2_1-__ 45_.5_1_--__ s_J . _6_9 _1~~~--'------6~ ·~ ___ --~·558 

60.8 

59.3 

64.0 

11.a 

67.9 

61.7 

5.>.2 

60.8 

72.l 
• 

W.5 

58.9 

73,5 

60 . .5 

6!'>.0 

77 .0 

6i .0 

67 .o 

71.4 

5.>,3 

59,0 

73.6 

h.m. '• 
R 10 2.7 

0.4 

0.8 

3.4 

9 51.6 

49.8 

49.5 

4.5.6 

46.7 

47.3 

8 9 45.1 

It was known at departure from New York that chronometer No. 311 was altogether too 
irregular in its going to justify confidence in a longitude derived from it. The errors on mean 
Greenwich time and rates of the others, given by Messrs. Eggert & Son, and derived from the 
preceding table, were: 

Chronomder error• and rate>. 

Chrononieter. Error, May 21~ Error, Aug. 24.1 Daily rau·, I Daily rate from ! Daily raie ftom 
May 21. ; ~uly 13 t<> 18. IMay~l to .\ug. 24. 

------
I m • .. s. 

No. 21J3 +o 6.5 -l 23.5 

f 

+o.~ -3.31 -0.95 

No. 'fi'D' +1 11.5 -2 7.0 +o.5 -0.6'2 -2.09 

From the errors on local time, derived from the morning and afternoon observations of July 
18, and those on mean Greemvich time, shown on returning to New York, August 24, the 
several rates applied to the latter date give the following longitude fol' the camp knoll: 

Longitudes, camp on Muck prairie. 

Chronometer. 
18th July. 

From rate of 21st May 
to 2!1th August. 

--------/-. ;rom rate of l\fa~--- From rat.e of 13th to 

--------------------] ------------- , ________ _ 
k. m .. h. rn. .. h. m •-
8 11 16.44 8 9 8.33 8 10 33. 89 

8 12 2.24 8 11 22.56 8 10 26. 41 

M:eans .••••••••••••....••••.....•...... 

-- --~~:-1 8 11 31).34 8 10 30. 15 

The conection applicable to observations at camp to niduce them to the telescope knoll 
being- Os. 56; if we adopt the determination from the rates between 21st of May and 24th of 
August as the most reliable we shall have for tbe spot oo which the eclipse was observed 

Longitude 8h. lOm. 29s.6. 
The telescopes were removed to the knoll east of the camp during the morning of the 17th, 
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a.nd after the stand of the comet-seeker had been adjusted for verticality by the level attached 
thereto, its polar axis was (first) brought approximately in the meridian by means of a pocket 
compass divided to 1 :.o. Its eye end was next turned until the motion of the sun was parallel 
to one of the lines engraved on the glass lamina, and then the focus was adjusted upon the sun's 
limb and spots. At later hours the diameters of the inner engraved circles were measured by 
tra!lsits of the o;un' s limbs over them, and the azimuth of the polar axi,,; examined at the eastern 
elongation of Polaris. Ko attempt was made to correct for any error that might have existed 
in the elevation (47°) of the polar axis. 

The other telescope was placed a few feet to ihe south of the comet-seeker, the .. top of its 
stand made horizontal, and the tripod legs pressed firmly into tlrn ground whilst so adjusting it. 
Its eye-piece was .then moved until the sun's image cast upon the screen was the sharpest, and 
at the same time two of the shadows of the engraved lines on the diaphragm \Vere respectively 
parallel with and perpendicular to the top and side uf the box. 

Each of tlie assistauts had carefully studied the suggestions prepan;d for the Coast Survey 
observer,; by Dr. B~ A. Gould and Prof. Jos. Henry, and the duties as,,;igned to them were 
briefly as follows: 

Mr. Mosman had had some experience in a;;;tronomical observations. The telescope with 
dark clrnmber, the sidereal chronometer, and sheets of paper with circles drawn upon them to 
conespond with the images of t!wse in the diaphragm were therefore given to him. A 
differently mounted instrument would have afforded him ample material:; for notes and drawings 
of the phenomena. 

The meteorologicnl instruments were suspended from a temporary tripod erected just west of 
the telescopes, nnd ·were placed in charge of .Mr. James Gilliss, who was also to record changes 
in colors, the nmount of light, and all other information IJot requiring the use of a te1e8cope. 
:For the purpose of aiding him in recogniziug and distinguishing them a diagram had been 
prepared to show the places of the planets and brighter stars then in the vicinity of the suu. 
The£>e duties were deemed quite sufficient to occupy him without the additional task of calling 
aloud the secouds of a chronometer, as propoo;ed by Dr. Gould, for one assistant, (of three,) and 
therefore Mr. :Mosman and myself were each to note time for himself, to which end I had 
chosen the chronometer with steel hands. 

Trrn ECLTPSE. 

For the first time after our arrival at the station selected the sun rose clear on the morning 
of July 17th, nor was there more than two-tenths of the sky obscnred by clouds at any time 
during that day. llut I h<.:d no confidence in the state of the ·weather. The experience of 
three weeks in \Vashington Territory had been of rapid change from fair to mist, or fog, or 
cloud, sometimes over one, sometimes over another part of the heavens, and the prognostics 
one has a right to make from ordinary meteorological intelligence were constantly at fault. 
Therefore, although the eveuing of the 17th was absolutely cloudless, and the stars were 
shiniug with remarkable lustre after mi<luight, yet wheu we closed the tent, three hours 
before the eclipse began, neither of us could venture to predict a favorable morning for tho 
ob:,ervations. 

By half past three a. m. we were up and had removed the meteorological instruments to tho 
telescope knoll. Even at that time it was sufficiently light to write without urt.ificial aid. 
Mount Rainier was distinctly visible and sharply cut against the southeastern sky, its towering 
cone of snow mellowed to a bluish glacier tint. Beyond it, and thence northward in the 
direction of sunrise, there was a stratum of vapor whose upper line was slightly inclined from 
mid-height of the mountains to the horizon. The barometer stood at 29. 698 in.; attached 
thermometer 44°. 5; temperature of the air 45°. 2; and there was only a very light air from the 
southward. 
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At 4h. Gm. the mist strire became demer to the northward and eastward. They were more 
evidently in rays diverging from the point occupied by the sun, and were traceable to an 
elevation of 25° at the extreme limit southward. Then the air waR Ro loaded with moisture 
that the cold was e_xceedingly penetrating, and although the telescope had been completely 
exposed all 11ight the object glasses were densely covered with drops very soon after the caps 
were removed. 

By 471.. 19m. a part of the vapor to the northeast had condensed beyond the Cascade mountains 
into little cumuli, each one more light and feathery with its distance from tho divcrg·ing- point, 
though none of them extended so far as Mount Rainier, and it was only to tlrn soutlnrnrd of the 
peak that a broad volume of vapor was seen pouring through the Cowlitz pass towards tbe low 
lands bordering on Puget sound. Two minutes later and the edges of the little ftocu1i were 
bordered with hues of pink and gold, which increased in dcvth and lirilliancy of coior as the 
sun approached the horizon. 

The moon had advanced far .upon the sun's disc when the first cusp appeared on the horizon 
at 471. 29m. 52s. It was seen through a red screen glass; and the image was sharp aud without 
tremor. Indeed, the atrnos11hcrc was so still that tlie rise of the second cusp ever the distant 
ground line at 4h. 3lm. 108. ·was observed with almost as much precision as its transit could 
have been over the wire of a meridian telescope. But it ·was at once perceived that the1·e was 
great distortion of the lune, unequal refraction apparently flattening its lower half. 

Immediately thereafter it was again necessary to wipe the heavy dew drops from the object 
glass of the telescope, and whilst so doing my attention was directed to the surface vapor which 
had formed 11ear us. Apparently the whole of the northeastern and lower portion of the 
prairie was a placid lake embowered among towering pines and hemlocks, and dotted with 
miniature isles, an illui;ion which waf'< enhanced by rapidly diminishing intensity of the sunlight. 
It was so still and so smooth that I almost expected to see reflections of the trees and shadows 
of the knolls which formed its islets. 

At 4h. 43m. distant objects could n"ot be recognized more distinctly than during midsummer 
twilight in latitude 45° at 8! p. m.; and though Mt. Rainier still reflected rays from the sun, 
the 1'1ky beyond it and in every direction from us was of a leaden hue and without transparency. 
The countenances of the at::sistants had become of a grceuish-yellow color, and the ever dark­
green forests were really black. 

At 4h. 44m. the southern cuRp lrnd become rounded off and jagged, as though the moon's 
edge was serrated. But had such been the case this portion of the lune would have been 
broken into beads of light before the total obscuration took place, a phenomenon wnich did not 
occur, the moon's disc equally and uniformly interposing between us and the sun nntil the last 
particle of light vanished at 4/z. 4 7m. 29s.9. I must not be understood as meaning to eon...-ey 
the idea that the attenuated diminishing crescent was a corn~tantly continuous hand of Jiglit, 
uniformly disappearing from the hvo extremities, for such was not the case. Though never of 
that silvery color, both horns resembled the surface of the moon just coming into ;mnligbt 
when many portions are brighter tl1an others, and sometimes from one and sometimes from the 
other considerable portions dropped off like filaments of melting metal. 

I had turned off the red screen half a minute before, and was g uite surprised that the 
following segment of the lunar sphere was distinctly visible through more than 100°. Its 
color was uniformly shaded from an intense black at the ceutre to a dark grayish purple on the 
Western border, and for the first time in my life the moon was visible in its true form-a 
sphere and not a disc. There was as great a difference between its appearance then and that 
to which I liad been accustomed, as there is between a single photograpll and a stereoscopic 
picture. This spherical figure was traceable during 20s. after the last glimmer of suulight . 

.A.t the moment of totality beads of golden and ruby-colored light flashed almost entirely 
around the moon_ They were not c•mstant in dimensions or color at one point, even for . a 
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second, but fitfully flickering, as reflections from rippled water, and as mutable in the respective 
places of color. I do not think this band could have been more than 1011 or 1211 broad. It 
was generally separated from the sharp lunar disc by a delicate line of white light, which dis­
appeared as the changes of form or color took place. It broke up suddenly at 4h. 47m. 56s. 5, 
and then for the first time protuberances were noted beyond the following limb of the moon. 
The position of the largest 01ie was S. 75° or 78° ·w., and its general form that of a flattened 
cone or pyramid of cumulus clovd, which, when first observed, was perhaps 2' broad at the 
base, and 11 high. It was not regular in outline or uniform in color, but apparently an aggrega-. 
tion of smaller clouds, tinted a rosy pink at the denser portions, but with edges and occasional 
spots of yellowish-white, as though sunlight shone obliquely through them. Except in the 
pink color, it greatly resembled the protuberances noted during the total eclipse of the sun 
observed at Olmos, September 7, 1858. As the moon moved onward it was certainly broader 
at the base and brighter at the summit than when first recognized, though I cannot say that 
its apparent altitude was increased thereby. Nevertheless I am positive that it was uncovered 
by and did not follow the moon. Synchronous with this, a smaller mass of a more flattened 
appearance, but having the same colors, was visible 10° or 15° towards the west, and many 
other lesser ones at different points of the disc. Only the places of these two were recorded 
at the time. A.t a later period a continuous chain, more than 30::. long and above 3Q1' high, 
was seen on the S. E. border. This also was sketched. Its edge was exceedingly ragged, 
and the rapid view given to it impressed me that its color was dark-quite as obscure as that of 
lead, which is presumptive evidence of the presence of the corona light, though the latter had 
not then arrested attention. In fact, believing that more valuable information would be gained 
by closely observing one of the prominences than from an effort merely to loca.te many or 
the coronal phenomena, I had given nearly my whole time to the extremely brilliant and beautiful 
object whose description has been attempted. 'l'hif' examination confirms an opinion formed in 
1858, and I am moBt thoroughly convinced that the masses which became visible apparently 
around the lunar disc were really clouds belonging to the solar atmosphere. 

Two illustrations for different periods of the eclipse have been prepared by Mr. McMurtrie, 
U. S. Coast Survey, from my rough sketches and verbal account. They embrace all the 
phenomena witnessed at any time during the totality, of which a record was made at the time. 
Figure I (Sketch "!'io. 39) i:> not strictly in accordance with fact, because the moon has been 
intentionally represented under its most spherical aspect, which was actually before the final 
occu1tation. Moreover, the dimensions and places of the filaments composing the colored 
circles are intended as illustrative of the general appearance, and not as a photograph of the 
actual picture. 

Interest in the principa1 solar cloud not only caused temporary forgetfulness of the corona, 
as has been acknowledged, but also the beat of the chronometer had been lost, and as the 
total phase was passing rapidly it became necessary to look at the dial of the instrument again. 
'l'his afforded an opportunity to glance at objects between the northeast and south-southeast 
points of the landscape without rising from my chair. But it was dark as night, and only a 
i;hadowy outline of the near forest could be seen; all beyond it, even the snow mantle of 
Mount Rainier was lost in the deep gloom. I was seated entirely free from bodily constraint, 
with the chronometer on the telescope-stand and within two feet of the eye; but as it was too 
obscure for me to distinguish the marks of the second' s dial, even when stooping to within a 
few inches of them, Mr. James Gilliss was warned to bring his lantern and record the time at 
which I should indicate the second internal contact of the two limbs. 

I could not have been bent over the chronometer more than 8s. or 10s. before my face was 
again lifted towards the telescope, and in so doing a most extraordinary scene was apparent. 
A totally different picture had been substituted for the black disc which only a brief instant 
before was seen circled by a tremulous band of vermilion or red, and yellow lights, overlapped 
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by the solar clouds. True, the disc was there, but'it was thrown in bold relief upon a ground 
of virgin white, traceable in every direction for the distance of quite a scmidiametcr. The 
solar clouds were there also, but the gorgeous circlet was gone, and over the jetty surface, 
colors of the spectrum apparently flashed in circular bawls of equal diameter with the moon . 
.A spectacle so remarkable thoroughly startled me from the equa11irnity with which thB preceding 
phenomena had been observed, and I was irresistibly drawn to its contemplation, to the neglect 
of changes that might have been taking place in the borders of the solar douds and corona. 

As near as it was possible to estimate thew, each band or circular !'egrnent was about 2' 
broad. Its colors were crimson or red, violet, yellow, and green, the last one being on the 
edge over the lunar centre, and of a tint not darker than that known as pea-green. The bands 
of red and green were wider than those of violet and yellow. 'l'hey were not visible beyond 
the borders of the moon; and as each seemed to be in rapid revolution downward towards the 
lunar centre, their relative places appeared to be incessantly changed, like those of a kaleido­
scope, more closely than anything else with which I can compare them. They continued 
visible with the telescope at least 10s. longer, and vanished at 4h. 49ni. 25s.3 with the first 
appearance of the sunlight beyond the western limb of the moon, their sudden obliteration 
causing me to utter an exclamation which was regarded as the signal for noting the time, a 
datum whose importance had been forgotten in the fascination thus caused. 

Figure II (Sketch No. 39) is intended to represent the phase of the eclipse just described. 
The proportions and angles of poi;ition are correct. ~<tpparently the colors are a little too 
deep, but this would disappear was it possible to imitate the exquisite shading of the natural 
spectrum, a difficulty which augments rapidly as the scale of the picture diminishes. In the 
present case the imperceptible passing from one color was simply impossible. Both repre­
sentations are as seen in an invertiug telescope, the upper points of the discs being south. 

Was the phenomenon wholly physiological? The dimensions and relative places of the 
prismatic segments are in accordance with the law of accidental or subjective colors, and seem 
to indicate it. But if so, the spectrum bands should have been seen immediately after taking 
the eye from the telescope, whilst I was bending over the chronometer in efforts to recognize 
the divisions of the seconds dial, and when, if ever, the images of the brilliant colors around 
the lunar border should have been vivid. This was not the case, nor were they perceived 
until at the instant of looking upward from a small object on which (the chronometer heing iu a 
mahogany box) the only colors were porcelain white and Japan black. This fact, its subse­
quent visibility in the telescope, and the analogous, if not precisely similar spectacle, seen by 
Mr. Goldsborough from Fort Steilacoom, seem to justify a doubt whether it can be attributed 
to an abnormal condition of the retina. 

The contemporaneous presence of a corona light with the prismatic segments has been 
adverted to, as well as the fact that the latter had monopolized my attention. Iu consequence 
of th~ monopoly, I can only add to what has been mentioned of the former; that it was com­
posed of radial beams or streamers-with slightly darker or fainter intersticel'l, rather than of a 
disc of regularly diminishing or suffusing light, and that it was apparently concentric with the 
moon, from whose border outwards the light grew less and less until totally lost at the distance 
of 15' to 18'. 

Within five seconds after the sun emerged, I looked carefully for the corona and greater 
solar cloud, and then for the eastern limb of the moon, but not the slightest trace could be seen 
of either of the former. There was a faint edging of ruddy light near that border of the 
moon, and close examination enabled me to detect a dark purplish shading from thence towards 
its centre; but it continued only a very brief period, and even when the shading was most 
distinct the-globular figure was not a characteristic as before the totality. 

The termination of the total phase permitted me to look at surrounding objects. Again the 
object-.glass of the telescope was found to be excessively wet, and the tube and stand, neither 
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of which had been wiped on the previous occasions, were literally dripping 'vith moisture. At 
4li. 5Cm. the countenances of the assistants were more pallid and corpse-like than at 4lt. 43m., 
and light seen against the forest belts was of a sickly yellow hue. Interposing my hand so as 
to cut off direct rays from the sun, the northeastern sky was of a dark purple; Mount Rainer, 
to the southeast, of a soft, milky hue. From thence to the southwest the color changed by 
imperceptible degrees to a greenish blue, or perhaps more nearly a bronzed blue; and finally, 
in the same circuit to the northeast again, through similar faint shadings, to those visible 
diametrically opposite. · 

Closely around the following limb as it passed over the sun and until it was beyond the 
centre of the latter, was a delicate violet or reddish blue fringe, which made it difficult to 
detect the exact instant at which the solar spots emerged, and only one of them, whose occul­
tation also had been noted-was observed with any degree of satisfaction. The fringe disap· 
peared gradually. With the low magnifying power used, the only one sent with the comet­
seekcr, I was unable to detect inequalities on the lunar limb, and at 5k. 42m. 28s.2 it finally 
separated from that of the sun without other notable phenomenon. 

A. mist curtain had commenced rolling from the west before the end of the eclipse, and at 
6h. 4m. there was not a portion of the sky visible in any direction. Two hours later the heat 
of the sun forced the screen upward in cumulous masses, leaving us with a warm and slightly 
humid atmosphere, until the regular 110rthwcst wind set in towards 9 o'clock. 

For the purpose of introducing the observed occultation of one of the spots on the disc of 
the sun in its proper place, I recapitulate certain of the times already given in the text. 

Times observed during the eclipse. 

Immersion of spot· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · 
First internal contact of limbs · · ..........•. · .. · . · · . · • · .............. . 
Second internal contact of limbs.· .. ·. . . . . . . . . . . . . . . · ................ . 

Duration of the total eclipse · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Emersion of spot · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
End of the eclipse······ · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · 

4h. 38m. 41s. 3 
4 47 29 .9 
4 49 25 .3 

1 55 .4 
5 30 6 .4 
5 42 28 .2 

Observations for time and latitude were repeated during the day and evening, and on the 
19th the instruments were repacked. Beneath the spot on which the comet-seeker stood a 
bottle, containing a suitable inscription, was buried, and a mound of stones three feet high 
erected thereupon. A.s the land can scarcely be regarded arable, it is not probable that 
this will be disturbed; but should it be, the bottle is beneath the reach of a plough, and the 
site is well known to persons at Steilacoom as well as by the occupants of the adjoining farm. 

We returned to Fort Steilacoom on the 19th. On the 23d Mr. Mosman was instructed to 
rejoin his party at Gray's harbor, and Yr. Gilliss and myself embarked for San Franpisco. 
Directing him, at the latter place, to report to Assistant Davidson, I left it on the 1st August 
and arrived at Washington on the 25th. 

One word more. The occasion of our visit to Washington Territory was one of great interest 
to the highly accomplished officers of the army at Fort Steilacoom also, and their kind and 
intelligent counseJ, their ever present readiness to facUitate every object of the expedition, and 
their most cordial hospitality to us, elicit our warmest and most grateful acknowledgments. 
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ACCOUNTS OF TIIE ECLIPSE FHOM OTRER~. 

From Jir. A. T. ~~Iosman, U. S. Coast Survey. 

Sky cloudless at 4 a. m., with a thick haze near the horizon. The first ray of light sl1one 
on Mount Rainier at 4h. 25m. At sunrise a bank of thin c:louds restcu on the (NE.) horizon, 
but the sun rose rapidly through them. 

First internal contact at lh. 2lm. 52s.3 by siderial chronometer;+ (4/t. 47m. 2'is.G M. T.) As 
t~e lune of sunlight decreased, the preceding limb of the moon appeared of a light green color, 
whilst the inner limb of the sun was of a rose color.t At the moment of conta<:t the (t>uu's) 
limb was broken into bead-like spots, (see rough sketch,) id1ich disappeared one after another, 
until the one at A was the last visible point of light. During this change the Leads were of 
rainbow hue, green and red predominating. 

After the eclipse became total I was unable to use my telescope, because there was not light 
enough to cast an image on the screen. On this accouut tho time of tho reappearnnce of light 
was marked by my naked eye, but as I was at the same time engaged in recording for Mr. 
Gilliss, the observation was doubtful. Time of reappearance, U. 22m. 39s.8, (4h. 48m. 15s.1.):t 

During the time of the totality I recorded tho time of appearance of the protuberances, &c., for 
Mr. Gilliss, and therefore was unable to notice its phases minutely. The protuberances were 
of a golden hue, with a slight tinge of rod. The corona '."<l8 a compound of red, gold, and 
green. Its width appeared nearly equal to the radius of the moon, aur1 it seemed to be formed 
by radial rays from the centre. Its width was constant and apparently concentric throughout 
the eclipse, with a slight wavy motion to and fro. 

As the light incrnased I again followed the sun 'with the telescope, keeping t1rn imago upon 
the screen. End of the eclipse, 2h. 17m. 12s.5 by sidereal chronometer, (fis. 42m. 288. S.) 

The telescope used was Coast Survey reconnoitering telescope 1\ o. 10, of 4 foet focal IeIJgth, 3 
iuches object glass, and fitted "·ith a dark chamber at its eye-end, in which a screen of white 
paper was placed to receive the image of the sun. As the instrument had neither damp uor 
tangent screws, and there were no means of giving a small motion to the telescope, either in a 
horizontal or a vertical direction, the image of tlw snn could not be kept in thtJ centre of the 
field, and the plan first attempted for obtaining drawiugs of the sun was im1Hacticable. Con­
sequently, the rough sketches taken on the 15th and 17th ~Yore done liy 01w person keeping 
the sun as nearly as possible to the centre of tLe field, whilst a second one rapidly drew the 
visible spots, their angles of position being fixed by the circles and lines of the diaphragm 
shadowed on the screen and corresponding with similar ones on paper held by the obsernn-. 

Soon after the end of the eclipse the sky became clouded over so that no drawiu~ could be 
made of the spots. 

A. T. 11108.'.ILiS. 

Fr01n Mr. James Gilliss, U. S. Coast Survc11. 

I beg leave to submit the following remarks in relation to the solar ccliptw of this morning: 
The first rays of light, indicating the rising of the sun above the Cascade mountains, \Vere 

of a pink color, and were visible at 4h. 22m. a. rn.; but they were not of the Fame tint on the 
northeastern slope of Mount Rainier until 5 minutes afterward. The fin;t cu;;p of the sun was 
seen at 4h. 30m. It was of a reddish color, aud apparently had :t wavy motion, which contiirned 
until the time of totality. 

0 At lh. 13m. per Xo. 2113, the Mideri1tl (No. 311) 8howcd lh. :nm. ;rn,. J. 
t Mr. Mosman sl.ood with his back to tlw sun, and describes pha~c8 seen in the dark chamber. 
i There is a.n evident error of at least one minute. 

37 c 
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Preceding and during the latter event the atmosphere continued perfectly calm, but after the 
reappearance of the sunlight a light air could be perceived from the southward. This wind 
contiune<l and gradually increased during several hours, though changing to the northward and 
westward by the afternoon. 

I was prevented from observing any of tho astronomical phenomena during the totality, 
becam;e it had become so dark that the figures on the dial of the chronometer could no longer 
be distinguished by tlie observer using the telescope with the dark chaml,er, aud I was unex­
pectedly called upon to note the time. The darkness had become so intense I feared for -an 
in,.;tant that I should not be able to take up the beat of the chronometer, but my eyes became 
accm;tomed to the suddenly diminished light* after a fow seconds, and I "lcYas enabled to recog­
nize the division from which the seconds hand moved. 

At 5h. 4m. a reddish cumulo-Btrntus cloud had formed in the SW., which lasted several 
minute;-;. At 5h. 14m. there was a distinct mirage over a part of the prairie ten or twelve feet 
lower than the spot we stood upon, and between us and the sun. It seemed to be about a mile 
distant., and the images continued several minutes. There was so much moisture in the air that 
it was "·ith very great difficulty that the bulb of the air thennometer could be kept dry. 

'l'he outline of Motmt Rainier was more distinct before the edipse than it had been at ally 
time during t11e preceding three weeks, clouds hitherto having prevented a perfect view near 
:its base, as seen from rnmp al1ove the fir belt to the SE. 

A diagrarn showing the -relative positions of the planets nearest the sun had been prepared, 
but in con,;equence of duties with the chronometer requiring all my attention during the brief 
time they might have been visible, I was prevented from looking for them. 

JAMES GILLISS. 

Frorn H. A. Goldsborough, Esq. 

We selected a position, early yesterday morning, clear of the garrison lmildings, from whence 
a good horizon might be obtained, and where we were soon joined by nearly all the officers and 
ladies of the fort. 

Presently the aurora gave warning of the immediate appearance of the sun, who gradually 
presented himself in perfect beauty and form, except to the NE., where the moon had already 
overlapped liim probably one-eighth of his diameter. The progress of the moon's passage 
across the sun's disc was beautiful in the extreme, and at the period of totality there was tl10 
most gorgeous sight I ever witnessed. 

The corona (apparently in width about the semi-diameter of the moon) gave forth brilliant 
scilltillations of almost every hue, with that peculiar etincelant which we see in the pyrotechnic 
Catherine's wheels; yellow, blue, scarlet, rosy, and an indescribable approach to green, appeared 
to Le intermingled, as if several sections of rainbows had been thrown promiscuously together. 

Mount Rainier, GO miles E. by S. of us, and some 15, 000 feet high, was palled in the thickest 
gloom. The air was calm to me, and remained so during the eutire transit; but I observed that 
the very conl"idcrable decreao;e of temperature was not pari pas8u or synchronous with the 
decroat:w of light, but th'.tt the latter was perceptibly in advance of the former. 

A greyhound belonging to one of the ladies of our party attracted marked attention by the 
evident trepidation manifested, and particularly at tho time of the greatest obscurity. 

Dnring the whole of the observations I used my Jumelle elliptical opera-glass-a very fine 

'" He cddently forg.,ts ihat he lwld a lighted lantern in hlli hand.--J. M. R 
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one, as you know-and though looking through it at the eclipse with all possible earnestness, 
there was not the slightest inconvenience to my eyes. 

I congratulate you mo;;t sincerely that your jouruey from Washington has been crowned with 
such complete succeRs. 

H. A. GOLDSDOROUGH. 
FORT STEILACOOM, July 19, 1860. 

From llfc1;jor G. 0. Haller, U. S. A. 

Agreeably to your request, I herewith submit a few items which came under my oh3crva­
tion, or can be well authenticated, connected with the eclipse of the sun on the 18th instant. 

A point on the southeastern sbore of Wallace's (Anderson's?) islarn], in Puget !"ound, •va:-: 
selected by Captain George Henry Richards, commanding her Britannic Majesty's steamer 
Plumper, for observing the eclipse, and, by his invitation, I there became "a looker on." 

From this station the sun was obse1·ved i·ising in unclouded majesty, hnt piutially eclipsed. 
I found that the direct rays of the sun were endurable to my unpracticed eye. The waters of 
the sound were calm, smooth, and polished, and reflected the sun's light like a vast mirror, 
and during the ·total eclipse the corona was reflected by the water, giving a subdued and 
agreeable light to the eye, sufficient, I believe, for both reading instruments an<l writiug notes. 

Wh€-n the sun was totally eclipsed I took a look around to obt'lerve tho effect of the :mbducd 
light upon the scenery. 'l'o the southwest all nature appeared as if wrapt in ni~ht, feebly 
illuminated by a rising moon. Eastwar<l I could see :Mount Rainier, "·hich was clearly \\·ithin 
the limits of the moon's shadow, and visible as it often is in a pale moonlight; but 1iot a sing·lc 
ray from the sun illuminated its snow-capped summit. 

Several stars appeared above the sun, and bright crimson light "·as ohsern•d immediately 
about the edge of the moon, in three or four places; but all my faculties l"eemed tci be too 
wrapped up in the undefinable and indescribable grandeur of tlie corona to giYe my attention 
to details. 

The effect of this unusual appearance was very marked upon animals. The cattle in the 
barn-yard at Fort Kisqually were very much disturbed and greatly frightened. At Fort Stei· 
lacoom the dogs were observed to be terribly alarmed. 

The view of the sun was uninterrupted until a few seconds after t}1e two spots on the lower 
part of tllC disc had made their appearance, about which time a mist began to thicken the 
atmosphere, and a fe\v seconds before the last contact the sun was completely ,>b:"cured by 
clouds. 

G. 0. HALLER. 
FonT STEILACOOM, July 21, lSGO. 

From Lieut. T lwmas L. Gasey, U. S . .A. 

In accordance with your request, that I should give you my recollections of such phenomena 
as I noticed in connection with the solar eclipse of the 1 Sth instant, I would state that, th auks 
to a cloudless sky and a good position, I was enabled to have a fi11e view of this mosl wonderful 
occurrence. 

As I was not provided with instruments, un<l merely observed Ilic different pha!'es of tho 
eclipse through a piece of smoked glaEs, I slrn11 only attempt to speak of the appearance as 
presented to me at totality. 

Just before the light of the suu had entirely disappeared 1 liad put aside my g1ass, and was 
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watching the fast-disappearing disc of that body, when I was startled by the sudden flashing 
out of the most beautiful fringe of light all around the disc of the moon. Its extent beyond 
the disc appeared to be about the lunar semi-diameter, and its edges were not well defined, 
but faded gradually away, the width of the fringe being greater in some than in other places. 
To me this corona had a peculiar greenish-yellow hue, which approached more nearly white 
light near the disc of the moon. At several places in it I noticed bright yellow flame-like 
coruscations, as though streaming through b1dentations in the edge of the disc. There 
were several of these, the largest one of which was at the upper left hand limb of tlrn 
moon. The corona did not disappear on tho reappearance of the sun, as it had flashed forth, 
but was perceptible a few seconds longer. In that time the wlwle disc of the moon was well 
defined, that part of it opposite to the uncovered part of the sun having a narrow band of light 
mound it, giving it the appearance which is vulgarly described as "the old moon in the arms 
of the new." 

The darkness upon the earth was not nearly so great as I had expected to experience; for I 
was enabled to distinguish the hands upon my watch, and to note the time, with the greatest 
ease. Although the sky was perfectly cloudless, that part of the heavens opposite to the sun 
prm;ented a dark and murky appearance, as though a thunderstorm was rising in that quarter. 

I greatly regret that I did not arrive here in time to see you before your departure for your 
observing station, in order that I might have heard from you a description of the eclipse of 
1858, and thus, being better prepared for the appearances I was to observe, I could have noted 
them with more intelligence. As it is, the above are the features \vhicb impressed themselves 
upon my mind with the greatest force, and which, if they will be of any service to you, it 
gives me great pleasure to communicate. 

THOS. LINCOLN CASEY. 
FORT STEILACOOM, Jidy 21, 1860. 

TJIERMO.Mli:TER. 

Hour. 

Dry. Wet. 

------
h. m. 
4 o J.. m. 5-l 53 

30 fit 5~ 

4.5 54 .5:J 

5 5 .G2 50 

10 M ;,;; 

15 53 52 

~ j:J 51 

2;) jg 51 

:io 52 5l 

:15 52 50 

40 [ii 4~ 

4:) 51 49 

m 51 [,() 

;~ 5l 50 

6 0 52 50 .. t,l 52 

Ill 51 "3 

15 5.fi [i.3 

From IJr. James B. Brown, U. S. A. 

i 
WIND. I j 

;.::--...::1 ... ~ : w,...... I ~~,~ 

E . 

E. 

E. 
E. 
E. 
E. 
E. 
E. 

E. 
F.-

K 

E. 
E. 
E. 

E. 

IF - I I h - d 'tl t I air ... , ... ' ......... , , .. , Thu tl1ermomelcr, l1ygrumeter, amt weat er contrnue w1 100 
I Fnir ... , ... 1 

•••••••••••• ! change from 44 untiJ 4.h.. 30m. a. m., when a scarcely per~ep-
j ••••• , ••• ,.,I Cloudy .... ! tible breeze sprung up from the east, which had not.suffie1ent 

1 · · · · · ..•.... 
1 

Cloudy ... · I force to change the direct.ion of the yane on the bOf;CpltR~ b~ild 
i Fair . ...... : ............ 

1 

ing, but affected a ribbon attaebed .to a long pole very d1st1~ct-

I Fair . ...... ! . . . . . . . . . . . . Jy. The breeze continued from the same poi11t from the t1ma !···· ....... j·..... ...... it wm~ first noticed until 6 min11tes aft.er 6 o'clock, a. m., with 
: ............. i Clm1.dy .. . . the ex~e-rttion of a.bout tw-o minates before the total eclip11e, 
j • • • • • ........ l...... ... .. . . when the current appeared to eome from the NE., and then 

j. · · ....••••. i .• , ••• , • • • • • changed again to east. 
i ............ ! .... n ......... , The e-clipse was Drst perceived here at 15 minutes before 5 
1 • • • • • ........... 

1
1 •••••••••••• ,

1 
o'clock, amt was total at 5 o'cl-0.ck.• At a quarter pest 5, o~~-J...... ....... Cloudy.... third of the sun wns visible; at 54. Sl."ia.,. two .. tbinb. was v1st~ 

!- ........... I ............ j hie, dark cloud• lit the oame time J;llS•lng overtbe tace of tM 
I· ............ ! ............... i eun, Hnd the bnriz.&n almost bla.ek in the NE., and at 10 

j ..... • • • ........ ••• ••• "I 1nin11tes before 6 very dark cloud• in tbe NE. and SW. 
2 : ........... , . j • • • •• , • . The euo wM- entirely visible nt 5 minutes afte:r 6 o'clock_, and 

2 j .......... "I"··· ....... 
1 

the clouds cleared from NW. immediately after. 

•Dr .. Brown'!! time.keeper was. evidently at least 12j.m. alow.--J. M. G. 
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AJ>PENDIX No. 23 . 
.Discuss,ion qf the nicigneHc and mefeorologiml observations made at tl1P Gfrard Oulleg<: observatory, 

Philadelphia, in 1840, 1841, 1842, 1843, 1844, and 1845. Part II.-Inee&tigation qf tlie solar­
diurnal variation in the magnPfic declination, and its annnal ine']vality. By A. D. Bache, LL.D. 

Having discmised, in Part I, the eleven year period in the amplitude of tlie solar-diurnal 
variation, as well as in the disturbances of the magnetic declination, I now proceed to the 
analysis of the annual inequality of the Rolar-dinrnal variation. 

To obviate the difficulty which would occur in cases of mouths of unusual disturlrnuce if the 
crude observations were used, the normals 01· meaus freed from the disturbances have Leen 
employed in the discussion. This mode of proceeding not only oLviates the neceBsity for 
rejecting the observations for particular months, but briugs out the most consistent results 
wl1ich the observations can furnish for both diurnal and annual variation. It is the course 
adopted by Genei-al Sabine in the t!1ird volume of his discussion of the Toronto oLservations.* 

Returning, then, to the hourly normals, they are rearranged in the tables whid1 follow 
according to the different months of the year. The normals for 1840 are corrected for the 
inde:x: error by the addition of 93. 3 scale divisions. All correction,; for referring the partial 
monthly readings to the annual mean are, of cour,;e, omitted. 

Ilourly ikliMtian-normalsfQT January. t 

[Observations 19t minutes later than indicated. Value uf one scale div .. ision 0' .4.J::l. Inerea.o;e .of se-a.le division~ correspondl'l to :i d<'crcasc of \\.~cstcrly 
declination.] 

' i i : --~~--------~-~----i----- ! i- -------
Year. j Oh. . lh. 1 2h. 1 3h.. 1 4h. ; 5/i. ! 6!. I ~h. ; 8h. ! 9A. • 101,_ Ilk, 

::: :: ::::::::: : :::::·· ::::::: :::::: k::;! :::'::. ;~:;i ::~ J;::; I ~ •• '. L :: :'.: :' ·1;:: .:: ': : ;:: ; •... ~ ... 
1842 ...................................... 564.31 ......... 563.R I ........ ! !ili5,3 ........ ! 565.9 ........ 5'i0.9 ,. ....... : 566.4 

1843 ••• o. oe•••O o o o. o o 00. Io o oooo o o oo O•o o .. , o o o 0 0 0 00 ,, ! ... oo o o 0 o, o o o o '"'' ooo .,_, o 0 , o 0 o o •••• oo oo o 0 00 o o , .. ooo o I,•,,•, 00 o,, o • • o • o o' • , • o 

1&H ......... u.. ... . .... .... ...... .... .. .. .558.6 : 5::>8.2 ! .558.4 I 559.2 i -558 .. 9 i 558.8 i [>59.7 561.~ 562.9 553.3 5._')~. l ~'i.i.9 
1845 ..................... '....... •••••••• .... 530.9 1

1 
53l.3 ~ :,a1.1 1 53L.5 ! 53:3.0 \ 531.6 

1 

sa-2 g 
1 

a35.2 535.S i 533.8, r.30.2 520.7 

Meanf ................................ 
1 

558.28; ........ ! 557 57

1 

........ :-~~8.Y.>: ........ 53~;:;' ........ : 56il.57 ......... ["59.40: ...... .. 

Samerefurredtoitsmeanepo-ch~ •••..... 1 .565.2.'ii 564.AA1' 564.35· 565.62! 56!"i.70 56·L6ti
1 

565.47: 561.14'. 569.27 :-m9.SI ..)f:.6.65: f)OJ.88 
I I I 

TABLE-Continued. 
' ' .. _.,---,----i----,---- ,----

Year. / Noon. I 13h. 

1

1 14h. j 15h.. I 16A. 17A.. ! l$h. i 19/i.. 20h. ! 2lli. : .::?:!h. :!'Jli. 

j---1---l---j---;--- ___ r ___ i---:.---j---:--;-----
• 1 d. J .t. I d. i d. I .i. d. d. ! 1.. ' d. : "· ! .... ": ...... ~: ... 

~§:::::::« ::: : ::::::: ::: :. ::J *:L ···i ~:F ::-i:~:·:1:~~~~~> :~~;;>~:;:~: :~~;~>;;:;;_·--~~:~.: .... .. 
1844 .................................... •··/ 552.9 j 552.4 

1 
553.2

1 
:;;;4.1 [ 5.'ilJ.3. 556.Y 557.8 ;,;,9.2 :.::AJ.5. r,oo.o 

1 

:x;o,,; 559.6 
1845 , 5204 2 I '~• 2 ' <~ 9 · 5'lll 0 I 53() l ! ">31 8 532. 7 533.8 53~.3' 533.0 53~.4 !;32,() •••••••••••••••••••••••••••••''''''''''\ • '..,._,, j ~.-: ; ' -.. o I • ! 

1--1---1-----i--1---·---:------1------
Meanj ................................. ! 550.~,l ........ 

1 

551.ll:l:, ........ [ 551.111>1. ......... 5.Jli.Y7 .......... 559.22.- ....... ! 500.27 •••••••• 

!-----1--:--:--;--.·------;---:---·---
SNUe reftmed toil8 tn<!an epoclJ~ ........ j 557.7>ij 557.:nj 557,~'- 5SS.~L5'.'~:~r __ 562.4l'-~3~3~-~~.e-~~5u~~; ~~:~i--~-7~~-- 566.;J.J 

•Table LXVl of this volume ·exblblei the selar-dinrnal vnriation of the declination after the F:epara1ion and amission of the largc-r di~turbanees; 
whereas table VII of the preeedtnl voJume~ similar in fonn ditrcr.s from u, the lauei being dcn\•ed from aU the obst!rvauons mcludrng the duturbances. 

t The ll-OUll!I refer to mean loeal 'time, tec\iooed. f.rou1 midnight to 24 •1ours. . . . 
. tT~e mean given is the single mean of tlJe four readings, iind at 14h.. of_ fivie re~-diugR, Andi~ l~erc mserled for eompan8on ws.Lh tlie C'orreeted rneun 
rn the hne b.elow Which would-have been obtained if there had been no mntP1s1on~ m the oh~rv"':uons. ~ . . 

§To obtain th~ normals re-ferring to January of the mean yenr the readings for the defec~rn: }'cars, 1840 and 1€4:.J, have been 111terpolated m the 
feUowing ma11ner: 1. Jfbr- tAe .__. hotws. ~roe normals 1"or any tvlo eonsecutive )-ears differ ~unptr by the annual ctf~!ct of the ~eculrn change which 
may be n·pnled a.s unif<WmJ wll~n the same bouts and. months are com?ared as in tht! pret5ent eas~.. Tbe values derived from tt.e (.'."Umparison or tbe 
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Hourly declination-n0fflll1ls for Feltrua,-y. 

(Observntinns l9fm.. later than indi~ateo. One dlvIBirin of ~cale ()1,4.53.) 

Year. I Oh. I lh. I w.. I 3". I 4h. I M. I GI.. I 7h. I Sh. I 9h. lOh. I llh. 

-------- --i-·-1-l-1-1-1-1----
1040 .......................................... ~: ... : .... d: .. . 1 ... . d: .. .I. .. ~: ... 1 ... ~: . .. ; ... ~: .. . 1 ••• ~: ••• ; ••• ~:. "1 "' ~: ...... ~: ...... d: .. · 11 ... ~: .. . 
1841 •••••.••••••••••••••••••••••••••••••••• i.11;:), :········~ <>1• '""' ······, \)10>, 1········1 o''· 1········1 o :... ·•······ '. ·"-' ........ . ,., 0 I ""3 0 I --- 6 I --- 8 ' ' "8' 1 5"9 ' 

~~~ ::::::: :: : : : : : ::: : :::::: ::::::::: :: ::: : .. ~~~:~.::: :: :) .. ~~:~ ... ::: : :: : :.! .. ~~:~,i:::::: J.. ~~:~. i:::::::: I .. ~~:~. ::: : :: : ... ~~:~.11:: :: :~:: 
1844 ....... ..... ............. .... . . .. ...... 559.J j 558.5 I 559.1 ! 5:.9 2 ! 559.9 i 561,l I 560.8 I 562.1 I 562.2 560. • 1 [>.57.3 5.54.:\ 

1845 ......................................... !'"1:H.6: !"131.1 l :'hlLO ! 532.4 ! 532.3 j 533.l \ 534.'i \ 5-3.5.91 535.7 535.4 533.0 528.6 

Mean .................................. ~7.55,·i==i-;,.90==1.· 557.9{~~=1 55;-;; 1==1~;-;;11==1 5''8,82j

1

.== 
--·--!--1--i--i--:--:--1-----1----

Samc referred to its mean epoch........ .563.86
1 

563.HJ: ..563.13 .. ' .'>63.!:IV[: .564.~3' 565,2.!),' 565.93
1 

567.88/ 568.53['· 567.971
1 

565.42 561 .47 
_______________ _c_ ___ l __ _l ____ ~. I I ·-'- I 

TABLE - Continued. 

·-! . I I I ' I 
Year. Noon. l3h. ! 16h. Ilk. . 18h. I 19h. 201'. I 21/" II 2lh. 2.1h . 

. ------ - -,-- :-----1--1--1--1----1--
"· d. a. a. : a. a. I d. I d. I d. 

1 
a. ' .i. I d. 

1840 ....... •••••. • • ••• ...... •••... .... •••. J I 1• I .. . . .... '• .... ..... . , ....... . 

:;::•• .•• ::: •••. :::: ::::_ ..• A:::• I :;:1:.•1~:1.• ::l,.:~~:;t~~:::: .. ~~~.1:::::::: 
1844 .................. n••······ .......... 5.51.1 5.'51.l J 5;,a 0 5.>4.i 5.36 4 I 556.6) 5.37,6 ! .S5B.4 I 559,9 I 559.4 560.1 ii59.0 

1845 ••• •••••••· ..•.•••.•.••••••....•••••.• , 5:21.1 5:!3.0; 525.3 J27.!5 !j:J'J.71 53-0.4' 53'-J.1 I 531 3 I 533.6 I 53-1.4 I 53-J.3 I 531.11 
\ l I l I j 

Mean ••.........•••.••..•..•....•••..... 'i 5.'Ju.eo ~-~-~-~~·~r-~:i.u~~==i f>."J3.4fl!==i-;-56.01!==
1
1 55H.30'.==1 558.42:== 

i ! : I i I I I I '----:--·--,--,--,--.--1--1---1---·--
Sa.mereferred toit~ m-ean epoeh •••••••. ~ 537.:13 55.::.E:i; ;)5-;'.li'. 5~;8.3Cl 1, :.15~.4~ 1! 5602.::il: f>02.13 1

• ~'2.251, 56l.42! 56-5.02, 564.77\ 564.00 
----~--:.1•1 .Ill I 

Hourly dec!iruliion-normals for March. 

[Ob:-ervm.ions 19im. later tlmn indicated. One divi~ion of f;CHle 0' .45:3.] 

_______ Ye: ___ ----=I ~l~i. -~. :~! ~! 5h~1 ~h. I-;. I 8k. I 9k. 
1
- JOh. I~~~. 

1840 ........................... ······ ..... . / .... d: .. · l···~: ... i ... ~: ... : ... ~: .. : .... d: ... : ... ~: . ../. ... d: ... 1 .... d:···j ··~: ... I···~: ... l ... ~: ... 1 ••• ~: ••• 

1841 ....................................... : 577.I 1.... .... 577.6 ........ 1 580.0 ........ 1

1 

582.9 :.... .... 586.S ........ ' 578,9 ....... . 

~::~ :: ::·: :::::: :::·: :: : ::: :::::: :::::: ::::: ·-~~:~.11:::: :::: .. ~~:'..':: :: :::::. .~~:~.!:::: :::: .. ~:~. !:: :: : :::l .. ~~'.:~.i::-: :::: .. ~:~ ........ . 
1844 ....................................... / 558.o 559.0 559.2 557.9) 5~9.8' wo.2 I 561.3 I 563 61 564.81 564.l 560.3 5.'A.9 

1845 ....................................... ' C\.12.9: Ci.1'2.7' 53~.7 I 5..1J,6 I 5:35.0 I 533.9 I 5:i601' 538.8 I 539.4 I 538.61 534.5, 529.4 

1--1--------,----.----1--1----
Mcan ................................. [ :;;;s,20, ........ : 558.65 ........ 1 560.27, ........ 1 561..'Xl(."' .... [>63.701 ........ 559.901 ....... . 

---~me re~:rred to~:_::_n ep:~~·~~·~L~~.60
1

~.72' _ _566.0~ 56~~~:--~~·e-t~_~_.wl -~~-~:--;2,ll 57;;,l~I~_ 562.m 
f"(>vcrnl months of any two ye:trlil diffor~ llowe"·er, by tile accidental errors of t11e observations; thU51 ta.king the ditferenee in. the normals for 1840 and 
1841, we ol:J.lain for the sever.ii mo11tl1~ the values--

a.. 
i~~;::::::: :::·.: :: ::::::: :: ::::::::::::::::: :::::: :::::: :::::: + ~u 
Augu;t.. ...• .. ... . .... . . ..•••.. .. .• ........ .. .. .. ...... ...... 18.5 
Septernher ................... ·~··. ••• ..... •••• •••• •• . • . . ... ....... 21.9 
()ctober ................. , , • , , , ............. _ ... • • • . • . . . • . . . . . • .. .. . • • • • 12. 7 
Novt!"mhcr •••••••• , ••••• , • , • • • • • • • • • • • • • • • • . • • • • • • • • • .. .. ••• • • • 17 .. 5 
Decen1l>er ...................................................... 200-

which lncan corresponds <'Xactly to tlle difff're11c'' of ~.~ai!~;;s·t~~i.' ;~;~;; i~ ·;,~rt· i: r~; \'8--iO ~;.;d YSti:. 0

By n~6di~6g~ ther.efore, 16.9 scale divisions to the 
u~rmal~ for 1841, wu- ohtain interJ)(ilate<l values for 1840. TlJ:e values from J:rnu.ary to May, 1840, were thus supp1ierl. 'I'he normals for 1~ .were sup­
Jthed ma different ~u1m1-er by makmg u~ of tb<:! readini;rs at 2 p~ m., whicb were taken for the ptJrpose !Jf kt:!epiug up the continuity of the ~cmes. 8ub­
trn~titH! ll.6 8!cal-P dl\'is1on!< from lilP hourly reading!< of 11'4-J, we obtain those f(1r 184;!, this being the diff'erenc:e nt 14h.; in like manner addmg 2.2 s-ca!e 
rl\v\i<\O-n,.:. tn tht' readhi~:o. of 1~4-, w~ obtaln rt ~eronrl v~iue tor the normal~ of 1843; the menn of these tw-0 indf!p-Ou11fmt deturminatiilfl!!I; has rn.~en .used m 
H~J\l[)IJing ~he reildrn~s for 1$-i:i ... The fl:Omrnl.;;; tr1r 18--t:J and 18-U l1t!ir1~ thu.,i suppHe~t1 the figure~ in lh"; l;tt~t Jirte of the prncediog tabl~ are ohtamed ~y 
:«11111-'~Y rnk1ne the mean of the l'llX readrng ..... a.t ca•~b t>ven honr. 2. Far thP. odd Acu:rs. The clitforence m the mean readings for any gn·-en odd hour, m. 
1811 :mrl 1845i from the two adjacent ir'·1~n hours, w11s applied to tht: normaJs of rJ1~se !mars, and the mi:-an taken as the normal of th~ hncrmediat<;:. odd 
hour; n.rns the mean rea.rling t~t noon. of 1844 arn11845, is 53d.S:) nr 134. 538.80, ,liffe.ri!nce +o.25, wbich, added t-tl thill' noon uonnal 5-57.72,.giV'e" f>5, .97, 
a.nd tu likt'l. me.nn"r try coroprurn<m w1tll llour foune{'n, UH~ conPcLion to its normal is --0.90, and the normal for l3h.. becomes 556.65 j; tbe mean of the 
two r;:.;11\ti; 557 .31 i~ ttw re~ultinitn'•~mal for thii( ~10ur;aR given in the table. _ 

'I he ~~me prin<>1pfo of mtc-rp-olat1<it1 was npplt.ed throughout the tables. Due attention must be pa.id to the deductions for the unequal weigh~ or tbe 
normal .. , tor the {)Vt'I1. aml odd h011rs, thm;e weights being generally a~ 5: 2 9f proportion-al to tbe number of n-parate readings. The app1tcat1on of a 
ne~tly ~onstnnt quant1ty to TCfeJ_" ~1eans _from a rlefa<!tiVe number Qf years td the me1.n epoch of aU the yeari:1, is not of mucJJ consequence i~ regard to 
~~'·,~~=~=:e8~~~~~gn::~ 1:~:~;~!rl~'::de':~~~~n~ro:.d ma;nty on di1fo1enees of tNUlings, but it is euential that no changes should have oceurrecJ -m the :zero 
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TABLE-Continued. 

Year. Noon. 13h. 1'. 14h. . lfih. l 1611. 1 17h. . 1E1h. ; 19/t. j 20h.. 1
1 

2Jh. I 2'2h. 
1 

2ah. 
I , i · 1 

1--,--,--,--.--·--:--·---1-----
' ' . I ' I ' 

1840 .............................. d. ...~: ... i ... ~:... d. d. . .. ~: ...... ~: ...... ~: ... ! ... ~: ... i ... ~: .. ! ... ~: ... .... d: ... 

1841 ........................................ t.69.4 ········~ rm7.7 571.~ .!:)75,4._ 1········ 1 :'J7"i.4: .••••••• \ ;:-;;7,7 !u•• ... . 
]849 5111) 6 I ;).')3 9 .5.')fl.4 1 .••..... : !")(iO.:J ! , • . • •••. :J64.J : 5f-1 g 't 

)84; ::::::::::::::::::::::::::::::::::::::: •• '.:'.: •• 1::::·:::1 ~17:2 ! I . ' ........ ! • '• ...... .. 
. . ;:: •. o" l1 

• ·.~ ~ •• :, •• 2 .. ',: ".:,,:; •• 6° • , ••. :. :,~. •• 0° • : • ·.;1.~18 ... 4° • • •••••••.•••••••• I •••••••• 
1841 ooooodoooooOOoonH"'''''''''HOoo" 550,6 5'19,4 .549,6 5.ll.7 ._,,,JV ,_,. l\J <M\.- 5.:if 2: ;),)~.fi ! ti59,7 

1845 .......................................... ,. 524.8 5g:,a,5 5!12,8' 524.8 &27.8 ! .529.7 i 6."31.6 ! 53:J.0 ! D::3:3,0 : -.J~}:J.5 ! 3~.fi ! ~14.0 

Mean .................................. : 5:0:01-··::·:: ~=·2: .. ~::·::: ::2.25\ ....... : ~;~\, .. :·: ... ~():·~~; .. : ..... ~j~.6,,; .. :··"• 

Same referred to its mean epoch ... • •. .. 507~1~ :"'"~ '':.''-~';_~:· ~~ _..,9.~J_ fili~8"i ~m3.6f", a6.1.3~ ,ifi,~~J-~6-:L ;if>fi()Si_~~~-94 

Hourly declination-normals fur April. 

[Observations 19~m.1ator than indicated. On-c division of scale 0'.4.'>3.] 
I ---,----·-------!-~----,·-·-- ---,-~---·-;--~---;- -~--- ---·-- -~·----- --- - ----· 

Year. ·----!~' lk. I ~. I 3h. l 4h. I 5h. i 6h. i 7h. : 8h. ~l~I~ 

;-~-~!-l-.-.-.-•• -.-.-.• -.-.-. --.• -.-•• -. ··•:: •:: ·:::: :: ::.: • • 1·· §·i· 1 • : •• : 

1

1 ill•~ , ··,~·.·I·· ffi:i· 1·•2.· I·· §•r I•·~:_, · §•r •·· J •. \ · · ~•f !••_J•, 
18-i5 ................................... ······\ 5'29.l 5'28.8' 5~1\J.O i 529 2 i ::.Ol!l.E I 531,7' 534.0 I 535.6 ; .>:l7.5. 535.4 l 52R,5: 522.5 

Mean................. .......... ...... 009.74 ~: 56o •• i:~-:-:=:~l.46\==i~l==i-;1.oF\==\~.9tJ~-~:-= 
I I i I I j i I I I j i 1------.-----.-------i---,---<--------

Samc referred to its mean epoch ........ ...i 565.93, 566.421 567 .05J 567 .rn; 567.8.'i: 568.~ l 571.~l ~!UIOi -~~·_5_£'~~8L~~:~-559.~6-

TABLE-· Continued. 

I I i ! i I : ' ' I 

Voe:ar. \ N-oon. 1 13h. 
1
1 14h. , l~h. \ 161,. \ llh. l l1?1t.. ' l9h. . 20h. 1 !!th. 2:lh. 

1

1 23h. 
I I I j I i j : : 1--1--1--:----1--!--:--·--;--,--\--
' l ! I I i ! : ! 

d. I d. d. i d. I d. ! d. ! d. I d. ! d. i d. d. I d. 

:E! :::::.: ::::::::::::::.::::::::::::::::::: .··~.:,;,: .. ~s··:.:.:.:.:_. :.:_:.:.!
1

· ··~~:~··: ::::::::··t~-~: .. il.!,, ·.:.:.:. :. :.:.: .. : .. ~6·::.: '.'.:.~:.:. : .. :.:.: .. !,!··~~:~· [:: ::: :.··~.~~,~8·:_~.· \.:.:_:.:.:.:.:_:. 
1843,, ... ,,,, ..... , •.•••••• ••••••••••••••••••; ._, , [l.,).'J.7 1 , ...... ,.! .J\I l! u fl68.5i••••••••~ JU 

18-H., .... , ............... H•••••••••••••••.,' [J47.4 :J4.j.'i) [;46.2) !J47.fij 549,f:i 1 J.hl.4 ,'"},".,.14) ,5.j3,8j .j.j()2i [0,'.i.l 5.').."),4' J59.3 

1845 ........................ u ............. Sl7.81 513.91514.0! 5172\ 521.5~ 52.5.8~ 527.8\ 527.9 1 528.lj fd8 • .l.: 528.o: 5~.4 

Mean .................................. l-;-41)-:;~=i 54j).90==t~~j==: &Ju."7oi1,==!1~8.42:=~.: 558.901== 
I j ' i I I ' 
1---.--.-:~--'--.--~---~--\--i.---;-------

Snme referred to its mean epoch........... 555.25
1
· 552.2.il 5.'"i2.9:2: 555.13, 5.:>8.18j 562.0;::. 1 562.88j 563.16j 50-1.50 564.[.9: 565~0S 567.50 
, I ! , , I · ' 

~~~~.--------~---~-~-~~~ 

Hou .. ly dulination-normals for Jhy. 

(Ob:;\ervations 19t minutes later tllan indicated. One division ofsc<tle 01.453.] 

Y~ar. I Oh. I lh. i ~h. I :Jh. i 4h. I 5h. I 6h. I 7h. ! ~~ ! 91<~-!-;;;;., I 111' .. 

1-i-1·---1--1--:-· I I I 
1840 ....................................... l .... d: ...... ~: ... ~ ... ~: . .. 1 ... ~: . ..l. ... d: . .J .. ~: . ../. ... ": ... i .... d: ..... .. d: ... .... d: .. .!. .. ~: ... ii ... ~: .. . 
1841 ....................................... 579.1 ........ 1 579.~ 1 ........ : aol.9 ! ........ 1 587.4 !..... 58U.1 \ ........ ! 578.6 1 ...... .. 

lM~ .............................................. I 563.3 .......... \ !"'lfi4.3: ...•••• i :.rmo1 •••••••• ' a-;1~1.... 56D.51"'"''""I 560() ••••••·• 

1843 ....................................... i 567.0 ! ........ [ 567.31 ........ : "69.6 ; ........ ! _.,,,J.6' 5;,),ti i ........ 1 56.5.7 
1M 4 ............................................. 1 548.4 I Me.7 

1 
54i.t3 541.u l 54!>.3 / 5:12.5 / .5.'iJ.s [).5.6,b ~).J.I) 552.3 546.7 542.2 

1845 ............ ................. •••• ...... 52ll.9 531.3 I 529 7 I 531. 7 I 5~3.2 I 536 3 I 5:39.:1 i Ml 9 540.7 I 5J(i 0 528 0 52!.li 
__ , __ l __ , __ . ___ 1--'----,--i--- ------

M I I ~ - ,! I - ' I ' - I ' ' ··-eon ................................. ' I 557.54 •••• ""'1 55,_,., ....... I 500 00 ........ ) <>fo.66, .... ""1 006.001.... •••• """·801··• .... . 

J

----:--i--·--l--1--1--1--i·--i----
Samere!erred 10 its mean epo•h........ 563.951 565.16' [Jfl4.27i 564.72\ :.00 471 569.28/ 672.IOi 574.01. ~72 67 569.07·!· 552.42 557.72 

I : I l f I . ' 
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TABLF..-Continued. 

_Y_e_"_·------1 •~ I _"':_I_".':_!__"':_\_".':_'~!_'"'.:_ _".':_ _'°'.:_II~! 221>. I 23h. 

JR10 ............................. •••••••···1 ··~:...I ... ~: ..... ~: ... l ... ~: ... 
1

1 ... ~: ...... ~: ... 1
1 

d " 0 ~•···1·"~: ...... ~: ...... ~:···!···~: .. . 
1s11....... ...... .... ...... ............ .... sss.4 , ........ 1 567.91.... .... 573.61.... .... 577.4 ........ 578.5 I........ sso.1 ...... .. 
is12 ....................................... 

1 
552.6 ! •••••••• I 552.3 1.... .... 557 7 ........ 560.s ........ 1 561.s .... .... 562.3 ....... . 

18.13 ................................... ""I 556.0 :········ 556.~ 1 ........ 1 562.~ I"" ····I 566.4 ........ 1566 9 ........ 11 567.3 
1844 ., ............... n ...................... 538.3 ! 53:5.t3 536.5 l 538.9 542.l 545.1 545.2 546.5 !'")46.3 547.3 54i.B 54i.1j3 

1S45 ....................................... 517.1 I 516.R .518.9 I 522.1 I 526.71 529.31 529.6 530.4 529.7 530,31 5:MJ.5 530.3 

1-------1--1---------i----
J\lean .............................. ····! 546,68

1 
........ : 540 36: ........ 1 552.46

1 
........ 

1 

555.81' ........ 556 641 ........ \ 557.501··•"'" 

Same referred to its mean ep<>ch ........ )~~;t~~r;;.;:;;~1~~-:;;1---;~1~ -;;.44 563_j 563 94) 564.09j 554.04 

Hourl,11 aulination--nonMls for June. 

[Obsen·ations 19.j- minut.es later tban indicated. One division ofscnle 0'.453.] 

d. 

__ Y_e_ar_. ______ 1~1~~1-3~!~1~1~1~ ~~ mi.. 

! I I ' 1 I L L L L ' L L L L L L L 
1840 ....................................... ! 587,7 568.3 ! 590.8 597.3 500.0 587.1 

~::~·:::::::::::::::::::::::::.:::::::::~::! :~~:~ ~~:~ ··~·····1 ~~:~ ~~:~ ~~:~ !~~:~ 
rn43 ........................ I 565.o i. ....... 565.6 ........ 

1

1 56B.4 ........ 574.1 .••••••. 5<:J.9 ........ 564.8 •••.••.. 

:::: ::: : : : i ::~; i ~:: ;.:~: .: : ~::I ;:': ::: : I :: :: :: :;; : ::::: 

Mean .................................. i~~~'== ~1.1e1 ==i'~4.5811==!~~!== ~~ ==~== Snmereforre1it0Jtsmcanepocll .... H •• !········I ;561.81 ••.••... 1 56L.91 •••.•••• 567.381········ 572.42 ......... !'>67.46j···••H• 5a5~l 

Uh. 

TABLE-Continued. 

I ' I 1 
I I I I Ycnt. Noon. I 13h. ! 14h. 15h. J 15k. I 17h. I l~h. 19h. 2(1A. 214, 2llh. ) 231>. 

-··-··--··----· -·---- --d.- -d-.-,-d-. -,-d-. -i--d.-1--d.- -d-. -,--d.-,-,-. - --d-. - --d.-1-J,-. -
1840 ....................................... 578,8 ........ 576.71 ........ 1 5.'ll.2 : ........ 586.11········1 585,8 5.86.91 ....... . 

18-11 ....................................... ~=·6 1 ....... 
1 

S(i(}.3
1 
........ 

1 
S(i5.0

1 
........ 570.1 ....... : .1>:71J.9 .>70.8

1 
....... . 

184'2. ...................................... 5'.>~.l ,. ....... 552.51 ........ 1 558.31········ 561.B I ••.•... 1 56:3.7 56-1.I ....... . 

1843 ....................................... 551i.4 j ........ 1 556.0 l··•••o0•l 561.l ,. •••.... 564.31 ........ 1 51i4.0 5115.6 

11'44 . ...................................... 1 .5.17.4 I 535.0 j 537.:J I 540.0 I 542.1 II 545.2 545.6 I 546.2 5411.5 546,8 M8.0 548.5 

1845 ....................................... 1~~.:_1~~,~~1~~-I~~ 528~~-3 _::o~~..:. 530~...:io..:_I~~ 
Mean .................................. 1.551.77! ........ 

1

1 .550.471
1 
........ 1 555.57 ........ 559.70 ........ ; [J60.17 •••••••• li60.95J ....... . --.-----1--------r-----1-Sam• referre<l to its mean •rooh ................ ! 549.421 ........ 552.80 ........ 558.56 ....... 560 261 .••••••. 560.58 ........ 561.65 

--- ---- ! I I I I _ _cl __ __.:c__ __ '---'----

Ilourly rkelirw.tion-normahfor July. 

[O~erva1ions 19~ minutes Inter than indicatEd. One divi.sion of sen.le, 0' ,453 .. ] 

---'~I !h.l~-~J~l~,f~j~: Sh. - 9h, ~~ 
! d. i d. I d. '· I d. I d, d. I d. 1' d. d. d. 4. 

1840 ....................................... I 590.6 • ... •• •• 590.5 ••• .. • •• 592 2 ... • • .. 598.0 

1

........ 598.B /;IJS.7 

1&11 ................................... ····I soo.9 '········! 568.s sn.61 ........ : s18.• •••••••• 5Bi.2 .571.s 
l&IL ...................................... ' 566.0 I···· ····1 006.0 568.4 ••• • .. .. 576.6 !.... ... . 576.4 565.8 
1843 ....................................... : .5V6.9

1 

........ .'il;.5.9 568.2 ........ 574.2
1 
........ 1 574.6 564.5 

~~~! ::::::: :::: :: .. :::: :::::: :: : ::: :::: :::: ... ~~~:~+-~~:~ .. ~~::~. --~~:~. --~~~:~. --~~:~ ... ~:~.1--~~- ~!..~~:~ ... ~:~. ·-~~:~. _..:°~ 
Mean .................................. [ 568.48 .••••••• 567.1!6\.... •••• 570.~.... .... 576.821 ........ 1 577.92 •••• •••• 567.761···••··· 

-· Sn~nerefe~e~-·:~:-~n_e:~ ~~:~~J_ 001 ~71~.21f~ -;;;,-;;:sol_ 567.161 570.&2! 572.671~ -;;.;; 56LOO ~~ 

Year. 
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TABLE-Continued. 

, Noon.; lJlt. 
1 

14h. 
1 

J51i. : 16/t. 11!:.. 1811. 19'1. 2f:ih. !_:!Jh. :.'. ~2h. 1'_2.11L. 
! i i l I I ----,--1--1·--:--:-- -- !---
' d. l "· d. ' d. ' d. d. d. d. d, d. d. d. 

]840 ....................................... ' 577.8 i ........ : ~~~:~ ·::::::::i 582 0 ........ 586 6 ""~" 5~!1.6 
1841 ........................................ 5j8,9 ' .•..••.. : 562 . .3 567.2 .... ! .5flf.l.f\ 568 6 ,•••• •.•• 

1842 ••••••••••••••••••••••••.•••••••.•••••. ' 556.3 1·······-'. 553.8 •...••. t 55S-.5 5(">-2.4 fJ64.2 5ti7.] '···· ...• 

Year. 

1843 •••.••••• •••••• •••••• •••.•• •••••• •••••• 555. 1 .••••••. : 5.:)4,l 559.!i t.63 6 5f;3.~ £.65.6 

1B44 .................... oa ................. 538.J 535.5 I 5:J6 • .3: .538.8 [ 541.9 544.Li 54.Ci.8 .'.>46.~ 54-6.6 :'>47.4 518.8 519,3 

)845 ...................................... ·====:~=i=:~J~~·~==~·==~~=~----
Mean ....................................... ' :.57.2t-' ......... ! 55!l,7G: •.•••••• ~ 560.8-i ••.••••• 5&5.1~ .•••••.. 1 566.44l .......... 5G';.94' ....... . 

i---i--:--;--)--:--:------:--1------
Same refened to its mean epoch...... 550.6.:1: 548.or.i

1
: 5·19.0C); .5:ll.3:.~ 1 554 .!!-2, 5;"15.98, !J.5-8.-13 .).')rJ,O:,. 5.:>Y.6i\ 560.1? 561 .ilt !Jfil.!:17 

Hourly declination-normal& for August. 

[Observation1:1 l 9;!- minutes later thrm indicated. One diYision of scale, 01 .4.:t3.] 

Year. : ~k. ! Hi. :. 2h. [ ~h. I 4h. I 5h. I 6A. t. 7/t. H. ; 9/L. . JOii. ·.. J lh. _________________ : ____ i----:---1---1---!--- ---:----------· ___ ' __ _ 
d. I d. : d. i d. . a. ~ a. I a. : d. d. , a. <.1. <1. 

1840 ........................................ 588.6i 5f::9.0 589.01 ...•.... \ 59-J 1 ........ 599.il········ 602-.41 ...••.•. 5~2.7 
1841 •••••••••••••••••••••••..•••••••••••••. 

1 
.'.'""i.58.4 J ..... ___ : ~~ •. --o~ !·.· .. · .... ·.·.·.! 571.6 !·.·.·.·.·.·.·.·. :iso.1 i ........ ; 083.9 558.-9 : ....... . 

1842 ..•.••••••••••••.••••..••.•••••••.••. 
1 

564 s ! ........ : <.-'Ul! I 558 . .5 573.7 ! •••••••• 575.o ........ .soo o i ....... .. 
1s1a ······························--·····-~· 564.2 r .....•.. ! 564.5 ...•.••. 1 567.!! ...••.. 1 573 .s ~ ••..••.. 572.7 ,....... .56o.5 ..•••••• 

:~~:: ::: : : :::::::: :: :: : . : : : : : ::::::: :::::: . -~~~:~.i. -~~~:~.I .. ~~~ :~.i .. ~~~:~.1 .. ~'.'~: ~-• .. ~~~- ~.' .. ~:,~. ~. ! . -~6~:~ ... ~~~:~ . -~~-~ ... ~~~:!.!. ! .~~:~. 
&lean .................................. ' 556.92

1 
........ i 567.4+·····-·l 570.0~ 1 ........ 576.90! ........ 

1 
578.44 .. ····, 563.0><j ..... .. 

Same referred to its mean epoch ........ i St>O 40
1 

559.85j 560.601 560.80( t.63.40~ Jti~ oo/ 57(}.20! 573.3.'i) 571 so; ;J().5,oi: u:-x;.32i ~9.14 
- l I I I ' ~ I . • 

TA[lLE-Continu,,d. 

Year. _______ 1

1

. Noon. 1 _::_11i~1 WA. 1~1~1~1~1~!~-~~ 
d. i d. d, I d. I d. I d. i d. i d. ' d. I J. i J. J. 

:::~ ....................................... \ ~~·~/········! ~~·:[······· ~~·~i ........ I ::[·"·"··i :::·:(""···"'! 5o9.4 

1842 ....................................... , ~"2°3 :····--··1 ~3°7 1....... 561°' , ........ ! "62°2 !""'"""i ~64°1 1··· .... :~:: 

1843 :::::::::::~:::::::::::::::::::::::::::! :, l 1::::::::1 554:61:::::::. 551~ 1::::::::1 ~;J·61::::::::: ~2:3 ::::::::: [>61.2 

1814, ..................................... ,, 531.8! 53:'.0 534.3· 538.7 542.I 54431546,0! 546 .• 'i. 546.71546.6' 547.8 547.7 

1845 ....................................... i==I=='=='==,--== ==I=~_:_)====:=-~--
Mean •••••••••••••••••••••••••••••••••. 15.54.261 ........ 1 554.94i ........ [

1

562.U6 ........ \ 565.&ll ........ 
1 

56;,9"\·· ...... 
1 

566.96 •••••••• 

Same ref•rred to its m~an epoch ....... · i~~i~J~-~·;;;(;,;:~ ---;;; -;,~1~~1-;~1--;;.-;;1~!--;:-~ ~ 

Hourly declination-normal• for September. 

[Observations l9! minutes later than indicated. One division of scale, 0' .453) 

! I i J I 1 .., I J I 
, 0.1.. 11... 2h. 3h. I 4h. : 5h. , 6h. 1h. e1t. I 9h. 1 JOh. ui.. 
I I 1 : r J I I ---------'--,----1--1--

lS40 ..................................... 1 ~.:.8 ••• ~· ••• ;~,51 ... ~: ... !· 5!.2 1 
... ~: ••• 1 5.~.5 d. ' f>~.8 1 ••• ~ •••• 

1

: ~.I! ... ~: ... 
!Ml "~wo.. 55- 1 564 5 i I 56p 5: 569.·j "" .... 5-] 1 564 J I 

~:·······::::::::::::::::::::::::::::::::1 56;:4 :::::::: 567:8 :::::::::1 57~.~ , ........ ;~~·~ ........ ::: 11::·:::::: ~~::: :::::::: 
•••••••••••••••••••••••••••••••••••••··1 560 4 •••••••• 560.4 ',,.,. ... 1 560,u ........ '' ·'" 1....... • · ........ ~" • •••• ... . :: : :::::::::::::: ::::: :::::::::::::::·:: : ... ~~~:~.1--~~:~. I .. ~~~:'.. i .. ~~~.~. : .. ~~~·~. ' .. ~~~:'..' .. ::~ ... ~~~:~., .. ~~:~.:-·~~:~./ .. ~~:~. : .. ~:~. 

Menn ••••••••••••••••••••••••••••••••.. 564.4121········1565.otL ...... 1. ~-"°1· ........ 1 s;1.& ........ : 5"2 !Gl ........ \ 560.461 •••••••• 
I : ' E I l I 

Same ref~ to ita mean epoch ........ -;~l-;;:;1~~t~1~-;t~!~ --;~\~~ -;~\~-:;;:-47-; 

Year. 

38 c 
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T.ABLE--Contioued. 

I I ' ' ' I I I 

i~oon. 1~1~!~l~i~I~~ 20h. l~l~~ 
: ! ,1 i .: : ) I : , 
· d. i d. I d. 1 d. I a. 1 d. I d. a. d. , a. ! a, I d. 

lsto ....................................... : 5•o.s ; ........ 
1 

572.s ! ........ 
1 

58t.7 1 ........ 

1 

5s.1.2 586.5 1 ........ · 5'!5.9, 

l~H ....................................... : 5'•~.6 : ........ 1· 554.5 [ ........ I 559 5 1 ........ , 562.9 56:1 ~ j ........ ' 564.0 ....... . 

1842 ...................................... : 555 0 ! ••••••• ' :..55.4 : ........ ! 562.0 ; ........ !' 565.7 · ........ 565.7 j ........ ' 566.6 ....... . 

11~;34 .• ·••.•.·.••· ..... ·.·•·.·••••.••••·•••·••••••••••.· ..... ·.·.·.·.·.·.·.·.·.·.·.l,. 547.~· :;.;n.s: ........ ! sw.s: ........ sss.o 560.0

1

1 ........ , s.:;s1! ...... .. ~ 52!1.3 i 530.0 534.l i 538.3: 539.41 541.9 i 5H.4 541.9 543.0 544.6 I 543.7 ~ 5·13.3 

1845~.:~~ ·::: .·: :::: ... :::: :::::::: ::::::::::, · ·~~::~~,:::: :::: . ·~~·~·:::: ::::1· ·~~~·~~1:::: ::::1 ··~~·~~.:::: :::.: -~~·~::::: :::: !··~:~~· :::: :::: 
, __ ! ______ [ __ ; __ !-- __ 1 __ 1 __ : ____ _ 

Same referred to its meau epoch ........ i 544.2.i'. 54.3.82 546. n) .5.51.44
1
1 553.oo

1
! 5~.:n) 555.63; 556.04: 557.05; 556.26 556.97 1 557.!lO 

1
1 ! I I I I I 

Year. 

Iluurly da:Unation-narmals f<>T October. 

[Observations 19! minutes later tha11 indieated. One division of scale, 0' .453.] 

-------~=-----1~1~!~·~1~~~ ;~. 1~~1~1~ 
' d. I d. I d. ! d. I d. i d. d. d. I d. d. I d. ' d. 

1B40 ·····•••·····•••·••••••••·• •..•••••.••. ) 5t!5.81········· 58!3.7 •... ···l 584.4 582.4 •••.•••. 5:32.5 •••••••. 577.4 : •••••••• 
1841 ....................................... ' 566.8 l ........ 566.3 ........ 1 565.5 SGi.61 ........ 569.4 j ........ I 568.2 

1 

...... .. 

1842 ...................................... 563.l , ........ 563.1 ........ 564.4 560.0 ........ 568.8 ! ........ 1 561.0 ..... .. 

1843" ..... •••• •. .. .• ••...• .••...... .•. •••.•. 559.n .r1so.2 559.6 ss9 1 I :>59.9 .560.6 562 1 565 1 roo.o I 565 o 1 550.B .556.5 

1844 ............... •••••· ..... ............. 54.3.1 I 54.5.:J 544.2 546.l 545.S i 544.4 548.6 550.9 551.3 i 548.71 545.3 540.B 

1845 ....................................... =~:T.:.~=== ==,.:.:.:..::.:..:.:'==1=:.:..:.: ==:=:.:..:.:c.:.:_:,=.:.:.:..: =.:..:. 
I ; I I I ; I I Mean·~····,, ........................ 

1 
564.0t"j········: 563.38_ •.....•• 564,00

1 
...••••• 5G5.3-4 •••. ····/ 567.64J •••••••• 563.14f ........ . 

1--1----------·---·--- --1--1----!--·--· 
Same reforrcd to its mean epoch ........ I 557.451 557.71: 556.7~ 557,331 557.50: 556.671 559.08! 561.23! 561.481 560.041 556.70, 552.36 

TABLE-Continued. 

Year. / Noan. ;~ 13". i 14/z. ' 15h. j 16". 17/., 18k. i 19~. I 20/i. I 211'. 224. 1. 2:lh. 

1
-1-1--I- --

1

__ __ 
I d. I .i. I a. .i. [ d. .i. -d-. -i d. 1--,.- d. -a-. -I d. 

1840 ....................................... 1 571.7 ........ 570.5 ........ 1 575.2 ........ 579.6 ' ......... 579.01'· ...... 586.4 ....... . 

1841 ...................................... ! 564.0 '. ....... 1562.3 ........ : 564.7 ........ 573.5 ........ 1 568.6 ........ 1569.3 1 ...... .. 
184~ ....................................... 1 556.0 : ........ 555 0 ........ 1 558.2 ........ 564.3 ........ j 565.0 ! ........ 565 3 ...... .. 

1843 ....... .............. ...... •••••• ...... 553.6 552.61 552.7 554.2' 556.!l "57,0 558.2 I 569.71 560.l 561.l 559.7 I .560.7 
J ) I I I 

~~::: ::::: :::: :::: :::::: ::: ::: :::::: ::::J.~'.:'..1 .. ~~~:~. I •• ~~'.:~ ... ~~'.:~.!..~~:~ ... ~~~:~ ... ~'.~:~ ... ~-~.1 .. ~~:~. 11 .. ~:~.1 .. ~~-~.1 .. ~~:~. 1--:---'---:--'i-----'~-.--:-- --'--1--
Mean ................................. ' 557.JJH: ........ 55640

1 
....... 

1 

56DOO ......... '>5424' ........ j 563.56 ........ J 565.04,. ..... .. 
, __ , __ 1 _____________ 1--'--[--

Same referred to it• mean epoch ........ 
1 

551.121 549.621 550.43; 552.39: 554.15! 555.6~ 557.67: 557.471 556.98 558.121 558.151 558.'!2 

Rou_rly .!eclination-nrrrmal•.f<>T Nowmber. 

{Observations 19-6 minutes later than indicated. 011-e division of scnlP., 01 .453.) 

---------y-=~-------'-~1-~:-~_1~1~.-1--~~~1~~
1

-~~-J_~ llh. 

1840 ....................................... ! s~~.41 ... ~: ••. 1 s~;.9 i ... ~: ••. ! s~6.2 \ ... ~: ... 5~;.o ! ... ~: ... i;~.1 ••• ~: ••• 

1 
s":;.o .. ~: ... 

~~~ :::::::::::::::::::::::::::::::::::::::j ::: ;::::::::I ::: ::::::::) ::: 1:::::::: ::: 1:::::::: :~:~ ::::::::\ ::~ 
1843 ..................................... , 556.3: 556.7 • 556.6 1\56.6 1 557.41 557.4 I 559.1 I 561.8 561.3 560.l: 556.2 552. 6 

lf\44 ....................................... : 546 s I 546.8 [ 548.31 548.6 I 547,4 548.5 Ml s I .549.2 548.4 547.9 t 546 2 542.6 
11!4j ....................................... 1 ........ 1 ........................ !. ....................... ,. ....................... 1 .............. .. 

1--1--:--1--:--1-·---i------1----M~an ................................. 
1 

5:>9.78
1 
........ 

1 
560.!l!l

1 

........ I 561.0!l

1 

........ 562.-4:11 ........ 564.05 ......... 559.56== 

same reforre.i t<> its menn epoch ........ J~i~~!~-; ~1--;;:; ~-:;; -;;-;-r-;;;-;;; 4-;;:;. sso.oo 
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TABLE-Continued; 

Year. I X oon. ; 13h.. i l ·14. 15/1.. 16h. l l ... A 18/r ) 19/i. __ ._! __ ·_·_: __ ·_ , 20A. ; 21 h.. l 22h. 23". 

Hourly declinat&ori-normals fOT December. 

[Observations 19t minutes later than indicated. One division of sc-ale, ()l .453.J 

--------·------- ----------· ----·-----·-~---~ 

Year. .
1

: Oh. 1'. lh. f 2h. i ~h. i 4h. \ 5h. 6h. 7h.. 8h. 9h. 1011.. 111>. 
l i : I ; I ------------- ----i-d-.-i-d-.-1--d.-:-,-.- --d.- ·-d-.- ~:- --d-.- --d.- --;- -d-.- -J-.-

1840 .......................................... , .571.2 ~ ...•.•• ! 56t) . .5 i....... ;'Yl3.l i········ 572 8 •••••••• , 573.8 :, •.•.•••• 5i3:.'9 ·, ...••••• 

l84J,.,,, 00 ooooooo.oo•o••••••••••••••••••••••j 560,J ',,,,,,,.,! 5[19,: i,~ .. ,,.ono! 56(),.) 5.:")9,6 560,J 1,,,,,,.,. 55$,l : ... Hoo 

164-2 ............................................ ! 56t.7 ~1 •••••••• ! 560 ... i I······ 002.1 562.7 565.5 \ ....•••. ' 564.2 

1843 ................................. ······i 559.0 i 558.l I 557.4 I 558 2 557.8 558.8 i 560.0 560.8 561.2: 561.9 I 559.9 : 556.7 

~: :::::: :::::. ::.:::::: :::::: :::::: ::::::1 .. ~:'.J.~~:~L~~:~.1 .. ~:9 .~:~. '..~~:~ ... ~~:~. ' .. ~:~ .. ~~:~.!..~:~ ... ~~:'.. ; .. ~~:~. 
1--1---1--1--1--·--!--•--__ 1 ____ ! __ _ 
j I i I I i ' i : ' 

Mean ... ~··························· .. '"j 557.62!········j 556.76-j········j 5.."IBJ.ffi.:········j 5.."S.46
1 
.....•.. !"~9.'iT1; ........ ' 558 44-........ . 

8ame rderred to ii.. mean epoch ......... i~50~~~r~;;;1-:i;;; 1-::o.;i~!-;;;,,~:~~i~ ---_;;,;:~;,; 5.5J 2.>.~~ 

TABLE-Coutinu~d. 

-------------------1---.j---l---,----I ---,---, ------, ---.----1--

Yenr. Noon. l~l~i 15h. i~i~J~!: m.__.~j_~-~-_J~!~ 
--------------- ' I i I I '· I 

d. d. d. I d. - d. • J. !' ~· i d. ~: . I d. II ~· d. 
1840 ................................... , ••••.. 564.0 ) ......... 564.9 :········ 56'6.0 ••.•. 511.8 1 •••••••• 512.3 ,········, 5,4,5 \········ 
11141. .......................... , .......... 552,9 5Sl.7 j ........ 555.8 , ........ 

1 
5J9.6 ! ........ 563.3 ~ ........ ! 561.6 1 ....... . 

1842 ........................................ t>5Q.6 ....... , 5SIU! 1 ......... 56-0.l : ........ · 562.0 \ ........ 1\63 5 ""······ 56.'l.8 

1843...... •••••• ......... ............ ...... 552.91 551.4 I 550.9 i M"1.1 5.'>4.6 1 557.5 558.2 I, 5'>8.9 559.6 i,· 500.o \. 559.9 559.5 
1844 I <2n 4 ',I ··~.1 .......................... •••••• •••••••• 530.6 529.3 I ~ o vv4 533 2 J 534.8 =.9 1 .5:!7.0 1 536.8 I .53o.4 i l"J37.8 537.1 
184

'- ....................................... ~~:.~T~.~= =~1==1==1== ~~1=='~=1==1··:~ .. J~·= 
Mean ................................. 551.401 ........ l>.50.6.

1 
......... , 553.94: ........ 55;.50

1 
........ , i\59,10,. ....... , o.>9.5-, ...... . 

--1--- --,---:--;--1--1--'---:--:--i---
Sameref-erredtoitsmeanepoeh •••••••. 544.47! 543.45 543.1S'2j 546.Ja\ 547.02! 5-19.40\ 550.43\ [)51,50. 551.Y-.2: 5.52.3.'1: 552.43] 551.60 

________________ c._ __ ,_ __ c___ ___ , ___ , __ __!_ I I I I I i 

The following table contains the recapitulation of the monthly normals for each hour of the 
day, and for the mean epoch 1842. O to 1843. 0, and forms the basis for the discussion of the 
diurnal variation and its annual inequality. The table exhibits at one view the mean hourly 
readings for each month, unaffected by the larger disturbances: 
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Jlvnlhly dedination-twrmqls for e:ic!. h-Our of tile day, mid for the mew epoch of 1842 -'43. 

[ln('f1•a,.;itH?' s~nJe !Uvi.dons dt:notn an ~a,.tf'rJy mrwe1nent of the n-orth enrl of tlrn mi.~ue.t. The reading;; belon~ to nn l1nur 19J ~Entttel> lat~r tb11n indi-
<'nu .. _cJ by the ti~ures aL tll~ h~ad or tht! columas Value nf a_ s~al't! d1vu;,10n, 0'.4,:d. Rea:.tmg-'I d~nv.Jd fco!tl fiv~ ye.;a.r;;' ob . .:erv.iuous. between 18ll) an<l 
H54o:i.J 

PHlLADELPIIIA. MEA.1'" T.IME. 
1\lean epoch-

''"'":"~'~ . I ,~·roli-~;·~ ::xl ~;,, ~w ··11 ~~~ 
l;-t>-lnuary ••••••••••.• \ 553.83 553.10 rm3.13 1, 56:1 90 ~>fi4.~:i I 50:i.~"'"i 
1\-fareh ••.••••.• ······I .565.150 ( ~6.J.72 056.0J j 565.75 557.82 1 567.53 

April. ............... ! 565.03 I 565.42 557.05 5G7.12 557.8;> I 568.31 

.May ••••..•..•..... ! 563 95 I .)65.16 564.271
1 

5ti4. H 566.·17 I, :i69.28 
June ................ ! 551.10 / ,j.6l.81 561 7-8 551 91 56J.58 ,Jfi7.38 

July ................. ! 561.77 i 553.26 5!H.l5 , 55:2.07 563.60 I 567.16 

Augu~t .•.•.•••.....• 1
1 .55;).4() .'i.'i9.R:i 550.60 I 56G.8Q 56:1.40 . .5fi5.00 

Septem!Jer.H•• ...•• · .JJ7 4~ 5Ji.16 ,\J-S,10 559.60 55~.70 561.00 

Octt:lb~r ............ ! !"i.:l7.4.'"> 5:i7.i'l SS6.7~ 557.3J 557.50 556.67 

Novmnher....... ... .• 55-:i.l;J .5J·1.2l 5.)1.77 s.;5 ~Q 555.;.l:8 555.30 

Deceuiber....... ••• . 55'.L.SI 54V.9~ 5,1~.3:J 5.'.)0.~6 551 0-5 

------·-

61'. i 7/J.. I Bh. 1-~~1--1~1-~ 
--:--1--1'----i-
~r ~~ ~r ~fil ~~ 1 ~y ~ ,). I ~ • • • ! .• { 1· ~... . . I . . 
5fi.) IM 5fi7,f:.8 .)68.53 567.97 55.:i.42 I 561.47 

559.20 , 5;2.11 573 37 I 571.95 567.32 / 552.02 

37l.17 5G9.90 573.32 I! 57-0.98 555.18 I 559.76 
572.10 574.01 572 67 . 5-69.07 56~.42 557.72 

571 .. :U 572.42 .571.03 j 567.46 561.38 I 555.22 

570.® 571.67 571.23 567.61 561,00 I 553.47 
.)70,:)1) .573.35 

564.60 566 70 
559.()8 561. \!3 

557 .13 557.98 i 
5..)1.45 551.75 

571. 60 . 

;;65.40 

561.4S 
557.98 

552.60 

565.01 

539 co 
560.04 
556 .90 

553.75 

55&.3!1 549.a 
.5.>33() .547.41 

5.;5 '70 5.32. 36 
5.>3.87 550,00 

5.Jl.25 547 .78 

Monthly cleclinrrtion-normak, ~c -Contiuued. 

l'HILAJlEJ.PHJA MF.AN TIME, 

1\ft-:ln eporh--

18-42-'43. i i ' 
1
1 I l""· I I 

Noon. i !3h. !4h. 15h. f "" 17h. 18k. , 19h. 20h. 2lk. 22h. . 231>. j Mean. 

------1--J_-:--d-. _r_J_._[ _a_._I a. -.i-. -' --d.-1-d-. - --.i-. - --~-. - --d-. -1-d-. -1-d-. -
Janu~rr ......•.• H•• 537.7:J 507.31 5'17Jjfi .358.97 561.QO 562.41 i 563.38 j 564.82 565.00 .557.(}0 567.20, 566.35 564.2() 

February .•.•.•••.••• 1 557.33 555.85 5.37.17 558.3() 539.43 560.25 / 552.13 ) 552.25 564.42 565 Oil 564.771564.00 I ;;62.98 

Mareh. ...••• .... .••. 557 52 555.75 .555.97 5:57.75 559.6J 561.85 I 55:L6~ l 555.31 5~".i.75 .~56.04 5S6.08 I 506.94. 564.26 

April ............ ···< 555.25 53J.54 552.92 55J.13 55S 18 562.liJ ! ..56~.88 '553.16 .554 . .50 .>54.59 .%5.08j567.5()

1

: 5134.0J 

Ma;-.. ...•. ....• ..•• 553.2R 55!.fi'l: .5;32 77 .535.23 551'.80 58l.94 562.28 ! .'\63.44 5!\3.10 563.94 .5M.09, 554.04 563.18 

June ............... :->5!.i7 5!9.42 550.47 .i.52.80 535.57 538.76 I 559.70 '560.26 560.17 560 58 560.951551.BJ I 560.84 

JuJy ........ HH..oH••ll 550.Li.J 548 o~ 549.0::J WL.33 554.22 5J6,98 )-.558.43 559.05 5.39.67 560.18 531.28 f"J!il.97: 560.24 

AugtLst .... •••••••••• 547.05 545.49 543.0.1 552.15 5.''5.27 i 557.12 I 558.38 1558.99 559.30 559~15 560.30 I 559.SS I 559.07 
September........... 514 2.5 54.1 ~I 5i5. 77 5.ll.44 I 553.00 i s;:; .. n I 555.63 i 556 04 557.05 558.!)6 556.97 55i.OO I 556.07 

October ..••..••.••.. 551.rn 1 549.62 550.H j 552.39 1 5:;4.1.5 : 555.68 I 557.67 1557.47 556.Y8 558.12 558 15

1

1558.22 556.43 

November .......... ;)4~.52 l 51:7,3.:l 518.7'? I 533.76 j 551.60 • 5.=>3.25 I 5:54.35 '555.25 555.62 55'6.36 555.35 555 35 / .553 97 

Denmber ....•...•. ~:.::.._:~~'~:::._ 543.~/_::'.:._~.:..J_~~-:~~I~:.::?._~~ 552.35 _:::.431~~1~~ 
M•aro .•••• ····-<-····· .. ... ... . . ... ...... ··I···· ...... J ... · ..... · J···· ...... !···· ...... ; ............... T ................... ····I 559.64 

This table shows plainly the relation of the mean hourly position of the magnet of each 
month to its general moan position after the separation of the larger disturbances, and also, 
by running t11e eye along any horizontal line, tbe solar diurnal variation for each month. It 
does not, however, show distinctly the annual inequality, on account of the changes in the 
numbers from the secular change. To eliminate the effect of this change, each hourly normal 
has been compared, in the following table, with the corresponding mean monthly value, as 
given in the last right hand column, the sign + indicating a westerly deviation, and - an 
easterly deviation* of the north end of the magnet from the mean monthly position. The 
scale divisions have been converted into minutes of arc. 

•The sign plus ( +) being generally taken to aignify west declination, it bus been retained tv indicate a movement of the north erul of the mqnet 
10 the we..,t. 
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Tab/£ of tJ,e &Q/,ar-diurnal variation of tho magnetic declination fvr each month of the year, showi.r19 t.~e annual iruqualily. 

[Observations HI~ minutes later than indicated in the h.:·ading.J 

P-HlJ,A 'PELPH14 Mt:AN TI!'dE, 

M-ean eft<>eh- -------~.-- ____ _ 
1~'43· OA. I 11'. : 21'. I ~;.~--.----:/:~-- -~'"·-- 6k.- - "ih. 8h. - -E~:---1~:.-T-;-;;-

---,- ---.-·--.-1--.-:--,-'--.- --,- --,- --,- --.- ---. -'--. -
Januor.r. •••. .... ••• -0.47 -0.27 -0.07 I -0.64 -0.6~ -U.:.?l -U.51 -1.61 -2.-:)9 -:!.4-0 -1.11 ! +1~06 
February............ -0.41 -0.06 -o.o; -0.42 -0.56 -l.03 -1.34 -2 2~ -2.51 -:.! 26 -1.ll +o.ss 

March............... --0.34 -0.39 -0.5..1 -0.-40 -1.35 -1.21 -1.97 -3 28 -3.l:'l.J -3.21 ~l.l:Q 

April ................. -0.00 -1.09 -1.37 -1.40 -1.73 -1.94 -3.24 -2.G5 -4.21 -3.1.> -0.50 
May ................ , -0.3J -0.90 -0.40 -0.10 -l.49 -2 77 -l 04 ' -4.90 -4.30 -2 66 +o.:i.·, 

June •••••••ao• ,,.... -Ct,3U -0.44 -OA::J ----0,48 I -1.70 -:2.97 -4.i.5 -5.25 -4 62 -3.00 -0.2.) 

July ................. -0,SS -1.37 -0.41 -0.8:! , -l..f>~ -3.lo -4.4'1 -~.ll3 -4 ~~ -3.34 -0.3j 

August ......... ..... -0.CO -0.36 -U.69 -0.78 -1.00 -2.68 -5.03 -6.47 -J.68 -2.6!.l +1 :..!.) 

September........... -0.61 -0.49 -0 in ' -1.60 -1.64 -2.2:! -3.R6 -4.RJ -4.2.1 -L69 +l.26 

Ocwber. ...... ...... -0.46 -0.58 -0.l:J -0.11 -0.48 -0.10 -1.20 -~. l7 -2 28 -1.53 -0.12 

Nov"mber....... .... -0.09 -0.ll -0.36 -0.;;.J -0.~9 -0 50 -1.44 -1.81 -1.51 -1.33 +0.05 
Dectmber ..... ...... -0,34 -0.05 +o.23 -0.26 -(),55 -0,69 -0. 73 -0.87 -1.27 -I. 78 -0.64 

+l.29 
+l.93 

+2.47 

+2.54 

+3 07 

+4 .. 50 
+3.89 

+i.84 

+1.eo 
+o.ro 

i I ---,---,---:---:--- ---,------ ____ , ___ ,---'---
-0.58 I -0.78 ~ -0.72 -0.96 -J.68 -2.fiJ -4.2J -4 95 -4.67 -2.76 Sumn1er •••.•..•.••.. +o.29 +:i.01 

Winter.............. -0.35 -0.24 -0.16 -0.4j -0. 70 -0 6{ -1 ~2 -1.99 -2.33 -2 lO -0.67 +1.27 

Year •••••••••• , .••• , -Ct 47 -0 5l -0.44 -0.71 -J.19 -1.54 -:l 72 -3.·f7 -3.50 -2.43 -0.19 +2.17 

·--------~---.. --------------------'------------------

Tahl.e. of the 80lar-tliuN1al variation of JM mtlf)1letic dccliualion, .1,-c.-Continmid. 

I PJHLADEl.PIUA. .MEJ..N' TIME, 

Me:~~~'.•- 1----,

1
----~ __ .------

1 

__ 

I~~:~! 154. ' 16h. ' l7h. ' l~h. 19k. 20h. i ~lh. 
---i I \ I i 1'-, 1-, i-, ,-, ,-, -.---
fanuary ..... ., •••••. i +2.94 +3.12 " +~.01 +2.36 , +1.:!6 · +O.l'I ' +0.37 ' -0.28 -0.77 -1.27 -1.36 

Febmary ........... .\

1 

+2.55 +3.23 +2.62 +2.12 ! +1.61 +I.24 +0.38 +o 33 -0.6:; -0.93 -0.81 

March............... +3.33 +4.13 +3.02 +3 22 

1

1 +2.36 +l.30 , +o.w -0.20 -0.40 -0.M -·0.55 

April............... +3.9B +5.20 ! +5.02 +4.03 +2.64 +o.oo i +0.52 +o.39 -0.21 -0.26 ---0.11 

~~~·:::::::::::::::::11!:~ :::~~ !!:~~ l!:~~ 
1

.1

1 

1::E 1~:~ !~:~~ ~~:~~ !~-: ~:~ ~:~; 
Augu•t .............. : +s.45 +s.71 +s.oo +3.14 +r.12 +o.ss +0.3'2 +o.ot -0.10 -0.04 -o.oo 

September ........... j +s.35 +s.55 +4.17 +2.W +I.39 +o.3.> +o.2f1 +0.01 -0.45 -1.00 -0.41 

Octob•r ..•.•.. ······j +2.40 +3.0B +2.12 +J.8.1 +1.04 +o 3.> -0.55 -0.47 -0.25 -0.76 -0.78 
November,.......... +2 4li +:i.01 +2.37 +!.45 +i.o~ +o.:J3 -0.lB 1 -0 59 -0.74 -1.09 -0.63 

December ••••••••••. I +2.42 +2.89 , +~.Bl j +J.57 i +1.27 +o.19 -0.27 -0. 76 -0.96 -1.15 I -1.18 
! I I ' I I ' r--- ----.---1---,---,---- ----,---- ---- ;----, 

Elummer ............. i +4.62 +s.40 1 +4.7B I +3.42 +2.14 , +o.85 +o.46 +0.19 --0.03 ' -0.25 
1 

---0.40 

23/o. 

-0.98 

-0.46 
-0,95 

-1.57 
-0.39 

-0.36 

-0.78 

-0.36 

-0.42 

--0 61 
-0.63 

-0.81 

-0.65 

-0.77 Winter ............... 

1 

+2.6B +3.24 +2.75 +2.09 +1.46 +0.11 +o 05 -0.33 -0.63 -0.95 ' -0.88 

Year ................ j +3.65 +4.32 I +3.77 +2.76 +1.eo +o.78 +o.25 -0.07 -0.33 --D.60 __ -_o._6_4 __ -_o_._11 

The distinctive features of the above table are next to be considered analytically as well as 
graphically. The inequality in the diurnal variation is most conspicuous when the tabular 
numbers in the horizontal lines for the months of February and August are compared. The 
annual variation appears plainest by carrying the eye over the vertical column at the hours 6 
or 7 a. m. The annual variation depends on the earth' B position in its orbit, the diurnal varia­
tion being subject to an inequality depending on the sun's declination. The diurnal range is 
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greater when the sun bas north declination, and smaller when south declination, the pheno­
menon passing from one stale to the other about the time of the equinoxes. 

To shm\· the diurnal variation at these periods, the summer and winter means, as well as the 
annual means, were tabulated. The months from April to September (inclusive) comprise the 
summer period, and from October to March (inclusive) the winter period. The first diagram, 
(A,) on Sketch No. 7, shows this variation, and contains the type curves for these half-yearly 
periods. We find for the summer months a diurnal range of nearly 10~ minutes, and for the 
"·inter months of but 5~ minutes. These and other curves will be further analyzed hereafter~ 

Tlie second diagram, (B,) Sketch, No. 'T, exhibits the same phenomenon in a different way, the 
yearly curve of the first diagram being straiglli.Pned out and forming the axis of the second 
diagram, which thus shows the deviations from the annual mean value for the two seasons, 
when the sun bas north and south declination. The ordinates are obtained by subtracting the 
annual mean from either the summer or winter mean in the preceding table. This diagram 
furt}1er exliibits in quite a characteristic manner the course of the annual variation at the 
different hours of the day at the season for which the diagram is constructed. Thus at the 
hours six or seven in the morning the annual variation is a maximum, disappearing at a quarter 
before 10 a. m., aud reaching a second (secondary) maximum value at 1 p. m. It almost 
disappears soon after 5 p. m., and a third still smaller maximum is reached after 9 p. n1.; half 
an hour before midnight the annual variation again disappears. At (and before ancl after) the 
principal maximum between six and seven in the morning the annual variation cau<ics the north 
end of the magnet to be deflected to the east in summer and to the west in winter, at 1 p. m. 
the deflection,,; are to the west in summer and to the east in winter. The range of the diurnal 
motion is thus increased in summer and diminished in winter; the magnet being· deflected in 
summer more to the east in tho morning hours, and more to the west in the afternoon hours, 
or having greater elongations than it would have if the sun moved in the equator. In winter 
tho converse is the case. 

The range of the annual variation from summer to winter is about 31.0, and its daily range 
about 2'.6 at Philadelphia. The next diagram (C) has been projected in order to illustrate the 
semi-annual inequality of the diurnal variation at four principal magnetic stations.* The 
general features of the Philadelphia curve most nearly resemble those exhibited by the St. 
Helena curve, and relatively the Toronto and Hoharton curves appear to represent rather 
extremes than normal shapes. The Philadelphia and St. Ilelena curves have another feature 
in common, the amplitude at its maximum value shortly after 6 a. m. is less than the amplitude 
at Toronto and Hobarton; and upon the whole the Philadelphia type confirms the idea that all 
forms partake of the same general character, more or lei;:s affected by incidental irregularities. 

In reference to the ammal variation, General Sabine, in the "rectifications and additions" 
to the last volume of Humboldt's Cosmos, expresses himself as follows: * * * "Thus in 
each hemisphere the semi-annual deflections concur with those of the mean annual variation 
for half the year, and consequently augm~nt them, and oppose and diminish them in the other 
half. At the magnetic equator there is no mean diurnal variation, but in each half year the 
alternate phases of the sun's annual inequality constitutes a diurnal variation, of which the 
range in each day is about 3' or 4', taking place every day in the year except about the 
equinoxes, the march of this diurnal variation being from east in the forenoon to west in the 
afternoon, when the sun has north declination, and the reverse when south declination." * * * 

According to the same authority the annua.l variation is the same in both hemispheres, the 
north end of the magnet being deflected to the east in the forenoon, the sun having north 

" The annual variation of the diurnal motion has heen made the subject of a particular disem1sion by General Sabine in papr re 
presented to the British ABBo<:iation and to the Royal Society. See reports of the ,British Auociation, 1854, pp. 355 ·-36~, and 
Trans. Royal Society, May 18, 18"4, pp. 67-82; a.lso, art. :.:xviii, PhilOBOphical Trans., 1851. 
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declination, when in the diurnal variation the north end of the magnet at that time 0f the day 
is deflected to the east in the northern hemisphere, and to the west in the southern hemis­
phere. In other words, in regard to direction, the law of the annual variation is the same, 
and that of the diurnal variation the opposite in passing from the uorthern to the southern 
magnetic hemisphere. 

I next proceed to consider more in detail the annual variation at the hours of six and seven 
in the morning, and of one and two in the afternoon, these being the hours of the principal and 
secondary maximum, roRpoctively. By subtracting the annual mean from each monthly value, 
at the respective hours, we obtain from the prec~din~ general table tlie follo\\~ing: columns: 

Annual variation at the hours qf the princiJYil and secondary maximum of range. 

+ l indicates I west } deflection from the mean aun ual position. - f (ea.st 
--- --·-- -----·-1-----------1~ 

Month. \ 6h. a. rn." i 7h. a. m" Mean. lh. p. Ill t 2/z. p. m. t I lllean. 

-------------- ----~---· 

January---------------·--·--·····' +2.15 +1. 86 +2.01 -1 20 --0. 76 

February •••••••••••••••••••• --- •• i +1. 38 +i. 25 +1. 31 -1. 09 --1. 15 

March.---- __ -·-·----------------! +o. 75 +o.19 +o.47 -0. 19 --0. 75 

April---------·------------------ -0.52 +0.82 +o. 15 +o 8B +i. 25 
May ••••• _____ • ____________ • ____ . i -1.38 +o n -1. 32 -1- t3 +o. g4 
June ___ . 

-----~------------------
-2.0J -1. iS --1. !JO +o.8! +o.93 

July _______ ······------------·-·· -1. 72 -216 -1. 94 +1. 21 +1. 3() 

August ••••• -·-- .• ______ ._. --- •• - . --2. 31 -3.00 -2.66 +i.:i~ +1. 23 

September •••••••••••• -------- •••• -1.14 -134 -1.24 +i. 2'1 +o.4o 
October _____________ • ___ ._. ___ •• .i 

+i. 52 +1. 30 +J.41 --1. 24 --1. o.; 
N ovembcr_. _. __ . _____ .• ___ • ____ --1 +i. 28 +1. ()6 +l.47 --1 31 -1. 40 

December······---------------·--[ +i. !)!) +z. Go +2.30 -1. 43 --0.9~ 

•Maximum ran~c (at the above hours) 51.0, thEl ea:;terly d.eil.eetio.n bt~ing weat.er hy 0 1.4 than the we~t~rly. 
t Range at the hours land 2 p. 1n. 2' 7, the eastern and \vestern deflecttou being eqnat . 

I 

--0. 98 

-1. 12 

--0.47 

+1. 06 

+0.93 

+o. 89 

+i. 25 

+1. 31 

+o.s2 

--1. 14 

--1. 35 

-1. 20 

.A. general inspection of the above columns containing the mean values shO\YS that, approx­
imately, the solstices are the turning epochs of this annual variation, the signs changing at the 
time of the equinoxes. To ascertain how nearly this is true, and in order to obtain a more 
precise expression, the means of the two columns, (after changing the signs ih the second,) for 
ea,ch month, Tespectively, were put into an analytical form, using Bessel's well-known furrnula 
for periodic functions: 

~- = + 11
• 78 sin. (0 + 90°) + 0'.32 sin. (2 (} + 180°;) 

or, ~ .. = + 1'. 78 cos. 0-0'.32 sin. 2 8, 
the angle {}counting from January 1. 

The maximum values will occur on tho first of January and the firllt of July, and the transi­
tion from a positive to a negative value, and tho reverse, will take place on the first of April 
and the first of October, the equation l'. 78 cos. 8=0'. 32 sin. 2 ()being only satisfied for 6 = 90° 
and 270°. That the angles 0

1 
and 0

2 
should be exactly 90° and 180° is remarkable. The 

monthly values are satisfied as follows: 
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I By ol»crvation I Dy calculation. 

I , I , 

Month. 

Middle of January .• ______________ ' +i. 50 I +i. 56 

February_______________ +i.22 I +o.n4 

March---------·------ +o.47 I +o. 30 
April-----------------· -0. 46 I -0. 30 

May.-----------------· ==11 .. 4106 l,11 =~Ql.· 5046 
June.------·--···-····· 
July •.••• ______________ --1. 59 -1. 56 

August. •.•••. ____ -2. 00 -0. 04 

September ____ -------·· -1. 03 -0. 30 

October--···--···---··- +i. 28 +o. 30 
N ovcm bcr •••••••••. _ •• _ 

December··-··-···--·--! 

+i. 41 

+L 76 

+o 94 
+1 56 

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

The reguiar progression of the monthly values is a feature of the annual variation deserving 
particular notice. There is no sudden transition from the positive to the negative side, or, 
vice versa, at or near the time of the equinoxes, (certainly not at the vernal equinox;) on the 
contrary, the annual variation seems to be regular in its progressive changes. The method 
here pursued is entirely different from that employed by General Sabine for the same end; but 
the results are, nevertheless, in close accordance. He remarks, (in the British Association's 
report, above cited,) "when a mean is taken corresponding to the 10th or 11th day after the 
equinox the transition from the character of the preceding six months has already commenced 
and advanced very far towards its completion, and by the middle of October is qnite complete; 
apparently the progress of the change is somewhat more tardy in the March than in the Sep­
tember equinox.'' 

l!'rom the above analysis we have found that the transition took place ten days after either 
equinox, and, also, that the turning points occur ten days after the solstices. 

Por the more precise determination of the law of the phenomenon, and in order to render 
the results of similar investigations comparable with one another, the regular solar-diurnal 
variation is now to be ex.pressed as a function of the time. 

The preceding talmlar values, given in minutes of arc, when treated as required by Bessel's* 
periodic function, furnish the following expressions for each month of the year: 

For January· · · · Ad= + 1'.423 sin. (15 n + 225° 09') + 1'.491 sin. (30 n + 16° 38'.) 
+ 0'.57!) sin. (45 n + 220° 231

) + 0'.548 sin. (60 n + 53° ...... ) 
For February · · Ad=+ I'.469 sin. (15 n + 211° 09') + 1'.456 sin. (30 n + 20° 50'.) 

+ 0'.472 sin. (45 n + 231° 59') + 0'.352 sin. (60 n + 60° ..... ) 
For March.·· - · · Ad=+ 2'.098 sin. (15 n + 206° 46') + l'.827 sin. (30 n + 26° 34'.) 

+ 0'.693 sin. (45 n + 230° 10') + 0'.413 sin. (60 n + 84° ..... ) 
For April •••..• Ad=+ 2'.906 sin. (15 n + 213° 21') + 2'.001 sin. (30 n + 34° 01'.) 

+ 0'.926 sin. (45 n + 223° 29') + 0'.245 sin. (60 n + 80° ...... ) 
For May·.····· Ad=+ 2'.746 sin. (15 n + 210° 38') + 2'.377 sin. (30 n + 45° 50'.} 

+ 0'.970 sin. (45 n + 251° 57') + 0'.100 sin. (60 n + 161° ..... ) 
For June · · · · · · Ad=+ 2'.883 sin. (15 n + 204° 09') + 2'.438 sin. (30 n + 44° 15'.) 

+ 0'.941 sin. (45 n + 254° 03') + 0'.216 sin. (60 n + 114° ...•• ) 

<>For a.nother development of the formula see Rev. Dr. H. Lloyd's paper "on the Mean Results of Obstlrvations ;" 'li:a.ns· 
action• Royal Irish Academy, 1848, -vol. x.xii, Part 1 : Dublin, 1849. 
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For July·.·.·.· Ll .. = + 31.310 sin. (15 n + 204° HI') + 2'.465 sin. (30 n + 38° 48'.) 
+ l'.047 sin. (45 n + 251° 38') + 0'.092 sin. (60 n + 176° ..... ) 

.August · · · · .6d = + 3'.161 sin. (15 n + 211° 31') + 2'.13-W sin. (30n+52°16'.) 
+ 1'.375 sin. (45 n + 26.5° Ml')+ 0'.201 sin. (GO 11 + 51° ... ) 

September .. .6d = + 2'.706 sin. (15 n + 220'.) O.'i') + 2'.372 sin. (:30 11 + 55° 541
.) 

+ l'.126 sin. (45 11 + 261° 14') + 0'.4H sin. \GO 11 + 115ci ... ) 
October· ... .6d = + l'.271 sin. (15 n + 226° 29') + 13'.25 Rin. c::10 n + 33° 12'.) 

+ O'. 727 sin. (45 n + 230° 52') + 0'.150 sin. (GO n + .J.7" ... ) 
November .. Lld = + 1'.259 sin. (15 n + 229c' 06') + 1'.2.57 sin. (30 n + mF' lri'.) 

+ 0'.390 sin. (45 n + 236° 30') + 0'.242 sin. (GO n + S'i"" .... ) 
December.· .6d = + l'.212 sin. (15 n + 231' 4G') + l'.32l sin. (30 n + 23° 34'.) 

+ 0'.367 sin. (45 n + 205° 4G') + 0.±18 sin. (GO n + 32° .... ) 
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In like manner we obtain for the summer half year from April to September, inclusive, for 
the winter half year from October to March, inclusive, and for the whole year, the following 
expressions for the diurnal variation: 

For summer half year .6d = + 2'.936 sin. (15 11 + 210° 36') + 2'.404 sin. (30 n + 46° 7'.) 
+ 1'. 031 sin. (45 n + 253° 37') + 0'.178 sin. (GO n + 132° 20'.) 

For winter half year Lld = + 1'.420 sin. (15 n + 220° 41') + 1'.309 sin. (30 n + 2G0391.) 
+ 0'.520 sin. (45 n + 22P 2G') + 0'.310 sin. (GO n + 61° 11'.) 

For whole year* · · · · Ad=+ 2'.167 sin. (15 n + 213° 55') + 1'.875 sin. (30 n + 38°. ~2 1 .) 
+ 01

• 759 sin. (45 n + 24-F 40') + 0'.198 sin. (60 u + 83° 051
.) 

In determining the least. square coefficient in these equations allowance has been made for the 
different heights due to the readings at the odd and even hours; f] is reckoned from midnight 
at the rate of 15° an hour. 'fo compare the numerical quantitie"' of the angles C1 C2 0 3 C4 in the 
general expression .6d = B1 sin. (B + C1) + B2 sin. (2 (J + Cz) + B3 8in. (.'l (} + 0 3) + B4 sin. 
(4 8 + C4) with the same quantities in the formul~ of the diurnal variation, (pp. 8-9 of Pt1rt 
I, J 180° must first be added or subtracted from each angle given there, since 111 the discussion 
of part I increasing numbers correspond to a decrease of western declination, the scale being 
thus graduated, whereas in the present case increasing positive numbers correspond to an increase 
of western declination, as stated above. 

° For the purpose of showing the correspondence when the abO\'€ eqi::ation is derluced, indepenrlently from the obsen-atioris 
at the even and odd hours, I add here the values for the tivo cases: 

From even hours: .l.<l = + 2'.170 sin (15n + 2130 27') + l'.888 oin (30n + 3R0 59'.) 
+ 0. 729 sin (46a + 2'14° 57') + 0. 183 ~in (6-0n + 830 26'.) 

From odd hours: ad.,=+ 2.159 sin (l6a + 2150 19') + l. 835 sin (30n + 38° 31'.) 

If, for the purpose of comparison with the previous results in Part I of this discussion, and with other similar expres.ions, 
we change the angles C

1 
0

2 
C

3 
c,, by 1800-which is equivalent to an euf<terly deviation from the mean for positiv<> re>ults 

and to a. 'l'testerly deviation for negative results-we find : 

For Philadelphia: ad=+ 2'.167 sin ( 6 + 330 55 1
) + l'.875 sin (2e + 218° 52 1 

) 

+ 0. 759 sin (30 + 640 4()') + O. 198 sin (40 + 263° 05'.) 
For Dublin: Ad=+ 3. 519 sin ( e + 6iC 18') + 2. 127 sin (2e + 225° 22'.) 

+ o. 6118 sin (3e + 700 40') + O. 322 sin (40 + 242° 27'.) 

This latter expression is copied from the Rev H. Lloyd"s discussion of the Dulilin observations in 1840 and 1843. 
For a comPMiBOn of the monthly .. quations the reader may also consult similar expression~ obtained by Karl Kreil from 

his discusi;ion of declinometer obser\•ations at Pragm-, extending over ten consecutive years, (184,()-1849 ) and selected from 
a .thirteen years' series, in order to obtain mean results u>wffrc1"1 by the smaller inequality of the ten or eleven year period 
with which our results are still affected. Part I of the present discussion, however, affords ready means of ch11onging ~lightly 
tb., numerical values of the coefficients B B B B in our equations, in order to ubtain the values we would have obtained 
had w d. __ .. l 2 3 • ·~ d' . f d" e lllcu.....,., a consecutive eleven year 11erics of observations, or one t:x .,,,n mg over a series o years correapon rng to 
the actual length of the solar period then observed. Kreil's discussion will be found in Vol. VIII of the proceedings of the 
tnathematillll.l a.nd phybical section of the Imperial Academy of Sciences at Vienna, 1854·. 

39 c 
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The following· table exhibits the close correspondence of the computed and observed mean 
a11nual value of the regular solar-diurnal v.:riation : 

- -----··---·-~------------

' ' 
DrnRNAr. VAR. ~ i DIUR:XA.L VAR. :; I DIT'RNAL '-"AR. 

_____ ---~1 C-0. , J-lhil::i1~1. 0a1.crr.1ean :' ___ ------,-- ____ C-O. ;: l'hila~a. mean 
1 

C-0 .. 
i : ; I 1 :i time, - I I 
J Comp'd. ! Oh~cn•ccL! J Comp'd. : Observed if ! Comp'd. , Obs-cn·ed 

------i--, -1--, -1--.-',------1--.-1--,- --,-'.·------!--,- --,-1---,-
Ult. l9;m •••...•• ; -0.49 j -0.47 1 -0.11-2 ' Sh. 19!m .... , -3.44 , -3.50 +o.oo . l6a. 19~m .... / +J.71 +1.so I -0.09 
1 rn, .......... i -0.48 -0.5t 1 +o.-0:i 1 

9 !9,f ...... : -1.2!1 I -2 43 +0.11 · 17 l9if ...... i +o.ss +o.w / +oJo 
191 .......... ' -0.:-.1 I -0.44 -0.07 10 19t- ...... ; -0.24 -0.19 -0.05 1s 19, ...... 1 +o.33 +0.25 I +o.os 

J 19~••0000••00 -0,67 -0,71 +0,04 11 19!'0''""': +:i.()~ +2.17 -0.14 19 l9iooooH: -0.07 _(),07 u.ou 
19&.......... -J.0~ I -1.JU +o.lU 12 19; ...... ; +:l.69 +:l.65 +0.0.1 2il 19} ...... j -0.~ -0.:33 ! -0.05 

FJJila~J.a.. mean 
tuuc. 

.;, l!J:,r .••• ····-· --1. b2 -1.fi.! -o.1s 1:i rn; ... _ .. : +4.21' +4.32 -0.04 21 rn~ ..... .' -0.57 -o.oo +0.03 

fi l9J .... ..... -2.;'"7 -2.72 -o.o.; 14 JS} ...... · +:i.EJ +3.77 +0.04 :i-2 mt.- .... ! -0.r,2 -<J.04 +o.o:i 

~ HI} .••. ...... -3.49 -3.47 -0.02 15 rn; ...... ; +2.77 +2.76 +0.01 23 19; ...... t -0.57 -0.11 +o.u 

The maximum difference of any one hour is less than 11" and the probable error of any single 
11onr1y re1rn1t is ± 0'.0.5. The prolml.Jle error of any single computed value from a monthly 
expression i::< ± 0'.19. 

By means of the preceding equations the hourly values of the diurnal variation for each 
month of the year have been computed and the results projected in curves are given in 
Diagrams D and E, Sketch Ko. 7. The first contains the curves for tho six months of the 
8Ummer half year and tho second those of the winter half year. Positi vo ordinates correspond 
to a 11·esterly movement and negative ordinates to an easterly movement of the north end of 
the magnet. Diagram F, Sketch No. 7, contains the type curves for summer, winter, and the 
whole year, all being upon the same scale. 

Regular solar diurnal »ariaJion qf the m'.l[Jnetic decliwitwn, comp1t!ed fJr every month qf the year and for ths principal seasom. 

I I I I J • I ! I I I -
l\Ioan cpocli, lil42-'43. I Vh. 

1 
lh. 2A. [ 3k. j 4k. I 5h.. I 6h. I 7h.. eh. 9h. lOh.. llh. 

··------· ---------1-, ,-, -, 1-, 1-, 1-, -, :-, ·-, 1-, -, -, 
Janunry ................................... -0.52: -0.21 -0.30. -0.48 1 -0,48 I -0.38 I -0.55 r -1.24 -2.12 I -2.45 -1,59 +o.!l6 

F•·bruary .................................. 1--0.~~; -0.~~ -0.!~ I. -0.:21-D,·19 I' -0.'1!-l.181-1.~ -2.521-~·49 / -1.49 +o.24 
Mrireh •..••..• . .•••••••.••.••.......•.. 1 -o.:i.;~ 1 -0.z._ -0 . .551-u. d ; -0.~l -l.09 ~l.84 -2.9.J: -:3.87 . -J.40 j -1.81 +0 . .55 

April. ...................................... -0 €8 .• -1.14 -J,:J4 I -1.44) -l.54 '-I.881' -2.64 r-3.55 I -4.m /-3.42' -1.54 +1.11 
May ........................................ -0,f>S: -0.59 /-0,.)0 I: -0,.'\9 ! -1.181-2.32 -3.7~ I -4.741-4.66 I -3.241 -0.81 

1 
+J.93 

June ....................................... -0.19 ! -0.28 -0.41 -0.69 -1.32 
1 

-2.45 -3.~7 -5.021· -5.13 1 -3.80 -1,231 +J.69 

Jul; ....................................... -0 80 ! -0.~ -0.67 -0,72 -1.:!4 j -2.G2 ! -4.2'2 -5.~2 -5.451-·04 -1,47 +l.47 

Aagllst. ................................... -0.62 -0.:J:l -0.21 J-0.59 -1 60 \ -3 09 1 -4.68 -5.11; -5.48

1

-3.67 -o.58 +2.87 
8eptPrnbcr ................................. -0.52 -0 7ll -0.90 -1.06 -i.42 j-2.23 l -3.51 -4.551-4,50 

1 
-2.84 +0.11 I +J.18 

October ................................... -0 44 -0.5.1 -0.30 j-0.20 -0.16 J -0.45 I -1.33 I -1,rn -il.18: -1.921-0.w +0.77 
Novemh<r, ................................ -U.23 -0,!ll -0.32 -0,44 -0,56

1

-0.7.51-1.18 -l.68 i -1.91 -J.50 --0.37 +1.11 

JJcccruber ................................. -0.36 i +0.01 -0.02 /-o.:!4 i -0.f>O -0.67 I -0.73 -1.00 -1.44 -1.64 I -l.Oll +o.26 

Summer.,, ................................ -D.03 : -0.71 -0.71 1-o 81 1-1.33 !-.::.-;;1-3.84 -4-;; -4.91 1-3,431-=;; +l.l.12 

Wint<r. ................................... -0.41 -0.26 -0.29/-o.42/-<l.50 -0.68 -1.09 -I.731-2.251
1-2.151-1.12/ +o.:56 

I I I ! I f_ 'te~r. ............... , ..................... -0.49) -0.48 -0.Sfi ! -O.ti2 I -0.94 -l .54 -2.41 -3,31 1-3.541-2.!!01-1.0-2 ! +L3~ 
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TABLE-'.:iontinucd. 

Mean epoch, 1842-'43. Noon. 13k. l 1'14. ~ 15h.. j l6 1t.. 17h. lSA. IDk. 20Ji. ! 21/i... 22h. :l3h.. I 
\ '1 \ i 

1--,---,-(--,-1--,- --.-' ' __ i ______ _ 
January .................................... , +2.26 +3.40, +3.34 : +2.46 +t.52: +o.9-J. +o.5~ +o.os -D.61 ·-1.\!9 -1.45: -1.0B 

February ...• ._ ............. HH••··········\ +i.oo +2.97: +a.cm 1 
+2.42 +1.7! ~ +l.17 +o,~·6 +o.% -(l,:JG -0.K> -o.<.cr; -(l."iG 

l\Iarcl! .................................... .-) +:J.71 +J.86 I +3.85 +J.17 +2.33' +i.w +1.0~ +u.:i.; -0.31 -0 70 -0.67 -(),43 

April ...................................... 1· +3.60 +~·~. +5.18 ! +4.28 +2.98 ', +1.76 +1).88 +D.27 -0.14 -0.:is -0.54 -0.67 

May ........................................ +4.06 +a.o. / +4.88. +3.f..'i +2.48; +1.22 +o.39 -0.02, -0.12 -0.H -0.~I -u.43 
June ......................................... j +3.99 +5 00 

1 

+4.79: 1 +3.79 +2.GO; +l.59 +o.67 +0.38 1 +0.07 -0.lO -0.]3 -0.1.J 

July '+3 90 +s.26. +s.37 : +1.M +3.28: +:i 01 +t.16 · +o.66 : +0.39, -;_o 1s -0.1;; -0.53 

Augu

0

s
0t·:.·.·.·::::::::::::::::::::::::::::::::\ +5~44 +&.~: +S.55 1 +3.";"5 +1 08 I +o.87 +C>.50 ~ T-DAJ +o.~6 -U.13 -U.~ -0.77 

b I + • 18 +- ,, +4 4B +·' 99 +l.68 :. +o.85 -L, U.33 : -0.11 -0 H 0 '.O -o.:,:) -0.H Scptcm er ......................... •••.•..••• "'· ;>,..,..... 
1 

· i :-. · - -· 

October. ................................... / +2.60 +:i.17 ! +3.00' +2.20 +r.oB i +o.2.:i -O.:l9: -0.30 -0.:N -0.52 -0 59 -0.6~ 
:November ................................ .: +2.31 +2.Sl : +2.;,s 1 +1.90 +1.18 1 +o.;,7 +o.06: -0.40 -0.59 -0.9-2 -0.77 -0.49 

D b 
1 

+1 86 +" 9· ' +3 o• I +Q -~., · 1 " ' +o -- +o tl , -o os -0 -s -l 22 -1 33 -o !JG 
__ ._. __ f ___ , ____ _ 

ecem er ................................ ···1 . -.-. => 1. . ""' 1 ......... 1, . ..r:r: : .Jt I. • I ·- ' . ' ~ . . . . 

Summer ................................... \ +4.35 +r..29: +1.99 ;. +3.89 +~.57 I, +1.4~ --;-o.54 
1 

+0.11'• i, -0.05: -0,l< -0.3:J 
1 

-0.44 
I I : : ! ! 

Winter ..................................... j +2.21 

1 

+a.12 · +:1.09 i +2.3:i +L52 I +o.S.J ; +o.37 -o.w : -O.:;;; : -0.eD -0.9-l ' -0. <:J 

Year ...... ·- .............................. ! +3.2.J 
1 

+4.22 i +4.09 i +3.14 +:i.os -Ll.12 +o.45 i +0.05 ! -0.32: -0,:;2 -0 :,s -0.:'iS 

In the above table + signifies westerly and - ea,;forly deflection; it may lie compared with 
similar tables constructed for Toronto*, DuLlill'I-, and Prague+. It will ho obsen·ed tlu1t 

the preceding taLle, which gives the oLserved variation, refers to an epoch 19k minutes 
later than the exact local hour, (that is, to an exact Gottingen hour,) whcrea,; the computed 
table refe1s to the exact Philadelphia hours. From the computed taLular value!:!, aided by the 
diagrams, we can now deduce some of the general features of the diurnal variation and it:; 
annual inequality. 

The general character of the diurnal motion (see type curves) is nearly the same tlHoughout 
the year ; the most eastern deflection is reached a quarter before 8 o'clock in ihe morning, 
(about a quarter of an hour earlier in summer, and half an hour later in winter,) near this hour 
the declination is a minimum; the north end of tho magnet then begins to move westward and 
reaches its westward elungation about 11 quarter after one o'clock in the afternoon, (a few 
minutes earlier in summer.) At this time the declination attains its maximum value. The 
diurnal curve presents but a single wave, slightly interrupted b,y a deviation occurring during 
the hours near midnight, (from about 10 p. m., to 1 a. m.,) when the magnet has a direct or 
westerly motion; shortly after 1 a. m. the magnet again assumes a retrograde motion and com­
pletes the cycle, by arriving at its eastern elongation shortly before 8 o'clock in tl,e morning. 
This noctural deflection is well marked in wintm·, vanishes in the summer months, and is hardly 
perceptible in the annual curve; accordiug to the investigations of Gen. Sabine, it is provable 
that if we had the means of entirely obliterating the -effect of disturhances, this smnil oscilla­
tion would almost disappear. In summer, when it has no existence, the magnet remains· nearly 
stationary between the hours of 8 p. m. and 3 a. m., a feature which is also shown by the 
annual type curve. 

The two preceding plates show a close genernl resemblance in the diurnal curves for the six 
months, when the sun has north declination, and a similar resemblance in the other six months, 
when it has south dec1ination. The analytical expression gives the epoch and amouut of varia­
tion with greater precision. The hours of minimum and maximum deflection are obtained 
from the equation d D. d = O, and the hours of the mean declination when the curves cross 

--.i .. --

the axis of abscissae from the condition D.d = O. 

"Vol. 111, Table LXVf, compare also with tal>le VII of Vol. II. 
tTransactions Royal Irish Academy, Vol. XXlI, part 1, Table III. 
fAcwlemy of Scieuu.,s at Vienna, Vol. Ylll. of Matll. Section, Tal•le II. 



 

308 REPORT OF THE SUPERINTENDENT OF 

The follmving table contains these results for each month and the two principal seasons of 
the year, also the critical interval between the two adjacent hours of the mean position : 

----i--~ast.e;~-~~~~-1! w~~.~~~:nga-r~·~ s -
t1on. non. .'§ ~ E 

~Epoch of .i::-nn declination. J t 
E 

ll!ooths. 
~~g 

I 
g ~ ;: 

--------------------- ----- -:~ :·. ~~:~- oh. m. 

~::;::~·.·:::::~::::::::~::::::::::::::::::::::::~:::~:::::·! : = ~ ~~ : :: 
Mnrch . .. • • .. • • • • • • . • .. • • • • • • • • • • • • • • • .. • • . . . . • • • • • • • • • • • • • . 8 07 l 34 5 27 

April ..•. •••••••••••••••·••·••••••••••••••·••••············ 
May ............................................................ , 

~ ~;~~ : : ~: : : .... : : : : : ~ ~ : : ~ -. : : : : . : : ~: : : : : ~ : ~ : : ~ : ~ : : : : : : ~ : : ~ : : : : : . J 

~;~::,:~~:~ ·•·• ::~: :~ :: ~: :::: :~:::: ::: ~~ ~:: :: : : : ::: ~:~: ::: : ::~: j 
\)ctobc r, ~ ......... , • , .................... , ....................... . 

Novernher ................................................... . 

December ................................... • ..• - .• - .. • •• • .. • • • 

Bummer ............................. •••• .••••. •••••••· 

\.\linter ............................................. . 

Year ............. , ....................................... ) 

We likewise obtain: 

8 12 

29 
;13 

7 36 

18 

30 

8 00 

54 

8 54 

8 24 

7 48 

1 27 

21 

20 

l 28 
05 

45 

1 17 

l o~ 

l 40 

l 8 

l 25 

1 16 

5 15 

5 D2 

5 47 

5 52 

5 47 
5 15 

5 17 

5 14 

4 46 

5 35 

5 01 

5 28 

Secondary minimum of eastern deflection in winter· · · · 97i. 42m. p. m. 
Secondary maximum of western deflection in winter··· · 1 15 a. m. 

Differences · · · · · · · · · · • · · · · · · · · · · · · · · · · · 3 33 

And-

~ " ... 
A. M. p, JI. 8 
k. m. h. m. h. '!'· 

10 52 7 08 s 16 

10 59 7 26 8 34 

10 46 7 32 8 46 

10 34 7 40 8 .56 

10 19 6 57 8 38 

10 25 8 26 10 01 

10 30 9 32 11 0-2 

10 10 8 40 10 30 
g 58 6 45 8 47 

10 30 5 23 6 53 

10 l6 6 08 7 fi2 

10 50 6 17 27 

10 17 7 43 9 26 

10 40 6 49 

10 26 7 08 8 42 

.Amount•·.· - 0'.97 
.Amount··.· - 0'.26 

O'. 71 

Secondary minimum of eastern deflection for the year·· I Oh. 1 lm. p. m. .Amount···· - 0'.62 
Secondary maximum of western deflection for the year· · 1 13 a. m. .Amount· · · · - 01.4 7 

Differences • · · · • · · · · · .. · • · · . · · • · · . · · • · · 3 02 0'.15 

The effect of the seasons on the critical hours is well marked m the above table. The 
eastern elongation occurs earliest between the summer solstice and the autumnal equinox, and 
latest about the winter solstice; the western elongation occ11rs earliest about the autumnal 
equinox, and latest about the winter sofatice; and the same holris good for the morning epoch of 
the mean declination. The afternoon epoch, however, occurs earliest shortly after the autumnal 
equinox, and latest shortly after the summer solstice. The critical hours which vary le:-.st 
during the year are those of tbe western elongation and those of the morning mean declination, 
The extreme difference between the value for any month and tl10 mean annual value is 31 
minutes in the former and 28 minutes in the latter. 

The graphical representation of three variables (Diagram G, Sketch No. 7) will serve to 
show at a glance the various features of the diurnal variation and its annual inequality. 

The magnetic surface is formed by contour lines O'. 5 apart; the dotted curves are lines of 
mean position; the curves represented by dashes correspond to eastern and the full curves to 
western deflection from the normal position. 

'l'his diagram, as well as the computed tabular values from which it has been constructed, 
furnish the correction necessary to reduce any single observation taken at any hour of 
the day and month to its mean value. It also enables us, in a measure, to dispense with 
developing the annual variability of the coefficients B1 B1 B3 B4

, and C1 0 2 C3• (or, rather, the 
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equivalents a1 b1 a2 b2 a3 b~, from which they Are derived,) in the general expression A + B1 sin. 
(0 + C1) + &c. In most cases either a tabular or graphical interpolation between the two 
adjacent monthly values will fully answer ihe purpose. The diagram also distinctly exhibits 
the diurnal minima and maxima; the former represented by a valley, the latter by a ridge in 
the magnetic surface. 

The magnitude of the diurnal range is next to be considered. 
The following table contains the amount of the deflection at the eastern and western elonga­

tions, and tl,e diurnal am11litude of the declination for each month of the yeaT, derived from 
the preceding equations: 

Months. 

January •••••• ......... •• •· · · ... ···· 

February ........ .......... , .•.•••. 

Mnrch ..................... , ........ . 

April ••••••••••••• ••••••••• .. ••••• I 

May •.•.••••••••••.•••.•.••.••••.. II 

June ............................... , 

w 

" "' e = .s 
" ~ c = ·~ il 
"' ~ 

~--------

-2.46 

-2.64 

-3,i3 

-4.0-2 

-4.89 

-5.!!6 

I 
g; I :: 

= ci I ~ 0 ;;!' 
= 

-~ e c f 
11 

~ 
;; 

~ E 
'E " ~ i5 I! ,-----q 

+J.52 
I i: 

5.98 l! 
+3.11 5.7;) Ii 
+4.03 7 .76 I' ;I 
+.>.28 9.:JO ii 
+5.l6 10.o:i 

11 +5.06 JQ.:J-2 
L 

"· " ~ 

"' " e " °' ~ ~ "" Months. = = ~ E 
-~ if c 

0 
~ " " "' "$ ~ 

I '!: ~ :::; c. i5 
1~---~ 

Ju1y ............... .............. ! -5.58 +s.46 ll.04 

Augu~t ....... ................. I -5.7'3 +6.36 12 15 

Septe1nber •• •• •• ..•. •• • ... · •• .... ·I -4.71 +3.60 I0.3l 

October.•••••• ................. -2.lS +3.23 5.41 

NM~cmber ....................... -J.!}2 +2.85 4.77 

Decernber . ....................... -1.65 +a.1-1 4 79 

The diurnal range for the summer months is 101.45; for the winter months, 5'.56; and for 
the whole year, 7'. 89; all conesponding to an epoch removed about one year and a half from 
the epoch of a minimum of the eleven year solar period. 

The numbers expressing the diurnal range exhibit three remarkable features, viz: the maxi· 
mum value in the month of August; the sudden falling off in the months of September and 
October, (see the graphical representation, Sketch No. 7 ;) and the minimum value in November 
or December. Otherwise, the progression is regular; the curve is single crested-a feature 
equally true for the eastern as well as for the western deflection when viewed separately. 
This latter circumstance is of special importance, Bince it is probable that it is mostly by the 
jnterferenee of these two separate curves that the curve of the diurnal range appears at some 
stations to be a double crested one. The curves for Milan, Munich, Gottingen, Brussels, 
Greenwich, Dublin, &c., for instance, exhibit two maxima: one after the vernal 1'q_uinox, and 
a second-generally the smaller one-about tho summeT solstice, with more or less regularity. 
The system to which Philadelphia belongs is exemplified by the annual curve of the diurnal 
range at Prague and at some of the Russian stations, especially at N ertschinsk, but principally 
at Toronto, for which last station the curve is shown in the diagram. Neither station appears 
to have a tendency to a secondary maximum about the month of .April, leaving the maximum 
about a month and a half after the summer solstice-a well-marked North American feature. 

Annual variation of the decH11aiivn.-In connection with the preceding discussion, the annual 
inequality in the magnetic declination next claims attention. This subject presents greater 
difficulty, inherent in the observations, than the diurnal inequality; not so much on account of 
the length of the period as on account.of the difficulty of keeping the instrument in precisely 
the same condition of adjustment throughout the year. In the first part of this discussion I 
have already bad occasion to refer to the circumstance while investigating the annual effect of 
the secular change; and it was there shown that the Philadelphia observations share in this 
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respect the difficulties of those of other stations,* in consequence of which the results must be 
received with caution. 

Returning to the last vertical column in the table, headed "Mean,'' we have there the 
monthly values of tue declinometer readings, (in scale divisions,) and in their differences, when 
compared month for month, the joint effect of the secular change and of the annual inequality. 
'l'o eliminate the effect of the secular change, we determine its annual amount as follows: Sub· 
tracting the mean annual reading 559. 64, corresponding to July 1, from each monthly mean, 
and putting x =monthly effect of the secular change, (considered as uniform,) each monthly 
mean reading furnishes an equation for the determination of x. 'l'hus, for~ 

January, 4.56 = 5.5 x; February, 3.34 = 4.5 x; March, 5.22 = 3.5 x; April, 4.38 = 2.5 x, 

&c., which, when combined 1Jy application of the method of least square:,;, give x = ld.227; 
hence the annual change, 14d. 7, or 61

• 7 of increasing westerly declination. t Deducting the 
effect of the secular change, and comparing the monthly remainders with their mean values, 
we obtain the annual inequality of the declination as follows: 

Month. I Mean read- I Reduct. for Reduced 
1 

Annual in-1 --------1 ind~· sec. cl:~ngc._rc_·a_dd-i~-g-. -I equ"Ii,:~· 
Month. ---, M~;-r~:~-;.duct. for I Reduced 

mg. sec. change. readLng. 

January .......... ····i [>64.20 -6.l.5 5;)7,45 +:i.:J 

Fchruary .••.••.•..•. j 5foL98 -5.5:1 ! 557.46 +2.2 

l\larch. .•.. • ... ····I 564.flfi -4 29 560.57 -0.9 

April ..•......... ······I 564.0:3 -3.-07 I J60.96 -1.3 

~;;,:·::::::::::::::::/ :~·~! =~::: :~.: =~:; 

! 

I 
• Juiy ................. I 
!, Augusr •••••.•••.•..• , 

· SP.ptemlivr •..•••..•• 
1 

Octc•l.Jer ••••••••. ,,, , 

I: November .•.•••..••• 1 

; ! l.>ecem ber. • ........ • I 

____ , 
(/, 

560.'24 

559.07 

5;)6_()7 

556 .43 

553.97 

.519.82 

----· 

The signJ
1 
-+ } in tile a~nual inequality indicate!!' an J easttnly } <lefle-ction. 

( wes e'l"'iy 

d. 
+0.61 

+1.84 
+3.07 

+4.~9 

+5.52 

+6.7~ 

d. 
560.8.5 

560.91 

,5;)9.14 

560. 72 
5j9.49 

556.57 

Annual in­
equality. 

tl . 
-1.:J 
-1.3 

+o.r. 
-1.1 

+0.2 
+3.1 

According to these results, the magnet (north eud) is deflected to the east of its moan annual 
position in summer, and to the west in winter. It is, however, desirable, to test tho result. by 
su1mitting the first and the second 2~ years of observations, separately, to the same process of 
investigation. The first 31 months in the years 1840-' 41, and' 42 give a result almost identical 
with that just deduced; the remaining 27 months in the years 1843~' 44, and' 45, when discussed 
in the same manner, give a rather different result. Some improvement, however, can be made 
on the preceding investigation by omitting the December mean of 1844, which is obviously 
about 12 scale divisions too small. The observed value is 535cl.2, and tho interpolated value 
547 d. 0. An examination of the first series shows a defect in the monthly means of 1841, between 
May and June, requiring a constant correction of + 8. 0 scale divisions for the remaining 
months after May, as may be seen by the following table: 

•It may be proper to give here in foll Dr. Lloyd's instructive note on this subject in his discussion of the Dublin obser­
vations: "The determination of the anmul variation ia much more difficult than that of the diurnal, both on account of 
the much smaller frequency of the period and the difficulty of preserving the instrument in the same unchanged condition 
during the much longer time, or of determining and allowing fo1· its changes when they do occur. Accordingly, although 
the annual period may be traced in the observations of Gilpin, and iB deci1lcdly displayed in those of llowditch, it has 
cvarled the resea.rche1; of 1·eeent observer<!. There is but a fa.int indication of its existence in the Gottiugen observa.tions, 
which were made a.t the bom·• of 8 a. m. and l p. m; and Frof. Gauss and Dr. Goldschmidt tind, in their ana!Jsis of these 
ob;crvations, nu important fluctuation dependent on season. A similar negative result is deduced by Dr. Lamont from 
tlw :Munich observations, which were made twelve times irt the rlay." 

t This value, (+ G'. 7 ,) "" resulting from a. different combin:.tion of oliservcd a.ud partly interpolat.ed value!!, may noi be 
pr.,foralile to that(+ 4'.5) deduced in part I of this discu•sion, but must necessarily be employed in the present investiga­
tion. The most reliable value + 5'.0 was deduced from independent observations, IU! already remarked, and lies between 
the two. 
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Year. Mey. 

-------------- ------

1841 ............... . 

1&12 ............. ··-···· 

1843 .................. . 

1844 ................. .. 

1845 .................... . 

518.5 

f>6l.8 

.566.2 

54(; .5 

52-9.i 

571.2? 
5G3.6 
£""3.0 

547.5 

531.0 

I 

Mean ............................ 
1 
................ . 

Diff. May-Jun(' .. 1 

• • , ...••••.. Computed '\aluc for June, :i7Y .. 2. 

-J.8 1 

+i.2 
-1.0 

-1.3 
-0.7 

311 

The following values then remain for the discussion, aud they should be co11&idered ns form­
ing the basis from which the legitimate results are to be deduced. The numbers marked with 
an asterisk have been increased hy 8d. 0. Interpolated values are bet"·een bracket~, and wc-ro 
obtained by comparing tlie meam; of the remaining months of the year with the corresponding 
mettns of every other year. By this process several values are obtained for each interpolated 
number; the resultiug mean is given in the table. The high value of 1841, and the low value 
of 1844-, for the month of ~fay, in some measure compensate. 

Year. I i I f ~ I ' ~ ~ ~· ~ : i l ! f I I I § 
·-------- ___£_\-~-~·-""----"'----...,--~-____:§___ 1~_i__·___!_1 6 l_i__ 

I 
I . I I I I ' I d. ' d. I d. I d. d. d. I d. I d. d. d. d. I d. I d. 

1840 .............................. (;;!'£.!•) (5&'; 9)1 (586.:lJ (">f'0.4)1 (5~4 1) 5R6 9 5&1.4 587 4 I 58.:; 2 ,;';9,9 .>7:!.91 570.5 ...... .. 

1841 '"6~1 r.- 1 31 ···o ·-s1 --s- 1 •--9,-, *-'"'6"" "'--59'"'"'-11 ,.---')- *""r.f4 "'""'"-4' ............................... I •" 1,-.l i i>•':I:· ,)1 I' •• , I .~I ,,) I V' ,_ I .;)-j •' ,)j) ' ,}j • .1 •• ).- •-")""t: ~,OUI !··· .... . 
1842 .............................. 1 :i6l.l i j63.3 I 562.0 56L.9 56l.8 I 563.6 I 56.';.:l ;;G:l.81 :i66.7 [162.7 563.3 i [>61.£ ! ....... . 
1843 ............................. (566.:·l, (565 6)

1 

(565.9) 567 2 56G.2, ;;s:;.o 564.7 ! 563.6 I ;;.;s.3 559.o ;;;;u I ;;;;; 6 1- ..... .. 
1844 ............................. ~. ,'i.5-B,O I 558.0 5.':17.6 I 55.'5.2 ,'J-46.51 547.5 547.5 j 546.2 E 542 2 54.J.3 j .>47.:11 {.'.'i47.0)I ...... .. 

1845......... .................... ;,:i1.o 1531.3 r,:12.0 527.1 529.7 5.3l.O (529.9) (.";:l9.0JI (527 O) (526.2)' (.>'J·2.7) (52~.]) ........ . 
---- __ 1 __ --1-- --- ___ 1 __ 1 __ • ____ [ __ 

I 
. I I ' 

Menn., .................. -~~l 563.1 563.5 
1 

562.6 561.1 ! 56~.2 5£2.1 561.2

1 

;;;;s~I 558.1 I :;;;4 61 ;.:;4 4 i~ 

Cor. for sec. change......... -4.4 j -3.61 -2.8 f -2.0 -1.2 i -0.4 +o.4 +1.21 +:i.o i +2.8 i +:l.6 I +4.41 .. ·· .... 

Cor. means................. 5.'i9.4 i 559.51 560.7 ! 560,615.59.9 j~ -552_;) C.02.4 ;. 560.4 .'IB0.9 :• ;;;;e.2 I 5.">8.8 := 
-<!-. -1-d-. -,i-,,.-. -1-d-. -1-d-. -1-d-. -1-d-. - --d-. -1-d-. - --d-. -·-.-. -11-d-. - i-d-. -

Annual. l J +i.o / +o.9 -0.3 ! -0.2 +o.:J -1.4 1 -:2.1 ! -2.0 I -0 o -0 . ..i ! +2 2 +l.6 i .... ·~·· 
Variation in are •• ...... l +u.u t +u.4 -0.1 t -0.1 +0.2, -o.61 -1,0 I -0 9 ! -0.G -0.2 +o.9 +0.7 j". ...... . 

------------'-I ___ I'.__ __ . i ____ : ___ _I ___ . ---· ' i ____ _ 

This ·last result accords, in general, with that before deduced, but is much to be preferred. 

From .Tune to October the uurLh end of the magnet. is, accordiugly, to the eastward of the 
mean annual position, (after the elimination of the secular change,) and in tlie rcmaiuing montl1s 
of the year it is to the westward of this position. From the vernal equinox until after the 
summer solstice the motion is to the westward or retrograde, in regard to the adYance of the 
secular change (to the westward.) This il'.1 in conformity with the law as given by Dr. Lloyd 
in the Dublin discussion, where the motion of the magnet is to the westward at tlii;; period of 
the year, or the reverse of the Philadelphia deflection; but the secular cha11ge is likewise 
reversed, the west declination diminishing at Dublin at the same time or more accurately 
between 1840 and 1843. 

For further comparison I give here the results deduced from seven years' observation at 
Toronto between the years 1845 and 1851, a previous >rnrking up of a three yeanl' series 
(middle year, 1846) not being deemed sufficiently distinctive in it,; results. 'l'be 1:;ecular change 
is here 21.0 per annum increasing westerly dee! ination, wliereai:; it was 4'.4 per annum at Phila­
delphia in 1843. As in the above result., + indicates west; -, east deflection. 
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.Annual variation at Toronto between 1845 and 1851. 

.Jan nary· · · · · · · • • • • · · · · · · · · · · · · 
February············ · · · · · • · · · · 
March.··.·· · · · · · · · · · · · · · · . · · · · 
April ...................•..... 

May······ ...... ········· .... . 
June················ · • · · · · · · · · 

+ 0'.1 
0'.5 
0'.2 
0'.0 
0'.1 
0'.5 

July·····.··.··· · · · · · · · · · · · · · · 
August.·····.········· · · · · · · ·. 
September. · · ... · · · · · · · · ' · · · .. . 
October.· .................... . 

November·············· • · · · · · · 
December······ · · · .. · · · · · · · · ·. 

0'.8 
0'.2 

+ 0'.7 

+ 1'.0 

+ 0'.3 

+ 0'.3, 

In regard to 1 he amount of inequality, the two stations agree remarkably well, the range 
remaining slightly below 2' of arc. It has been supposed that this range at the same station 
is increasing or diminishing as the secular change increases or dimin.ishes. 

It may further be remarked that the general mean resulting from the above discussion at 
Philadelphia, viz., 560.4, is identical with the value given in Part I of the discussion, there 
deduced by an entirely different combination. The annual effect of the secular change, + 41

• 4, 
is likewise in very close conformity with the value given in Pa~t I, as found by a very different 
process. 

The monthly values of the annual variation may serve to give the corrections to observed 
declinations in any month of the year needed to refer the same to the mean declination of the 
year, and may also be used in the more refined discussion of the secular change;- ill both cases 
only when the greatest accuracy is required. 

APPENDIX No. 24. 
Discussion ef tlte magnetic and meteorological observat£ons made at the Girard College Observatory, 

Ph,z-/adelphia, in 1840, 1841, 1842, 1843, 1844, and 184.5. Part III.-Investigation ef the 
i1iffoencc of the moon on the magnftic declination. By A. D. Bache, LL.D. 

The existence of a sensible lunar effect on the magnetic declination has already been estab· 
li8hed by the labors of Brown, Kreil, Sabine, and others. It is, nevertheless, important to 
add the weight of new numerical results to those already obtained. 

In the discussions of the Philadelphia observations of magnetic declination already presented 
to the association, I have shown how the influence of magnetic disturbances of the eleven 
year period of the solar diurnal variation and its annual inequality •of the secular change, and 
of the annual variation may be severally eliminated, leaving residuals from which the lunar 
influence is to be studied. 

Each observation was marked with its corresponding lunar hour and the hourly normals used 
for comparison. 

This method of treatment of the subject is that followed by General Sabine in his discus­
sion of the results of the British observations.* 

" In reference to methods and results in general on this subject, the following pa.pen; may be consulted : Observation• on 
Magnetism a.nd Meteorology, ma.de at )[akerstown in Scotland, in the Observa.tory of General Sir Thomas M. Brisbane, Bart., 
in 18<15 and 1846, fonning vol. xix, P"rt I, of the Trans. Roy. Society of Edinburgh: By John Allen Brown; Edinburgh, 1849. 
Aloo vol. xix, part II, containing the general results, (1850.) 

Einftuss des Mondes :mf die magnetioche Declination, by C',arl Kreil. Vol. ill of the proceedings of the Mathematical and 
l'hy8ical 8cction of the Imperial Academy of &iences of Vienna, 18.52 ; also vol. v. ibid, 1853. 

Philosophical Trans. Roy. Society, a.rL xix, 1f!53, on the inflnence of the moon on the magnetic declination at Toronto, St. 
Helena, i.nd Hobarton. Bv Cnl. K Sa.hine_ 

Phil. Trans. Roy. Society, a.rt. xxii, 1856, on the lunar diurnal ma,,"'lletic variation at Toronto. By Major General E. 
B ... hine. and Phil. Tra.ps. Roy. Society, a.rt. I, 1857, on the evidence of the existence of the deoonnial inequality in the ..olar 
diurnal magnetic variationH, •i.nd its non-existence in the lunar diun1al v&riation of the declination at Hobarlon. By )fajor 
G-eneral E. Sabine. 
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The details of th13 method will- be better undcr:;tood by an cxf'.mple. 
The time of the moon's passage over the meridian of Philadelphia (upper transit) wns 

obtained from the American Almanac, the small correction for the difference of longitude being 
neglected. The observation nearest to the Jocal mean Rolar time of the moon's transit was 
marked with a zero, signifying Oh. of lunar time. The time of the infc1·ior trnnFit wa,; next 
obtained, and the observation nearest to it in time was marked 12h. The greatest difference 
in interval between the moon's transit and the time of observation could in 110 instance exceed 
half an hour. In the bi-hourly series, the observation nearest the moon'" trnnsit. or to either 
hour angle, one hour before or one hour after the trarrnit, was marked. The mean of a numuer 
of differences for the same hours will thus give lt result corresponding nearly enmlt'.h ,\-ith tl1e 
hour. The nurnLer of ouservations intermediate between those marked Oh. and 1271. were 
marked with the corresponding hour angle by interpolation, care being taken to note the 
nearest full hour against each observation in the bi-hourly series. The hourly series lJcgins 
with October 1843. In the case of thirteen obaervations within twelve lunar hours, the one 
11earcst mid way between the two consccuti vc lunar Ii ours was omitted. 

In the month of Mardi, 1842, which is selected a" an example of the detail;;; of working the 
bi-hourly series, the nurnuer of observations uv;i,ilable is 2!)8, of which 148 correspond 1o 
western, and 150 to eastern hour angles. In the abstract which followt-l, + indicates a devia­
tion of the norih end of the magnet to the west, and - a deviation to the east of the rcf'pec­
tive normal position for the hour. The hourly normals are given in tlrn firnt part of the 
discussion. No difTerence exceeds eight divi:-iions, this being the limit iu number indicated by 
the criterion. 

Lunar diurnal variation from observations at Phil.aililphia, in March, 1842. Differences from the hourly nomum. 

WESTERN HOUR ANGT,ES.-llOOJJ
0
S UPPER TR.A~SIT. 

I I ·1 ' ' I I I 
04. I lk. ' 2k. ' 34. I 4/t. 5k. 64. 74. I Bh.. 9h.. ' 10h. i Jlh.. 

---1-1--1--1-1-l--;-:-
+ 4.1 + 5.1 - 0.l I - 5.0 I -r 1.3 - 0.9 ! - O.l + 1.0 ! + 2.5 + 3.1 ' + 0.9 I - 4.1 

- 2.5 - 4.2 I + 2.0 + 1.0 i + 7.2 + 0.2 i + 7 8 ! 0 0 i + 1 2 + 2 0 I + 2.1 ! - 1.8 
+ 3,1 -1.4 I + 4.6 I + 6.1 I + 1.4 + 0.9 : - 0.6 - 0.5 + 4.2 - 2.7 + 1.6 I - 6.8 

- 4.3 + 4.3 I - 0.7 I + J .8 I + 0.3 + l.2 I + 2.3 - 3.0 + 1.0 + 5.2 - 0.4 i - 2.0 

: ~:: ~ ~:! I ! ~:: '1 ~ ~:~ I = ~:: ~ ~:~ I = ~:~ ! ~:; ~ ~:; : ~:: : ~:~ ~ ::: 
+ 1.7 +a.a · + 1.6 _ o.9 I + 3.1 _ 2.3 _ 1.6 _ 6.2 + 2.3 _ 1.1 + 6.5 + 6.6 

- o.7 + 0.2 - 3.2 - o.9 I + 2.9 - 3.8 - 3.8 - 3.1 - 4.5 - 5.5 - 1.9 - 1.8 

+ o.8 - s.1 + a.o o.o - 1.2 - 6.3 - 5.9 - ~.9 - 3.o + 2.6 I + Ll 

+2.9 -2.7 +:i.1 + 1.8 -3.7 -2.4 -4.6 -o.8 +4.4 -t.71· +0.1 

_ 1.7 + 2.s , _ 3.o + o.s + o.5 - s.1 - o.9 - 2.2 - o.9 I - 1.6 
-1.3 -1.9 +2.9 -0.2 -4.6 -1.6 -0.5 

+2.2 -1.4 -5,9 -4.2 -1.9 -2.9 

l 
! :·~ I I + 3.5 : ~·~ - 1.9 I I: 

+ 1.6 I 
--d-------i---,------·,---:----1---:---1---l--d.-

ll:eans .... +0:12 +o.381 +l.78 +o.30 +1.3Si -1.15 -0.531-2.15 --0.05' -O.S!9 1 +o.m~=-0.84 

40 c 
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WEHrERN HOUR ANGLES-Continned.-MOON's LOWER TRANSIT. 

12". i 134. i 14h. l5h. I 164. I 17h. Ii l8h. ! 19". l 20h. 21/i. 22". 231'. 

--1------1--,--1--1--1--·------
-2.7. -0.5' -2.9 +o.5 1 +5.6 · +o.5. +o.6 'I -4.1 +1.6 -4.9 +4.4 -4.2 

-o.2 / -2.4, -1.9 -o.4 -3.4 I -1.71-2.s +i.3 +6.5 -5.4 -o.s +o.ll 

rn 1 ~ g , rn ~ ;; · ~ n 1 ~ !l 1 ~ n 1 rn ~ n rn m rn 
+ 2.4 I + 2.6 + 4.5 + 3.4 I +LO + l.4 I - 3.8 I - 3.3 - O.i - 0.4 - 2.8 + 1.6 

+ 1.9 I + 4.9 + 5,4 + 4.7 - 1.0 + 2.3 + 2.9 - o.3 - 3.6 - 2.2 - 1.5 - 3.5 
+ 7.4 I - 0.7 _ l.l + 7.6

1 

+ 5.8 _ 0.1 _ o.7 _ 2.0 + 5.9 + J.5 + 1.4 _ 4.0 

+ 0.3 

111 

- 4.6 i + 6.4 + 3.4 + 3.0 _ 0.5 _ 3.0 + 3.6 _ l.0 + 1.2 + 3.0 _ 3.3 

+ 5.3 - 3,5 + 1.6 - 0.1 - 0.3 - 3.0 + 2.5 - 6,6 - 1.6 - 0.8 - 0.4 + 0.6 

- 1.2 - 0.3 + l.5 - 1.1 - 1.0 - 0.7 - 3.7 + 3.4 + 5.6 ~ 3.4 + 5.1 

i + 3.7 + 4.9 - 6.5 + 2.8 

I Ii -15 

I i + 0.6 I I 
__ l_,_1_1~1-·-1-----l-'--

d. I I I I i d. 
Means .••. + l 22 l + 0.20 1 + 1.2."J I + 0.88 i + 0.44 i - 0.34 I - 0.W - 1.43 i + 0.47 - 0.39 + 0.031 - 0.35 

Number of observations or differences at western hour ~ngle........ .• .. . . . . . . . . • . . 148 

Do. du. eastern 11our angle ....•. ....... .. .. . . .. ..... •..•.• 15-0 

Totnl, ...... •••••• ...... ...... ........ .... 298 

Tho following table contains the number of observations used in the discussion of the lunar 
diurnal variation : 

Month. 1840. 184!. 1M2. 

I 
1613. I 1844. 184.5. 

: I 
168 265 1::::::::::::::1 577 591 
2&3 2!>7 571 535 
293 298 551 575 
283 278 

['"'"~;~ ..... 
52-l 561 

2iii 285 I 309 ' 596 6(13 

2;-0 281) I aoo 566 Mil 
29-2 ~7 ! 290 593 ............... 
262 Sl.54 

l 
244 541 ............. 

250 ~47 '283 521! ............... 
214 ;/;.I! 571 517 .............. 
230 !!89 I 590 517 ·············· 
!l6~ 316 595 549 ................ 

~ i 
January .........•.•••.•......••••. •··•·I 
February ..........••.... · I· ............ ~ 
March ................... ! .............. , 
April ..................... i .......... ""! 
May .................. ····~········ ...... ; 
June ...................... ) 300 I 
July ...................... ! 272 

Augu,t ................... ! 209 
S-cptember .•.... ....... , .. \ 253 
Oc to her .. • • • • .. • • • ...... i 223 

November .................. \ 271 
December ................. ! 237 

i Sum ................. 
1 

1,825 3,075 3,257 3,458 6,621! 3,407 

Sum total, 21644. 

If divided into western and eastern hour angles the annual numbers stand as follows: 

Year. / Western b<>ur. Eastern hour. 

1840 ............................... . 916 909 
1841. ............................. .. l,523 1,55» 
1842 ............................... . 1,618 I,639 
1843 .............................. .. 1,11!4 I,734 

1844 .............................. .. a,258 3,334 
1845 .............................. .. 1,700 1,707 

Bum ......................... . 10, '169 lO,ij75 
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The preceding results will be found inserted in their proper place 111 the folio-wing abstract 
of the mean monthly values for each ol1;,erving mont11 between 184-0 and 184-5. 

Proceeding in this way the following results are obtained for the different months discussed: 

MOON'S HOUR ANGLE. 

1840. 
ii I i i . I i I - ' ' \ 
I u. T.,Oh. lh. I 2h. I 3h. 4h. I' Sh. 6h.. .h. ' 8h. ·. 9h. I !Oh. llh. 
I I I j' : ! i : ---------------;---1---i---1--- ---;--- ---1--- ___ ' ___ ; ___ ---

·1 •. I d. I •. I, d. I d. : d. d. ; <I. d. . d. d. d. 
June•................................... -0.23 J -0.25 i -l.28 : +o.95 1 -1.09 • +0.11 1 -0.21 : +o.30 -1.12: +1.00 , -0.0-2 +o.55 

Jul;t ................................... ·i +o.52 \ +I.87 \ -0.56 ! +2.04 i -1.98 i ,-1.60 I -1.34 +0.40 -0.21: +o.4"i 
1 +o.n +o.;:; 

August ................... ~ ... .......... 1 -0.71 I -0.10 i +l.41 i +(}.73 I +L05 1 +1.20: -0.50 -0.44 ! +0.10 ~ +o.E6 i +0.20 +0.75 
September) ............................. I +l.74 1-0.52 \ +l.051-0.87 \ -0.40' -~.o:; ': -0.67, -118: ·+o.4U: +o.~s \ +o.5:J +1.53 
Oi:tober .................................. 1 +o.77 [ -1.13 i +o.37 i +o.9~: +o.:l5 +1.23, -0.01: +o.71 : -0.78 -0.63 i -0.68 1 -3.61 

November~ .............................. I +1.11 I +L04 j +Lm I ~o. 77 i +J.07 +1.441-0.39 -0.53 -1.44 , -2.0~ -0.0S , -1.61 
December ................................ ! -1.43 1 +1.14 ! +o.37 i +o.37 I +o.16, -0.90 

1

-0.73 -1.44 -1.03 i +i.01 , -0.81 +I.24 

TABLE-Continued. 

1840. IL.T.,12~:1,_:__'1•~1 lM. l,~l._:J_:J_:~ ~· 1' 2!h. i, 22h.15!3A. 

I 
--1--1--

d. \ d. I d. , d. i rl. I a. d. a. d. I d. i d. i .i. 
June• ..................................... . 
Julyt .................................. .. 

Augu:;;t .................................. . 

SC"[Jten1berf ............. , • , ••••••••••••••••• 

Octnb-er ...• •••••••• ...... , •..•.••..•..•••. i 
Novernber§ ••.• ••••••••• , ............... ~.I 
December ..... ..... ~ ..................... 1 

+o.5o I +o_;;; i +o.3s: +o.R6 ! +0.19, +1.65 -0.72 +o.6R -J .3.s, +o.69 i -2.30, +o.9s 

+us ) -Los, -0.41 i +o.3'2 i -1.11 +1.03 +0.15 -o.1e -0.371 +1 oo i -1.38 ! -0.03 
+0.18 \ -1.W i -0.91 1

1

-o.6.j \ -1.l:i -0.03 +o.00 : -2.61 • +l.50: -l.3Q -1.27 i --0.50 

+o.64 I +o.38 i +o.s:i , +2.25 i +o.84 +I.26 -o.s1 , -0.01 i -Los , -0.61 -0.23 ; +0.20 

+(}.53 J -o.50 , +o.30 [ +1.1s 1

1

· -1.lll +o.63 -0.21 1 -0.99 ·• -0.40 : --D.40 +1.st : +1.0:> 

+0.15 1 -0.6~ +0.02 1 -0.&2 -0.4Y. +0.01 -om i +1.w: +o.ss l +o.57 +0.14: +o.1s 

+o.91 j --0.7B j -0.671-1.s2 J -o.oo J -0.70 -2.571 +1.21 ) +o.631 +o.116 ! +o.64; +I.48 

"" The tabular values fur this month are exprnissed in parts of the new or ob~ervator.r scale, the quantities lmving been conv~netl from part.s of the 
old or coUe~e too.Cale into parts of the new ~ale. 

f The tabular numbeffl refer to the lle\\' :;cale, the val lies for the first ci.ghteen days of the month .having b.iecn converted as above. 
t Attention was paid to the holf-monthl}' normals for the hoar Sh. 19j-m., (mear1 observatory time.) 
§The index cotrection on and after the twenty-third day of the month was applied before the diff'crcnces were taken. 

lfOON'S HOUR ANGLE. 

1841. ' '• u I I I i ' I I i : 
( T., n~. I 11'. 21>. 31'. II 4h. 

1 

54. \ 6h. \ 7h. ! 811.. I 9n.. : lOh.. i w.. 

-------------l--d--.-1,-d-.- --d.- -d-.- --d-.-ll-d-.-1-d-.-1-d-.-il-d-.-:-d-. - -d-.-,--d.-
January .... .. ...... ......... .... ........ +o.86 -l.07 +o.54 +i.391+o50 -2.0l I +o.89 I -0.ll -1.52 +o.48: -0.12 -1.10 
February................................ +I.48 ->!.l7 +i.12 +0.49 +o.491 +0.10 -0.10 1 --0.57 -0 38 +o.32 +o 9'2 +1 40 

l\hrcl1...... ........ ........... ..... ...... +l.67 +v.82 +0.64 +i.oo I +0.61 1 +o.40 \ -0.39 ! -l.07 : -1.21 +o.fi9 -o.6:; -0.91 

April..................................... +1.57 +i.01 +0.45 1 +o.97 \ +0.20 ,. +0.12 ! +o.39 I +J.40, -0.27, -1.52: +o.43 i -1.43 
May...................................... +o.19 +2.11 +o.69 +1.11-1 -0.05. +o.92 I -0.39 i -o.oo, -0.7:!' -0.20 -0.94 +1.21 
June ................................... -0.56 +!.77 +o.o7 +o.45' +2.18 I +1.2.5 /-1.1s ! -0.59 '-2.40 i -J.13 -0.42 -1.24 

July...................................... +o.84 +1.86 +046 -J.06 -0.6~ -1.52 1 -0.80 -0.S.5 '-0.8S ' -1.71 -0.24 +1.03 
August. ................................. +I.95 +!.31 +l.73 +1.42 -1.17, -1.461-1.48 i -1.39; -2.06, -2.24 · -1.72 +o.60 
September ................................ +1.05 +0.10 ~o.45 -0.17 -3,50

1
1_0_54

1
-0.55i-08.1 / -l 47' +o.86 ! +l.29 +0.03 

0 •tober< •••••• ................ .... ...... -I.IS +o.26 -0.77 -Q.06 -1.31 i -0.82 i -U.661' -0.6l: -1.73 +l.73 +0.22 +l.09 
Nov•mber............ ........ ........ .... +0.01 -0.08 +o.021 +o 54 +o.il3 j -LOS • +i.:;• , +o :.2 +1.39 +0.02 -0.24 -0.06 
December................................ -0.41 . +0.10 I +o.45 -0.71 -0.94 j +o.:;:; i -0.:ll ) +l.09 i +\l.62 -0.47 +Q.48 +G.08 

• At l"-\. lOl,,.., (observatory time,) the dilf'erenee from 1be half~monthly normals wa.< uaed. 
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TABLE-Continued. 

------·----------------~------------------------------

1841. i'L. T, 12h 1 131'. : 14k [ nit. 
1 

IM. j 111,. I l~h. j J9h. I 2or.. / 21h. I !l2k. 23h. 

---------------, ___ 1 ___ : ___ : ___ t ___ i ___ , ___ ~ __ 1 __ 11·---1--- ---
. . I d. . ; d .. _ 1 d. d. I d. ! d~ I d . • : .~· I d. d" d. d. 

Janu.1ry .................................. 
1 

+J.3.l i +o .• ;. 1 -0.04 -0.51 
1 

-0.50 +o._1 1 +o.2c0: --.10 1 -0.21 i -1.:J2 i -0.07 o.oo 
February ................................ 1 -0.W I -1.30: -0.78 1 -0.30 i -1.23 -2.01 -1.12 i -1.08 i +o.60 I +i.30 I +o.56 +1.07 

March ..................................... i +0.1.J i +0.18 ·: +L05] +0.23 ! -0.15 -0.59 -0.23 ! -0.f/3: -0-.47 
1 
-0.98 ! +1.89 +o.35 

j • I ~ ' 1 I 

April .......... ., ........................ ! +l.35 ; -l .-Of> i -0,09 [. +0.90 1 -0.02 -1.13 -0.32 i -J.67 : -0.89

1

1 -0.131-0.63 
i\lay ....................................... ! +o.42 i +l.44 1 +o . .=:>f; ~ +0.2.1; -J.."lJ -O.ti9 -:-J.64 ! --0.8D: -2 2() -1.09 - +o.96 
June . .•.•• • • • • • I +0.11 1 -1.42 -0 1:1 i +o.£~ i +J.18 -0·'''' 1 +o.62. -t.14 i +!.79 +0.01 -0.22 

~S1c~t~>m•:t:l:>_c:r::_: •• :.:_:_:,:.:_:,.::.:_:_:_:_:_:,:.:_:_: __ ::_:_:. :.:.:.:.:.:!,. !!:~~ /i !~ ~~ !~.~~ i !::~: 
1 

!~:~: ~~~~~: =~::~ ! ~~:~~ ! =~:~~ 1· !~::~ ~~:: 
,. , +o.:i1 +o.41 +i.21 i +o.vs i -J.66. -0.44; -0.2.5 I -o.1s I +o.45 +o.19 , +o.85 

+0.07 
+o.oo 
-f-0.80 

+o.44 
+Loo 
-f-0.44 
-1.54 October* ................................. ,: -J:;:i I +l.04 -f-0.'161' -f-0.:34 ! +o.J.8 ! +l.60 ! +o.97, +~.141 +i.:iv' -f-:J.IO 

1
1 -0.61 

I ' . ' I I I 
November ................................. ! +Lui 

1 
+o.u3 / -1.20, --V.30 ! -1.~9 '.-1.33 i -0.72 ! -0.49. +o .. 5() 

1

-1.89, +o.79 -0.27 

D<eembcr ................................ / -f-ll.73 /-u.:S f +o.80 j-0.491 +o.71 /-IJ.92 /-0.67 j -l.27 j +0.12. +1.21 I +l.76 +o.!>l 

* i\t 1-!A. l9im., (obsen-atorJ' time,) th.c difference from the half-monthly normals was used. 

NOON'S HOUR ANGLE. 

- ""' 
1
";. .:.1_::__1--;, -1

-.:. I ~- -~: __ :J _:J_::_i_::__I_::_ ~ 
i d. i d. : d. I d. l •. I d. I d. II d. I I!. d. I cl. d. 

Janu~rr ..... .... .... .... .......... ...... -0.3J / +o.64 I -O.iiJ +0.02 1 +o.66 f -o.6! f +o 14 -1.4'1 I +v.44 1 -1.2-0 +o.26 -1.84 
I ; ' I I i I ~ ' I 

Fehru:uy ................................. · -0.73 ! +o cs I +o.31; 
1 

-U.l:J; -0.83; -J-D.67 i +0.18 1 -1.t30, -0,9'2 ! -0,7::J.
1 

-U.27 +-0.04 

.Marc-ti ................................... ~ 
1
i +o. '12 f +o :.<8 i +L 78 '. +o.ao j +1.35 I -1.15 I -0.53 / -2.15 , -0.05 J -0.~ I +o.46 -0.84 

April ..................................... ! -O. i7 1 +o.92 +o .. 1:i , +o.37 ; -0.07 : -0.39 1-0.20 1 -1.65 ! +0.21 , -0.42 . +I.21 +u.10 
Muy ..................................... : -0,{,7 I +l.7B +0.01 '-0.16 ! +o.18 i -1 01 ! -1.41 -0.~7 ! -0.92 i +o.os r -0.43 +0.42 

June .................................... j +o.38 / +o.69 -0.9S +!.641-0.18 ! +0.77 \ -0.2.> -0.32 i +o.76 I +11s I +o.38 -0.74 

July ..................................... i +o.•s , +0.16 +o.69 . -0.07 i +0.60 ' -O. 76 j -2.os +o.os 1-1.65 r +o.871 -1.04 +a.03 
Angu't ............................ ······i +o.88 I +o.8:2 -o.os: -1.0J ! +1.17/-0.911-0.95 +o.67 +o.12 j-J.;J4 I -0.17, +J.55 

Os:p,,•,~m''rh.•.'.·.·.·.·· .. • .. •.· .. ·• •. •.•·•· •. ·.·•··.· ........ ·.·•·.••·•·· .. ·!' +-0.11 i -0.52 -O.J3. -0.95 
1
f +o.67!+o.w1-o.s2 I +o.M +o.82 J +o.351 +o.s2 i +1.36 

• u +2.46 

1 
+o.:lil i +o.77: -0.29: +o.oo / +0.02 -0.25 l -2.21 . --0.981-1.39 I +o.r.2; -1.09 

No.-e1111Jcr ................................ ! -0.05 +o.38 f -1.07; -0.48 / -o.36 i -1101-0.531 +0.43) -o.95 +o.54

1 

+o.14 ! +o.29 

December ................................ f -0.59 1-0.36: -0.:J.1 i -1.l~ / -o.75 j +o.26 -0.57 I +0.24 j +o.39 J +o.64 +o.s1 j +0.16 

TABLE-Continued. 

-~---r--·-~---~----.,----c----~------~-~~-~-~~~-~~-~~-~~~--~--

________ 1 &1_2_. _______ i ::_ T., 12~. I _::_~l_::_l~_:_l_::__:__:__~_:J_::_ 
I
i d. I d. d. I d. I d. d. I d. d. d. 4. d. •. 

January ................................ -O.Jg 
1

-1.19 -0.111-2.13 +o.17. -0.611 +o.45 +i.05 +o.72 +o 66 -0.12 +o.62 
Fc~ruary ................................ [ -o.91 I +o 7l +o.52 +o.40 1 -0.97 -0.ea -1.11 +o.44 -0.12 +o 14 +o.oa +o.84 

Mardi ................................... 1 +1.22 l +0.20 I +i.25 +o.881 +o.44 -0.34 -o.w 1 -1.43 +o 47 -o.39 +o.oa --0.35 
April .................................... ! +3.28 I -o 86 . +o.1a -0.12 -I.05 -I.3'1 -1.36 1 +0.15 -1.22 +o l9 -0.94 +1.11 
lllay ...................................... 

1 

+I.13 I +J.781 +t.59!+i.101-0.59 -IJ al -o.68 -1.47 -1.0.'i +o.l5 -0.70 +i.01 

June ...... ········............... ...... +o.llfi i -0.82 +u.1 J to.33 j +i.73 -1.19 +o.M -1.36 -1.04 -1.~3 -1.3.5 -1.37 
.July ..................................... I -0,32 +L&I --0.86

1

1 -0.72 +o.59 -0.95 -0.27 +0.03 -1.22 l +o.09 -0.58 +o.68 
.Augu>t .................................. , -0.&S 11 +2 50 I -1.34 +o.59 I -1.41 I -0.67 -o.711 -0.58, -0 96 -O 00 -f-l.68 +o.st 
September ................................ J +0.46 +i.11 1-1.94 I +o.25 1 +o 99 

1 

-o 45 -1.64 +o IO -1.70 +2.H +1.SO +o.96 

October .................................. 1 +l.3! I +J.681-0.62 
1 

+0.74 i -1.87 i -0.14 j' +i.oe +o.43 I -U.161' -0.25 +o.7! -o . .'>6 
November............................... +0.47 I +0.40 +o.\H i-1.13 I +o o;i i +o.u -o 2Q -1.46 I +o.-05 +o.68 +o.94 +1.!ill 

Decemb•.:.:_:_:_·_~:·····" .................. ! +o.s:i -f0.35 +0.12 -0.45; -1.121 +0.15 +o.:J.S +o.54 +o.40 +o.57 +0.21 +0.01 
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MOON'S HOUR ANGLE. 

----------------c--·-----·---·-·--·------
1 u. T.,0/1. lh. . 2h. :Jh. i 4h. i c.h. • Gh. I 711. ~"- ~h. I !Oh. Hh. 1843.* 

1--d-. - -d-.-1-d-.-. -d-. -,-d-.-j-d-.-:-d-. _ ii_d-.-·-d-.- --d-. -1-d-. - ·--d.-

April .................................... ·i +o.s7 +1.47: +1.66 +o.:l9 i - o.42 '-1 3o -'1.64 =~:~~ -1.99 -o 121-1.s:1 .-0.48 

~:;;·:::::::::::::::::::::::::: ::::::::::) ~~:~~ ~~ ;~' !~.~:: ~~::~: ~~:~~ ': !~:~:' ~~:~~, +o.f':J ~~:~~. :~:~: ! ~~:~: !::: 
JAu

11
1;-u·,.,·

1
·t·.·.·.· .. ··.·.·.·.·.·.·.·.·.·.·.·.·.·.·.··.· ..... ·.·.·.·•·.· .. ··.·.i _+21 ._.:~ +o.91 -0.71 +o.6s 

1 
+o.69: +u.s.i · -O.t):l +o.:>O. -o.:m -2.211 l +i.o5 -Q.l6 

n" : •JOJ -0,81 -2.28, +i.17 ! -ll OJ: -1.12 -f-0.~~ i -1.2+ .y0.2Ci -\l.2:.! i -0.Gfl --t-0.46 

September ............................... : -0.71 +0.26 -0,[,8 ! -0.l3;J '. -1.08 [ -0.23' -0.30, +1.74 -0.74 +o.3: ! -0.42 +{).58 

October! .... ,. 1' +i.05 +o.H +o.2s +0.17 -0.03 · -0.93 +0.19 -0 . .5~ -1.rn +0.2; i +o.33 +o.3:J 
Novemb~r·~~· ....... ~:~~~:~:~:~~~:::~~~~~~ 1 +o.a~ +-0.rn -0.72: -0.47; ~0.80 -0.81 '-0.57 -0.72 -0 0:2 +o.£?;} i -0.17 +0.72 

Il•~··ember. ...•••...•....••••.•...•...... ·j -0.41 -0.24 -U.64 i -J.l.J j -O 88 · -o .. u : +o.07, +u.os +u.::ro ! +o.rn) 
1 

-!-I.OU +l.28 

TABLE-Continued. 

- -----------~----------· --------------------------------------
L. T.,12k.\ 13h. I 14h.. 1154. J6h. : 1;1.. I l6h. 

1 
mi.. 201<. 

1 

21A. I 2-2i.. i 2:lh. 1843 •• 

----------------1----:---.---1---11---:---i-.--.---:----·---r---;---
d. I d. d. I a. i d. ! d. ' d. d. ' d. .i. i d. ' a. 

April .................................. .. 

l\fay ...• ~ •••.••.•••••••••••••••••••••••• 

June·-···· ........................... , .. 
July •••••••••.••••••••••••••.••.••.•.••.• 

Augustt •••.•• , , ••••••••••••••••••••••••• 

Scptea11Jer, ••.••••.••••••••••..•••••••••• 

(lc1obe rt .••... , .•••••••.•••••• , , •• ,. • , •••• 

NQvember ............................... . 
Dece1nber •• , • , ............................ . 

+0.79 I +l.9-2 +o.;2 i -0.06: +o.53: +o.05 !-LIO -1.05 --0.22 -1.06' -0 . .'ro +I.58 

+o.67 +o.7-1 +i.01 -0.58 -t.01 . -1.03 -l.4:J -0.87 -V.52: -0.49 ·+ow: +o.ot; 
+0.94 +J.46 -0.55 +o.!!Y : -0.YY -0.05 -O.:J>; -0.22. +0.7-1 -0.20 -0.63 +o.o< 
-0.25 . +o.m +o.r.u +o.66: -0.43' -Lto -0.20 -o.06 -U.54 +I.73 
+o.91 ! -0.59 -o. 11 +o.:)9 : -1.83 : +0.01 -0.9"2 +o 74 +Cl.49 +u.05 

-2 00 -1.0;) 

-1.00 +L~J7 

+1.63 +1.e;; +o.;s +2.:J-2' +1.1;, 
1 
-0.29 +o.u:; -0.37 -o.90. --0.;~ 

+o.76 i +1.r.o . +1 30 +0.:,3 '. -0.71 l -0.9-2 -O.OH +o.5o --O.:l7' +o.;i; 
-0.&l +l.08 
-1.76 -0.7() 

+o.67 ! +o.45 : -0.33 : -0.2.' -0.:,4: +0.04 +1.00. +i.oo +0.27 i +o.;,{J 
+o.83 J +o.51 i +u.60 i +0.62 I +u.20: -l.14 -O . .J6 +o .. 1G i +o.~.J; -0.4-2 

-0.24 +0.17 
! 
-0 . .'>9 -0.74 

*There arC' no ob:.;prvation~ in Janu;uy, Fe11ruary~ and 1\Iareh of tlli.~ y<'ar. 
t Attemiou \Yas paid to the shiftiug of the zl!ru of Lhc 1-icalt: bet\vce11 the 9th aud 1()111. 
t Comrn encemeut of the hourlr sel-ics of -0bserYatio11s. 

MOON'S HOUR ANGLE. 

1844. u. T.,Oh. l~. i 21.. 31<. 4h. I 5h. I 6h. I '"· I 81.. 9k. lOh. I llh. 
! • ! I I ----------------!---- ---i--- --- ---1---;---;---i--- --- ---1---

d. ti.. ' d. d. d. I d. i d. ' d. I d. d. d. I d. 
January• ................... , ••.•••••••••••. 

February .. , .•••••• , ...... ,.,,, ........... . 
M;1rch ....................................... . 

April .................................... . 

May .................................. . 
June ........................................ . 
July. 

--0 .";9 -0 .1e i -0 .Sl6 . +o.o; +o .20 I +o .94 ; +o .58 i +o .19 , +o .22 +o.37 '; -o .46 , +o .43 

+1.43 +o.87: +o.611-0.s2 -0.6D; --O.&J · -0.56: -0.74 -0.:?D +o.77 I +J.o3. +o.w 
+1.10 +J.06 ! +o.421 +o.o4 -0.7~ i -o.r,;; i --0.69 1 -0.16 +i.1s 1 +o.os ;I +o.93 -o.u-J 
-0.52 +o.os ! +o.:i:i: +o.54 +o.ou i +o 35; -0.49 ! -0.12 -0.55 i -0.4! 1 +0.16 -0.01 

+o.76 +1.17 ! +o.es I +0.27 +o 02 j -0.49 -11.18 i -0.60 -0.35 i -0.10 1 +0.14 +0.27 

+i.11 +o.68 ; +i.01 'I +o.44 +o.o<J ! -0.64 -0.24 i -l.3J -1.58 _j' -1.47 J: -0.40 .' ..,0.22 
+1.09 +i.21 I +o.78, +o.97 +o.rn i -0.73 -1.os i -l.77 -0.17 --0.13 +o.as +o.37 

August................................... +2.:JO 1 +o.93 i +o.rn I -0.14 -0.16 j -1.55 -0.78 '1-0.69 -0.:ie I -0.66 +0.45 : +o.4;, 

September............................... +1.131 +i.471 -0.21 1--0.05 --0.61 I -1.15 1 -1>.31 +1 OS +1.10 I -0 Ill I +0.12 -0.34 

October.................................. -0.:12 +o.4~ I -o.021 +0.22 -O 41 1-0.59 \ -0.78 
1 

+o.38 -0.02 / +1.04 I +1.10; +1.01 
November................................ -0.91 -1.l>l l-0.71 -0.5'; -0.76 I +o.OJ 1 -0.01 I +u.45 -0.77 1 +0.06 i +o 62 ! +2.57 

_n_c_c_•"'-b-er_t_._··_·_·_··_·_·_··_·_·_·_· ._._·_· ._._·_·· __ ·_·_·_··_· __ ·.__-_o_.!16 ___ l -0.7-t -~·~-:::~~ -1.14 i -0.33 [ -0.41 1 -0.18 +o H I ~-33J_-t:~~3ti i +o 60 

*Pro-per attention was paid to the ctiange in the 7.f]ro of divisimi~ after tlic- 10th. 
t The half-monthly nonnn1s were used. 
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TABLE-Continued. 

; I I 1· I I I I I I 
----]84_4_. _______ IL. T., JU._:_.~-~!__::_ 174. 1~ ~1_:_1_:_1_:_1~ 

I d. I d. I d. I d. j d. d. - ! d. d • • I d. I .i. d. d. 
J:rnuary•..... .••• •••••• •••••••••.•• •. .••• +o.3:l I +0.10 +o.31 -0.09; -0.6l -0.1, i +o.84 II +o.9a t +o.32 j -0.10. -0.80 I -0.48 
February ................................. 1 +o.44 o.oo +o.54, -0.261-1.10 -0.491-1.13 -0.~9 t -0.;12 I -0.05 -0 021 +o.84 

March ................................... , +!.33 +o.52 -0.50 1-0.21 : -0.21 -0.68 -1 60 1-0 .. 5() 1-0.31 I -OAS +o.35 I -0.10 

April .••••••..•.•...•.•.•..••••••......•• I +o.87 

1 

+o 70 +0.37 +o.64 ! -0.22 -0 . .'\4 · -0.50 +o.05 f. -0.66 i -0.42 -O.<T2 1 -1.63 

Moy ..................................... ! +0.46 +0.09 +o.74 j +o.43 ! +o.6~ +o.oo -0.191-i.10, -o.ss f -1.17 +0.10 ! +o.oo 

June •••••••••••••••..•••••••••••••. ······! +0.19 +o.48 -0.30 -0.35 j -0.01 +o.35 +o.31 +0.211 I +0.25 II. +<HJ-O +0.11 I 0.00 
July .................................... .1 +1.21 i +o.36 +o.46 -0.70 i -0.51 -0.70. -1.031-0.13 I -0.31 -0.57 -0.12 +o.78 

August .................................. ! +o.50 I +0.22 +0.84 -0.30 j -O.lY -0.77 ! -1.061-0.75 i--0.341-0.14 -0.4.1 +o.76 

sept~mbe• ................... ············! +o.25 i +0.04 +o.73 -0.20 i -0.03 -1.20 i -1.89 I -1-27 j -1.3~ i -0.62 +0.13 1 +i.1:; 
October. .............................. +o.56 ! +1.19 +o.78 I -o.to, -0.36 -0.3i: -0.03 ! -o.s:i I -0.58 -0.55 +o 061 +o.oo. 

Noveml>er ............................... ! +o.3G ! +1.09 +o.G7 I +o.43 1 +o.05

1 

+0.4() i +0.07 :-o.77 1 -0 6R, +0.41 • +0.15 ! -0.11 

Decemberf ............................. 
1 

+o.~8 [ +0.64 +l.06 -0.12; -0.12 -0.64; -0.;J-J i +0.23 · +0:26 i +o.68, +0.!7 i +o.42 
! I ~ I I : I I I ----------------------

MOON'S HOUR ANGLE. 

1845. I' ( '• u. I 11'. I 2h. 1· 3/1. I 4h. i 5h. 6h. 7/,. I 81>. i 9... 1' !Oh. Jlh. 
' T., Oh. I ! : ! I I 

---··-----------1---1--1--1--1--I---- --i--·------
1 a. I a. i a. i a. 1 a. ! .i. 1 d. a. i d. it. I d. d. 

Jontrnry ...............••................ ! -0.46 , -1.63 j -1.50l -1.65 ! -1 631-0.24 I +o.H +l.41 ; +0.96 +i.s.1; +o.91 +1.11 

February ............................... ! -0.13 ! +0.48: -0.~6 -1.15 i -0.56 1-0.Sl I -0.3!1 -0.28 i +o.IB i +L03 i +o.98 +1.28 
March .................................... ! -0.4~ I -0.1i 1

1 

-0.~6. -0.4~: -0.25 I -0,io I, -0.81 1-0.25 +0.20 
1
1 +o.:l!J ! +o.7Y +o.91 

I 
I I , ' 

April ..... ~ •••••••. , .•.•••••.•••••.....•••• ,' +0.45 +0.54 i +o.o7: +o.5~ i -O 21 l -O 47 ! -0.21 -0.07 . -0.25 ~ -o.o~ ! +o.27 +i.oA 
J I ' I - : . I ) 

May ................................ ······i +o.53 I +o.49 
1 

+0.01. +o.rn: -0.21 1 -0.221 -0.661-0.2.> i -0.ss 1 +o.04 ! +o.m +o.43 

June ................................... ! +1.n l +!.63 ! +o.90 ; +LQ4 i +o.86 i +o.;,4 •
1

1 
-0.66 -1.09 ! -0.75 I' -O.fr3 i -0.83 I -0.31 

I ! I ~ t ! ~ 

TABLE-Continued. 

lti45. 
1 t~~;. 13h. i J4h. f 15i.. \ m. I 1•"· IBk. 19h. I 20h. !

1

1 

21h. mii.. ! 23h. 

----- --d-.-:-d-. -i ·-:-1-d-.-' -~:-- ·1-d-.- --d-. - --d-. -1-d-.-· -d-.- --d.-1-.-. -
Jnnuary. ...... .......... ...... .. ........ +0.02 ! -0.28 . -1.07 I -0.60 -O.JO +o.14 +1.09 +o.29 : +o.86 +o.34 j' +o.3!1 i +o.38 
Yebrnary...... .. .... •... ...• .... ....•... +1.70 1 +o.67: -0.13 1 +0.10 +o.o3 -0.76 -0.9'2 -1.2~ · -0.461 +o.17 -0.05 I -0.09 

Mdrch .................................... , +1.15 I +o.95 1 +1.79 : +o.3.5 +o.86 -0.08 ,-0.83 j -l.27 · -O.fi6 +o.37 I -0.3!1 I -0.73 
April ..................................... ' +o.54 i +o.56 ! o.oo •[: +o.76 +1.01 -O.JO -1.00 -1.57: -1.62 -0.97 ! +o :n i -0.78 

J\Jlua
11
i.··.·.·.· .... ·•·.·.••·.·.·.·.·.·.•.·.·.·•·.·•· .. ··.·.·.· .. ··.· .. ·.··.·.·.·.ll +o.53 l +o 03. -0.63 -0.01 -0.24 -0.48 -0.70 I' -0.30 I -040 I -0 5:J i +1.16 \ +o.63 

+0.01 i +o.86: +o.3o I +o.1s -U.33 -t.27 j -0.82 -0.591-o.92 I +o.os \ +o.74 / +0.61 

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

Value of a. scale djvision, ()f .453. 

One of the first questions to determine is, how many of these residuals must be used to give 
a definite result; and another one is, whether numbers deduced from different parts of the 
series would give harmonious results. To test both of these the observations were formed 
into three groups: one containing 4,900 in 19 months of 1840-'41; another 6,715 results in 21 
months of 1842-' 43, and a third 10, 029 results in 18 months of 1844-'45: in all 21, 644 results. 

The following table contains the result for each group. Group II includes three months of 
the 110urly series of observations treated as if only equal in weight to the bi-hourly series. 

The sign ::s indicates the algebraic sum of the values in the preceding tables for the 
months comprised in each group, and for every hour angle of the moon. The lines beaded I, 
II, III, contain the preceding values divided by their respective number of months and 
expressed in minutes of arc, or the lunar-diurnal variation. 

•Proper au.entlon "'""paid to the chBDI" ln the zero of dimiont after th• 10th. 
t Tbe half-monthly norma.ti. w.ere u~ed. 
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MOON'S HOUR ANGLE. 

C.T.,01" 
, I 

II" I 2h. : 31>. 
i 

4h. : ~h. 61'. 8h.. lOh. Llh.. 

------------------i----:--·----·--·----'--
d . d d. a. : d a. a. a. a. a. a, d. 

l:ofgroupl ..... H ....................... +10.27 - +B 07 ! +7.52 :+11.17 '-4.3:2 -1.46 - 7,0G - [,.49 --l-l.fi3 -l.£1 · -1.70 + 0.30 

~ ofgrou11I1 .............................. + 6 .. ""i9; +7.:3J -0.2.'3 :- 2.38 +0.87: -J.95 '-i0.!:10 -H.1.~:i - G.:t) -2.18 +~.4e. + 7.65 

l:ofgnm1>Hf ... u••·········•·H•H••H•i + 7.96; +13.~~ -t-1.77 ,-0 .53 -J.91 -i.48 - 7.60 -4.0.J -2.'ll --;--'2.0(1 +7.11' +to.9S __________________ : ___ i--,----
' ' 

1 ........................................ : + o.24 +o.rn: +o.1s :- 0.27 -0.10 
1 
-0.01 - 0.17 - 0.1~ - o.:i;; -0.04 -u.o; + 0.01 

IL ...................................... + O.H +o.JG' 0,00 :- o.o:,' +ll.02: -0.13 - 0.24 - 0.23 - 0.14 -0.06 +o.o:, + 0.16 

n1 ..................................... 
1
! + 0.20 +o.17 i +0.05 ;_ 0.02 1 -0.15 ; -0.19 :- 0.20 - 0.10 - o.o;; : +o.o::; +o.;w + o.28 

--'--------~'---'----~'-------------~-------

TABLE-Continued. 

' 
13h.. i 14h. l~h.. 16h.. 17h. ieh. 19h. 2Dh. 2lh. ~'Jh. 23h. 

I ------------ ----------------- ------------ ---
, L ! ~ ' L : L L L L 

1:ofgroupJ •••••••••.•••••••••..•• ~.····' +1L91
1
-2.l.8 +-t.;l4 +G.0[):_,_zJ -3,.5-1 -9.43 

:!: of group JI ... ... .... .. ........ .... ... . +13.46 :+16.15 +4.32 +3 85 -6.64 -11.24 -14.67 

:tofgrouplll.uH• ••••H••· .. ·······" +W.93 +8.Z.2_ +:>.96 ~0.24'-1.65 -7.4.-l -!Un 
I ' I 

d. d. d. d. 
-8."il -0."il +:<.14 +L;-;8 

-4.6f ' -6.90 +·}.<!l ' +l.53 

-9.02 -"': .3.'i -:l.3i'l +l.90 

d, 
+•.60 
+s.7:l 
+1.so 

1--,-,--,--,--------- -- --- --- --- ----
I ........................................ i + 0.29 1- 0.03 . .,.O.ll I +0.14 

r 
-0.17 :- 0.()9 - 0.23 -0.21 -0.04 +o.oe +0.04 +o.rn 

n ....................................... i + 0.29 i+ o.:i;; , +0.10 +o.os -0.14 ,_ 0.::24 - o.~.J -0 10 -0.14 +o.(){; +0.03 +o 19 

u1 ...................................... \ + o.~e ,+ 0.21 i +0.1.; o.oo -0.04 - 0.19 !_ 0.24 -0,23 -Q,19 -0.08 +o.o;; +o.G5 

These results 1, II, III, when expressed analytically by means of Bessel's form of i)eriodic 
functions, and when treated by the method of least squares, are represented by the following­
cquations, in which the moon's hour angle{) is reckoped from tlie upper transit westward at 
the rate of 15° to each hour. ~ represents the lunar diurnal variation. 

( 

Group I, 1840-' 41, 6 = + 0'. 003 + 0'.063 sin. ( (J + 92°) + 0'.189 sin. (28 + 67°) 
( 

Group II, 1842-'43, b. = - 0'.006 + 0'.030 sin. (0 + 263°) + 0'.282 sin. (20 + 63°) 
( 

Group III, 1844-'45, 6 = 0'.000 + 0'.075 sin. ( (J + 292°) + 0'.219 sin. (28 + 88°) 
( 

+ indicates west, - east deflection from the normal position. 

The numerical results from these eq_uations are presented graphically on Sketch No. 7. 
The curves all agree in their distinctive characters, and show two east and two west deflec­

tions in a lunar day; the maxima W and E occurring about the upper and lower culminations, 
and the minima at the intermediate six hours. The total range hardly reaches o·. 5. Tbese 
results agree generally with those obtained for Toronto and Prague. 

From 8, 000 to 10, 000 observations seem to be required to bring out the results satisfactorily, 
and the best results are derived from the use of all the groups. 

The following table contains annual sums of deflection for each hour, and the resulting lunar· 
diurnal variation from the 21, 644 observations available for the purpooe: .. 
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WESTERLY HOUR ANGLES. 

-----~-ear. ------1~~c~o:1~·-l~l _ _:._j_~· J~M·-1~~ I ~h·_J_: ___ : ~J-~0~1~ 
~troorr 1I-~o1 ••• ·.··.·.·.·.·.·.·.··.·:_-..... ~.·.·· •• • .... ·.~ .•• -.·_·-·.· •• ·.·.·.·I, +1.77 l +2.05 J .f2.s7 I +4.97 J-0.91 ! +2.631-3.B.>) -2.181- 3.99 +I.56) -0.761 -0.40 
~ ~ +s.w[' +6.0-2 i +4.95 ( +6.;>0 I -3.38 i -4.U9 , -3.21 I -3.31 1-I0.64 -3.17 , -0.941 +o.7o 

::;: for JM2 ................................ 1 +3.!l-2 1 +6.15 I' +1.04, -1.93 i +2.50 J -3.2;; i -7.27 1-8.821'- 2.07 -1.61 : +2.55. +2.54 
::;: fur J&l3(a). .......... .................. +J.51 I +l.14 -0.19 I +i.oo ! +o.u~ I -0.52 i. -3.J-21-0.&'\ - 3.49 -2.66: -1.32 i +2.78 
::;: for 1843 ................................ ( +1.rn 1 +0.061-1.0S ! -L.4;;; -1.71 

1

-2.18 ! -0.31 -1.16 - 0.79 +l.49 [ +l.25: +>i.33 
::;: for tsH ................................ 

1

• +6 2~ I +5.n +2.83 I +o.83 i -3.91 -5 53 :. -4.9'2, -3 ~2 ,- 1.47 _r. -o.33 1
1 

+4 nt ! +6.48 
) j ' j I ! I I 

::;: for lS45.. •.. ... ...... ...... ...... ...... +l.74 I +1.0il ! -!.06 i -l,3G 
1
. --2.00 I -1.96 I -2.6$ 1-0.53 - 0.54 i +2.33 i +3.!i4 I +4.50 

I ! i : I < I ! ::;: 1--d-. i--:i--::-·y-d-:1--:i-i--:i_l_d_1d-::-1d-,ld-fd-1Ji-;l-d-Me:m 79 .......................... ., +o .4.J 
1
+u ,J, /+o ,12 :+V .08 

1

-o .21 
1
-o .:JI .-U .4- -V ,:Ji! -0 .33 i+o ,OJ 

1
+ .2 . +o .41 

Same in arc ........................ 
1

1 +o .W 1+01 .17 i+o1 .Du :+01 .04 <-0' .10 1-01 .141'-0' .19 -0' .14 -0' ,15 i+o' .01 +o' .10 I +01 .19 
. ' I I I I ' I 

HOUR ANGLES--Continued. 

Year. IL· G., 12h.1~1-:J 15k. :~1~kJ_:~~ 1~~ /~~J _:_•_I ~Jk. I 234, l~on~s 
::;: forlM0 ....................... 1- +4.6~ 1-3.5~ r-0.66; +i.~2 I-~·~'. +~-85 1 :·m l-~.811-0.1~ I +~.81 -2-~ +3.::6 I 7 
::;: for 1811. .................... 

1 
+7.25 j +i.3'~ +<>.20 +4.6B I -3.ti.> - .. ~9 -~.41 '-,,90 -0 551 +-.:i:l +4.41 +4.-4 12 

:i:; for 1842..... ............ ...... +6.51 +i 70 +LIO 1-0.26 I -3.07 I --5 8! -5 05 I -3.56 
1 

-5.8:1 +2.!19 +1.46 +5.40 12 
:i:; for l813(a).... .......... ...... +4.69 +5.991 +r.8.l, +3.ZZ 1-2.60 '-Z.41 -7.02 I +<l.15 '-1.59 f -1.4fi -0.07 +2.47 __ 6 
:i; for 1813(0).... ................ +2.26 +;i.-w J +l.57 ! +a.9o I -D.97, -2.0-2 -2."9 1 -1.27 I +o.52 +1.00 +0.14 J +o.86 3 

:i:; for 18-14. .................. .... +7.03 +i>.43 I +5.70 1-0.84 I' -2.69 _: -4. 70 -6.43 : -4.22 i -4.25 -2.Bl -0.3'2 I +l.75 12 
:i; for!B1'>....................... +3.95 +!!.79 +o.26 

1 
+1.00 +1.03 i -2.75 -3.!B -4.SO 1-3,1() --0 z7 +2.2'~ +o.os 6 

l: --d--d-d-:d-d-id--d - 4-ld-4- d-.-d---
Mean 79 ...... ...... ...... +a .SJ 1+0 .4'< +o .2v f+o .14 -O .23 ;-o .40 -D .&8 -O .42 -o .27 +o .01 +o .09 +o .26 37 

same in arc............... +o' .2!1 ,+01 .19 +o• .13 ll+o• .00 -0' .10 li-il' .18 -0' .26 -IJ' .19

1

-0' .12 +o• .01 +o• .04 +o' .12 :~ 

i • 79 

I . I 

The two values for 1843, marked a and b, exhibit the separate sums for the bi-hourly and 
the hourly observations, and were required to give proper weight to each. There are thirty­
seven months of bi-hourly and twenty-one months of hourly observations, the latter having 
double weight, as found from a consideration of the probable errors derived, respectively, from 
all the results of the years 1842 and 1844. The probable error of any single monthly mean 
for any hour in the year 1842 was found= ± Od.60, and the same for the year 1844 was 
= ± oa.40. Hence the weights for a resulting value in the bi-hourly series is to the weight 
for a v~lue in the hourly series nearly as 1 : 2, or nearly proportional to the number of obser· 
vations, a result which indicates that no undue constant errors influence the result. The 
acc()rdance among themselves of the values for the easterly hour angles is somewhat better 
than the corresponding values for the westerly hour angles, a circumstance which seems to 
connect with another phenomeuon to be mentioned presently. Giving, therefore, double 
weight to months of the hourly series, the lunar diurnal variation resulted as given above. 
When expressed analytically it takes the form-

.a. = + 0'.001 + 0'.029 sin. (0 + 295°) + 0'.207 sin. (2 0 + 85°) 
( ' 

which may also be written-

,c:, = 0". 0 + 111
• 7 sin. (15n. + 295°) + 12".4 sin. (30n. + 85°) 

( 

where fl represents the moon's hour angle reckoned from the upper culmination, or n, the 
number of hours after the same epoch, +indicates west and - east deflection. 

'rhe constant. in Bessel's formula comes out zero, and hence it is iuferred that the moon has 
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no specific action in deflecting the magnet by a constant quantity. The coefficient of the first 
term of the formula is small, and it is from the second term that the distinctive features of the 
double-crested curve result. These results are all represented by curves. 

Both the east and west deflections are well marked, those occurring when the moon is east 
of the meridian being greater than those when west. 

It is not at all necessary to take in the third or hip; her terms. The progression of the hourly 
values is systematic, and the agreement between the computed and observed values is deemed 
satisfactory. 

Diagram No. 2 of Sketch No. 7 represents the curve resulting from the above equation, the 
observed values being indicated by dots. 

The principal western maximum occurs six minutes after the lo~,er culmination of the moon, 
and amounts to 0'.23. The secondary maximum occurs fourteen minutes after the upper cul­
mination, and amounts to 0'.18. The l1rincipal minimum occurs at 61'. 17m. after the lower 
culmination, the easterly deflection being O'. 22. The secondary minimum at 611. 03m. after 
the upper culmination, with a deflection of 0'.19. The greatest ran~e is 27" and the secondary 
22". The epochs of the maxima and minima are found from the formula to be at a mean ten 
minutes after culmination. The probable error of a single computed value of the lunar decli­
nation is ± ] 11.32. The Toronto observations gave± 1 11 .37 from more than twice the numuer 
of observations, so that the Philadel[Jhia results are worthy of every confidence. 

At Toronto, from the second investigation, embracing about 44, 000 observations, the western 
and eastern deflections balanced, giving for the range 38 11

• 3. The Prague observations also 
confirm the nearly equal deflections (mean) to the west and east. The epoch;; of the maxima 
and minima were found from the four rootti of the equation 0 = 0. 029 co,;. (0 + 295°) + 0.414 cos. 
(2 (} + 85°,) which gave ten minutes as tbe mean time elapsed between the moon's i)assing the 
meridian and the time of maxima deflections. If we take the four phases into account the 
lunar action seems to be retarded ten minutes, which quantity may be termed the lunar-mag­
netic interval for the Philadelphia station. At Toronto the intervals are not so regular. 

The secondary range exists at Toronto, and is a marked feature in the Prague result. The 
following table contains the observed and computed values and their differences: 

I I I I I I I I I i I 
Obs'd. IComp'd. D111'. i Obs'<l. llComp'd.I Ditf. I I i Obs'd. 

1
comp'd.l Ditf. 

--~-, \-, 1-, ---1-h.1-, -, 1-.1-----:-1-, i-, 1-, 
u. c ........... o +o.19 II +o.1s] +o.ui I e 1 -0.1;; j-0.09

1

-o.oo 16 ·1 -0.10 1 -o.os i -0.0'2 
i +0.11 +0.11 o oo 

1 

9 I +0.01 
1 

+0.01 o.oo 17 I -o.1s 
1 
-<us o.oo 

2 +0.05 ! +O.l(). -0.05 10 ! +o.10: +o.12 -0.02 18 i -0.26 -0.ilil, -0.04 

a +o.v4 I +0.01 / +o.ro l I 11 
1
: +0.19 I +0.20 -0.01 19 1 -0.1Y -0.21 +0.02 

" -0.10 j -0.011 ! --0.01 L. c .......... , 1'1 , +0.29 I +o.'!:l +o.oo 20 -0.12' -O.H +0.02 

5 -0.14 i -0.16 \ +o.lfJ I \ l~ i +0.19 [ +0.21 -0.02 21 +0.01 -O o:; +0.06 
6 -0.19 

1
-o.u;

1 
o.oo . 14 I +0.13 [ +o.13 o.oo 2'2 · +o.04 +o.oo -0.0-2 

1 -0.141-0.11 I +o.o3 15 \ +o.oo I +0.03 +u.os 23 +o.u +o.u, -O,Q2 

The formula or curve enables us to divide the obBerved values so as to sho,,7 the diurnal and 
semi-diurnal part of the observed variations. The decomposition of the curve is made on the 
diagram where the resulting curves for the diurnal and semi-diurnal periods are given. 

The lunar-diurnal variation seems to be subject to an inequalit,r, depending on the solar 
year, for the investigation of which the preceding results were rearranged in two groups: one 
containing the hourly values for the summer months, (April to September,) the other the values 
for .the winter months, (October to March.) For the summer season we have 11, 087 obser· 
vations, and for the winter 10, 557. 

41 c 
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I 
}: 1840-3 .••...•••.. i 
~ 1844-5 .•••••• •••. i 

}: I :;ro•········· .. ····· 
. I 

Sa rue 1n a.re ........ . 
I 

Oh. Jh. 

1--­
+ 9.29 i +14.15 

+ B.62 I + B.26 I 
+ 0.B6; + 0.77 I 

+ 01
.30 I + o.35

1 

REPORT OF THE SUPERINTE~DENT OF 

B(J)lrly sums qf the lunar variati011 for the summer season. 

l:[()ON'S HOUR ANGLE. 

2h. : 3h. 4h. T-=l-::~-1 ih. 8h. 1 9h. I JUh. I m. 

-l-1-:-1-'---!-1'-1-
; ' : ·1 I : + 3.451 + 7.20 -· 2.93 

1 
- 2.23 -Jj,7:J I - 6.IE -12.04; - 4.57 i - J.49 +12.38 

I I ' ' ' I + 3.n i + 3.9:; 1 + o.os i - 4,36 I - 4.641 - 4.S7 - ~.e1 i - 3.e7 i + 1.51 I + :i,i3 

+ 0.28 I + 0.38 i - 0.071 - 0,27 I' -- 0.63 ! - 0.40 I - U.49: - O.Jl I + U.041 + 0.42 

+ 0 13 + 0.17 I - 0.03 - 0,13' - 0.281 - O.ff I - 0.22 - 0.14 I + 0.021 + 0'.19 
_______ f _____ I __ _,_ I , , 

l 12h. I !3h. -I 14h. I rn.. ! 16h. I 17h. I !Sh. I I~:--:~ 2lh. I. \m. r-:-11-r 
-----1--------1-'--l-1----i-----
:!:1840-3 ........... j +!7.0.! I +11.H: + 5.18 I +13.H ! - 4.94 1- 7.97 !' -16.72 i -10 27 I -12.44' +0.11: -5.491 +10.121 !J'l 

:!:1844-5 ........... ! + 4.6:21 + 3.3-11 + \l.511 + 0.44 ! + 0.10 I- 4.8:>: - G.BS' - 5.47 - 6.Hl' -4.17 i +2.041 + 1.61 9 ; ................. I + ~ 66 i + 0.45 i + 0.26 + 0.351 - 0.12 i- 0.44) - 0.76 i - 0.53 - 0.62: -0.21 i -0.041 + 0.3J I 
:Same In arc .•. ····: + 0.3fl I + 0.20 I + 0.1~ I + 0.16, - 0.051- 0.20 I - 0.341 - 0.24 - 0.28 

1 

-0.091-0.021 + 0'.15 __ 

HouTly /IU7IU of the lunar va:ri.utian for the u:inJ.eT smson. 

::MOON'S JIOUR ANGT~E. 

_____ l_o_"·_l __ 1"_·_1~f __ 3h_. _l_·l_"·_1~r 6k. l 7k. f Sh. i 9k. I m. I Uk· 

i i I I I I I I i I I 
:i: 1840-2. •..••• ... . + 6.421 + 1.21 I + 4.9-2 i + 3.041 + 1.19 ! - 3.00 I - 1.92 I - B.981 - 8, J;'; ! - 1.31 I + 1.02 i - 6,76 

:i: 1843-,;. •••••• •••• + o.5o 
1 

- un t - :i.2a 1 - s.D;i i - 1.s1 I - s.30 1 - 3.27' - o.34 + 1.0-2 i + 1.w + 1,51 ! + 11.lB 

131;, ••••••• ........ •• + 0.19 : - 0.041 - 0.04 I - 0.231 - 0.361 - 0.351 - 0.22 - 0.25 i - 0,16 I + 0.351 + 0.41 I + 0.40 

s_::~rc ...... J_ :'.:_o'._<'9 J - o.O'J i - 0.02 J - 0.10, - o.1s I - o.~L~-~ .=_o·~l __ - 0.01 f + o 16 1-~.1s ! + 01.1s 

~~~-----_--_-_-l-l-~-h.-,--1-3h-.-l,--l-4h-.--;--15_h_. --,-1--16-h-. ---.,-l-l_"i_h_-.,..l-l-Sh-.-,-!-l-9h-.-l--;2()-h-.--;-2-lk-.~l-22_k_. ~--2-3h-.--..--:·~o-

:i; 1840-2 .......... 1 + 6.09 + 0.09 l + 2.31 - 4.18 I - 7 .95 I - 4.79 ! - 4.79: - 1.85 I + 4.31 +:i.86 I+ 8.46 '+5.35 15 

:i: 1843-5 ........... \ + e.62 + 7.34 : + 5.oo + o 70 i - 2.731 - 4.s2 I - 5.32 i - 4.82 I - o.65 +2.751 o.oo / + 1.os 12 

rr'l'f. ................ ,' +o.oo +o.381 +o.32 -0.011 -o.:JJ,
1

-o.37l -o.4ol -o.29: +&.-08\+o.ll5!+0.22!
1
+o.w 

Snme in ore ....... + o'.27 + o.n 1
1 + 0.14 - o.o3 [ - 0.16 - 0.11 I - 0.18' - 0.13 I + 0.04 f+o.11 I +0.10 +o'.09 

I I I I I 

Expressed analytically, the lunar diurnal variation in the two seasons is as follows: 

In summer, .6 = - 0'.006 + 0'.028 sin. (8 + 18°) + 0'.278 (2 () + 67°.) 
( 

In winter, L'.l = + 0'.005 + 0'.058 sin. (fJ + 264°) + 0'.173 (2 0 + 115°.) 
< 

The characteristic feature of the annual inequality in the lunar-diurnal variation is therefore 
a much smaller amplitude in winter than in summer. Kreil, indeed, inferred from the ten-year 
series of the Prague observations that in winter the lunar-diurnal variation either disappears 
or is entirely concealed by irregular fluctuations, requiring a long series for their elimination. 
Tbe method of reduction which he employed was, howev\'r, less perfect than that now used. 
The second characteristic of the inequality consists in the earlier occurrence of the maxima 
and mini.ma in winter than in summer. The winter curve precedes the summer curve by 
about one and three quarter hours. Both these features are well expressed in the diagram 
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No. 7. At Toront.o the same shifting in the maxima antl minima epochs was noticed, but tbe 
other inequality in the amonnt of deflection is uot exhibited. It seem;;; probaLio that the Phila­
delphia results are more typical in form than thof;e either of Prn~lw or Toronto. It is also 
apparent that the smaller deflection at the upper c11lmirn1tion iu the annual rnmm, when com­
pared with the deflection at the lower culmination, i:< entire!,\· produced l,:· the fet:ble lunar 
action in winter. The maximum west deflp,ction in 1;urnmer occurs aduall\· uear the upper 
culmination. At the same season the maximum east lleflection is 1'till retained (:1s in the mmnal 
curve) about Rix hours after the lo,,·er culmination. ln the winter o;ea;.;011 thi,.; last-mentioned 
maximum east deflection is actually the smaller of the two. \.Ye ha.-e--

Maximum summer range. · .. · . · · · · · · · · 
Maximum winter range .. · .. · · · · · · · · · · 

Difference . · ... - . . . . . . - - ... · · · 

35". 4, secondary. · .... -
25".2 .... do.·.· .. 

1 O". :2 

At Prague the maximum summer range \,·as 44". 

31". s 

lG".2 

Next I proceed to examine whether the phases of the mo011, the declination or parallax, 
have any sensible effect upon the magnetic declination. l\lr. Krcil found, from a ten year;;' 
series of observations at Prague, that there "·as no Sj)ecific change in the position of tlie magnet 
depending upon the moon' B phase,; and parallax, but that the declination 'ms G''. 8 greater 
when the moon was at tbe greatest northern declination than when at tlte greatest ;;outliern 
declination. On tho contrary, l\Ir. Brown, from the Makerstown ob:<erYation::<, a much :sl1oder 
series than the one at Prague, inferred tlmt there \nu~ a maximum of declination two days after 
the full moon. He also found a maximum corresponding to the gnoatest. northern uecliuation 
of the moon, but does not appear to have inve;.;tigatecl the effect of di,,tanee. The residuals 
which we have been treating enable us at once to examine thesA st,Yeral poiuis. 

Beginning with the lunar phases, the daily means for the day of full and new moon anil for 
two succeeding days were compared ·with the monthly moan dl-clination. ln case any of the 
hours were disturbed, tho moi1thly normal for tho hour was sub:;tituted for tlJe disturbed 
ohtiervation before the mean was taken. If one-half, or more, of the hourly readings were 
disturbed, the daily mean was altogether omitted. Accidental omissions of lwud.Y observatimrn 
wore supplied by the hourly normal. The ha.lf-mrmthly normals were abo usou in tho corn­
pari,,;on. In the table of differences thns formed, equal weight is given to tl1e bi-hourly aud 
hourly observations. The daily mean having hee11 subtracted from the month, the positive 
sign indicates a western deflectiou, au<l the negative sign an eastern one, as compared with 
the normal posit.ion. The following table eoutaiu;; tlie retmlt: 

I Sum of I Number. Deflection. 
: detledion. i 

---
I d. I j ' I 

l<'ull moon 0 ·--- - ---·-- +11.6 I 52 +0.22 +0.10 ±0. 07 
First day after ___ .----. - --1 ~ 7. l I 51 -0.14 -fl.On 

i 
Second day after.----· ____ - 9.3 

I 
48 -0. 19 -0.08 

New moon @------------1 
-- -· ---~-~ 

-11. 5 I .43 -0.21 -0. 12 ±0.09 

First day after-- ••• -·-._ --1 + 1. 5 I 47 +o.<J3 +o.OL 
Second day after. _________ + 4.4 49 +0.09 +0.04 

: 

The effect is very small, scarcely much beyond the probable error, buL the table indicates 
that the north end of the magnet is deflected to the westward 0'. l at the full, and as much to the 
eastward at the change day, the range between full and new moon being 0'.2. A more definite 
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result coul<l bar<lly have been expected from a series of observations extending over but five 
years. 

Treating the subject of the effect of the moon's variation in declination in precisely the 
same manner we obtain the following result: 

Mean deflection. 

One day before .... ·. . . . . . . . . . . . . . . . . - 0'. 20, from 54 days of observation. 
At moon's maximum declination · . . . . . . - 0'.10 " 53 " " 
One day after. · · · · · · · · . · · . · . · · . · ... · - 0'.09 " 55 " " 

Mean.······ .............. . - 0'.13 " 162 " " 
-- --

One day before . · · · · . · .. · . · · · · · . · · . · · -0'.04 " 54 " " 
At moon's minimum declination· · . · .. · · -0'.07 " 52 " " 
One day after ... · · · . · . · · · · · · · · · · · .. · + 0'.14 II 52 " " 

Mean········ ······ ·· ··· · ·· + 0'.01 " 158 " " 
-- --

These results do not positively fix a deflection of the magnet as depending on the moon's 
greatest north and south declination, the amount resulting from the comparisons being of 
nearly the same magnitude as its probable error. 

A similar investigation with respect to the moon's distance from the earth gives the following 
results: 

JJiean defl,edion. 

One day before .. · · · · · .. · ... ; · · . · · · · · 
At moon's perigee···. · .•... ·. • · · · .. · 

-0'.18, from 50 days of observation. 

One day after ....• · .. · . · • .. · · · . · ·. · · 

Mean-········· ··· · ··· · ··· · 

One day before .. ·.· ......... · · · · ·. · · 
At moon's apogee.·· .. · · · · · · · · · · · · · · · 
One day after. · . · · · · · . · · . · · · · · · · · · · · 

Mean···.·········· ··· · · ··· 

-0'.18 
0'.00 

- 0'.12 
--

- 0'.02 
-0'.20 
-0'.13 

-0'.12 
--

" 
" 

" .. 
" 
" 

" 

41 " .. 
59 " " 

150 " " 
55 " " 
53 " " 
47 " " 

155 " " 
--

The differences being of the same order of magnitude as the probable errors, no conclusion 
as to the effect of distance can be drawn from them. 

I propose hereafter to extend the discussion of the moon's effect on the declination to the 
effect on the earth's magnetic force. 

APPENDIX No. 25. 
Results of observatio11s made on ~Olar spots duri11g the first seven monfh.8 <f the year 1860, by O. A. 

Schott, Assistant in the Coast Survey. 

COMPUTING DIVISION, COAST SURVEY OFFICE, 

August 15, 1860. 

DEAR Sm: Tlie apparent connection between certain variations in terrestrial magnetism and 
tbe varh\tions in the activity of the sun for the productions of flolar spots, discovered nearly 
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simultaneously and independently in 1852 by Sabine, Gautier, and Wolf,* principally from the 
magnetic results of Lamont and the solar spot observation" of 8chwabe, made it desiraLle that 
observations of the solar spots should be made in co-operation with the magnetic obHervations 
now in progreRs at the stations Key West, Florida, a!ld EastpOl't, Maille. As an illui;tration 
of the above connection, Part I of the discussion of the magnetic observations at Girard 
College, Philadelphia, in 1840 to 1845, t may be referred to. In that paper the relation 
subsisting between the frequency of the solar RpotR and the law of the di:;tluliauces and the 
changes in the amplitude of the solar diurnal variation of the magnetic declination is fully 
diiscmised. 

In accordance with your instructions, I commenced daily observations for freqnenr-.'- and 
position of the solar spots on January 1, 1860, at one of the Coao;t Survey ofiice buildi11gs, in 
latitude 38° 53' 0411.2, longitude 77° 00' 10". 7, west of Greenwich. The observations for 
position were made, as weather pe1·mitted, in the manner described by Mr. Carrington, aJl(l 

explained in the monthly notices of the Astronomical Society.:;: The ouservations were made 
with an equatorially mounted Fraunhofer and Utzschneider telesC'ope of four feet focal length, 
having an object glass three inches in diameter. The magnifying power used was 55. The 
image of the sun was received on a screen, of a light neutral bluish tint, attached to the 
inside of a box fastened to tLe eye end of the telescope, and open on one side. The projected 
image was nearly five inches in diameter. To identify the spots from day to d<iy a sketch was 
traced by the eye by slipping a sheet of paper over tl1e screen, a more elaborate drawing 
being made afterwards of all the morn remarkable spots (and facuhe) with the higher magniiYing 
power of about 175. The contacts and transits of the spots oYer the wires were noted with 
the mean time chronometer, "Kessel's, No. 1287." In these observations I was assisted by 
Mr. J. H. Patton. The computations for hcliographic latitude and longitude of the spot;; are 
in progress. In the present report I give (as a first result) a table of the relative frequency of 
the solar spots for the first seven months of the present year. The sketches generally \YCre 
made between one and two o'clock p. m., ·w ashington mean time. 

The principal solar spot period discovered by Prof. R. Wolf, and fixed by him at 11.11 
years, (with a mean error which may be estimated according to )litth. IX at ± 0.3 yearti,) is 
plainly exhibited by means of a proper system of enumeration known as \Y olf' s relative 
numbers of the frequency of the solar t'pots. A large masR of obscrYations have been carefully 
registered in accordance witl1 this enumeration; and lately§ :Mr. Carrington prepared a map on 
which the maxima and minima of the frequency of the soh1r spots between the years 1740 m1d 
1860 'vere laid down; the ordinates being projected throughout by the relative numbers of 
Prof. Wolf. The nature of these numbers may be briefly explained, as follows :ii 'l'Le acti.-ity 
of the sun in producing solar spots being directly proportional to the number and area of the 
groups and single spots may be expressed by a= mg+ ns; where g =number of g-rnup;;:, 
8 =number of spots, and rn and n co-efficients or relative weightis. .Accordillg to Prof. Wolfs 
investigation, m = 10, n = 1, or a= 10 g + s. Hence we obtain the relative numbers by 
adding the number of single spots (those forming groups as well as thoRe of au isolated character) 
to ten times the number of groups. The only difficulty in this enumeration lies in the definition 
of a group or assemblage of spots apparently connected; lmt o"·ing to the circun:::;tance that 

*Wolf, Mittheilungen iiber die So1menflecken, I and III. Zurich, 1856-'59-
t See Smithsonian Contributions to Knowledge, Vol. XI, 1859; also C~ast-Survey Report for 1859, Appendi_, No. XXII. 

Discmssion of the magnetic and meteorological observations made at the Girard College Observatory, Philadelphia, in 1840, 
1841, 1842, 1843, 1844, 1845, Part I. Investigation of the eleven-year period in the amplitude of the solar diurnal variation, 
anrl of the disturbances of the magnetic declination, by A. D. Bache, LL.D. 

! Monthly Notices, Vol. XIV, No. :;, JB.54, and Vol. XV, No. 6, 1855. The formulae as given in the second paper were 
adopted. 

§Monthly Notices Astronomical Socidy,No. VII, M11y ll, 1860. 
II See Wolf's Mitt.heilungen, No. I and No. VI. 
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there is a strong tendency to the formation of groups, any two observers, after acquiring the 
necessary experience, will probably not materially differ in their average numbers. The final 
numliers ·will require a multiplier depending on the power of the telescope used. In the 
present case this factor must be near unity, since the magnifying power does not differ much 
from that used by Sch wabc and Wolf. 

In the following table the first column of each month coutaim; the number of groups, and the 
second column the total number of spots; the mean numbers of relative frequency or activi~y 
are at the bottom. 

July. 
_ 100_0. __ 

1 

1 ........... ............ 1 

January. I Fcbruarv. I March. I A1iril. I )lay. June, _ 

g. 
3 •;, ~~ ;; 1-~ -I ;: .... ~'. .. 1 ~ .. ..1. ... ~'. .. 1 ... : .... 1 ..... ~'. .. ! ... ~: ....... ~'. .. 1 ... ~: .. . 

3...... .................. ........ ........ & I 19 1........ 1 ....... 
1 

........ 1 JO 20 ........ )........ 12 31 
2........................ 7 19 ....... ')'...... 4 R ........ 1 ··· .. ··1 7 i J9 ............... . 

4.... .... ...... .. . . ...... s z-~ 9 30 .... .... . ..... .. ••... .... ........ s 21 6 I 15 13 24 

5 ...... ........... ....... s 21 .... .. . . .. .. . . 4 6 I 10 w ....... l....... 11 21 

, ......... ... .. .. .. ...... .. .. . . .. • .. • • .. . !23 4 13 i 9 I is 4 rn ............... . 
6 • ............. .. ....... ........ .. •• ... . 3 JO 24 ; 5 

1

12 7 

s .................... _.. . .................... ;········/···· .. , .... 4 lO : 6 ; 14 / 6 11 .............. . 

}~:::::::::::::::::::::::: ~ ....... ~... ; I ~: ! .... ~ . ..!. .. ~~... 2fi 1:::·::::1:::::::: .... ~ ...... ~'. .. : :~ 
11............. .......... 4 6 ........ i""""I····"··,"·· .. ·· ............ ,... .... ........ 7 II 11 4 8 

~~:::::::::::::::::::::::: ::::::: ... ~ .. r-~~ ... 1 .. ··~· .. '···~~... 5 ·--~~--.. " ~~ : ~~ .... ~··· ... :~ .. . 
::::::::::::::.::::::::::: ::::::: :::.·::::/::::::::! ! ~~ ;, I 6 11 6 I 9 ............... . 

16........ .. . . . . .. . . . . .. . . 4 9 .1 II 12 I ;; I 9 j ............... '1' 7 11 I 4 5 5 
17........................ 13 4 15 f 5 . 11 ·1 5 10 5 9 ......... ,........ 4 5 

18........................ 6 12 ........ : ...... :.!........ ........ 4 10 I 5 12 6 I 12 5 10 

!~........................ 66 1148 .... 4 .... ,f ... J.0• .. ·i·"·~···.""8"··1·· .............. , 5 10 6 I 12 .,.,~ ... 1, .. ,1.1 ... . 

~;::::::·:::::·::::::::::: 6 16 ~ j 9 j""~ ... ···;~"f"s ... ~; .. · 1 :::.:::: 1 ::: 1:.~::: • 

22........................ 6 JG 4 ' 6 !' ............... 1 ........ 1........ 8 ' ~ .... ~ ...... '.'. .. . 
2:!...... .................. 6 11 9 ····6····1'.l·····B·· 1 ........ •••••••• 8 I 21 10 I 2.) 11 I 17 
24.. . . .. . • • .. .. . • • . . . . .. .. 6 l 0 9 I 5 10 I 9 I: 19 ' ........ i . .. • • .. • 13 20 

2.5 ••... ~ • • • • • • • • • • • • • .. .. • 6 18 ti 15 . L ........... H. · j !) 19 J 12 30 12 23 
26....... ... • . ..... . .. .. • • 10 i 21 I 4 9 I 10 19 : l:l 37 11 16 

:::::::::::::::::::·::::: 1 13 : 17 : : 1 .... :...1 ... ~>1 .. ··: ..... -~~ ... ! ~~ :; ~~ ~~ 
:::::::::::::·::::::::::: ····~·-·[···;~··· .... ~ ... ! ... '.~... 9 19 '······4···· ····7····11 .... 7... ···1·4····/ ... :34 ••••• ::::9::::1:::]:~::: 
31. ....................... : ........ i .. .. .. .. . ..••. ..! . . .. . . . . 9 18 21 

_____ :__ I I 1'---::.:--.3 I I I 
Mean .............. 1 68.4 73.5 I 83.6 ~ 91.4 97.6 99.8 

Y-0ur ... , \•ery respectfoUy~ 
CHARLES A. SCHOTT, ..i.,Want Coa•t Survey. 

Profcsf!Ol A. n. n A.(:RF., 
Sttptrirdcndent U, S. Ct>ad Survey. 

APPENDIX No. 26. 
Report on tlie magneti'c stati'on at Key West, Flori'da reef, by Prof. W. P. Trowbridge, .Assistant 

Coast Survey. (Sketches Nos. 23 and 24.) 

UNITED STATES COAST SURVEY OFFICE, 

Washington, Ma.y 1, 1860. 

DEAR 8m: I h:we the honor to present the folluwing account of the establishment of the 
magnetic «tation at Key West, Florida, to which duty I was assigned by your instructions of 
December lai>t. 
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The instruments intended for the observatory were sent to Norfolk in charge of the observer, 
Mr. Samuel Walker, OH December 13, 1859, pDcked in twelve boxes. At Norfolk they were 
shipped on board the Coast Survey steamer \Yalker, liound to the Gulf of :Mexico, and were 
safely landed at Key ·west on January 10, 1 SGO. 

I arrived at Key ""\Ve:;;t on the 8th of January, and was therefore ready to receiYe the instru­
ments, for which I procured temponny storage in Fort Taylor, through the kiudnesi,; of Capt. 
E. B. Hunt, U. S. Engineers, in charge of the fort. I was much i1idebteu to Lieut. Comg. 
Guthrie, of the Walker, and Lieut. Comg. \Vilkinson, of the Corwin, for t11eir kinunoss in 
transporting the materials and instruments safely to Key West, and in landing tl1crn for ill\l in 
their boats at Fort Taylor. 

Two temporary buildings belonging to the fort had beeu offered for our use by the Engineer 
department, and t1ie first step to be taken \Vas to examine these lmilding·s to ascertai11 whether 
either would an;;;wer the desired purpose. That which appeared most promising was an old 
magazine, built originally in a very sulistantial ma1mer, and entirely free from irnn, all the 
fastenings being of copper. After a very thorough stndy of tbe plan of the required obser­
vatory, and a close examination and measurement of thi,; magazine, it "·as found to be entirely 
too small, being not only deficient in the ground plan, but al:so in height. It was moreover, 
insecure, the lower timbern having been almost destroy eel by dry-rot. The other building was 
merely a large shed, built for a cement shed. This Luiluiug pre:oenteu a dear ground area of 
60 feet by 21 feet, with a height of 10 feet to the pitch of the roof. It Wail weH roofed and 
weather-boarded, with double folding-doors at the ends. As the locality seemed faYorable, I 
decided to make use of this shed as an outer covering and protection, and to construct a close 
room within it for the instruments, leaving a clear space between the walls of the two for the 
circulation of air. By allowing a free circulation, and at the same time having the interior 
room protected from the direct rays of the sun, the necessary conditions for steadiness of 
temperature would be obtained, though the -,valls were not thick. This arrangement allowed 
several feet of air space between the roofs of the inner and the outer bnildingi'. 

The building having been decided up0n, observations were made to determine the bearings 
of the sides with rderence to the magnetic meridian, the rernlt of which \ms that the longest 
walls, which were north and south, ·were one foot four inches out of the magnetic meridian in 
their whole length of 59 foet. This permitted the placing of the piers within the inner build­
ing according to the plan adopted. Detailed drawings were then made showing the positions 
and dimensious of the piers, from which their positions were laid off carefully on the ground. 
Excavations were then made down to the solid rock, and after the positions of the piers had 
been verified by additional observations for the magnetic meridian, they were built up with 
bricks and hydraulie cement in the most substantial manner. The height of each pier -was 
determined before the lower course was laid, so 'that the workmen might bring them up with 
even courses, and without cutting the bricks. Earth was then thrown around the bases of 
the piers, filling up the excavations, and the ground prepared for the floor timbers. 

The interior room was laid out according to a plan already prepared. The dimensions are 
17 feet by 31 feet.; ten feet of the south end being partitioned off for the operating room. 

The room was made of such a size that no instrument would be nearer thau 18 inches to the 
wall, thus allowing the obsm·ver to pass around the piers without knocking against them. The 
floor, sides, and ceiling were made of tongued and grooved pine boards, planed on the inner 
side and fastened with zinc nails. .A. very close, clean room was thus formed, by which the 
instruments as well as the paper and chemicals arc protected from current,:: ot' air or dust. 
The strength of the construction is such that walkillg about produce::; no sensible vibration in 
the building. The piers are of course not connected with the floor, a space of half an inch . 
being left around each pier. 

The instruments placed in the instrument room (Sketch No. 23) for the continuous record of 
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the magnetic variations are the following, viz: The Declinorneter, the Horizontal Forc,e JJiag· 
nelomcter, the Vertt"cal Force Magnetometer, one Clock and Re_cording Apparatus, for the first two 
instruments, and one Cwck and Recording Appa1·atus for the \-ertical force instruments. There 
are also three tripods for supporting the lamps, one in front of each magnet. 

These instruments may be described as follows : The Declinomcter consists essentially of a 
tripod stand from which a flat bar magnet is suspended by a silk suspension thread. The 
tripod is composed of a black marble base 16 X 19{- inches, and I:} inches thick. Six legs 
formed of brass tubes about three-quarters of an inch in diameter screwed to bolts passitig 
through the corners of the sfab, a heavy circular plate to which the legs are screwed at top; a 
torsion plate resting upon this, which carries a suspension hook and elevating screw, the sus­
pension skein, and the magnet and its attachments. The torsion plate carries a vernier, and 
the plate upon which it rests is graduated to read, with the vernier, to half minutes. 

The suspending skein is formed of thirty single fibres of raw silk, which were originally 
stretched by equal ·weights to each fibre, and then bound together while stretched, at intervals 
of a few inches. The aggregate of the weigbts being equal to tlie weight of the magnet and 
attachments. The maximum strength and rniuimum tor:;ion are thus secured, while the skein 
has a large surplus strength over the breaking weigbt. 

The magnet and attachments comprise all that is suspended by the skein. The magnet is 
inserted between two small plates with screws passing through the corners of the plates by 
which the magnet is clamped in its place. A hook is attached to the centre of the upper pLtte 
which hooks into the loop at the end of the skein. To the lower plate is attached a light brass 
frame which sustains a 0ircular reflector, 2~ inches in diameter, in a vertical position below 
the magnet; the distance from the centre of the reflector to the central line of the magnet 
being 2.} inches. The reflector is concave, having a focal Jcngth of 8 feet 6 inches. Below 
the speculum, and attached to the same frame, is a small rectangular mirror of plane glass, fixed 
in vertical position by screws. The large mirror reflectR the light of the lamp to the photo­
graphic register, and the small mirror reflects the scale of a fixed reading telescope (placed in 
any part of the room) by means of which the direction of the magnet may always be referred 
to a fixed line. 

The pier upon which tl1is instrument rests is 3 feet 6ft inches above the floor and 20 inches 
square in hori:.mntal section. 

'l'hc lamp which properly forms a part of the Declinometer apparatus rests upon a tripod at 
a distance of about 2 feet from the centre of the speculum, and near the line joining the specu­
lum and the mean position of the trace on the recording cylinder; the tripod stands upon a 
pier which rises one foot from the floor. The light from the lamp passes through a narrow slit 
in an upright strip of metal, and, falling upon the speculum, is reflected to the recording cylin­
der. A dark shade stops all the light of the lamp except that which passes through the slit. 

The horizontal force magnet is supported on a pier near the corner of the room, diagonally 
opposite to the declinometer. The marbk slab for the base of the tripod, the tripod, the 
torsion circle, and the elevating screw, correspond to the similar parts of the declinometer. 
In both instruments the suspension skeins are protected by glass tubes, through which the 
skeins pass, and the magnets and attachments are protected by glass cases resting upon the 
marble slabs; so that when the magnets are finally adjusted they are not deranged by currents 
of air or dust. A small glass case is placed upon the top of each instrument, fitting closely to 
the plate, for the same purpose. The only essential difference in the construction of the two 
instruments is the double or bifilar suspension skein of the horizontal force apparatus and its 
temperature·eompensating apparatus. The silk suspension skein is made like that of the 
declinometer, but the magnet is suspended by passing the skein over a glass roller attached to 
the elevating screw, the two ends falling down through the glass tube to the small suspension 
lJOoks of the magnet and its attachments. The magnet has nearly the same dimensions as the 
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declinometer magnet, and the mirrors are attached in the same manner, having the same office 
to fulfil. The temperature compensating attachment of thi;; magnet is fixed to the upper plate, 
which bolds the magnet in its place. This compensating apparatus consists of the following 
arrangements, viz: A small glass rod, aLout ten ind1es in length, is clamped at its middle point 
to the top plate of the two, between which the magnet is damped, and in the direction of the 
magnet; two separate zinc tubes, each about half the le11gth of the rod, are then i;.lid over the 
ends of the glass rod, the rod being kept in the middle of tl1c tubes li~· interior rollcni. The 
tubes may be clamped to the rod at the ends furthest from the centre of the magnet, or at 
the end nearest the centre. The loops of the suspom;ion thread are lwoked to the ends of the 
zinc tubes, near the middle of the glass rod. The temperature compensation is ctfo<.'ted hy 
clamping the zinc tubes to tlrn glass rod at the extreme en1l thus allowing the tube.~ to expand 
towards the centre, while the cxpansion of the glass rod is from the centre. 

The magnet being adjust.eel in its position perpendicular to the meridian by mcans of the 
torsion, if we suppose the temperature to rise, the force of the magnet becomes lee>', and the 
torsion force preponderates; the ends of the glnss rod,; expanding outwards at the same time, 
the lower interval of the threads is increased, and i.he torsion force thus increased; but the 
expansion of the zinc being in the opposite direction, and being greater than thnt of the glass, 
the lower interval iR, in fact, lessened; so tlmt the same cause which tend:> to weaken the force 
of the magnet weakens also the torsion force, and the equilibrium of the two forces remains 
unaffected by this cause. The p1·oper adjustment of this compensation is a very difficult 
matter, and, as will be seen subsequently, the attempt to adjust it at Key West was abandoned 
and the zinc tubes were clamped at the centre. The temperature corrections are, therefore, 
to be made as in other instrument;;.. 

The lamp, lamp stand, and its pier, are constructed in the ,;ame manner as those of the 
declinorneter, and similarly placed. As the record of the instruments just described are made 
on the opposite ends of the same .cylinder, the lamps are on opposite sides of the line joining 
the centres of the mirrors of the two instruments. 

The recording cylinder and clock for these instruments is placerl near tl1e middle of the room 
upon a brick pier, ·which rests upon the solid rock helow. The object of this dock is to give 
motion to tbe cylinder around which the photographic iiaper iR wrapped to receive iIBpressions 
from the light from the lamps. The clock is a Rnbstantial pendulum clock, similar io th9se used 
for the self-registering tide gauge. Upright supports are fixed to the base board of the clock, 
upon which the cylinder axles rest. To the cylinder (a hollow drum with brass plates for the 
ends) motion is communicated by means of wheel-work, at the rate of one revolution in twenty. 
four hours. The clock not only serves to give motion to the cylinder, but giveil the means .of 
recording the time in connection with the record of the magnetic variations. 

The cylinder is 8~ inches in diameter, and 13 inches in length. The pier on which this 
apparatus stands is of such a length as to allow the pendulum to swing clear of the floor by 
three inches; and as the central line of the cylinder must necessarily be in the same horizontal 
Jilane with the centres of the two mirrors of the magnets, the height of thi8 pier above the 
floor was first determined, taking into account the length of the pendulum, the thickness of 
the.base board of the clock, and the height of the centre of the cylinder rtbovo that hoard, and 
the magnet and lamp pier re~ulated accordingly. The height of tbe brick-work of the pier 
is three feet five inches. This pier supports, besides the clock and cylinder, the cylindrical 
lenses for bringing the light of the lamps to a focus upon the surface of the cylinder. These 
lenses, one for each magnet, on opposite sides of the cylinde1·, are each composed of two plain 
convex. lenses, twelve inches in length, the outer having a focal length of two and a half inches, 
the lenses being fixed in a wooden frame about eight-tenths of an inch apart, and tho combina­
tinn having a focal distance of about half of an inch. 'l'he lenses are supported on wooden 
feet, so that the central lines of the lenses shall rest in the horizontal plane of the axis of the 
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cylinder. Thus, when the instruments are adjusted, the magnets, mirrors, and the lenses on 
each Ride, form a combination by which the ligl1t of each lamp, reflected from its mirror, is 
brought to a focus at a point upon the surface of the cylinder, in whatever direction the magnet 
may point within the limits of the ordinary variations. 

The declinometer and bifilar magnets are about 19 feet 5 inches apart, the recording cylinder 
being nearly the same distance from each. The exact measurements are given in another part 
of this report. 

The central clock pier supports also the fixed telescopes and scales to be employed as checks 
upon the photographic registers. For the purpose of obtaining perfectly fixed supports for 
these telescopes the central pier was corbelled out on two sides, beyond the dimension&i 
required for the clock and cylinder, and tbe telescopes firmly fastened upon these corbels. 

The vertical force magnetometer is placed near the NW. corner of the room, about twelve 
feet from the lwrizontal force magnet. This instrument consists, essentially, of a bar magnet, 
of uearly the same kugth and breadth as the other two magnets; the attachments of the 
magnets, (viz: the frame and mirrors,) the marble base. and supports for resting the magnet 
frame upon agate plane;,;. While the deelinometer and horizontal force magnets are suspended 
by torsion skeins of silk, and move in horizontal planes, the vertical force magnet vibrates in a 
vertical plane upon a horizontal axis. The frame is provided with agate knife edges which 
rest Dn agate planes, and the magnet is balanced in such a manner as to vibrate under the 
influence of the vertical component of the magnetic force. The centre of the speculum is 
nearly in the axis of rotatiou, while the small mirror for the fixed telescope is above the axis. 
Both arc attached to the frame by clamp-screw;;, as in tlie other in&itruments. The lamp and 
its stand correspond to those of the other instruments, and are placed at the same distance, 
nearly, from the magnet. 

Tlrn clock and cyliuder for the photographic record of this im1trument arc placed in a line 
perpendicular to the magnetic meridian from the magnet, and at about nine J'eet two inches 
from it. This places the clock near the horizontal force magnet pier, though it has no connection 
with it. The cylinder is vertical and revolves under the influence of the clock-work once in 
twenty-four hours. The lens for concentrating the rays is, of course, vertical. The magnet, 
lamp, and clock are placed on Rcparate piers. The reading telescope is placed on the clock 
pier. ?'ho vertical force magnet is protected from currents of air, dust, &c., by a close box 
with glazed openings for the light of the lamp to pass through to and from the mirrors. 

The:se comprise all the instruments employed for the continuous record of the magnetic 
variations. The foregoing description is only intended to be general in its character, as a more 
detailed description of the instruments can only be given with the aid of drawings; but I have 
presumed that a brief general description would not be ont of place in this report, though the 
construction and use of the instruments are known to those who take a special interest in the 
subject. 

Before mounting the instruments the room was thoroughly cleaned and dusted and the piers 
yellow-washed. 
. The declinometer and horizontal force magnetometer were .first unpaeked and placed, 
approximately, in their respective positions. 'l'he central clock and cylinder were then placed 
in position and the three instruments adjusted, approximately, fo their respective heights, so 
that the axis of the cylinder, and the centres of the large mirrors of the magnets, should rest 
in the same horizontal plane. As the magnets, when finally adjusted, are enclosed in rect· 
angular glass cases it is import.ant that the faces of f,he glass through whic~'the:tight passes 
should be perpendicular to the rays, this requires the adjustment of the mat•ble baSes with 
reference to the magnetic meridian; which was accomplished by marking point&on the waits 
in the magnetic meridian and stretching a line thread between these points, by which the slabs 
were set in their proper directions. The ome method was taken· to determine, .ii1tally1 the 
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relatiye positions of the magnets hefore securing the slabs to the piers, it having been 
determined to place the declinometer and horizontal force magnets so that the line adjoining 
their centres f'houlrl make an angle of 35° 16' with the magnetic meridian. 

The pier::; were found to be of the proper relative heights and the marble slabs were then 
laid in cement and perfectly levelled before the cement had time to set. 

The central clock was secured to its pier by large screws let into a henvy square block which 
was set with the mortar in the top course of masonry. 

The lamps were set and adjusted in the same horizontal plane with the ceutres of the mirrors 
and the axis of the recording cylinder. 

The lamp stands were not fastened to their piers until a final adjustment of the focal distance 
could be made. 

The vertical force instrument was then unpacked and mounted, the marble b1cise being firmly 
set in cement, and great care being taken to place the magnet in a position perpendicular to 
the magnetic meridian. This wa,; accomplished hy stretching a fine thread in the magnetic 
meridian and adjusting the line of knife edges to this thread. Especial attention was paid to 
levelling this instrument also. 

The clock and cylinder apparatus for the vertical force instrument was then placed upon the 
pier destined for it, levelled, and permaneutly secured by heavy Lrass screws. T~1e frames 
holding the lenses for this cylinder, as well as those for the other instruments, were secured 
to the base boards by stops, in such a way as to permit of their being easily adjusted or 
removed, and secure from accident. 

'l'he reading telescopes of the declinometer and horizontal force magnets were placed on cor­
bels run out on opposite sides of the central pier, and firmly secured by woodeu clamps. The 
telescope for the vertical force mag1Jet was placed on its clock pier, one course of brick being 
carried up a few inche8 to give it the proper height. Additional strength aud firmness was 
given to this projection by strips of boards nailed to the pier, a11d the tele,;cope fastened to a 
cross strip by screws. The reading telescopes were thus fixed as permanently as the piers. and 
all the instruments being thus placed upon solid masonry, disconnected with the building, and 
resting upon solid rock, permanence and stability were secured. 

Very little wood-work was attached to the masonry, and wherever it was necessary thecbest 
seaeoned pine was used. 

The instruments were all thoroughly cleaned before being mounted. 
AdJustments.-The adjustment of the declinometer first engaged my attention. The adjust­

ment of this instrument consists, first, in bringing the line of no torsion to coincide with the 
mean magnetic meridian; second, the adjustment of the speculum in azimuth and vnticaJly, so 
that when the magnet is at rest the light from the lamp will be reflected to the required point 
on the surface of the recording cylinder, when the lamp is fixed in its proper position; third, 
the adjustment of the small mirror in azimuth, and the reading telescope in height, HO that the 
scale at£ached to the telescope can be read plainly through the telescope; fourth, the' adjust­
ment of the cylindrical lens, to bring the rays to a focus on the i::urface of the cylinder. 

The first adjustment is made in the usual manner, by suspeudiug a Iearfon bar, of the same 
weight as the magnet, in the magnet frame, and adjusting the line of detorsion by succesRive 
trials. The second adjustment is combined with the adjustment of the lamp. The latter is 
first placed so that the angle of the incident and reflected rays shall be as small as possible, and 
at such a focal distance from the speculum that the rays will be brought to a focus in the focus 
of the cylindricallens. The manner in which the speculum is supported renders this a difficult 
adjustment; it is moved in its frame by clamp and tangent screws, which in the instrument 
employed are not well adapted to the purposei and it was only by patient and long-continued 
trials that the adjustment could be made. And when to this adjustment is added the third, 
which UUl&t be simultaneous with it, the whole operation became very perplexing and tedious; 
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espe~ially when it is necessary that the final touch of the screws must leave the mirror and 
magnet firmly and permanently clumped in their plnce;;;, and when the slightest excess of motion 
throws them out of place. The instruments in this respect might be greatly improved. 

'l'lie adjustment of the lenses is not difficult. The frame lwlding them should be placed at 
such a distance from the cylinder as to bring the light to a well-defined focus upon the surface 
and in the plane of the axis. 

The only Rource of uncertainty in a long- continued series of observations with the de clinometer 
is the possible change of the magnetic axis of the mag·net, with the permanent loi;s of magne-t­
ism which gradually takes place. "\Vith a mounting adapted to a reversal of the magnet, the 
magnetic axis might be determined from time to time. 

Adjustment qf the lwrizonlalforcc magnct.-The adjustments of this instrument are the follow­
ing, Yiz: 1st. To place the magnet, by means of the bifilar torsion suspension, perpendicnlnr 
to the magnetic meridian. 2d. To adjust the mirrors so that the reflected· rays from tho lamp 
and telescope scale shall fall respectively on the surface of the recording cylinder and the reading 
telescope when the magnet is in its position, perpendicular to the magnetic meridian. 3d. The 
adjustment of the focal distances of the lump and the cylindrical lens. 4th. The adjustment of 
the temperature compensating apparatus by artificial changes of temperature of the magnet and 
its attachments. 

The first adjustment was made by stretching two fine threads across the room, directly over 
the suspended magnet, in the direction of and perpendicular to the magnetic meridian. The 
magnet frame \vas suRpended first, with a lead bar in place of the magnet, and the line of no 
torsion was Adjusted to each of these t1ueads in succe;;sion, and the readings of the torsion 
taken, showing a difference of 90°. The magnet 1rns then inserted with marked end east, and 
the torsion circle turned in azimuth until the direction of the magnet coincided with the line 
perpendicular to the magnetic meridian, the lower intervnl of the threads being determined, so 
that the torsion angle should be large enough to render the torsion force sensitive, and yet with­
out rendering the equilibrium between the torsion and magnetic forces unstable. The magnet 
was then reversed, and the same determinations made with marked end west, and a mean of 
the reimlt tuken. The same determinations were made with the marked end west. 

'The adjmitments of the mirrors aud lamps correspond to the same adjustments in the declin­
ometer, the l:'ame <lif1lcultics, except in a greater degree, being experienced from t4!3 mode of 
attaching the magnet and mirrors to the suspension frame. The sui;pension skei~ was well 
stretched before the final adjustments were made. 

The adjustment of the temperature-compensating apparatus of Mr. Brooke was found to be 
impossible under the large horizontal force at Key West. This compensation depends upon 
the horizontal component of the magnet force of the earth, the magnetic moment of the magnet, 
the weight of the mag·net and its attachments, the upper and lower intervals of the threads, 
the length of the threads, and the angle of torsion, and is determined experimentally, with the 
aid of the following formulre : · 

m. X= W. ~-sin 0. 

By the arrangement proposed and described in the foregoing pages, b, the lower interval of 
the threads, is made to change with m, so that the two members of the equation remain equal 
under changes of temperature. 

The value of X, for London, employed by Mr. Brooke 'vas X = 3, 8, and tho value of ab 
and b were made to correspond, (m) (W.) and sin{} being supposed :to be constant. Whe~ it 
became necessary to put up the instruments at Key West, where -the value oi X is nel\rly 
double that for London, {6, 8,) it was found that -the value of neither of the quantities ab, b, 
sin 8, or W, could be changed sufficiently without 3 new ronstruction of the instroment. This 
conclusion was confirmed by the first attempt at comparison by artificial cbange-0f temperature. 
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In the hope of overcoming the difficulty I had an auxiliary roller made of the same dimensions 
as the suspension roller, to be placed a few inches below the latter, as a spreader; the effect 
of which would be the same as increasing a as far as the compensation was effected, while the 
principles and sensitiveness of the torsion lmlance would remain unchanged. This expedient 
was tried, and succeeded so far that, by raising aud lowering the auxiliary roller, two points 
were found, at one of which the instrument was over-cumperrnated, and at the other under­
compensated; but a new difficulty occurred, which could not lie overcome. This was the 
impossibility of heating and cooling the apparatus with the means at command in such a manner 
as to make the experiment for a perfect compensation reliable. The a4uoi<phere at Key West 
is so highly charged with moisture that, when the magnet wa;; cooled much below 61°, there 
was a copious deposit of dew upon the magnet and its attachments, which, by increasing the 
weight, rendered the result uncertain; and again, on heating,· the moisture was evaporated, 
producing a similar effect. 

From a series of experiments, the results of which are given in the appendix to this. report, 
I found the desired compensation quite impracticable, and was obliged to go back to the old 
method of observing the temperature of the magnet, and providing for a temperature connection. 
The small coefficients of the magnets, and the steadiness of the temperature at. Key West, will 
make the temperative connections very small for the daily changes. The temperature coefficient 
of the horizontal force magnet, as determined by Mr. BrJoke, is 0.000507 + .00000243, and 
for the vertical force magnet 0.0000757 + 0.000000345. By my own determinations it is some­
what larger, as will be seen from ID}' determinations. The mean daily range of the temperature 
at Key West, for each month, (from the Army Meteorological Register,) for 185 l and 1852, is 
given below; also the mean monthly range, for each month, for four years, and the mean tem­
perature for each month for fourteen years. From these reconls it will be seen that the climate 
of Key West is remarkable for regularity and steadiness of temperature-especially favorable 
for magnetic 'observations, in presenting a very small daily range of the thermometer, seldom 
greater than 5° Fahrenheit, and the monthly variations recurring with remarkable coincidence 
in tLe different years. 

Mean daily range qf temperature Joi· eaeh month, for the years 1851 and 1852, at Key TVest, and 
montkly range for four years. 
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The udjustment of t~e vertical force magnet consists, first, iu placing the magnet. perpen­
dicular to the mag-uetic meridian; second, adjusting the mirror and damp as in the other instru­
ments; third, balancing the magnet on the agate planes so t!tat it sha11 be snfficifmtly sensitive 
under the influence of tbe Yertical action of the magnetic force without being in a position of 
absolute unstal_1le equilibrium. 

The first adjustment j,_ a permaneut one, and mn,;t be made in setting the marble base. The 
mirrors are adjn,;ted ,,-itl1ont difficulty, as the n10tion is upon the fixed solid a~is to which the 
mirrors are attached. The third is not attended with ditlicnlty, as the nrnre delicate adjnst­
ment of the Lalam:e is accomplished by small counterpoise weights at the ends of the projecting 
rods, the weights Leiog moveal•lc upon the roJ,;; h.'- fi11e screw th1·cads. In order to mafrn the 
balance sufficienrly t'ensitivu, however, it is nece.ssary to Lring it very near to tl10 position of 
unstable equilihrium, and as it is impossible for tho in,;trument to have the sensitiveness of the 
tornion l1alance, another adjustment is provided for in the instrument put up at Key \Ve~t, 
devised by Mr. Brooke, to cornpeirnate for tlie effect of changes of temperature. Tbis is a 
small thermometer, co11sfructed "·ith g-reat care and 1'kill, to be clamped near its centre of 
gravity to the axis of motiou. Tlw co11struction is intended to lie f'uch that when the magnet 
is balanced between the opposing forces of g-rnvity and the Yertical mag·netic force, a clrnug-e 
of temperature will cau>le the mercury in the stern to expaud or contract, just en~ugh to over­
come the loss or increase of the force of the magnet caused by tl1e same change of tempera­
ture, A ri,;e of temperature, for in,,tance, diminishes the magnetic force uf the magnet, and 
the balance i,; disturbed wl1ile the earth's magnetic force may not have clmngeJ. The ther­
mometer restores the equilibrium by the expansion of the mercury throwing a little more 
1Yeight to one side. I am inclined to believe, however, that this compensation is entirely too 
delicate for the instrument, aud that the only reliable way to obtain good results with the 
balanced magnetometer is to secure it, a;;; completely as possible, from changes of tempernture; 
any considerable change of temperature muBt affect the balance by the contraction or expau· 
eion of the frame and counterpoise rods. A.ti will be seen in the account of experiments on 
this instrument, given in the appendix to this. report, the same difficulty occurred from the 
deposit of moiHture upon the magnet as in the case of the horizontal force magnet. Although 
different modes of heating were adopted, all atternpfa to. adjust the automatic compensator 
failed, and any great change of temperature, either way, threw the irn;truments entirely out 
of•balance. I therefore took every precaution to prel'erve a steady temperature in the magnet, 
by wrapping a blanket around the box enclosing it, in addition to the other considerations 
favorable to thil'l object. A thermometer was placed in the box, to be read through the glazed 
aperture, for the purpose of recording the temperature. · 

The in;;truments .mounted at Key ·west are those designed by Mr. Charles Brooke, of Lon­
d011, and forwarded to this country in 1852. They had previously been mounted at the Mag­
netic Ob11crvatory in the grounds of the Smithsonian Institution. The only .iinportant altera­
tion in the original design is the substitution of pendulum clock movements instead of the 
chronometers employed by Mr. Brooke, and the use of a single wooden cylinder for the record 
of both the dcclinometer and bifilar maguets. In Mr. Brooke's arrangement a cylinder and 
>'eparate sheet for each. instrument were employed. 
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Lamps.-Olle of the most imporfant consi(ler<itions in ;i photographic observatory of this 
character is to obtain a constant Rllcl stead:· li;:>:ht. ln tlic Yicinit.'· of iowns li~·hted '"ith p:as 
this is not r1iflii:11lt.: but rd Key 'YeRt no fac-ilit:• of t11is E<ort w:1s pre~(·Jite<l, and I waf' obliged 
to make nnmenn1::< experiments on the charncter awl con:o;tn1cti(m uf the l:nnps to he used. 

Several patent gels burner,: were pre:0cnted to me. which ;;eerncd. at first, to offor the best 
11ossible light for t.he purpose. On tho first trials the~· bnrnt with a bermtif11l, :<teady flame, 
and gave satisfaction. That which gave the most promise is called tlic ··Yei<per Gas Burner." 
Nothing can be more simple and ingenious tlum tho operation of this burner in conYcrting 
fluid camphene into Yapor by the heat of the hurner it;;elf, tho vnpor L1ci11g; bnnwu a8 it i;;sue;; 
from a small orifice. Xo doubt was entertainer! after a trial of scYeral wel!b .. while tlic other 
experiment;; were i11 progres;:., that thi;; burner wonld answer the purpo:o:e fully, nml a rc2'ernJir 
was set up outside of the building with :::nrnll learfon pipes connecting tho re~erniir with the 
burner for each instrument. The g1·eat ach·,mtagr~ of thi,.; burner con1'i$tcd in the a1kg:ed fact 
that the wick needed renowin;r only once in three or six months. Defore it l1ccame ucccs::<nry 
to set the instruments finally at ·work. ho\\·evcr, it ::;·11\"e indications of irregnlnrit.\·, frequently 
going out, and requiring almost constant watchiu"-·· This \\·a,; caused l•y the a(·cumulation of 
resinous matter at the orifice, a fault 'Yhid1 c:mnot be on~rcorne; and I was oulit:·ed to Sl'Ck 

another kind of lrnrner. Fl>rtnrn1td:'· T fonnd tlw kero:'ene lamp at Key \Yest, wl1ich, from 
the testimooy in its fayur, ~ippcarecl to be the next hc•,-r fnr t1·ial. Several of tl1cm were im· 
mediately adapted to tlie iustrurnents wit'.1 thu mo:<t favoral1le rC'snlts. The flame is much 
belter for photogr:tphic purpose-; tirnn the gas E'-'ltt, having more holly, while tlHc wick re­
quires renewal oul_v OJlee in se,·eral >Ycek,o;, and a slight trimming f·ach (lay. T11 order to keep 
tlie oil up t<J the wick, a flat zinc reservoir W<l" made, and the burner attached to tho top of it. 
\Vith g:ood oil and ordinary care tl1iB lamp is hdter, I bclien>, than coal gas ligl1t. 

The next sSep, in orde1·, was the dl'tcrrnination of the scales for tlie r<'ading tclc,cope and 
tl1e regii:iiers. The object of these scriles is to measure the angular motions of tlw nrng:nets. 
If all-i' scale of equal parts be assnn1ed, tlio angular Y,llue of oue division "·ill dcpenrl on the 
d!stance of the scale from tile mirror which ref!Pcts tl1e li[l:ht, and ma~- be determiued from the 
expression, 

I 21()00 b 
(1 == -2 7: -.' ~t' 

in which a 1 represents the angular vnlue in minutes of are of one division, b the length of one 
divi<Jion of the scale in inches, and r the distance nf the o:c<de from the mirror. But si1ice tlie 
angular motion of the mirror is only one-half ·the angular motion of the reflected ray a. tl1e 
angular value of the scale ifl represented in the expression, 

10800 b 
(I = --:2 " i· 

and from this b = ~ a .. 1·. o.,,uu 
for convenience the length on one division of each scale was made to corre'1pond to one mim{te 
of arc, and hence 

b= _E_, r. 
5400 

The distnnce r for each scale was mea8urcd with great care. A measuring bar of seasoned 
pine, two inches thick and four or five inches broad, was madi?, the sides and edt:'es bein;,:?; 
phrned true. This was mcide a few inches shorter tlrnn t.!10 shortest distance to be m"Jasnrcd, 
and carefullv divided into feet bY a f'talldard ::wale; the divi,,ions were numbered from the 
tniddle of tl~e bar each wav to th~ end,,. A small auxiliary bar 'vas made, about six inche;;i in 
length, to slide over the er~ds of the main bar, to measure the fractious of feet, a11d for greater 
facility of adjusting the end to the extreme points of the di:>tauce to be measured. The bar 
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was first set up to memmre the distance from the centre of the large mirror of the hifilar 
magnet to tbe surface of the cylinder on which the photographic trace was to be made. The 
details of irn:mmrement. are given in another part of the report. 'l'he whole distance was found 
to lie !I / 0"/0 feet, and Hie length of the scale corre:o;por1din1!: to one minute of arc 0. 0663 inches. 
In tlie same manner the dist.anc:e from the fac:e of the ;:.1rn1ll mirrnr to the centre division of the 
telescope scale was found to be ~J 1 ''d\l\i foet, and the length of one minute 0.0Gfi.3 incheR. 

For the declinometcr the distaricc from centre of hll'ge mirror to position of trnce on the 
cylinder was ~l/0\1'0 feet, and tlie length of one minute determined therefron1 0. OG57 inches . 
.From the small mirror to telescopic S<:ale the distance WEIS found to lw 9 1"c/o"o feet, and the 
le11gth of one <livision 0. OGi'i l inches. The corresponding distarn~es and values of the balanced 
magnetometer were !.l /./'09

0 and f)-/0
6t 0 feet, and 0. OG4-7, 0. OG8 l inches. Scales were con· 

structed upon strong paper to correspond to tbc;;;e determinations. The three telescope scales 
wern fixed upon firm horizontal bars directly over the telescope, and the reg·ister scales were 
reserved fur the reading of the photographic traces. 

For the reduction o!' the records of the horizonbtl and vertical force magnets, as the angular 
motion depend!i not onl:· upon variatious of tlw earth',; mag-netic force, but also upon the mag· 
netic moments of the magnets, it become:< ueces;;ary to determine the constant coefficient for 
the reduction fur each instrument. For the horizontal force magnet the constant is deter· 
mined by the expression, 

t:,. F 
-p- cot. V. t:,. V. 

Y being the angle of torsion, a1H1 t:,. Y deuoting the variations of Yin terms of radius. 
Fur the vertical force magnet thi,.; coeflicient is determined by the expression, 

6 Y Th . 
1
. :'pace on paper, 

y - Tv cot. c •p X ·- --- 2-Jl·--·-

in which V represents the vertical force, Th the time of vibration of the magnet in n, hori· 
zoutal plane, Tv the time of vibration in a vertical plane, the vibration being made in_ each 
<:a:-;e with the magnet and its attachments complete, so that the moment of inertia shall be the 
same. Detailed observations for olJtaiuing these coclficients are appended. The vibration of 
the vertical force mag11et in a horizontal plaue was made by ,;uspeuding the magnet by means 
of a spare 1:<u,;pe11,;ion skein, six feet in leugth. Thi:-; skein wa8 suspended from the ceiling of 
the room, aud the line of detornion made to coincide with the magnetic meridian by means of a 
leaden bar. The room was kept closed to avoid currents of air, and the magnet and attachments 
suspended in a horizontal position by a small wire hook made for the purpose; the magnet waR 

then made to vibrate in a small arc, and the times of vibration noted by observing the passage 
of a, reflected beam from the mirror acrosfl a line on the opposite wall. Several hundred vi bra· 
tions were obsen·ed, and the time noted by a chronometer. The vibrations in a vertical plane 
were made with the magnet in its position on the knifo edges, the time being observed by 
noting the passage of a certain division across the horizontal wire of the telescope. 

The angular value of the telescope Reale of the vertical force magnet requires a correction for 
the ol1liquity of the small mirror to the axiR of rotation. This mirror could not be placed with 
it;, plane parallel to the axis of rotation, and consequently the angular motion of the mirror is 
less than the angular motion of the magnet, in the proportion of unity to the cosine of the incli­
nation. The inclination was measured very carefully by stretching a fine thread in the direc­
tion of the axis of motion, and a second in the direction of the face of the mirror, across the 
1ux enclt1sing the magnet, thus forming a right-angle triangle with the threads and a part of 
ono side of the box. 

The ba;,:e of the triangle was 12 1"
0

3
0 inches, and the altitude O. f"0

9
0 inch, from which the angle 

at the base was cletermined. · 

Another mode for determining the value of the scale of the bifilar magnet in terms of the 
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borizonfal force giYen by 1fr. Drooke was also emplo~«:~d. Tl1is met110ll consists iu placing small 
auxiliary weights 11 pon th<-· magnet frame, an cl • iliservi11g i he· a11g11l:1 r d1:mgc• of the magnet l>y 
the scale, the auxiliar:- weights ha\·inµ· a g-ivm1 ]'rC>porti<Jn l•J tlJ(.' 'Ylwk weig·l1t of the magnet 
audits attaclrn1ents; l'.Y ol1st:n-ing tlie <lifforern:1: of tlre m1.c:·ie of' toniou \\·itl1 tlte wei.12:ht,; un and 
oft~ the Yulue of one di,-i,,ion ma~· 1.ie detcrmim·d. Tlw ol1:<\'rvntions h_,- th[,; rnetlw<l will !Je 
found with the re,:;ultB of thf·o other experiruenfa. 

Experiments /or determining ihe tcmpcrat urc co~'{Ticirnts q/ I lrc l101·i.wliful fore•' mid re,-/ iml furce 
tuu ;JI< cl s. 

The rmtonrntic f'.ompensation for temperatnn• not l1avi11p: h0en adopted for tl1c·se i11:1p1d.~. :ind 
tl1e temperature coefiicients not liaYing: heeu ohtaiued ,-ince tl1e rkiermi11ation of ~Ir. Bruoke, 

nearly ten years since, it liec:ime neeos,.:ar:- to reclcterruiue tlie,;:e cunstants h~· c·x11c·rime11ts 

before the im;tn1rne11b werl' finally t'Ot up for uln·wn·atiolls. For tlii:- J>Urpo:'e tlw metli•ill of 
Lamont was ernplPyetl; tlw apparatus con"i:-tins: of :i rnacrnf'tometer of tl1c• c011f'tructio11 deYisvd 
by Gauss, to whicl1 bars were attacl1ed for l'npportillp; tl1r· n1:1gner,.:. Theo barB \\·erl' "ll]!purictl 

h.Y braces attached to an upright pier·r; re."<ti11g· 11pn11 tlte upper plate of tlie magnetometer: tl10 
whole forming a sort of truss, light Lmt stnm.o:'.·. 

The tru>:'s turned ,\-ith the upper ] 'late. A small m:ignet "·a" sns11e11ded ill the nwp1C't -
;o;tirrup by tho liifilar snspensiuu, and 1Jroug-ht tt1 coiucidc ,,·ith tlie ma):nwtic rncrit1ia1i. the 
wire of the telescope coincidillf!: \Yith a certai1t r_ljyi,.;iim. A zirn: l•ox t·r11,tai11i11g tlic JJwµnet 
wa,. then placed npon mw of the bars. and lrnt aml cold \\·ate1· :.ilten1atel:- p011red i11h1 tln' l1ox. 

care being takcu not to disturb the nrn:;net or die i11,;tru11wnt. Tbe "·ire of tlH: tel<'SCe>!'e ""'" 
kept on thl' same division by turnin;:;- the upper iilatt'. bar1' and all, aml the rC'alliuµ·,,; ol' e;1d1 

taken when the magnet had attained ;1 !"\cad:• tl'rnpeTaturC', tbe cirde Tealliug lo ieu >'l'('Olllb. 

The temperature of the rnagud Wai" rec·onleii durin~ the nh1'er\'ation,- J.~· a tlterrnonw1cr iilal'l'll 
within the box. Reading" of tl1e dedinornetc'i- \l'<'rc tl1ell tnken durin~· the experimuit,;; Lut 
there being no means of observing tlin chani::-e of rnngn0tic forcto during their prog:re:'s, tlie 
results are to be combined so as to eliminate an:- error from this cause. 

Pltotng;·a1;l1ic arranucmcnts. 

The photographic process for recording the y:i;·intionf' of the nrn;;nets 1", of connw, one of 
the most prominent features of an ol1servator:· of thi,- character. Ao: l1efore explained, the 
light from the 1amp;; is reflected from the mirrors attached to the :.:n><pen(fod map:uets, alld falls 
upon the surface of the cylinders around which tl1l' p:1per1 rendered <'C'no;itive by tlit• applica­
tion of iodide of silver, is wrn11ped; and the cylimkr 11rnki11p; one re\'ulution in ~+ l101ut', the 

varintions of the magnet are traced by the action of the light in a curve upon the' papc'r. Tli(' 
central cylinder produce" two traces-one for the dr'c·li11onwtt>r, near one eml of tlic <'yli11dL'r, 
and the other for the horizontal force magnet, on t.lie otlier end, aml m1 1lte tlpposite si.Je. 

'fhe trace of the vertical force m~1gnct i;-; mat1e 011 a "ep<irate t'~-Iinder. a;:. before dt•scril1ed. 
This arrangement requires the use of two prepared sheds each dn:·-cm0 thirtePn i1wh<•s ·wide 
and over two feet in length, an<l the other lrnlf the width and th(' ;.:anw k11gtl1. Then· are thus 
used 730 sheets in a year, each of which mu,,_t 110 yir,•parn<l h:· a .~eparnte proc<'"''- both to 
render it sensitive before it ie put on the cylinder, aml to llri11g· out and fix 1 lil' tract' after it 
has been taken off. For the convenience of preparing: thesp ;;]wets. :11J(l s1ori11g; the necc1<sary 
chemicals and paper, a separntc room of libt,rn1 dinw11 . .;ious i . .; requin·rl. Thi,; room ::;l1011ld be 
clean and close. so as to be free from dust. \Yi th Blt<'IV<Js fo1· containiuµ: tht' dwmicalf' rrnd tableR 
for operating .. To provide such a room, tl1e main interior huilcling wa:< extemkd ten foet 
beyond the dimensions required for tlie iustrumcni:,;, aJJd a partition throwu aeross ten feet 
from the end; the space cut off was then furnished with shelves and table;; for the purposes 
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required-one door leading from t11is room to the instrument room, and another to the exterior 
ante room. 

Tlie 1d10le room under the ::died not being occupied, a la1·p:c anteroom "·ns left for the storage 
of' hoxc" a11d for a general working and computing: room. The 011ly cxpem;c bestowed upon 
this part of the building was the cost of a rough floor. 

The uperaLing room wa:; provided also with a water sink nnd cock for drawing water from a 
large cask placed at the extreme end of the anteroom. The various chemicals ancl photo­
graphic materials required weru obtained in N cw York. The chemicals required are princi­
pally nitrate of silver, iodide of potasc;inm, h;·posnlphite of sm1a, and ga1lic acicl, small 
quantitie,; of various otlier chemicals being :ilf4o pro1·icled; tho variou:' implements for tho 
plwto;rraphic process, sucl1 a,;; p:ias$ jart<. funnel:', g·las"' rods, gl:i><f4 tnl>cs, brushes, demijohns 
for pure >Yater, filtering paper, blotti11g paper, a11d towels, cornpleti11g the nccest~ary furniture 
of the ruorn. The room was provided witl1 two windows, covered with yellow envelope paper 
to 11revent the entrance of ·white light during tlie preparation of tho paper. 

The window,; were fir::;t staiueu "llith a :·ellow varnish, but this did not seem to afford suffi­
cieut oh,;tructiou to the actinic rays, and they were then covered with paper. 

The plwtog:rnphic proce:-B for renderiug: the paper sensitive is quite simple, but considcrablo 
skill and care in manipulation arc required to produce a ;?]car sheet, liaving· the trace brought 
out clearly and »rnll defined. ThiR can only he secured by practice and experience. The pro­
cef's employed Yaries somewhat with different manipulators ; tho principal operations being 
tho :::ame with all: these are to saturate the surface first with a solution of iodide of potassium, 
then with a ,.:o]ution of nitrate of silver. The free nitrate is then rinsed off with pure water 
and the paper driecl in a dark place; ·wl1eu dr;; it may be kept for several days and even weeks 
before being nfled. When required for use it fr: put on the cylinder, and after liaving received 
tbe imprcs,;ions of tlie light from the lamps during one revolution, it is taken off and a weak 
solution of gallic acid, to ,d1ich a few drops of nitrate of silver are added, is brushed over 
tbe surface of the paper, which brings out the trace. As soon as the trace is distinct the 
action of the acid is checked mid the trace fixed by immersing the paper in a solution of 
l1ypmrnlphite of soda. After haYing remained a sutlicient length of time under the influence 
of the hyphosphite, it is placed in a swirnmillg dish filled with pure water, where tho surplus 
chemical;:; are dis;;olvcd and from which jt is taken and dried. Some prefer to saturate the 
paper with the various chemicals by swimming, others by the use of broad hair brushes, and 
agaiu others by what is known as Bnckel' s brush, a small bundle of fancy cotton held by a 
silver wire and a glass tube. .Much depeHdt-l upon personal skill and experience, the purity 
of the chemicals, and the cleanliness of the vessels and implemeuts. 

Mr. Samuel \\' alker haviug brought this process to great pcrfectiou in his experience at Key 
'Yest, under my direction, and afterwards while in charge of the observatory, I will here give 
the details of his process in his own words : 

"Having to-day, May 25, 1860, given up the photographic self-registering observations to 
Mr. Allen, to be continued by him, I subjoin a brief account of the mode of preparation of 
the paper furnished by Mr. Hilgard, of which there is on hand more than three years supply. 
ThiR paper proves to be good, aR the last photographic sheets prepared from it will show. It 
has been used successfully since :May 7. 

'' 1. Immerse the sheet until thoroughly saturated in a solution of 240 gritins of iodide ~f 
potassium, in ten omwes of pure ·water obtained from melted ice, and well filtered. Hang it 
up in the open air and light of the ank-room till dry. . 

'' 2. In a dark room, tho light of a common candle being used, float it on a solution of 320 grams 
of nitrate of silver in 10 ounces of water (same kind as used for the I. P.) for one minute an.d 
fifteen seconds; hold it by the corner to drip for one minute and thirty seconds. At the expi· 
ration of this time, 2~ minutes from the time of first touching the surface of the N. S., the 
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action of the K. S. on the I. P. contained in the rmper is complete, and it is then illetantl~· 

was110d in at 1east six cbau,:.::es of common ci:-;teru water for three mi1mtt>c; in all. Tlic more 
water used und tlie mc>rL· frequently it if' elrnnt::t·cl the lJdl<:r, 11rnvicl0d the l<>tal time of' wa<'liiu."' 
does not exceed thn'c minutes. \Yaf'hin;::· undL'r a rmmi1i~ spout w1H.;rc· thL•n· is n frp,;\J "uppl:-· 
of water coutinuall~· passiuf!· o\·c1· tlil~ paper i" 1]1., hc:~t. TL is n·1uo\·t·~ t]u,; free X. :-:.. a!lll 

prevent,; tlie lJlackc>uing of the sliC'et in Lriu12·i1J_Q: out tl1l' traC\<. TL•· ]':•1"'1 i" tlil·11 lrnu;.:· llj• tu 

dry in tlJC <lurk, and carefully kept from all ligl1t ~·xcept tliat i1llelldPil 1\l prndl1<T tl1" t:·<1ce, 

until the trace is finally fixed l1y the H. i-'. solution. l'aper thus prep:ue,l 1\·ill , f"r a11:-· 
length of ti.me Lefore u&ing. It is put on the cylind1er c1r:" To briu).!' out 1lw 1rn•·c a "'1t•.tr.ited 

solution of gallie acid (in pure "·ater from melted ice) is u~eJ, "·ith tlie achlitiuu uf " i"·\\' •lrnps 
of the K. S. solution at the tinw of using._ Thi,; ,;:0Jmio11 i~ ;.:preaJ on the sheet witl: a <:<lttou 
urnsh. 

"To fix tlw truC'c anl1 de~troy the: iodiJe of f'iln·t", which lw;.; Hot Lcl.'11 <1il'eelL''1 l•y tlw li.~ht, 
the sheet, after washing ill f'CV(:ral d1a11µ:t·" ol' water, i,- iir,111edi:1tdy irnmcrsed in ;1 sulutiun nf 
one ounce of hyposuphite of soda iu 10 uuuee,.: of' eowrnon l'if'llorn waler, frurn 10 Lu 15 wiuute:'. 

It is then waslied again in several clumg:e,.; of "·ater am] soaked for ~J l1011r,.c in :; elia11'.C:l'S of 
iYater. Dr.\· it l•y Ja.'~ing it flat on a :.;mooth piue hoard." 

By follo\1·ing strictly the autffe prnce;;::,< in all it:< details, }Ir. \Yalker ,:ucceeded i11 ol1taini11g 
traces as <li,.;tiuct an<l well defined as coulu lie lh:;;irel1, >d1ile tlw main grnund ,\·a,; iu no \\·ay 
disfigurcJ. by dark spot,;. 

For obtaiuinh pure water 1lw cistern water of Ke.' "~est was first 1.ric,J, but foik\1 cm 

nccouut of the existe11ce of auirnal matter iu it, whicl1 producer] a lllack curd.'~ :;o]ution ,,·it!t 

nitrate of silver when exposed for some time to the light. 
\Vater outained by melting il:e was fouuJ 10 Le ahuo,.;t entirely free from irnpuritieB, mtd 

answered well the required pnrpo,;e,;. 
The quantity of chemicals n'quireJ for a give11 period ·will be determined <lurintr tl1c· y<:iu. 

The daily dutieg of tile obscrn•r are genernll_,. as follmn: : tu make tlte necc:::,.:ary meteuro­
lugieal ohservatious at the required period::'; to pre1rnre the papt>r for OIJC' tL1.1~ or tl>r sen~ral 
L1ay,; in advance. A.ta stated time in the da_'.-, iYhe11 the rnag·net,; are mw't 1w:1rJ:,· statiuuary, 
lrn takes a prepared sheet and places it upon Olle of the cyli1H1c,rs, tliL·re bPi11g OJH' extra 
cylindeT to each instrument. The o:h8et is far:teued to tho C'yliuder with tlinml• tuek,; or gum. 

He then goes to the in,;trumcnt room and rc;lch0 tlie tclc>~\·op(' f't'ale of the instruml'nt. :rnd 
records the reading in a hand-hook, notet' the time lJy the clod: i11 hi,; book, marks thl' poillt 
of the trace corresponding to this time with a peneil, and the uame of the in,.;trnnwut, cfote, <\:\'. 

The cylinder is then taken off witlwut stoppi11g the clock, and tbe extra one put ill it:< plil<"e, 
with a new sheet. The time of commencement is marked on tl1c t:<lieet, and in hi,; l>uuk. 1l1e 
r-cales read, and the cyli1Jder put in motion. The cylinder cover;; l>ciug placc•ll ou !« r•r"l\'f'l 

the paper from dust. This dollc for each iustrnment, lie fill,; the lamps and tl1en dL•Yel"I'''" the 
traces taken <'ff, and fini:<hes by leaving the traces :>wirnming- in the li.''JH>snll'l.ite uf ;:;01h. 

His time is then occupied in drying- the sheett< of the d<lY before. and i11 reading-. l,_,. rnea11s 

of a scale, the registers of those which arc ury, aud preparing hi" reC'ord" for t1"<111smi,.;,io11 to 
the office. 

The results of the first twenty dav-; ob,;eTYatlons at Key '\Ve;:,t aE' given i11 the duplicate 
volume of records herewith tra;smit.ted . 

.i.BSOLGTE DETERllfTN ATioXS OF THE :\IAGXETIC EU:llEXTS. 

The ahsolute values of the nrngnetic e1ement:- ~ire detenni1wd, in connection with the 
<lifforential observation~, by a sep~1ratc H'L uf inO"trnnwnt,; provided for tlie purpose, mid 

mounted in a small uuilding erected for their reception, aLout sC\'CTJt_Y-fi\'e yards north of the 
principal ohservatory. 
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The building i:-< eight feet five irches X six feet five inches, and seven feet high to the pitch 
of the roof: it rests upou stone supports, a central stone pier serving to support the instru­
ments in use. 

The i11struments are a theodolite magnetometer for determining the absolute declination 
aud horizontal intensity, and a dip circle of large dimensions for observations of the dip. 

Openings, closed by sliding·doors in the roof and sidefl, admit of observations on the north 
star, alld on the N~W. and Key \Vest light-houses. 'The nortlnveRt light, distant several miles, 
furnishes a good azimuth mark, the Learing of wl1ich was well determined. The theodolite vf 
the m<1guetometer furnishes the means of determining the time. The instruments when 
mounted being protected from the weather tliey may he kept in place for any desired interval 
of time, aml observations taken in conjunction with scale-readings of the fixed instruments. 
The lmilding and pier were put up under my direction, and the observations then conducted 
by Mr. Samuel ·walker. 

The following results were obtained previom; to my departure from Key \Vest. 

Axis ef magnet H. 20th cliv. 

I I Red. to zero. I 
Reading of mcri· I:endmc: of npp. App. mag. mer. I Mean scale I Declination 

di>m. mer. E. of true mer. re .. dings. I 1 
1·. E. of N. N. 

, I Divs Arc. 
i I 

Date. 

·1·------1 . . I 
4~1 29 6 • 4~q :;+ 7 ; 05 r 16. 1 I 3. 9 !-8. 5 . 

43 20 6 18 :H 7 5 05 1 I 17.G 2.41-5.21 

llrkk pier remm ed and stone pier put up. 1····-·-··· ·-----:-----· 
Menn declination of F<b. 16 and 1 7 ·-······--····· ···-·----· ····--'·-·---! = 4 58 3 

4;) 16 4 ! 50 03 6 4 47 2 I 18. 6 1. 4 1-3. 0 I 

I February H, 1860 ______ _ 

.Feuruary 17, 1860.----·· 

0 

4 56 6 

5~ 9 

March 17, 1860 -··-·--· .; 4 41 2 

A discrepancy occurs in the observations of l\Iareh 17 which cannot be due to the azimuths, 
as they agree; it can only be explained by subsequent results. It may be due to the effect of 
the change of the pier from brick to stone. 

Recapitulation ef results.for horizontal intensity and magnetic measurement of magnet H. 

Date. I Set. I x. 

Febr7~~-l-~,-~~~~~~:~~~~:1::1----
March l;J, 18GO ·--··-----! 1. I 

6.7335 
G. 72.50 

G. 7590 
Il<J. _______________ .

1 

2. . 

March 21, 1860.--··-·-·-·I 1. 

tL 7510 

6. 7610 

Do·--·--------·-··-1 2. 6. 7662 

I>o.·-·--··---··----1 l. 6. 7507 

Do.·-··--·------·-·1 2. 

1--1 
J\lcan. -~~ --~~. -.· •• -~-- ~t~~~~J_ 

6. 7490 

6. 7494 

Log. x =--·-····----0. 82926 
Dip= 54o 391 001

' tieC. 0. 23764 

1. 06690 

Tota.! intensity= --·---11,665 

M. 

0.8378 
0.8367 

0.8385 

' 0. 8.375 

0.8365 

0.8371 

0.8366 

0.8364 

0. 8371 
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HECAPI1TLATIO::-< OF OBSERYATIO!\S FOR DIP. 

Nee.die No. l. 

54° 41' 611 • 

Needle No. 1. 

54° 36' 2". 

Needle No. l. 

54° 35' 4 11
• 

FEBRL"ARY 18, 18fi0. 

Resulting dip, 54° 421 3". 

:J\i.Ancrr 12, 1860. 

Resulting dip, 54° 37' 8". 

)f.ARCH 21, 1860. 

Resulting dip, 54° 37' 0 11
• 

llfean resulting dip, 54° 381 00". 

Needle No. 2. 

54° 43' 0". 

Needk No. 2. 

54c 39 1 3". 

Needle No. 2. 

54° 38 1 5". 
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The observations and computations of these results am giYCil in the volume of reC'ordf' here­
with transmitted. The ob:-;ervations with the portable instrnmenfa were made by Mr. Samuel 
"ralker, who assisted me also in putting up the other illi'-trurnenfa, aud whose skill am! intelli­
gence during the wliole work are especially commendable. Mr. Walker has had sole charge 
of the magnetic station since March 2. 

The services of Mr. G. D. Allen were eng<1f!:ed for the summer month,.,, and if necessary 
continuously, as observer, in place of )fr. 1Valker, when the condition of the climate t!lwuld 
render it necessary for the. latter to leave Key W esL Mr. Allen was iu:,:.tructed tborouglil;- in 
the use of the instrume1rts, and from bis skill and knowledge, accompanied with a zea~ous 
interest in the success of the obt!ervations, will, I think, prove a valuable observer for this 
station. 

I desire to express my warmest acknowledgments fur the a;;:-;istance rendereJ to me and to 
the survey, during the. progress of my labors at Key W e;;t, by Capt. E. B. Hunt, Corps of 
Engineers, and Mr. James Clapp. 

Diagrams illustrating the plan of the observatory and the mode of mounting the fixed instru­
ments are given in Sketch No. 23. 

Diagram No. 1 represents the plan of the observatory, the relative positions of the piers, 
and the general arrangements of the operating room. 

Diagram No. 2 represents the mode of mounting the dcclinomcter and hori~ontal force 
magnets, and the recording cylinder and clock for both. 

Diagram No. 3 represents the mode of mounting the vertical force magnet, and its clock and 
cylinder. 

SC.ALE VALUES FOR REGISTERS OF HORIZONTAL .AND VERTICAL FORCE l\IA<XXETo. 

Determination of .w~ale value of n'gistcr of lwriwufol force magnet. 

Angle of torsion •..... . ........ ~ ...................................... - 35° 07' 

Cotangent· • · · .. · .. · · .. · · · · · · · · · 
Sino ......•.....••••.•............. 

35° 07' log···· · · · · 
l" ................ . 

0.15:288 
GAG3i3 

Scale value . . . . . • . . . . . . . . . . . . . . . . . . . . . .. · · · · · · · · · · · 6. 61 G6:.! 

-----

K = o. 0004136 
----------
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SCALE VALUE OF VERTICAL FORCE MAGNET. 

Feb. 24.-Vibrations ef verHcal .force magnet in a vertical plane. 

I 

No. of Time. Time. Time. Nu. of I Time. 
vibrations. i vibratiuno I 

I 

h. m. 8. h. m. 8. h. rn. 8. I h. m. 8. 

0 4 41 06.0 4 44 53.0 4 48 4D.O 0 
I 

4 55 22.0 I 
2 21.5 45 07.5 49 0:1.5 2 

I· 
37.0 

4 36.5 23.0 18.0 4 57.5 
I 

G 51.5 "'"' r: ,J Lu 32.5 6 56 OG.5 

8 42 07.0 52.5 47.0 42 5 00 27.5 

10 22.0 4G 07.0 50 01.5 

12 :n.o 22.0 15.5 

14 52.0 36.5 30.0 

Hi 43 07.0 51.0 4 50 44.5 

18 22.0 47 05.5 
20 37.0 20.0 
22 4 43 51.5 4 47 34.5 

Feb. 24.-Vibrations qf vertical fo1·ce magnet in a vertical plane. 

Ku. of I Time. No. of I 
vibrations. . vibrations. i 

i 

Time. Remarks. 

------- -----· ------- -----------------
h. m. 8. h. m. s. 

0 5 02 14.0 0 5 29 33.0 

1G OG 00.5 20 31 56.0 
===== ======-~===== 40 34 18.0 

==!=== 
0 5 08 11.fi I 

40 5 }3 00.() {) I 5 39 02.5 
==------- 20 i 41 27.5 

40 i 43 51.0 
0 5 20 30 5 ----i-------GO 5 27 40: 5 ____ I ______ _ 

== ========== ! 0 5 46 16. 0 
20 
59 

48 
53 16.0 

These are different sets of vibrations. 
Moan time of one vibration, 14s.33. 

Mean time of double vibration in aver-
tical plane .............. · 14s.4G4 

Single vibration.·· ....... · · · 7s.232 
v:bration observed by the instant a cer· 

tain division of scale passed the vertical 
wire of the telescope. 
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Feb. 24.- Vibralion <ff i1ertical force magnd ·in a lwriwnfol plane. 

No. of I Time. 1 Heruarks. 

vibraticms. I ___________________ i 
-- ---------

0 

2 
4 

6 
8 

10 
12 
14 
16 

}i. fll. s. 

9 20 38.0 Magnet suspenr1ed by a hundk of "ilk fil1re;.; 

5G.O six feet in Jeng·th; torsion fi l'f't taken out 

9 21 14.3 by suspending a liar of lead !fl place of 

32.5 nrngnct. .Mag-net ;,;uspendl'd with all tli e 

50. 7 attachments it had 111 the vertical vibra-

9 22 09.0 ti OIL 

2"i.O The room in "·hi ch it \Yas suspended 'vag 

45.5 closed, so that no current of air could 

9 23 03.5} 
affect it. 

9 41 14.5 GO vib. Vibration obsernd by tbe instant a reflec· 

9 53 22 .0 l40 vib .. 1.ion from a candle from the mirror pa,;sed 

g 5G 23_7 }10 vib. a certain point on t1rn opposite wall. 

10 O.J 28 _ 5 }30 vib .. Mean time of single vi brntion = 08.090. 
I 

Complltation. 
~v Th2 
v - Tv2 Cot. dip X value of one divi:,;ion in terms of radius. 

Th = 98.090 log ...... · · · · · · · · · · · · · · · ·. · 0.95856 
Tv = 78.232 log ... ·· ..... · · · · · · · · .. · · · · 0.85926 

Th2 

Tv2 
.•.....•.................... -log 

0.099~l0 
----------

0.198GO 

Dip = 54° 39' cot ......•. • · .. · · · · · . log fl.85086 
Sin. l' ................. · . · · . · · · · · · · · · · . · 6.4631:{ 

. . . . . . . . . .. .. .. . . .. . . . . . . .. . .. .. . . . ,. ..... 6.51319 
1,' 

0.000326 
--------

343 
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Observations February 21.-Experimenisflff t!tterminin9 the temperature oo-efli.cient of the lwrizontal farce mtr9nei by Lamom'• method. 

[Uistance between centers= i2 feet+ 6.5 inches.] 

·~ 
Circle readings. 

l l t §. ~~ 
E• ·",.. I ~ = 

,::_~ 

~ ~ ~~ i ~! ~ 11 I A. B. I c. . r I ~ .~ , ! 
· 11 ~· ;;· i .. : ... ' .. :: .... : ... ' .. ::.! ... ~ ... ' .. :' . ., 47. , __ 

339 ,I 13300 GO ............. 1 ............. f 47.5 

I :1 43 133 18 40 18 50 , ............ 1 ........ 

1 

H1. F. j E. E. 

79 I :J 54 I 125 3-2 OU :J~ 10 '..... • • • • • .. 47 0 I 112 .5 1 w. E. 
4 03 l 133 20 20 20 35 1. ••••••••••• 

1 
47.l 111.0 i E. E. 

79 4 14 I }2.,) :3-J 30 :3Q 40 '••••n •••••, 1 48,Q 109,5 ! "r, ~. 
4 21 I 133 m w m 30 · ............ 1 

1 
10s 5 E. E. 

4 39 I 125 3'2 20 31 30 ............ , 47.1 I 106,U w. E. 
I I I ·' 

5 00 l 
[1 21 l 
J 27 I 

5 :tJ i 
5 441 
. 5 53 I 

8 17 

8 27 

ICE WATER PUT IN. 

125 18 30 

133 34 40 

12.l ;21 10 •••••••••••• 

133 40 40 , ........... . 

1-:2~ 25 5{) ............ . 

l:JJ :J!J OU ,. ......... . 

I 
245 1s oo I 
2;13 :l4 2-0 ! 

) 
20 50 j 

253 40 00 l 
25 10 I 

2.'>3 38 21) I 

' 

47.0 

4!L 

50. 

53. 

s2.6 I 

43.5 

43.7 

44. 

44. 

45. 

46. 

I w. 

I
E. 

w. 

I
'!; 

E. 

E. 

.~~~~.~~~~~~ ·~~~~~~~~~~~~ 

ICE WATER PDT IN. 

I : 
133 39 10 :. ........... i 

~· ~o I ! ~- 1 ............ 1 
39 40 ........... .. 

' 40 IO!··"········[ 

! i ! 
253 :l'J 00 i 52.0 i 39,5 I E. 

2'9 20 / ••••••.• i ........... E. 

39 50 I ....... .1. ......... 1 E. 

40 ill) ! 53,3 i 39.5 I E. 
I 1 

HOT WATER PDT IN. 

75! I 
133 27 00 i ............ ! I 

::~I IE. R 50 I 2._')3 27 20 : 99.5 

! 27 30 ; ............ i :37 3(} l 98.5 f E. 
: I 

29 3() i 2930 ............. 53.7 95. : E. 
, I IE. 76 9 'i' 29201 ............ i 29 20 ! 53.51 97. 

I 

771···-- .. ·1!• 13338301 ............ l' 
' 38 40 , .......... .. 

38 30 1······ ..... . 
77 ! ~l_~_o ............ / 

253 38 20 JI 52.8 I 47, ! E. 

38 30 ....... J ......... 1 E. 
38 20 ........ , .......... E. I

E. 
E. 
E. 

76.8 

77 

9 57 I 

I 
I 

10 01 I 
' 
I 

1020 I 

to 25 

' I 
3~20 / 5;1.5 47,5 I E. IE. 

HOT WATER PUT IN. 

133 27 20 ( ............ 1 253 27 00 52.8 j 98, E. 

28 00 /••oo "" .... , '11 30 ········1·········· E. 

;;!8201 ............ 27 40 ............ ·····- F.. 

28 20 ["""""'"' 
27 .'i() 53. i 97. E. 

. I I 
129 ;r, 00 

1 
............ 

1 
249 26 :;o 

1
........ ... • • ••••• ...... Magnet re· 

27 00 \.,.... .. • • • • 26 50 I moved. 
27 00 ,...... ...... 27 00 53. 

2110 
1
.. .... .••••. zi oo 
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E:rperirr.mts for delerminirig the lemptrature c<Hfficient of th• hvrizontal force mognet-ContinueJ. 

77 

77 

[Di.:;tance behvceu c-cntres = 2 feet+ G . .5 inches.] 

FEBRUARY 22, A. M., AT 9h. Sm. PUT IN HOT WATER. 

Circle readings. "" ~ I 

A. n. 
~ '1 

§ I z (', 

' " 
1~5 29 50 . ···•· ..... . 

29401 .......... !' 
29401 ........... ., 

2<JOOi ............ , 

-:-,-1-, ,, ' I • I 

29 4(l I 54.8 108. I w. w. 
29 50 I 
2940 1 : I 
28 50 54.5 i 10;;. 

ICE WATER PUT IN. 

10 26 l!l.311301 ........... .i 

10 35 

u 30 I, ............ j· 

11 20 , ........... . 

10 50 , ••••• ... ••,I 
I 

I I I 

I
' 10 461 129 26 40 " .......... . 

I 

:: :::::::::::: 
I ' 

10 56 I 26 30 I" ........ .. 

11 30 

11 40 

11 10 

10 50 

26 50 ! 
I 

26 20 I 
21l 30: 

26 30 I 

53.0' 39.8 w. w. 

I 
52.21 41. 

I 1 

5~. 1 · ........ f .... I M==~:d~e 
5

1.
0 I I I 

N. end east and magnet E. deiil.ects N. end of small magnet cnst. 

345 

Horizcntal force magnet C • .B. X. D.t'7'minatinn of the change of magnetic moment for io of temp. Fint U'J.. Ji'ebrr;ary 21, 1860. 

readiu,g. 
Mean fixed 

dee. readiug. 

-
____ l,,_T_im_•_·_,'. -N-·o_rt_h_•n_d_. 

1 

Mean circle 

----- ----

Hot. •••••. 

Cold ...... 1 

44 c 

"· 
4.0 

5,5 

E ........ . 

w ........ . 

w ........ . 

I
E ........ . 

133 20 21 

125 ;)2 12 

133 27 50 

125 21 35 

' 47.3 

47.3 

51.5 

49.9 

Mean U = 4° 001 42" 

Ua - uh= 12',25 

th - i. = oo· 

Dilf. ca::e~ cir-\ 2 u~ ---·· -~==-
cle reading. temp. 

--1----
133 2U 2l 1 

l> t If I II 

-412 

0 00 

\ 

7 48 OY 3 54 04 
125 32 12 

133 33 38 

110.4 

44.4 
-2 :J6 125 18 59 ------

I
I B 14 39 4 07 19 

• 13'. 25 1011. l.12222 

Sin l' Jog, 6. 46373 

Cot u log. l.15408 

66° co log, B.18()46 

I~. 6. 9ll0411 

13 15 66,0 
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Second •erit$, February 21, 1860. 

i i I I i 
Tirnl!. Mean circle : Mean fixP.d 1 Ditf. : Cnrl'ected cir- Di.ff.: or : Mmm temp.

1 

Ditf, or 
rea.Jing. Idec. readirig.I 1

1 

clc rca.dmg. u - U j th _ t
0 

I I ' I I i--h-. _i____ I I! I I " II--_-. ~ 1--··-1-----,------
Cold .............. i 8.4 j 133 39 3G I 52 39 •

1 

......... ;.. 133 39 3tl I 
1217 

39.i\O 
58

.
75 

Hot .............. / 9,0 I 13:1 28 2~ 53 4~ , -1 03 27 19 , 98.25 

Cold ........ """I 9,G 133 ~8 39 ' 52 39 I O 00 I 38 30 I Jl 
11 

47.2.) 51.00 

:::.::::::::::::::i ... ~~:~ ... : ... '.~~.~~-~~ .. i .... -~~-~~..l. ... ~~.'.~ .. !~33 :: :: I 11 00 97.50 50.25 

Maguet removed,., 10 .4 l 129 27 UO I 53 00 : -0 21 j 129 :i6 :39 I • 
I I , ---J I i I ,,=i 40635, 
' i , I 

J:JF.28 log. l ,089"JO 111.1s log. 1.01811 111.00 log. l.0·1139 
Sin l' Jog. Ci,403';"3 Sin ir log. 6 .4631'3 ~in l 1 log 6.46373 

CvLU log. l~ 143[)8 Cotu Jug. 1.143.Jt Cor.u lo~. 1 143.58 

.58° .75 co log 8.23099 .5lc .OU co log . 8.2\!'243 00" .2J co log. 8.29&!6 

6,9::!750 6 '94818 6.94756 

!I= 0,000846 q = 0.0()()8b7 q = 0.000886 

Third set, February 22, 1860. 

j Time. / Mean ~irde I' Mean fixed 1 Di.tr. ! Corrected cir- [ Ditf., (JT Mean temp.! Diff., or 

I readrng. dee readmg ' cle reading. 
/ j ' 

1 

uh - u, th - t0 

-------1--h-. - --.---,-,-, -1 ""-----,--"--/ -~-i-·--~-!l- --o--f----
llot .............. 1 9,7 125 29 31 I 54 39 I 0 00 j 125 29 31 i 

16 10 
106 . .5 

CoJd .............. 1 10.5 125 11 18 

1 

52 36 +:i 03 L~25 ia_2_1_/ 40,4 

Mca11 ) ! 125 21 ~6 j 

M~"~~-;;;~;~:r·;;:;· • ... ~;,;;,;;,; ·1 ···-;,;·;;, ·1 · --+:·:. j __ El!l-4-~-8-:--; 

16'.17 log. 1.20817 

Sin l' log. 6, 46373 

Cot u log. 1.14107 

66.1 co log. 8.17980 

• 
0.000983 = q log. 6.99277 

First set .................... , ....................... , .. • g = 0 .IJ00833 
Seco.nd series................ . . ... . • • • • • • • . . . . • • .. ... • . .. • ..... . . 0 .000846 

Do.................. ...... ...... ... . ....... ...... 0.000887 

Do ... , ......... , ... ., ................... ,. ... , • • • .. 0 .0008ffi 

Third set ....................... ., .. • • .. .. • • .. • .. • ., • .. 0 .000983 

Mean.,, ....... ,....................... . .... g = 0,000887 

A~ teu weight should be given to tlie first and third ecu, it will be be1ter to use g = 0 .0008S. 

66.l 



 

)ays, 

ours. i 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

2 

3 

4 

5 
() 

7 
8 

9 

10 

11 
12 

11. 
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Table ~f correc'.ionsfor temperature qf horizontal force mognet. Recor<lfor Jfrrrcl1, ISGO. 

- 'l. (i -1) 
::2 0 

12. 13. 14. 13. JG. 17. le. 19. 20. 21. 

------------ ----- -----

-0,2 

-0.4 

-0,8 

-0.8 

--l 0 

-1.2 

-1.3 

--0,2 

+1.0 
2.1 

:1.2 

4. 9 

6.3 
6.4 
6.5 
6.6 
6 s 
6.8 
7.0 

7.2 
7 .4 

6.9 

fi.4 

+5.4 

5.3 

4, i 

4.3 

:i. 4 

2.R 

2. i 
3,6 

4.3 

6.0 

8.5 
9,6 

9. 8 

9 9 

10.0 

10. 1 

10.2 

10,4 

10 . .5 

10.6 

10.5 

10.4 

10,2 

+lll.1 

JO .(I 

9.9 

g .~ 

9 . .., 

9.1 

9 .6 

10.8 

1:2,0 

13.~ 

14.4 

15.6 

16.8 
lG .::! 

15.6 

1.),0 

14 .4 

13.8 

13.2 

12. 8 

12.0 

Jl .4 

10. 8 

10.2 

Cl)rrectioat< rn :sl'ale tlidt:iio11~. 

+n.ri 
9.0 

e .4 
.. 8 

j .4 

i .0 

6.4 
e.1 
9.B 
ll .. 

1J,;2 

13.0 

1.'5.9 

15.!J 

15.fl 

15.9 

]5 .~ 

15.~ 

].),!} 

l.S.il 

}.).!! 

JG .0 

16. l 

16.2 

+rn:i 
H3A 

16.3 

lG.G 

Hi ti 

lfi.9 

l<' .0 

12.l 

l!J.2 

20.3 
-21.~ 

~2.4 

2:3.Ci 

:l~L~ 

2:2.9 

!!-1.0 

?2.:~ 

2:1.0 

:n.e 
:Jl.!:i 

21..3 

':Jl.:.-1 

21.~-I 

21.3 

+21.:1 
21.3 

21.3 

~L3 

21.:-i 

21.:3 

21.:J 

2:2.0 

2~.8 

23.;J 

2-1.·2 

23 0 

-f-2:l 4 

2:J.4 
23.4 

23.·1 

2::!,4 

2:1 4 

23.4 
2:J F-

2-t 1 
21.;) 

2-1.8 

2.).1 

2.J.G 

2.).fi 

2.».6 ! 

23.t3 

2.).6 

14.9 

H.9 

H.U 

1-1.9 

14.9 

1--l.9 

14 9 

14,9 

14.U 

14.~ 

1-l.I 

14.6 

-l·L!'1 

14. ~{ 

14.:l 

l·Ll 

lJ.ti 

]~l. I:' 

l:J .. 

13.4 

13.l 

J~.7 

El.4 

1~.o 

ll.7 

11.' 
11 .7 

11.7 

11 7 

11-; 

11. 7 

ll .7 

11 .7 

11.:! 

lU.7 

10.1 

--f 9 .6 

9.1 

8.5 

e.o 

7. 0 

5 4 

7.1 

7.~ 

F.5 

Hl.O 

10.G 

W.fi 

10.G 

10 .G 

10.fl 

10.6 

10.G 

10.6 

Diagrams 1 arid 2. Sketch Nu. 24, represe11L l1y ettrves the variations of the dedi1wtion and 
1rizontal force at Key West, from March 11, lSGO, to Mardi :21, 18GO. 
In diagram No. 2 the variations of temperature are represented by the cnrve marked tcmper­
ure, and curves are drawn to show the variations of the maguetic f'uree m: recorded and 
duced from the photographic sheets, and the Yariation>' aft.er liaYi11g been correded for 
mperature. 

Observation$ February 22.-Determinalwn of temperature coeJlident qf vertical.force magnet. ltrtical,.fora 1M[J1lll, G. B. x·111. 

79 
h. m. 
11 22 

PUT IN ICE AT l lh. irn. 

Circle readrng.s. 

c. 
1111 ~ ! 
~ 

122 14 LO: ........... . 
I 

i-t 20 I ;;2.2 

H to I ........ .. 
w. w. 

14 10 i .......... .. 

14 00 i ......•••... 

14 20 I 
14 10' 

1s.s I u 321 H ~-''_1._9 ____ 40_._o_ -·-------- _ 
---'-~-~~-----~·---'----

l!O 

P.M. 
12 3 

lll 141 

PUT IN HOT WATElt A.T llh. 47m. 

i22 17 rn 
17 00 

10 30 

16 30 ............ i 

J7 Ou 

16 &O 

16 20 

16 30 

.'Jl.0 114,V W . 

5U.7 111.0 

w. 
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Ohservatiom Fdlm~ry 22.-Determination qf temperature co~![icient of vertical fore. m7g"81!-Continued. 

~I 
80.21 

h..m. 

12 38 

12 17 

80 J 18 

J 25 

1 31 

1 40 

PUT IN ICE .A.T 12h. 24m. 

Circle readings. e ~ 

I 
.!. 

.5 > ~ ~ § 

!~ 
1

1 ~J ~ E" --~- n. f __ c_. --1--~-- ~ ·= _!_· -:---=--~--
., J 'f D I II i 

122 12 00 1 ............ 1 

12 20 I······ •• ···1 
12 30 II ....... ·~·· 
B 20 ........... . 

12 10 I 
12 20 

12 20 I 
rn 20 

50.0 36.5 w. 

49.3 36.5 

PUT IN HOT WATER AT lh. 0511" 

11:>.5 w. 122 w 30 [ ............ ---;~~T-~9~0···· 
16 00 . .. • • . • • •••• 16 00 I 

15501············ 16001 
16001............ 15 50 ! 49.1 ll4.0 

w. 

129 21 10 ! ....... ·····11 
20 50 1 ........... . 

20 40 ! ....•.•.•... 
20 30 I·· ......... ., 

moo 
20 3(1 

20 3(1 

20 20 ! 

49.0 
49.0 

49.0 

' • •• • • • •• ..... · 1 M::::..:"· 

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

BO 

80 

BO 

J 15 / ........... ·I· ....................... J 

305 1361Y30

1 

............ 1930

1 

19 20 .... •.•• .... 19 00 

19 50 '...... ...... 19 40 

3171 1650! ............ j 1950, 

ICE PUT IN. 

_80 ____ 3 -37 -;;~-~: f :~:-::::::: 
7Y.5 3 45 

23 30 I .......... . 

23 40 I···· ....... . 

50.0 
50.0 

49.9 

50.0 I 
50.5 I 

110.0 

10.">.0 

103.0 

35.0 

35.5 

HOT W.A.TER PUT IN. 

79.2 3 59 

79.2 4 07 

79.2 

79.51 

-~-·-

I 1 10 I 

I 4J 
I 

136 20 10 

20 20 

20 10 

19 50 

19 50 

20 Oil 

19 40 

19 40 I 

PU'r IN ICE. 

136 24 00 

23 50 

23 4U 

23 40 

129 514401. •.••••••••• 1 

24 20 / ............ ! 
24 40 1 ............ 

2500i···"··· .... 1 

23 50 

2340 

23 30 

23 30 

I 

24 20: 

,!4 00 I 
~4 3f) 

24 40 I 

50.7 112.0 

51.0 lll.O 

51,0 38.0 

50.5 39.0 

50.7 [··· ....... 
I 

51.l I 
I 

E. w. 

E. w. 

E. w. 

E. w. 

...... Magnet re-
moved. 
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Vertical force magnd, C. B. Xlll.-Determinatim of the chang" ef magnetic moment for 1° of temperature. First series. Peb. 22, 1860. 

T.me. 

------- ----- i 
i ,,,_ 

Cold ••••••••••••• I 11.1 

~:l~·:::::::·::::·I :~.~ i 

Mean circle I Mean fixed ! 
reading. Idec. reading.·---·--

Diff. 

111 /Ii // : 

1~2 14 13 I 
12'] 16 44 ' 

12-2 12 18 ! 
io0 16 04 I 

i 

52 03 

50 51 

49 311 

49 OJ 

+ l 1:2 

i +::? 24 

' + 3 00 
Hot. •••••• : .. ··"/ 1.4 I 
Mean .•••••••..•. ,1 •••••••••• j ••...••••. 
Magnet removed,· I 1.6 I 129 20 42 49 00 + 3 03 

u = 

Corrt!C'V'd C"ir­
di; reading 

122 14 I:l 

1~:1 17 56 

1:?2 14 4:1 

12"2 19 04 

12-2 16 2~ 

1:29 23 4Ci 

7 07 15 

i 
Iliff., or i :Menn t{'mp. 

U1i-· Uc ! 

J 4:J 40.1.'l 
i2.:~5 

!4 
11·!.:)o 

3G •. 'JO 
76 .00 

4 22 11 {, 75 lt'.2.) 

I 
-------~-----------'------'----------------- ---------.------

The change of magnetic movement for F', viz: q, 1s found from the formulm­
- (111, - u) sin 11 cot n q - ~-----·----- • 

ib-fc 

31,12 log. 0.570.51 31 ,:23 log. 0.509-20 
8in l' Jog. 6.46373 Bin 11 log. f).46:31:.-1 

Cot u Jog. 0.90:J:l4 Cotu log. 0. 9t:l:l4 

7'2& • 35 arcu Jog. 8.14056 76° .00 cu lug. 8, 11919 

'1 Jog. 6.07817 '1 Jog. 5. 99.546 

q = 0 .0001197 'l = 0. 0000990 

4'.37 log. 0.6·!0·18 

Sin I' log. 0.46:~7:J 

Cot u log. 0.!00:134 

78c .25 cu log. 8.106~2 

g Ing. 6.114-07 

'l = 0. 0001300 

Vertical.force magnet, 0. B. XIII. Second serie.s. Feb, 22, 1860. 

Time. Mt!an cir<"le 
reading. 

I M<:>an fixed' 
Idec. reading. 1 

Ditf. ~Corrected cir-
1 

clc readiug. 
Uitr., or 
!4'.-U 

: Mean temp. I 
! I 
'--~---1 I ! ------ -----

: h, II ! i fl ! 
Hot •••••••••••••. , 3.2 i 136 19 34, 49 57 ,., .......... 

1 

Cold............. 3.7 1 136 23 24 1 :;o 15 I - o 18 1 
Hot . • •• • • .... •• .. 4.0 j 136 19 58 : 5~ 51 ! - O 51 

Cold ••••••••••• 'I 4.4 / 136 23 43 / 50 45 I - O 48 

I ' I 
Menn ••••••••••.. j •......... 1 •••••••••••••• : ••••••••••• ,1 ••••..•••••. 1 

Magnet removed .. , 4.7 I 129 24 31 50 54 I - 0 57 I 

I i u = 
----~---~-----

136 19 34 

136 !.?:! 06 
136 ]9 04 

136 22 [).5 

136 21 1-0 

bl9 23 34 

6 57 36 : 

• 3'.5:J log. 0.54i77 4'.03 lttg. 0 B05~ll 1 •.85 
Sin 11 log. 6.46373 

Gotu Jog. 0.91337 

Siu 11 lug. 6.46a73 I 8in 11 

I 
Cot u log. 0.91337 Cotu 

68". 75 co Jog. 8.16273 76• .25 co Jog. 8.11776 73" .00 co 

a :t2 

4 02 

3 51 

log. 

Jog. 

log. 

tog. 

104.UU 

35.25 

111.56 

38.50 

0.58546 
6.4637.3 

0.913'17 
8.13668 

'l .......• , ...... 6.08760 

'l = 0.0001223 

q .......... log. 6 100L7 

q = 0.000Ul5!J 

'l •.•....... log. 6.09924 

rz = O.OWl257 

FlrstF:eries .......... ···~·········"· ........ q = 0,00011971 
Do.. . . . • • • . . . . . . . • • . • • • . • . • • . . . . .. • • • . . . o. 0000990 r o. 000 nm 
Do ......................... :... .••••••• 0.0001300) 

Second series •••.••.•••• " ••••••••••...•.. •. · · 

Do •••••. -~···· •.•••.•...•.........•. ···• 
Do ..................................... . 

O.OOOJ'l'23} 
0.0001259 0.0001246 

0.000l:l.J7 

Mean ............................ '1 = 0.00012 

I 
I 

D1tT., or 

th - IC 

68.i'.J 

76.!l'J 

7:3.00 



 

. 
350 REPORT OF TlIE SUPERINTENDENT OF 

APPENDlX No. 27-. 
Description qf the magnetic station at Eastport, JJiaine, by Assistant L. F. Pourtales. 

COAST St:RVEY OFFICE, October 23, 1860. 
DEAR Rm: In complianr.e with yonr instructions, I visited the magnetic station at Eastport, 

Maine, and have the honor to pre;;;ent now the following: description of it. 
The site of the station was selected u:r Assistant Geo. ,V. Dean in the foll of 1859, and a 

small woodt,n i'tructure 1Yas erected Ly him on the spot. 
It is situated neaely in the centre of the parade ground of Fort Sullinrn, in the town of 

Eastport. The formation on which the fort standil is tr~p, mostly covered with a thin laye1· of 
earth and grass, hut the f'nrfacc iH liare in many places. It is a pm·t of uneven plateau extend­
ing over the island, which here falls off quite f'teeply to the cast and south. The parade 
ground i;; surrounded on the west, north, and cast by buildings, all of wood, except a maga­
zine, which is built of t'tone. On the south a clear vie'v ifl afforded over the towns of Eastport 
and Lubeck, the harbl:li, and Campobello island and Grand M:anan. The height is about one 
lrn11drc<l and twenty feet aboYe mean low 'Yater. A plan of the fort, showing the exact posi­
tion of the magnetic station has been deposited in the archives. 

In December, 1859, )lr. G. B. Yose, who had been assigned to take charge of the station, 
(and at the same of a self-registering tide-gauge,) proceeded to Eastport •vi th the instruments, 
consisting of a magnetometer, theodolite, dip circle, chronometer, sextant and artificial horizon, 
self-regi~tering tide-gauge, and a set of meteorological instruments. · 

The little structure put up by Mr. Dean was found too sm:rll to bold at the same time the 
magnetometer and dip circle; it was, therefore, enlarged by Mr. Vose, and is now eighteen 
foet long from cast to west, with a breadth of ten feet from north to south. The dip circle 
stands in the N,V. corner, and the magnetometer in the SE. corner, the distance of the instru­
ments from each other being 14 feet G~ inches from centre to centre. Windows admit the 
light to each of the iiistruments, and the building is entered by a door on the west side. The 
material used in the construction is one-inch pine boards, and the roof and sides are shingled. 
Of course no iron is used in any part, all the fastenings and nails ueing copper or zinc. 

The steeple of the most eleYated church in Lubeck serves as a meridian mark, it is about 
three and a quarter miles distant, .and bearn 31'.8 east of south, as was found by observations 
of Polaris, near elongation. At first Mr. Vose used tho flag-staff on Campobello island, and 
afterwards a flag-staff at Lubeck, for a mark, but both are inconvenient. 

The latitude and longitude of the station have not yet beeu accurately determined. 
The magnetometer was constructed in Washiugton by Mr. W. Wurdemann. The magnet 

box and suspension tube are made ia, the form usual for portable instromen(j, and placed over 
the ceutre of the azimuth circle. The telescope is supported on inclined pillars connected 
with the alidape. Tl10 circle is six inches in diameter, and reads to thirty seconds by two 
verniers. The collimator magnet A is St inches long, and 1li0 of an inch in diameter, and 
light enough to be suspended by a single fibre. The scale is divided on the glass at the north 
end of the magnet. This magnet uot \Yorking satisfactorily it was replaced in October, 1860, 
by another of the same dimensions. Magnet B, used in the deflection experiments, :is 2f-c of 
an inch in length, and T\- of an inch in diameter. The deflecting bars are on Lamont's system. 

'fhc dip circle is by the same maker. The circle is 5~ inches in diameter, and supported on 
columns outside of tho glazed box. It reads to thirty seconds by two verniers, and carries two 
microscopes which are pointed at two small holes in thi! needle. The azimuth circle reads to 
minutes, and is also 5~ inches in diameter. The needles, numbered 1, 3, and 4, are 9~ inches 
in length, aud the reading points are 7~ inches apart. 
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The routine of the work is to make observations .on four days in eYery montL, general!.'' tlic 
fmnteenth, fifteenth, Rixteentl1, and seventeenth. Ohservatious of declination an: made half 
hourly, from six o'clock a. m. to three p. m., or until the diurnal motion of the needle has 
becomP- retrograde. In the intervals observatimrn for dip are rnade witl1 t\\-o needleB, four sets 
with each, in two of whieh the poles are reversed . 

.After three o'clock observations for horizontal intensity are made. first liY dicfleetiolls, the 
magnet A_ being used to deflect magnet B suspended, and fifterwards liy vibr;tious, the time of 
two hundred of which is recorded. • 

From time to time the vibrations are made with the inertia ring 011 the magnet to determine 
the moment of inertia. The torsion is always ubserveu before aud after t lie vibrations. 

The magnet A. being found to change its maguetie axis, obserYatio11s for deterrni11iug the zero 
of its scale were made before and after the other obsen·ations. 

Very respectfully, your obedient servant, 

Prof. A. D. BACHE, LL. D., 
Superintendent U. S. Ooast Survey. 

APPENDIX No. 28. 

L. F. POURT.ALES, 
Ass1«stant U. S. Coast Suri:ey. 

Continuation ef tlte Zut of mog.,d.ic 8ialiom a1ld rnulJ,, giwm in Appm.dixu No. 28, Coast Survey R~port ef 1856, and No. 24, Coast Survey 
RepMt ef 1858. 

'5 f ef. 
r , ~~ !I ~ H ii 
l Name of station,_ ::: = - .c Date. 

.,: ! a) ~ ~ ._§ I _:: 1= 

~ \ I § ·~c"S I! ~ l . ~ ~ ~ 
= t ' ~ s ~ I ·= d I' ZI 1~1..: I~ 0 t::: 
--------------1---j--- ---------

Locality! geology, ant.I remarks . 

1 ! ' I ' ! i l 18.39. 

186 I Cbamcook, New Brunswick •. i 45 07,5 ii 67 04.6117 35. 7 76 09.4 3.2~ Oct. 13-20 ' 8tt~iiY~l~::;f~~~i~~~~~~~;~(~~~:~::~~ 

I 'i ' 1, t k I I k I A f car c:o oret. trnp roe~ j on t w east sine o 
I [ j !\1::n~.10untaiu Uiere is metamorphic ~and-

l87 J Howard, Mc •• •• • .. , : 44 37 i ! 67 23 4 ! 18 31 6 75- 36 l 3 45-4 Aug. 9-13 · Th(' magaetie t"tation fa abo•.t 2.50 metres in a 

I 

. • • • •, ... • \
1 

. i! , i
1 

, , • sou~hwesterly direetion fwm t1H· gf'o~f'fl<' 
:etatwn. Th.l' geolodcal formation i~· elrn:ily 

· snpenti11e rock ,wiUi frlf'quent t:J~·kes ofirrecn-
1 I i stone trap nmning in the dir.ctior" NK and 

l88 Western Ridge, Me ........ , ••• 

1 
44 59.2 II 67 27.5 l'.' 16 3L9 ' 75 '20.3 3 .. l7,J Sept. 9-15 : s:ti~~U:oout 49 metres from woth•1ic ~U\tion, 

l j ;~~.~~i~~tt~~~~~~~rill~·tc~i~t;~~;~~J{~1t~1 if~i~i~; 

I 
appears to b-e fch•pntbi.c granite, covered with 

1 a light. snil. 
189 \, Que!Jee!, Canada .... o ........ 1 46 48.41· 71 l4.5 l l617 77 17.5 2.9~1 JulylS,19: Stationm~ar \.\'"olfo'smonument,ontnePlai.rts 

of Abraham~ 3bont aoo 1"t~N r;:outll and e!lst ot-

1 
1, thP m01111mem. Tiit' gl:'uJogi('al formation 

appcurs tr1 be black ::-late. 
190 I Montreal,Canada ........... 45 30.5 ! 73 M.9 [.~~ •••••••. 76 51.4 3.111 July 20. Station\'\'ithl11thee11eJ-0~ureoftheMcGiJl Uni~ 

\·n1'itv irrt1m1.d!,', :Ki fc-N from the ~outhern 
g:itc. · The gcologica.l formation seems: tD be 

1 1 i black ~late. 
9(b)I Bowdof:n Hill, Portland, Me .. · 43 38.8 70 16.2 12 20 3.45-6 July 15 ; Nl'ar tlw triJ!Onorn_i<'11.1 ~tmion, Bra111h8.H, witb.m 

I the grounds ot Idr," J. B. firnwn'l"I ei;;:;tate. 
1 D-rift, t'"oar~e graveL Same 8Wtion as ht 1851. 

I6(b)j Kiuer-y Point, Ponsmoutb. .•. 43 04.8

1
70 4'2.7 11 lJ 7J 0-1.2 J.496 Ju. 14 1 S1h~1: ~~~t~o~;ie"';: t~~t~!;(~~. A~~~rl~~~~?i'/~~:i~~f' 

lY(b)jl Plum Island, Ne~buryport... 42 48.0 70 48 . .'.> I 10 58 74 52.9 3.52~ July 13 su;~i1~::.11-e~!.~~~~ ;;~~~;~~l~]~a~~}et°as~~lluwi:ih 
191 Ipswioll, 11................. 42 40.B 70 49.s j 11 11 11 :17.3 J,598 July 1~ i T~~::~n~~-J'~~~g~~~~~~~i~~,'::!~1~·~~~1:!~~ 

" J , 16 ft:et from Hie street. Spmi1e. 
!lO(b)I Anni• Squam, Cape Ann...... 42 39.4. 70 40. '.......... 74 56.l 3.{>89 July 11 At the villag~ ~olu, bill about JOO feet lntrh. 20 

. f:~e "h':~rd~;.~h' ftag 11alr. Syenite rocks; 
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UST OF MAGNETIC STATIONS-Continued. 

---------------------------

~ . 
""" :;.~ : 

~ ~§ ·~ 
~ = ·~~~ -~ i .~ ._, .E 

Name of station. 

- ' ' - ! ~ 

~1------------1~_-'"" ___ I~ 
I i 0 I ! 0 ' f 0 I 

19"2 ) Rockport, Cape Ann •.••.•••. ! 42 39.6 ~ 70 36.~ r 11 37 
i I I -

JY3 : Thompson,C.ape Ann .......... 42 36.7 70 43.5 11 09 

il(b)I Beacon HilJ, Gloucester........ 42 36.4: 70 38.4 12 03 
I . 

194 

105 

196 

197 

Rutland, Vt .................... ! 
Deerfield, Mass •••••.••.•••.. J 

Chesterfield, Masi;; ••••••••... 

flpringfielcl, Mass ............ , 

198 I Hartford, Conn ••••••••••••.. 

16..'S (c) i \Vnshingtott, D. C ., Coast 
j 81irv(•y Office. i 

199 ( Smithville, F<>rt JQhnson, N .c.1 
200 

201 

!lOJ 

204 

1 
Port Royal, S. C ........... · •. I 

I 
Missi5:sippi City ....... , ••••.... J 

Southeast Pasg, Missiflsippi 

1

1 
dcltn. 

• Culiitt ................ ~ ······1 
Passe il Lout re ........... ·• •• 1 

i 

13 36 

4~ 33 

42;14 

42 06 

41 46 

38 53. 1 

33 55.0 

3"l 17,7 

30 22.9 

29 04.6 

29 09.8 

29 J0.81 

72 55 9 49 

7:? 36 g 25 

72 .51 8 54 

72 32 8 39 

72 40· 

77 00.2 

Eallif. 
78 00.8 0 38.1 

80 38.4 3 04.1 

89 01.U 7 lH.8 

89 02.5 

89 13.5 7 3L.8 

8-0.3 "'i 30 

75 OG.9 

74 30.4 

74 45.6 

73 19. 8 

74 35.3 

74 21.2 

74 14.9 

74 07.4 

71 24,4 

66 17 .1 

64 07 .5 

58 45.3 

58 54 

5t-i 47 

·-----·-

I 
Date. I Locality, geology, and remarks. 

_/_._ 
!ML I -

3.529 July 11 1 At Allen's Head, west point of Old Garden cove; 
! 130 feet from extreme point of' rocks. Syenite. 

3.674 July 

3.64.5 July 

3 464 July 

3.6171 July 

9 : Primary triangulation sta.tion, near Gloucester. 
I Granite. 

8 Station on the higbe-st point of the hills, about 
185 feet above the sea level, near tbc station 
of 1849. The whole region consiI!lts of syenite 
ledges, rock:.'l, and boulders. 

21 ln au open.-lot, 11car the new post office and 
ha.Ok. Alluvium, limestone, und slate. 

23 , Station on tbe JluUlic square in the village. 

3 .667 Jury 25 On .a Jedge of granite rock west of the three 

I 
Red sandstone with drift overlying. 

ehurrhe"', and nearly opposite Taylor's inn. 
26 Station in an open lot, corner of Chestnut and 3.691 

3 716 

4.307 

5.2:m 

6.178 

6.403 

6.375 

s.39o I 

I 

I 
East "'..,. orthingLon titreets. 

27 St:ati-on in the new park, Rhont brtltway bc-

~i~~~~~;t!~ ~~~n;~f.~~!J ;::)~~:~~dl1cohe;!~~~ 
July 

July 

from river, Slate and alluvium. 
Junc2'2~23, I har~1e Fitation as -Occupied m 1856.. [In Appen-

and l'uly du: No. 24, 185?:!, Report, read l:&:iG for 1858 
29, ;m. for thi~ .station.] 

May a..5 1· Tt~9.2~~!~~!! 1?~~1~e':~;t:1~~ d~~er:tt~~11f~~~: ~~~ 
geodetic station. The soil is cbiedy sand. 

Jan. 31 to At tll~ astronomic:::nl station, southweJ>t end of 
Feb, 5. St. Helena island, mouth of Beaufort river. 
1855. I 

Mar. :27-30 I Identical with astronomical station. It is situ­
ated on n ridge of alluvial sea sand; the a.ti· 

1 joining country consi~ts Of pine barrens., soil 
1859 .• I tiein!?stitfred clay. covered with sea sa11d. 

Dec. 21 ! 'Gernletic :statioH. Sufi alluvial soil, blue clay, 
: cov~red with a thi 11 hard crust when dry ; 
: ~round vt:ry unsteady • 

Dee. 15-16 ; Near geodetic station. Alluvial soil, blue-iiard 
i clay, overgrown with short t.hlclt gras51. 

Dec. 271 Near mud lump I<'. Soft alluvial soil, blue 
clay, very unsteady; 4!overed with thin crust 
when dry. -

APPENDIX No. 29. 

Result• reporlld from the observat,icm matle b11 A1.ais!.ant Oharlu A. &lwlt, for magndU,, d<'Clinatilm, dip and Jwrizmdal, inietUify, on Oape 

Cod pMimma, L:mg I:Uand, and /Ju cr>tZ8l of New Jersey. 

No. Locality. Date. 
I 
f Latitude. J .. ongitude. Declination J 

west • 
Dip. 

intensity. s1ty. I Horizontal 
1 
Tota~ intcn-

. c~----·1-----1-----l---·----- -----

• [E6(). 1--0 -, o I o I • I 

1 Provincetown, Cape Cod •H•·• ....... ····~· September 14, 1.5... 42 03 2 70 10.8 11 23.5 74 09. 7 
2 Wellfleet, Cape Cod ......... , ............. September 12, 13. .. 41 56. 1 70 Ol.5 10 43.5 74 20.2 

3 Chnthamligbts,C~peCod ................. BeptemberlO,ll. •. 141 40.2 69 56.6 11 11.6 J 73 46.2 
4 Sag harbor, Lo11glsJand •••••.•••••••••••.. 8eptember4,5 ••••• 40 59.9 72 J7.1 8 '¥1.7 7:1 20,9 

5 ~'iroisland,W.endofbase ................ :septemberl,2~ ..•• 40 37.8 73 12.5 7 45.7 I 73 00,!l 
6 M-0unt Prospect, Brooklyn .................... ! S-eptember20,~1,:!:.!j 40 4-0.3 73 57.7 6 44.0 I 72 40.8 

7 llarnegat\igbt,N • .J •••••••.••...••••••••• r·' August25, 26 ...••. ) 39 45.8 74 06.0 5 ~.O I 72 05.3 
8 LongBcoch,N.J ......................... ( August21,27,28 ..• 39 32.0 74 15.3 5 18.5 71 58.5 

3.656 
3.638 
3.744 
3.903 
3.900 

4.052 
4.108 

4.156 
4.205 

13.396 
13.47" 

13.3113 

13.620 
13.341 

13.610 

13.357 
JS.431 
)3.452 

13.446 

9 Absecum light, Atlantic city .••••••••••••• ·I August 2-2, 23,..... 39 21.8 74 25.0 4 M.O I 71 47 ,0 

_ {~Aug. 16, 17, 18, 20, } , 10 Wastungton, D. c., Coast Surv.ey Office 38 53.l 77 005! 2 26.7 71 15.9 4.319 

·--- -----·~ 2_ .. =·-s_e_p_'.·. m_,_26_. ·_·l__ ___ _!_ ____ .!.._ __ ~ __ .!...._7 .. ~~ ....... _:, ____ _:__ ___ _ 
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APPENDIX No. 30. 
Extracts from Ute report of Sub-Assistant F. W. Dorr, de.~criptivc af tl1e c-0a8t featurei; · 11ear St. 

Aug11sti11-c harbor, Fl.a. 

BosT•3N, .April 24, 18GO. 
Sm: 

* * * * * * * * * 
The outside beach, both abDve and below t~ entrance to St. Augustine, is of sand, backed 

by a ridge of sand hillR from fifteen to thirty feet in height. TheRe sand hiUs, and, in fact, 
most of the solid land between them and the inside marsh, are covered with the small scrub­
mik and low palmetto, the whole gro"·tli being absolutely useless even for firewood. 

The shores of the various rivers are mostly marshy, with occasional hammocks of firm land, 
the whole country, back to the woods, being intersected by a perfect net-work of creeks. The 
marsh is in most places quit~. soft, and the creek;:; often so interlaced as to cut it up into 
numerous small islands. 

St. Augustine is situate<l on a narro"T neck of firm land befr;-een the S't. Sebastian and 
Matanzas rivers, and even this is divided in part by a stream call-ed the lfaria Sanchez creek. 

Anastasia island has much marsh on its western or inside shore, but the middle and eastern 
portion of the island is compoRed of alt.ernate ridges and valleys, some of the hills being 
entirely of sand, others having a>l their ground work a peculiar conglomerate of shells, lime,· 
and sand, called "Coquina." There are several old quarries in the middle of the island 
whence t.his -coquina has been taken in the old Spani.sh times, for it has sel'ved as material for 
nearly all the buildings in St. Augustine, as well as the fort and the sea-wall, which forms the 
water front of the city. The higlier land on Anastasia supports a growth of rather diminutive 

pineL * * * * * * * * * * * 
The outside beach north of the entrance is sandy an<l remarkably straight, rising from the 

water into sand hills of various heights., one, the highest on the bank of the Guano river, 
being nearly fifty feet above the level of the sea. The country between tl1e Guano and north 
rivers is low and mostly wooded. 

The sand hills referred to are in most cases covered with a long stiff grass, which would be 
sufficient to prevent them from undergoing any serio'us change of posit.ion, except in the event 
of a succession of very heavy easterly gales. 

I think, however, that the sea is encroaching, but so gradually that years must elapse before 
any change of importance results. 

The shoals near the bar and entrance are greatly affected by the winds and tides, and alter 
perceptibly from one month to another. 

Yours, very respectfully, 

Prof . .A.. D. BACHE, 

Superintendent Coast Survey, WaB!tington, D. 0. 

45 c 

F. W. ~O.RR, 
Sub-Assistant Goa.st Surve11. 
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APPENDIX No. 31. 
Re:marks on Charlotte harbor, Fla., u:ith sailing <Iirections for entering, and oilier extracts from 

tlte rt:port ef Lieut. W. R. TerrilT, U. S. A., .Assistant Coast Survey, relative to the comd 
between it and Tampa bay. 

GEORGETOW:\', D. C., April 20, 1860. 
DEAR Sm: 

* * * * * 
The deepest water at the entrance of Charlotte liarbor is clo8e to the shoal making out fro~1 

the southern point of Gasparilla islaud, au<l on it the water breaks in ordinary rough weather. 
In tlie pass, and close to the shore of Gasparilla island, the soundings give ten fathoms, and 

from the bar to this point the range is from t\rn and a half to ten fathoms. From the pass up 
to Punta Gprda (near the mouth of Peas creek) vessels can carry two and a half fathoms. 

The bar is nearly five miles out from the pass, and shoals up very rapidly. There are two 
parallel shoals running out and cormectirig ·\\'ith the bar; one from the southern point of Gaspa­
rilla, and the other from the northern point of La Costa island. The general direction of 
these shoals is south·west and northeast. Inside of tlie bar, 1rnar the pass, and just north of 
the La Costa shoal, is a second small shoal, with one and a lmlf fathom at the shoalest part. 
Inside of Boca Grande is the anchorage, and on entPring an excellent harbor of refuge ·will be 
found for vessels not drawing over twelve feet. A bar and a charmel buoy should be placed as 
guides, and a light near the Coast Survey 8ignal on the southern poiut of Gasparilla is1anrl. 
would enaLle a vessel to enter at nigl1t. At anchor under the lee of Gasparilla or La Costa 
island vessels would be safe from those destructive wesie1 ly gales which sweep the coast. 

Sailing directions for entering Charlotte harbor.-Keep in five fathoms water until the Coast 
Survey signal or the southern point of Gasparilla island Lears northeast, then steer northeast 
liy east, one quarter east, and cross the bar with two fathoms and a half of ·water. 

~- * * * 
That portion of Tampa bay thrnugh which I have passed seems to be favorable for triangula­

tion and topography. 
Sarasota bay is of the same character as Charlotte harbor from Boca Grande to Bocilla Pass. 

It ii" from fifteen to twenty miles long, and from one to four miles broad, and inter."persed with 
numerou;.; ,;mall mangrove keys. The depth of 

0

water is only about eight feet, and the snnd 
aud oyster bars running out from these keys render the clrnnnels quite tortuous. The "Pine 
13luffs'' between Sarasota and Gasparilla present the appearance of a dense forest.. The shore 
is almost a straight liue of sand beach. * * -r.-

* * * * 
I am, sir. vcr.Y respectfully, your obedient servant, 

WILLIAM R. TERRILL, 
l8t Lieut. 4th ArtiUe~·y, Assistant Coast Survey. 

Prof. A. D. BACllE, 

Supt. U. S. CnaM SurveJ/. 

APPENDIX No. 32. 
Exfracfa from the report qf Suh-.As~sfant N. S. Finney, descriptive qf tlie coast and rivers qf 

Florida south f!f Ceilar keys. 

DEAR Srn: 
* * * 

The principal rivers included within my surveys in 
seaso11t-i an' tb~ "'\Vac\:'.a!lsasi;a, the Withlacoocl1ee, the 

BRUNSWICK, GA., .1.lfay 15, 1860. 

* * 
this section dul"ing the past four 
Crystal. the Homosassa, and the 
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Chassahowitzka. All the anchorages in the hay,,; and near the mouths of these rivers have 
been carc1l1lly 11otcd upon tho map!'. The chaimels also leading into tbe rivers were staked 
out and traced upon tlw slJCcts, mid tbe regular survo;· has lJeou oxternled from one to three 
rnileR up the rivers. A recormaif<sance of the \Yaccasf'assa and \Yithlacoodiee rivers was made 
by .Assistant Ilarri;.;on in lS!iH. Th<' Cryshil river does llOt extend mon:' tLan t"·elve miles into 
the interior, and bends in a small pond filled ,\·itlt Yery deep 1'pri11g-:<. It i:-:. properiy an arm of 
the sea, and is brackish throughout. Tho channel leadillg into tlie riY(~r i,;; 11arrow, shallow, 
and crooked. Vessels drawing five feet can get in at high n·atcr, and after g:ettinf!,' over the 
h-ir find ten feet water to the head of the 1·iver. The laud on each side is lo\\· a111J nmrsl1.'". and 
valuable only for its cedar, larg:e quantitie,,; of which are exported to FranC'e and En,Lt·laud for 
the manufacture of lead pencils. Snme portions of tlH' hammock lands near the coast an• n•ry 
rich, ::rnd produce fine c<ine, <"Orn, aml cotton. Tbc forest>' arc filled with a great varil•ty nf 
g;ame and wild animal>', as the hear, panther. and deer. 

The whole coat-:t from Cedar ke.'·s t~ the .A nclote kPys, and for ten rnile8 into t lie interior is 
a wilclcrnesi', ·with the exception of a few small ;;ettlcment~ near the head:- of the ri\·er>', and 
one calkd B<1yport, directly on the Gulf. The C\ia,sabowitzka rivPr is 11ropcrly rm arm of the 
l'Pa, having lo"· mar.shy banks. and shallow bracki.,,11 water. Lar~e qnantitic" of cedar are 
<.'Xported from it;.; vicinity. The Horno:-:as:,;a lias a better chaIJnel. At high tide -,;essels 
dr:rn·ing six feet can ascencJ tlie riYer tn a point tliree aud a half miles from tl1e mouth. H i>< 
<iL"D au arm of tho Gulf, and extend,; up about <'-ix mile,. frmn the coast. 111 character and 
<-1ppearance it is precisely the same as the Cr:n;tal riyer, alread_,. rwtict>d. 

-::- * 
"\Vitb respPd, your obedient Rernrnt. 

Prof. A. D. BACHE, 

N. S. FINXEY, 
S'd1-A.ssistant Coast Suri-ey. 

Supt. U. S. Coast Snr?:t>y. 

·---·-----------

ArrENDIX No. 33. 
Hxlractsfrnm tlie rrporf qf Su71-A.s8i81ant TV. S. (;t"lbcrf 1·clati'l:c tu Ilic topoyrapliimlfeature.~· o/ the 

sltores ol S<J.n Antonio and Aransas buy8, Tcxat>. · 

J .. u\MAR, Tcxa·'\ .Aug11.st 8. l 1'GO. 
DEAR Sm: * The isand mounds on the \Yet<tern <'ilk of 

8:m Antonio bay am conspicuous from their height, i<eYeral of them reaching au elevatiou of 
sixty feet, an<l the whole occupyi11g a. space of about a square -.11ile, ccffen:d by all uudergrowth 
of sweet bay-trees and live-oak, "·hich gives to the ]oca!ity the appeara11C'e of bein,e:· heavil.1' 
wooded. The country between San Auto11io bay and the head of St. Ch:nles· s haY to within 
three miles of its entrance is sµarsely covere<l by treei:;, pri11cipally li\·e·oak. Th.e scattered 
'' motts '' within the same Jim its afford a refog:e for tho wild auiimds that iJJfost the country. 
Panthers, tiger cats, aud mustm1gs nre said to abound. 

The shores of St. Clrnrlei::' s bay are generall.Y higb, but occai:;ional points of marsh show as 
encroachmenb on the larnl from tl1e bay. Lama.r Point divir..lei:; St. Cliar]es' s Lay Qn the east 
side from Coparto hay, which lies to tht> westward. 

The town of Lamar i8 situated on the t'outlwru end of the poiut, frontiuµ; Lamar harbor, and 
011 i;nmml about twenty-two feet above the \Yater, frow whid1 tlw 8Urfoeu slopes about a 
hund!"f~d metres. Towards the baoie of the front the slope is quite gradual. Three mile8 hack 
from Lamar Point there is a strip of ;:;alt marsh a quarter of a mile in width. nnd Pxtending-
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from the mouth of Cavasso creek, on St. Charles's bay, to the head of Copano bay. A 
"mott" of live·oak, occupying about a square mile and a half, stands immediately back of the 
town of Lamar. * * * * 

The character of the topography of the islands on t.he Gulf coast is prairie, covered in spotei 
by mesquite bushes. A range of sand hills, some from twenty to thirty feet in height, and a 
third of a mile wirle, followiii the Gulf sl10re. The inside, or bay shores of these islands, am 
1mft marsh, and are overflowed by high tides. The northeast end of St. Joseph's island iB" 
mostly bare, and is nsed in part for 8alt vats. A few fresh water ponds supply drink fo1· the 
cattle kept on the islaud. The bay shore of the maiulaud is also marsh, broken occasionally 
by sand and shell banks, which are covered with a variety of bushes. The line of high ground 
follows the flhore ineg\llarly, leaying a ship of marsh a1uut half a mile wide. * * * 

The shell islands in Aransas bay are generally void of vegetation. Mud island is the 
largest. Its north shore is a shell bank, covered at intervals with hi;ishes and palmettoes, and 
thence to the south shore the surface is very soft marsh, and the shore-line is b1·oken into 
patches. * *· * 

Very respectfully, y0ur obedieut servant, 

Prof. A. D. BACHE, 

B1pf. ll. S. Coast Survey. 

WYLLYS 8. GILBERT, 
Sub-Assistant l.l. S. Coast Survey, 

APPENDIX No. 34. 

Extract8 from the report of .As8i8tant S. A. Gilbert, descriptive qf the shores of Co1·pus Christi hay, 
and Lagu'lla JJiadre, Texas, 

ZANESVILLE, Ohio, Aitgusi ] , ] 860. 
DEAR Sm: 

* 11 * The general features of the country are similar to 

those parts of the coHst of Texas Jyiug to the northward wliich have been described in previou~ 
reports of work in this section. The sand hills on the island8 which form tile Gulf shore 
abreaBt of Corpus Christi bay are generaUy higher than those between it and 1\fotagordai 
entram:e, and extenu further back from the beach. On Padre island they occupy nearly its 
whole width. The bluff8 on the mainland are also I1igher above the Gulf level. There is but; 
very little low or marshy Jund on th.e mainland sides of Corpus Christi b:~y, or of the Laguna 
Madre. .A.t Flour Bluff the cleTation of the general Jevel of the pYai:rie above the bay is about 
ten feet, but at the head of Nneees bay it is about fifty feet. 

At present there aTe but two families residing on Mustang island, and only two on the upper 
end of Padre i8land. On the mainland side of Laguna Madre there are no settlements for forty 
inilel', and I am told that 1.here is but one between Corpns Christi bay and Point Isahel. 

Corpus Christi, on the south sl10re of the bay, is the principal port between Indianola and 
13razos Santiago. The trade into aud from Corpus Christi bay is chiefly carried on by steam­
boats and small lighters through .Aransas and Espiritu Santo bays to Indianola, and by schooners· 
to the Florida coa;;t and New York. The last named class of -vessels enter the bay by Aransas 
!'a,.::;, and find way throngh a channel made by private enterprise into Corpus Christi bayou, 
and across what are known as the "Mud fiats." This line of communication rww affords six 
feet of water to the wharves at Corpus Christi. The exports Are hides and wooL and a. little 
cotton. 
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The village of Ingleside i;; settled by the owners of ;,;fock ranche;,;. It contains a seminary 
for the education of youth of both sexes, which seems to be well patronized by the residents of 
that part of the State. The village is situated on the north shore of the bay, and nearly 
opposite to the town of Corpus Christi. Its location is pleasant and healthy, and there is an 
abundance of pure fresh water from springs which issue from the liluf[ some twenty to thirty 
feet below the surface of the prairie. 

The north end of the Laguna :Madre is a Rand flat, extending fin• miles to the southward 
from the lower waters of Corpus Christi bay. On it the depth of water Yaries from nothing to 
fifteen inches, according to the direction and strength of the wind. After a nortlier has blown 
for a few hours there i;, no water, and the flats remain Lare or only slightly enverec1 1rntil a 
southerly wind brings it Lack again. On the island side the flat is about a mile to a mik and 
a half wide throughout the eutire range of fo1·ty miles, and at that distance from its northeTn 
end the laguna again shoalR 1-111 the way acrosR. On the mainland Ride the flat is abont half a 
mile wido. The average width of Laguna Madre, including Padre island, or the distance from 
the Gulf beach to the mainland of Texas, is about four miles and a half. " * * * 

Respectfully yours, 

Prof. A. D. BACHE, 

Supt. U. S. Coast Surrey. 

APPENDIX No. 35. 

SA)l"L A. GILBERT, 
Assistmd Coast S111TPlf. 

Supplement to Appendfrr No. 61 in C. S. Report fa;· 1856, on the "metlwd of fr,qfing a repenting 
theodolite.'· 

In that portion of Appendix No. 61 in C. S. Report for lf..5G, which treattt of the examina­
tion of eccentricity and grnduation, the omission of the negative sign in one of the normal 
equations constitutes an error, which, having entered into the computation of the example 
there given, vitiates the results oLtained. The object of the present article is to give a cor­
rected statement of the former one, and, at the same time, a fuller development of the formula: 
than was there introduced. 

The instrument under examination was a ten-inch repeating theodolite, C. S. No. 79, cou­
structed by Mr. William Wurdemann, and graduated on the Coast Sur.-ey dividing- cngiue. 

For the purpose of examining the graduation and determining the eccentricity of the alhi­
dade, readings of the two verniers were made at each 10° of the graduation, vernier A being 
set. each time to the precise reading; the circle was brought round 180° for the pnrposo of 
reading B under the same illumination, and, after setting the verniers forward HP. the circle 
was moved back through that angle, so that the person reading did not change his position. 

With the exception of this mode of takin..,. the readino-s, the method hero detaiied will, of 0 ,., 

course, apply equally to a 11011.repcating instrument. The reading::; ::;o taken are recorded 
below in Table I, where they are arranged in two sets, tho,;c readings differing 180° being 
placed on the same line. 
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TABLE I. 

Readings of l1''7'1.J fen degrees on the circle, and determination c:f angular dietance ~( verniers. 

I. JI. JI-A. 

----- ---- - -- - -------
A. B. A. Il. l. u. Menn. 

-- --- ------- -----~! 

0 00 00 JO 180 Ofl 00 5;J + JO 5 + ~.5 
JO 00 00 10 190 00 00 00 + 10 0 + 5.H 
20 00 00 o;; 200 00 00 00 + u + 2.5 
3() 00 00 05 210 00 00 00 + 5 + ".2.J 
40 00 00 05 fr:J{) 00 01) o,; + 5 + [, + 5.0 
so 00 00 v:; :.!30 00 00 0..} + 5 + 5 + 5 0 
60 00 uo (L.l ~-10 OU OU OJ + 5 + " + /i.O 
70 (){I 00 OJ 250 00 l)t) 05 + 5 + ;, + 5.0 
80 00 OU 05 260 00 00 05 + 5 + 5 + ;)_0 

!NJ QI)()[/ 05 270 OD()(} 00 + 5 0 + 2.;> 
JOO 00 00 o;:; ~80 00 00 00 + 5 0 + 2.5 
l!O 00 OU o::i \!YO 00 IJO 00 + 5 0 + 2.;) 

l~U 00 00 05 300 00 00 Oil + 5 () + 2.5 
130 00 0() 0!) :no oo oo Oll + :; (J + 2.f; 
140 00 00 00 320 oo on 0.'.'> + 5 + 2.5 
150 0(• 00 00 330 00 00 rn + JO + 5.rl 
160 00 00 ~IJJ 340 00 OD 10 5 + JO + 2.5 
170 00 00 5:) 350 00 OIJ 10 5 + JO + 2 5 

---- - --

Angul3:r distanc-~ of l-'ernlers = J 80" + 3'· .. 'J. 

The differences of tho readings of vorriorR A and B may be due, .first, to their constant 
angular distance, being slightly more or less than 180'.), which we will designate by 180 +).; 
sccoudly, to eccentricity of the alhidade, or the centre of its axis uot coinciding preci>'ely with 
the centre of the graduated circle; thirdly, to errors of graduation on the circle; and fourthly, 
to the accidental errors of reading. If we designate by µ the effect of eccentricity on the 
<liffernncc of the verniers, we have for auy position of the verniers, B - A= 180° +). + 11; 
and, for a position differing 180° from the former. B - A= 180° + ), - µ. Thus, if we take 
the meat\ of the differences B - 11- for readiPgs differing 180°, as placed in juxtaposition in 
the table, this mean will express the angular distance of the verniers cleared of the effect of 
eccentricity, bnt each value affected by errors of graduation and reading. The column mean, 
umler B - A, gives the::;e values, the mean of which is+ 311.5, slwwing that the zero on 
vernier Il is distant from that. on vernier A by 180° 00' 03". 5. 

In 01 der to determine next the eccentricity of the instrument, we subtract from the differ­
ences B - A in Table I the constant difference + 3".5 of the vernieni. The residuals will be 
composed of the effoct of eccentricity and accidental errors of graduation and reading, aud are 
given i11 'I'able II under the head p + m. If we uow de1:>ignate by s the angular value of the 
eccentricity, or the distance o!' the centre of graduation from that of motion, expressed in 
seconds of arc for the radius of the graduated circle, and by p that reading on the limb, which 
'v011ld be desiguated by a liue passing from the centre of graduation through that of motion 
to the limb, the11 (r -- p) i::; the angle which the vernier8 make for any reading 1·, with the line 
of eccentricity, an<l 2 e sin. (r -- p) = f.!. wiH be the effect of eccentricity in the differences of 
the vernier readings. :Moreover, for any reading r1 differing 180° from r tho effect of eccen­
tricity will be ll1c s:rnrn in amount as for r, but with the opposite sign, orµ'= - 2 e sin. 
11· -- {'·) In Tal1le Il, therefore, the value::; in column I and II should be respectively equal, 
with opposite 8igus, if they were uot affected by tlie accidental errors rn. The next eolumn 
gives <T = half the difference of the preceding values, (or their mean, after changing the signs 
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in II,) 1vhich correspond top= 2 e sin. (r -- t') affected in a less degree by the accidentfl] 
errors of reading aud graduation. 

In orde1· to derive the values of e and p from those: of a in the table, we ohserve that they 
correspond respectively to the following c<prntions : 

]for 0°, a,= 2 e sin. (O'.) - p) = 2 e (sin. 0-' cos. f' - cos. 0 · sin. p.) 
For 10'.), a2 = 2 e sin. (10° - p) = 2 < (sin. HP ens. fl - cos. 1 O'° sin. f'·) 
For 170°, a 18 = 2.: sin. (170 - p) = 2 <(sin. 170'' cos. p - co,:. 170j sin. p.) 

Of which equations we have 18, or half the number of readings made. 

In order to resolYe these equations with reference to 2 < cos. p and 2 10 sin. p L.Y tbe met! 1oJ 
of least squares, 1•.-e multiply each, first with llie coefiicient of cos. p, and next "·ith tl1L• t"oefli­
cient of sin. p, and taking the sums of the set::< of e11uations so obtained, >Ye shall have the two 
following normal equations: 

[a1 sin. 0° + a2 sin. 10° + ... 1118 si11. 17 0°j = 2 s cos. p Lsiu. 20° + ,-in. 2 10° + ...... sin. 2 17 () 0
• \ 

- 2 £sin. p [sin. o'.) cos. 0° + siu. 10) cos. 10° + ... bill. 110"' co:-. 170°.] 
r 111 cos. 0° + 0'2 cos. 1 o'.) + ... 0'1s cos. 1 'j(J='l = 2 s cos. p [eus. 0° sin. oc + cu,;. 1 Q'.) sin. l 0') + 
... cos. 170° sin. 1'70°.] 

--- 2 c: siu. f' l co,.;. 20° + co:-:. 210° + ... cos. 2110°.] 

It is readily seen that the sum of the serie:o of procluets sin. 0° cos. 0° ...:.. sin. 10° cos. 102 

+ ... sin. 170° cos. 170° equnb ~cro, as irny two terms <'quidi,;tant from goo in opposite q1uu1-
rants cancel each other. 

Moreover, since sin. 2 r + sin. 2(00° + r) = 1, the sum of the series sin. 20° + :-in. 210::: 

+ ... sin. 2 170°, consisting of n terms, is equal to ·~ n; and equally cos. 20:: + cos. 210° + ... 
cos. 2170° = ~ n. The normal equations, therefore, reduce tu 

2.' (a sin. r) = n < cos. p. 
2.' (11 cos. r) = - n s sin. p. 

The first mem hers of which expressions are the sums of the products of the seYcral ntlues of 
a into the sines and cosines of the correRponding angles on the lin1li. TaL1e II giYes these 
sines, cosines, and products, and the sums of the latter. 

Dividing the second by the first equation, we find 

-
- .l'(a cos. r) _ - 33.4 _ , 

taug.p- -\·· --,--)- _ + -
6
.-. - tan. 101°, and p = 101°. 

-(a sm. r .o 

- 33 4 
For e: we have further, e; sin. 101° = -

18
:....., and € = - l". B. 

In regard to the interpretation of the P.igns, it may he observed that, since we have con­
sidered only the first half of the circle, the sign of tan. p will determine in which quadrant r is 
to be found, while the sign of e: will indicate when positive that the centre of motion is in the 
direction from the centre of graduation towards the reading p; when ·negative, that it is in the 
opposite direction. 
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fAl:lLE II. 

Determi11alW.. of eccentricity. 

--------
I J<+m. p+m. I-II ... __ ::----u .:Sin. '1'. Cos. '1' • (1' Sin. r . j <r Cos. r~-L TL " ------- --------- - ~----

0 + 6.5 -8.5 + 7 .5 o.oo LOO 0 0 + 7.5 
10 + 6 5 - 3.5 + G.O .17 .98 + 0,9 + 4.9 
20 + l.5 - 3.5 + ;J.5 .34 .94 + 0.9 + 2.3 

30 + l 5 - 3 . .""1 + 2.5 ·''° .87 + l.2 + 2.2 

40 + 1.5 + 1.5 0.0 .6'1 .76 0.0 0.0 

(;0 + 1..5 + l .'i 0.0 • 76 .64 0.0 0.0 

60 + 1.5 + ].[, 0.0 • 87 .w 0.0 0.0 
70 + 1.5 + l.5 0.0 ,94 .34 0,0 o.o 
80 + J.5 ~ l.5 0 () ,98 ,]7 0.0 0.0 
90 + 1.5 - 3.5 + 2.;} 1.00 .01 + 2,5 0.0 

100 + ].;j - 3.5 + 2:; ,98 - .17 + 2.5 - 0.4 
110 + 1.5 - 3,[, + 2.;) .94 - ,;14 + 2.3 - 0,8 

NO + 1.5 - 3.5 + 2,:; ,87 - .50 + 2.2 - 1.2 
130 + 1.5 - 3.5 + 2.5 .76 - .fi4 + l.9 - 1.6 

140 - 3.5 + 1.5 -2.:::. .64 .76 - l.6 + 1.9 
]50 - 3.5 + 6.5 - 5.0 .. ,0 - .R~ - '2.5 + 4.3 

160 - 8.5 + fi.!") -7.5 .34 - .94 - 2.5 + 7.0 

170 - e . .:; + 6.:> - 7.:; .17 - .98 - l.3 + 7.3 

--------· 
+14.4 +37.4 
- 7,9 - 4.0 

1---

+ 6.5 +:sa.4 

To determine the residual errors of graduation and reading, we form Table HI by computing 
p = 2 E sin. (r - p) for each reading, and sulJtracting these values of µ from those of p. + m 
in Table II, bearing iu mind that 11 lrn8 the same value for 180° + r as for r, with reversed 
sign. We thus obtain thH values of in, which are compounded of two errors of graduation and 
reading combined, being the difference of readings of verniers A. and B, cleared of). and 11. 

0 

IO 

20 

:w 
40 

M 

60 

70 

&I 

9(/ 

11)0 

110 
lQO 

i:ro 
140 

'"° 160 

170 

TABLE HI. 

Etsidual er1'Clr$ ()f g,.adumim ana reading•. 

. . 
r-p '•i E sin. (r -p): r. m. .. i .... 

--=-10_1 __ ----- ----u-----,-,- ---1-80--ll,I _____ _ 

+3.7 +28 -4.8 

91 + 3.8 to + 2.7 190 + .3 

El + 3.7 20 - 2.J 200 + .2 

71 + 3.6 :lO - 2.1 210 + .1 
61 + 3.3 40 - 1,8 220 + 4.8 
51 + 2.!l 50 - 1.4 230 + 4.4 
41 + 2.:; 60 - 1.0 240 + 4.0 
~l + 1.9 70 .4 250 + 3.4 

21 + 1.:1 80 + .2 26() + 2.8 

11 + .. oo + .8 270 - 2.s 

+ !l 
+ 19 

+ ;J9 

+ :l9 

+ 49 

+ f.0 

+ 69 

+ .o J(){) + 1.5 280 - 3 . .'> 

-- .6 110 +~.l 290 -4.l 
- 1.'l 120 + 2.7 300 
-- 1.8 130 + 3.3 310 
-2.4 140 --1.1 320 

- 2.8 15'.) - .7 330 
- 3.2 160 - a.a 340 
- 3.5 170 - 5,() 350 

-4.'i' 
-5.:t 
- .9 

+ 3.7 

+ 3.3 
+ 3.0 



 

TIIE C~ITED STATES CO-~ST SGRVEY. 3Gl 

The sum of the squares of the thirty-six residuals m is 334-; hence the mean uncertainty of 

. J3
'
34 9" I l . h d. ·a d " h · . one IS :J'1 = ± . , w 11c , 1v1 e uy t e square root of t"·o, gives± 2".2 as the mean 

uncertainty of the indication of one vernier, as depending on accidental errors of reading and 
graduation. The same uncertainty is to be ascribed to an angle resulting from the subtraction 
of the mean of two vernier readings from another mean; and \\·hen such an ang·le is the sum 
of six repetitions, the uncertainty from those sources to be ascrilJcd to the single angle is one­
sixth of ± 2". 2 or ± 0 11.4. 1\" e have thus ascertained that the angular distance of the 
verniers il'I] 80° 00' 03".5; that. the eccentricity of the centre of motion is l".9 in tbe direc­
tion from the centre of graduation to the reading of 28P on the limb, and that the mean un­
certainty of the indication of one Yernier if' ± 2". 2. 

APPENDIX No. 36. 
Formula:, tables, and example for tlie geodetic cornputaiion qf latitudes, longitudes, and azimuths 

qf trigonometrical points, as used in the United States Coast S11n.:ey. 

The computation of the latitude, longitude, and azimuth of the geodetic points of the 
survey is effected b:-· means of the following formula.- and auxiliary tables. The latter depend 
on Bessel's value of the magnitude and figure of the earth, viz: 

Equatorial radius, a= 3272077.14 toises = 6377%7.16 metres. 
Polar radim; b, = 3261139. 33 toises = 6356078. 96 metret'. 
The adopted unit of length for the distances is the metre. 
Let K = the given geodetic distance between two trigonometrical points; L = the given 

latitude of the first point; M = the given longitude of the same; Z =the given azimuth of 
the first to the second point, counted from t'outh round by west; and let L1, 1'P, Z1 =the 
required latitude, longitude, and azimuth for the second point.; also let d L, d ~I. d Z = the 
difference in latitude, longitude, and azimuth of the two points and expressed in seconds of arc. 

We then have (without material error) for distances not exceeding one hundred miles-

- d L =KB cos. Z + K2 C sin. 2 Z + (o L)2 D - K 2 h E sin. 2 Z .................... (1) 

1 tau. L D } e2 sin. L cos. L arc l" 
where B = C -R arc 111 . - 2 N R arc l" (l - P-2 sin. 2 L) } 

_ 1 + 3 tan2 L _ r 

E - -
6 

N2 h - KB cos. Z, or first term. R= (l - e2 sin.:.i L) + 
a (l - r) 

Ja2-lJ'i!. 
C = II = 0.08169683 a 

N a 
= ( 1 - e2 si~n~.1i~L~) 7""~ 

/J L = an approximate value for - d L from first and second term. 

d M = A
1 

K sin. Z ...•..... , .......... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (2) 
cos. L1 

to which a small correction (see table) is to be applied for the difference in the arc and sine. 

A1 = 1 
referring to the second point as indicated by the accented A . 

.N arc l" 

d Z = d M sin. ). + cl ya F ...................... , . . . . . . . . . . . . . . . . . . . . . . . . (3) 
cos. ~ d L 

where.<=! (L + L1) and log. F for lat. 25° = 7.8324, and for lat. 45° = 7.8404. The quan­
tities A, B, C, D, E, are given in the tables. In computing, carry log .. A and log. B to seven 

46 c 
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places of decimals, log. C to five, and log's D and E to four places; log. F to three places. 'J'he 
third term in equation (1) should be used whenever log. h exceeds 2.31, and 7,2 may be used 
for (a L)2 in all cases when K does not exceed 86, 000 metres, (about 54 miles.) The fourth 
term in equation (1) may be omitted between latitudes 45° to 40°, when K does not exceed 
11,000m. or log. K 4.2304; 40° to 35° when K does not exceed 18,500m. or log. K 4.2665; 35° 
to 80° when K does not exceed 20,000m. or log. K 4.3010. 

In using formula (2) the subsidiary table should he referred to when K exceeds 27, 000 metres, 
(about 16i miles.) 

Tabk qf corrections lo l01•giiude .f07 diff•ro1ce in arc and rine. 

----·1-------------!--- !( i 
Log. K (-) 

1

1 Log. difference. 1 Log. d M (+) '· Log. K (-) Log. difference. 
! : 

3.871 

a.910 

4.115 

4.171 

4 .2'21 

4.268 

4.29'! 

4.309 

4.320 
~.:J61 

4.:JdJ 
4,415 

4.430 

4.44.:J 

4.4~9 

4.473 

4.487 

4.500 

4.524 

4.548 

4.5i-O 

4.591 

4.612 

4.6.11 

4.&19 

4.667 

4.6B4 

4.iOl 

4. 71() 

----- ),1-----
0.0000001 

()'? 

03 

()4 

05 

06 

07 

08 

09 

10 

11 

12 

1a 
14 

15 

16 

Ii 
18 

20 

23 

25 

27 

30 
33 

36 

39 

42 

45 

48 

2.380 

D'. 479 

2.624 

2.600 

2.730 

2.777 

2.801 

2.818 
2.839 

2.870 

2.892 

2.!)'J4 

2.939 

2.9.>4 

2.968 

2.U~2 

2.996 

3.009 

3.033 

3.0:'>7 

3.079 

3.100 

3.121 

3.140 

3.158 

3.!76 

3.193 

3.2LO 

3.225 

4.73-2 

4 746 

4.761 

4.774 

4.788 

4.801 
4 813 

4.825 

4,834 

4.849 

4.860 

4.871 

4,882 

4.89'2 
4.903 

4,!113 

4.9'22 

4.932 

4.941 

4.950 

4.959 

·1.968 

4.976 

4.985 

4.993 

5.00-2 

5.010 

5.017 

5.0'.!5 

0.0000052 

056 
05Y 

00..1 

067 

071 

075 

080 

os:i 

089 

094 

098 

103 

108 

114 

llP 

124 
l:lO 

136 

142 
147 

153 

160 

166 

172 

179 

186 
l!lll 
JOO 

Log. d M (+} 

:l.241 

3.255 

3.270 

3.283 

3.297 

3.310 

3.32:l 

3 .a:J4 

:l.343 

3.358 

3.369 

3.380 
3.391 
3.401 

3.412 

3 .421! 

3.431 

3 441 

3.450 
3.459 

3.468 
3.477 

3.485 

:J.494 
3.502 

3 511 
3.519 

:J.526 
3.534 

I Log. K (-) I Log. difference. i Log. d M <+) 

I 1§ I "1 I ~·~ 
5 062 I 236 :i.::m 

::E: 1

1

. ;, f ~E 
5.088 'f;IJ 3.597 

5.095 275 3.604 

5 .102 284 3.611 

5.108 !192 3.617 

5.114 ;JOO 3.623 

5.120 

5.126 

5.1:12 

5.138 

5.144 

5.150 

5.156 

5.161 

5.167 

5.11'2 

5.178 

.5.18.1 

5.188 

5.193 
5.199 

5 .204 

309 

218 

= 
3:16 

345 

354 
364 
373 
383 

:l92 
402 

412 

422 
433 

443 

453 

3,6211 

3.6:1& 

3.641 

3.64i 

3.653 
3.659 

3.665 
3,670 

3.676 

3.681 

:1.687 

3.6ll'i 

3.697 

3.70'.2 

3.708 

3.713 

In using this table, take out the differences for t.he arguments log. Kand log. d M; the first 
difference with a negative, the second with a positive sign, and add the algebraic sum to the 
log. cl M. The second term in formula (3) may generally be omitted; when K is less than 
34, 000 metres (21 miles;) cos. ! d K may also be omitted in computing d Z. 

- d Land d ~I should be computed to thousandths of seconds, and - d Z to bnndredths, 
for which purpose six places of decimals suffice in the term for computing d Z. 

For convenience the value log. ar. co. cos. ~ d L has also been tabulated, the argument 
l>eing d L. 
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I \I I I! I l 
d L • log --

1
- i dL ! log -·~ ·- 1·

1
. d L i log. 

l __ ·_c_o"_·!_d_J_,_ll __ i __ ·_c_os_._zd_L_'j __ J_.. -co~~ d L·-

., I 

I
I , 1 

log. COH.tdL ,i dL ! Jog co8TitL 

\ 
I I ii I 

"--,---~--~--

~~ i 0. 00000~ ~: ! 0. 00000: 11 :~ 
12 l 30 4 i 48 

13 1 31 4 49 
14 l 32 5 50 

15 1 33 5 51 

16 1 34 5 52 

17 1 35 6 53 

18 1 36 6 54 

55 19 2 37 6 

20 2 38 

21 2 39 

22 2 40 

23 2 41 

24 3 42 

25 3 43 

26 3 44 

27 3 45 

7 11 56 

7 11 57 
7 ,, 58 

8 ii 59 
!1 

8 ii 60 

8 i! 61 

: i\ :: 

II 

0.000010 

10 

11 

11 

11 

12 

12 

13 

13 

H 

H 

15 

15 

16 

lG 
17 

18 

18 

65 

66 

67 

68 

69 

70 

71 

72 
73 

75 

76 

77 
78 

79 

80 

81 

o. oooorn " s2 
19 83 

20 84 

21 

21 

22 

22 

23 

24 

25 

26 

26 

27 

28 

29 

2H 

30 

85 

86 

~i 

88 

89 

90 

91 

92 

93 

H 

95 

96 

97 

98 

9!l 

o. oooo:n 
32 

32 

33 

34. 

3:) 

-~6 

36 

37 

38 

39 

4'0 

41 

41 

42 

43 

H 

45 

For secondary triangulation, and when the sides do not exceed about twelve miles, the fol­
lowing formulre for the computation of latitude, long-itude, and azimuth may be med a(fran­
tageously: 

-- d L = K B cos. Z + K 2 C sin. 2 Z + h2 D .... · · .... · · · · · · · · · · .. · · . . . · · · · · . · · (-!) 

d M = A.
1 

K sin. Z. . . • . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (S) 
cos. L 1 

-d Z = d M sin. ). · · · .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (6) 
where the letters have the same signification as before. When log. h is less than 2. 31, the 
third term in equation (4) may be omitted. In the computation carry log. A and log. B to seven 
places of decimals, lug. C to five, and log. D to four places. In computing - d Z the log's d M 
and sin. ). should be taken to five places for the main chain of triangles, and to four places for 
subordinate points. 

- d Land d M should be computed to thousandths of seconds, as before; - d Z to tenths, and 
for subsidiary points the nearest full second suffices. 

The two following examples of the computation of the position of a primary and secondary 
point will further illustrate the use of the tables: 

• I 
Z Mount Bh1e to Mount Ple~ant •••• .......... , ... , .............. , ....•• J 26 i 19 27 .Ol 

L Mount Pleasant and Bagged .... , •• •.•• , . , .. : ............................ ; -8.) : 3.":i 1 2.5 .67 

z 
dZ 

lSO 

Z' 

i--:JO() • 0 :J4 MquntBl11etcJRagged ............................................... ; ! 44 I. 
I + I 50 04.21 

1--------------~i---·-· -~ 

Ragged to Mount Blue ..................... • • .. • • • ..... · · • • • · • .. · ... • • i 121 0.3.55 
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L 

dL 
44 43 40.121 I Mount mue ••..•• ······ •••···· ............... i il'I 1-

1 

30 . fi6.166 i 110740.6 metres, (68.8 miles, nearly) •..•••••.. ·1 d M 

i 
10 ~0 I 11.95!1 

I -1 11 i 28.343 
I 

1---:-1----;:;-) 43.9;);, I Ragged ............................... ·······) 111' 

--- ----,----
69 os I 43 .578 

K 5.0443070 K~ 10. 08861 h ~.2633+ 

Cm;. Z 9.7084622+ Sir1 11 Z 9.86854 (oL') 6.5373 K 1 sin~ Z ~ 9.9571 
D 8.5105331 c 1.40002 D 2.3872 E C.2070 

ll :J.26330-23+ 1.35717 S.9-245 9.4274+ 
i 

lst lcrm •••• u •• ! +1833.590 3d term.I + 0.08-i d l\1' 10.897-
I 

2d term ...... ~ •. 22.760 i ~4th term./ - 0.268 p 7.840 
i 
I 

-------

I +1856.350 

3d k 4th terms.· 1-=---°~~ 

<IL i +18.36.!66 I A' 8.5090708 Arg. dM 
}, i 44<; ~~I 1211.0 I~ 5.0443070 K -::218 Sin). 

Sin Z 9. 9342721-: dM +314 l C~;.tg_L u 
Cos. L 1 0.1'14625-0 i I 

ar, co. I 
I I 3. 6:J228U;i-' corr. + 96 -dZ - 3004.16 

c!M - 4288.343 I 
2rl term. 0.05 I 

I 

z 
L 

I . , I 

Tnmales Bay to Sonoma •••.•••••••.....••.•.•••••.•....••...•••••.•••.. "' 244 08 j !l7 .3 

I ::::~:::::::.~ : :: ::. :: 1-,: ; ~ I ~-; z 
dZ 

180 

Z' 
I 1--,---
1 Bodega to Tomales Bay ••••.••••••.•••• : ••••••••••••••••••••••••••••.•• ·I 34() I 51 48.5 

L 

dL 

!./ 

38 10 1' i2 524 + 7 28.257 

~--lS--1~ 

Tonrales bay •••••••••••••••••••.•. 

14626.8 metres •••••••••••.•• 

Bodega ••••••••••••••••••••••••••• 
1 

-- -------. I ,, K 4.1651480 K• 
).= 38 14 37 D 8.5Jl0266 c 

Cos. Z 9. 9754<114- Sin' Z 

I ,, 
lst term ...... • 1 -44S.308 b 2.6515760-

2d &3d term .• 
I + a.Ml I 

-uL -44S.2S7 

K 4.1651480 

Bin Z 9.5146!M9+ 
A' 8. 509'.12~1 dM 

Coe.L' 0,1052885 Bin>. 
Ar. Comp. 

I 2.2945555+ 
fl 

dM 
\ 

+1111.040 -dZ 

M 
dM 

I +1~ / ;.,
3 

/ 4a'.
1

as<> 

I 
17.040 

-;;-1--59--,;--05-.-420--

8.33030 
1.30044 D 2.3743 
!Ul2979 h• 5.:n:Jl 

8.66Q53 7.6774 

2.~+ 

9,79169 

~.08625+ 
II 

+1112.0 
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I I I 

I 
Lt1g. A. i l .. ng. n. Log. c. I Lo~. D. I Lag. E. 

Lalitude .. diff.10•,,. = -0,5. I di1I. 10.' = -1..!:i.: diff.101' = + 5.8. di ff. 1011=+0.4. i ditr.1011=+0,4-. . . I 
--1-------- ------ --------
23 00 

3 

4 

5 
6 

7 

8 

9 

10 

l! 

12 
13 

14 

15 

16 

17 

18 
]9 

20 
21 

22 

23 

24 
25 

26 

27 

28 

29 

30 

31 

32 
33 

34 

35 

36 

37 

3B 
39 

40 
41 

42 

43 

44 

45 
46 
47 

46 
49 

50 

5l 

52 

53 
54 
55 
56 
57 

58 

59 

60 

• 

I 
I 
I 

! 

8.50956029 

59Y8 

5968 

5938 
5907 

5877 

5846 
5816 

.57t=5 

575;'"5 

8.W9:.!>724 

5t3U4 
[,663 

.5541 
5510 

5480 
.544Y 

8.509.;.'>418 

.5::r8; 

5a.57 

:.:Jill) 

529.-J 

5264 

.5234 

.5203 

5172 

5141 

8. 509,';5 ll 0 

5080 

fi049 

5018 

4987 

49~6 

49-:!5 

4894 

4003 

48J-2 

B 509548()1 

4770 

4739 

4708 

4677 

4645 

4614 

4583 
4552 
45.21 

8.50954490 
4459 

4427 

4396 
436ii 
4333 
4302 

41171 

4240 

4208 

B.50954177 

8.SWOil.558 

2497 

2-405 

2314 

2223 
213'2 

2040 

!Y49 

1858 

1765 

8 .[)120167=> 
![>83 

HY! 

1400 

1308 

1216 

1124 

1032 
0941 
0849 

8.51200757 
0664 

0572 

0480 

0387 

0295 
0203 

OllO 

0018 

8 .511999-26 

8.51199833 
9740 

9648 

95'>.5 
9462 

9369 

9-276 

918:l 

9090 
8998 

8.51l98905 
8811 

8718 

8625 

8531 

8438 
8345 

Wil 
8158 

8065 

8.51J97971 

78T1 

7784 

7690 

7596 
7502 
7408 
7314 

7220 

7127 

8.51197033 

l,03398J 

433:! 

4681 

aQ:J() 

5379 

572S 

6077 

64:!6 

7124 

l,037473 

if'21 
8168 

8515 

8862 
9-2()9 

9.">56 
99\)3 

l.040250 

0597 

1.0W944 

1290 

1635 

1900 

23"2.i 
2Ef70 
3016 

3361 

3706 

4051 

1.0-14396 
474U 

50E3 
MOO 
5769 

6Ii3 

6456 
6799 

7143 

7486 
l .0478\l9 

8171 
13512 

8sJ4 
9195 

9537 
0078 

1.05()-:f.!O 
11.561 
o~ 

1.051244 
1584 

192il 
ll263 
2603 

2942 
3282 

3621 
3961 
4301 

Ul54640 

2.24264 

2~9 

313 

33€\ 

362 

38& 
411 

43'> 

459 

484 

2.24508 

53~ 

556 

580 

604 

629 

653 
677 
701 

2.24749 

796 
8"20 

844 

1368 

E!!2 

915 

939 

963 

2.24987 

2.25010 
034 
057 

081 

104 

128 

15! 
175 

198 

2.25il2Sl 

245 
S?l;R 

292 

3l5 
338 
361 

385 

41)8 

431 

2. 254.)4 

477 

500 
i;23 

546 

569 

.592 
615 

638 

661 
2. 2li684 

5. -;g979 

.5.80004-

0-2h 

OJ3 

078 
10.! 

127 

152 

176 

201 
5 811-25!6 

25tl 

275 

300 

3'25 

350 

374 

399 
421 

,.44? 
5~80473 

498 

523 

548 

573 

598 

62:! 

64R 

672 

697 

!i.8072:2 

747 

77:1 

797 

8'2-J 

&l7 

872 

897 

!122 
947 

5.8097Sl 
997 

5.8Hl"22 

047 
67;1 

098 

12:~ 

148 

173 

198 

5.812'2.1 

249 
27-1 

2Y9 

324 
af,() 

375 
400 

42.5 

450 

5.81476 

365 

• Tbroupout tbe tables the dllferencea of JO", in Joe'• A, B, c, D, E, refer to one plaee of decimals Jess than i• gl\·en In their tabular \•allies. 
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LATITUDE 24 DEGREES. 

. I Log. A. II Log. B. I Log. lJ. ! Log. D. I Log. E . 
.Latitude. 1 difi'. 10" = - 0.5. ditf. 1011 = - 1.6. : d1:1f. 10'' = + 5.6. 1 diff. 1011 

S!I;'." + 0.4. ditr. 10"= + 0.4.. 

I ! I 
__ 

1 

I I ____ , ___ _ 

24 oo I 8 .50954177 

II 

4146 

2 4114 

3 4083 

4 4051 

5 40-:lO 

6 3988 

8 392;) 

9 3894 
10 8. 509;;3862 

ll 3831 

12 3799 

i:i 37u8 

14 3736 

15 37-04 

16 3673 
17 3641 

18 3610 
19 3578 

20 ~.509,;3.546 

21 351[) 

~ 3483 

23 

24 
23 

26 

27 

28 
29 

30 

31 
:J2 

33 

34 

35 
;it; 

:J7 
38 

39 

40 

41 

42 

43 

44 

45 

46 
47 

48 

49 

50 
51 
52 

53 
54 

5ii 

56 
57 

58 

w 
60 

3451 

3419 

3368 

3356 

3324 

3292 

3260 

8.50953229 
3197 

3165 

3133 

3101 

3069 
3037 

3005 
2973 
2941 

8. 5()952909 

2877 

2845 

2813 
278[ 
2749 

2717 

2tl85 

2653 
2620 

8.50952588 

2556 
2524 

51492 
!i!45!.I 
2427 

2395 

!!363 
!!330 
22118 

s.-

8.Sll!r.033 

6938 

6844 
6750 

6655 
6561 
6467 

6372 

6278 

6184 

8.51100089 
5995 

5900 

5805 

37l0 

5615 

55-20 
54211 
533L 

52.'l6 

8 •• 51195141 

5046 
4950 

48.>5 

4760 

4664 

4569 

4474 

4378 

4283 
8,51194188 

409-:J 

399ti 

3900 
3805 

3709 
3613 
3517 

:1421 

3326 

8.51193230 
3134 

3037 
2941 

2845 
2748 

935!.l 

2556 
2460 

2363 

8.51192007 
2170 

2073 

HJ77 
JS!!{l 

1783 

lllall 
1590 

1403 
1396 

8.511912911 

1.054640 
4978 

5316 

5654 

5001 

6:'.129 

6667 

-;oo:; 
7343 

7681 

1.058019 
8355 

tl691 

9027 

9363 

0099 
l.060035 

0371 

0707 

1043 

1.061379 
1714 

0048 

~ 

2717 

3051 

33"6 
3721) 

4054 

4389 

l.004~ 

5056 

5388 
5721 

60M 
6386 
6719 

7052 

7J84 

7717 

1.008050 
8381 
8712 

9043 
11374 
11705 

J .070036 

0367 

0098 

lO!J!I 

1.071360 

1&89 
!2018 

2348 
fJ677 -3336 
3fJGS 
311114 
4324 

1.0741153 

2.2.5684 
707 

730 

752 

775 

798 

820 

843 

866 

688 
g,25911 

934 

9.56 

979 

2.26001 
023 
016 

068 

090 

2.26113 

2.26135 
159 
180 

20'2 

215 
247 

269 
291 

313 

335 

2.26357 
379 

401 

423 
445 
467 

489 

511 

533 
5.>5 

2.26577 

5911 -642 

664 

685 
707 

729 

750 
772 

2.26794 
815 

li36 
ilS8 

879 

901 
9il5l 
944 

965 
9B6 

2.;noos 

5.81476 

501 

526 

577 

603 

628 

653 

679 

704 

5.81729 

780 

806 

a;Jl 

857 
882 
908 

933 

958 

5.81984 

5.82009 
o.35 
061 

CJ86 
112 

137 
!6:J 
189 

214 

5.8-:1240 

266 

21H 

317 

343 

368 

394 

420 

445 

471 

5.82497 

~ 

MB 
!iH 

&00 
6ll6 
652 
677 

703 

729 
5.827SS 

781 

807 

833 
859 
$!.( 

iHO 

936 
962 
988 

5.831>14 
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THE UNITED STATES COAST SURVEY. 

LATITUDE 25 DEGREES. 

Log.A. 
i dilf, I0''=-0.5. 

Log. D. J,o~. C. Log. D. Log. E. 
diJf. lU' = - LG. diff. 10'· = + 5.4. ! diff. JU = + 0.3. difl. 10" = + 0.4. 

I --------------------- -------,--------
B,5095:!'..!66 

2234 

2201 

211}9 

2136 

21()4 

007:.! 

2039 

2007 

1974 
8,50951942 

1009 

1877 

1844 

1812 

1779 

l746 

1714 
1681 

164Y 

8.509:>1616 

1583 

1501 

1518 
1485 

1452 

1420 

1387 

13:;4 

1322 
B.50951289 

li!.\6 
12;13 

1190 

11.57 

1124 

1092 

1059 

10!!6 

0993 

8 .509501160 
0927 

0894 

0861 

OB-28 
0795 

0762 

0729 

06!16 

0663 

8.5Crol630 
0597 
0564 
0530 
0497 

0464 

0431 

0396 

0004 

0331 
8 • .'iOOOOSi98 

8.51J91299 

120'2 

110:; 

lOOB 
0911 

0814 

0716 

0619 

om 
0425 

8.51100328 

0\!30 

013'2 

0034 

8.51189936 

9B39 

9741 

9643 

9:>46 

9449 

8.5H89350 
9252 

9153 
905;) 

8Y;j7 

8859 

8761 

8662 

8564 

8466 

8.51188368 
8269 

8171 

8072 

7973 

7875 
i77{i 

7677 

7579 

7480 

5.81J87381 

7282 

7183 

7084 

6985 

6886 

6787 

6688 

6589 

6489 
8.51186390 

6'.!91 
6191 

6092 

5911'2 
5893 

5793 

5693 

5594 

5494 

8.5118539.; 

1.07465.1 

4981 

;)3)9 

Sll:J7 

5965 

6!l94 

6621 

£949 

7276 

7603 

l 0779JU 
8257 

8.5S~ 

89W 

9-237 

9.;63 

9889 

1.080-215 

o;.io 
OM6 

1.0~ll9'.! 

1517 

1842 
2167 

24112 

2817 

3141 

346:> 

3789 

4113 

l.08443B 

4761 

5084 

5408 

5731 

605:i 
6377 

6700 

70'23 

7345 
1.087668 

7990 

8312 

86:J4 
W55 
9-277 
9599 

9920 

1.090241 

0562 

1.090883 
1204 
l5'2S 

1845 
216' 
2487 

2806 
3125 

3445 
3764 

1.094084 

2.27008 

0-29 

o;;o 
071 

09'2 

114 

135 

156 

li7 

198 

2.27~19 

:.!40 

261 

28'2' 

303 

3-:H 

345 
:JG6 
387 

408 

2.27429 

449 

'470 

491 
[)J:l 

53-2 

553 

573 

594 

615 

2.276:1.5 

6.56 
676 

696 
il7 

i3i 

758 

7i8 

799 
819 

2.278-10 

ti60 

880 
900 
~l 

941 

961 
981 

2 .::2F!001 

1122 

2.28042 

062 
Oe2 

102 

122 

141 

161 

181 

201 
221 

2.28241 

!J.83014 

040 

066 

092 

118 

144 

170 

196 

:.>.-22 
248 

5.83274 
300 

327 

35.1 

379 

40.':i 

431 
457 

4"3 

51Ll 

5.83:''35 
562 
588 

615 

6 ll 
667 

6~ 

719 

746 

7i2 

5.&Y.98 

824 
8.:)1 

877 

90-l 

930 

95'l 

9S3 
l) ,8400'J 

036 

5.84062 

089 

115 

141 
168 

194 

2'Jl 

247 

273 

300 

5.843-26 

353 

380 

406 

43.1 

460 

486 
.51~ 

539 

566 
5.84593 
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368 HEPORT OF THE St:-PERINTENDENT OF 

LATITUDE 26 DEGREES. 

Latitude. J.og. A. I Log. B. 11 Log. C. 
di ff. IO;'= - 0 6. diff. 10" = -l. 7. : diff.10" = + 5.3 

26-0U-- ---:.509502:-1 8.5118S395 . l.094084 

2 

:; 

4 

5 

6 

7 

8 

y 

10 

11 

12 

13 

14 

15 

16 

17 

18 

HI 

20 

:!1 

22 

23 
24 

2.5 
26 
27 

28 

2lJ 
:JO 

31 
32 
:J:J 
;14 

35 

36 

37 

40 

41 

42 

43 

44 

45 

46 
47 

48 

49 

5() 

51 
fr! 

53 

51 

U:l65 

O:l.1l 

0198 

0164 
0131 

0098 

0Uti4 

003l 

8.50949997 

8.50949964 
Y930 

!.1~97 

9863 

9830 

9796 

lJ763 
9730 

9696 
9663 

8.50949629 

9596 

g.)6~ 

9.S28 

949.'J 

9-ISI 
94~7 

9394 

9360 

93-27 

8 .50949'2'J3 

!J'..!59 
9'225 

9192 

Yl58 

9124 

9090 

9056 

9023 

8989 

8 .501/4895,3 

8921 

8887 

f!8.~1 

88!9 

878,j 

8752 

8718 

8684 

8650 

8. 50948616 

8582 

8-548 

8514 

8-180 
B446 
B411 

8377 
8343 

8309 
8 _50948!li5 

I 
5~95 

5195 

499:; 

4895 

4195 

4695 

45!!.5 

449.'; 

8.5!184395 

4294 
4191 

4004 

3993 

389'2 

:179"2 

3691 

3Wl 
3490 

8.51It<3390 

3289 

3188 

3087 

2986 
2885 

~784 

2583 

2582 

2482 

8.5ll82'181 

2-279 

2178 

2076 

1975 

1874 

lii2 

1671 

1570 

1468 

s • .:a1a1367 

1265 

ll63 

1062 

0960 

U858 

OifJJ 

0654 
05..53 

0451 

8.51180349 

0-247 

0145 

004~ 

8,51179940 

9838 

9736 

963;) 

9531 
9429 

R.:;Jl793'.l7 

4-103 

472-2 

5040 

53j9 

5678 

5996 

6315 

6633 

fi95L 

1.097269 

7586 

7904 

822-J 

~539 

88.17 

9174 

9490 

080i 

1.100124 

I.100441 

0757 

1073 

l:J89 

1705 

2021 

2336 

2652 

2967 

328.1 

1.103598 

3912 
42g7 

4542 

48''6 

5171 

5485 

5799 

6113 

6427 

1.106741 
7054 

7361 

7081 

7994 

8308 

8620 

8933 
g.245 

9.358 

I.109871 

1.110183 

0495 

0807 

Ul9 
1430 
1742 

2()53 

2.164 
2676 

1. llll!IS7 

I Log. D. , Log. E. 
ditf.10" = + 0"3. lditf. 10" = + 0.45. 

I -___ _ 

i 2.28241 

261 
281 

300 

32() 

340 

360 

379 

399 

419 

2.2~439 

458 

478 

497 

517 

S:Jli 

555 

!ii5 

594 

614 

2.28633 
6.l.1 

6i2 

6~1 

710 

730 

749 

768 

787 

807 

2,28826 

845 
864 

883 

902 

921 

940 

959 

976 

997 

!Ul9016 
035 

ffi4 
073 

091 

110 
129 
148 

167 
18._'i 

2.29-204 

223 

241 

260 

278 

297 

316 

3!14 
353 

371 

2.29300 

5.84593 
619 

646 

673 

700 

7:!6 

75:l 

780 

806 

83.~ 

5.84860 
8~7 

913 

940 

967 

994 

. 5.81\021 

048 

Oi5 

IOI 

5.85128 

155 

182 

21>9 
236 
263 

290 
316 

343 

370 

5.8.>397 

424 

451 

4i8 

505 

532 

559 

586 

613 

640 

5.l:l5667 

694 

721 

748 

775 

802 
830 

857 

884 

911 

5~85938 

965 
992 

5.86020 
047 

Oi4 

JOI 

J.ll9 

I~ 

183 

5.86!1!0 
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THE UNITED STATER COAST srRYEY. 

Log. A. 
dHf.101f=-0.6. 

8.50948'275 

B240 

8207 

8172 

s1:is 

8104 

8070 
8036 
8001 

7!167 

8.00947933 
7899 

7&i4 

7830 

77~5 

77&1 

i727 
75\:t"2 

7658. 

752.1 

8.50947589 
75;)4 

7520 

7485 

745-1 

74Hi 

73'<2 

7347 

7313 

7278 

8.WJ47i!1i 
7209 

7175 

7140 

·ao5 
7070 

7035 

7001 

6966 

69:f.! 

8.50046897 
6ffi2 

6827 

6793 
6758 

6723 

6688 

6653 
6619 

658'1 

8. 50946.'>49 

tl514 
6479 
6444 

6409 
ti:J74 

6340 

630!'"~ 

6270 

6;!3.'; 

ti .50946!l00 

LATITUDE 27 DEGREES. 

Log. ll. 
diff.10"=..-l.7. 

a.;; 1 n\l:i-2• 
9-224 

9121 

9019 

8916 

8813 

8710 

8608 

8505 

8102 

8.51178300 
8197 

8093 

7990 

7887 

7784 

7681 

';5~8 

7372 

8.51177269 

716.'.i 
7051 

6958 

6854 

67.;'il 

6647 

6544 

6140 

6337 

8, 51176233 • 

6129 

60~:. 

.:'."i92l 

~)817 

.5713 

.)60~ 

,).')05 

MOl 

.5297 

5.:>1175193 
["IQ89 

498.5 

4-880 
4776 

4671 

4.567 

1463 
43.'\8 

4254 

8.51174149 

4045 

3940 
:JB:l.'i 

3730 -3521 

3'116 

3.111 
;J.l(l6 

8.5U73lll':J 

Log. C. 
ditf. l()r!=+.:i.1. 

1.11291'7 

3297 
:l60~ 

3919 

4229 

4540 

4850 

5160 

5470 

ti780 

1.116090 

6400 

6708 

7013 

";327 

76.'l6 

794.:i 

13:!:-:i.J 

K1fr2 

8~71 

l. lliJI';B 

9-187 
979.~ 

1.1001o:J 

0411 

0719 

Hr17 

13:34 

1642 

1949 

l.12~i6 

256:! 

2870 

3176 

:s-iil:l 

371JO 

41llJ6 
,WJi 
4708 

5014 

,l.125320 
562'i 

5931 

6237 

6542 

6"4~ 

7l~"J 

7458 

7763: 
80(\B 

L.L283;:! 

8677 

8981 

928.'i 

9589 

1.1296!14 

1.130197 

Of.OJ 

0005 

1]()9 

l.131112 

Log. D. Log. E. 
ditr. 10>·=+0.3. ditf. !0"=+0.5. 

2.2!)390 

40H 

·427 

4-15 

463 

2.29573 

591 

610 

62'! 

646 

664 
. 68'2 

701) 

718 

736 

2.297.)..) 

772 

790 

808 

8~ 

l'.4-l 
E'62 

ffi(J 

e98 
916 

'2.29934 

951 

969 
98'! 

~.;10004 

()·.!;? 

040 
o.;s 
07,'j 

093 

2.:JOlll 

1ge. 

146 

163 

180 

198 

215 

:l:l3 

~50 

2f'8 

2.J0-28.J 

:l02 

3'20 

3.17 

354 

:111 

389 
406 

423 

4411 
~.304.)S 

j.RIJ:"!lO 

238 

26::1 
29-2 

:nu 
:HI 

374 

40-2 

429 

456 

!i .86484 

511 

5ffi 

59;1 

521 

64~ 

676 

703 

730 

.'L86758 

785 

813 

841 

S6B 

896 

923 

951 

978 

5.87~ 

[J,8703:1 

6I 

89 

ll6 

144 

)7:! 

199 

21!7 

28:2 

.'\.87310 

33>3 

36:! 

393 

421 

449 

470 

.5U4 

.<):t1 

.'i6U 

5.87587 

£1~ 

6-l:l 

67l 

699 

727 

782 

810 

838 

5. ::786(i 
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370 REPORT OF THE SUPERINTENDENT OF 

LATITUDE 28 DEGREES. 

I
I Log. A. I Log B. • Log. C. I Log. D. I Log, E. 

l. .. atnvde I d1ff. Hl"= - o.s.
1 

d1ff. JO"= -1.8. i dilf. lO'=+ 5.o. j d1tf. IO"=, a.J. I d11f. l0"= +-0.s. 

--.-- ~--1 I : ·-

2~ ~ I B.5094&:!00 B.51173!02 I 
6165 ;2996 I 

2 6130 '2F91 

:1 OOtl._") ~86 

4 GoGo 26e1 

:; 6025 :J,J;5 

6 5989 Q-'170 

7 

(l 

!l 

10 
}] 

)~ 

l:l 

l4 

JC. 

]fi 

]7 

!~ 

19 

20 

~l 

22 

~J 

24 
2;. 

:!6 

27 

51 

55 

56 

57 

58 

59 
60 

~,g.34 

59Hl 

.'"ittM 

B, 5094,\8-W 

f~l-! 

S.50945497 

;H152 

:H2fi 

::.391 
,'.;Jj() 

53'20 

528.'i 

~o 

;a15 

5179 

8.JIJ945144 

5100 

rll7~ 

503~ 

;)of}()2 

4967 

4931 

4~ 

4860 
4825 

~.009·Hi89 

4753 
•1'J!Cl 

4682 

4647 

46Jl 

4f>40 

4::i04 

4469 
~.50\l44433 

4397 

4361 

43-25 

4290 
4~54 

4'!18 

4183 

4147 

4111 

8.50944075 

C.5117ZiJ.)()-

1944 

1£38 

l 7~~3 

lfi2/ 

].\2l 

1416 

JJJQ 

1214 
1099 

8.51170993 

0887 

Oo81 

067.) 

0569 

-0462 
{)~57 

tml 
014;) 

00'19 

8.5116!)93:1 

9827 
9700 

OOH 
9507 

9401 

9294 

918~ 

9081 

8975 

8.5ll68869 
8762 

8655 
8:;48 

8441 

8.'134 
822ll 

Bl21 

ROl4 
7907 

8.51167800 

76t3 

7586 

7479 

";37l 

7264 
71;,7 

70.'>0 

694:.l 

6835 

8.51166728 

1.131412 

1715 

:!l'l18 

3.SJ:l 

:1,~;:;,) 

.Jl37 

J. J;H440 

7155 

1,137456 

77.')i 

8057 

8358 

8659 

8959 

9'2.">9 

9560 

9Bti0 

I.140160 

!.H0460 
0760 

1059 

JJ;i9 

J6J8 

J9;;R 

2257 

25"6 

2855 
3154 

!.143453 
:1751 

4050 

4348 

4647 

4945 

f<243 
5.541 

[,839 

6137 

J.146434 

6732 

7029 

7326 

7624 

79'..!l 
8218 

t\.'.515 

8811 

911l8 

1.149405 

2.:J045ti 

492 

509 
5:26 

543 

560 

594 

fill 

2.3002d 
645 

662 

679 

696 

7L2 

7:29 

746 

763 

780 

2.30797 

813 

830 

846 

863 

880 

8!JG 

913 

930 

946 

2.30963 
979 

996 

ll,31012 
()";)8 

045 

061 

07!3 

094 

JIO 
2.3Jl27 

143 

159 

175 

192 

208 

224 

240 

!156 
273 

2.31~ 

305 

321 

337 

353 
369 
385 
401 

417 

433 

2.31449 

922 

950 
977 

5.88()05 
l3;J 

061 

o~g 

117 

5.!3814J 
173 
;.JO) 

2"29 

257 

2o.J 
313 

342 

370 

:l!l8 

5, 884!16 

45':: 

41!2 

510 

538 
006 

595 

623 

651 

679 

tt.ef707 

736 
764 
79'.l 

8'..!0 

841! 

877 

9IJ[O 

931 

962 
5,88000 

5.8\I019 
047 

075 

103 

l:e 
160 

lSS 

217 

24-.'> 

5.89'274 

302 
330 

359 
387 
416 

4-15 

4T.I 

Sit'..! 

530 
5.89008 
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THE UNITED STATER COAST SURYEY. 

I,ATITUDE 29 DEGREES. 

' 

Log. A. I Lo~. JJ. Log. C. Lo~. D. Lo~. E. 
ditr. 1011 = - 0.-6. diff. 101 = -- 1.8. 'cliff. me=+ 4.9. diff. }(l"I =- + 0.3.; diff. l{YI = + O.!i. 

8 .• 541944015 

4039 

4004 

3968 

31lll0 

3824 

3i"8 

3752 

8.50943717 

:1681 
3645 

3609 

3573 

3537 

:J.\01 

3465 

3429 

3;193 

8.509433.li 

3320 

3'2&4 

31118 

:J212 

Jl76 

3140 

3104 

30~7 

3031 

8.5094299" 
!l<J59 

!l9'23 

2886 
285@ 

2314 

2778 

2741 

2705 

26{)9 

8.509426.T.I 

2597 
25(;0 

2524 

!1487 
2451. 

:l415 

23i8 

2312 

2305 

B.509422611 
2-23'! 

2100 

2159 

2123 

2086 

2050 

'2<ll3 

1977 
1940 

8 • .50041004 

I 8.5JI66728 

6620 

6513 
640.) 

62U7 

6190 

60e'2 

5%7 

5759 

8.5116565:l 

5~44 

54:16 

5328 

52-20 

51EJ 

5004 

4896 

4i~ 

46~0 

8.51164372 

4463 

4355 

4246 

4138 

4030 

39-2:1 

3813 

3704 

:J.\96 

8,51163488 
3379 

3270 

;nm 
30;,2 

2944 

2835 

27:..'6 

;;.?617 

2.}08 

8,51162400 

2291 

2181 

2ffi2 

1963 

1854 

174.5 

1636 

1527 

1417 

B.51161308 

1199 

1089 
0980 

0870 

0761 

0651 

054~ 

0432 

OJ"l.'J 

8.51160213 

l.14910;; 

9701 

!:1997 

l.ljO-:!tH 

659\l. 

OBR6 

1182 

1477 

li73 

!l069 

1.152364 
2660 

29J5 

32.>il 

3545 

3340 

4l:l.> 
443!J 

472-1 

;;om 
l.l;jj313 

5507 

5902 

61!!6 

ti WO 
G7e4 

7078 

'.;'371 

7565 

7958 

1. l582:'J!J 

8J45 

!3&35 

m:n 
9-12-1 

~l717 

l.160010 
O:JO:l 

U59S 

0887 

1.161180 

J.li2 

17tM 

~056 

!l:l48 

W40 

w:tJ 

:l'll'l:l 

3.1515 

3800 
l.164098 

4.18Y 

4600 

4!171 

!i26'2 

55:-..'l 

.J84:.J 

6134 

64~4 

671:'l 

1. lfi7005 

2.3J.J49 

40.l 

4t<O 

1!J6 

51~ 

528 

544 

5.'59 

fli5 

5\Jl 
2 .3160"; 

6:2-2 

638 

6.i::l 
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THE UNITED STATES COAST SL'RVEY. 

LATITUDE 31 DEGREES. 

I i 
L . d Log. A. l Log. B. \ Log. C. I J.og. ll. I Log. E . 

.atitu e. ditr.101'=-0.6. jrti!T.llJ''=-l.1!. dltf.10''=+4.'i. ~ diff.10' =+0.2.; ditf.10' = +o . .;. 

:n oo 

1 

a .. 'ill939688 \

1

1 

e.51153313.; 

1 

-=202 
9651 3453 453G 

2 961:1 I 3:<41 48W 
3 9576 3"'.l-28 .:.10 :t 

Kl:~8 all6 i;38~ 

5 

6 

8 

9 

10 

ll 

l2 

13 

14 
15 

16 
17 
)~ 

19 
2(J 

2l 

:is 
:l9 
40 

41 

'4ll 

43 

44 

45 

46 
47 

48 

49 
.5() 

9501 3004 .')673 

'94ft.'.l 

94;.)() 

9:189 

935! 

8.50939:JJ4 

9'l~~ 

9-219 

9-202 

9JG-l 

91~7 

9089 

9052 

9014 

r.,977 

R. ,;o9;)89;19 

~90;) 

886.J 

88~7 

8789 

87.32 
8i14 

86i7 

86:19 

8602 

8.50938564 

85:16 

8489 

84.51 

8413 

B375 

~338 

8300 

8262 
82',; 

1l.509381B7 

Bl49 

8111 

0074 

8036 

799B 

796() 

79'..fil 

7885 

7847 

8.50937809 

7771 
7'733 
7695 

7657 

7620 

75&2 

75M 

7.3pfi 
7468 

8.S09374:JO 

2.35fi 

8.01152444 
2...):3:'2 

2219 

2107 

199J 

!88:1 

17;0 

165~ 

15-4:1 

J4:J:l 

8 ,511;,1320 

i;ins 

109~ 

098:1 

01".tm 

0';57 

0544 

0~11 

04Ie 

0306 

8.~1150193 

OOS-0 

8. Sll 49967 

98..'";-t 

9741 

96;)8 

9515 

940-2 

92~8 

9115 

s.:>ll49062 
8949 

8833 
87~2 

8609 

8495 

&181 

8"'168 

8I5.J 

~42 

e.511479-28 

781.1 

7701 

7537 

74i3 

7:!60 

7246 

71.U 

7019 

6905 

8.51145791 

59;)7 

6241 

652.i 

6809 

Ll87093 

ja7G 

7660 

7943 

8'!'.!0 
:-<;;og. 

879:t 

yo;s 
93~.~ 

B64:l 

t.16992G 

1.100209 
049! 
cr;7,1 

J0;)6 

13:19 

102-2 

1904 

2469 

1.19"-::i-;52 

3034 

:tU.l 

3.59i 

:1879 

4160 

44·l2 

4724 

5006 

1.195569 

5&'i0 

61:JO 
6411 
669') 

7972 

72&1 

7534 

7815 

8095 

1.198376 

8656 
8936 

9776 

1.200056 
(l.'J.)6 

0616 

0895 

1.2111176 

2.:xt21 a 
227 
24-CJ 

257 

281 

294 

3013 

3-21 

33..!) 

2.:13:148 

:101 
:l';s 
:l88 

401 

414 

426 

441 

4r,4 

4G7 

2,33-l~l 

491 

507 

520 

53:1 

5-!6 

579 

58,') 

598 

2 33611 

624 

637 

f..:iO 

663 

676 

6~Y 

•02 

715 

727 

2.33740 

1sa 
766 
778 

791 

8!H 

817 

f\29 

84:2 

I 
I 

90.) 

918 

930 

I 
9·1.1 

: 
\ 

%0 

2.33993 
' 

!"1.930.:il 
(It!() 

IW 

r:~J 

l6'J 

199 

22H 

2.;8 

288 

:ns 
5.93:43 

:ns 
407 

437 

467 

4Y7 

527 
5.-,o 

586 

615 

5.93646 

Ci76 

706 

736 

76.'l 

79-2 
82.-"l 

855 

88-'l 

915 

5.93945 

Si5 

5.9400."; 
03.-, 

()65 
(l.9;, 

[~5 

El.."> 

18.i 

215 

.5.9-!24a 

27;. 
3{16 

33) 

366 

396 

426 
4,% 

486 

516 

.5.94;)4fi 

577 

607 

6:l7 

697 

728 

758 

788 

816 

5.94848 

·-·-------------·------~ -----~ 

373 
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LATITUDE 32 DEGREES. 
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THE UNITED STATES COAST SCRVEY. 

LATITUDE 33 DEGREES. 
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3771 

3645 
8519 

8.51W:!J!J3 
3267 

3141 

:l016 

2ll90 
2764 

26:18 
2512 

2:186 
2260 

8.01022134 

2009 

ll:l83 
1757 

1631 
1506 

l381J 

1254 

1128 
1003 

8.5!000d77 

JI39 

1391 

1644 

1.451896 
2149 

2401 

2654 

2907 

3159 

3412 

3664 
3917 
4170 

1.454422 

4675 

4928 

5161 

54:J3 

5686 
5939 

61!1'.l 

6445 

6697 

l.456950 
7203 

7456 

7709 

7962 

8215 

8468 

8721 

8974 

!f.!l7 

l.45946U 
9733 

!l9M 

1.460'.!39 

0400 
0746 

09911 

1252 

1505 
]758 

l.462011 

22'Jo> 
2518 

271!1 

3025 
3278 

= 3785 

4036 

4292 

l. -«l-!b-45 

488 

486 

483 

2.38481 
478 

475 

472 

470 

467 

464 

461 
459 
456 

!l.38453 

450 

447 

#I 

442 

439 

436 
43'1 

430 

427 

2.38424 
421 

418 

415 
412 

409 

406 

403 

400 

397 

2.38394 
390 

387 

384 

381 
378 

374 
371 

368 

365 

2.3636\l 

358 

3f>5 
352 
348 

345 

342 

3:18 
335 
331 

2.a'ai28 

589 

629 

_669 

6.267119 

749 
780 
829 

869 
901} 

950 

990 

6.29030 
070 

6,29110 
150 

J!l(J 

231 

271 
3ll 
351 

392 

432 

472 

6.29512 
553 

593 
623 
674 

714 

754 

795 
83ii 
ll71l 

6.29!!16 
!J56 

!lll7 

6.300~7 

07~ 

118 

159 
199 
240 

2!lO 
6,3032l 

361 
402 
443 

463 
524 
561 
605 

6f!I 

686 
6,00727 
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LATITUDE 4\l DEGREES. 

Latitude. ii . Log. A. I Lo:.-ll. II Log.:--- ~o:~--- Lng. :--

o11tff. l0'1 = -0.7. I tliff'.1011 = - 2:.1. d1tr. 10 11 = + 4.:2. diff.10" =- - 0.1. ddf. 10-" .=- + 0.7. 
I • i • I • ' 

--! I I -------

1 

8.5HJ-:J0877 I 49 00 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 

l4 

15 

16 
17 
18 

19 

!lO 

21 
22 

!l:J 
24 

25 

2fi 

27 

28 
• 29 

3() 

31 

3'2 
33 

34 

35 

36 
37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 
49 

50 

51 

52 

.53 

54 

55 
56 
57 

58 

59 

60 

~.50895458 

5416 

5291 

5249 

5207 
516.s 

5123 

508! 

8.50895039 
4998 

4956 

4914 

4872 
4830 

4788 

4746 

470.'I 

461>3 

e .:;1)89462'1 

4579 

4537 

44g5 

4454 

4412 

4370 

432B 

4~86 

4245 

8.50S94203 

4161 

4H9 
4077 

4035 

:J994 

3952 

39l0 

3868 

:l"'27 

8.51!89378.'I 

3743 
3701 

3660 

:lt\18 

3;576 

3534 

34Y3 

3451 

34Q9 

B.50893367 
3326 

3284 

31142 

J-200 

3159 

3117 

3075 

31!34 

299l 

B.5!18929W 

()751 

0625 

0500 

0374 

0-248 

0123 

8.510199U7 

9871 

9746 

8.5IVl!J620 

9495 

9369 

9243 

9118 

~91J"l 

8867 

8741 

8615 

84UO 

8 51Ql83f\4 

8239 

8113 

7988 

i86~ 

1737 

7612 

7486 

7351 

7235 

8.51017110 

69f4 

6~59 

6734 

6608 

6483 

6358 

623-J 

6107 

5982 

S.5101''856 
5731 

5606 

5481 

5355 

5236 

5105 

4980 

4B5t 

47211 

8.51014604 

4479 

4354 

42-28 

4103 

3978 
3853 

3728 

:l603 

3488 

8,5!013353 

l.464545 

5052 

5306 

5559 
5813 

6067 

6320 

657>\ 

6827 

1. 467081 

7335 

15e9 

784\! 

8096 

8350 

8604 

8856 

9111 

9365 

l.469619 
9873 

1.470127 

0381 

0035 

0889 

1143 

1397 

1651 

190..5 

l.47215.<J 

241J 

266~ 

2!1-22 

3176 

3430 

36~5 

3939 

4193 

4447 

1,474702 

4956 

5211 
5465 

5720 

5974 
6229 

6483 

6738 

6\l92 

1.477247 

750'! 

7756 

SOil 

8266 

8521 

8775-

9030 

9285 

9540 

1.479791 

:.tJ5 

321 

311 

3U7 

3U4 

3{)0 

~97 

2.382!13 

289 

286 
~~2 

278 

2i5 

2il 

267 

264 

260 

2.3S256 

253 

2l9 

243 
241 

238 
234 

2~ID 

226 

222 

2.38219 
215 

2H 
207 
203 

199 

195 

191 

187 

183 

2.:38179 

175 
171 

167 

16~ 

159 

154 
150 
146 
14~ 

2.38138 

134 
130 

125 

121 

117 

1l3 

108 

104 

100 

2.:l&YS 

6.30727 

"iC8 

~49 

~90 

930 

9il 

6.3l01~ 

0-53 

093 

6.311:14 

175 

216 

2.')7 

298 

3J8 

379 

420 

46l 

502 

ti.31543 

~84 

625 

666 
i07 
748 

789 
830 

871 

912 

6.3•953 
Y94 

6.3~1l35 

077 

!JS 

IC\9 

200 

2H 

282 

324 

6.32365 
406 
447 

488 

530 

,571 

612 

653 
6Y5 

i.16 

6. :t2ii7 
819 

~o 

901 

943 

984 

!;.33026 
067 

108 

150 

6.:J:ll91 

3!H 

... Tbrouatiout 'be tablt-a the diffcNnees ror toir in the values of logs A, B, C, D, E refer to one place of decimals less lhan ts given in the tables. 
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APPENDIX No. 37. 
Account qf Cauchy's fotcrpo7ation formula. 

(l'rcpured by l'harlcs A. Schott, A'sisfant Coast Sun·ey.) 

In many pl1ysica1 investigntions the application of the method of least squares becomes 
laborious whenever a great ntunbcr of complicated c011ditional equations are to be treated;, 
and it is therefore occasionally convenient to make u:-;e of a sufliciently rigoromi method, which, 
hardly inferior to that. of least squares, bas the ad \'antage of leading, in Jess time and with 
Jess labor, to a result of an accuracy commensurate with that of the observatious themselves. 
Such a method has been devi'1Pd by Cauchy, and it is here proposed to give, for convenience 
of reference, an account of Cauchy's interpolation formula. It is a free translation from 
Moigno' s account. in his edition of Cauchy's differential calculm.;, * and has been illustrated 
with an example. 

Let y represent a function of x capable of being developed in a converging series, arranged 
according to ascending or descending powers of x, or according to sines or cosines of multiple 
arcs of x, or, in general, according to any other fum:tioa8 of x which may be represented by 

cpx=u x:I:=?: ¢x=w 
y=au+bv+cw+ .... (1) 

~ b c ...• being coefficients to be determined. It will bo necessary to know, first, how many 
terms in the second member of equation (1) lrnve to be included to obtain for ya value suf­
ficiently close so as not to deviate from the truth by a quautity greater than is commensurate 
with the errors of obserYation themselves; and, secondly, to express numerically the coef­
ficients of the expression adopted. For the solution or the problem we have given a sufficient 
number of values of y represented by y1 y2 y 3 ...... ?Jn corre8ponding to "the same number of 
values of x expressed by x 1 x 2 x3 .... x,,, and corresponding to an equal numbe't of values for 
the functions u v w ...... represented by 1t1 112 u3 ..... un for the function u, and by v1 v2 v3 ..... 

v,. for the function v, and by w1 w2 ic3 ..... wn for the function w, &c., &c., we 1rnve tberefore 
the following conditional linear equations: 

y 1 = a i11 + b u1 + <J u·1 + .... .. 
y2 = a 112 + b v2 + c w3 + ..... . 

etc. 

Yn = a nn + b i·n + c wn + ...... 
comprised in the general form-

Yi = a u; + b t'i + c wi + ..... . 
where i designates any integer number 1, 2, .'J ••• • n. For a first approximation "e can neglect 
the coefficieuts b e ...... or we reduce the series to its first term, then tho general approximate 
value of y will be y =a u, ·for which we have the systems of equations-

(2) 

The ys being given by observation and the terms beyond the first being neglected, these 
equations will produce different values for a, and require therefore to be combined in such a 
manner as to render the bad effect on the value of this coefficient, produced by errors in the 
amount of y1 y2 ..... Yn' the least possible. The different. combinations to that effect, which 
can be made with reference to the value of a and tho equations (2) are comprised in the gen­
eral form: 

a = k1 Y1 + k2 '!12 + · · · · · · - kn Yn 
k1 u1 + k2 u2 + ....... k,. u11. 

0 Ler;ons de cal cul diff(lrentiel de M. A. L. Cauchy, par M. I' Abbe Moigno. Paris, 1840. 
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obtained by multiplication of each term by factors T.·1 l·2 •••• k,. aud by e.ubsec ucnt summation. 
This value of a will not vary if we change all tbe factors in tlie snme ratio arnl the _QTe<1test. 
one (irre:<pective of ;,;ig-n) may always be considered as reduced to unity. If s, <2 ••••• <n rcp­
rcsc11t the errors committed respectively in the observatious y1 y2 •••••• Yn• tiie preceding 
formula will furnish a ..alue for a differing from the true value by 

l.·1 s, + k2 e2 ••••• + k,, "• 
k1 u 1 + k2 112 ••••• + kn u. 

and we have to select such values for 7.·1 k2 ••••• l·. as will make thi!' difference as $nrnll as 
pm;sible. 

Let Z u; be the sum of the numerical values of the polynome ± u, ± 112 •••• ± ?In, each term 
having been rendered positive, and suppo:;ing each value u, replaced by it,; corre;;:ponding 
value <'; we will call this latter sum :s e:1• 

If each coefficient k1 k2 ••••••• 1.~n is reduced to either + 1 or - 1, and if "·e select tho sign 
in such a mauner as to make the term,,; of the denominator of the above fraction all po,:iti\·e, it 

will assume the value ~ "'• which approximates nearest to the value E . wliere E equal;; the 
::s u, ~ u, 

sum of the numerical values of e,. 
If, on the other 1rnnd. 1ve were to attribute unequal v:tlues to 7.-1 k2 .... l·" of which tbe 

greatest (irre:;pective of sign) would be unity, the denominator 1Yould assume a value evidently 
inferior to ~ u, whilst the numerical value of' the numerator might ri:;e as high as tlte limit E, 
(in this case e, s2 ..... en would all be zero excepting that e wl1id1 is multiplied b.v the uniL :) it 
follows, theu, tliat the greatest error in the value of a, to be appreliendcd, "·ill be as small as 
possible by assuming generally k, = ± 1, choosing the sign:; so as to make all terms po:>itive 
in the expression J.·1 111 + k2 i12 + ..... 7.'n un. We then have-

~ ?/- U r l . l . a=-·-' y = -- ::E Yi· 1or w11c1 we can write y =a ::s !h-
::E Ill ::<: lli 

. . 1 Iy. 
For u = I the equat10n y =au. 1s reduced toy= a and a =;-or y = ----::;·; the arithmetical 

mean gives, therefore, the nearest approximation to the value y. 
Let 11y be it:; correction, then y = a ~.' JI; + 11 y, 

and in a similar manner-
v = a 2 vi + 6 v w = a I w, + 6 w, etc., etc. 

From the formula Yi= au1 + bv, +cw;+···· we obtain-
}.,' Y; = a I ui + b I v 1 + c .. r u:1 + .... 

multiplying by a, and subtracting from y = au + bv + cw + · · · · 
we find 11 y = b .6 v + c 6 w + ...................... · · · · · · · · · · . · · · . . . . . . . . . . (3) 

Let a; 6y; 11v1 6te\ represent the corresponding values of a 11 y 6 v .6 wafter x is replaced 
by x1, then if the values 11y 1 6 y 2 •• •• • • 6 Yu are very small, and comparable to the error::; of 
observation, no second approximation need be made, and y becomes= a .1' y1• On the con­
trary, if this is not the case we obtain a new approximation by operating ·on formula (·3) in the 
same manner as we have done on formula ( 1.) · 

Premising the above, let .. P 11 v1 be the sum of the numerical values of 6 v1 and I 1 Li y1, 

,.l'L 6 w" etc., the sums into which X1 11 v, is changed, when each Li -i·1, is n'placed by its 

corresponding value of Li y
1 

or of Ll w
1
• etc., and let f3 = )..~ ;{ -v

1 

then if the 3d and following 

terms in equation (I) can be neglected-
11 y :.:::: {i 2'1 6 y

1 
as an approximation, or strictly 

A y = /3 I' .6 Yi + 62 y. 
Again, let A w = (1 ..,r1 A w1 + ,;'.l2 w, etc., etc., then by formula (3) 

.:1 y, = b ~ "~ + e A w1 + . . . . also I 1 A y1 = b I 1 A v1 + c .J:l A w1 + . · · ... 
50 e 
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multiplying the lust expression by (3, and subtracting it from the expression for Ll y, we find 
£i2 y = c ,62 w + ..... . 

Now designate by /1, .62 y, b.2 w, ... · the values of f3 .6 2 y b.2 w, when x is replaced by x;, 

then if the values of Ll2 !h Ll2 !! 2 • • • • • • A2 Yn arc very small and comparable with the errors 
of observation we need no further approximation, and may be safoified·with b. y = (i I 1 A Y;; 
if the contrary should he 1he case, it suffices for a third approximation to operate on the for­
mula for A 2 1/ in the Rame manner a8 followed in formula (1.) This process, as developed above; 
when continued, leads to the following rule : ' 

If in the conrerging series 
y = au + 7m + cw + . · · · · · · · · · · · · · · · · . · · · · · · · .. · · .. ·. . . . . . . . . . . . . . . . . . . . . . . . . (I) 
u v 1c ·. · •.. represent given functionf' of the same varialile, and we known particular valnes 
of y corresponding io n particulai· values of x 1 x 2 • • • • xn, and if ·we designate by :th ui v, w, .. .. 
the values of y u v w · · · · when x is replaced by x,, then for a first _approximation, by means 
of the formula u = a J.' U; • • • • • • • • • • • • • • • • • • • • • • • • · · • • · • • • • • • • • • • • • • • • • • • • • • • • (II) 

W c find y = a ::.· yi + Ll y · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . . . . • . . . . . . . . . • . • . (111) 
Now, if the particular values of b. y or A Y; A y 2 • • • • A Yn are of the same order of magni­

tude as the errors of obsen·ation, we need uot proceed further; in the contrary case, we find 
f3 hy means of the formula" v = a 1' vi + A u, A v = /d I 1 A vi.. . . . . . . . . . . . . . . (IV) 

~·1 6 1:1 being the sum of the numerical values of A V; also find tlw differences of the second 
order by tlw formula 6 y = (3 2.'1 6 y + Ll" y · · • · · · . · ·. · · . ·.. . . • . • . . . . . . . . . . . . • . . (V) 

Now, if the particular values o~ A 2 y1 A 2 y 2 • • • • Ll2 Yu .are of the same order as the errors of 
observation ?f is sufficiently represented by a I: y, + /3 ~ 1 A Yi ; in the contrary case proceed 
to find r by the formulae--
ii:= a}:; w, + 6 w, 6 w = {1};; 1 ti wi + A 2 w, b. 2 w= r zH A 2w1 • • • • ••••••••• - • • • • • • • • (VI) 

vVhrirn ~ 11 .6 2 U'i equals the sum of the numerical values of t\ 2 w,; next find the difference of 
the tbird order 6 2 ?! = r :z11 6 2 Yi + 6 3 y · · · · · • · · · · · · · · . · ·. ·: .. · .....•........ - (Vll) 

Fiually, suppo,.ing the co-efficients a /3 r · · to be known we have next to compute the differ· 
enc es of the scve ral orders represented by Ay 6 2 !J 6 3y .... or rather their particular values 
corresponding to the values x 1 x 2 • • • • xn of the variable, until we arrive at a value where the 
diffe1·cnces are of the same order of magnitude as the errors of the observations themselves, 
and if we call m the number of preserved terms, the prol)lem of interpolation is solved by the 
fornrnla-

Y = a 2' Yi+ 13 ;st c. Y1 + r :Z11 6 2 Yi+······ 
continued to tlie term involving Ll"'-1y,. 

Prom the preceding we deduce-

:.; a,= 1 L /ii= 0 I:1 /3; = 1 L ri = 0 l:1 7; = 0 L 11 7; =l, etc . 
. AJso :s 6 1'; = 0 :s 6 wi = 0 :s 6 2 w1 = 0 :S1 6 2 w; = 0, etc.; 

and :s 6 y, = 0 i; 62 y, = 0 i;1 62 Yi= 0 2: f:!.3 Yi= 0 2:1 L::.3 Y1 = 0 z11 D,3 Y1 = 0, 
which expressions must be satisfied by the values of a fJ r. · .. as well as by the differences of 
the different or<len; of 11, v, w. · · . y, and are a useful auxiliary to guard against the commission 
of errors of eomputation. 

In conclusion, the ad vantages of these fonnulw of interpolation may be stated as follows: 
1. They apply to the development of a series, no matter what the law may be by which the 

different terms are established, and whatever may be the increments (equal or not) of the 
'independent variable. 

2. The formulro are of eaRy application, particularly if logarithrnlil are used in computing the 
ratios a /i r . .... . 

3. The ;;uccessive approximations are generally obtained with more facility the further we 
proceed. 
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4. The proce~s involves at once all the numbers furnished by observation, and hence admits 
of a very large number of experiment:<. 

5. They possess the advantage that for each new apprnximation the successive values for 
a, b, c · · · . are always those for which w·e need appTehend hut the smallest possible error. 

6. They indicate of themselves the moment when the caleulation has aJTived at a sufficient 
approximation commensurate witl1 the accuracy of the ob,::cn·atious. • 

7. The numerical process is checked in its intermetliate steps. 
The following example has been selected from another part of this report.-(Scc the discus>' ion 

of the apparent connection between the. angular movement of the horizontal maguelic 11e<.;ule and 
the variation in the moon's hour angle, as observed and deduced from the o hservatiou::; at 
Girard College, Philadelphia.) From that discussion the following numerical values have been 
obtained, they depend on not less than 21, 644 observations taken in the years 1840 to 1845. 

Moon's hour angle. I Deflection from normal ',::Moon': hour angle. 
1

1

, Deflection -fro:-norm:-
1 dedination. !: , declination. 

-------· !I j ________ _ 

1: 
12 +o. 29 0 +0.19 1: 

1 +0.11 I' 13 +0.19 
i 2 +o.o5 Ii 14 +0.13 

3 +o.H ,, 15 +o. 06 
4 -0.10 ,, 16 -0.10 
5 -0. H 11 17 -0. 18 
6 -0. 19 Ii 18 -0.26 
7 -0. 14 11 19 -0.19 
8 -0.15 

Ii 

20 -0. 12 
9 +0.01 21 +o. 01 

10 +0.10 22 +0.01 
11 +0.19 I. 23 +0.12 

11 
!I 

~--------- ----~- ----·--

These numbers may be represented by the periodic form-
b. = A + B sin. (0 + C) + D sin. (2 (} + E) + ......... . 

where­
(( 

b. = the lunar diurnal variation of the magnetic declination. + west, - east defiedion. 
(( 

(}the moon's hour angle reckoned from the upper culmination. 
A., B, C, D, E .. · · . · constants to be determined. 
An examination of the signs of the numerical values of f'.. shows that the term depending 

(( 

on 2 0 is the most prominent; hence D should be determined before Band the periodic terms 
following it. 

Putting B sin. C = p, B cos. C = q, D sin E = r, and D cos E = s, 
the above expression becomes: 

b. = A. + 1· cos. 2 (} + s sin. 2_ 0 + p cos. 0 + q sin. ti + · · · · -· 
(( 

In the present case the value of A is simply the arithmetical mean of the 24 numerical 
values= + 0'.001, which on account of its smallness may be neglected; the reduction of the 
observations stand as follows: 
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.:1 {;11:;;. 2 0. Sin. 2 0 . Co:-. 8. Sin. 0. .:}' .:J" er (r) ('.) (p) (q.) er i er 
--- --- -

+ 0.19 + 1.00 0.00 + 1.00 0 00 - 0.01 + 0,01 
+ 11.17 + 0.67 + 0.50 + 0.97 + 0.26 - U.01 + 0.01 
+ 0.05 ' + U.50 + 0.8'.•1 + 0.87 + 0.50 - 0.06 - O.Ot 

+ 0.U4 o.uo + 1.00 + 0.71 + 0.71 + 0.02 + 0.03 
- 0.10 - 0 50 .L. o.~1 + 0 5U + 0.87 - O Ol - U.Ul 
- 0.11 - 0.87 + 0,50 + 0.25 + 0.97 + ().02 + 0.02 
- 0.IV - LUO 0.00 0.00 + 1.00 + 0.01 o.oo 
- U.14 l - 0.87 - 0.50 - 0.26 + 0.97 + 0.04 + 0.02 
- 0 15 - 0 50 i - 0.87 - 0.50 + 0.87 - 0.04 - 0.06 
+ 0,01 0.00 - 1.00 - 0.71 + 0 7l + D.01 0.00 

3.04 

+ 0.10 + 0.50 - 0.87 - o.e1 + 0.50 + O.Ol - 0.01 
r=

14
_
96

=+0.20a 

+ 0.19 + 0.87 - 0,50 - 0,97 + 0.26 + 0.03 
0 2.5 + 0.01 •=-=+0.0[7, 

+ 0 29 + I.CO o.oo - 1.00 0 00 + o.w 14.YJ + 0.07 
+ 0.19 + 0.87 + 0.50 - 0.97 -0.:JU + O.Ol 

-U.31 
- O.Ul P= 15.24 =-0.02i!. 

+ 0.13 + 0.50 + u.~7 - o.e:1 - 0.5-U + 0.02 u 00 

+ 0.05 0.00 + 1.00 - O.il - 0.71 + 0.04 + 0.03 
o. 14 

- 0.10 - U.50 + 0 87 - 0,j(J - 0.87 - 0.01 - 0.01 
q = Ia.~4 = + o.o9. 

- 0.1~ - O.t.7 + 0.511 - 0.26 - 0.97 i: - o.o~ - 0.02 !j 
- U,20 - 1.00 o.oo o.uo - l.00 I - 0.06 - 0.05 
- 0.19 --''o.s; - 0.50 + 0.26 - 0.97 1: - 0.01 + 0.01 

/! 
- 0.12 - 0.50 - 0.87 i + 0 50 - 0.87 ji - 0.01 + 0.111 
+ 0.011 0.00 - 1.00 + 0.71 - 0.71 + 0.(3 + 0.06 

I' + 0.01 + o.;;o 
i 

-0,87 + 0.87 - 0.50 11 - 0.05 - 0.03 
+ 0.12 + o.~• - 0.50 + 0.97 - 0.26 11 - 0.04 -v.<n 

+ 3.04 +H.95 0 0 

-~,----

i + il.125 I +14.96 0 u 
I I 

i' 
AppJy111g the vaJues r cos . .!l 8, and /1 !!in, 9 Oy we find the new 1: 

rnsirluals,. .J' ~ ii 
~ /1 

·I :1 
+l5.ll4 0 'I 

1, 
- o.:ia 

0 +15.24 + 0.14 

Applying the values p cos. {) aud q sin. {), we find the residuals 6'', which show that no 
<r 

further approximation is needed. Therefore the expression becomes: 
£:. = + 0'.001 + 0'. 203 cos. 2 8 + 0'.017 sin. 2 8 - 0'.022 cos.(} + O'. 009 l'in. 0. 
er 

'\VLich may be transferred into-

~ = + 0'.001 + 0'.024 sin. (fJ + 292°) + 0'.204 sin. (2 fJ + 85°.) 
{ 

By application of the method of least squares we found-
A = + 0'.001 + 0'.029 sin. (0 + 295°) + 0'.207 sm. (2 {) + 85°.) 

(( 

These expressions are pract.ically identical. The sum of the remaining errors irrespective 
of sign is by Cauchy's method 0.54, and by the method of least squares= 0.55, the sum of 
the squares of the remaining errors is by Cauchy's method 0.0214, and by the method of least 
squares= 0.0211. 
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APPENDIX No. 38. 
'labk •howing the height in f<tl corrt."POTiding tu a givm angle qf elevation an</ a given distance in metres, for u;se in the construction of ro11tour 

lute< by th£ pl1mt·table. Prepared by Charle. A. Sc!.ott, Asoist.Jnt United States Coast Sun•1y. 
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APPENDIX No. 39. 
DcscrijJtion qf implements dem'sed blJ Assistant Henry .JJHtcliell.for collecting specimens qf bottom in 

alluvial harbors.-(Sketch No. 40.) 

RosTON, September 30, 1860. 

DEAR Sm: The two instruments used 011 the Boston flatr' consist in the main of long steel rods·, 
about. half an inch in diameter, terminating in specimen cups, the covers of ·which are opened 
and closed by the observer in turning the rods or shafts. Each is furnished with a thin metal 
disk fitted with a spring on the shaft, so as to mark the depth to which the probe enters the 
mud. Figures 1 and 2 (Sketch No. 40) represent the probes with their specimen cups closed, 
as they would he ·when the shafts are to be tbrnst into or drawn from the bottom under exam­
ination. Figures 3 and 4 show the same instruments when open to receive specimens. 

In Figures 1 and 3 the shaft, covers, and extreme poir1t of the spear are one piece; but the 
main portion, or the hollow spear head itself, is movable, and may be easily turned about the 
shaft which passes through it. 'When this instrument is pushed into the mud to the required 
depth, the observer turns the shaft with a handle, (not sho\vn in the sketch,) and by so doing 
uncovers the i<pecirnen boxes, the 8pear head mcanwbile, by reason of its form, resisting the 
circular movement. The sharp edges of the covers offer little resistance, and move freely. By 
reversi11g the motion the observer again covers the cups of the spear head, and then draws up 
the in8trument. 

The form shown in Figures 2 and 4 differs from the other in f<cveral particulars. The speci­
men cup and shaft are of one piece, and tbe GOVer is ll10Vable up the shaft by a fine SCreW 
thread. The thin blades or wings attached to the cover resist the circular motion given to the 
shaft and cup by the observer, and thus the cup is opened or closed. This instrument is pref­
erable to the other for obtaining specimens of pure mud, since the cover may be screwed tight, 
and the specimen drawn up through other strata without mixing at all with them. 

Yours respectfully, 
H. :MITCHELL, Assistant Coast Survey. 

Prof. _<\.. D. BACHE, Superintendent U. S. Coast Survey. 

APPENDIX No. 40. ,. 
DP:scri'.ption ef the method qf applying a new farm qf divi<lers im:ented by .JJfr. Jolin R. Gilliss for 

the graphical decomposition ef tidal curves.-( Sec Sketch No. 40.) 

COAST SURVEY OFFICE, September 29, 1860. 
DEAR Sm: I enclose a sketch of a pair of divideri> devised by Mr. John R. Gilliss, princi­

pally for use in decomposing graphically the tidal curves, but which can also be used with ad­
vantage for all purposes for which halving dividers are required. 

'l'he most laborious part of our process of decomposing graphically the tidal curves into their 
component diurnal and semi-diurnal waves is the taking of the mean between the ordinates of 
the curve of observation at points twelve lunar hours apart, for the purpose of eliminating the 
diurnal wave. It is done by tracing the curve on a piece of transparent paper, and then sliding 
it twelve hours forwards or backwards along its horizontal axis. Then the difference of the 
ordinates of the two curves thus superposed is measured at short intervals with proportional 
dividers, or so-called "wholes and halves" dividers. .At each measurement the dividers are 
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reversed, and the 11alf of tlrn distance between tho two curves ie pricked off. These points 
then joined by a continuous cun'c repre,;ent the semi-diurnal waYe. 

This process can be gone through mucl1 more ra]Jidly with the dividere proposed by Mr. 
Gilliss. 

As you will see by the sketch, they are formed of three branches, the middle one of •rl1ich 
is always kept at equal distances from the two otlier;; b~- two diag:onal braces. Slots in that 
branch at C and B (Sketch No. 40) allow it to rise as the dividers are opened, und a small spiral 
spring at B keeps the point drawn buck from the paper until the two outside l.>ranclics are placed 
on the points wanted, when a pressure with the finger on the head iLt C will cause tho middle 
leg to prick off the middle point. 

A spring between the outside legs near tbe joint C sen'es to lwep t11em alwa.vs open, so that 
the position of tlie fingers in holding the instrument need iwver be changed. Iu~tcad of tliis, 
rings might be adapted on the outside for tbc thumb and middle finger, the forefinger being 
kept on the head at C. 

-With either arrange1'lont a person ·will be enabled to work with great rapirli ty after a little 
practice. 

Very respectfully, your obedient servant, 

I'rof. A. D. BACHE, Superiutenrlent U. S. Coast Survey. 

APPENDIX No. 41. 

L. F. POGRTALES, 
A8sistant Coast Surnf'y. 

Report ef Lieut. Comg. Alexander ~vurray, U. S. N., Assistant Coa8t Survey, rclatii•e to the 
Labrador eclipse cxprdifion, and to incidental re.sults bcarin:t on tbc liydrography ol tlw coast ef 
Labrador.-(Skeich No. 38.) 

U. S. SU-RV-EYING STEAMER Brnn, ~New 1'(1rk, August 12, 1860. 
Srn: When your telegram was received, on the 16th of June, intimating the probability of 

tbe detail of the steamer Bibb for conveying t.be astronomical expedition to Labrador, the ve
0

ssel 
bad been only four days in port, lnviog just then closed a long and active period of duty at the 
south. Under the emergency which had arisen, extraordinary means were at Jnce applied, 
though the Bibb then needed repairs, and I was happy LJ feel not entirely unprepared w!ien I 
received your final instructions for that duty on the 22d of June. All needful ·preparations 
having been made, and the party of observers in charge of Professor Stephen Alexander on 
board, on the 28th we availed ourselves of a fair tide, taking our departure from the rnlYy yard 
at 11.30 a. m., and entered upon the voyage. Tho weather was fair on our passage to Sydney, 
(Cape Breton island,) but a sail event occurred on the night of the 29th in the loss overboard 
of John McCalmut, one of the seamen of the Bibb. 

The vessel arrived at North Sydney (the coal depot) at midnight on the 2d of July. During 
t~e fine weather of that pint of the voyaga ad vantage had been taken to organize for the observa­
tions according to your programme, and to arrange the preliminaries for our work to meet the 
several contingencies pointed out by your instructions. A mutual good understanding then had, 
remained unbroken during the expedition. 

The distance from Sydney to Cape Clmdleigh and back being about 2,400 miles, it became 
~ecei;sary, on account of the limited capacity of the steamer, to have coal deposited at some 
intermediate point; and Domiuo harbor was chosen, in latitude 53° 281 ~., and means were 
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taken to insure tl1e delivery of tlie supply that would be required for the return of the vessel. 
We left Sydney on the 11ight of the 3d, with as much coal as could possibly be taken on board. 
Ko pilots could be lrnd fort.he coast north of Belle Jsle, and hence that res.ource might well be 
regarded as vi tnl to the success of the expedi tiou, morn especially as in the very stormy 
weather tbat met us in the Gulf of St. Lawrence our entire deck load of coal was endangered. 

On the 7th of July the Bibb p~•sse<l the light-house of Belle Isle, and proceeded along the 
coast of Labrador. Icebergs \vere constantly in sight, but not w numerous as to obstruct _ 

_ navigation. The weather continued pleasar1t until the morning of the 10th, when a stiff breeze' 
from the soutlnrard and eal'tward set ill, with a tremendous sea. Towards eYening the fog 
began to settle down, and the icebergs to drift toward:> the land. We souglit a harbor, and at 
10 p. m. anchored behind an island in latitude 56° 43' N., which afforded shelter from an 
impending storm. The "·eather continued thick and stormy until tho afternoon of the 11th; 
but, in consideration of the main object of the expedition, the accomplish~ent of which was 
hazarded by each delay, I determined, nftor advising witl1 Lieutenant Ashe, R. N., who had 
joined tbe party at New York, to take the inside passage and push oft, the fog Rtill remaining 
outside. and the ice lieing pressed close in along the islands. We had in this way made some 
forty miles when tbc only accident occurred that was worthy of record in tho voyage. While 
under the least possible pressure, of steam, ai1d carefully feeling her way, the vessel ran upon 
a ledge of mmken rocks, but with the aid of her nnchors was got off at the return of the tide, 
and a;;aiu !waded on her course, being at meridian, again in the open sea. 

On tho 13th of July, whon approaching our final destination, the navigation was ngain inter­
rupted by reefa, over which the sea broke with great Yiolence. We were then nearing the 
point wl1ere the middle of the shadow of the edipsc was to pass, and, as the time pressed, it 
became imperative to pass the reef just mentioned, in search of a harbor. The outer line, ten 
to twelve miles from shore, was easily passed through, and approaching the laud cautiously, 
we entered, about midnigl1t, into a ch1mnel ·which proved to be the north inlet- at .A.u1ezavik 
islancL and anchored in latitude 59c 541 N. early on the morning of the 14th of July. At 
meridian of that day a site for an observatory had been selected by the chief astronomer of the 
expedition, Professor Alexander, anr1 before the clo:-ie of evening the material for the structure, 
and the tents for magnetic, tidal, and meteorological instruments, were landed. ~i\. tide-staff 
was also set np, and obsern1tions commenced; but, with this exception, operations were sus­
pended until the afternoon of the 1 Gth b7 a heavy gale of wind, with prevailing rain. At 
night all the instruments "·ere in their appointed places, aud the scientific work was in full 
progress under the respective heads. 

The tenor of ,your instructiomi as to my first duty being ''to convey the astronomers and 
other officers of the Labrndor eclipse ei>-pedition to the vicinity of Cape Chudleigh, the delays 
incidental to 11ydrngraphic work were not allowed to interfere with the execution of the first 
object; lmt that done, my attention turned to the kind of duty usual in the party under my 
command in the steamer Bibb. A base line having been measured with care, the inlet in which 
we landed, and which has been named Eclipse harbor, was sounded out. In conjunction with 
Profes~mr Y mmLle and Mr. Lieber, other explorations were madt-, and the results, as well as 
the survey just referred to, are shown in the accompanying sketches. An exhibit is made, in 
a third sketch, of the soundings and ocean temperatures taken on the eastern coast of Labrador. 
The surface temperature was found to be coldest where the water was deepest and the current 
strongest, reveniing in tbe "Labrador current" the characteristics of the "Gulf Stream." 
Most of the iceberg;; are confined to the line of drift marked on the sketch; those that are not 
being merely fog1tive ones. These sometimes lodge on sunken reefa, and serve as beacons; 
the wearing of the tidet:i leaving projections above, so that they may be known and used 
ns such. 
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After a terrible t<torrn, which raged tliree da~;;:. aml dmirig wbich Hie barometer fell to 28..i 
inc11ef', tho Bihb left Eclipse ]iarhor on tlie 24th of July. aud 011 the 21tlt readied Domino 
harhor. This is a small mid compact fi;-;hing Ptation, affordin;:: natunil \Ylwd11ge, tlw vc::-':-el,; 
resorting to it being moored to the rocks. Here we fourn1 tlJl• f'd10011erwhich I hod appointed 
to meet m:; with a supply of coal. In order to profit lJ.'' good wentlic·r. tlie c:tvamer g(lt under 
way, after determining the position of the harl1or, and contiuned the gencffal hydrogruphie 
observations with the smaller vessel in to\\': but towards evening, on the :2rlth, l'oth were 
sheltered in Chatcau hay from a severe 80uthwc8t gale. The ba_\· jm-t namc<l i,; aho a :fie;hing­
station, and is a ver_'.' good harbor. There we took in coal from tl1e l'clJOoller. tllHl on the 
morning of the 31st left for Sydno:·. whern we arrived on tho 2d, and, ;.:aili11g 11cxt d:iy. the 
Bibb reached Newport, R. I., on the 7th of lrngust, 1Yl1erG t11e ofliccrs of the expedition met 
you in person. Tho vessel then proceeded to Kc\\· York, aml was put into the dry duck, in 
consequence of her leaky condition. 

I am much indebted to Lieutenant Ashe, of tho royal naYy. who, on all oca,;10ns, "'as ready 
with aid which was invaluable to us in navit::atin~ tlie coal't of Labrador. 

The deprivation of ordinary comforts was ycry cheerfully borne by the r::cientific members of 
the expedition, and I was r::urprised and flattered by the rnanner in \Yhiel1 they mot the incon­
veniences of orowdecl sea life. 

Under separate head;;; I shall no\\' briefly f'tate the res1tltl' of ob'3en·atiorn; incidentally made 
on the coast of Labrador. 

Fogs.-Thc expericnre of the liydrognipliic part:· in tl1e steamer Bibb g-oes to show that 
i11 .July the fog on the coast of J,ahrndor is neither so dem<e, >'O frequent, llOl" i"O en<lurin;.!: as 
those that beset the Bay of Fundy and the northern section of our own coast at tho same 
season. 

TVincls.-Caims were of short duration, seldom lasting more than a single dny. The gales 
were frequent and very violent. Near Cape Clrndleigh they i11variahly >'prnng up from the 
southward and e~istward, :rnd t:•:enerall:· ended in the southwest-the soutliea,:;t being of longest 
duration, thl' southwest the most violent. Tho gale which ended on the :!Jd of .Tuly \\·ent ronnrl 
the compass from southeast, by \Yay of tl1e uorth, to southwest, rmd l\"as the \Yor,;t gale expe­
rienced on the coast. It extended far to the soutlnrnrd, and wrecked man:· Yesfiels in the Gulf 
of St. Lawrence. 

South of Domino harLur all tl1c g:ile>' of tlii:< f:1111lllHcr, up to the hl ol' A u;.:;u;:t, were said to 
be from S. SW. 

Ice and snow.-lce formed in Eelip8e harbor, behind Aulezavik island, on tlie morning of 
the 14th of July. Part of the western shore had an "ice foot" three to four feet thick. which 
remained during our stay, and immense fields of ice lay on the sides of the mountaiu, from 
which Rtreams of water ran constantly. On the night of the 22d a snow storm covered tl1e 
region adjacent to Aulezavik, but its traces diKappeared iu latitude 54° N. 

Tidf!k!.-At Eclipse harbor the rise alld fall of the spring tide whi<"h occurred on the 18th 
of .July was 5.7 feet; the rise above the beach.mark being 4.5 feet, and the fall 1.:2 feet below 
it, The estimated mean rise and fall is 5.1 feet. 

A.t Nukasusuktok island, latitude 56° 34' N., as cRtimated by beach-mark made on the 10th 
of July, the mean rise and fall is ........................ · · · · · · · · · · · ·· • · · · 5.0 feet.. 

Mean rise and fall at Domino harbor .................... • · · · · · · · · · · · · · · • · · · 2. fl '' 
Mean rise and fall at Chateau bay ...................... · .. · · · · · · · • · • · · · · · · 4. 0 '' 

The highest tide observed at Eclipse harbor occurred during the gale of the 22d and 23d 
of July. 

If from this brief account of a ;;bort Lut eventful period of duty anytl1ing can be gleaned 
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citltn of interest to science or useful to navigation, I would reckon it with the gratification of 
linvi11g· as,._i,.,ted in carryi11g out your wishes in regard to the LaLrador l'xpedition. 

Y cry respectful!:·, your obedient servant, 
ALEX. :MURRAY, 

Lieutenant U. S. N., ABsistant Coast Survey. 
A. D. IlACIIE, L.LD., S·1p't ll. S. Goa.st Survey. 

APPENDIX No. 4') 
"'"'· 

lv"'ofr.1· on tl1c ueolouy 1!f Ilic coa8f r;l Labrndor, l;y Osmr Jlf. Lieher, f:sq., August, 1860. (Sketclt 
No. :rn.) 

DE.\R Sm: In tendering to you tl1ie; report ou the geology of Labrador, or rather of its coast, 
I Jmye great occ<isinn fo regret that tlie necefsary speed in hurryiug on to the point where the 
eclipse oli,.;crnttions 'vero to be made. and the equal expedition of our return voyage, prevented 
mP from obtaining more than vcr:· passing olwervatiorn; on the geognostic conformation of this 
far nnrtltern 1·eµ:ion. The ouly pointi:' at which we stopped going north were at Xukasusuktok 
j,.;Jand, near Kain, wl1crc a fog delayed us, and at the termination of our outward bound voyage, 
Aulcznvik iRland. Returning· we visited Domino and Cha.tcau lmrbor, in Temple bay, both in 
tlic more sout!iC'rn portionR of Lalirador. These four localities are the only ones therefore 
which it "·as pos"iblc to in:;pect accurately. Still, we generally hugged the coast so c101:mly, 
nml thi,.; coa;.;t itself i'-4 rn bold and preeipitouc;, that, knowiug these four points from absolute 
local in;;:pcction, I found little difficulty in :-.ccking to form a correct idea of the construction of 
the intermediate l:'JHwes. Yet, notwitl1stumliHg that much interest naturally attaches to the 
petrograpliy of a regio11 HO little explored :rnd so rarely viBited, it ii:; lesH in regard to the con­
tititue11t varicticc; of rock,; thau in connection with the pmn~rful effecti-; of forces acting upon 
the surfaec, and rendcTed peculiarly energetic by the rigid climate, that we arc i:mabled to 
Rtudy the most instru0tive phenomena. 

I accompan~- this report by a chart (see Sketch No. 38) of the coast of Labrador, compiled 
from the bc,;t unthoritieR at my disposal,* 011 which I have traced the boundaries of the different 
rocks o],,-erved b:· me. Tlw.se arc very frw in number. 

Prncecdiug nmthwar<l from the Straits of Belleisle we 1mve first a coarse quartzoso gneiss, 
"·hi..!1 j,, ~ecu at Temple bay, (or Chatean hay,) and at Domino, and appears to extend north­
ward tu a point bet\\eelJ Caluileweet and Nain, perhaps to Davis's inlet. North of this wo 
have the coan;o porphyrni<l grauite of Nain, ·which extends probably to Okkak island, or a 
point lJdwecn that and Cape ~Iugfor<l. Korth of tliis again we have the gray syenitic gneiss 
of .Aulezavik, wl1id1 embraecs the extensive region from Mugford to Chudleigh. 

I. Tire gneiss ef Domino and the region uurth and ;.:oulh of it is of the very coarsest desc:·ip­
tio11; the bed,.; are very thick, anu though often di::;tinctly marked by different composition and 
color are frequently very much severed by jointure planes and fissures. A.t times entire beds 
are cornpo;;ed of quartz, ·with very little foreign material, and of a pinkish caet. Ot.her beds 
abound in l10rnl1lende, and it is this miJJernl no doubt which at Domillo has given riBe to the 
lJelief in the prc8ence of coal, in cousequence of which, I was informed, some slight explora­
tim1s lmd been made. These hornblendic beds Hometirnes certain1Y do resemble coal very 
much in appearance. A very striking instance of this is afforded by ~ne of the most eastern of 
the E~quimanx itolands, a little rock which rises boldly from the sea, and is shaped like a lady's 
flat, the band being represented by the dark lmrnblendic bed. At least such I feel safe in 
considering it after inspecting tho more southern regions of Spotted island and the Isle of 
I'omh; at Uomi 110 liarbor. 

• These were the Admiralty chart of the western half of the north Atlantic, and a manuseript chart politely loaned to me by 
Mr. Cyrus W. Field, and sent to him by the colonial government of New Foundland-both correc~ed from our own obBervations. 
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A large ·white quartz veill crops out on the 11-'lc nf Pond" cast of tl10 lrnrhor, whid1, especially 
as it occurs in tlie Yicinity of a body of dim·itic porpl1:•ry ,,·1Jicl1 cre>'t,.: the liill, may at some 
future period p0Psil1ly l>e found to contai11 Ui-'efnl metal~. 

Such dioritie roek also occurs nt Clrntcau lJ:ty. when· the l'lltnmcP. or •·tickle,'' as it is 
locally te1·med, 11onetrate;.; throng·h it. Thi" is tho onl:; rnek I "'n'" i11 Lal1rnuor to 1d1icl1 au 
eruptive origin might Lo ascribed. Tho strike of the gnoiEs of Dumi110 is ~erncrully uortlierly, 
the dip easterly, at an angle of 15c to 45°. 

This rock presents the lom•t boldly marked coast of any found in Lt1bn1(1nr: :nH1 ahlioup:h 
the hills, someti1rn'R rieing to GOO feet, (as in Clwteau hay.) strikL' us ll>" hold and fonni11al1k 
when coming from the Uuited Stntce, or cYcn No...-n Scotiu, and c:<pcC'iall;- after p:iBsin;..;· nk11g· 
tbc low shore of Newfoundland, they appear Yery h1mc and im:ipid after our eye,.: h:,ve H':-'1l'<l 
on the lofty and precipitous coast. of the more nortbern portio11 nf Labrn<lo1·. A vil'w of Bil1tk 
island and vici11ity (:.:.ee Sketch) will furnish a Yery fair general idea of the c:lrnnieter of t]J() 

coast where this rock prevails. 
Tho less disrupted nature of the :.:.urfoce of this rock nppcars to offer peculiar focilitic1 s for 

the accumulation of water in ponds, which serve :is receptacles for ddic·ionfi Balmoll iTout. 
From these the Isle of Ponds derives its name. 

Owing rather to the more wutl1erly latituclf~ than to an;· greater fertiliziJJµ: capaeity of the 
rocks, more vegeh1tion occurs in this region than in tho:.:.e to whose description '\'C are about 
to proceed. The :.:.t1il i;;; a kind of f'wamp-rnnck at time:,; true peat, Yer:• mueb like tlic ,:oil of 
the inland portion:,; of some of the SaYannali river rice plantatious. At Chatean liarbor I 
found very luxuriant tufts of gras8, some lilac-colored liliPs, the dogwood growing only about 
two iuches high, ho,vever, and exhausting all its euergy in the developnwnt of oue flo\\·er­
besides quite an abundance of stunted firs, about hYent.r feet high, "o elo>'ely inien\·ove11 with 
their low branches that it \nts almost impoRsible to penetrate and pillow the fret in the auklc~­
dcep moss whose pale green tint relie.-cs tho soml>rc colors of the firs. An occasional liird1 
may also be seen, as well as elder and mountain ash. 

II. The granite ef Nci,in.-I have ahead~~ indicated the vicinity of Caluile\wet a;-; tho prnb,1hlc 
boundary hetweeu this granite and the gnei:,;s regio11 just described. \\'e first ,-:aw it 011 one 
of the smaller isluuds near Nukasusuktok island, aml s11bse<1uently I cujL>yecl an (lpportuHity of 
examining it on tliat singularly·mnned island itself. In passing tl1ruu;.d1 tl1P archipel::c:·o in the 
neighborhood of Nain, fine oppmtunities wore uffor<lecl for >'tudying: ib> ;,;ce11ic feature;,;, ai; \\·ell 
as the particular topography to which it gives rise. :Numerous conical ruck,.;, shaped like l>eo 
hives or hay stacks, stud the tranquil ·waters, which are prokcte<l from the swell of the ocean 
by others lying further seaward. These inaccessible hills appear to attain a pretty uniform 
cltwatiou of three or four hundred feet, while I slwuld rouglily estimate tl1e height of the most 
prominent mountains of tho main land, whose precipitous sidel:' deseeud unl1roken to tbe ,\·;1ter'" 
edge, to be about twelve hundred feet, the average height of the littoral face being apprnxi­
mately five hundred feet. 

Bold as this coast is, there are not many single mountains Yisible from tho water ~o conspicu­
ously individualized by a freely traced outline as to appear in a drawing with the striking effect 
which they produce upon the eye of the actual beholder. The summit outline is generally too 
even-too little serrated-to appear to advantage in a picture; so that nlmo:,;t nll the sketches 
I took from the hurricane deck of the steamer Bibb, whi1e she was gliding along the tortuous 
sound of Newark island would fail to furnish more than a very tame idea of the character of 
the scenery. I ventu;e to select but one. 'l'he clearly p~ncilled outline of the notched 
mountain, which guards the entrance of Port M auvers, certainl.Y presents a fit subject for a 
sk~t~li. Its peculiar shape, when seen as the drawiug represents it, from the north. is so very 
striking that such a sketch may be of service to the navigator. Tho sharp, angular notcl1Ps 
on the eastern slope-the unbroken inclined plane west of the summit, uniting further on with 
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the outlines of the numerous islands of tho group, :md connecting also with the nearer, more 
northern cliff;; of Orton island, (not rncn in the figure)-all theo;c are foatnreR which must 
impress themselves iudelibly npon the eye of the l1eholder. Scarcely less conspicuous and 
unmistakable are the clearly trncG<l patche1-1 of snow-drift on its face, which I have endeavored 
to delineate with the utmost care, uccause evanc;;cent as tl1c'y might at fin;t tlionp;ht appear, it 
is scarcely possible that. such really should be the caioe, Rince they necessarily must adapt 
themselvt~s to the iucqualitio:-: of the f'nrface; H> tlmt they may wGll Le regarded as relial1le 
laud m<trks during those seasons of the ~'cnr in whicli the entire ,iurface i,; not equally whitene~l. 
I ha n~ represented the '·Bi bu'' as passing through the inlet for the purpose of indicating it" 
whereabout" in the drawiug. 

The Routhern and wuthcnstcrn t'ides of this mountain present no equall,v striking outline, 
although its elevation and 8now-furrowed side8 re11der it, even wht:'Il viewed from those points, 
sufficiently conspicuous for nautical purposes. After sighting it, however; it may be better tu 
adopt a more northern or nortbeasterly course for the purpose of avoiding the islands, thouµ;h 
no doubt with experience as a guide they migl1t be peuetrated with comparative safety, for 
along the eutire coast the water i,; tleep and naYigable. 

The granite lielonging to this region is extremely coar,;e, and often hornblendic in its com­
position, approximating therefore to syenite. The folspar i,; genernlly of a pale flesh color, 
and appear,; to be orthoclase. It seems, howe\'er, that this is tho rock which contains the 
most beautiful of aU fobpar,:, to which the country has given it,; name, the labradorite. I am 
inclined to believe that I found a minute particle of this mineral at Domino, but it was too 
small to enable me to satisf)' myself, and I cannot, not even admitting thi,; inst<tnce, regard it 
as also regularly belonging to the gneiss of that region. On Xewark iillaml, however, or at 
least on one of the island~ of the same group, one of our sailorn picked up a very handsome 
piece, now in the posseef'ion of Lient. As lie, R. N.; and tl1e ausence of more numerous dis­
coYeries I ean aserihe only to the short time which could be devoted to this region, and the 
necesi'aril:• very in,;ufficient scarcl1. I am additirmnlly induced to consider the vicinity of Nain 
al'. tht: true loeality of the '' lal>radorite,'' IJccfrnse Na in is the only spot in Labrador outside of 
tlie Strait;; of Bdleif'le where white meu arc perma11ently f'ettled and remain throughout the 
year. That cocl fi,;liermen 011 their anmrnl visits to the E'Outhern portion of the coast should 
pre,.;erve and transmit Fpecimens of tl1i,; mineral iR certainly far lcs8 probable than that 
intelliµ:e11t Moravian missionarie1> from the self-sacrificing little colony of Nain should collect 
the curio,.;itit·8 of their ncighl1orl10od ancl transmit them to Europe for scientific investigation. 

It is ncvcrtbcless evitlent that this felspar i,; rare eYen here, and that the flesh color variety 
prevails. The quartz uf the ruck is whitish and ratlier vitreous, the mica and hornblend 
black. 

In a generous climate thi,; roe]>: would produce fine arable soil. Here this is, of course, not 
the case. Decomposition is liarely not.icea1Jle in its effects, although the frosts and thaws exert 
a p<merful disintegrating influence. The absence of level land at the base of the hills prevents 
thii< erumbli1ig rock from accumulating to auy extent, and it is ouly in the valleys that a few 
tdrnggling fin; of >'tunted growth may he seen. The various mosses thrive as a matter of 
course, while licheus of black and orange color contribute to enliven the land.,;cape a little; and 
though the graceful wild lily of Clrnteau bay has entirely disappeared, quite a handsome nose­
gay may yet he gathered from the mo1:1s·meadows of the rugged islands near Nain. On 
Nukasusuktok islarnl I first 1:1aw the little scarlet moss which clings to the surface of the snow, 
and lms eau;;ed the latter to he termed "red snow." 

IIL The gneis8 (!! Aufozavi'k.-As we wend our wav further northwestward the formidable 
rock,; of i\Ingford isla11d ~;oon ri;;e to view. The .'agg~d crest of these bold cliffs may, indeed, 
be seen long l>efore the mounlaiu at l'ort Manvers has disappeared below the horizon. We 
notice it first when it presents the remarkable outline shown in the drnwing, (Sketch No. 38.) 
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It is then distant about 20 mile.s, uearinp: N'V., aud no one coulrJ possibl~· fail to recognize its 
ragf!;ed surface. 

From Mugfor<l northward we observe an infinitc·ly greater variet_\· of form in tLe outlines of 
the mountains than that whid1 prevails further south; ;·me! since this i1Tqrularity an<l diversity 
continues on to the rcgiou of .A.ulezavik, which alone, in tliis portion of Labrado1-, I had an 
opportunity of examining, there seems to be good rem;on to consider tl1c petrographic region 
of Aulezavik a,- commencing near that point. 

Mo;;t con.spicnom; and mo:<t surprising in all thi,- profuse ii-regularit:· is thC' nater-shapc, 
which constantly reappear" iu all its individual vm·idy. I first 0\1:-;en«·d thi,.; in ll1l; rq!i<•n 
south of Capn Xiaku11go, a portion of whiel1 I ltaYe figured, (see Rketch,) a,.; ,.;cen at a distarn·e 
of about twenty miles. One of the• crater·sha1wd n101111tai11s is then· cxhibikd staudi1q:?,' 011 :l 

great plateau high above the level of the sea. Except in otl1cr portion:< of Labrador itself I 
question whether there a.re many parts of the \\-orld wbicli could exhibit equal variety iu cou­
tonr within the few miles here represc11ted, mid, considering that this illuslrates hut one 
instance of the coni:;tantl_Y recuning volcano-like cones, it. will not appear surprisintr that we 
all imagined that we there helH•ld the mighty e,·idcnceR of extinct Yolcanic action_ To me 
some of them appeared very clo8dy to n'semble tbe cub of the trachytic µ-roup of tlie Auvergne_ 
The deeply packerl snmy in the dcpre:-::'ion i11crca,,:ed the effect; bnt we did l!Ol tlien t:tke iutu 
suilicient comiideration tLe immen:se po\Yer which tlie untemperncl climate of these region,; 
wields. 

Jt has been said that the crater-::<lrnpe iR often repeated. A mountain in the s:outhcrn part 
of .Aulezavik island, seen in the <lrawiug, (Sketch No. 38,) at a distauce of about six miles, 
affords a remarkably fiue illu;;tratiou. Agaiu, tlie white snm\· relieves the interior, and it i,; 
certainly very difficult to convince ourselves that this is not an ancient volcano. Still the 
nature of the rock utterly prevents this supposition, for it is simply a syenitic g-neiss. '''e 
shall again recur to the probable <·aui'e of this crater-shape, but for the present denite our 
attention to the character and compol"ition of the rock. 

Syenitic gnei~s is the true rock of the region, the normal one, although so many modifications 
occur that entirely new rocks are produced; rocks having no direct conncctio11 with the basic 
syemttc gneiss. In conecqucnce of this we have beds in which quartz alone occurs, or bed" 
entirely occupied by the red folspar of t.lic region, as is seen with very beautiful clistinctness 
in some of the dangerous Pikkintit islands. Again, l'Ome beds arc composed of white quartz 
and tourmaline, as in X orway, others contain sea.reel~, anything: but black tourmaline, or tour­
mali11e and garnets. Some are composed of green hornblend, approximating to actinolith. 
From this there seems to be a passage into a coarse diorite rather porphyroid in its character, 
but occurring in regularly intercalated beds, uot in dykes, and evincing 110 tlign oi an eruptive 
ongm. Again, some beds are composed of quartz and garnet, while others arc studded with 
a beautiful golden-colored mica. A rock which appears identical with aphanite, althou~h not 
at all igneous, I also found. Yet, with all this apparent variety,* the transitions arc too 
gradual to permit the differences to leave any effect on the landscape- The gnci;;.~ if' uniformly 
grey, upon close inspection; hut in the lan<lscape t.he entire rnonntain masses receive a bronze 
color, but little dimmed even by great distances in the clear, and, from ifa ,·ery clearness, to 
our unaccustomed eyes, deceptive atmosphere. 

The Vandyke brown of the wild mountain groups is relieved by nothing but the white snow. 
No tree is there. The orange colored lichen, which we tlaW at N ain, has disappeared, and 
patches of a black one alone remain to deepen the shading·. Still, in some of t!te level places, 
the snow moistened moss meadowti flourish, and lend their gentle green or soft 3·ellow to diver­
sify and mellow the rough outlines of the landticape, while tho shallow rays of the northern 

•Mr. Nones found a IHllall piece offo.,,ilife~ous limestone on Aulenvik island, but this belongs to a more northern region. 
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sun, penetrating through tl1e leaves of the ruby sea weed on the beach, often recall colors 
which liclong to a more genial clinw. 

But these aTc eomparativclv exl'eptiom; to the rule. The impression made upon our mind,; 
is that all orgcmic nature has Leen banished from tlie spot. ~ot n.s ffe conceive it to lrnve 
been in the early days of creation, \\-hen the inorganic kingdom also se~med to be kept in 
aheynnce and the land scarce rose above the water, but, as if in the absence of all softening, 
snbdui11g vegetation and stirring life, the very rocks revelled in tlwir freedom. In a view of 
the wild mountains in the interior of that portion of northern Labrador which lies between' 
Aulczavik island and Ungava ba}-, as seen from a mountain side above the magnetic tents, I 
have endeavored to convey some impression of the nature of this dreary spot. I allude to one 
of the drawings enclosed, (Sketch No. 38,) but an abler pencil is re1uired to do justiee to its 
savage grandeur. 

The wild irregularities of this country are produced in part, in part perhaps only increased, 
by several different causes. In the £rst place the rude stratiform character of the rock is 
really better adapted to the production of angular and distorted outlines than a compact, 
unstratified structure. As far as m:_i' experience goes, gneiss always furnishes bolder contours 
and more precipitom; cliffs than granite, provided, of course, that the general level of the 
countrv is sufficient to admit such extremes. Nor is this surprising when we consider tliat 
irregular surfaces are the result of counteracting force:,;, whether these be the extreme hardness 
or cohesion of the rock ou the oue hand, and forl'e exerted hy erosion on tlie other, or the 
tendency towards a definite and often parallel fissure formation in the first place, counteracted 
hy an ir~egular fissure formation, protluced by totally different causes. Hence it may, I think, 
be safoh- set down as a geologic law, that, with equal degrees of hard1te8s in the roek itt;elf, 1:1trati­
firation,. cleavage, or Jointure planes 1cill increase rather than diminisl1 the irregularity qf tf,e sm:face. 
Only where these arc horizontal may it sometimes occur that this rule does not hold good. In 
the ·present instance the dip is generally vertical, the set a high angle ;;outh ward, the strike 
principally to the north. 

This, therefore, to commence with, may be regarded as a prominent cause of irregularity, 
mid the infinitely less elevation of the more southern gneiss region of Labrador can alone be 
as~urned a8 a cause of tho much more undulating nature of the surface, notwithstanding that 
the same general circumstances as to the nature of the rock exist there also. 

A second cause of tho irregularity of surface here is to be found in tho tremendous force of 
the frost of a Labrador winter, the influence of the heavy covering of snow, and very probably 
also tbc former existence of glaciers, all of which we shall presently take occasion to discuss. 

In addition to all this, we find that the absence of all vegetation in this triste and barren 
region deprives the landscape of that subduing roundness produced by foliage, to which we, 
inhabitants of kinder countries, are accustomed. 

The effects of frost are manifested in a singularly forcible manner. The entire surface, 
where it is not too steep to enable debris to collect, is covered with broken masses of rock, 
cubes of ten foet and less scattered in wildest profusion. Sometimes a patch of moss, the 
g-rass and heather of this country, fills up the creviceH, but generally we may look down into 
them far and deep without ever detecting the base upon which the blocks rest, hurled aloft, 
as they appear, Ly the hands of Titan;;. In scaling, in company with Mr. Venable, the summit 
of 11ount Bache, on an occasion intended mainly for taking its altitude barometrically, we 
enjoyed the finest opportunities for studying this phenomenon. The summit and sides of the 
mountain present few steep precipices. 1 speak comparatively only, and in reference exclu­
sively to northern Labrador. Yet, iscattered helter-skelter over all, and piled up in endless 
number, the whole surface is covered with such loose rocks. The ditliculties of locomotion 
may readily be conceived. In i;,carcely a single instance did we see the gneiss beds still in 
sitn, and in the only one or two exceptions some giant wedge seemed to have driven them 
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asunder. Yet none of the blocks were rounded. Attriti011 of no kind had influenced them to 
any pcrccptiule extent, neither bad atmo;;pheric i11ilucnce;; alternJ tlle color, hardness, and 
compositiou of their exteriors; it was simply a wildorne::;s of unclrnngetl Llocks of the gray 
gneiss. 

There was a puzzle. "\\'hence came those broken rocks? There was no hir.clier &pot whence 
they might have follen. The <'-light protrusion of tho nptilted l•eds of guci!'s in >'itu, to whif'.h 
I have referred, aloue semn to have been permitted to remain for tlic pnrpo,;c of instruc:tillg 
us. Clearly, that force whieh had riven its bed1< a;;:under, !HJ otlic>r than tliefmst, had broken 
the rest from their foothold and prepared them for removal Ly :mother coming into \•lay at a 
later season; the thawing, dm,·nward·gliding s1wu:. Many of tho lilocks were probal>ly lrnt 
slightly moved from their original po;-;ition, perhaps barely turned over or merely forced a littlu 
out of place. Yet the effect to the eye of the beholder would 110 as groat as if they lia<l been 
transported hundreds of miles. 

vVhen we descended from tho mountain we crossed over a broad patch of snow, deeply 
packed,* which dearI;.~ taught us how the rocks were moved. In truth, this was a miniature 
glacier and a regular morrain was piled up along its edge. It it< impossible for us to form any 
estimate of the amount of sno1'· ·which may fall per square foot in a winter, but from tlie fact 
that such quantities were still remaiuing late in July, and certainly th Py m~ver altogether thaw 
away, we may reat5onably iufor that durinp; it;; dowrwrnrd progress, either as snow or water, a 
tremendous force mmit be exerted, a foTce quite suflicient to account for the characteristic 
surface pltenomeuou just describeu. 

But to the l:'l1ow may also, I believe, be l·eforred the still grander effect evinced in the pro­
c1uction of the crater·like coucavitics. This crater ,.Irnpe is not confined to the mountains 
here. We frequently observe it with icebergs, all(l it is probable that in bot11 cases the cause 
may be a similar one. Corurneuciug witl1 a more or less irregular surface, when it break;; 
loose from tho Arctic glacier;,;, the weltiug ice ;,;ends little streams down the inclined pLmes of 
the surface of the Lerg. In the depression water collects and expedites the melting of the 
ice beneath and around it, while those portions from which the water is drainel! are necessarily 
melted m1wh slower, so that the two extremes are increased until we Jiayc lJcrgi,; resembling 
craters, turrets, castle ruins, and irregular shapes of all kinds. A similar proce;;s may, in the 
course of time, produce the crater-shaped mountains, some chance circumstance of superficial 
form first determining the bed of the accumulating snow and the course of the water triekliug 
from it. This explanation is certainly. I admit, not very clear nor very conclusive, but wo 
must remember several other matters. In u region where the surface is too rough to admit of 
rivers or streams to any extent, where enormous masses of snow accumulate in the depressiorrn 
und lie there during the greater part of the year, they may very naturally be supposed capable 
of producing effects unknown to a,ny similar extent in milder climate>:;. Re;;ides the t"·o gn'at 
leveller8, soil and vegetation, are absent. 

'ro what extent actual glacial action may at onB time have prevailed it ie difficult to 1<:1y. 

The numerous inlets about Nain are certainly, singularly like the Scandinavian :fiords, which 
are regarded as the beds of ancient glaciers; and it wonld require no great stretch of the 
imagination to conceive the sound of Aulezavik island to have been tho same, especially as it is 
separated from the north entrance by shoal waters and a reef of rocks, expo;;:ed at low water. 
A closer examination of this singular coast would teach us some great trutlrn, 110 doubt, and be 
alile to clear up much which is still quite unexplained in regard to the glacial period. Unfor­
tunately my time was too short to emible me to discover anything substantial uud satisfactory 
in this respect. Besides, an examination aiming at a full determinatiou of all facts connected 
with this and similar inquiries should seek its field of observation in the interior perhaps quite 

"Some of this snow ws.s as mu<Jh as 2(} feet deep, and while we were at the top of the mountain snow foll. We were in 
a snow storm at the level of the sea 1\8 late as the 22d of July. 
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as mncl1 as along the roast, where the icebergs, sent down from the further north, and the 
floes and great iee-pat:k, which even we ;;aw at a di;;tance from the summit of Mount Bache, 
are driYcn along the shore by the current of Bafliu' s bay and Da vi8',; strail,;, and iu part find 
their ''"'lY iuto the Strait of B611eisle, forced westward by the current which sets into the Gulf 
of St. L~nYrencc, all contribute to obliterate the evidences of more ancient action. 

I hope that t11is sketeh may assist you jn forming some idea of the geologic as well a8 tEJpo­
graphical structure of thi:,: coast, although I am sorry to lie obliged to lay before you ~ill 

accouut so meagre, and containing· so little of ampler intercO'i. 
Your very uucdient 8Cl'Vaut, 

OSCAR lL LIEBER, Geologist Labrador Expedition. 

A. D. B.A.CHE, S11p't. U. S. Coast Surrey. 

APPENDIX No. 43. 
Aids fo nai,·igation recommended in report.~ made to the Superintendent b!J As.sistanfs of the Coast 

Sun:ey. 

Stci Obj ed. 

Y. Buoys to mark cbannel and readjuEt­

ment of bar lrnoys in 0Esabaw sound, 
Ga. 

V. Change to mid-channel of buoys in 
8apcln Round, Ga. 

VI. !Jnoy to mark 'l\mnes,;ee slioal off 
Lc,ng kPy, Florida ret>f 

VJ. Buoy to mark wreck off Grassy key, 

Florid" reef. 

Hr whom recommended. Date of report, &c. 

Lient. Comg. C. ll. Fauntleroy, U. SN. Reported l\foy 4, 1860, (Appendix No. 

12.) 

i 
__________ do .••••••••. do •• : ••••••• 1 Referred to Light-house Board M"y 7, 

1860. (Appendix No. 44.) 

Lieut. Corng. J. Wilkinson, U, S. N ____ Referred to Light-house Doard July i, 

186(). (Appendix No. 14.) 
_________ do •••••••.•• do ••••••• ___ Do. do. 

VI. Bar ancl channel buoy au cl light for Lieut. W.R. 'Terrill, U.S. A ••••• Reported April 20, 1860. (Appendix 

No. 31.) Gasparilla entrance to Charlotte 
harbor, Flu. 

VII,
1 

Buoy on outer end of Re<lfish shoal, Licut.Comg. T.8. Phelps, U. S.N ---·:Referred to Light-l10us' Board June 4, 

Penrocola hay, Fla.. i 1860. (Appcnrlix No. 45.) 
VII. Buoy on shoal offGar<;on point, Pen· __________ do •••••••••. do __________ . Do. do. 

vn. 
S1J.cola hay, Fla. . i 

Buoy on outer end of Bartley's Point \----------dO----------do •••••••••. 1 

shoal, near Pensacola wharves, Fla.. 1 1 

----~~----· -- -~---i --- i 

Do. do. 

APPENDIX No. 44. 
Letter to the Se('retary ef the Treasury, communicating recommendations from Lieut. Oomg. O. M. 

Fairntleroy, U. S. N., Assistant Coast Survey, for changing the position of buoys in Sapelo 
sound, Ga. 

COAST SURVEY OFFICE, May 7, 1860. 
Sm: I have the honor to transmit herewith an unfinished proof of the chart of Sapelo 

sound, with sailing lines; also the suggestions of Lieut. S. Bent, U. S. N., in regard to buoys, 
as follows : 

''Lieut. Fauntleroy's survey developes the existence of a much better channel than the one 
hitherto used, and, as the Sailing Directions are for this new channel, the buoys, in their 
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pres.cut pu::;itiou, become not only usele-;s for the pnrpose they 'vcrc intended, but dangerou;:. 
from their liability to mislead ves,;eb; and, at tlie request of Lieut. Fauntleroy, I have to sug­
f::e,;t that the Light-lwuse Board Le n~commended to have them changed to mid-channel buoys. 
and tl1e outer one placed on the narroff neck or liar formed by the eighteen·feet curves on tlie 
ne"· channel course, and the inner one at the point at w11ich tl1e court;e i,.: changed, al•out a 
third of a mile to the northward and e::istwanl of where it i8 now anchorec1:· 

I would respectfully request that a cop,Y of thi>< c:ommunication may 11e tran:-<rnitted t(• the 
Light-hou;::.c Bo~rd. 

Y cry respectfully. your", 
A. I>. BACHE, Supcrintcndrnt. 

Hon. HowELL CoBJi, Secretary qf' t11e T1·ewwry. 

APPENDIX No. 45. 
Letter to tlte Secretary of the Trca.8ury, transmitHng reco111mendation.s q{ Lieut. Comr;. T. S. 

Phelps, U. S. N .. Assistant Coast S11rvey, for buo?f8 i11 the i;icinity of Pcnsarnlo harbor. Fla. 

COAST SURYEY OFFICE. June 4, 18f;(l. 

Srn: I have the honor to comumuicate, frir tlw information of the Light-hou"e Board, an cx­
trnct from tlie report made by Lieut. Comg. 1'. S. Phe1pR, TJ. S. K .. AssitJtant Coast Snrvc~·. 
on completing the sou11diugs re(1uired in Santa Maria de Galn·z ba_, .. and <'OlllH'cti11g that work 
with the completed hydrography of Pensacola harbor: 

·'The vicinity of Gari;;on point is mnch frequented by ships and other Yc;;seb loading: witli 
timber, and, to render the naYigation safe, I would recommend that hnl ,;mall buoy:< lle placed, 
nne in twelve feet water 011 the shoal which make>< out from Gar\'Oll point. and the other ill 

ten feet water, near tlie extreme point of Red Fish 8110al. T,,.o hno.'"' on!.'- are required to 
n•mler the anchorage a safe one.'· 

''I would also recommend that a 8mall lmoy he placed un th'" extreme end of Badley' s Point 
"hoal, which is a short distance to the northward of the PenF<acola w·barvc,-. and extends out 
eastward about three-quarters of a mile. Yessels frequeutl.'· !=!·round then>. which would he 
avoided if that dangerous locality were distinctly marked.'· 

The enclosed tracing is a copy of one furnished by Lieut. Comg. PhelpE<. and I would 
respectfully request that it may be forwarded to the L-ight-hom:e Board. with H cop~· of thi" 
letter. 

Very respectfully, yours, 

Hon. HOWELL COBB, Secretary qf the Treasury_ 
A. D. BACHE, Bupe1·intende11t. 

52 c 
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